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Preface

The fifth edition of Pediatric Decision Making marks a 
major editorial transition for this ground-breaking text-
book of algorithms. I turn the editorial duties over to  
four outstanding clinicians for this edition, the first to be 
published in the twenty-first century. I have worked 
closely with these pediatricians for many years (and with 
some since residency), and as their careers have matured 
I have grown to greatly admire and respect their knowl-
edge, clinical skills, and teaching abilities. I am sure that 
this and future editions will be creative and innovative, 
providing clinicians with a valuable resource to help them 
provide the very best care for children.

As a pediatrician for 39 years, I have been fortunate to 
have had the opportunity to create and edit this book. I 
have a career and work that I love and a wonderful sup-
portive family—my wife, Elaine, and sons, Seth and Ben. 
As I reflect on why pediatrics has been so personally fulfill-
ing and meaningful, I realize the importance of having 
strong personal relationships with patients and their fami-
lies. These relationships take time to mature. Caring for 
children continuously over a long time, referred to as “con-
tinuity of care,” allows pediatricians to share many intense 
moments of sorrow and joy with our patients and their 
families.

As my clinical experience and expertise increased over 
the years, my approach to patients and their families began 
to change. I realized the need to balance both art and sci-
ence in caring for children. While science strives to be as 
objective as possible, art remains intuitive. While science 
relies on technology, art relies on communication and em-
pathy. While the art of medicine recognizes the value of 
helping, the science of medicine strives to find cures. Art 
touches people by sharing feelings and emotion. Art builds 

an intangible bridge that connects people and makes us 
aware of the shared elements of the human existence. The 
art of pediatric practice helps a dying patient live every day 
to the fullest, enjoying life by being with loved ones. Sci-
ence requires a thorough understanding of the scientific 
method and how observations generate hypotheses that 
can be tested by experiments or trials. Science is about 
defining, counting, measuring, and then analyzing. Practic-
ing pediatrics is about using science and technology in 
conjunction with the art of pediatric care to prevent dis-
ease, save lives, heal children, and help families cope.

In a textbook of algorithms, it is difficult to demonstrate 
how to communicate with patients and families, and thus 
to teach “the art of pediatrics.” Therefore, I tried to do this 
with a different type of book, entitled Getting it Right for 
Children: Stories of Pediatric Care and Advocacy, pub-
lished by the American Academy of Pediatrics. I learned 
that successful advocacy involves storytelling that reaches 
out and touches readers combined with data that provide 
the evidence needed to make good policy decisions.

While I could not incorporate as much of the art of 
pediatrics into Pediatric Decision Making as I would have 
liked, I hope that this next generation of editors will have 
more success. I am sure that they will integrate the rapid 
advances in our understanding of genetics, pathophysiol-
ogy and treatment of disease, and technology into this 
book in ways that will be understandable and useful to 
clinicians. I thank them for accepting this role and appreci-
ate the opportunity I have to continue to work with them 
and other members of our Department of Pediatrics at 
The Children’s Hospital on a regular basis.

Stephen Berman, MD
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Clinical Decision Making
Stephen Berman, MD

One of the greatest challenges of clinical pediatrics is  
being able to organize one’s knowledge in a way that the 
appropriate information can be rapidly and accurately ac-
cessed and used. Think about all your knowledge as the 
clothes that you have acquired over many years of study 
and experience. If you allow all your clothes to lie in one 
large pile in the middle of your closet, it will not be easy to 
get dressed quickly with clothes that are appropriate for 
the weather, work, or a special occasion. However, if your 
closet is well organized so you can quickly and easily find 
what you want, dressing rarely presents a problem. Pediat-
ric decision making is designed to help you organize your 
closet of medical knowledge by better understanding the 
organizational structure for clinical decision making.

Clinical decision making has three integrated phases: 
(1) diagnosis, (2) assessment of severity, and (3) manage-
ment. Appropriate clinical decision making considers 
the need to make a precise diagnosis as well as the costs 
associated with inappropriate or indiscriminate use of 
diagnostic tests. It also assesses the risk for an adverse 
outcome because of inappropriate management, and  
the costs and possible harmful effects of therapeutic  
interventions.

	A.	 All three phases of clinical decision making are based 
on a well-done history and physical examination.  
Clinical decision making is often difficult because of 
the overlap among many types of conditions. A single 
disorder can produce a wide spectrum of signs and 
symptoms, and many disorders can produce similar 
signs and symptoms. The pediatric history should  
include a review of the present illness. Identify the 
reasons for the visit, and list the child’s current prob-
lems. Evaluate the problems with respect to onset, 
duration, progression, precipitating or exacerbating 
factors, alleviating factors, and associations with other 
problems. Determine the functional impairment in 
relation to eating, play, sleep, other activities, and ab-
sence from school. Ask the parents why they brought 
the child to see you. Does the patient have any allergies 
to drugs or foods? Is the patient taking any medica-
tions? Are the child’s immunizations up to date? Has 
the patient ever been hospitalized or had any serious 
accidents? The medical history explores the general 
state of health. Review the birth and developmental 
history. Elicit a focused review of symptoms, and a 
relevant family history and socioeconomic profile.

	B.	 During the physical examination, approach the child 
with gentleness, using a friendly manner and a quiet 
voice. First observe the child from a distance. If the 
child has a cold or cough, count respirations and assess 
for respiratory distress before removing the child’s 
clothing. Note the general appearance. Is the child 
interactive and consolable? Note the level of activity 
and playfulness. Look at the skin and note any pallor, 
erythema, jaundice, cyanosis, and lesions. Check the 
lymph nodes for size, inflammation, and sensitivity. 
Examine the head, eyes, ears, nose, mouth, and throat. 
Use a pneumatic otoscope to assess tympanic mem-
brane mobility and inflammation. Note abnormalities 
of the neck, such as abnormal position, masses, and 
swelling of the thyroid glands. Examine the lungs for 
retractions and tachypnea, and listen for stridor, rhon-
chi, wheezing, and crepitations. When examining the 
heart, palpate for heaves or thrills and listen for mur-
murs, friction rubs, abnormal heart sounds, and un-
even rhythm. During the abdominal examination, note 
tympany, shifting dullness, tenderness, rebound ten-
derness, palpable organs or masses, fluid waves, and 
bowel sounds. Examine the male genitalia for hypo-
spadias, phimosis, presence and size of the testes, and 
swellings or masses. Examine the female genitalia  
for vaginal discharge, adhesions, hypertrophy of the 
clitoris, and pubertal changes. Examine the rectum 
and anus, noting fissures, inflammation or irritation, 
prolapse, muscle tone, and imperforation of the anus. 
Examine the musculoskeletal system, noting limita-
tions in full range of motion, point tenderness,  
any deformities or asymmetry, and gait disturbances. 
Examine the joints, hands, and feet. Assess the spine 
and back, noting posture, curvatures, rigidity, webbing 
of the neck, dimples, and cysts. With the neurologic 
examination, assess cerebral function, cranial nerves, 
cerebellar function, the motor system, and the  
reflexes.

	C.	 Initial nonspecific screening tests often include the 
complete blood cell count with differential and urinaly-
sis. Subsequent laboratory tests and ancillary studies 
are based on the findings, history, and physical exami-
nation. These tests and studies should establish the 
pattern of involvement and extent of dysfunction. In-
formation on the pattern of signs, symptoms, and find-
ings from the ancillary tests is useful in identifying the 
cause of the disorder.

(Continued on page 4)
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CLINICAL DECISION MAKINGPhase 1
Diagnosis History

Physical examination

Initial nonspecific screening tests:
CBC with differential
Urinalysis

Confirm signs with tests/studies to determine
involvement and function
Consider:

Radiography
Ultrasonography
Pulse oximetry
Echocardiography
ECG
EEG

Consider:
Specific organ function tests:

Renal function
Liver function
Immune function
Audiology tests
Vision tests

Assess course and pattern (acute, persistent,
recurrent, progressive) and system involvement

Localized
to specific area

Involvement of
1 organ system

Involvement of
multiple organ systems

Assess degree of dysfunction and
consequences of not establishing a cause

Cause identified

Cause not
identified

Infection

Consider appropriate tests
on specimens:

Gram stains and/or 
other stains

Rapid diagnostic tests:
ELISA
Immunofluorescence
PCR (monoclonal 
antibody)
Immune electrophoresis

Bacterial culture
Viral cultures

Collagen vascular 
or immune disorder

Consider:
Antinuclear antibody 
test
Lupus DNA profile
Rheumatoid factor
Specific immune 
tests
HIV tests

Malignancy

Consider:
Biopsy
Bone marrow
examination
Radiographic
studies
Nuclear medicine
studies

Metabolic/
endocrine
disorder

Trauma,
pharmacologic,
toxicologic

Consider:
Specific
enzyme,
hormone,
and substrate
assays

Consider:
Radiologic studies
Drug levels

Phase 2
Assess severity
(Cont’d on p 5)

Assess degree of illness
(Cont’d on p 5) 

A

B

C

D
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should include respiratory, circulatory, and neurologic 
support. The goal of stabilization is to maintain tissue 
oxygenation, especially to the brain and other vital  
organs. Tissue oxygenation depends on the delivery of 
oxygen to the tissue. It requires a functioning respira-
tory system including the airway and lungs, adequate 
circulatory blood volume, a functioning pump (heart), 
and adequate oxygen-carrying capacity (hemoglobin). 
It is therefore essential to maintain the ABCs (airway, 
breathing, and cardiac functions). In stabilizing a  
patient, establish an open airway, deliver oxygen, and 
assess air exchange (breathing). When exchange is  
inadequate, consider intubation and ventilation. Circu-
latory support is needed when hypotension or signs  
of poor perfusion are present. These signs include pale 
or mottled skin, coolness of the extremities, and capil-
lary refill prolonged beyond 2 seconds. The initial 
phase of circulatory support is intravenous fluids.  
Additional pharmacologic treatment may be necessary. 
Severe anemia or hemorrhage requires the replace-
ment of hemoglobin as well as volume with whole 
blood or packed blood cell transfusions. Some children 
with seizures or signs of neurologic dysfunction need 
neurologic support. This may include the administra-
tion of rapid-acting anticonvulsants and the rapid cor-
rection of any metabolic disturbance, such as hypogly-
cemia or electrolyte abnormalities. Always include  
a plan to monitor and assess the response to therapy.  
In many circumstances, the follow-up is the most  
important part of the management plan. Informing the 
family and patient and introducing shared decision 
making is an important component of any management 
plan. Proper education of the patient and family is the 
essential element in the follow-up plan. It must receive 
the attention that it deserves.

	D.	 The clinical information obtained from the history, 
physical examination, and laboratory and ancillary tests 
is used to assess the degree of illness, which classifies 
patients into four categories. Very severely ill patients 
require immediate intervention and stabilization to 
prevent irreversible damage and death or severe mor-
bidity. Severely ill patients require hospital admission 
for two reasons: (1) to receive therapy not usually avail-
able on an outpatient basis, or (2) to have close obser-
vation and monitoring because of high risk for a com-
plication or rapid progression of the disease. The 
ability of parents and others to care for a child at home 
and the availability of a telephone and transportation, 
geographic isolation, and weather may also affect the 
decision for hospitalization. Moderately ill patients  
require specific treatment in an ambulatory setting. 
Mildly ill patients have a self-limited condition that will 
resolve spontaneously. This approach may require 
some modification to accommodate the substitution of 
home health care services for hospitalization. Home 
health care services allow patients to leave the hospital 
earlier than they would otherwise be permitted.

	E.	 The assessment of severity (degree of illness) links 
diagnostic decision making with management. The 
management phase of clinical decision making ad-
dresses four questions: (1) Does the patient require 
immediate therapeutic intervention? (2) What specific 
therapy is indicated? (3) Where should the patient be 
managed: a hospital intensive care unit, a hospital 
ward, or at home? and (4) How should the patient be 
monitored, and what is the appropriate follow-up? The 
four management decisions—stabilization, hospitaliza-
tion, specific treatment, and follow-up—are identified 
in each algorithm. A very severely ill patient should be 
hospitalized in an intensive care unit. Stabilization 
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Phase 3
Management

Assess degree of illness
(Cont’d from p 3)

Mild

Home measures

Moderate

Treat:
Specific therapy

Severe

Hospitalize

Very severe

Stabilize
Hospitalize in ICU 

Treat:
Specific therapy
Supportive care

Follow-up:
Assess response

Follow-up:
Monitor
Assess response

CLINICAL DECISION MAKING

Phase 2
Assess severity
(Cont’d from p 3)

E

D
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Anaphylaxis
Marion R. Sills, MD, MPH

Anaphylaxis is an acute, potentially life-threatening allergic 
reaction with varied mechanisms and clinical presenta-
tions. Depending on the route of exposure to the inciting 
agent, symptoms can begin in minutes to hours; reactions 
within 3 hours of exposure are usually more severe.

 A1. and B1. On brief, initial history and physical exami-
nation, assess for the following clinical criteria for  
diagnosing anaphylaxis, which must include one of 
the following three criteria:
 1. Acute onset of illness involving skin/mucosal 

urticaria, pruritus, or swelling AND at least one of 
the following:
 a. Respiratory compromise
 b. Hypotension/hypoperfusion

 2. Two or more of the following occurring rapidly 
after exposure to a likely allergen for that patient:
 a. Skin/mucosal urticaria, pruritus, or swelling
 b. Respiratory compromise
 c. Hypotension/hypoperfusion
 d. Persistent gastrointestinal symptoms.

 3. Hypotension/hypoperfusion after exposure to a 
known allergen for that patient

 A2. When necessary, stabilize the child before obtaining 
a history. When appropriate, attempt to determine 
the offending agent and the onset and progression  
of symptoms. Assess upper airway involvement  
by asking about pruritus or swelling of lips and 
tongue, throat tightness, stridor, dysphonia, or  
dysphagia; lower respiratory tract symptoms by 
cough, wheezing, dyspnea, or sense of chest  
tightness; cardiovascular abnormalities by tachycar-
dia, syncope, or dizziness; central nervous system 
abnormalities by dizziness, syncope, altered mental 
status, or seizures; gastrointestinal symptoms of nau-
sea, vomiting, abdominal cramps, and diarrhea; and 
cutaneous symptoms of hives (urticaria) or angio-
edema of the face or extremities. Note any prior  
history of atopy, including anaphylaxis, asthma, and 
eczema or hives. Note any associated chronic condi-
tions, acute illnesses, and medications.

 B2. Initially, assess and stabilize airway, breathing, circu-
lation, and level of consciousness before a more de-
tailed physical examination. Assess the upper and 
lower airway, looking for swelling of lips or tongue, 
stridor, dysphonia, hypoxia, cough, tachypnea, wheez-
ing, retractions, and poor aeration. Evaluate the  
cardiovascular system for tachycardia, decreased pe-
ripheral perfusion, arrhythmias, and hypotension. 
Central nervous system signs include altered mental 
status and seizure activity; either may indicate  
hypoxia or hypoperfusion.

 B3. After first assessing and stabilizing airway, breathing, 
circulation, and level of consciousness, a more complete 

physical examination should include examination of the 
skin for urticaria or angioedema and the gastrointestinal 
system for abdominal tenderness.

 C1. If this primary survey shows any compromise, imme-
diately begin epinephrine, oxygen, and volume re-
placement. Epinephrine can be given intramuscularly 
(preferred) or subcutaneously, every 5 minutes to 
control hypotension and airway edema. Although not 
evidence based, nebulized, sublingual, intraosseous, 
and endotracheal routes can also be considered. Ad-
minister oxygen to patients with evidence of airway 
involvement, or who require multiple doses of epi-
nephrine or other b agonists.

 C2. Patients with upper airway compromise require im-
mediate airway management. Consider early intuba-
tion in patients with rapid onset of symptoms, prior 
anaphylaxis, and upper airway swelling, because air-
way edema can progress rapidly, making intubation 
increasingly difficult. Stridor, hypoxia, and respiratory 
distress are all late signs of upper airway compromise. 
If intubation is unsuccessful, consider attempting a 
cricothyrotomy. Although it has not been specifically 
studied in this context, some authors recommend 
concomitant nebulized epinephrine.

 C3. Because plasma volume may decline suddenly by 
50% in anaphylaxis syndrome, give poorly perfused 
patients aggressive fluid resuscitation, starting with 
a rapid saline fluid bolus of 20 ml/kg, repeated  
as necessary. Patients should be placed in the  
recumbent position with legs elevated, unless  
precluded by dyspnea or vomiting. If shock per-
sists, consider a continuous infusion of epinephrine 
(0.1 mg/kg/min, titrated up to 1.0 mg/kg/min). For 
patients with persistent hypotension, start vaso-
pressors (see Shock, p. 32).

 C4. If response to volume replacement is inadequate, 
consider administering epinephrine intravenously, 
either through repeated dosing or via an infusion. 
Note that intravenous administration of epinephrine 
increases the risk for arrhythmia, so it should be 
used only in patients with hypotension who have not 
responded successfully to intramuscular epineph-
rine and volume replacement. If response to crystal-
loid infusion is inadequate, also consider colloid  
infusion.

 C5. For bronchospasm refractory to epinephrine, treat 
with supplemental oxygen, as well as bronchodilators, 
such as albuterol and/or ipratropium, and corticoste-
roids. For patients taking beta-blocking agents, which 
may attenuate the response to treatment, consider 
glucagon administration.

 C6. Assess the organ systems involved, as well as the de-
gree of severity and progression. The first-line thera-
pies for anaphylaxis are epinephrine, oxygen, and 
volume replacement. Consider giving an H1-receptor 



antihistamine, such as diphenhydramine, and an  
H2-receptor antihistamine, such as cimetidine or ra-
nitidine; these work synergistically with the epineph-
rine therapy, but are considered second-line therapy 
to epinephrine, and should never be used alone in the 
treatment of anaphylaxis. Corticosteroids do not take 
effect during initial resuscitative efforts; their early 
use can help reduce the incidence and severity of 
late-phase reactions (Table 1).

 C7. Patients with a history of mild symptoms that have 
resolved before arrival in the emergency department 
may be discharged home after a short observation 
period (2–4 hours). Observe patients with a signifi-
cant history of atopy (asthma, allergic rhinitis) for  

12 to 24 hours because they are at increased risk for 
a late-phase reaction.

 D1. Hospitalize any patient with significant symptoms of 
laryngeal edema or hypotension. Consider intensive 
care unit admission for patients requiring more than 
one dose of epinephrine.

 D2. Before discharge, patients diagnosed with anaphylaxis 
should: (1) be prescribed a self-injectable epineph-
rine device (one for each location—school, home, 
child care, etc.) and instructed in its use; (2) receive 
information regarding avoidance of the precipitating 
allergen; and (3) be advised to follow up with their 
primary care provider and consider follow-up evalua-
tion with an allergist.

9

Child with ANAPHYLAXIS

A1 Brief initial history

A2 History

B3 Physical examination

B1 Brief initial physical examination

C1 Compromise to airway,
breathing, circulation or
level of consciousness

C2 If upper
airway
compromised,
consider early
intubation

C4 If response to volume is
inadequate, consider
epinephrine IV infusion.
Also consider colloid infusion.

C7 Mild respiratory
symptoms that resolve
before emergency
department arrival

C7 No history
of atopy

C7 Significant
history of
atopy

Observe in
emergency
department
2–4 hours

Observe
12–24
hours

D1 Admit to
ICU

D2 Prescribe self-injectable
epinephrine device prior to
discharge.  Follow up with
primary care provider.

D1 Admit to
hospital

C3 If poorly perfused,
give aggressive fluid
replacement and
elevate legs.

C5 For bronchospasm
refractory to epinephrine,
give bronchodilators and
corticosteroids.

C6 Consider:
H1 blocker
H2 blocker
Corticosteroids

Epinephrine, oxygen,
volume replacement

C1 No compromise to airway, 
breathing, circulation
or level of consciousness

B2 Assess airway, breathing and circulation
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Table 1.  Drugs Used in the Treatment 
of Anaphylaxis

Drug Dosage

Sympathomimetic Agents
Epinephrine Initial treatment: 0.01 mg/kg, IM (maximum:  

0.5 mg/dose) q5min
Hypoperfused patient: 0.01 mg/kg/dose, IV/IO
Continuous infusion: 0.1–1 mg/kg/min, IV/IO
Nebulized: 0.5 ml/kg of 1:1000 in 2.5 ml normal 

saline (maximum: ,4 yr, 2.5 ml/dose; $4 yr, 
5 ml/dose)

Nebulized racemic epinephrine: 2.25%, 0.5 ml 
in 2.5 ml normal saline

Other Inotropic Agent
Glucagon Children ,20 kg: 0.5 mg/dose, SC/IV/IM 

q20min (or 0.02–0.03 mg/kg/dose)
Children $20 kg and adults: 1 mg/dose IM/IV/

SC q20min

Histamine-1 Antagonists
Diphenhydramine 1 mg/kg/dose, PO/IV/IM/IO q6h (maximum:  

50 mg/dose)
Hydroxyzine 0.5–1 mg/kg/dose, PO/IM q6h

IV/SC administration associated with thrombosis

Histamine-2 Antagonists
Ranitidine 0.75–1.5 mg/kg/dose, IV/IM/IO q6–8h  

(maximum: 6 mg/kg/day)
1.5–2.5 mg/kg/dose, PO q8–12h (maximum:  

6 mg/kg/day)
Cimetidine 5–10 mg/kg/dose, PO/IV/IM/IO q6–12h  

(maximum: 2400 mg/day)

Bronchodilators
Albuterol Intermittent nebulization

,12 yr: 2.5 mg neb q20min
$12 yr: 5 mg neb q20min
Continuous nebulization: 0.5 mg/kg/hr  

(maximum: 15 mg/hr)
Ipratropium Intermittent nebulization

,12 yr: 250 mg neb q20min
$12 yr: 500 mg neb q20min

Corticosteroids
Dexamethasone 0.3–0.6 mg/kg, PO IV/IM (maximum: 10 mg)
Methylprednisolone Loading dose: 2 mg/kg 3 1

Maintenance: 0.5 mg/kg/dose q6h
Prednisone 2 mg/kg/24 hr PO 4 qd–bid (maximum dose: 

80 mg)

IM, intramuscularly; IO, intraosseous; IV, intravenously; PO, orally; SC, subcutaneously.
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Growth Deficiency/ 
Failure to Thrive

Janine Young, MD

Growth deficiency/failure to thrive (FTT) is not a diagnosis 
in and of itself but rather a sign of poor growth in infancy 
based on inadequate weight gain for age and height. There 
is no universally accepted criteria or name for growth de-
ficiency in infancy; however, the more common definitions 
used include: (1) a full-term infant younger than 2 years 
whose weight is below the 3rd to 5th percentile for age at 
more than one visit (and not small for gestational age or 
with intrauterine growth retardation), or (2) an infant 
younger than 2 years whose weight crosses two major per-
centiles downward on a standard growth chart. In more 
severe cases of FTT, particularly if chronic, height velocity 
slows followed by decreasing head circumference growth. 
In severe cases of malnutrition, weight, height, and head 
circumference measurements may decline below the 3rd 
percentile. Significant malnutrition may result in maras-
mus or kwashiorkor.

	A.	Given that inadequate caloric intake is the most 
common cause of FTT, obtain a detailed nutritional 
history. Determine the frequency and quantity of milk 
the infant is taking, and whether it is breast milk, for-
mula, or whole milk, depending on age. In a breast-fed 
newborn, assure proper latch and adequate milk pro-
duction. If formula-fed, assure proper mixing of for-
mula. In older infants, assure adequate, though not 
excessive, milk intake, given that by 9 months of age, 
infants should begin to transition to an increased intake 
of solid foods. Ask about supplemental beverages at all 
ages, given that some families may give water, tea, 
juice, or sugar-laden drinks to even newborns. Deter-
mine whether soft solids have been introduced  
between 4 and 6 months of age, and that solids are ad-
vanced and offered at mealtimes after that time. If 
financial constraints are affecting feeding patterns, re-
fer to the local Woman, Infant, and Children (WIC) 
program, as well as any other programs available to 
support the family. Ask about early feeding patterns. 
Was the infant able to latch to the breast or bottle at 
birth and did he/she have coordinated sucking and 
swallowing? Was the infant fussy with feedings or have 
reflux? There is a critical window to establish normal 
feeding patterns, and if these patterns are not estab-
lished within the first year, it is much more difficult to 
“teach” feeding. If such a history is obtained, it is im-
portant to establish early and regular occupational and 
nutritional therapy, preferably in the home.

Ensure that the infant is fed on a regular basis ap-
propriate for age. For toddlers, advise that they should 
be fed seated at the table with no distractions (e.g., not 
in front of the TV) and should be given foods before 

liquids. Toddlers with FTT should be offered three 
high-calorie meals and three high-calorie snacks  
per day, as opposed to “grazing” behavior, where the 
toddler is snacking on small amounts of food all day, 
which may suppress appetite.

Obtain a detailed medical history. Is the infant de-
velopmentally appropriate for age? Note the frequency 
of intercurrent acute or chronic illnesses, such as otitis 
media, severe atopic dermatitis, vomiting, diarrhea,  
respiratory, or urinary tract infection (though urinary 
tract infections may be occult in cases of FTT). Are 
there predisposing medical conditions that may cause 
inadequate calorie intake, such as cleft lip/palate,  
micrognathia, cerebral palsy or other central nervous 
system disorder causing hypotonia or hypertonia? Has 
there been recent travel to a developing country, which 
could result in a parasitic infection and inadequate  
calorie absorption? Or are there increased calorie  
requirements from chronic or recurrent infections or 
endocrinopathies? Note: “Nonorganic” FTT stemming 
from psychosocial stressors can easily lead to “organic” 
FTT, where the infant acquires dysfunctional feeding 
patterns and vitamin deficiencies secondary to this  
decreased intake. Similarly, “organic” FTT can result  
in increased psychosocial stressors at home and lead  
to some component of environmental “nonorganic” 
FTT. Given this continuum, it is essential to address  
all aspects of feeding, including psychosocial issues  
and stressors, regardless of whether the infant  
ultimately is diagnosed with a primary “organic” or 
“non organic” FTT.

Determine whether any medicines, nutritional sup-
plements, or home remedies are being given. Some 
medications have adverse effects such as anorexia, 
which may lead to FTT. Ensure that supplements and 
home remedies given are appropriate.

Explore the family history for such diagnoses as in-
adequate growth, metabolic disorders, genetic syn-
dromes, and fetal, neonatal, or infant demise.

Determine whether there are psychosocial stress-
ors/environmental issues at home that may affect the 
feeding schedule and relationship between caregivers 
and the infant. Assess the mother–child/father–child 
interaction and level of family functioning. Is the fam-
ily food insecure? Have there been many missed ap-
pointments or inadequate well-child care visits? Are 
immunizations up to date? Are there any red flags 
pointing to abuse? If environmental stressors or frank 
abuse are suspected, have a low threshold to refer to 
social work or to child protective services to obtain 
adequate support and interventions as needed.
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	B.	A complete physical examination should include evalua-
tion of the child’s or infant’s developmental status.  
Ensure that the child/infant is developmentally normal 
for age. Note signs of neglect or abuse. Note such find-
ings as dysmorphic features, cardiac murmurs, hepato-
splenomegaly, hypotonia or hypertonia, lymphadenopa-
thy, among others.

Consider early referral to a nutritionist and occupa-
tional therapist well-versed in working with young in-
fants and children. A several-day calorie count may 
help in working up an infant with FTT. If the calorie 

counts are adequate, consider organic diagnoses that 
lead to decreased calorie absorption or increased calo-
rie needs. However, as noted earlier, organic diseases 
may ultimately lead to inadequate calorie intake, given 
that chronic poor nutrition and vitamin deficiencies 
may result in the suppression of appetite.

When organic causes of FTT are of concern,  
almost any systemic illness may be the culprit. There-
fore, working up an infant for FTT should be  
approached in a stepwise, logical fashion, instead of 
testing widely.

Patient with GROWTH DEFICIENCY OR FAILURE TO THRIVE*

A History

Nutritional history
  • Early feeding issues?
    • Oral motor dysfunction
    • Reflux/arching/fussiness with feeds
    • Grazing

• Milk intake inadequate or excessive
  • Solid intake inadequate
  • Inadequate parental understanding
    of proper nutrition?

• Obtain 3 day diet record/
  assess caloric intake
• Food insecurity?

Medical history
  • Excessive snoring/apnea,
    vomiting, muscle weakness
  • Vomiting, diarrhea, eczema,
    melena, fatty stools, recurrent or
    chronic infections
  • Recurrent or chronic infections,
    polyuria/polydyspnea, sweating
    with foods, chronic known
    systemic illness (e.g., congenital
    heart disease, renal failure)

Medicines/supplements/
home remedies/allergies
Family history
Social history

B
Physical examination

(Cont’d on p 15)

*Failure to thrive has become a legal term indicating neglect or abuse.
It should not be used as a diagnosis when neglect or abuse is not evident.
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	C.	If inadequate calorie intake is suspected as the primary 
cause of FTT, consider psychosocial/environmental  
issues such as poverty/food insecurity (e.g., diluting 
formula), Münchausen syndrome by proxy (medical 
child abuse), or inadequate understanding of proper 
nutrition for age. Some infants may have oral motor 
dysfunction or neurologic dysregulation of hunger  
leading to early satiety. Cleft lip/palate, micrognathia, 
adenoid hypertrophy, or vascular rings/slings may lead 
to oral motor dysfunction and/or mechanical obstruc-
tion and inadequate calorie consumption. Cerebral 
palsy or other central nervous system disorders may 
lead to hypotonia or hypertonia and uncoordinated 
feeding patterns. Myopathy, metabolic disorders, lead 
toxicity, zinc deficiency, and severe iron deficiency  
anemia may lead to weakness, limiting adequate calorie 

intake. Hydrocephalus, pyloric stenosis, gastroesopha-
geal reflux, and food allergies may cause vomiting  
sufficient to cause weight loss.

	D.	Inadequate calorie absorption should be considered in 
select cases, including diagnoses such as milk protein 
intolerance, food allergy, celiac disease, cystic fibrosis, 
metabolic disorders, immunodeficiencies, inflamma-
tory bowel disease, and parasitic infections.

	E.	 Increased calorie requirements may occur when 
an infant has a chronic systemic disease causing a  
hypermetabolic state, such as congenital heart dis-
ease, chronic/recurrent infection such as HIV, tuber-
culosis or urinary tract infections, chronic respiratory 
diseases, malignancy, endocrine disorders (such as 
hyperthyroidism or diabetes mellitus), or renal tubu-
lar acidosis.

(Continued on page 16)
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Assess amount of food offered

Inadequate Adequate

Assess parents’ understanding
of nutrition (cont’d on p 17)

Assess family function and
eating behaviors (cont’d on p 17)

*Failure to thrive has become a legal term indicating neglect or abuse.
It should not be used as a diagnosis when neglect or abuse is not evident.

C

D E

Inadequate caloric intake Adequate caloric intake;
assess for organic disease

Depending on history, consider:
  Oralmotor dysfunction/obstruction
    • Cleft lip/palate
    • Micrognathia
    • Adenoid hypertrophy
    • Vascular rings/slings
    • Cerebral palsy

  Emesis
    • Hydrocephalus
    • Pyloric stenosis
    • GER
    • Food allergies

  Weakness
    • Metabolic disorder
    • Myopathy
    • Lead intoxication
    • Severe anemia

Inadequate caloric absorption
Consider:
  • Milk protein intolerance
  • Food allergy
  • Celiac disease
  • Cystic fibrosis
  • Metabolic disorder
  • Immunodeficiency
  • Inflammatory bowel disease
  • Parasitic infection

Increased calorie
requirements/hypermetabolic state
Consider:
  • Congenital heart disease
  • HIV, TB
  • Occult UTI
  • Malignancy
  • Endocrinopathies
  • RTA

Patient with GROWTH DEFICIENCY OR FAILURE TO THRIVE*
(Cont’d from p 13)
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	F.	 If there is concern for organic FTT but no obvious 
causative factor, consider a “general” laboratory screen 
for occult illness, including complete blood cell count 
and differential, metabolic panel (including electro-
lytes, blood urea nitrogen, creatinine, liver function 
tests), simultaneous urinalysis (for renal tubular acido-
sis), erythrocyte sedimentation rate, and/or lead level. 
Tuberculosis should be considered, especially in immi-
grant populations.

Unless there are signs and symptoms consistent with 
a particular organic causative factor for FTT, an exten-
sive laboratory/radiologic workup is not worthwhile. 
However, if a child does not gain adequate weight after 
initial nutritional interventions, consider further stud-
ies, based on a review of signs and symptoms.

Infants with mild-to-moderate malnutrition should 
be managed closely as outpatients to document appro-
priate catch-up growth. Initially, weekly or bimonthly 
visits are often needed. Once a stable increase in 
growth over several months is noted, continued regular 
visits every 2 to 3 months are appropriate to ensure 
continued progress.

	G.	A secondary screen for more severe FTT with other 
specific signs and symptoms could include prealbumin 
and albumin, free thyroxine, thyroid-stimulating hor-
mone, serum amino acids, urine organic acids, pyru-
vate, lactate, ammonia, sweat chloride test, HIV, IgA, 
anti-tissue transglutaminase and anti-endomysial anti-
bodies, immunoglobulins, alkaline phosphatase, cal-
cium, phosphorus, bone age, upper gastrointestinal 
study/swallow study, or chest radiograph.

Hospitalization of an infant with severe FTT and/or 
where abuse or neglect is suspected is often necessary 
to help quickly coordinate services, including gathering 
input from nutritional and occupational therapists, so-
cial workers, and child protective services, as well as 
obtaining any studies that need to be done while in-
house. A multidisciplinary approach is often key in 
these cases. However, notably, appropriate or inappro-
priate weight gain while hospitalized does not help 
distinguish between organic and nonorganic causes of 
FTT. Once discharged, home visits by a visiting nurse, 
nutritionist, and/or occupational therapist provide on-
going support to the family and invaluable insight to 
clinicians regarding the home environment.

Some general pearls for managing infants with FTT:

	1.	 Consider zinc sulfate supplementation in any 
infant with FTT, as well as initiating higher  
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calorie formula, breast milk, or whole milk, as  
appropriate for age.

	2.	 Average daily weight gain for infants and toddlers: 
0 to 3 months, 26 to 31 g/day; 3 to 6 months, 17 to 
18 g/day; 6 to 9 months, 12 to 13 g/day; 9 to  
12 months, 9 to 13 g/day; 12 months to 3 years,  
7 to 9 g/day.

	3.	 Increasing calories in formula: 20 kcal/oz: 
1 scoop of formula to 2 oz water; 22 kcal/oz:  
1 scoop of powdered formula to 1.8 oz water;  
24 kcal/oz: 1 scoop of formula to 1.6 oz water.

	4.	 Increasing calories in breast milk: 22 kcal/oz: 
4 oz breast milk to 3 ml (3⁄4 tsp) powdered 
formula; 24 kcal/oz: 4 oz breast milk to 6 ml  
(1.5 tsp) formula; 26 kcal/oz: 4 oz breast milk to 
9 ml (2 tsp) formula.
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Patient with GROWTH DEFICIENCY OR FAILURE TO THRIVE*

Assess family function and eating behaviors (cont’d from p 15)

Treat:
  Supplementation

Treat:
  Behavior
  modification

Treat:
  Counseling to
  improve parenting

Mild/moderate FTT

Severe FTT

Hospitalize for coordination of services.
If signs and/or symptoms of an organic etiology, consider:

  • CBC
  • ESR
  • Metabolic panel
  • Urinalysis
  • Pre-albumin
  • Albumin
  • TB screen
  • Free thyroxin/TSH
  • Sweat test
  •  HIV

• Serum AA
• Urine OA
• Pyruvate
• Lactate
• NH3
• Antibodies anti-tissue transglutaminase
• Antibodies anti-endomysial antibodies
• Quantitative immunoglobulins
• Alkaline phosphatase
• Calcium, phosphorous
• Bone age
• UGI/swallow study
• Chest x-ray

No weight gain
or loss at weekly visits

• Attempt nutrition modification
• Follow weekly to assess
  for weight gain

Appropriate
weight gainAdequate calories

Inadequate calories or
no follow-up

Consider:
  • CBC, diff
  • ESR
  • Metabolic panel
  • Urinalysis
  • Pre-albumin
  • Albumin
  • TB screen
  • Lead

Follow weekly or
bimonthly until
steady catch-up
growth.
Then follow every
3 month to ensure
continued growth.

Consider:
  • MSW
  • CPS
  • Home
  OT/PT/nutrition If still no weight gain

Abnormal eating
patterns

G
F

Identify:
  Financial issues

Assess parents’ understanding of nutrition (cont’d from p 15)

Adequate

Refer for WIC or
  supplemental food
Consider:
  Referral to
  social services

Identify:
  Excessive juice
  Unusual diet
  Inadequate amounts

InadequateDysfunctional
family/parenting

Assess for abuse
or neglect
Consider:
Consult:
  Social worker or child
  protection team

Identify:
  Grazing
  Lack of routine
    for meal times
  Refusal patterns

Identify:
  Deficiencies
    Iron
    Vitamins
    Zinc

Unusual diet

*Failure to thrive has become a legal term indicating neglect or abuse.
It should not be used as a diagnosis when neglect or abuse is not evident.
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Crying: Acute, Excessive
Steven R. Poole, MD

DEFINITION

Acute, excessive crying manifests in infants with the sud-
den onset of crying or fussiness without fever, for which 
there is no cause that is obvious to the parents. The dif-
ferential diagnosis includes a variety of harmless causes 
and a number of serious ones (Tables 1 and 2).

	A.	 In the patient’s history, ask about previous episodes, 
recent immunization, medications, constipation, eme-
sis, diarrhea, blood in the stool, fever, trauma, over-
stimulation, changes in diet, possible ingestion, the 
child’s location at the onset, and any suspicions the 
parents may have. The parents’ suspicions are correct 
less than half of the times when they have a strong 
suspicion. The consolability and time of onset do not 
appear to correlate with the severity of the cause. His-
tory will reveal helpful clues 20% of the time, but will 
also uncover symptoms that may be unrelated to the 
correct diagnosis 20% of the time. Therefore, carefully 
corroborate clues in the history with appropriate phys-
ical examination or testing.

	B.	 Physical examination alone will identify a cause approxi-
mately 40% of the time. The physical examination must 
be meticulous and should include assessment of the level 
of toxicity, complete inspection of every bit of the surface 
of the infant’s body, careful palpation of the body for 
subtle signs of tenderness, otoscopy, eversion of the eye-
lids, fluorescein staining of the corneas, complete obser-
vation of the oropharynx (consider using a laryngoscope), 
careful abdominal examination, rectal examination with 
Hematest of the stool, auscultation of the heart, retinal 
examination, and careful neurologic and developmental 
assessment. A bruise, bite, or hair tourniquet may be hid-
ing under clothing. Fractures may pre sent without visible 
swelling and may be diagnosed only on careful palpation 
and observation. Corneal abrasion most often causes only 
crying, without tearing, blepharospasm, or conjunctival 
redness. Pharyngeal foreign bodies may not be visible 
without a laryngoscope. Retinal hemorrhages may be the 
only physical sign of shaking injury or head trauma.

	C.	 When the diagnosis is apparent on physical examina-
tion, treat accordingly, keeping in mind that 5% of pa-
tients have two causes of fussiness. Follow-up contact 
should be maintained until crying has ceased. When 
you suspect a particular diagnosis but are not certain, 
keep in mind that the differential includes many seri-
ous conditions. Therefore, it is dangerous to jump to a 
diagnosis based only on suspicion. A brief period of 
observation may be necessary to confirm the suspicion.

	D.	 Many infants have ceased crying by the time they are 
seen by the physician and the crying does not recur. This 
syndrome is called idiopathic acute crying episode. It 
must include the following elements: unalarming history, 

normal findings on physical examination, cessation of 
crying before the physician is seen, lack of signs of toxic-
ity, and no subsequent episodes. The parents can be reas-
sured, and the infant can be observed at home. However, 
if the crying resumes, the infant should be re-examined.

	E.	 The cause may not be apparent after the initial history 
and physical examination of as many as one in three  
infants with this type of episode. Infants who continue to 
cry and have no apparent diagnosis on initial examina-
tion often have a serious cause requiring specific treat-
ment. Screening tests are of limited value; only urinaly-
sis and urine culture have been shown to be effective. A 
period of observation lasting 1 to 2 hours with repeated 
observation and examination (including all of the special 
examinations described earlier) will often uncover clues 
to the diagnosis. For many infants, crying is the first 
symptom of an illness that will manifest other more 
helpful signs or symptoms in a matter of hours (i.e., 
gastroenteritis, viral exanthems, enanthems, infectious 
illnesses, intussusception, encephalitis).

	F.	 Some infants cease crying during the observation. The 
infant should be observed for a time because many 
serious causes have temporary asymptomatic periods.

	G.	 For infants who continue to cry or fuss and for whom 
the diagnosis remains in question, consider additional 
studies that are both invasive and expensive. Follow 
clues or instincts in selecting from this list: skeletal ra-
diographs, lumbar puncture, barium enema study, com-
puted tomographic scan of the head, electrolytes and 
pH, toxicology, electrocardiography or echocardiogra-
phy, pulse oximetry, and foreign body radiologic series. 
It is unwise to discharge an infant with acute, excessive, 
unexplained crying before making a diagnosis. There-
fore, many of these infants must be observed longer.

	H.	 Colic includes all of the following: (1) recurrent spells of 
excessive crying or fussiness, (2) occurrence at predict-
able times more than 3 days a week, (3) duration of 3 or 
more hours a day, (4) initiation in the first 3 weeks of life 
and resolution by 3 to 4 months of age, (5) an infant who 
is eating well and is developing and growing normally, 
(6) no other concerning symptoms, and (7) normal find-
ings on physical examination by the physician. Without 
each of the seven elements described, the diagnosis 
should not be made. Therefore, it is difficult to make the 
diagnosis with complete confidence on the first night of 
colic, and follow-up is needed to confirm it.

	 I.	 Soothing techniques include rhythmic motion such as 
rocking and stroller or car rides; monotonous noise 
from a radio, tape, or clock; a pacifier; and warm water 
bottle next to the abdomen. Being carried in a sack 
may help. Parents may need support for leaving the 
infant with a baby-sitter for an evening out. The effec-
tiveness of formula changes is unclear. Pharmacologic 
therapy should be discouraged.

(Continued on page 20)



Infant with ACUTE, EXCESSIVE CRYING

History

Physical examination

Assess pattern

Identify cause and treat

Follow-up:
Monitor until crying ceases

A

B C

Crying  spontaneously
ceases

Crying resolves and
examination normal

Crying continues

Crying without apparent
cause

Recurrent episodes
consistent with colic

Identify:
Idiopathic acute
crying

Follow-up:
Observe for 1–2 h
Repeat examination
Urinalysis and consider culture

Identify:
Infantile colic

D E

F G H

I

Identify:
Urinary tract
infection

Follow-up:
Monitor for 24 h

Consider:
Radiologic studies
Chemistry tests
Pulse oximetry
Toxicology tests

Follow-up:
Continue observation
until diagnosis made or
crying stops

Treat:
Soothing techniques
Parental reassurance

and support
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Table 1. 	Diagnoses	in	56	Infants	with	an	Episode	
of	Unexplained	Excessive	Crying

Diagnosis No.	with	Diagnosis

Idiopathic 10
Colic 6

Infectious Causes
Otitis media* 10
Viral illness with anorexia, dehydration* 2
Urinary tract infection* 1
Mild prodrome of gastroenteritis 1
Herpangina* 1
Herpes stomatitis* 1

Trauma
Corneal abrasion* 3
Foreign body in eye* 1
Foreign body in oropharynx* 1
Tibial fracture* 1
Clavicular fracture* 1
Brown recluse spider bite* 1
Hair tourniquet syndrome (toe)* 1

Gastrointestinal Tract
Constipation 3
Intussusception* 1
Gastroesophageal reflux and esophagitis* 1

Central Nervous System
Subdural hematoma* 1
Encephalitis* 1
Pseudotumor cerebri* 1

Drug Reaction or Overdose
DTP reaction* 1
Inadvertent pseudoephedrine overdose* 1

Behavioral
Night terrors 1
Overstimulation 1

Cardiovascular
Supraventricular tachycardia* 2

Metabolic
Glutaric aciduria, type I* 1
Total 56

From Poole SR. The infant with acute, unexplained crying. Pediatrics 
1991;88:450. By permission.

*Conditions considered serious.
DTP, Diphtheria-tetanus-pertussis vaccine.



21

Table 2. 	Differential	Diagnosis	of	200	Infants	Younger	Than	24	Months	with	Excessive	Crying,	by	Age	Group

AGE

Groups Diagnosis ,3	Months 3–12	Months .12	Months Total	(%)

Infectious diseases 
n 5 63 (31.5%)

Acute otitis media 5 23 3 31 (15.5)

Gastroenteritis 1 4 3 8
Herpetic  

gingivostomatitis
0 1 3 4

Oral thrush 4 1 0 5
Roseola infantum 1 3 0 4
Urinary tract infection 3 3 1 7
Chickenpox 1 0 0 1
Conjunctivitis 1 0 1 2
Bronchiolitis 1 0 0 1

Gastrointestinal 
diseases

n 5 80 (40%)

Gastroesophageal reflux 3 0 0 3

Colic 51 8 0 59 (29.5)
Constipation 7 3 1 11 (5.5)
Intussusception 0 5 2 7

Central nervous 
system

n 5 4 (2%)

Pseudotumor cerebri 0 2 1 3

Choroid plexus papilloma 0 1 0 1
Immunologic reac-

tions
n 5 18 (9%)

DTP vaccine reaction 2 3 1 6

Food allergy 3 2 14 9 (4.5)
Drug hypersensitivity 0 1 1 2
Insect bite 0 1 0 1

Foreign body
n 5 3 (1.5%)

Eye 0 1 0 1

Mouth 0 1 0 1
Truncal 1 0 0 1

Others
n 5 32 (16%)

Opium withdrawal 0 1 0 1

Inguinal hernia 4 2 2 8
Hydrocele 1 1 0 2
Circumcision site inflam-

mation
1 3 0 4

Napkin dermatitis 0 2 0 2
Neuroblastoma 0 0 1 1
Acute lymphoblastic  

lymphoma
0 0 2 2

Endocardial fibroelastosis 1 0 0 1
Contact dermatitis 0 2 1 3
Overfeeding 0 2 20 2
Nasal obstruction 0 2 0 2
Unknown 1 3 0 4

Total (%) 92 (46) 81 (40.5) 27 (13.5) 200 (100)

From Fahimi D, Shamsollahi B, Salamati P, Sotoudeh K. Excessive crying of infancy: a report of 200 cases. Iran J Ped 2007;17(3):222–226. By permission.
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Generalized Lymphadenopathy
Edythe Albano, MD

DEFINITION

Generalized lymphadenopathy is abnormal enlargement 
of more than two noncontiguous lymph node regions.

	A.	 In the patient’s history, review systemic symptoms such 
as persistent or recurrent fever (infection, malignant 
neoplasm, collagen vascular disease), sore throat (infec-
tious mononucleosis), cough (tuberculosis fungal infec-
tion, mediastinal mass, or hilar adenopathy), epistaxis or 
easy bruising (leukemia), limp, or limb pain (juvenile 
rheumatoid arthritis, leukemia, neuroblastoma), weight 
loss (infection, malignant neoplasm), and night sweats 
(lymphomas, particularly Hodgkin disease). Note dura-
tion and severity of any systemic symptoms and assess 
whether they are improving or progressing. Obtain a 
complete history of travel and animal exposures. Note 
all recent immunizations and medications (serum sick-
ness, drug reaction, phenytoin-induced lymphadenopa-
thy). Document routine immunizations; inquire about 
possible exposure to tuberculosis. Identify risk for in-
fection with human immunodeficiency virus (HIV).

	B.	 In the physical examination, note the degree and extent 
of lymphadenopathy. Record measurements of all 
lymph nodes of concern for future comparison.  
Discrete, mobile, nontender lymph nodes are palpable 
in most healthy children. Small inguinal or high cervical 
nodes (1.5–2 cm) and occipital, submandibular, or axil-
lary nodes (#1 cm) are normal. Note thyromegaly (hy-
perthyroidism), hepatosplenomegaly (malignant neo-
plasm, storage disease, infection), arthritis (collagen 
vascular disease, leukemia), or a rash or conjunctivitis 
(viral exanthem, juvenile rheumatoid arthritis, systemic 
lupus, Kawasaki disease, leptospirosis, histiocytosis, 
lymphoma).

	C.	 Atypical lymphocytes are frequently associated with 
many viral illnesses. A differential count of 20% or 
more atypical lymphocytes suggests infectious mono-
nucleosis (Epstein–Barr virus), cytomegalovirus infec-
tion, viral hepatitis, or drug hypersensitivity.

	D.	 False-negative monospot test results frequently occur 
early in the course of infectious mononucleosis and  
are common in very young children with Epstein–Barr 

virus infection. A positive monospot does not rule out 
other infections or malignancy. This test result must be 
interpreted in the context in which it occurs.

	E.	 Parasitic infections that may present with generalized 
lymphadenopathy include filariasis (tropics, subtropics; 
vector: mosquito), Leishmania (kala-azar, Oriental sore, 
chiclero—Latin America, Middle East, India; vector: 
sandfly), Schistosoma (Asia, Africa, Caribbean, South 
America; intermediate host: snail), and Trypanosoma 
(Chagas disease—Latin America; sleeping sickness—
Africa; vector: tsetse fly). Consider these when there 
has been travel to endemic areas or the child lives in 
such an area. Eosinophilia may be associated with para-
sitic infection.

	F.	 Children with prolonged fever, unexplained weight 
loss, persistent cough, known exposure to tuberculosis, 
or risk factors for HIV are likely to have a serious, 
treatable illness. Malignant lesions are usually 3 cm or 
larger, of more than 4 weeks in duration, and often as-
sociated with abnormal laboratory and chest radio-
graph findings. Supraclavicular lymphadenopathy is 
usually malignant.

	G.	 Anemia, neutropenia, and/or thrombocytopenia accom-
panying generalized lymphadenopathy suggests a  
malignant neoplasm, severe infection, or storage dis-
ease. Obtain a hematology/oncology consultation be-
fore referring patient for a lymph node biopsy to avoid 
the omission of important special studies (such as elec-
tron microscopy, chromosomes, molecular studies,  
immunohistochemical stains, flow cytometry, as well as 
fungal and viral cultures). In addition, a bone marrow 
aspirate and biopsy may yield the diagnosis without a 
surgical procedure.
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Patient with GENERALIZED LYMPHADENOPATHY

History

Identify:
 Viral exanthems
 Drug reactions
 Kawasaki syndrome
 Hyperthyroidism

CBC with differential and platelets 
Consider:
 Monospot

HIV tests
Chest radiography (essential for supraclavicular
adenopathy)
ESR, CRP

Physical examination

Assess CBC and smear

Mild anemia
or normal

Assess degree of illness

Mild

Follow-up:
 Assess in 1–2 wk

Resolves Persists Chest radiography (if not previously obtained)
Purified protein derivative (PPD)
HIV test

Consult:
 Oncologist and/or
 infectious disease

specialist

Consider:
 Bone marrow examination
 Lymph node biopsy
 Urine VMA/HVA
 Histoplasmosis titers
 Antinuclear antibodies
 Antistreptolysin O titers
 Venereal Disease Research
    Lab (VDRL) test
 Viral and fungal serology

Identify:
 Infections
 Malignancy/histiocytosis
 Collagen vascular disease
 Storage diseases
 Sarcoidosis

Identify:
 Tuberculosis
 HIV infection

Moderate or severe

Severe anemia, neutropenia,
thrombocytopenia, and/or
malignant cells

Positive
monospot

Identify:
 Infectious
 mononucleosis

Consider:
 Infectious disease consultation
 EBV, toxoplasmosis titers
 Urine CMV culture
 Liver function tests

Identify:
 Infectious mononucleosis
 CMV
 Toxoplasmosis
 Hepatitis
 Drug reaction

Parasitic infection

Negative 
monospot

Consult:
Hematologist/oncologist

Bone marrow examination

Identify:
 Leukemia/lymphoma
 Neuroblastoma
 Histiocytosis
 Storage disease
 Infection

A

B

C

D G

F
E

G

Atypical lymphocytosis
or eosinophilia

Consider:
 Hospitalization
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Obesity
Robert E. Kramer, MD

DEFINITION

Obesity is defined as “an increase in body weight beyond 
the limitation of skeletal and physical requirement, as a 
result of an excess accumulation of fat.” It has become well 
recognized that this excess accumulation represents a true 
disease state with pervasive adverse metabolic conse-
quences. In the pediatric population, the precise diagnostic 
criteria used to define obesity have been controversial, but 
recent consensus has defined it to be when a child’s body 
mass index (BMI) equals or exceeds the 95th percentile for 
age and sex, as plotted on the Centers for Disease Control 
and Prevention growth charts. A BMI between the 85th 
and 95th percentile is now defined as “overweight.” Most 
obese children and teens do not have a defined underlying 
metabolic or genetic cause for their obesity, but rather their 
obesity results from sustained consumption of calories in 
excess of their expenditure because of environmental influ-
ences. Management strategies, therefore, should focus on 
identifying and treating comorbid conditions while system-
atically addressing the environmental factors that contrib-
ute to the caloric imbalance.

	A.	 History: A detailed history is vital in the evaluation of the 
obese child, both to differentiate the rare child with an 
underlying organic cause of their obesity and to identify 
the various environmental factors responsible for caloric 
imbalance. Factors that should alert the clinician to po-
tential organic causative factors would include history of 
developmental delay, short stature, congenital anoma-
lies, central nervous system trauma or malignancy, pro-
longed or repeated use of corticosteroids, and atypical 
antipsychotic therapy. Dietary history should focus on 
sweetened beverage intake, frequency of meals eaten 
outside the home, portion sizes, consumption of energy-
dense foods, and restrained eating patterns. Activity 
history should ascertain the daily quantity of all screen 
time, including television, computer use, and video 
games, as well as the frequency and duration of any 
regular physical activity. It is important that family his-
tory include history of type 2 diabetes, early myocardial 
infarction, stroke, hypertension, and dyslipidemia, as 
well as obesity or need for bariatric surgery, to help as-
sess cardiovascular risk. A detailed social and psychiatric 

history is important to identify psychosocial factors that 
may be either a cause or a consequence of obesity. Sleep 
history is important in the obese child to determine 
whether signs or symptoms of snoring or sleep apnea are 
significant enough to warrant a formal sleep study.

	B.	 Physical Examination: Examination should include an 
accurate weight, height, and blood pressure, obtained 
without shoes, with only light clothing on, and with an 
appropriately sized blood pressure cuff, covering 80% of 
the arm. Adult or thigh cuffs may need to be used for 
morbidly obese teens. Waist circumference may be help-
ful as an adjunctive measure of adiposity, which can be 
tracked over time but is limited by poor interobserver 
consistency. General examination, with close attention 
paid to developmental stage, the presence of dysmorphic 
features, or short stature, may give clues that an under-
lying chromosomal or genetic syndrome is present. Neck 
examination for masses or nodules is important in the 
assessment of possible thyroid disease. The presence of 
acanthosis nigricans, hyperpigmentation in the folds of 
the neck or axillae, may be indicator of insulin resistance. 
Hidradenitis suppurativa, chronic infected papules and 
abscesses of the skin caused by occlusion of the apocrine 
sweat glands of the groin and axillae are also important to 
note. The presence of striae in the abdomen suggests 
rapid weight gain and, in conjunction with a buffalo 
hump, may suggest hypercorticism as a cause of obesity. 
Skin xanthomas, especially on the extensor surfaces, are 
indicative of severe hyperlipidemia. Abdominal examina-
tion for signs of right upper quadrant tenderness or 
hepatomegaly is helpful in assessing hepatobiliary dis-
ease, such as cholelithiasis or nonalcoholic fatty liver 
disease. The presence of hypogonadism or short digits is 
suggestive of Prader–Willi syndrome.

	C.	 Comorbidity Screening: Routine laboratory screening 
for all children with a BMI greater than the 95th per-
centile has been recommended to assess for many  
of the common obesity comorbid conditions, such as 
dyslipidemia, insulin resistance/type 2 diabetes, and 
nonalcoholic fatty liver disease. This screening can be 
accomplished with a fasting lipid panel, glucose level, 
and hepatic profile. The need for further workup or 
referral to subspecialists can then be determined based 
on the results of these screenings.

(Continued on page 26)
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	D.	 Elevated Blood Pressure: Blood pressure greater than 
the 95th percentile for a given patient’s age, sex, and 
height is defined as “elevated.” (Normative data for 
blood pressure in children can be found online at: 
http://www.nhlbi.nih.gov/guidelines/hypertension/
child_tbl.htm.) Treatment should not be considered as 
a result of an isolated elevation in blood pressure. Ini-
tial steps should be to ensure that an accurate measure 
was obtained in the first place, by assessing cuff size 
and repeating the measure after 10 to 15 minutes. Be 
aware that automated blood pressure monitors often 
overestimate blood pressure, so a manual measure-
ment by an experienced caregiver may be required.  
If there is suspicion of “white coat hypertension,”  
with falsely increased values secondary to anxiety,  
24-hour ambulatory blood pressure monitoring may 
be considered. If true elevation of blood pressure is 
consistently and reliably observed in a patient, a trial 
of lifestyle modification and weight loss therapy should 
still be the initial therapy before advancing to pharma-
cologic therapy. See Hypertension (p. 84) for further 
details.

	E.	 Elevated Transaminases: Elevated aspartate amino-
transferase (AST) or alanine aminotransferase (ALT) 
may often be found in the examination of the obese 
child. Most commonly, this is a manifestation of non-
alcoholic fatty liver disease; however, transient elevation 
from intercurrent infection, as well as other forms of 
chronic liver disease, must also be considered. Typically, 
aminotransferases are between one and four times the 
upper limit of normal, usually with the ALT greater than 
the AST. Higher elevation should increase suspicion for 
an alternative cause of liver inflammation and may has-
ten the need for further evaluation. If alkaline phospha-
tase, bilirubin, or both are elevated as well, biliary ob-
struction should be suspected. Repeating a hepatic 
profile after several weeks to determine whether the 
elevation persists and obtaining a hepatic ultrasound 
would be the next steps in evaluation. If the elevation  
is persistent and the ultrasound does not reveal an  
obstructive process, further evaluation should be per-
formed to exclude other chronic forms of liver disease in 
children, such as alpha-1 antitrypsin deficiency, viral 
hepatitis (hepatitis B and C), autoimmune hepatitis, and 
Wilson disease. Referral to a pediatric hepatologist 
should be considered at this point.

	F.	 Elevated Fasting Glucose: Screening for type 2 diabe-
tes and impaired fasting glucose/glucose tolerance  
is performed with a simple fasting glucose level. A level 
less than 100 mg/dl is normal, between 100 and  
125 mg/dl is defined as impaired fasting glucose, and 
greater than 125 mg/dl is consistent with a provisional 
diagnosis of type 2 diabetes. Any significant increase in 
an obese patient warrants a more complete evaluation 
with a 2-hour glucose tolerance test. At 2 hours, a glu-
cose level less than 140 mg/dl is normal, between 140 

and 200 mg/dl is defined as impaired glucose tolerance, 
and greater than 200 mg/dl indicates provisional diabe-
tes. Levels in the diabetic range should prompt referral 
to a pediatric endocrinologist for diabetic teaching and 
initiation of therapy. Levels in the impairment range 
indicate a need for a trial of weight loss and lifestyle 
modification, with close follow-up.

	G.	 Snoring/Disordered Sleep: Obstructive sleep apnea is 
a common obesity comorbidity with serious cardiovas-
cular consequences. Recent evidence, however, sug-
gests a strong link between quality and quantity of 
stage 4 sleep and appetite regulation. Sleep apnea may 
thereby exacerbate obesity, creating a vicious cycle that 
is difficult to break. Careful assessment of the sleep 
history of obese patients is vital to identify these pa-
tients as early as possible. The history should focus on 
the presence of snoring, overt apneic episodes, need 
for head elevation to fall asleep, symptoms of daytime 
somnolence, and primary or secondary insomnia. Bed-
time patterns and total hours of sleep are also impor-
tant to obtain. Physical examination should assess the 
degree of tonsillar hypertrophy and airway obstruction.  
Patients with identified risk factors of sleep apnea 
should be referred for a polysomnogram to identify 
obstructive sleep apnea and other sleep disorders. If 
apnea is identified, consideration may be given to 
nighttime continuous positive airway pressure therapy, 
tonsillectomy/adenoidectomy, or both.

	H.	 Low-Density Lipoprotein (LDL) Elevation: Dyslipid-
emia is another common obesity comorbidity, with 
important long-term cardiovascular implications. Cur-
rent guidelines for treatment primarily focus on man-
agement of elevated LDL cholesterol levels, although 
in the obese pediatric population, elevated triglycer-
ides and decreased high-density lipoprotein (HDL) 
cholesterol is the predominant pattern. An LDL level 
greater than 130 mg/dl is considered elevated. Initial 
treatment centers around a low-fat/low-cholesterol 
diet (,7% of calories from saturated fat, ,200 mg 
cholesterol per day) and increased physical activity 
with weight loss over a 6- to 12-month period. Levels 
should then be reassessed. Elevated LDL more than 
190 mg/dl in children 8 and older (or .160 mg/dl with 
a family history of early heart disease or with greater 
than two risk factors) should prompt consideration of 
pharmacologic treatment with lipid-lowering medica-
tions, either before or after a trial of diet and activity 
modification. “Statin” drugs, which inhibit HMG coen-
zyme A reductase in cholesterol synthesis, have been 
fairly well studied for use in children as young as 8 and 
are generally considered the first-line therapy. Treat-
ment goals should be reduction in LDL to less than 
160 mg/dl, or even 110 to 130 mg/dl in those with a 
strong family history. Serum aminotransferases and 
creatinine kinase levels can increased by treatment and 
should be monitored.

(Continued on page 28)
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should be considered if BMI remains greater than the 
95th percentile. Alternatively, if BMI at the start of 
treatment is greater than the 99th percentile, it may 
be appropriate to skip stage 1 and 2 and move straight 
to stage 3 or 4. These programs emphasize a multidis-
ciplinary approach, encompassing medical, dietary, 
physical, and psychological therapies, and more  
frequent visits. Monthly visits in the primary care  
setting should be maintained. Alternative therapies 
such as meal replacements, very-low-calorie diet, 
protein-sparing modified fast, pharmacotherapy, and 
bariatric surgery may be considered for appropriate 
candidates.

	 I.	 Stage 1/Prevention Plus: This intervention is designed 
to be delivered in the primary care setting to obese 
children by the physician or trained office staff such as 
a nurse or dietitian. Specific evidence-based lifestyle 
modification recommendations are made, with a goal 
of weight maintenance, as linear growth continues, 
resulting in decreasing BMI. Monthly follow-up is 
scheduled to reinforce the lifestyle modifications, until 
reassessment is performed after 3 to 6 months.

	J.	 Stage 2/Structured Weight Management: If BMI 
remains elevated above the 95th percentile after a suffi-
cient trial of stage 1 intervention, patients are advanced 
to this stage. This intervention is also designated to be 
performed in the primary care setting, but with an in-
creased level of parental supervision required. Use of 
motivational interviewing techniques is helpful to in-
crease readiness for change. A more structured nutri-
tional plan is desirable and, therefore, referral to a dieti-
tian is also beneficial. Increased monitoring of diet and 
activity through the use of logbooks is encouraged. 
Monthly visits are maintained and the primary goal re-
mains weight maintenance with decreasing BMI.

	K.	 Stage 3 and 4/Comprehensive Multidisciplinary Pro-
gram/Tertiary Care Intervention: After 3 to 6 months 
of stage 2 intervention in the primary care setting,  
referral to a multidisciplinary pediatric obesity clinic 
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                                  Stage 1
                            Prevention plus
• 5 servings of fruits/vegetables per day
• Limit screen time to <2 hours per day
• Physical activity >60 minutes per day
• No sugar-sweetened beverages
• Ensure breakfast is eaten
• Limit meals outside of the home with family meals
  5–6 x/week
GOAL: Weight maintenance, with decreasing BMI
FOLLOW-UP: Monthly

                                     Stage 2
           Structured weight management protocol
• Diet plan with low intake of energy-dense foods
• Increased structured meals and snacks
• Supervised active play for at least 60 minutes per day
• Limit screen time to <1 hour per day
• Increased monitoring of diet and activity by caregiver
GOAL: Weight maintenance, with decreasing BMI
FOLLOW-UP: Monthly

                             Stage 3 or 4
        Multidisciplinary pediatric obesity program
Consideration of pharmacologic or surgical therapies
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Polyuria and Polydipsia
David Fox, MD

	A.	 Polyuria and polydipsia are not uncommon presenting 
symptoms for the pediatric patient. In taking a history, 
it is important to separate cases of true polyuria from 
those patients with nocturia or frequency. Nocturia 
implies no actual increase in the total volume of urine 
in a day, but simply voiding at night. However, nocturia 
may be the first manifestation of polyuria because the 
relative fluid restriction during sleep masks the in-
creased urine output during the morning. Similarly, 
urinary frequency does not imply an increased urinary 
volume, but simple more frequent and often smaller 
volume voiding. It is associated with urinary tract in-
fections, as well as dysfunctional voiding seen in tod-
dlers, and is often associated with daytime enuresis. 
True polyuria is defined as urine output of more than  
2 L/m2/24 hr. Polydipsia is simply an increase in water 
intake and has a variety of causative factors. For in-
fants, a history of irritability, failure to thrive, and inter-
mittent fevers may suggest diabetes insipidus (DI). In 
taking the history, it is important to identify any medi-
cal history of head trauma or injury, or congenital ab-
normalities associated with midline brain defects. Sur-
gical history should examine any recent intracranial 
procedure, specifically trans-sphenoidal pituitary pro-
cedures. Family history is important in defining rele-
vant forms of diabetes mellitus and the rare cases of 
familial DI. Medications should also be documented.

	B.	 Assess vital signs, breathing, circulation, and hydration 
status. Examine the growth percentiles for any pattern 
of weight loss or persistent obesity. For children 
younger than 2, assess the head circumference percen-
tile in the context of past measurements. Note any al-
terations in mental status, particularly lethargy or focal 
neurologic signs.

	C.	 In the outpatient setting, when presented with com-
plaints of polyuria and/or polydipsia, a reasonable first 
test is a urinalysis, which can help guide further man-
agement. The urinalysis can provide valuable informa-
tion, not least of which is whether glucose is present. 
The presence of glucose is suggestive, though by no 
means diagnostic, of diabetes mellitus. Further exami-
nation of the urinalysis for the presence of ketones will 
provide further context for any glucosuria.

	D.	 In the context of a patient with polyuria and polydipsia 
who has glucosuria, diabetes must be considered first 
and foremost. In its most severe form, diabetes mellitus 

will present with ketones in the urine and acidosis. 
Electrolytes and a blood gas should be obtained, and 
endocrine consultation should focus on fluid manage-
ment and insulin therapy in the inpatient or intensive 
care unit setting. For known diabetic patients, outpa-
tient management with a diabetes team is appropriate. 
For the new diabetic patient, a coherent education plan 
must be implemented for the family, in conjunction 
with a diabetes team that may include a dietician, nurse 
coordinator, and endocrinologist. Steroids, systemic in-
fection, and bodily stress can also present with glucos-
uria, but typically it is transient and not associated with 
the metabolic derangements of diabetes mellitus in-
cluding persistent hyperglycemia.

	E.	 With a negative glucose on urinalysis, if other findings 
suggest primary urinary tract infection, consider that 
you are dealing with urinary frequency as opposed  
to polyuria. For the true polyuric/polydipsic patient 
without glucose in the urine, DI is likely. It is impor-
tant then to compare the serum osmolality with  
the urine osmolality to assess the concentrating ability 
of the kidney. To do this, one should obtain serum  
for osmolality and a basic metabolic profile that in-
cludes calcium and urine for osmolality and specific 
gravity. Hypernatremia is expected in the case of  
DI. DI is likely if the serum osmolality is greater than 
300 mOsm/kg and the urine is less than 300 mOsm/kg. 
Less strict guidelines are appropriate for the postneu-
rosurgical patient, who is at high risk for DI. DI is 
unlikely if the serum osmolality is less 270 mOsm/kg 
or the urine is greater than 600 mOsm/kg.

	F.	 DI can be divided into four categories: nephrogenic, 
central, polydipsic, or gestagenic (pregnancy associ-
ated). A water deprivation test can help distinguish 
central and nephrogenic causes. Central causes vary 
widely from genetic defects in the vasopressin gene, to 
damage to the vasopressin neurons, to congenital mal-
formations of the pituitary or hypothalamus (septo-
optic dysplasia or holoprosencephaly, for example). Up 
to 10% of cases are idiopathic. Treatment often in-
volves vasopressin analogs and careful fluid manage-
ment. Nephrogenic DI often involves removal of the 
offending agent or disease process. Gestagenic DI is 
uncommon in pediatrics and resolves after the preg-
nancy. A diagnosis of DI argues for endocrinology or 
nephrology consultation.
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Shock
Sameer Gupta, MD, and Mark Roback, MD

DEFINITION

Shock has been defined in numerous ways over the last two 
centuries. In 1872, Samuel D. Gross, MD, defined shock as: 
“A manifestation of the rude unhinging of the machinery of 
life.” In 1895, John Collins Warren, MD, des cribed it as: 
“This momentary pause in the act of death.” Shock is more 
completely described as a clinical syndrome characterized 
by disruption of cardiovascular function resulting in inade
quate provision of oxygen and nutrients to meet the meta
bolic demands of tissues. This is best represented by exam
ining the difference between oxygen delivery (Do2) and 
oxygen consumption (Vo2). A shock state results when con
sumption of oxygen exceeds delivery. Delivery of oxygen can 
be augmented by improving cardiac output, increasing he
moglobin, and increasing oxygen saturation. Although most 
therapy is aimed at improving oxygen delivery, work can also 
be done to decrease consumption. Methods to reduce oxy
gen consumption include sedation, paralysis, mechanical 
ventilation, and fever reduction.

SHOCK CLASSIFICATION

Discerning the type of shock present is critical in deter
mining appropriate therapy.

Hypovolemic Shock: Characterized by decreased circu
lating blood volume caused by dehydration (gastrointesti
nal and renal losses), hemorrhage, or capillary leak. The 
diminished blood volume causes a decrease in preload 
and, thus, a decrease in cardiac output. Hypovolemia is 
the most common type of shock seen in children.
Distributive Shock: Caused by abnormal regulation of 
blood flow with decreased systemic vascular resistance 
leading to poor perfusion of some areas and increased 
perfusion of others. Examples include septic shock, 
anaphylactic shock, and neurogenic shock.
Septic Shock: Not truly a class of its own, septic shock 
is usually classified under distributive shock, although 
this is not completely accurate. It actually is a combina
tion of hypovolemic shock secondary to dehydration 
and capillary leak, cardiogenic shock caused by myocar
dial depression, and distributive shock because of ab
normal systemic vascular resistance regulation.
Obstructive Shock: Defined by obstruction of ventri
cular inflow or outflow. Examples include tension pneu
mothorax causing a decrease in inflow to the right ven
tricle, severe pulmonary hypertension or pulmonary 
embolus reducing right ventricular outflow, cardiac tam
ponade restricting right ventricular inflow, or critical aor
tic stenosis causing diminished left ventricular outflow.
Dissociative Shock: Characterized by an inability of 
the body to deliver or use oxygen. Often, cardiac output 

is preserved in the initial stages, but at the cellular level, 
the body is deprived of oxygen and cannot produce the 
energy needed for metabolism. Examples include car
bon monoxide poisoning, severe salicylate toxicity, cya
nide poisoning, and methemoglobinemia.
Cardiogenic Shock: A state of decreased perfusion 
directly related to decreased cardiac output caused by 
systolic dysfunction, diastolic dysfunction, or arrhyth
mias. Examples include cardiomyopathy, myocarditis, 
arrhythmias such as unstable supraventricular tachycar
dia, and postoperative congenital heart disease.

 A. As initial therapy is begun, take a complete history 
specifically assessing for symptoms of infection (fever, 
rash), heart failure (swelling, palpitations), possible  
ingestions, trauma, and pertinent medical history such 
as immunocompromised states and cardiac disease.

 B. The cardiovascular examination will lead to the diag
nosis of shock. Early findings of shock include tachy
cardia and increased systemic vascular resistance, 
which leads to prolonged capillary refill, decreased 
intensity of peripheral pulses, and cool extremities. 
Late findings of shock are low blood pressure for age 
(hypotension), decreased mental status, and oliguria/
anuria. The physical examination findings in warm 
shock, typically seen in response to sepsis, can differ 
with bounding pulses, warm extremities, and brisk 
capillary refill, but warm shock will still be accompa
nied by hypotension.

 C. Begin laboratory evaluation at the time of initial resus
citation and obtain a complete blood cell count with 
differential, electrolyte panel including ionized cal
cium, and bedside blood glucose. If the patient has 
hypotensive/decompensated shock, obtain a lactate 
level, venous blood gas, and coagulation studies. A 
mixed venous oxygen saturation (Mvo2) or systemic 
venous oxygen saturation (Svo2) can be used as an in
dicator of the balance between delivery and consump
tion. A normal Svo2 indicates an appropriate balance 
between oxygen delivery and consumption, whereas a 
low Svo2 indicates greater utilization of oxygen than 
delivery. A high Svo2 can also be helpful because it can 
indicate a state of significantly reduced oxygen con
sumption (sedated and muscle relaxed) or an inability 
to use oxygen (cyanide poisoning and severe sepsis).

 D. Severity of the shock state is noted by differences in 
physical examination findings and vital signs. Patients 
with less severe shock or compensated shock will main
tain normal for age blood pressures, but still exhibit 
signs of decreased capillary refill, poor peripheral 
pulses, and cool extremities. Those patients with more 
severe or hypotensive shock will demonstrate de
creased blood pressures, absent peripheral pulses, 
weak central pulses, and signs of altered mental status.

(Continued on page 34)



33

Patient in SHOCK
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MANAGEMENT OF SHOCK

 E. Initial shock management begins the same as in any 
disease process in acutely ill children, with a complete 
assessment of airway, breathing, and circulation. Next, 
attach a cardiorespiratory monitor with continuous 
electrocardiogram (ECG) and continuous pulse oxim
etry, and make sure to frequently measure blood pres
sure (every 3–5 minutes). Manage airway and breathing 
by administering supplemental oxygen (unless the pa
tient has a known congenital cardiac abnormality that 
precludes the use of oxygen) and providing positive 
pressure ventilation as needed. If signs of respiratory 
distress or increased work of breathing exist, obtain a 
chest radiograph and evaluate for congestive heart fail
ure, pneumonia, pneumothorax, or cardiomegaly.

After the diagnosis of shock is made, initiate treat
ment by obtaining vascular access (peripheral intrave
nous or intraosseous line) and rapidly administrating 
isotonic crystalloid. Initial fluid resuscitation volumes 
should be 20 ml/kg unless cardiogenic shock is being 
considered, then start with 5 to 10 ml/kg. The diagnosis 
of cardiogenic shock is ascertained with a combination 
of history and physical examination. The history may 
indicate congenital heart disease or previous diagnosis 
of cardiac disease, and the physical examination may 
demonstrate signs of heart failure: gallop rhythm, 
hepatomegaly, and/or distended neck veins.

After all interventions, rapidly reassess the patient’s 
condition to monitor effectiveness of therapy. Children 
with shock require frequent reexamination and re
evaluation. Treatment after the initial fluid bolus will 
vary depending on the shock state that is present.

Hypovolemic shock: Determine whether hypovolemia 
is secondary to fluid loss or hemorrhage. If the patient 
has not responded to 20 to 40 ml/kg isotonic crystalloid 
and hemorrhage is suspected, consider administration of 
packed red blood cells. If there is massive hemorrhage, 
consider other blood products, such as freshfrozen 
plasma and platelets to promote hemostasis. Consult 
surgical services early for possible operative intervention 
to stop the bleeding. For hypovolemic shock secondary 
to fluid losses, other than bleeding, continue with nor
mal saline boluses to restore vascular volume. Once the 
shock state has been corrected, continue to monitor and 
replace ongoing fluid losses. Gastrointestinal losses may 
be associated with metabolic acidosis secondary to bicar
bonate loss and, therefore, may necessitate sodium bi
carbonate administration in severe cases.
Septic/Distributive Shock: If there is a concern for 
septic shock, then administer broadspectrum antibiot
ics and evaluate the patient to determine a source of the 
infection. Continue normal saline boluses for correction 
of perfusion. If the patient has been given between 60 
and 100 ml/kg fluid or is starting to demonstrate signs 
and symptoms of pulmonary edema without resolution 
of shock, begin vasoactive drug support. Initial pharma
cologic support is typically started with dopamine, 
which will help to improve cardiac output at low doses 
and increase systemic vascular resistance at higher 
doses. If the patient does not improve with dopamine, 

then the patient should be started on an epinephrine 
infusion for cold shock (cold extremities, prolonged 
capillary refill, weak peripheral pulses, hypotension) 
and norepinephrine or vasopressin infusions for warm 
shock (bounding pulses, brisk capillary refill, warm  
extremities, hypotension). At this time, consider check
ing a cortisol level and administering steroids to address 
the possibility of relative adrenal insufficiency.
Obstructive Shock: Continue with normal saline bo
luses to overcome the obstruction and improve perfu
sion. However, definitive therapy of obstructive shock 
requires correction of the process causing the obstruc
tion. Examples include pericardiocentesis for cardiac 
tamponade, needle decompression of tension pneumo
thorax, 100% Fio2 and nitric oxide for pulmonary hyper
tension, and prostaglandins for critical aortic stenosis or 
critical coarctation of the aorta to maintain patency of 
the ductus arteriosus. Occasionally, inotropic support 
with epinephrine is needed when ventricular outflow is 
impeded.
Dissociative Shock: Continue normal saline boluses 
to help with perfusion. Identify the underlying cause of 
dissociative shock and treat accordingly. Treat carbon 
monoxide poisoning with 100% Fio2 and, in severe 
cases, hyperbaric oxygen. Methemoglobinemia treat
ment varies by individual but begins with removal of the 
causative agent and may include methylene blue in 
some populations and ascorbic acid for those with 
G6PD deficiency. Treat cyanide poisoning by decon
taminating the skin and gastrointestinal tract, and ad
ministering the antidote.
Cardiogenic Shock: After initial normal saline bolus, 
reassess patient for improvement in perfusion. Evaluate 
for and treat any arrhythmias that may be present, be
cause the cessation of an arrhythmia may help with 
resolution of the shock state. Concurrent with treat
ment, consult pediatric cardiology, as an echocardio
gram may be needed to assess cardiac function. Drug 
therapies that may be useful in improving cardiac func
tion include milrinone, epinephrine, dobutamine, and 
dopamine (see Table 1). Consider intubation and me
chanical ventilation to reduce oxygen consumption and 
decrease left ventricular afterload.

With all shock states, continue to assess endorgan perfu
sion throughout treatment. To determine effectiveness of 
therapy, monitor urine output, assess mental status, and 
check laboratory values such as blood urea nitrogen, cre
atinine, lactate, and liver enzymes.
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Table 1. Inotropes and Vasopressors

Agent Dosing Effect

Dopamine 1–20 mg/kg/min 0–5 mg/kg/min: increased splanchnic perfusion
5–10 mg/kg/min: increased chronotropy and inotropy
.10 mg/kg/min: increased systemic vascular resistance

Dobutamine 2–20 mg/kg/min Increased inotropy and chronotropy without much change in SVR
Epinephrine 0.01–5 mg/kg/min 0.01–0.1 mg/kg/min: inotropy, chronotropy

0.1–2 mg/kg/min: inotropy, chronotropy, and increased SVR
.2 mg/kg/min: increased SVR

Norepinephrine 0.01–1 mg/kg/min Increased SVR with small amount of inotropy
Milrinone 0.2–1.0 mg/kg/min Inotropy and afterload reduction
Vasopressin Start at 0.0003 U/kg/min Increased SVR

SVR, systemic vascular resistance.
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Syncope
Thomas J. Moon, MD, and Michael S. Schaffer, MD

DEFINITION

Syncope is a transient loss of consciousness and muscle 
tone with spontaneous recovery. Near syncope or presyn-
cope is a transient alteration in consciousness without a 
period of unconsciousness.

CAUSATIVE FACTORS

Neurocardiogenic syncope (vasovagal syncope) is the cause 
of syncope in 80% of pediatric patients presenting to the 
emergency department. Less common causes of syncope 
include neurologic (9%), psychogenic (4%), cardiac (2%), 
breath-holding spell (2%), and intoxication (2%). The 
cause of syncope in most patients can be correctly identi-
fied with a thorough history and physical examination. 
Ancillary testing is helpful in confirming a suspected diag-
nosis or ruling out serious pathology, but such testing 
should only be performed when indicated by the history 
and physical examination.

 A. The history should clarify predisposing conditions such 
as warm environment, dehydration, intercurrent illness, 
prolonged fasting, recent head trauma, or menstruation/
pregnancy. Events immediately preceding the syncopal 
event are crucial and include prolonged or sudden 
standing, position at the time of syncope, exercise, mic-
turition, paroxysm of coughing, sudden strong emotion 
or stress, and related subjective feelings such as nausea, 
light-headedness, dizziness, dimming of vision, palpita-
tions, or chest pain. The account from a witness to the 
event can provide information about loss of tone and/or 
posture, duration of unconsciousness, convulsions or 
shaking, loss of bowel or bladder contents, skin color, 
resuscitative measures, mental status on regaining con-
sciousness and neurologic sequelae. The patient’s medi-
cal history should identify any cardiac (congenital heart 
disease, arrhythmias, Kawasaki disease), pulmonary 
(asthma, pulmonary hypertension), neurologic (seizure 
disorder, migraines, narcolepsy), or psychiatric (depres-
sion, anorexia/bulimia, substance abuse) history. Any 
previous events of syncope should be discussed together 
with any pertinent review of symptoms including  
fatigue, dyspnea on exertion, decreased exercise toler-
ance, palpitations, edema, chest pain, or snoring.  

Current medications and other ingested substances 
need to be reviewed. Finally, a family history should 
identify relatives with syncope, early or sudden deaths, 
arrhythmias, hypercholesterolemia, cardiomyopathy, 
Marfan syndrome, and any history of cardiac, pulmo-
nary, neurologic, or psychiatric disorders.

 B. Perform a complete physical examination. The physical 
examination should include an expanded panel of vital 
signs including temperature, orthostatic heart rate and 
blood pressure, four-extremity blood pressure, respira-
tory rate, and pulse oximetry. Note signs of cardiac 
disease, respiratory distress, and neurologic disease. 
Findings that suggest cardiac disease are heart mur-
mur, increased intensity of the second heart sound, 
tachycardia/bradycardia, clicks, gallop rhythm, friction 
rub, and decreased femoral pulses. Signs of respiratory 
distress are tachypnea, retractions, decreased breath 
sounds, wheezing, rales, and cyanosis. Signs of central 
nervous system disease include altered mental status, 
focal neurologic signs, weakness, abnormal tone and 
reflexes, and abnormal growth and development.

 C. Findings on electrocardiography and chest radiogra-
phy may suggest cardiac disease. Pericarditis and myo-
carditis related to an infection or vasculitis can cause 
ST-T segment wave changes and cardiomegaly. Aortic 
stenosis and idiopathic hypertrophic subaortic stenosis 
manifest as a systolic heart murmur and left ventricular 
hypertrophy. Coarctation syndromes cause decreased 
femoral pulses, decreased lower extremity blood pres-
sure, and left ventricular hypertrophy. Primary pulmo-
nary hypertension and pulmonary stenosis produce 
right ventricular hypertrophy. Coronary artery disease 
related to Kawasaki disease, hypercholesterolemia, ab-
errant left coronary artery, and lesions associated with 
decreased coronary artery blood flow, such as severe 
aortic stenosis or idiopathic hypertrophic subaortic 
stenosis, produce ischemic ST-T segment changes.  
Arrhythmias such as atrioventricular block, sick sinus 
syndrome, supraventricular tachycardia, and long QT 
syndrome are associated with electrocardiographic 
findings of abnormal conduction pattern.

 D. Seizure activity is suggested when a syncopal episode 
lasts longer than 2 minutes, is followed by confusion or 
impaired mental status (postictal state), or is associated 
with incontinence, muscle jerks, or cyanosis. Frequent 
recurrent episodes also suggest seizures.

(Continued on page 38)
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 E. Orthostatic syncope is associated with a decline in 
blood pressure on standing. Consider documentation 
of this condition with tilt-table testing. Rarely, syncope 
may follow micturition when rapid bladder decom-
pression produces postural hypotension and decreased 
cardiac return. Educate the patient to move slowly 
from a lying to a standing position. Frequently recur-
ring episodes may be prevented by increasing the pa-
tient’s intravascular volume. This can be achieved by 
increasing salt and water intake with or without a salt-
retaining oral mineralocorticoid, fludrocortisone. Con-
sider the use of elastic hose to prevent venous pooling.

 F. Vasovagal syncope is caused by a sudden decrease in 
peripheral vascular resistance. It is usually precipitated 
by sudden fear, anger, or another strong emotion and, 
similar to orthostatic syncope, may respond to increas-
ing intravascular volume. An alternative treatment  
approach is to increase the systemic vascular resistance 
and blood pressure with a peripherally acting a agonist, 
midodrine.

 G. Breath holding occurs in children younger than 6 years 
and is precipitated by crying, sudden pain, or fear. Loss 
of tone and consciousness may occasionally be fol-
lowed by stiffening and clonus, a reflex anoxic seizure. 
Cyanosis, if present, should precede any abnormal 
movements. No postictal or confusional state occurs. 
The prognosis is excellent; spells of breath holding usu-
ally resolve by 6 years of age. Treatment is reassuring 
the parents of the benign nature of the problem. 
Breath-holding spells may involve an abnormal vagal 
response to sudden emotion. Historically, ocular com-
pression, attempting to trigger the oculocardiac reflex, 
was performed during electrocardiographic and elec-
troencephalographic monitoring. This technique is no 
longer recommended. When breath holding occurs 
frequently, consider anticholinergic therapy to block 
vagal effects.

 H. Hyperventilation produces reduction in carbon dioxide 
tension with alkalosis, decreased ionized calcium, and 
tetany. This syndrome is frequently associated with 
light-headedness, giddiness, dizziness, paresthesias, 
and chest pain. In most cases, high anxiety related to 
life stress or an underlying psychopathologic process is 
identified.

 I. Paroxysmal coughing produced by Bordetella pertussis 
or asthma may decrease cardiac output and cause  
hypoxia resulting in syncope.

References

Chronister TE. Pediatric neurologist as consultant in evaluation of  
syncope in infants and children: when to refer. Prog Pediatr Cardiol 
2001;13(2):133–8.

Geggel RL. Conditions leading to pediatric cardiology consultation in a 
tertiary academic hospital. Pediatrics 2004;114:e409–e417.

Goble MM, Benitez C, Baumgardner M, Fenske K. ED management of 
pediatric syncope: searching for a rationale. Am J Emerg Med 
2008;26(1):66–70.

Johnsrude CL. Current approach to pediatric syncope. Pediatr Cardiol 
2000;21(6):522–31.

Kapoor WN, Peterson JR, Karpf M. Micturition syncope. JAMA 
1985;253:796.

Katz RM. Cough syncope in children with asthma. J Pediatr 1979;77:48.
Khositseth A, Martinez MW, Driscoll DJ, Ackerman MJ. Syncope in 

children and adolescents and the congenital long QT syndrome. Am 
J Cardiol 2003;92(6):746–9.

Khurana DS, Valencia I, Kruthiventi S, et al. Usefulness of ocular com-
pression during electroencephalography in distinguishing breath-
holding spells and syncope from epileptic seizures. J Child Neurol 
2006;21:907–10.

Kuriachan V, Sheldon RS, Platonov M. Evidence-based treatment for 
vasovagal syncope. Heart Rhythm 2008;5(11):1609–14.

Levine MM. Neurally mediated syncope in children: results of tilt  
testing, treatment, and long-term follow-up. Pediatr Cardiol 
1999;20(5):331–5.

Lewis DA, Dhala A. Syncope in the pediatric patient: the cardiologist’s 
perspective. Pediatr Clin North Am 1999;46:205–19.

Lombroso CT, Lerman P. Breathholding spells. Pediatrics 1967;39: 
563–81.

Massin MM, Bourguignont A, Coremans C, et al. Syncope in pediatric 
patients presenting to an emergency department. J Pediatr 
2004;145:223–8.

Massin MM, Malekzadeh-Milani S, Benatar A. Cardiac syncope in  
pediatric patients. Clin Cardiol 2007;30(2):81–5.

Narchi H. The child who passes out. Pediatr Rev 2000;21(11):384–8.
Ritter S, Tani LY, Etheridge SP, et al. What is the yield of screening 

echocardiography in pediatric syncope? Pediatrics 2000;105:e58.
Steinberg LA, Knilans TK. Syncope in children: diagnostic tests have a 

high cost and low yield. J Pediatr 2005;146(3):355–8.
Stephenson JB. Clinical diagnosis of syncope (including so-called 

breath-holding spells) without electroencephalography or ocular 
compression. J Child Neurol 2007;22:502–8.

Taggart NW, Haglund CM, Tester DJ, Ackerman MJ. Diagnostic  
miscues in congenital long-QT syndrome. Circulation 
2007;115(20):2613–20.

Woody RC, Kiel EA. Swallowing syncope in a child. Pediatrics 
1986;78:507.



39

F Vasovagal rxn

G Breath holding

H Hyperventilation

I Cough

(Cont’d from p 37)
Patient with SYNCOPE

E Identify:
  Orthostatic hypotension
  Micturition hypotension

Hypotension

Present

Assess for dehydration

Absent

Consider:
  Tilt-table testing

Present

Present Absent

Idiopathic cause

Treat:
  Correct fluid
  deficit

Treat:
  Counseling
Consider:
  Referral to mental
  health professional

Follow-up:
  Assess in
  1–2 weeks

Absent

Present

Identify:

Absent

Psychogenic disorder

Autonomic trigger

Treat:
Consider:
  Increase salt and water intake
  Oral mineralocorticoids
  Midodrine
  Elastic hose
  Anticholinergics





Primary and Secondary amenorrhea

BreaSt Pain in adoleScent GirlS

BreaSt lumP in adoleScent GirlS

niPPle diScharGe in adoleScent GirlS

menStrual ProBlemS and VaGinal 
BleedinG

Sexually tranSmitted infectionS  
in adoleScentS

Adolescent



42

Primary and Secondary 
Amenorrhea
Amy E. Sass, MD, MPH

Primary amenorrhea is the failure to begin menstruation 
when expected. Age 15 is commonly used as the cutoff for 
primary amenorrhea because 98% of girls in the U.S. general 
population achieve menarche by this age. Menarche occurs, 
on average, 2 years after breast development. Therefore, the 
absence of secondary sexual characteristics by age 13 may 
suggest pubertal delay and the potential need for evaluation 
well before age 15. In the adolescent who has achieved men-
arche, secondary amenorrhea is defined as the absence of 
menses for three consecutive cycles in a patient with regular 
periods or for 6 months in a patient with irregular periods. In 
evaluating amenorrhea, it is helpful to consider anatomic 
levels of possible abnormalities from the hypothalamus to 
the genital tract in a systematic way (Table 1). A stepwise 
approach using the clinical history, growth charts review, 
physical examination, and appropriate laboratory studies will 
allow providers to determine the cause of amenorrhea in 
most adolescents.

Pregnancy must be considered as a possible causative 
factor of amenorrhea regardless of history because denial of 
intercourse among adolescents is common and the patient 
may not able to disclose sexual activity or abuse. Amenor-
rhea may be caused by anatomic abnormalities that may not 
be recognized until puberty (e.g., imperforate hymen and 
transverse vaginal septum). Chromosomal abnormalities 
may also present with amenorrhea (e.g., Turner syndrome, 
androgen insensitivity). If the history or physical examina-
tion suggests a specific diagnosis, it is not necessary to wait 
until a certain age to begin further evaluation.

Functional hypothalamic amenorrhea, a fairly common 
explanation for young women with amenorrhea, is a diagno-
sis of exclusion when pregnancy and other pathologic caus-
ative agents are not determined. It is characterized by a 
decrease in hypothalamic gonadotropin-releasing hormone 
secretion, decreased pulses of gonadotropins, low serum 
estradiol concentrations, and anovulation. Multiple factors 
may contribute to the pathogenesis of functional hypotha-
lamic amenorrhea, including malnutrition, eating disorders, 
vigorous exercise, and stress. Low serum gonadotropin con-
centration can also be caused by endocrinopathies, chronic 
diseases that are associated with poor nutrition (celiac dis-
ease, inflammatory bowel disease, cystic fibrosis), or central 
nervous system tumors.

	A.	 Establishing a pubertal timeline including age at thelar-
che, adrenarche, growth spurt, and menarche is helpful 
in evaluating pubertal development. Although there can 
be variations in the onset, degree, and timing of these 
stages, the progression of stages is predictable. Adrenal 
androgens are largely responsible for axillary and pubic 
hair; estrogen is responsible for breast development, 
maturation of the external genitalia, vagina, and uterus, 

Table 1. 	Differential	Diagnosis	of	Amenorrhea	
by	Anatomic	Site	of	Cause

Hypothalamic-Pituitary Axis
Hypothalamic suppression

Chronic disease
Stress
Malnutrition
Strenuous athletics
Drugs (haloperidol, phenothiazines, atypical antipsychotics)

Central nervous system lesion
Pituitary lesion: adenoma, prolactinoma
Craniopharyngioma, brainstem, or parasellar tumors
Head injury with hypothalamic contusion
Infiltrative process (sarcoidosis)
Vascular disease (hypothalamic vasculitis)

Congenital conditions*
Kallmann syndrome (anosmia)

Ovaries
Gonadal dysgenesis*

Turner syndrome (XO)
Mosaic (XX/XO)

Injury to ovary
Autoimmune disease (oophoritis)
Infection (mumps)
Toxins (alkylating chemotherapeutic agents)
Irradiation
Trauma, torsion (rare)

Polycystic ovary syndrome
Ovarian failure

Uterovaginal Outflow Tract
Müllerian dysgenesis*

Congenital deformity or absence of uterus, uterine tubes, or vagina
Imperforate hymen, transverse vaginal septum, vaginal agenesis,  

agenesis of the cervix*
Androgen insensitivity syndrome (absent uterus)*
Uterine lining defect

Asherman syndrome (intrauterine synechiae postcurettage or  
endometritis)

Tuberculosis, brucellosis

Defect in Hormone Synthesis or Action (Virilization may be  
Present)
Adrenal hyperplasia*
Cushing disease
Adrenal tumor
Ovarian tumor (rare)
Drugs (steroids, ACTH)

*Indicates condition that usually presents as primary amenorrhea.
ACTH, adrenocorticotropic hormone.

and menstruation. Lack of development suggests pitu-
itary or ovarian failure or gonadal dysgenesis. Relevant 
components of the medical and surgical histories include 
the neonatal history, treatment for malignancies, pres-
ence of autoimmune disorders or endocrinopathies, and 
current medications (prescribed and over the counter). 
Family history includes age at menarche of maternal 
relatives, familial gynecologic or fertility problems,  
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autoimmune diseases, or endocrinopathies. A review  
of systems should focus on symptoms of hypothalamic-
pituitary disease such as weight change, headache, visual 
disturbance, galactorrhea, polyuria, and/or polydipsia. A 
history of cyclic abdominal and/or pelvic pain in a mature 
adolescent with amenorrhea may indicate an anatomic 
abnormality such as an imperforate hymen. Acne and 
hirsutism are clinical markers of androgen excess. 
Changes in weight, quality of skin and hair, and stooling 
pattern may indicate a thyroid problem. A confidential 
social history should include sexual activity, contraceptive 
use, the possibility of pregnancy, and use of tobacco, 
drugs, and alcohol. The patient should also be ques-
tioned about major stressors, symptoms of depression 
and anxiety, changes in weight, and dietary habits, includ-
ing nutritional intake, any disordered eating or weight-
loss behaviors, and extent of physical activity. Growth 
charts illustrate trends in growth and are useful tools 
when evaluating amenorrhea. For example, longuitudi-
nal growth retardation or failure can occur in the setting 
of chronic disease states such as inflammatory bowel 
disease. In conditions associated with inadequate nutri-
tion, patients are typically underweight for height.  
Patients with chronic disease states that do not affect 
nutrition status such as acquired hypothyroidism are 
typically overweight for height.

	B.	 A thorough physical examination should include the 
components listed in Table 2. General appearance may 
reveal syndromic features (e.g., Turner syndrome with 
webbed neck, shield chest, widely spaced nipples, in-
creased carrying angle of the arms); midline facial defects 
can be associated with hypothalamic-pituitary axis prob-
lems and renal and vertebral anomalies that can be as-
socaited with Müllerian defects. Anthropometrics may 
reveal malnutrition or obesity and/or short stature. These 
data, when evaluated with the historical puberty time-
line, sexual maturity rating on physical examination, and 
comparison with growth charts, can suggest constitution-
ally delayed puberty if there seems to be a normal pro-
gression through puberty, however at a delayed rate. 
Longitudinal growth failure could suggest an underlying 
chronic disease. An enlarged thyroid on an examination 
is suggestive of possible thyroid disease. In addition to 
determining the sexual maturity rating of the breasts, the 
presence of galactorrhea can be assessed with gentle 
compression of the nipple, raising concern for prolacti-
noma. The abdominal examination may reveal pelvic 
masses. Important components of the external genital 

examination include sexual maturity rating, assessment 
of estrogenization (moist, pink vaginal mucosa vs. thin, 
red mucosa of hypoestrogenization), hymenal patency, 
and clitoromegaly (width .5 mm), which can be seen 
with androgen excess. The length of the vagina can be 
assessed by insertion of a saline moistened applicator 
swab into the vagina. The length is reduced (usually  
,2 cm) with a low-lying transverse vaginal septum or 
vaginal agenesis. The presence of a uterus can be as-
sessed by a single finger or bimanual examination. If a 
patient cannot tolerate an internal examination, the pres-
ence of the uterus can be assessed by a rectoabdominal 
examination or ultrasonography. Pelvic magnetic reso-
nance imaging is a more sensitive test to evaluate sus-
pected genital congenital anomalies or an obstructed 
genital tract. The neurologic examination includes test-
ing the sense of smell (absent in Kallman syndrome),  
visual field cuts, and an opthalmologic examination to 
evaluate for papilledema, which might suggest a pituitary 
or other central nervous system mass. The skin examina-
tion includes assessment of acne, hirsutism, or both, 
which can be found with androgen excess and acanthosis 
nigricans, indicating insulin resistance.

	C.	 Initial laboratory studies should include a urine preg-
nancy test, complete blood cell count, thyroid-stimulating 
hormone (TSH), prolactin, and follicle-stimulating hor-
mone (FSH). If short stature and delayed puberty are 
present, a bone age should be obtained and karyotype 
should be considered.

Table 2. 	Components	of	the	Physical	Examination	
for	Amenorrhea

General appearance Syndromic features (e.g., Turner  
syndrome), midline facial defects,  
renal and vertebral anomalies

Anthropometrics Height, weight, BMI and percentiles 
for age, vital signs (HR, BP)

Neck Thyromegaly
Breast SMR staging, galactorrhea
Abdomen Masses, tenderness
External genital examination SMR staging, estrogenization of  

vaginal mucosa, hymenal patency, 
clitoromegaly

Internal genital examination Vaginal length; presence of uterus by 
digital or bimanual examination

Neurologic Sense of smell, visual field cuts,  
papilledema

Skin Acne, hirsutism, acanthosis nigricans

BMI, body mass index; BP, blood pressure; HR, heart rate; SMR, sexual maturity rating.

(Cont’d on p 45)
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	D.	 For patients with constitutional delayed puberty, it is 
reasonable to observe the patient clinically every 3 to  
6 months to monitor progression to puberty and men-
arche. For other patients with secondary sexual charac-
teristics, normal physical examination findings includ-
ing normal external genitalia and uterus, a negative 
pregnancy test, and normal TSH, prolactin, and FSH, 
administer a progestin challenge test of medroxypro-
gesterone acetate, 10 mg by mouth daily for 10 days. 
The positive response with withdrawal vaginal bleeding, 
typically 2 to 10 days after completion of the medica-
tion, confirms the presence of an estrogen-primed 
uterus. A negative response suggests a low estrogen 
state. Further scrutiny of weight and growth charts may 
reveal weight less than the patient’s previous healthy 
trend and the need for weight gain back to the healthy 
baseline for resumption of menses. In addition, further 
assessment of physical activity level and stressors could 
reveal functional amenorrhea. For patients with appro-
priate weight and functioning, further consideration of 
pituitary or other central nervous system lesions and 
underlying chronic diseases is necessary. Additional 
laboratory studies including a urinalysis and a chemistry 
panel (including renal and liver function tests) and 
erythrocyte sedimentation rate, if not already obtained, 
can be useful. A neurologic or endocrinologic consulta-
tion for brain imaging and additional neuroendocrine 
studies may also be helpful. Once identified, treating 
the underlying illnesses will often result in resumption 
of menses. Bone density also needs to be a consider-
ation for patients with prolonged hypoestrogenemia 
(.6 months) because they are at risk for development 
of osteopenia. In addition to resuming and maintaining 
a healthy weight, these patients should be counseled to 
have adequate calcium (1300 mg daily) and vitamin D 
(400 IU daily) intake. Bone densitometry testing can be 
considered to establish a baseline following 6 months or 
more amenorrhea.

	E.	 Increased TSH indicates hypothyroidism and low TSH 
hyperthyroidism. An expanded thyroid panel including 
total thyroxine (T4) and free T4 can provide additional 
imformation about thyroid function before a referral to 
a pediatric endocrinologist and/or treatment.

	F.	 Increased serum prolactin indicates a possible prolactin-
secreting tumor. Pregnancy, idiopathic prolactinemia, 
pituitary adenomas, diseases of the hypothalamus (e.g., 
craniopharyngioma), hypothyroidism, and medications 
that are dopamine-receptor antagonists including anti-
psychotics and gastric motility agents can increase pro-
lactin levels. Prolactin testing is also sensitive and can  
be increased with nipple stimulation or stress. A mildly 
elevated test should be repeated before magnetic reso-
nance imaging of the brain for a prolactinoma is per-
formed. Patients with consecutive increased values 
should be referred to a pediatric endocrinologist.

	G.	 Increased FSH indicates ovarian insufficiency or go-
nadal dysgenesis, and a karyotype for Turner syndrome/
mosaic should be obtained. Autoimmune oophoritis 
should be assessed by anti-ovarian antibodies if the 
chromosome analysis is normal. Patients with autoim-
mune oophoritis are at risk for development of adrenal 

insufficiency and other autoimmune endocrinopathies 
such as thyroid and parathyroid disease, diabetes mel-
litus, myasthenia gravis, and pernicious anemia, and 
should be referred to a pediatric endocrinologist for 
further evaluation.

	H.	 Patients with clinical evidence of hyperandrogenemia 
including hirsutism and acne should have evaluation of 
adrenal androgens including total and free testosterone 
and dehydroepiandrosterone sulfate. Polycystic ovary 
syndrome (PCOS) is the most common endocrine disor-
der of reproductive-age women. It occurs in up to 6% of 
adolescents and 12% of adult women. PCOS is charac-
terized by ovarian dysfunction, disordered gonadotropin 
secretion, and hyperandrogenemia, which causes amen-
orrhea, hirsutism, and acne. Many adolescents with 
PCOS are overweight, and the association of PCOS  
with insulin resistance is well established. Adolescents 
with PCOS are at increased risk for obesity-related  
morbidities including type 2 diabetes mellitus, dyslipid-
emia and cardiovascular disease, low self-esteem, and 
adult reproductive health problems including infertility 
and endometrial cancer. Excessively increased testoster-
one (.200 ng/dl) or dehydroepiandrosterone sulfate 
(.700 mg/dl) levels, or both, are concerning for an adre-
nal or ovarian tumor, and pelvic and adrenal imaging to 
evaluate for possible tumor is necessary. If other caus-
ative factors of virilization such as late-onset congenital 
adrenal hyperplasia (history of premature pubarche, high 
dehydroepiandrosterone sulfate, clitoromegaly) are sus-
pected, a first morning 17-hydroxyprogesterone should 
be collected to look for 21-hydroxylase deficiency. Urine 
cortisol or a dexamethasone suppression test is per-
formed if Cushing syndrome is suspected. If the patient 
is overweight or has acanthosis nigricans, or both, a fast-
ing insulin test, lipid panel, and 2-hour oral glucose chal-
lenge test are recommended. A simple fasting glucose 
test is less ideal because many women with PCOS have 
normal fasting glucose results but impaired postprandial 
tests. Consultation with a pediatric endocrinologist can 
assist in further evaluation and management of signifi-
cantly increased androgen levels and endocrinopathies. 
Encouraging lifestyle changes that will promote weight 
loss is a primary goal of therapy for PCOS in adolescents. 
Weight loss is associated with improved menstrual regu-
lation and decreased symptoms of hyperandrogenemia, 
obesity-related comorbidities, and infertility. Combina-
tion estrogen/progesterone hormonal contraceptives  
improve menstrual regularity by increasing sex hor-
mone–binding globulin, which effectively decreases free 
androgen exposure. There are no current guidelines for 
the use of insulin-sensitizing medications such as metfor-
min to treat PCOS in adolescents; however, it can be 
considered with glucose intolerance.

	 I.	 If the physical examination or ultrasound reveals an 
absent uterus, chromosomal analysis and serum testos-
terone should be obtained to differentiate between 
Müllerian dysgenesis and androgen insensitivity.  
Müllerian dysgenesis, or Mayer-Rokitansky-Küster-
Hauser syndrome, is the congenital absence of the  
vagina with variable uterine development. These 
women have normal serum testosterone levels. Pelvic 
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magnetic resonance imaging is helpful to clarify the 
nature of the vaginal agenesis and to differentiate it 
from low-lying transverse vaginal septum, agenesis of 
the uterus and vagina, and imperforate hymen. Renal 
imaging to rule out associated renal abnormalities is 
also important. These patients should be referred to a 
gynecologist with expertise in this area. Individuals 
with androgen insensitivity are phenotypically female 
but have an absent upper vagina, uterus, and fallopian 
tubes, a male karyotype, and increased serum testos-
terone levels (normal range for male sex). These  
patients should be referred to a pediatric endocrinolo-
gist. Surgical removal of the testes is also necessary to 
prevent malignant degeneration.
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Breast Pain in Adolescent Girls
Christine Gilroy, MD, MSPH

The prevalence rate of mastalgia has been estimated to be 
between 47% and 69% in adult women. Young women 
overestimate the population and personal risk for develop-
ment of breast cancer, and may interpret breast pain as a 
symptom of cancer. Although mastalgia is a common and 
enigmatic problem, the cause and treatment are still 
poorly defined.

	A.	 History: Initial evaluation should include an estimate 
of severity of pain and number of days per month that 
pain is experienced, in addition to how the pain affects 
the patient’s daily activities, sleep, and social and sex-
ual relationships. Retrospective reports of a patient’s 
breast pain are complicated by low-to-moderate valid-
ity rates, and prospective daily reports for 2 months 
using an assessment tool, such as the Cardiff Breast 
Pain Chart or the McGill Pain Questionnaire, provide 
more accurate and actionable data. A reproductive 
history, together with pregnancy risk, is also impera-
tive because breast pain is one of the most common 
symptoms of early pregnancy. Unilateral or bilateral 
pain, quality of pain, relation to menstrual cycle, 
trauma history, and an extensive medication list,  
including herbal medications and illicit substance  
use, are important to assess. Any medication that can 
cause gynecomastia or galactorrhea can also cause 
mastalgia.

	B.	 Physical Examination: Before having the patient dis-
robe, observe the fit of the patient’s bra, the presence 
of underwires and their juxtaposition to breast tissue, 
the impact of the shoulder strap on the shoulder tissue, 
the general supportiveness of the choice of bra design, 

and herniation of breast tissue around the bra. Have 
the patient disrobe and then perform a thorough breast 
examination in the presence of a chaperone. The 
breasts should be examined in the upright and supine 
position. Perform a thorough breast examination, in-
cluding the skin, all four quadrants, under the areola, 
pressing all the way to the chest wall and tracking the 
breast tail into the axilla. The method of the examina-
tion (circular vs. vertical strips) is less important than 
taking time (minimum 3 minutes per breast) to exam-
ine as much breast tissue as possible. Check for lymph-
adenopathy in the axillary, supraclavicular, and cervical 
areas. The patient should then be placed in the lateral 
decubitus position, so the breast tissue falls away from 
the chest wall, and the chest wall should be palpated to 
determine whether it is the source of discomfort. Iden-
tification of focal breast pain over a breast lump should 
follow the algorithm for evaluation of a breast lump. 
Evidence of infection should follow with appropriate 
treatment for mastitis or abscess. If no specific cause of 
breast pain is identified, pregnancy test should be per-
formed.

	C.	 Chest wall pain comprises a group of conditions with 
more musculoskeletal causative factors in young 
women and should be easy to elicit on examination. 
Causes include costochondritis, Tietze syndrome, 
trauma, rib clicking or slipping, cervical radiculopathy, 
shoulder pain, or fibromyalgia. Cardiac or esophageal 
cause may be considered but are unlikely in adoles-
cents and young women. Treatment may include non-
steroidal anti-inflammatory drugs, injection with corti-
costeroids and lidocaine, or physical therapy.

(Continued on page 48)
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	D.	 Cyclical mastalgia represents 60% to 70% of mastalgia 
in young women, with greatest prevalence in women in 
their 20s and 30s. Pain is usually described as bilateral, 
“dull,” “heavy,” or “aching,” occurring in the last half of 
the menstrual cycle, and is relieved with the menses. 
Most frequently, the pain is located in the upper outer 
quadrants of the breast. “Normal” or physiologic mas-
talgia is pain that lasts 1 to 4 days, occurring in the 
week before menses, and of severity 4 or less out of 10 
on a visual analog pain scale. The natural history is of a 
relapsing course, and remission frequently occurs with 
hormonal events, such as pregnancy (8%) or meno-
pause (42%), but may occur spontaneously (14%). 
Earlier age of onset is associated with more persistent 
duration of pain. Therapy should begin with nonphar-
macologic management.

	E.	 Noncyclical mastalgia represents 20% to 30% of breast 
pain complaints to physicians, occurring more frequently 
in older women (i.e., 40s to 50s). The pain is often, but 
not exclusively, unilateral and localized, more often in 
the inner quadrants, and described as “drawing,” “burn-
ing,” “achy,” and “sore.” Causes of noncyclical breast 
pain include pregnancy, trauma, mastitis, thrombophle-
bitis, tumor or cancer, and medications, which include 
psychiatric medications, hormones and hormonal con-
traceptives, and spironolactone. However, most noncyc-
lical breast pain arises for unknown reasons, and it is 
believed to be anatomically rather than hormonally me-
diated. Treatment should focus on nonpharmacologic 
management.

	F.	 Nonpharmacologic Treatment: Recommendations are 
impacted by the paucity of high-quality data. In one 
clinical series, 78% of symptomatic women were reas-
sured after normal findings on evaluation and did not 
want further evaluation. Up to 70% of women wear im-
properly fitted bras, and given the delicate nature  
of the supportive Cooper ligaments of the breasts, rec-
ommendations should begin with wearing a sports bra 
during exercise and wearing a properly fitted, soft, sup-
portive bra during the day and night, which improved  
or relieved pain in 75% of women in a 1976 study.  
Dietary recommendations are commonly made, as the 
cost is low and the potential for harm negligible. The  
effect of decreased methylxanthine consumption is  
debatable, with positive and negative studies; however, it 
is relatively easy. Data supporting restriction of dietary 
fat is more positive, with complete pain relief in 9 of  
10 patients enrolled in one study; however, all positive 
studies required dietary fat restriction to less than  
20% of daily caloric intake, which may be difficult  
to achieve or inappropriate in some patients. Changing 
the omega 3-6-9 fatty acid balance of fat consumed has 
been evaluated with evening primrose oil, with mixed 
results. These studies are confounded by the lack of stan-
dardization of herbal content for the evening primrose 
oil. The risk for harm is low, but the cost substantially 
greater for this intervention. The recommended dosage 
of evening primrose oil is 9% gamma-linolenic acid by 
weight, 3000 mg/day in divided doses. In addition to 

evening primrose oil, one study of fish oil was negative 
and studies of flaxseed are of poor quality. The German 
Commission E has found adequate data to support the 
prescription of chasteberry for premenstrual syndrome 
and mastalgia, using a German herbal compound Masto-
dynon, not available in the United States, with relief oc-
curring twice as frequently than with placebo.

	G.	 Pharmacologic Treatment: Hormonal contraception 
has been demonstrated to both improve and worsen 
cyclical mastalgia. Consider starting or adjusting to a  
20 microgram estrogen contraceptive pill, or starting 
depomedroxyprogesterone. Side effects of both medi-
cations in adolescents may include inadequate bone 
mineralization. Oral nonsteroidal anti-inflammatory 
drugs have not been evaluated for efficacy in mastalgia, 
but topical nonsteroidal anti-inflammatory drugs have 
been demonstrated to improve pain in 81% to 92% of 
patients. For persistent severe pain, which impairs daily 
activities, other hormonally active therapy should be 
considered. Danazol and tamoxifen, both of which have 
good efficacy for mastalgia in older women, have been 
paired with severe side effects. In addition, neither 
medication has been studied specifically in adolescents, 
and may have serious effects on sexual maturation and 
bone mineral density. Prescription of these agents 
should not be undertaken without endocrine specialty 
consultation.
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Breast Lump in Adolescent Girls
Christine Gilroy, MD, MSPH

The primary concern of young women presenting with 
breast lump is for cancer, despite the absolute rarity of 
breast cancer in female individuals younger than 25 years. 
American culture is preoccupied with a fear of breast  
cancer, to the extent that 80% of women in one study over-
estimated personal risk for breast cancer by 50% or more. 
Occasionally, the complaint of a breast lump is “code” for 
another concern about the breast, including different 
breast size. A thorough and respectful evaluation, while 
minimizing potential trauma, are important goals in the 
evaluation and management of this problem.

	A.	 History: Although breast cancer is rare in adolescents, 
cases have occurred, and a thorough history is impor-
tant. Menarche, menstrual history, risk for pregnancy, 
reproductive history, trauma, history of radiation ther-
apy, family history of breast or ovarian cancer, dura-
tion of lump, associated breast pain, cyclical change in 
lump, and change in size are all important factors to 
elicit. In those with a strong family history of breast 
cancer, or known BRCA1 or BRCA2 phenotype, or 
with a history of supradiaphragmatic radiation ther-
apy, imaging and biopsy should be considered at the 
outset.

	B.	 Physical Examination: First, ask the patient to indicate 
the area of concern. In the presence of a chaperone, 
perform a thorough breast examination, including the 
skin, all four quadrants, and under the areola, pressing 
all the way to the chest wall and tracking the breast tail 
into the axilla. The method of the examination (circular 
vs. vertical strips) is less important than taking time  
to examine as much breast tissue as possible. Check  
for lymphadenopathy in the axillary, supraclavicular, 
and cervical areas. Is the breast tissue homogeneous  
or “lumpy-bumpy” consistent with fibrocystic change? 
Is the “lump” in the breast tissue or the axilla? For 
maximum sensitivity of the clinical breast examination 
for breast cancer, the examination requires 3 minutes 
per breast, with particular attention to the nipple, are-
ola, and subareolar complex, where 15% of breast 
cancers arise.

	C.	 No Lump: Assess for other concerns. Otherwise, have 
the patient return for evaluation during the luteal 
phase of menstrual cycle (1 week before menses). The 
breasts of most (50%–60%) women have a nodular  
texture that undergoes proliferative changes during  
the menstrual cycle, with a change in breast volume of 
up to 15% in the luteal phase. If the lump comes and 

goes with hormonal stimulation, the patient may be 
reassured.

	D.	 Axillary Lump: If distinct from the tail of the breast, 
consider lymphadenitis or hidradenitis. Encourage the 
patient to discontinue antiperspirant and re-evaluate in 
6 weeks. If persistent, consider surgical excision, as 
lymphoma is possible, and represented 13% of biop-
sied breast lumps in Neinstein’s series in adolscents. If 
larger, consider ultrasound.

	E.	 Inflammation/Infection: In a series reviewed by 
Neinstein, infection was the cause of 3.7% of breast 
lumps in adolescents. If inflammation with lump is 
seen, consider risk factors for infection, including 
current lactation or history of lactation, nipple pierc-
ing, and nipple trauma. Treat with antibiotics and 
re-evaluate in 2 weeks. In lactation, coverage of 
Staphylococcus aureus is the goal; for nipple trauma, 
particularly with piercing, broad coverage of gram-
negative bacteria and anaerobes should be consid-
ered. If history of breast trauma, consider hematoma 
with subsequent fat necrosis. If history of pregnancy, 
consider granulomatosis. If inflammation persists or 
progresses in spite of therapy, consider inflammatory 
breast cancer and refer for biopsy.

	F.	 Breast Lump: If a palpable lump is noted or if the pa-
tient has a strong family history of breast cancer, known 
BRCA1 or BRCA2, or history of supradiaphragmatic 
radiation therapy, refer directly for ultrasound with 
core biopsy or fine-needle aspiration, or consider mag-
netic resonance imaging if not easily visualized with 
ultrasound. Mammography is not indicated in the ado-
lescent patient. A lump 5 cm or more in diameter and/
or rapid progression over 3 months or less suggests  
giant fibroadenoma or phyllodes tumor; in this case, 
obtain surgical consultation. (Giant fibroadenoma rep-
resents 1% and phyllodes tumor 0.4% of breast lesions 
in adolescents). A smaller lump may be observed 
briefly in an adolescent. In the patient’s chart, carefully 
document size and location by quadrant and relative to 
areola. Ask the patient to return during the follicular 
phase of menstrual cycle (1 week after menses). If 
lump resolves, reassure the patient. Breast tissue vol-
ume can change by 15% under the influence of cyclic 
hormonal change, resulting in transient, prominent 
nodularity. If lump persists, refer for ultrasound. In 
Diehl’s series of adolescents with breast mass, 51%  
of the masses were fibrocystic change, and 47% had  
improvement or complete resolution over time.

(Continued on page 52)
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	G.	 Fibroadenoma represents 50% to 76% of breast masses 
in young women. In an autopsy series of women in 
adolescence up to age 25, 15% to 23% were found to 
have fibroadenoma. On examination, fibroadenomas 
are rubbery, well demarcated, and mobile within the 
surrounding breast tissue. They occur most commonly 
in the upper outer quadrant. Fibroadenomas with be-
nign appearance by ultrasound may be managed con-
servatively, with sequential examination and ultra-
sound, and biopsy and surgery are to be avoided to 
prevent damage to developing breast tissue. About 
16% to 37% of fibroadenomas resolve within 1 to  
3 years; of the remaining fibroadenomas, 30% to 40% 
shrink within 5 years, and the rest stop growing when 
they reach a diameter of 1 to 3 cm. However, in  
one study of conservative management, only 25% of 
patients would accept nonoperative management, even 
when reassured the approach was safe. Fibroadenomas 
with sonographic appearance concerning for malig-
nancy or growth rate greater than 16% per month 
should be considered for biopsy or excision.

	H.	 Cysts: Cysts are less common in young women, ac-
counting for 6% to 12% of breast masses in adoles-
cents. Presenting complaints in one series were mastal-
gia (67%) or breast lump (32%). If subareolar, and 
associated with pain and inflammation, it likely repre-
sents an obstruction of Montgomery tubercles, and 
treatment consists of oral antibiotics directed at Staph-
ylococcus and nonsteroidal anti-inflammatory drugs, 
with expected resolution in 7 days. Cysts can be aspi-
rated during ultrasound, and resolution under ultra-
sound confirms a benign lesion. Complex cysts should 
be further evaluated to rule out malignancy.

	 I.	 Other Masses: Lumps that are not clearly fibroadenomas 
or cysts by ultrasound require further evaluation with 
biopsy. The differential is extensive, and the lump is still 
most likely one of the earlier described lesions. Subareo-
lar masses associated with bloody discharge are most 
likely intraductalpapillomas, which are not cancer, but 
are associated with an increased risk for development of 

cancer. Cancer represents less than 1% of breast disease 
in adolescents. In Neinstein’s series, 38% of cancers  
were metastases, 31% adenocarcinoma, and 13% were 
lymphoma. In youths with adenocarcinoma, 30% to  
50% have a family history of breast cancer. Biopsy is rec-
ommended for evaluation, but the patient and family 
should be reassured that the likelihood of cancer remains 
very low.
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Nipple Discharge  
in Adolescent Girls

Christine Gilroy, MD, MSPH

Nipple discharge is a less common complaint than breast 
pain or lump among women of reproductive age. Nipple 
discharge raises concerns of breast cancer or pituitary  
tumor, even in adolescence, but these are a rare cause of 
nipple discharge. A focused evaluation is important be-
cause many of the endocrine tests that are ordered in as-
sociation with nipple discharge have a high rate of false-
positive results.

	A.	 History: A detailed history is the most important ele-
ment in the evaluation of nipple discharge. Reproduc-
tive history is the most important, because galactorrhea 
may continue for a year or more after weaning or  
the end of pregnancy. In addition, the presence of  
oligoamenorrhea or amenorrhea with nonlactational  
galactorrhea significantly increases the likelihood of 
pituitary prolactinoma. Medical history should focus 
on thyroid disease, chronic renal disease, herpes zoster, 
illicit substance use, and a complete list of medications 
and herbal supplements. Surgical history should pay 
particular attention to breast or thoracic surgery, and 
history of nipple or breast piercing. Review of systems 
should focus on headache, vision changes, constitu-
tional, skin, and gastrointestinal symptoms, and a psy-
chosocial stress and sleep inventory.

	B.	 Pregnancy or Postpartum: During pregnancy, the 
breasts and Montgomery tubercles may produce a 
clear discharge. Postpartum, milk production may per-
sist for more than a year after weaning and is not con-
sidered galactorrhea. Postpartum milk production can 
be irritating, and the patient should be advised to 
minimize nipple stimulation, both as part of sexual in-
teraction and from clothing. The patient may wear a 
padded, well-fitted bra during the day and night, and 
may need to add nipple shields to decrease stimulation 
enough for lactation to stop.

	C.	 Physical Examination: In addition to a thorough breast 
examination, visual fields should be assessed, as well as 
the thyroid, skin texture, presence of tremor, and re-
flexes. It is important to remember that with significant 
pressure to the nipple, a nipple discharge may be pro-
duced in up to 85% of women. The color of the nipple 
discharge may provide additional information.

	D.	 Areolar Discharge: May arise from the areola, not the 
nipple, from Montgomery or Morgani tubercles, which 
may be associated with an underlying mammary lob-
ule. An episodic, thin, clear to brown discharge tends 
to resolve within 3 to 5 weeks. An associated lump is 
expected to resolve in 4 months.

(Continued on page 56)
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	E.	 Milky Discharge: Milky discharge is consistent with 
galactorrhea. It is the most common discharge in ado-
lescent girls. In the absence of pregnancy or postpar-
tum state, milky discharge should be evaluated with an 
initial random prolactin and thyroid-stimulating hor-
mone. Other causes to consider include chest wall or 
nipple trauma, spinal cord disorders, diffuse brain dis-
ease, uremia, hypernephroma, hypogonadism, adrenal 
tumor, and pituitary disorder.

	F.	 Multicolored or Sticky Discharge: Consistent with duc-
tal ectasia or fibrocystic change. The color most usually 
described is green or green-black. Ductal ectasia is 
characterized as the dilatation of subareolar ducts, is 
associated with fibrocystic change, and may cause non-
cyclical mastalgia.

	G.	 Purulent Discharge: If there is a question whether 
discharge is purulent or milky, a wet prep may help 
differentiate by the presence of white cells. Consistent 
with mastitis, the most common infecting organism is 
Staphylococcus aureus. Preceding factors may include 
trauma or ductal ectasia. If nipple piercing is present, 
consider broader antibiotic coverage.

	H.	 Watery, Serous, or Serosanguineous Discharge: A 
broad differential is possible, including in order of 
prevalence in adolescents: fibrocystic change or ductal 
ectasia, intraductal papilloma, or breast cancer. Intra-
ductal papillomas represented 1.2% of breast lesions in 
adolescents for which a biopsy was performed and 
breast cancer represented less than 1% in Neinstein’s 
review. In two series reviewing intraductal papilloma in 
adolescents, a serosanguineous breast discharge had 
variable prevalence rate (23%–95%). The incidence of 
breast cancer is lower. Evaluation should not include 
cytopathology of the nipple discharge, but instead  
ultrasound and biopsy of any lump. If no lump is  
palpated during a thorough (3 minutes per breast)  
examination, careful clinical monitoring is adequate, 
unless the risk for breast cancer is high (BRCA, pri-
mary relative, previous radiation). If the risk for breast 
cancer is high, referral to a breast clinic or surgeon is 
appropriate.

	 I.	 Abnormal Thyroid-Stimulating Hormone: Hypothyroid-
ism results in increased thyrotropin releasing hormone 
production, lactotroph stimulation, and decreased phys-
iologic clearance of prolactin. Treat the hypothyroidism 
adequately (normal thyroid-stimulating hormone for 
6–8 weeks) and follow with a repeat prolactin.

	J.	 Normal Serum Prolactin: This does not preclude the 
presence of galactorrhea, but the history and physical 
examination should be revisited to exclude the possibil-
ity of a ductal source of discharge. If the prolactin level 
is normal and the discharge is galactorrhea, medications 
should be reviewed and those associated with galactor-
rhea should be discontinued. Chest wall injury and 
nipple stimulation have been associated with persistent 

galactorrhea, and stimulation should be minimized (re-
move piercings, try nipple shields). If idiopathic normo-
prolactinemic galactorrhea persists, consider treating 
with a dopamine agonist to determine whether this  
inhibits secretion.

	K.	 Increased Serum Prolactin: Review for medications as-
sociated with galactorrhea; discontinue those medica-
tions, if present. For those women taking typical antipsy-
chotics or risperidone, switching to olanzapine or 
quetiapine has been shown to decrease galactorrhea in 
some without exacerbating psychiatric symptoms. If no 
galactorrhea-associated medications/illicit drugs/herbals 
are being taken, repeat a prolactin level. Physiologic 
conditions that may produce transient increases in  
prolactin secretion include physical and emotional 
stress, high-protein midday meal, sleep, orgasm, exer-
cise, menstrual cycle, excessive breast stimulation, pseu-
dopregnancy, and pregnancy. If serum prolactin level is 
increased again, obtain a fasting morning prolactin level. 
If this is increased, obtain magnetic resonance imaging 
of the pituitary. If a pituitary abnormality exists, refer to 
endocrine specialist. If pituitary is normal, review other 
causative factors and consider a dopamine agonist (cab-
ergoline) or referral to endocrine specialist for treat-
ment. Women with hyperprolactinemia are at risk for 
osteoporosis; therefore, a documented and persistent 
increase in prolactin levels should be treated.
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Menstrual Problems  
and Vaginal Bleeding

Stephen M. Scott, MD, FACOG

Menstruation is usually the final sign of female pubertal 
development providing continued evidence that the brain–
ovary pathways have been released from suppression and 
the ovaries are producing estrogen. Other clinical signs of 
estrogen production include breast development, matura-
tion of the vaginal mucosa, and accelerated linear growth. 
Early in puberty, the ovaries make only estrogen and initial 
menses occur without ovulation. It can take up to 2 years 
to achieve regular ovulatory cycles. Once ovulation begins, 
the ovaries also produce progesterone, which provides 
stabilization of the endometrium in preparation for preg-
nancy implantation. If pregnancy does not occur, the ovary 
temporarily halts progesterone and estrogen production. 
The decline in progesterone levels initiates the process  
of endometrial shedding. The cycle begins again with  
increasing levels of estrogen to repair and proliferate  
the surface lining. Ovulation cycles usually range from 21 
to 35 days and bleeding typically lasts from 3 to 7 days. 
They are often associated with premenstrual symptoms 
such as cramping.

It is important to understand the underlying hormonal 
status of a child or adolescent with irregular bleeding to 
determine the correct cause. An “estrogen-deficient” state is 
found before puberty or during adolescence when the brain 
fails to stimulate the ovaries or the ovaries fail to respond to 
brain signals. Without estrogen, the endometrial lining re-
mains thin and is not a source of bleeding. Anatomic genital 
lesions should be investigated as the source of bleeding. An 
“estrogen variation” state occurs when ovaries produce es-
trogen but fail to ovulate and initiate progesterone produc-
tion. Anovulation results in thick, disorganized, and fragile 
endometrium that bleeds irregularly and does not efficiently 
remove and replenish surface lining. A “progesterone ex-
cess” state is usually iatrogenic because of excessive levels of 
progesterone or progestins, leading to an atrophic lining that 
is thin, fragile, and may bleed irregularly. It is important to 
remember that even oral contraceptives with estrogen can 
lead to progesterone excess. “Progesterone withdrawal” 
states are usually due to ovulation cycles or cyclic hormonal 
contraceptive use. When irregular bleeding occurs in this 
environment, a secondary anatomic genital lesion is the 
likely cause of bleeding between regular menses.

	A.	 When a pediatric patient has abnormal vaginal bleed-
ing, clinicians should obtain a thorough history and 
physical examination. Determination of volume status 
and severity of anemia will determine whether acute 
treatment is necessary.

	B.	 The presence or absence of estrogen will provide vital 
clues to the status of the endometrial lining. Breast 
development, estrogenized genital tissue, or an in-
creased estradiol level indicates the presence of estro-
gen. If no estrogen stimulation is present, the patient 
has prepubertal bleeding. Anatomic lesions such as 
bacterial vulvovaginitis, foreign body, cervicitis, endo-
metritis, urethral prolapse, trauma, urinary tract infec-
tions, and neoplasms of genitourinary and gastrointes-
tinal sources should be ruled out and treated.

	C.	 If there are signs of estrogen stimulation, the patient’s 
age will determine the presence of precocious puberty. 
Precocious puberty is defined as breast development 
before 8 years of age with progression of bone age and 
possible menstrual bleeding. It can be divided into  
central “GnRH-dependent” precocious puberty (CPP) 
versus peripheral “GnRH-independent” precocious  
puberty (PPP). Although GnRH stimulation testing is 
the gold standard in diagnosing CPP, an increased basal 
leuteinizing hormone level or basal leuteinizing  
hormone/follicle-stimulating hormone ratio has utility. 
Suppressed gonadotropin levels suggest PPP. Most cases 
of CPP are idiopathic, but brains lesions should be ruled 
out with magnetic resonance imaging. Treatment of 
CPP usually involves suppression of hypothalamic sig-
naling with GnRH agonists. Surgical removal of pedun-
culated lesions is an option, but the risk for damage to 
surrounding normal tissue is too great when tumors are 
embedded. Causes of PPP include iatrogenic estrogen 
administration, exogenous ingestion, McCune-Albright 
syndrome, tumors of the ovaries, and rarely, tumors of 
the adrenal glands. Exogenous causes of PPP can be 
diagnosed through a careful history. Ultrasound of the 
ovaries and adrenal glands for lesions is recommended if 
no exogenous source is identified. If café-au-lait spots 
are present, a skeletal survey noting lytic lesions will 
uncover McCune-Albright syndrome. Removal of the 
underlying estrogen source is the primary treatment for 
PPP. Signs of estrogen reversal should be monitored 
closely to ensure preservation of epiphyseal plates and 
continued linear growth. Growth hormone levels may 
be disrupted in the face of CPP caused by a brain lesion. 
Assessment of growth hormone levels is needed if linear 
growth stalls after treatment begins.

	D.	 Age-appropriate puberty is present when bleeding be-
gins at 10 years of age or beyond. Pregnancy and its 
complications should always be ruled out in an age-
appropriate patient with abnormal genital bleeding.

(Continued on page 60)
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	E.	 Once pregnancy is ruled out, ovulation status will aid in 
determining the cause of irregular bleeding. Irregular, 
unpredictable bleeding patterns lacking premenstrual 
symptoms or cramping generally point to anovulation; 
however, monthly bleeding patterns do not automati-
cally prove ovulation. A progesterone level of 5 ng/ml 
or greater, drawn 10 days before the next expected 
menses, confirms ovulation. If ovulation is confirmed, 
then anatomic genital lesions are likely creating irregu-
lar bleeding between regular progesterone withdrawal 
cycles. Causative factors include lesions mentioned in 
prepubertal bleeding.

	F.	 If the patient is anovulatory, then dysfunctional uterine 
bleeding (DUB) is diagnosed. The presence or absence 
of androgenizing signs will help to categorize causes of 
DUB. Obesity, hirsutism, and acne are typical signs of 
high androgens. Most cases of androgenized DUB are 
caused by polycystic ovarian syndrome. Other causative 
factors should be investigated if greater levels of andro-
gens are suspected. Virilizing signs such as clitoromeg-
aly, male pattern baldness, and deepening of the voice 
should prompt workup for androgen-producing tumors 
in the ovaries and adrenals, adult-onset congenital  
adrenal hyperplasia, and Cushing disease.

	G.	 Disruptions of brain–ovary signaling are the causes 
of DUB in the absence of androgenizing signs. Within 
the first 2 years from menarche, this may be self- 
limited and correct on its own. Beyond that time, 
pathologic causative factors should be suspected.  
Disruptions of the normal GnRH pulse pattern can  
be caused by excessive exercise or dieting, stress,  
increased levels of prolactin from tumors or medica-
tions, and hypothyroidism. Pituitary disruptions occur 
from gland necrosis, infections, or prolactin- versus 
nonprolactin-secreting tumors. Premature ovarian fail-
ure will eventually lead to amenorrhea, but early on 
may present with irregular bleeding. Premature ovar-
ian failure should be considered if signs of reduced 
estrogen levels are present such as hot flashes, de-
creased breast size, vaginal dryness, or vaginal mucosa 
atrophy. Increases of follicle-stimulating hormone and 
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leuteinizing hormone into the postmenopausal range 
will confirm ovarian failure and should prompt genetic 
karyotyping. Blood dyscrasias should be suspected if 
bleeding is severe enough to require hospitalization or 
blood transfusion at menarche.

	H.	 Treatment of DUB may range from reassurance 
to treatment of underlying disorders. Iron and multivi-
tamin supplementation is recommended if anemia  
is present. Endometrial stabilization is achieved with 
progesterone or progestin replacement. Unless contra-
indicated, combined oral contraceptive pills (OCPs) 
are usually the easiest treatment method to achieve 
regular cycles. Once endometrial shedding is com-
plete, transition to continuous OCP regimen may re-
sult in long-term amenorrhea. At least 6 to 12 months 
of treatment is recommended, and in many cases, lon-
ger term management with OCPs is required. In gen-
eral, nonsteroidal anti-inflammatory drugs (e.g., ibu-
profen) should be considered during placebo days 
because endometrial shedding may lead to cramping 
for the first time. Estrogens in OCPs provide an added 
benefit of suppressing androgen activity in cases of 
polycystic ovarian syndrome. Patients with polycystic 
ovarian syndrome may also benefit from hirsutism 
treatments and early screening and intervention for 
hyperinsulinemia and type 2 diabetes.
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Sexually Transmitted Infections  
in Adolescents

Paritosh Kaul, MD

Adolescents are at an increased risk for sexually transmit-
ted infections (STIs) because of various factors. These 
factors include biological, psychosocial, confidentiality, 
ethical, and legal issues, as well as lack of access to health 
care. Adolescents have the greatest rates of STIs compared 
with other age groups, and half of all STIs diagnosed are 
among 15- to 24-year-olds. Two thirds (65%) of 12th-grade 
students have had vaginal intercourse. The adolescent in-
terview is critical to elicit a history of sexuality, sexual activ-
ity, and other high-risk behaviors. These areas should be 
explored with the adolescent alone. The interviewer should 
be open, nonjudgmental, and ensure confidentiality.

This chapter starts with decision making with vaginal 
discharge and cervicitis, then pelvic inflammatory disease 
(PID), and then STIs among adolescent boys.

VULVOVAGINITIS IN THE ADOLESCENT

 A. History: In the adolescent with vulvovaginitis, ask 
about the color, odor, quantity of vaginal discharge, and 
relation to menstrual period. Candidiasis occurs pre-
menstrually, whereas trichomoniasis occurs during or 
immediately after the menses. Inquire about sexual 
activity including change in sex partners, condom use, 
and history of previous STIs. Ask about medications 
including contraceptives, antibiotics, steroids, use of 
soaps, deodorants, and douching. Also ask about his-
tory of diabetes mellitus. Explore the possibility of 
trauma or foreign body.

 B. Examination: Carefully inspect the perineum, vulva, 
vagina, and cervix for erythema, excoriation, swelling, 
lesions, signs of trauma, and foreign body. Also look for 
color, texture, adherence, and odor of vaginal discharge. 
Perform a speculum examination and closely inspect 
the vagina walls for lesions or anatomic abnormalities 
(polyp, tumor, and abscess). A bimanual examination 
should be performed to rule out PID or adnexal masses.

 C. Diagnostic Evaluation: Examine the vaginal discharge 
for pH, “whiff test,” and microscopy. Vaginitis caused 
candidiasis, trichomoniasis, and bacterial vaginosis is 
described in Table 1. Also, test the vaginal secretions for 

gonorrhea and chlamydia. A pregnancy test should be 
performed on all sexually active adolescents.

 D. Treatment: Depending on the cause of vulvovaginitis, 
the treatments are described in Table 2. Sexual part-
ners of adolescents with trichomoniasis need to be 
notified and treated. Sexual partners of adolescents 
with bacterial vaginosis do not need treatment.

CERVICITIS

Cervicitis represents an infection of the cervix. It may pro-
duce discharge from the cervix and can be confused with 
vaginitis. Mucopurulent cervicitis is characterized by a 
mucopurulent discharge from the cervix. Chlamydia and 
gonorrhea are the most common causative organisms for 
mucopurulent cervicitis, but often the organisms cannot 
be identified. Other causative agents include herpes sim-
plex, Trichomonas vaginalis, and Candida albicans.

 A. History: The adolescent may have symptoms of vaginal 
discharge, dyspareunia, irregular vaginal bleeding, and 
vaginal itching.

 B. Examination: On examination, mucopurulent endocer-
vical discharge, endocervical friability, edema, and ery-
thema of the cervix can be noticed.

 C. Diagnostic Evaluation: Ten or more white blood cells 
(WBCs) per high-power field on a Gram stain speci-
men is diagnostic of mucopurulent cervicitis. The cer-
vical fluid should be sent for chlamydia and gonorrhea 
testing. The wet mount should be examined for tricho-
moniasis, hyphae, and clue cells.

 D. Treatment: The treatment for mucopurulent cervicitis 
is described in Table 3.

PELVIC INFLAMMATORY DISEASE

PID is a polymicrobial infection in which sexually transmit-
ted and/or endogenous vaginal microorganisms spread from 
the lower genital tract to infect all or some of the pelvic  
organs. If inadequately treated, serious complications such 

Table 1. Clinical and Microscopic Features of Vulvovaginitis

Infection Symptoms Vaginal Discharge pH Whiff Test Microscopy

Candidiasis Pruritus, burning, discharge Thick, adherent, white 4–4.5 Negative ) WBC, budding yeast, pseudohyphae
Trichomoniasis Frothy, foul-smelling dis-

charge, pruritus, dysuria
Purulent, profuse, irritat-

ing, frothy, green-yellow
 .4.5 Variably  

positive
) WBC, trichomonads

Bacterial  
vaginosis

Foul-smelling discharge, in-
creased after intercourse

Thin, homogenous,  
gray-white

 .4.5 Positive .20% clue cells

WBC, white blood cell count.
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as ectopic pregnancy, infertility, and chronic pelvic pain may 
ensue. PID is a clinical diagnosis and is imprecise. PID is a 
polymicrobial and is caused by sexually transmitted organ-
isms, especially Chlamydia trachomatis and Neisseria gon-
orrhoeae. Other organisms include anaerobes, Gardnerella 
vaginalis, Haemophilus influenzae, enteric Gram-negative 
rods, and Streptococcus agalactiae. In addition, cytomegalo-
virus (CMV), Mycoplasma hominis, Ureaplasma urealyti-
cum, and Mycoplasma genitalium might be associated with 
some cases of PID. In many cases, no organism is associated 
with PID.

 A. History: Any adolescent girl with lower abdominal pain 
could have PID. History includes sexually activity, 
vaginal discharge, irregular vaginal bleeding, or dys-
uria. Systemic signs of anorexia, nausea, vomiting,  
fever, or malaise are infrequent.

 B. Physical Examination: PID is a clinical diagnosis. The 
Centers for Disease Control and Prevention has defined 
minimal criteria for PID (see Table 4). Findings may 
include abdominal pain or right upper quadrant pain, 
which is seen in Fitz–Hugh–Curtis syndrome.

 C. Laboratory Evaluation: Supports but does not make the 
diagnoses of PID. Testing for gonorrhea and chlamydia 

should be performed, although negative test results are 
common. A pregnancy test should be performed to rule 
out ectopic pregnancy, which can mimic PID. Other 
optional tests are WBC count, erythrocyte sedimenta-
tion rate, or C-reactive protein, which can be increased. 
In addition, ultrasonography helps to exclude ectopic 
pregnancy or tubo-ovarian abscess.

 D. Diagnosis of PID: As mentioned earlier, PID is an im-
precise clinical diagnosis. The minimal criteria for diag-
nosis of PID are enumerated in Table 4.

 E. Outpatient Treatment of PID: The adolescent girl with 
PID can be treated on an outpatient basis provided 
there are no criteria for hospitalization as described in 
Table 5. The patient should return for re-evaluation in 
48 to 72 hours to ensure clinical improvement in signs 
and symptoms. If there is no clinical improvement, the 
patient will need hospitalization. The outpatient treat-
ment of PID as suggested by Centers for Disease Con-
trol and Prevention is described in Table 6. Partner no-
tification, counseling regarding safe sex, risk reduction, 
and screening for other STIs should also be part of the 
follow-up visit.

 F. Inpatient Treatment of PID: Adolescents who meet 
criteria for hospitalizations should receive inpatient 
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Table 2. Treatment of Vaginitis

Bacterial Vaginosis
Metronidazole: 500 mg orally twice a day for 7 days
OR
Metronidazole gel: 0.75%, one full applicator (5 g); intravaginally, 

once a day for 5 days
OR
Clindamycin cream: 2%, one full applicator (5 g); intravaginally at 

bedtime for 7 days

Trichomoniasis
Metronidazole: 2 g orally in a single dose
OR
Tinidazole: 2 g orally in a single dose

Candidiasis
Clotrimazole: 500 mg vaginal suppository, once; 200 mg vaginal  

suppository qd 3 3 days
Miconazole: 2% cream, apply at bedtime 3 7 days
Nystatin: 100,000 units vaginal suppositories once daily 3 14 days
Fluconazole: 150 mg orally once

Table 3. Treatment of Mucopurulent Cervicitis

Azithromycin 1 g PO once
OR
Doxycycline 100 mg PO bid 3 7 days

Consider concurrent treatment for gonococcal infection if prevalence of 
gonorrhea is high in the patient population under assessment.

PO, orally.

Table 4.  Centers for Disease Control and Prevention 
Criteria for Diagnosis of Pelvic Inflammatory 
Disease

Minimal Clinical Criteria for Diagnosis of Pelvic Inflammatory 
Disease
Cervical motion tenderness
OR
Uterine or adnexal tenderness

Additional Criteria to Increase Specificity
• Oral temperature .101° F (.38.3° C)
• Abnormal cervical or vaginal mucopurulent discharge
• Presence of abundant numbers of white blood cells on saline  

microscopy of vaginal secretions
• Increased erythrocyte sedimentation rate
• Increased C-reactive protein
• Laboratory documentation of cervical infection with Neisseria 

gonorrhoeae or Chlamydia trachomatis

Table 5.  Criteria for Hospitalization for Pelvic 
Inflammatory Disease

• Surgical emergencies (e.g., appendicitis) cannot be excluded.
• The patient is pregnant.
• The patient does not respond clinically to oral antimicrobial  

therapy.
• The patient is unable to follow or tolerate an outpatient oral  

regimen.
• The patient has severe illness, nausea and vomiting, or high fever.
• The patient has a tubo-ovarian abscess.

Table 6.  Outpatient Treatment of Pelvic 
Inflammatory Disease

Regimen 1
Levofloxacin: 500 mg orally once daily for 14 days*
OR
Ofloxacin: 400 mg orally twice daily for 14 days*
WITH OR WITHOUT
Metronidazole: 500 mg orally twice a day for 14 days

Regimen 2
Ceftriaxone: 250 mg intramuscularly in a single dose
PLUS
Doxycycline: 100 mg orally twice a day for 14 days
WITH OR WITHOUT
Metronidazole: 500 mg orally twice a day for 14 days

Regimen 3
Cefoxitin, 2 g intramuscularly in a single dose, and Probenecid, 1 g 

orally administered concurrently in a single dose
PLUS
Doxycycline: 100 mg orally twice a day for 14 days
WITH OR WITHOUT
Metronidazole: 500 mg orally twice a day for 14 days

Regimen 4
Other parenteral third-generation cephalosporin (e.g., ceftizoxime or 

cefotaxime)
PLUS
Doxycycline 100 mg orally twice a day for 14 days
WITH OR WITHOUT
Metronidazole: 500 mg orally twice a day for 14 days

treatment for PID as described in Table 7. The inpa-
tient treatment should continue for 24 hours after 
clinical improvement of symptoms. Patients may be 
discharged and advised to complete oral doxycycline 
for a total of 14 days.

SEXUALLY TRANSMITTED INFECTIONS 
IN THE MALE SEX

Adolescent boys with STIs are commonly asymptomatic. 
They may present with symptoms of urethritis or epididy-
mitis. The causes of urethritis in adolescents are given in 
Table 8.

 A. A good sexual history is essential. This should be taken 
with the adolescent alone, ensuring confidentiality. In-
quire from the adolescent about sexual activity, num-
ber of sexual partners, dysuria, hematuria, and urethral 
discharge. The adolescent should be asked about his-
tory of previous STI or a partner with a STI. Obtain 
history of type of sexual activity including oral sex and 
anal sex (both insertive and penetrative). History of any 
urologic procedure predisposes to urethritis, whereas 
history of joint involvement raises the suspicion of dis-
seminated gonococcal infection or Reiter syndrome.

 B. Examination should be done with adequate lighting 
and with the patient in a standing position. Look for 
penile discharge; if no discharge is present, the penis 
can be milked a few times to help produce the dis-
charge. Retraction of the foreskin is critical in uncir-
cumcised patients. The penis should be inspected for 
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Table 7.  Inpatient Treatment for Pelvic Inflammatory 
Disease

Parenteral Regimen 1
Cefotetan: 2 g IV every 12 hours
OR
Cefoxitin: 2 g IV every 6 hours
PLUS
Doxycycline: 100 mg orally or IV every 12 hours
OR

Regimen 2
Clindamycin: 900 mg IV every 8 hours
PLUS
Gentamicin loading dose IV or IM (2 mg/kg of body weight), followed 

by a maintenance dose (1.5 mg/kg) every 8 hours. Single daily  
dosing may be substituted.

IM, intramuscularly; IV, intravenously.

Table 8. Causes of Urethritis in Adolescents

Principal Bacterial Pathogens
No pathogen identified
Chlamydia trachomatis
Neisseria gonorrhoeae

Other Pathogens
Trichomonas vaginalis
Ureaplasma urealyticum
Mycoplasma genitalium
Mycoplasma hominis
Herpes simplex virus

ulcers or warts. Examine the testes for signs of  
epididymitis and the anal area for warts or ulcers.  
The inguinal area should be examined for lymphade-
nopathy.

 C. Urethritis and epididymitis are both diagnosed by 
one of the following: observation of mucoid or puru-
lent urethral discharge or first-void urine-positive  
leukocyte esterase or microscopic examination of more 
than 10 WBCs/high-power field or at least 5 WBCs/
high-power field or gram-negative intracellular diplo-
cocci on Gram stain. Nucleic acid amplification tests 
are the most sensitive tests and gold standard for diag-
nosing gonorrheal or chlamydial infections.

 D. Patients who are symptomatic need to be treated for 
gonorrhea, chlamydia, or both as per Centers for Dis-
ease Control and Prevention guidelines. All sexual 
partners of patients from the past 60 days should be 
notified. If possible, adolescents should be observed 
taking treatments. Treatment of urethritis is given in 
Table 9.

 E. Epididymitis presents with unilateral testicular pain 
and swelling, erythema of the scrotal skin, hydrocele, 
and involvement of the adjacent testis. Urethritis  
may or may not be present. Treatment includes bed 
rest, scrotal elevation, analgesics, nonsteroidal anti- 
inflammatory drugs, and antibiotics to treat the infec-
tion. Differential diagnosis includes testicular torsion, 
infarction, and torsion of the appendix testis. Treatment 
is summarized in Table 10.

Table 9. Treatment of Urethritis

Recommended Regimens
Azithromycin: 1 g orally in a single dose
OR
Doxycycline: 100 mg orally twice a day for 7 days

Alternative Regimens
Erythromycin base: 500 mg orally four times a day for 7 days
OR
Erythromycin ethylsuccinate: 800 mg orally four times a day for 7 days
OR
Ofloxacin: 300 mg orally twice a day for 7 days
OR
Levofloxacin: 500 mg orally once daily for 7 days

Table 10. Treatment of Epididymitis

Recommended Regimens

For acute epididymitis most likely caused by gonococcal or 
chlamydial infection:

Ceftriaxone: 250 mg intramuscularly in a single dose
PLUS
Doxycycline: 100 mg orally twice a day for 10 days
For acute epididymitis most likely caused by enteric organisms 
or for patients allergic to cephalosporins and/or tetracyclines:

Ofloxacin: 300 mg orally twice a day for 10 days
OR
Levofloxacin: 500 mg orally once daily for 10 days

 F. Teens diagnosed with a STI are at greater risk 
for syphilis, HIV, and other STIs. Counseling should 
include risk reduction methods such as abstinence, 
condom use, and alternative sexual behavior.
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Encopresis (Soiling)
Barton D. Schmitt, MD

Encopresis, or soiling, is the voluntary or involuntary pass-
ing of feces into the underwear or other inappropriate site.

	A.	 Most children with encopresis have severe constipa-
tion (impaction). They soil themselves several times a 
day with small amounts of stool. These children peri-
odically have pain with bowel movements, blood on 
toilet tissue, and a huge stool that clogs the toilet. Some 
children hold back stools to avoid pain, others because 
they are locked in a power struggle with the parent. 
Determine whether the patient uses the toilet for 
bowel movements, and if public and school toilets are 
accepted. Because psychogenic factors are common, 
perform a psychosocial screen of all children with  
encopresis. Some have had punitive toilet training. 
Others have resistance as a result of too many remind-
ers, practice runs, lectures, or nagging. For intermit-
tent encopresis of unknown origin, have the parents 
keep an encopresis diary to help determine the  
circumstances and triggers.

	B.	 Differentiate retentive from nonretentive encopresis 
on the basis of impacted stool on abdominal and rectal 
examination. In impaction, the rectum is distended 
and packed with claylike stool, and a midline suprapu-
bic mass is usually palpable. Leakage of stool from the 
bottom of the impaction may occur several times a  
day (overflow diarrhea). Suspect nonimpacted encop-
resis when a normal bowel movement is passed into 
the underwear once or twice a day without any history 
of constipation. A barium enema is indicated only if  
the anal canal will not admit a finger or if the rectum is 
empty on repeated examination. An abdominal radio-
graph is useful to confirm the diagnosis of impaction  
in atypical cases or if the patient refuses a rectal  
examination.

	C.	 Remove the impaction with hyperphosphate enemas. 
Give one enema per day for 2 or 3 days. Another way 
to dislodge an impaction is with oral medications. Give 
high-dosage mineral oil (1 oz per year of age/day with 
8 oz/day maximum) or polyethylene glycol (1.5 g/kg/
day with 3 capfuls/day maximum) by mouth for 3 or 4 
days. After disimpaction, treat the child with a stool 
softener, such as mineral oil, milk of magnesia, lactu-
lose, or polyethylene glycol for 3 months, until the di-
ameter and tone of the bowel return to normal. Chil-
dren who hold back stools because of pain or negativism 
need to be treated with a laxative (e.g., Dulcolax or 
senna product) in addition to the stool softener. Rec-
ommend a diet that includes increased amounts of 
bran, fresh fruits, and vegetables, and decreased milk 
products. Instruct the parents that the child should 

also sit on the toilet three times a day or the program 
will fail. Some children will not sit on the toilet unless 
offered incentives. The physician’s continued involve-
ment is critical even if the child needs referral to a 
psychologist or psychiatrist.

	D.	 If the child has no evidence of constipation and the 
encopresis consists of a normal-sized bowel movement 
into the underwear once or twice a day, the cause is 
almost always emotional. If there is no evidence of 
constipation and the soiling is a small amount, consider 
poor bowel habits, such as postponing bowel move-
ments (with partial leakage before reaching the toilet), 
small leakage with gas (e.g., lactose intolerance), partial 
emptying with sticky stools, or poor wiping.

	E.	 Pediatric counseling, especially for soiling without con-
stipation, involves setting up a new toileting program 
with the child’s active participation, stopping any re-
minders to sit on the toilet (to remove the power 
struggle), and giving incentives for the release of any 
normal-sized stools into the toilet. The parents’ main 
job is to detect any accidents and help the child change 
as soon as possible. Enemas and medications are not 
needed in nonretentive encopresis. Refer severely 
emotionally disturbed children (e.g., those who are 
depressed, acting out, or older than 6 years and not 
impacted) for therapy.
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Enuresis (Bed Wetting)
Nocturnal and Diurnal

Barton D. Schmitt, MD

 A. Determine the age at onset, pattern (daytime vs. night-
time), and frequency of wetting. Note any dysuria, an 
abnormal urine stream (dribbling), constipation, soil-
ing, polydipsia, and polyuria. Identify predisposing 
conditions, such as frequent urinary tract infections, 
fecal impaction, diabetes mellitus, central nervous sys-
tem disease or trauma (diabetes insipidus), and severe 
emotional disturbance (deliberate wetting). Obtain a 
psychosocial history and identify children who appear 
to be severely disturbed.

 B. Note a distended bladder or fecal impaction. Examine 
external genitals for vulvitis, labial adhesions, and signs 
of sexual abuse. Assess the anal sphincter wink, the 
child’s gait, and the ankle deep tendon reflexes. Ob-
serve the urine stream. Perform a urinalysis for all pa-
tients, with special emphasis on the specific gravity, 
urine glucose, nitrite, and leukocytes.

 C. Suspect an associated urinary tract malformation when 
an abnormal urine stream, constant wetness (damp-
ness), or recurrent urinary tract infections are present. 
Radiologic studies, including a voiding cystourethro-
gram (VCUG) and intravenous pyelography or renal 
ultrasonography, will identify ectopic ureters, a lower 
urinary tract obstruction, or a neurogenic bladder.

 D. Categorize patients according to the pattern of enure-
sis. Nocturnal enuresis is common (.10% of 5-year-
olds wet their beds); diurnal enuresis is far less com-
mon. Nocturnal enuresis is involuntary; diurnal enuresis 
is commonly voluntary. When both forms are present, 
treat diurnal enuresis first.

 E. Approximately one third of daytime wetters have urgency 
incontinence (unstable bladder). These children wet 
themselves while running to the toilet or while trying to 
undress. They do use the toilet, unlike those with behav-
ioral problems. Most are girls, and they may have a long 
history of intense bladder spasms; they are embarrassed 
by their problem, and the family history is commonly 
positive. Treat these children with stream-interruption 
exercises (counting to 10 while stopping at midstream); 
they should work up to interrupting for 1 minute (use an 
egg timer). Oxybutynin (Ditropan) is also helpful for re-
ducing bladder spasms. Bladder-stretching exercises are 
contraindicated; they lead to increased wetting.

 F. Many daytime wetters deliberately wet themselves to 
retaliate for the pressures of toilet training. Some have 
been physically punished; others have been endlessly 
nagged and reminded. Most have mild oppositional 
problems and can be treated by the primary physician. 
Set up a new toilet-training program with the child’s 
active participation using a calendar and incentive 
system for each dry day. Have the parents discontinue 
any reminders to use the toilet but continue to remind 
the youngster to change to dry clothing when wet. 

Stream-interruption and bladder-stretching exercises 
are both counterproductive because the child consid-
ers them an intrusion. Refer to a child psychiatrist or 
psychologist those who are depressed, overtly angry, 
or older than 8 years. Also refer children with perva-
sive emotional problems.

 G. A few children (infrequent voiders) hold back their urine 
for extended periods (e.g., .8 hours). Some become 
partial emptiers and have an increased risk for urinary 
tract infections. Some experience development of tra-
beculated bladders, vesicoureteral reflux, hydronephro-
sis, and even renal failure. All of these children need a 
uroflow study and bladder ultrasound for residual urine. 
If the results are abnormal, they need referral to a urolo-
gist. Most respond to the motivation program described 
in F. Those with urinary tract infections may require 
prophylactic antibiotics. Those with vesicoureteral reflux 
require timed voidings every 3 hours. Younger children 
may need incentives to comply with timed voidings.

 H. More than 75% of nighttime bed-wetters have a small 
bladder capacity. Normal bladder capacity is 1 oz per 
year of age plus 2, or 10 ml/kg. Children with small 
bladders all need to learn to awaken at night to urinate. 
Portable transistorized enuresis alarms (Potty Pager, 
Malem, Wet Stop, etc.) are the intervention of choice 
to achieve this goal. Bladder-stretching exercises can 
be used, but they cure only 35% of children and yield 
slow progress. Desmopressin is an effective, safe drug 
that can be used for overnights and vacations.

 I. Children with an increased or normal bladder capacity 
respond to a program that helps them take responsibil-
ity for their symptom. Have the family discontinue any 
punishment. Dry mornings should result in positive 
recognition (praise, a calendar, incentives). Wet morn-
ings carry the natural consequence of changing the 
bed. Fluids are decreased during the 2 hours before 
bedtime, and the bladder is emptied at bedtime.
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Bradyarrhythmias
Martin J. LaPage, MD, and John H. Reed, MD, MPH

Rarely will a patient have a chief complaint of “bradycar-
dia.” Rather, this will be found during the physical exami-
nation of a patient with fatigue or syncope, or a patient 
who is completely asymptomatic. Bradycardia will be de-
fined and evaluated differently depending on the patient’s 
age and the circumstances of presentation. Bradycardia  
is defined as heart rate less than 2nd percentile for age 
(Table 1). However, there is wide variation in heart rate at 
all ages, and it is not uncommon for healthy children  
to manifest heart rates lower than normal. The following 
algorithm is oriented toward the evaluation of bradycardia 
presenting in the outpatient setting.

ASSESS DEGREE OF ILLNESS

Bradycardia with acute hemodynamic compromise should 
be managed according to Pediatric Advanced Life Support 
guidelines, including cardiopulmonary resuscitation and 
administration of epinephrine, atropine, or both.

 A. History: Attempt to identify the onset of symptoms. 
Evidence of congestive heart failure in infants includes 
poor weight gain and tachypnea especially with feed-
ing. Syncope and easy fatigability are more typical in 
the older child. Additional symptoms may include 
chest pain, palpitations, light-headedness, weight gain 
(edema), or nausea. History of congenital heart disease 
and cardiac surgery should be recognized, including a 
history of ablation for arrhythmias. Recent illnesses or 
exposures may suggest infectious causative agent. Neu-
rologic abnormalities or developmental delay or re-
gression may suggest a metabolic disorder. Consider 
drug ingestions. Maternal lupus status is an important 
cause of congenital complete heart block (Table 2).

 B. Physical Examination: Focus should be on signs of 
congestive heart failure: tachypnea, poor perfusion, 

hepatomegaly, and hypotension. Examine for evidence 
of congenital heart disease by searching for abnormali-
ties in the heart sounds. Note the regularity of the 
heart rhythm. Complete examination may suggest an 
underlying condition such as Lyme disease, rheumatic 
disease, or a metabolic syndrome.

 C. Electrocardiogram (ECG): All suspected bradycardia 
must be confirmed with electrocardiogram. Evaluation 
of rhythm is essential for further management. Sinus 
arrhythmia is a normal variation in heart rate correlat-
ing with breathing; it may produce sinus pauses up to 
2 to 3 seconds in sleeping individuals. Sinus bradycar-
dia will have a normal, regular PR interval and a 1:1 
association of P waves to the QRS complexes. Fre-
quent atrial premature beats may block in the atrioven-
tricular node and cause bradycardia, especially in the 
neonate; the premature P wave may be concealed in 
the T wave. Type 1 second-degree heart block (atrio-
ventricular block [AVB]) has progressive lengthening 
of the PR interval until a completely blocked P wave is 
seen. Type 2 second-degree AVB shows intermittent 
blocked P waves without PR prolongation. Complete 
atrioventricular block demonstrates atrioventricular 
dissociation and may be missed if the atrial and ven-
tricular rates are similar (isosynchronous).

Table 1. Heart Rate by Age

Age 2nd Percentile Mean 98th Percentile

1 day 94 122 155
7–30 days 105 150 182
1–3 months 120 150 180
3–6 months 105 142 185
6–12 months 108 132 168
1–3 years 90 120 150
3–5 years 73 110 138
5–8 years 65 100 133
8–12 years 62 90 130
12–16 years 62 85 120

Data from Davignon A, Rautaharju P, Boisselle E, et al. Normal ECG standards 
for infants and children. Pediatr Cardiol 1979;1:123–31.

Table 2.  Causes of Sinus Bradycardia and Heart 
Block

Increased vagal tone Congenital heart disease
Familial Endocardial cushion defect
Hypothyroidism Ebstein anomaly of the  

tricuspid valve
Hypothermia Congenitally corrected  

transposition
Electrolyte abnormalities: Heterotaxy syndromes

Hypokalemia or hyperkalemia Surgery/ablation
Hypocalcemia or hypercalcemia Chest trauma
Hypoglycemia Maternal connective tissue  

disease
Hypomagnesemia Systemic lupus  

erythematosus
Antiarrhythmic drugs Sjögren syndrome
Toxic ingestions Mixed connective tissue  

disease
Infection: Fetal myocarditis

Myocarditis Cardiomyopathy
Endocarditis Muscular dystrophy
Lyme disease Kearns-Sayre syndrome
Rocky Mountain spotted fever Holt-Oram syndrome
Acute rheumatic fever Long QT syndrome
Chagas disease 18p2 syndrome
Diphtheria Metabolic
Rubella Carnitine deficiency
Mumps Glycogen storage disease
Trichinosis
Human immunodeficiency virus

(Continued on page 76)
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warranted in most cases during the evaluation, espe-
cially if acute onset of AVB is suspected. Chronic AVB 
is unlikely to present with more than subtle symptoms. 
Degree of hemodynamic compromise should be deter-
mined including renal function. Suspected causative 
factors such as infection should be addressed. Supple-
mental oxygen will relieve some of the demand on the 
heart. Isoproterenol infusion at 0.05 to 2 mg/kg/min 
or epinephrine at 0.01 to 1 mg/kg/min can increase 
ventricular rate to increase cardiac output. Atropine 
0.02 mg/kg every 5 minutes may be useful if sinus node 
dysfunction is suspected.

 I. Severe Congestive Heart Failure: Overt evidence of 
congestive heart failure demands hospitalization and 
intensive care unit care should be strongly considered. 
Chronotropic therapy with isoproterenol or epinephrine 
(see earlier) is typically required. Transcutaneous, trans-
esophageal, or temporary transvenous pacing should be 
used during stabilization and initial evaluation. Consul-
tation with a pediatric cardiologist is essential.
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 D. Sinus Bradycardia: May be a benign finding in an oth-
erwise healthy patient; assure that the patient has an 
adequate chronotropic response to exercise. Inability 
to raise heart rate for activity is a sign of sinus node 
dysfunction and is rare in patients without congenital 
heart disease. Excessive vagal tone in infants can pro-
duce bradycardia associated with apnea or breath-
holding spells. Twenty-four-hour Holter monitor 
should be performed and reviewed by a pediatric car-
diologist to evaluate heart rate variability and assess for 
significant sinus pauses or any AVB.

 E. First or Second-Degree AVB: First-degree AVB is not 
a cause of bradycardia; it is included here only for  
completeness. Both first- and second-degree type 1 
(Wenckebach) AVB may be present in normal children 
during rest or sleep. Resolution of the block by increas-
ing the heart rate with activity suggests that this is be-
nign. Alternatively, first- or second-degree AVB may be 
the harbinger of progressive conduction system disease 
or underlying systemic illness. Type 2 second-degree 
AVB is suggestive of an underlying conduction abnor-
mality. Evaluation with Holter monitor may uncover 
higher grade AVB. These findings or progression of 
heart block over time should prompt pediatric cardiol-
ogy evaluation.

 F. Asymptomatic High-Grade AVB or Complete Heart 
Block: High-grade AVB is the presence of serially 
blocked P waves interspersed with normally conducted 
beats. Previously unrecognized congenital heart disease 
such as congenitally corrected transposition of the great 
arteries may present with heart block in the presumed 
healthy teenager. Consider congenital AVB, which may 
not be discovered until beyond the neonatal period. 
Infectious, inflammatory, metabolic, and pharmacologic 
causative factors should always be considered in new-
onset AVB. Hospitalization of the infant with complete 
heart block is warranted during evaluation. The asymp-
tomatic child or adolescent with complete heart block 
may be managed as an outpatient. In either case, refer-
ral to a pediatric cardiologist is essential.

 G. Mild to Moderate Symptoms: Symptoms may not be 
immediately obvious (see part A). Chest radiograph 
and echocardiogram can further delineate degree of 
heart failure or presence of congenital heart disease. 
Hospitalization should be considered for monitoring 
and to manage symptoms of heart failure until cause 
and course of therapy can be determined.

 H. Symptomatic High-Grade AVB or Complete Heart 
Block: Hospitalization with continuous telemetry is 
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Evaluation of a Child  
with a Heart Murmur

Michael Walsh, MD, and John H. Reed, MD, MPH

Most children will have a heart murmur at some point in 
their lives. The challenge to the primary caregiver is to 
distinguish the pathologic minority of murmurs from the 
innocent majority. A detailed history and focused cardio-
vascular examination will aid the clinician in doing so.

	A.	 A thorough history is the first step in the evaluation 
of a murmur. Prenatal and perinatal history should  
focus on infections, teratogenic exposures, and gesta-
tional diabetes, all of which predispose to structural 
heart disease. Medical history may reveal diseases or 
syndromes associated with cardiac abnormalities. 
Symptoms of organic heart disease vary by lesion and 
age. The infant may present with inappropriate tachy-
pnea, failure to thrive, or poor feeding, including cya-
nosis or diaphoresis with feeds. Older children and 
adolescents may complain of exercise intolerance, ex-
ertional chest pain, syncope, orthopnea, or recurrent 
lower respiratory infections. Family history should 
identify heart disease or sudden, unexplained death in 
young family members and genetic disorders, such as 
Marfan, Noonan, or Turner syndromes.

	B.	 A complete cardiac physical examination should begin 
with assessment of the vital signs. Tachycardia or tachy-
pnea, decreased oxygen saturation, or alterations in the 
blood pressure may suggest congenital or acquired 
heart disease. Alternatively, the increased cardiac out-
put associated with fever may itself cause a murmur. 
Growth parameters including weight, height, and head 
circumference are of utmost importance. Delay in all 
three may indicate a genetic disorder, whereas isolated 
weight retardation is often seen in congestive heart 
failure secondary to poor caloric intake and excessive 
caloric expenditure. Cyanosis can be most easily seen in 
the tongue because of its vascularity and lack of pig-
mentation. Precordial inspection may reveal a heave 
when there is ventricular hypertrophy, and precordial 
palpation in this setting may find a thrill. The point of 
maximal impulse, which can indicate abnormal cardiac 
position or ventricular hypertrophy, should be deter-
mined. Pulses should be palpated simultaneously in the 
upper and lower extremities. Weak or delayed lower 
extremity pulses could represent aortic coarctation.

	C.	 Cardiac auscultation begins with the normal heart sounds, 
S1 and S2. The first heart sound represents closure of the 
mitral and tricuspid valves, and is often single, especially 
in infancy. The second heart sound represents semilunar 
(aortic and pulmonary) valve closure and is of particular 
diagnostic value. The physiologic splitting of S2 that  
increases with inspiration is a normal finding. A single 
second heart sound is a concerning finding in neonates, 
because it can represent a single semilunar valve, transpo-
sition of the great arteries, or pulmonary hypertension. A 

widely split S2 is associated with conditions that prolong 
right ventricular emptying, most notably the atrial septal 
defect. The third and fourth heart sounds, S3 and S4, are 
low-frequency sounds that, if present, will be heard dur-
ing diastole and create a gallop rhythm. The third heart 
sound is often a normal finding. The fourth heart sound, 
in contrast, is always abnormal and is most common in 
congestive heart failure or cardiomyopathy, or both. A 
systolic ejection click, which is a loud, high-frequency 
sound immediately following S1, is often caused by valvar 
aortic or pulmonary stenosis. Mitral valve prolapse pro-
duces a midsystolic click best heard at the apex that may 
be associated with a late systolic murmur.

	D.	 Characterization of murmurs requires delineation of 
their timing, location, radiation, intensity, and quality. 
Murmurs are initially separated according to their tim-
ing within the cardiac cycle (systolic, diastolic, or con-
tinuous). The location on the precordium where the 
murmur is best heard gives an important clue to the 
source of the murmur. The upper right and left sternal 
borders will be the best place to hear murmurs origi-
nating from the aortic and pulmonary valves, respec-
tively. The tricuspid valve is auscultated over the left 
lower sternal border, whereas the apex is the usual 
“listening post” for the mitral valve. The radiation of a 
murmur is related to the path of turbulent blood flow. 
For example, aortic stenosis causes turbulent flow 
across the valve and into the ascending aorta and carot-
ids such that the clinician is likely to hear radiation of 
the murmur from the upper right sternal border to the 
neck. Similarly, the murmur of pulmonary stenosis ra-
diates to the back and axillae, following the course of 
the branch pulmonary arteries. The intensity of a mur-
mur should be graded from I to VI (Table 1). Descrip-
tion of the quality and pitch of a murmur takes some 
degree of experience but is extremely useful in distin-
guishing innocent murmurs (particularly a Still’s mur-
mur) from those that require further evaluation.

	E.	 Most systolic murmurs (those occurring between S1 
and S2) may be further divided into systolic ejection 
murmurs and holosystolic murmurs. Systolic ejection 
murmurs begin after S1, increase and then decrease in 

Table 1. Grading	of	Cardiac	Murmurs	by	Intensity

Grade I Barely audible (softer than the heart sounds)
Grade II Soft, but easily audible (about as loud as heart sounds)
Grade III Moderately loud murmur without a thrill (louder than 

the heart sounds)
Grade IV Loud murmur with a thrill
Grade V Murmur heard with the stethoscope barely touching the 

chest
Grade VI Murmur heard with the stethoscope off of the chest
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intensity (crescendo-decrescendo), and end in late 
systole. Holosystolic murmurs begin with S1 and con-
tinue through systole with the same intensity.

	F.	 Holosystolic murmurs (Table 2) are those of the ven-
tricular septal defect (VSD) and atrioventricular valve 
regurgitation. A VSD may not be heard at birth,  
because the right ventricular pressure of the neonate is 
close to that of the left ventricle. As pulmonary vascular 
resistance declines, the pressure gradient across the 
ventricular septum increases, causing more shunting 
and the emergence of the murmur. VSDs are, there-
fore, often heard for the first time at a well-child visit 
between 1 and 6 weeks. The murmur of a closing VSD 
will become louder as the flow across the defect be-
comes more turbulent. Tricuspid regurgitation is heard 
best at the left lower sternal border and increases with 
inspiration. Mitral regurgitation is a blowing pansystolic 
murmur heard best at the apex with radiation com-
monly to the left axilla. All holosystolic murmurs are 
pathologic and warrant further evaluation.

	G.	 Systolic ejection murmurs (Table 3) are usually the 
result of turbulent blood flow across the ventricular 
outflow tracts. The murmur of aortic stenosis is loudest 
at the upper right sternal border and radiates to the 
neck; that of pulmonary stenosis is most prominent at 
the upper left sternal border with radiation to the back 
and axillae. Like other right-heart murmurs, pulmonary 
stenosis increases with inspiration, which increases  
venous return to the right side of the heart. Outflow 
tract obstruction can occur below, above, or at the level 
of the semilunar valve. An early systolic click suggests 
valvar obstruction and essentially rules out an innocent 

flow murmur. Coarctation of the aorta most typically 
causes a grade I-III/VI murmur heard at the upper left 
sternal border with radiation to the back. Blood pres-
sure or pulse discrepancy between the upper and lower 
extremities will support such a diagnosis.

	H.	 Continuous murmurs (Table 4) are heard with a patent 
ductus arteriosus, arteriovenous fistulas, and surgically 
created systemic-to-pulmonary shunts. In these situa-
tions, there is a pressure gradient in both systole and 
diastole, producing the continuous flow and murmur. 
The murmur typically obscures the second heart sound 
(S2). This distinguishes a continuous murmur from the 
“to-and-fro” murmur of semilunar valve stenosis and 
regurgitation. The venous hum is the only innocent con-
tinuous murmur. It is a soft, low-pitched murmur heard 
bilaterally in the upper chest that disappears with supi-
nation, turning the neck, or jugular vein compression.

	 I.	 Diastolic murmurs (Table 5) are produced by regurgi-
tant semilunar valves or turbulent flow across the atrio-
ventricular valves. Aortic and pulmonary regurgitation 
occur early in diastole and get softer as the ventricles 
fill. Aortic regurgitation causes a high-pitched murmur 
that radiates to the apex. Pulmonary regurgitation is 
usually medium-pitched and radiates down the left 
sternal border. Turbulent flow across the AV valves 
causes a mid-diastolic murmur, which will be low-
pitched and best appreciated with the bell of the 
stethoscope. This can be caused by normal flow across 
a narrowed valve (mitral and tricuspid stenosis) or ex-
cessive flow across a normal valve (as with the in-
creased right atrial volume of an ASD or the excessive 
pulmonary venous return of a left-to-right shunt).

(Cont’d on p 83)(Cont’d on p 83) (Cont’d on p 83)
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Table 2. Holosystolic	Murmurs

Substrate
Diagrammatic		

Representation Chief	Murmur	Characteristics Associated	Findings

Ventricular septal defect S1 S1S2
Well-localized holosystolic murmur 

usually at left lower sternal  
border; thrill may be present; soft

Congenital lesion; common in fetal alco-
hol syndrome, Down syndrome; pre-
cordial hyperactivity may be present

Mitral regurgitation
S1 S1

S3

A2 P2

Holosystolic murmur at apex, trans-
mits to left axilla; grade III-IV; 
wide splitting of S2; murmur 
heard at left axilla

May occur in Marfan syndrome; precor-
dial noise may be present, short rum-
bles after loud S3 when lying on left 
side

Tricuspid regurgitation
S3

S1 A2 P2
Holosystolic murmur to immediate 

right or left of sternum;  
grade II-III; wide splitting of S2; 
short rumbles after loud S3

Seen more often in infants, toddlers;  
inspiration intensifies murmur and S3

Adapted from Park MK. Pediatric cardiology for practitioners, ed 2. Chicago: Year Book Medical Publishers; 1988. In: Allen HD, Golinko RJ, Williams RG. Heart murmurs 
in children: when is a workup needed? Contemp Pediatr 1994;11:29.

Table 3. Systolic	Ejection	Murmurs

Substrate Diagrammatic	Representation Chief	Murmur	Characteristics Associated	Findings

Pulmonary stenosis S1 S1
A2 P2

EC

Mild

Moderate

Ejection murmur at upper left  
sternal border (toward baseline 
in infants); thrill; ejection click

Congenital lesion; inspiration  
intensifies murmur;  
expiration intensifies click

Aortic stenosis
S1 S1

A2 P2
EC

Mild

Ejection murmur primarily at  
upper right sternal border but 
transmits to neck and left 
lower sternal border; thrill; 
ejection click

Congenital lesion

Atrial septal defect
S1 S1

A2 P2

Ejection murmur at upper left  
sternal border; loud S1; widely 
split, fixed

S2; mid-diastolic murmur may be 
present

Congenital lesion; common in  
fetal alcohol syndrome; left 
chest may be enlarged

Coarctation of the aorta
S1 S1S2

S3

EC
Sometimes heard in back; thrill;  

soft; ejection clicks, early  
diastolic murmurs may be 
present if associated with  
bicuspid aortic valve

Arm pulses stronger and  
earlier than leg pulses; 
heaving apical impulse may 
be present

Adapted from Park MK. Pediatric cardiology for practitioners, ed 2. Chicago: Year Book Medical Publishers; 1988. In: Allen HD, Golinko RJ, Williams RG. Heart  
murmurs in children: when is a workup needed? Contemp Pediatr 1994;11:29.
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Table 4. Continuous	Murmurs

Substrate Diagrammatic	Representation Chief	Murmur	Characteristics Associated	Findings

Patent ductus arteriosus
S1 S1

S2

S3

Continuous murmur along upper  
left sternal border (seldom  
continuous in neonates); thrill;  
grade I-IV; machinery-like

Congenital lesion; often detected  
at birth, especially in preterm  
infants, bounding pulses,  
precordial hyperactivity may  
be present; murmur intensities 
on supination

Adapted from Park MK. Pediatric cardiology for practitioners, ed 2. Chicago: Year Book Medical Publishers; 1988. In: Allen HD, Golinko RJ, Williams RG. Heart  
murmurs in children: when is a workup needed? Contemp Pediatr 1994;11:29.

Table 5. Diastolic	Murmurs

Adapted from Park MK. Pediatric cardiology for practitioners, ed 2. Chicago: Year Book Medical Publishers; 1988. In: Allen HD, Golinko RJ, Williams RG. Heart  
murmurs in children: when is a workup needed? Contemp Pediatr 1994;11:29.

Substrate Diagrammatic	Representation Chief	Murmur	Characteristics Associated	Findings

Mitral stenosis
S1 S1

A2

S1 S1S2

P2EC

OS

Loud S1 at apex; short opening  
snap and harsh murmur at left 
lower sternal border usually  
at mid-diastole; low-pitched  
presystolic murmur may be  
present

Seen several years after rheumatic fever; 
murmur intensified by lying on left 
side

Aortic regurgitation
S1 S1

S2

S1 S1
S2 S3

Early diastolic decrescendo murmur 
at or left of sternum; blowing; 
thrill, secondary midsystolic  
murmur caused by increased flow 
may be present

May occur in Marfan syndrome;  
bounding pulses and precordial  
noise may be present; murmur  
intensified by sitting, leaning  
forward, and holding breath

Pulmonary regurgitation S1 S1S2 Short, early diastolic murmur and 
secondary midsystolic murmur 
caused by increased flow along 
left sternal border

Usually congenital lesion

Table 6. Innocent	Heart	Murmurs

Adapted from Park MK. Pediatric cardiology for practitioners, ed 2. Chicago: Year Book Medical Publishers; 1988. In: Allen HD, Golinko RJ, Williams RG. Heart  
murmurs in children: when is a workup needed? Contemp Pediatr 1994;11:29.

Substrate Diagrammatic	Representation Chief	Murmur	Characteristics Associated	Findings

Vibratory (Still’s) murmur S1 S1
Systolic murmur between left lower 

sternal border and apex; musical 
quality intensifies on supination

Detected during early school 
years; murmur

Pulmonary flow murmur
S1 S1

A2
P2

Systolic murmur at upper left sternal 
border; soft; in infants, transmits to 
back and axillae

Present in infants or adolescents; 
murmur dissipates on  
supination

Carotid bruit S1 S1S2 Systolic murmur near the clavicles or 
over the carotids; soft; faint thrill

Present at any age; murmur  
disappears on supination

Venous hum S1 S1
S2 Continuous murmur at clavicles Detected during early school 

years; murmur disappears on 
supination, compression of 
jugular vein, turning head
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murmurs heard in the outpatient setting will not be 
associated with any cardiac pathology. The clinician 
must weigh the suspicion for pathologic heart disease 
against the cost of cardiology referral. A patient  
with cardiac symptoms and a murmur should see  
a pediatric cardiologist as soon as possible. In the 
evaluation of a murmur, the clinician may consider 
chest radiography and electrocardiography to further 
assist in his or her decision making. If the decision is 
made not to refer, the patient must be observed for the 
development of symptoms or any changes in the  
murmur.

	J.	 An innocent heart murmur (Table 6) must meet the fol-
lowing criteria: (1) The patient must be asymptomatic 
from a cardiovascular perspective; (2) the cardiac ex-
amination should be normal by inspection and palpa-
tion; (3) with the exception of the venous hum, the 
murmur should be heard only during systole; (4) it 
should not be graded greater than III/VI in intensity; 
and (5) the specific type of murmur should be suggested 
by the examination. The most common innocent mur-
mur of childhood is the Still’s murmur. This is a low-
pitched systolic murmur often described as vibratory or 
musical in quality that is best heard between the left 
lower sternal border and the apex when the patient is 
supine. Common in infancy, the murmurs of peripheral 
pulmonic stenosis radiate from the left upper sternal 
border to the axillae and back. It is heard more com-
monly in premature infants and disappears by 6 months 
of age. A common murmur in older children and adoles-
cents is the pulmonary flow murmur. It is louder in high-
output states, such as fever or anemia, and is best heard 
over the pulmonary outflow area. Unlike valvar pulmo-
nary stenosis, it has no associated click and will have a 
normal second heart sound. The venous hum was  
discussed earlier.

	K.	 Although murmurs can be the initial presentation of 
congenital or acquired heart disease, the majority of 
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Hypertension
Elizabeth Yeung, MD, and Michael S. Schaffer, MD

Hypertension is systolic or diastolic blood pressure (BP) at 
or exceeding the 95th percentile for age, sex, and height, 
as established by the National Heart, Lung, and Blood 
Institute (the complete chart is available online at: www.
nhlbi.nih.gov/guidelines/hypertension/child_tbl.pdf). The 
elevated BP should be documented on repeat measure-
ments. A thorough history and physical examination must 
be sought to evaluate for an organic cause for the hyper-
tension, known as secondary hypertension. Primary or es-
sential hypertension is less likely in young children than it 
is in adults, although it is rapidly changing because of the 
obesity epidemic. Obesity and prematurity are two major 
risk factors for essential hypertension. Long-standing hy-
pertension is a precursor to adult cardiovascular disease 
and its sequelae.

	A.	 In the history, ask about family history of cardiac dis-
ease including hypertension, heart disease, and stroke. 
Review medical history for renal disease, including  
history of urinary tract infections, prematurity at birth, 
and use of umbilical artery catheter in the newborn. 
Note full review of systems, including symptoms and 
signs of undiagnosed renal disorders (polyuria, dysuria, 
hematuria, and edema), sleep apnea (snoring, daytime 
somnolence), cardiac symptoms (dyspnea, palpitations, 
or chest pain), metabolic disorders (including metabolic 
syndrome), collagen vascular disorders, and current 
medications. Ask for symptoms of nausea, headache, 
irritability, failure to thrive, and deteriorating school 
performance to assess for severity and impact from  
hypertension.

	B.	 BP and pulses should be taken in all four extremities. 
The bladder width should be at least 40% of the arm 
circumference. The bladder length should cover 80% to 
100% of the circumference of the arm. Unfortunately, 
the commonly used electronic devices often have a sys-
tematic error with the systolic pressure reading that is 
spuriously high if the right arm pressure is elevated. The 
mean arterial pressure is most accurate on these  
machines. Differential pulses and differential BP with 
upper extremity pressures higher than the lower  

pressures are suggestive of a coarctation of the aorta. 
Lower extremity systolic pressures are usually 10 to  
20 points greater than the upper extremity. Perform a 
thorough ophthalmoscopic examination, looking for ar-
teriovenous nicking, tortuosity, hemorrhage, and papill-
edema as evidence of long-standing hypertension. Note 
signs of hypertensive encephalopathy, such as seizures, 
stroke, altered mental status, and focal neurologic de-
fects. An abdominal bruit suggests renal artery stenosis. 
Note edema, thyroid size, hirsutism, striae, and other 
signs of an endocrine disorder.

	C.	 Assess the severity of hypertension (Table 1). Less than 
90% for age/height/sex is considered normal. The  
category of prehypertension is about 90% to 95%.  
Hypertension is BP greater than 95% documented on 
three or more occasions. Stage I hypertension is 95% 
to 99%, and stage II hypertension is defined as greater 
than 99%. (Because of the small margin between 95% 
and 99%, stage I is designated as 95% to 5 mm Hg 
greater than 99%, and stage II is for BP 5 mm Hg 
greater than 99%). Severely ill patients may have ac-
celerated hypertension with signs of congestive heart 
failure (infants) or hypertensive encephalopathy. Mod-
erate hypertension usually has no symptoms.

	D.	 Because of the unreliability of commonly used elec-
tronic BP measurement devices, the measurements 
should be validated with a sphygmomanometer. Ambu-
latory BP monitoring may be helpful in this scenerio.  
It is a portable device that measures BP repeatedly over 
24 hours.

Table 1. Severity	of	Hypertension

Prehypertension
Hypertension		

Stage	I
Hypertension		

Stage	II

90–95%  
asymptomatic

$95–99% 1 
5 mm Hg  
mild symptoms

$99% 1 5 mm Hg 
signs of congestive 
heart failure or hyper-
tensive encephalopathy

(Continued on page 86)
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Patient with HYPERTENSION

Assess severity of hypertension (Table 1)

(Cont’d on p 87) (Cont’d on p 87) (Cont’d on p 87)
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	E.	 All patients with prehypertension or hypertension 
should be counseled with nonpharmacologic therapy. 
Nonpharmacologic therapy includes reduced sodium 
intake, weight reduction for obese patients, exercise, 
change in lifestyle, and decreased stress. Avoid stimu-
lant medications, sympathomimetics, amphetamines, 
steroids, oral contraceptives, and decongestants, which 
may elevate pressures. Discourage cigarette smoking. 
Participation in dynamic exercise may continue, in-
cluding competitive sports, unless the BP is greater 
than the 99th percentile (uncontrolled) or there is de-
monstrable end-organ damage. Isometric exercise with 
systemic hypertension is considered by many to be 
contraindicated until the BP is well controlled.

	F.	 Perform a basic diagnostic evaluation in patients with docu-
mented BPs greater than the 95th percentile. In those with 
BPs between the 90th and 95th percentiles, repeated pres-
sures should be performed in 4 to 6 weeks. The evaluation 
includes complete blood cell count, urinalysis and urine 
culture, basic metabolic panel, lipid panel, thyroid function, 
renal ultrasound, and echocardiography (for baseline left 
ventricular mass). For the prehypertensive group, the 
above testing should be directed by history and physical. A 
lipid panel should be drawn if the patient is obese or there 
is a positive family history. Referral should be made to sub-
specialists if a primary cause is found.

	G.	 Pharmacologic therapy may be considered for stage I 
hypertensive patients if they are symptomatic, have 

evidence of end-organ damage or diabetes mellitus 
type 1 or 2, or if the hypertension persists despite life-
style modifications. Treatment may be considered for 
prehypertensive patients with chronic kidney disease, 
diabetes, or left ventricular hypertrophy. First-line 
medications depend on the cause of the hypertension 
and include beta-blockers, an angiotensin-converting 
enzyme inhibitor, a calcium channel blocker, or a  
diuretic. For dosages, see Table 2.

	H.	 For severe hypertension, consider referring to a pedi-
atric hypertension specialist. Asymptomatic patients 
should be treated for primary cause if present  
and started on antihypertensive medication. In symp-
tomatic patients, hospitalization may be required. 
Patients with severe uncontrolled hypertension may 
be at risk for encephalopathy. Patients may be treated 
with a continuous infusion of sodium nitroprusside. 
When it is used longer than 48 hours or in high  
dosages, monitor for cyanide toxicity. Esmolol and 
nicardipine are other agents that may be considered. 
The goal should be to decrease BP by 25% in the  
first 8 hours, then normalize it in the next 24 to  
48 hours.

	 I.	 Intravenous labetalol or hydralazine may be used in 
less urgent situations, followed by diuretics (unless 
volume contracted) and other parenteral antihyperten-
sives (beta-blockers, vasodilators). Patients must be 
monitored closely during administrations.

(Continued on page 88)
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Patient with HYPERTENSION

Prehypertension
BP
  90th–95th percentile

Normal BP BP remains
>90th percentile

Good response Poor response

Good response Poor response

Good response Poor response

Good response Poor response

Follow-up:
  Repeat BP
  weekly x4

Hospitalize

Labetalol
Hydralazine

Diagnostic
work-up1e HTN

Treat:
Consider:
  Dialysis
  nephrectomy

Follow-up:
  Assess in
  6 mo

Treat:
  Maintenance
  therapy

Follow-up:
  Assess in
  3–4 mo

Extensive diagnostic
evaluation
(Cont’d on p 89)

Follow-up:
  Assess in
  3–4 mo

Complete
basic evaluation

Treat: (Table 2):
  Oral β-blockers,
  ACE-inhibitor
  or Ca channel
  blocker 

Treat:
  Institute nonpharmacologic
  therapy

Consider:
  Basic evaluation

Treat: (Table 2)
  Sodium nitro-
  prusside drip,
  or esmolol or
  nicardipine

Treat: (Table 2)
Consider:
  β-blockers
  Diuretics
  ACE-inhibitor
  Ca channel blocker

Hypertensive
emergency

Stage I hypertension
  Asymptomatic
  BP
  ≥95th–99th + 5 mm Hg

Stable Unstable

Stage II hypertension
  Symptomatic
  BP
  ≥99th + 5 mm Hg 

I

F

HFE

F

G

(Cont’d from p 85)
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	J.	 Ultimately, the cause of severe hypertension must 
be dealt with.

Table 2. Drugs	Used	in	the	Treatment	of	Hypertension	in	Children

Drug Dosage

Severe Hypertension
Sodium nitroprusside 0.3–0.5 mg/kg/min IV drip, may titrate (maximum: 10 mg/kg/min)
Esmolol 500 mg/kg/min load, followed by continuous infusion and titrate

50–200 mg/kg/min
Nicardipine 0.5–3 mg/kg/min IV infusion

Moderate to Severe Hypertension
Hydralazine 0.1–0.2 mg/kg/dose IM or IV every 4-6h PRN

0.75–3 mg/kg/24 hr PO every 6–12h
Calcium channel blocker

Nifedipine 0.25–0.5 mg/kg/dose PO tid or qid
Beta-blocker

Propranolol Infants: 0.1–0.25 mg/kg/dose PO qid (maximum: 1 mg/kg/dose)
Children: 0.5–2 mg/kg/day divided doses every 6–8 hours (maximum: 60 mg/day)
Adolescent: begin 10 mg PO qid, then increase at 1- to 2-wk intervals (maximum adult dose, 

320–480 mg/day)
Enalapril 0.05 mg/kg/dose IV every 6h (maximum: 5 mg/dose)

Children: 0.1–0.5 mg/kg/24 hr divided 1–2 times/day PO (maximum: 40 mg/24 hr)
Adolescent/adult: 2.5–5 mg/day PO; increase to 10–40 mg/day in 1–2 divided doses

Other Common Agents for Outpatient Therapy
ACE inhibitors

Captopril Neonates: 0.05–0.1 mg/kg/dose every 8-24h; titrate up to 0.5 mg/kg/dose
Child: begin 0.1 mg/kg/dose tid, increase to maximum of 6 mg/kg/day
Adolescent: Begin 25 mg bid or tid; increase at 1- to 2-wk intervals to maximum 150 mg tid

Lisinopril 0.07 mg/kg/day up to 5 mg/day (maximum: 0.6 mg/kg/day or 40 mg/day)
Angiotensin receptor blocker

Losartan 0.7 mg/kg/day up to 50 mg/day (maximum: 1.4 mg/kg/day or 100 mg/day)
Beta-blocker

Atenolol 1–1.2 mg/kg/dose in 1–2 doses (maximum: 2 mg/kg/day or 100 mg/day)
Ca channel blocker

Amlodipine Children 6–17 years old: 2.5–5 mg daily (10 mg maximum daily in adults)
Central a-agonist

Clonidine 5–10 mg/kg/day divided bid to tid, may increase to 5–25 mg/kg/day
Diuretics*

Hydrochlorothiazide ,6 months: up to 3.3 mg/kg/24 hr in 2 divided doses (maximum: 37.5 mg/day)
.6 months: 2–2.22 mg/kg/24 hr in 2 divided doses (maximum: 200 mg/day)

Furosemide 1–2 mg/kg/dose PO bid or tid
Spironolactone 1–2 mg/kg/dose PO bid; may use with hydrochlorothiazide or furosemide for potassium 

sparing

*Monitor electrolytes.
IM, intramuscular; IV, intravenous; PO, orally; PRN, as needed.



89

References

American Academy of Pediatrics, Committee on Sports Medicine and 
Fitness. Athletic participation by children and adolescents who have 
systemic hypertension. Pediatrics 1997;99:635.

Bartosh SM, Aronson AJ. Childhood hypertension. An updated etiology, 
diagnosis, and treatment. Pediatr Clin North Am 1999;46:235.

Constantine, Erika MD, Linakis, James MD. The assessment and  
management of hypertensive emergencies and urgencies in children. 
Pediatr Emerg Care 2005; 21(6):391–6.

Fourth report on diagnosis, evaluation and treatment of high blood pres-
sure in children and adolescents. Bethesda (MD): National Heart, 
Lung, and Blood Institute, National Institutes of Health; May 2004.

Lauer RM, Burns TL, Clarke WR. Assessing children’s blood pressure—
considerations of age and body size. The Muscatine Study. Pediatrics 
1987;75:1081.

Rosner B, Prineas RJ, Loggie JMH, Daniels SR. Blood pressure  
nomograms for children and adolescents, by height, sex, and age, in 
the United States. J Pediatr 1993;123:871.

Shalma A, Sinaiko AR. Systemic hypertension. In: Emmanuoilides GC, 
Riemenschneider TA, Allen HD, Gutgesell HP, editors. Moss and 
Adams’ heart disease in infants, children, and adolescents. Baltimore 
(MD): Williams & Wilkins; 1995. p. 1641.

Stabouli S, Kotsis V, Zakopoulos N. Ambulatory blood pressure  
monitoring and target organ damage in pediatrics. J Hypertens 
2007;25(10):1979–86

Williams CL, Hayman LL, Daniels SR et al. Cardiovascular health in 
childhood: a statement for health professionals from the Committee 
on Atherosclerosis, Hypertension, and Obesity in the Young (AHOY) 
of the Council on Cardiovascular Disease in the Young, American 
Heart Association. Circulation 2002; 106:143–60.

Patient with HYPERTENSION
Extensive diagnostic evaluation

(Cont’d from p 87)

J Identify and treat cause:
  Primary:
    Essential hypertension
  Secondary:
    Renal: nephrology, chronic myelonephritic
    dysplastic disorders
    Vascular: coarctation, renal artery
    stenosis, vasculitis
    Endocrine metabolic: Cushing syndrome,
    hyperthyroidism, pheochromocytoma,
    adrenal hyperplasia
    Neurologic: increased intracranial pressure

Assess therapeutic response

Treat:
  ACE-inhibitor
  or calcium channel blockers

Treat:
  Maintenance
  therapy

Follow-up:
  Assess monthly

Consider other therapies
depending on cause

Good response Poor response

Good response Poor response
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Supraventricular Tachycardia
Kelly K. Gajewski, MD, and John H. Reed, MD, MPH

Supraventricular tachycardia (SVT) is the most common 
symptomatic dysrhythmia in the pediatric population, with 
an estimated incidence between 1 in 250 and 1 in 25,000 
children. Approximately half of pediatric patients with 
SVT present with their first episode of SVT in the first year 
of life, usually before 4 months of age. The heart rate is 
usually between 200 and 300 beats/min in infants and be-
tween 180 and 250 beats/min in older children. Greater 
than 90% of SVT in the pediatric population is from a re-
entrant rhythm involving the atrioventricular (AV) node or 
an accessory pathway. This type is characterized by sudden 
onset and offset, and has little or no variation in heart rate.

	A.	 The history should focus on precipitating factors, dura-
tion, severity, associated symptoms, and mode of offset 
(abrupt suggesting SVT vs. gradual suggesting an auto-
matic mechanism including sinus tachycardia). Infants 
are often asymptomatic, but they may present with 
acute irritability, pallor, tachypnea, feeding difficulty, or 
even with severe congestive heart failure if the tachy-
cardia has been long-standing. Older children often 
describe their “heart beeping.” Adolescents most com-
monly complain of palpitations or chest discomfort, but 
isolated SVT does not cause severe chest pain. Presyn-
cope is not unusual, but frank syncope suggests more 
significant arrhythmia or heart disease. The symptoms 
may start at rest or during activity and typically last for 
minutes but can be as brief as a few seconds or as long 
as many hours. Identify any conditions predisposing to 
arrhythmias such as Wolff–Parkinson–White syndrome 
(WPW), congenital heart disease, infection (myocardi-
tis), fever, or drugs (sympathomimetics, amphetamines). 
Though SVT is usually sporadic, it is on rare occasion 
familial.

	B.	 The physical examination should initially focus on he-
modynamic compromise. The hypotensive, poorly per-
fused child should be treated immediately (see later). 
In the more stable patient, look for signs of congenital 
heart disease (primarily murmurs) or congestive heart 
failure (gallop rhythm, pulmonary rales, hepatomegaly, 
edema) (Table 1).

	C.	 Any suspected arrhythmia should be evaluated with a 
12- or 15-lead electrocardiogram. SVT usually presents 
with narrow QRS complexes either without discernible 
P waves or with small inverted P waves immediately 
after the QRS complexes. There is little beat-to-beat 
variability, and the heart rate generally does not change 
significantly with stimulation. Although a rapid rhythm 
with a wide complex may represent SVT with aberrant 
conduction, consider and treat these findings as ven-
tricular tachycardia until proved otherwise.

	D.	 Vagal maneuvers are the initial treatment of choice for 
the stable patient with SVT. The increase in vagal tone 
causes transient AV nodal block, thereby terminating the 
reentrant circuit. The most effective technique in infants 

is placing a bag filled with ice slurry over the forehead 
and bridge of the nose for up to 30 seconds. Other tech-
niques include passing a nasogastric tube, placing a rectal 
thermometer, applying gentle abdominal pressure, or 
lifting the feet above the head. Older children and ado-
lescents can be asked to perform a Valsalva maneuver, 
cough or clear the throat, or stand on their head (with 
careful assistance). Two commonly taught techniques 
should be avoided: Application of ocular pressure is con-
traindicated secondary to possible eye trauma, and ca-
rotid massage may interfere with cerebral perfusion.

	E.	 Adenosine is the next therapeutic step in the stable pa-
tient. Properly administered, it is extremely effective in 
the acute treatment of SVT. Like vagal maneuvers, but 
more effectively, it causes transient AV block terminating 
any reentrant circuit involving the AV node. Although 
adenosine typically will not terminate atrial flutter, atrial 
fibrillation, or ventricular tachycardia, the AV node block 
caused by adenosine will often help clarify the diagnosis. 
The dose is 0.1 to 0.2 mg/kg intravenously with a maxi-
mum of 12 mg. Adenosine has a very short half-life. 
Therefore, set up a three-way stopcock and administer a 
rapid saline bolus immediately after the adenosine dose. 
In addition to routine blood pressure and heart rate 
monitoring, a multilead electrocardiographic rhythm 
strip should be obtained during adenosine administra-
tion. The clinician should be prepared to treat the (rare) 
significant cardiac adverse effects of adenosine. Ventricu-
lar fibrillation is the most important; therefore, a defibril-
lator should be available. More common side effects  
include flushing, headache, nausea, vomiting, chest pain, 
dyspnea, and dizziness. The most serious noncardiac 
adverse effect of adenosine is bronchospasm. In asth-
matic children who receive adenosine, be prepared to 
treat immediate and delayed bronchospasm.

	F.	 Direct current cardioversion is indicated for the hemo-
dynamically unstable patient with SVT. Initial energy 
should be 0.5 J/kg. Energy can be increased up to  
2 J/kg, but cardioversion of SVT rarely requires this 
much energy and alternate diagnoses should be consid-
ered in this setting. The shock should be synchronized 
to the QRS complex to avoid shock on T wave, which 

Table 1. 	Degree	of	Illness	in	Supraventricular	
Tachycardia

Mild Moderate Severe

Asymptomatic 
and stable

Symptoms of decreased 
cerebral or coronary 
artery blood flow or 
mild congestive heart 
failure

Shock or hypotension
Altered mental status
Moderate to severe  

congestive heart  
failure
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may induce ventricular fibrillation. If time permits,  
run a multilead rhythm strip when performing the  
cardioversion.

	G.	 After conversion to normal sinus rhythm, obtain an 
electrocardiogram and perform studies to attempt to 
elucidate a potential cause of the SVT. Look for WPW. 
In WPW, there is an antegrade-conducting accessory 
AV connection that together with the atrium, AV node, 
and ventricle forms the reentrant tachycardia circuit. 
On electrocardiogram, WPW is manifest by a short PR 
interval and a delta wave that is a slurred initial portion 
of the QRS complex. Most patients with SVT have no 
associated illness, but if one is suggested by the history 
and physical examination, consider obtaining electro-
lytes, complete blood cell count, toxicology screen, 
blood gas, or thyroid function tests. Consider creatine 
kinase and troponins if myocarditis is suspected. An 
echocardiogram can help rule out cardiomyopathy or 
associated congenital heart disease.

	H.	 Preventive oral antiarrhythmic therapy should be con-
sidered in infants after an initial episode and older chil-
dren with recurrent or severe symptoms (Table 2). This 
should be done in conjunction with pediatric cardiology 
consultation. The most common first-line drugs in in-
fants include digoxin and propranolol. In older children, 
atenolol is frequently used. Patients with WPW should 
not be treated with digoxin because there is a small in-
crease in the risk for sudden cardiac death. Because of 
their incompletely developed sarcoplasmic reticulum, 
children younger than 1 year should not be treated with 
verapamil. In the absence of WPW, infants often do not 
have recurrences of their tachycardia after 1 year of age. 
Therefore, their medication is often discontinued at 
around that time. Patients who are refractory to treat-
ment and those who want to avoid long-term antiar-
rhythmic medications (generally older than 5 years) 
should undergo electrophysiologic study and transcath-
eter ablation of their arrhythmogenic substrate.

Patient with SUPRAVENTRICULAR TACHYCARDIA

Response
(tachycardia terminated)

Direct current
cardioversion

Presentation
Moderate to severe

Presentation
Mild

Consider antiarrhythmics
(digoxin, propranolol, verapamil)

Admit to hospital;
Start antiarrhythmics

(propranolol, digoxin, verapamil)

Admit to hospital;
Start antiarrhythmics
(propranolol, digoxin)

Assess for underlying cause:
Repeat ECG in sinus rhythm

Echocardiogram
Consider labs

Assess severity

Mild to moderate

No response

Infant Older child

Discharge home

Severe

Treat:
 
Vagal maneuvers
 
Adenosine

A

F

HHH

G

D

E

History

B Physical examination
C ECG
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Facial Swelling  
and Odontogenic Infections

Ulrich Klein, DMD, DDS, MS

Facial swelling in pediatric patients is a common clinical 
problem with diverse causative factors and can be grouped 
according to its acuity and clinical presentation.

An acute facial swelling with inflammation may have odon-
togenic causes, such as dental caries or trauma, or nonodonto-
genic origins such as lymphadenitis, sinusitis, skin infections, 
insect/animal bites, or other puncture wounds. Less frequent 
reasons are viral and bacterial salivary gland infections, angio-
edema, and side effects of long-term steroid therapy. Although  
nonprogressive swelling is more indicative of a congenital 
anomaly, neoplasms are often the basis of slowly or rapidly 
progressive swellings. In one retrospective study on pediatric 
patients, odontogenic facial cellulitis accounted for almost 
50% of emergency department visits with a diagnosis of facial 
infection. In another study, decayed primary maxillary anterior 
and posterior teeth were found as the most frequent source 
for upper face infections and primary mandibular posterior 
teeth for the lower face. From 362 patients reporting to the 
emergency department of a large children’s hospital for dental 
caries-related emergencies, facial cellulitis accounted for 9% 
and 12% of the diagnoses pertaining to primary and perma-
nent teeth, respectively. Unusual dental abscesses can also 
arise from developmental abnormalities of the dental hard tis-
sues in the absence of caries.

This chapter describes causative factors, characteristics 
and clinical features, as well as pathology and manage-
ment of facial swelling caused by odontogenic infections 
(Table 1).

CAUSATIVE FACTORS AND PATHOLOGY

Dental caries, an infectious disease caused mainly by Strep-
tococcus mutans and Lactobacilli, begins as an enamel de-
fect that can progress within a few months into dentin from 
where it moves toward the pulp tissue. The ensuing pulpal 
hyperemia causes minor intermittent pain that is provoked 
by hot, cold, and sweet. If caries that progressed through 
enamel into dentin is not excauated and filled with a dental 
restoration, acute pulpitis will eventually develop. The pain 
associated with this stage is more intense, lingers longer or 
does not subside at all, and presents often with a nocturnal 
exacerbation. Dental treatment now requires removal of 
the infected coronal pulp (pulpotomy) or both the coronal 
and radicular pulp (pulpectomy) and subsequent replace-
ment with a root canal filling material or extraction of the 
tooth.

If not treated, the infected pulp tissue eventually  
becomes necrotic and bacteria will exit through the apical 
foramen, resulting in acute periapical periodontitis. As 
more inflammatory cells such as granulocytes accumulate 
to isolate the infection from the surrounding tissues, a lo-
calized periapical abscess will form at the tooth apex. This 
stage is generally characterized by significant pain. If the 
host is unable to resolve the infection, the purulent mate-
rial will extravasate through medullary spaces and eventu-
ally perforate through the cortical plate and spread dif-
fusely along the path of least resistance the fascial planes 

Table 1. Comparison of Simple vs. Complex Odontogenic Infections

Category Simple Complex

Medical history WNL Complicated medical history, uncontrolled metabolic disease, 
immunodeficiency, malignancy

Appearance of patient Stable, “well” Unstable, ill, lethargic, malaise
Signs and symptoms Nutritional status WNL, mandibular range 

of motion WNL
Dehydration, dysphagia, trismus, lymphadenopathy

Vital signs WNL ) HR, ) RR, ) temperature . 101° F (39° C), weight loss
Laboratory and other tests WNL, panoramic and intraoral radiographs ) ESR, ) leukocytes, ) CRP, CT, MRI, sensitivity culture
Clinical examination Localized soft cellulitis or fluctuant swelling, 

sinus tract with parulis
Diffuse, boardlike cellulitis, involvement of several fascial 

spaces
Treatment options Root canal therapy or extraction of offending 

tooth, I&D; may require oral antibiotics
Hospitalization, I&D under IV sedation or general anesthesia; 

extraction of offending tooth; IV antibiotics and fluids
Social factors Intact, caring social structure Noncompliant patient, suspicion of unreliable home care
Treatment facility and care providers Dental office; general or pediatric dentist Hospital, acute-care facility, emergency department, dental 

and medical specialists

CT, computed tomography; ESR, erythrocyte sedimentation rate; HR, heart rate; I&D, incision and drainage; IV, intravenous; MRI, magnetic resonance imaging; RR, 
respiratory rate; WNL, within normal limits.
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of the overlying soft tissues. This acute inflammatory pro-
cess is called cellulitis and represents the acute initial 
phase of the infection. It can progress rapidly or become 
chronic and form an abscess if local host mechanisms are 
able to wall off and consolidate the purulent material. In 
its early stage, cellulitis feels soft and doughy to palpation, 
whereas its advanced and serious form is indurated 
(“boardlike”) and painful because of tissue distension. The 
site of perforation relative to muscle attachments deter-
mines the fascial space involved and the location of the soft 
tissue swelling. The more fascial spaces are involved,  
the more serious the facial cellulitis will be. One such  
potentially life-threatening complication is Ludwig angina, 
a diffuse infection of the submandibular and sublingual 
spaces that causes airway compromise. As another path-
way, purulent material from a periapical abscess may pen-
etrate the surface epithelium near the apex of the tooth 
and form a fistula. At its intraoral opening, inflamed granu-
lation tissue appears as parulis (“gumboil”) from which 
drainage occurs. In this case, the periapical abscess be-
comes asymptomatic because purulent material can no 
longer accumulate. The abscess may also drain extraorally  
via a cutaneous sinus tract.

This periapical route of inoculating bacteria into the 
soft tissue is typical in children, whereas in adults the cause 
may also be a deep periodontal pocket. It is important to 
note that primary teeth cause infections of the same sever-
ity and system toxicity compared with permanent teeth. 
Rare but severe systemic complications of odontogenic 

origin are bacterial endocarditis, meningitis, cavernous  
sinus thrombosis, abscesses of the orbit or brain, and infec-
tions of the mediastinum or the lungs.

MICROBIOLOGY OF ODONTOGENIC 
INFECTIONS

Odontogenic infections are generally polymicrobial and 
from endogenous oral flora. They are mixed aerobic/ 
anaerobic with 60% caused by anaerobic and aerobic bac-
teria, 35% by aerobic bacteria, and 5% by anaerobic bacte-
ria only. Of the aerobic group, Streptococci comprise about 
90% and Staphylococci about 5%. In the anaerobic group, 
gram-positive cocci and gram-negative rods can be isolated 
most frequently among many others. Streptococcus viri-
dans was found in 54% of the aerobic/facultative anaerobic 
group, whereas Prevotella spp. were found in 53% of the 
anaerobes. Initially, more virulent bacteria such as the 
aerobic Streptococcus spp. dominate the infection, but 
after local conditions deteriorate for them, anaerobic bac-
teria take over. An increased prevalence of b-lactamase–
producing bacteria among gram-negative anaerobes has 
been noted. Before the advent of Haemophilus influenzae 
type B (Hib) vaccine, H. influenzae was mainly responsible 
for facial cellulitis of unknown origin, whereas thereafter  
it has been supplanted by Streptococcus pneumoniae 
and Staphylococcus aureus. A blood culture should be 
obtained in such cases.
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are inadequate. Hospitalization for surgical treatment 
and parenteral antibiotic therapy may be necessary for 
the noncompliant patient or when unreliable home care 
is suspected. Medical indications include the more  
severe infections that are characterized by difficulty 
breathing or swallowing, poor oral intake, dehydration, 
fever greater than 101° F (39° C), tachycardia and  
hypotension, and/or involvement of multiple fascial 
spaces.

 D. Antibiotic therapy: Antibiotic therapy should be re-
served for patients with compromised host defenses 
and serious infections that are persistent or systemic in 
nature or spreading rapidly. These are generally char-
acterized by fever greater than 101°F, malaise, trismus, 
lymphadenopathy, and increased ESR and leukocyte 
count. Culturing is advised in immunocompromised 
patients or those with a history of bacterial endocarditis 
and if empiric therapy has failed. It is also appropriate 
in cases of recurrent postoperative infection, when 
dental treatment has been completed and the patient 
is not responding to the first antibiotic given within  
48 hours, or when the infection progresses rapidly or to 
other fascial planes. Sampling of anaerobic bacteria is 
difficult because they are killed quickly when exposed 
to oxygen; therefore, needle aspiration and transfer 
with an inert gas is preferred. Empiric therapy can be 
used routinely because odontogenic infections are usu-
ally predictable and outcomes favorable. Penicillin is 
bactericidal and still considered the gold standard, but 
incidence of penicillin resistance is increased. When 
patients are allergic to or unresponsive to penicillin 
alone, clindamycin or b-lactamase inhibitors such as 
amoxicillin clavulanate (Augmentin) or ampicillin/ 
sulbactam (Unasyn) should be given. Clindamycin and 
Unasyn were rated equally effective for treatment for 
complicated facial cellulitis of dental origin in children. 
Clindamycin was recommended for the more mature 
anaerobic infections, for serious intraosseous infec-
tions, and as a first-line antibiotic for all dental infec-
tions because of its unique antimicrobial properties, 
which include bacteriostatic activity, achievement of 
high tissue and bone concentrations, intracellular pen-
etration, increased phagocytosis, and inhibition of toxin 
production. Although antibiotic-associated diarrhea is 
common in children, especially after administration  
of amoxicillin clavulanate, the incidence of pseudo-
membranous colitis in outpatient use is not greater  
for clindamycin as it is for ampicillin, amoxicillin, and 
the second- and third-generation cephalosporins. In  
a large, nested, case–control study, cephalexin and  
cefixime demonstrated an increased association with 
Clostridium difficile diarrhea compared with other 
antibiotics. When gram-positive organisms are sus-
pected, first-generation cephalosporins may be used 
for their broader spectrum activity. Anti biotics should 
be prescribed for 5 to 7 days with an additional initial 
loading dose and the patient reassessed within  
48 hours to ascertain effectiveness of treatment. Cost-
effective generic drugs should be preferred over newer 
drugs. Patient compliance is usually greater if the drug 
can be taken with food and requires only three daily 
doses instead of four.

PATIENT ASSESSMENT AND PHYSICAL 
EXAMINATION

 A. History/Physical Examination: The patient is initially 
questioned about the onset, duration, rapidity, and pat-
tern of the progress of the facial infection, and if any 
trauma or treatment has occurred earlier. The patient’s 
medical history must be evaluated for conditions that  
affect host defenses (e.g., uncontrolled metabolic dis-
eases such as diabetes and renal disease), malignancies, 
or use of immunosuppressive drugs. In these individuals, 
treatment of the infection may require more aggressive 
surgery or parenteral antibiotics. The patient should then 
be evaluated for symptoms of pain, swelling, hot skin 
areas, redness, as well as reduced function such as lim-
ited opening (trismus) and difficulty in swallowing, 
breathing, or chewing. Patients with moderate to severe 
infections will feel ill and lethargic (malaise), and gener-
ally show an increased heart and respiratory rate and a 
temperature greater than 101°F. The patient’s recent 
fluid intake and voiding must be assessed. The extraoral 
examination should identify any asymmetry in the neck 
and face, assess the mandibular range of motion, the 
temporomandibular joint, and include palpation of the 
bony margins of the facial bones to assure their continu-
ity. Lymphadenopathy is a sign of an infection that has 
spread. Intraorally, the mouth must be checked for cari-
ous teeth, unusual tooth mobility, gingival or vestibular 
mucosal swellings, ulcers, and fistulas to determine a 
specific cause for the infection. Findings from these pre-
vious assessments will determine the type of special test 
required to make the final diagnosis.

 B. Further evaluation: Tooth vitality tests, bacterial cul-
tures, fine-needle aspiration cytology, and biopsy 
may be ordered as necessary. Radiographic examina-
tion may include intraoral and/or extraoral (pan-
oramic) radiographs, a computed tomography (CT) 
scan, or a magnetic resonance image if intracranial 
spread is suspected. Abnormal complete blood cell 
count (CBC) values such as generalized leukocytosis, 
neutrophilia, monocytosis, eosinopenia, and basope-
nia can only be detected when the infection has 
reached the stage of acute cellulitis. A white blood 
cell shift to the left and an absolute band count 
greater than 500 cells/mm3 should be suspicious of 
a nondental origin. In addition, mean erythrocyte 
sedimentation rate (ESR) values of 30 6 4.5 mm/hr 
were observed in a group of 60 children with facial 
cellulitis.

 C. Treatment: The primary treatment of odontogenic in-
fections consists of removal of the cause of the infection 
and establishing local surgical drainage. Therapeutic 
modalities include root canal treatment for necrotic 
teeth, removal of the offending tooth, and incision and 
drainage (I&D) of an existing abscess or indurated soft 
tissues to release pressure from the area and to provide 
oxygen to an anaerobic environment. In situations with 
severe, extensive, or systemic infections, compromised 
host defenses, and particularly virulent pathogens, anti-
biotics may be a necessary adjunctive therapy to  
support the host. Treatment failures can occur if the 
surgical and/or antibiotic therapy or the host’s defenses 

(Continued on page 98)
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Patient with FACIAL SWELLING

History and physical examination

Further evaluation
a) Radiographs
 Panoramic, intraoral,
 CT scan, MRI
b) Laboratory tests
 CBC, ESR, CRP,
 sensitivity culture
c) Tooth vitality tests

Nondental origin
 • Congential anomaly
 • Salivary gland infection
 • Steroid therapy
 • Lymphadenitis
 • Skin infections
 • Sinusitis
 • Insect/animal bites
 • Puncture wounds
 • Neoplasms

Dental origin

Typical

Treatment

Surgical/restorative
 • Tooth extraction
 • I&D
 • Root canal treatment
 • Restorative treatment
 • Other

Antibiotics

A

B

C

D

(Cont’d on p 99)
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 E. Dental Abscesses of Unusual Dental Origin: In the 
absence of dental caries, unusual dental abscesses  
occur in individuals with developmental anomalies of 
the teeth caused by a local aberration of tooth devel-
opment, a general manifestation of systemic condi-
tions, or by acquired conditions. Dens invaginatus 
(dens-in-dente) is found in approximately 1% to 2% of 
the population and most frequently affects the maxil-
lary permanent lateral incisor. Oral bacteria can enter 
the pulp through a deep palatal pit and cause an infec-
tion. In a similar fashion, the pulp becomes exposed 
and infected if the fragile tubercle of a dens evagina-
tus (incidence rate about 2% mainly in Asiatic races) 
fractures off. Both are local conditions and generally 
can be treated by root canal treatment. Systemic con-
ditions include dentin dysplasias, dentinogenesis im-
perfecta, regional odontodysplasia (“ghost teeth”), and 
X-linked hypophosphatemia (X-H). All are character-
ized by abnormal formation of the dental hard tissues 
resulting in obliterated pulps (dentin dysplasias, den-
tinogenesis imperfecta), abnormally large pulp cham-
bers (regional odontodysplasia, X-H), and dysplastic 
and poorly mineralized dentin (X-H). In these  
patients, enamel and dentin wear or fracture off easily, 
leading to exposed dentinal tubuli through which oral 
bacteria can ingress the pulp without difficulty partic-
ularly if the channels are abnormally large (X-H).  
In addition, limited vascular supply through pulp 
obliteration contributes to pulp necrosis. Treatment 
options other than extraction of the affected teeth are 
limited mainly because obliterated pulps make root 
canal treatment impossible. Prophylactic coverage of 
the affected teeth with metal or resin crowns is an-
other therapeutic option to protect defective tooth 
structure from chipping off and oral microorganisms 
from entering the pulp. Dental abscesses are some-
times the first presenting clinical sign of X-linked  
hypophosphatemia when systemic manifestations  
are mild. Acquired conditions include pre-eruptive 
intracoronal resorption and mandibular infected buc-
cal cyst. In pre-eruptive intracoronal resorption,  
resorptive cells stemming from undifferentiated cells 
of the developing dental follicle or from the surround-
ing bone enter the tooth through a break in the 
enamel surface and resorb its dentin after mineraliza-
tion. When the tooth erupts into the oral cavity, caries 
forms in the resorbed cavity and eventually leads  
to pulp degeneration and subsequent abscess forma-
tion. However, early recognition of an intracoronal 
radiolucency presents the option of immediate resto-
ration after tooth eruption. In mandibular infected 
buccal cyst, the infected operculum or pericoronitis 
around an erupting tooth, usually mandibular molars, 
causes its dental follicle to undergo cystic changes  
and displacement of adjacent teeth leading to deep 
periodontal pockets, pain, and swelling. The therapy 
of choice with a good success rate is curettage  
and removal of the cyst with concomitant antibiotic 
therapy. A tuberculoid granuloma can present as  
a solitary unilateral diffuse swelling with induration 
and extraoral sinus tract formation. In a panoramic 
radiograph, it generally presents as an ill-defined  

osteolytic lesion, whereas in an intraoral occlusal  
radiograph, it shows a typical “onion-peel” appear-
ance. Differential diagnoses include osteomyelitis and 
Ewing sarcoma.

SUMMARY

Many acute facial swellings in children are due to odonto-
genic infection. Although most of these can be successfully 
treated with elimination of the source of the infection, a 
number of them require additional antibiotic therapy, as 
well as more extensive surgical treatment and hospitaliza-
tion. Facial swellings of nonodontogenic origin require 
interdisciplinary evaluation by various medical specialties.
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Patient with FACIAL SWELLING

(Cont’d from p 97)

Unusual
 • Dens evaginatus/invaginatus
 • Dentin dysplasia
 • Dentinogenesis imperfecta
 • Regional odontoplasia
 • X-linked hypophosphatasia
 • Pre-eruptive intracoronal resorption
 • Mandibular infected buccal cyst
 • Tuberculoid granuloma

E
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Dental Caries  
and the Primary Care Provider

Mark G. Koch, DDS, MS

BACKGROUND

Dental caries is the most common chronic disease affecting 
children in the United States, and it is mostly preventable. 
It is five times more common than asthma and seven times 
more common than hay fever. Research indicates that,  
although general oral health has been improving over the 
past three decades, the prevalence of early childhood caries 
has increased in recent years. New epidemiologic studies 
indicate 2- to 5-year-old and 6- to 11-year-old children now 
have prevalence rates of 28% and 51%, respectively. 

The consequences of childhood caries can be multifac-
eted and far ranging. Pain and infection, difficulty with 
eating, tooth loss with potential malocclusion, poor weight 
gain, expensive and difficult treatment, and predilection 
toward adult decay are all potential sequelae of dental  
caries. The complications associated with dental caries can 
lead to missed school, inability to concentrate, impaired 
speech, poor self-esteem, systemic illness, hospitalization 
for treatment of infection, and even death.

CARIES PROCESS

Dental caries is directly attributable to the demineraliza-
tion and breakdown of the enamel surface of the tooth. It 
is biofilm (plaque)-induced, which, in concert with sub-
strate (fermentable carbohydrate, sucrose) and time, may 
induce demineralization. Further progression results in 
cavitation and loss of tooth structure. 

A child’s oral cavity has little cariogenic potential until it 
becomes colonized with the appropriate bacteria. Caregivers 
can transmit cariogenic bacteria (principally mutans strepto-
cocci) to infants before the eruption of any teeth. Vertical 
transmission of dental caries occurs between the primary 
caregiver (usually the mother) and the child. Caries is also 
horizontally transmissible via family members, siblings, or 
between children in group childcare settings. The bacteria 
can be passed via saliva to the infant by blowing on, tasting, 
or chewing the infant’s food, sharing of utensils, and even 
kissing. The infant is at greatest risk for transmission during 
the first 2 years of life. Consequently, reduction of mutans 
streptococci in mothers and family members can inhibit or 
delay transmission to their infants.

CARIES-RISK ASSESSMENT

The caries process is influenced by multiple factors,  
including diet, susceptibility of the host, and oral flora that 
interact with social, cultural, and behavioral influences. 
The American Academy of Pediatric Dentistry recognizes 
that caries-risk assessment is an integral element of  

current clinical pediatric care. Risk assessment enables a 
provider to recognize risk factors and to intervene in the 
disease process rather than the outcomes of the disease. A 
policy statement was adopted and a Caries-risk Assess-
ment Tool (CAT) developed to assess the level of risk for 
caries development in infants, children, and adolescents 
based on a set of clinical, environmental, and general 
health factors. The included caries-risk assessment form  
(see Table 1) provides guidance for nondental healthcare 
providers in the clinical decision-making process as a  
predictor of patients’ risk for future disease of young  
children.

COLLABORATIVE EFFORTS

In 2003, the Office of the Surgeon General released the 
National Call to Action to Promote Oral Health. This release 
was in response to the Surgeon General’s 2000 wake-up call 
report Oral Health in America, which highlighted the “silent 
epidemic of oral diseases.” As a result, collaborative efforts 
were initiated between medical and dental professionals, 
private industry, private and government agencies, founda-
tions, and universities. All joined the effort to improve the 
nation’s overall health through promoting oral health.

The American Academy of Pediatrics cultivates the 
concept of a medical home by “well-trained physicians 
who provide primary care and help to manage and facili-
tate essentially all aspects of pediatric care.” Likewise, 
the American Academy of Pediatric Dentistry encour-
ages physicians to promote the concept of a pediatric 
dental home with their patients to develop an ongoing 
relationship with a pediatric dentist and to initiate and 
maintain dental health habits and keep children free of 
oral disease.

ROLE OF THE PRIMARY HEALTHCARE 
PROVIDER

 A. Medical providers have integral responsibilities in 
pediatric oral health. Complete health history, parental 
dental history, and social history should be taken. Risk 
assessment, oral screening, anticipatory guidance, fluo-
ride varnish application, and referrals to dental profes-
sionals are appropriate services to be provided by 
healthcare providers. Children at high risk should be 
referred to pediatric dentists by 6 months of age. All 
children should receive dental evaluation by 1 year  
of age.

An oral health assessment can be easily incorporated 
into a well-child visit. It can be performed in approximately 
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1 minute and does not require a dental chair. An oral health 
assessment includes:
• Identification of existing or potential dental problems
• Caries risk assessment
• Anticipatory guidance to caregivers
• Application of fluoride varnish when indicated
• Referral to oral health professional as appropriate

EARLY CHILDHOOD ORAL ASSESSMENT

 B. Children younger than 3 years can be examined in a 
knee-to-knee position. The child is placed in the care-
giver’s lap facing the caregiver. As the examiner, you 
and the caregiver should sit facing one another with 
knees touching. The child lays back with his or her legs 
around the caregiver’s waist so that the child’s head is 
in your lap and is secured against your abdomen. The 
child’s hands should be held by the caregiver to pre-
vent interfering with the examination process. It is 
quite common for the child to cry and struggle during 
the examination.

Initiate the evaluation by lifting the upper lip to 
fully expose the teeth and soft tissues. A dental mirror 
is recommended to facilitate examination of the lingual 
sides of the anterior teeth and to visualize the posterior 
molars. The provider should evaluate the teeth for 

white spot lesions, enamel defects, cavities, restora-
tions, and plaque accumulation on the teeth, according 
to CAT guidelines.

Plaque will appear as a sticky film particularly no-
ticeable on the smooth surfaces of the teeth. It is usu-
ally richly colonized with cariogenic bacteria, which 
promote demineralization of the enamel. Plaque is  
removed with effective oral hygiene (brushing and 
flossing). Primary teeth should be brushed at least 
twice per day, once in the morning and at bedtime. The 
examination is an ideal opportunity to demonstrate and 
reinforce proper toothbrushing with the caregiver.

White spot lesions can appear as a chalky white 
band along the gumline. This is indicative of initial 
demineralization of the enamel and is an early clinical 
sign of the caries process. Early intervention and  
possible remineralization may be possible through  
improved oral hygiene, diet modification, and fluoride 
therapy. As the primary care provider, you may apply 
fluoride varnish to facilitate the remineralization  
process. White spots can lead to frank decay if left  
untreated.

As the decay process advances, brown or black 
cavitations appear. This represents penetration of the 
demineralized enamel. Referral to a dentist, particu-
larly a pediatric dentist, is indicated for evaluation and  
restoration.

Advanced decay can lead to total destruction of the 
crowns of the maxillary anterior teeth, leaving only  
a decayed stump of the root imbedded in the jaw.  
Advanced decay can also result in severe pain and in-
fection secondary to the bacterial penetration into the 
pulp of the tooth. You may observe dental abscesses in 
such circumstances. These may appear as fluctuant 
swelling in the vestibular areas of the teeth or as a 
pointed area of draining pus (parulis). Immediate den-
tal referral is indicated. If left untreated, abscessed 
teeth can progress into facial cellulitis with potential 
orbital involvement or submandibular swelling with 
airway compromise. Hospital-based care may be re-
quired for treatment.

 C. Interventions: Physicians, nurses, and other health-
care professionals are more likely to see new mothers 
and infants at an early age than dentists. An under-
standing of the dental infectious process and the as-
sociated risk factors of early childhood caries is essen-
tial to make appropriate decisions regarding effective 
intervention and appropriate referrals. The ultimate 
goal is to help families find a dental home for their 
children.

Nondental healthcare professionals can also play  
a leading role in dental prevention. Primary care pro-
viders offering first-line assessment have the initial 
opportunity to educate caregivers about the relation 
between oral bacteria and cariogenic diet, nutrition, 
oral hygiene, and the vertical transmission of cario-
genic bacteria from caregiver to infant.

A History

C If any present (Cont’d on p 103)

High risk

Apply fluoride varnish
and dental referral

Oral evaluation

B Assume knee to knee examination position

Fully lift upper lip to visualize teeth and soft tissue

Full evaluation using CAT guidelines

Look for: Visible plaque
               White/brown spot lesions on teeth
               Enamel defects/deep pits
               Gingivitis (red, swollen gums)

Caries risk assessment using Caries Assessment Tool (CAT)
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 D. Fluoride Varnish: Fluoride renders the crystalline 
structure of tooth enamel less susceptible to the demin-
eralizing effects of the acidic oral environment. It in-
hibits bacterial acid production and, in instances of 
early decalcification, it can even reverse some of the 
effects through remineralization. Adequate exposure to 
fluoride via drinking water, fluoride supplementation, 
or topical application is integral to caries reduction.

Fluoride varnish is easily applied to at-risk children 
by nondental professionals. The fluoride is available in 
individual prepackaged kits that include a small brush 
and the fluoride varnish. Position the child in the same 
knee-to-knee position as for the examination tech-
nique. Wipe the teeth dry with gauze and paint a thin 
layer of the varnish on the dry tooth surfaces. The var-
nish will solidify when contacted by the saliva. The  
solidified fluoride should be allowed to remain on the 
teeth for an extended period. Routine oral hygiene, to 

include brushing and flossing, may be delayed until the 
following day, if possible.

BARRIERS

Over the past five years various barriers to the implemen-
tation of preventive dental services for pediatric patients in 
primary medical practices have been reported. Among the 
chief barriers indicated has been lack of knowledge about 
dental preventive services, difficulty with the technique of 
applying fluoride varnish, integration of the procedures 
into the practice routine, staff resistance, and lack of  
dental referral sources. Many practices indicated that after 
initial concerns about the services, they were able to over-
come obstacles through continuing education and staff 
training, increased familiarity with the procedures, and 
fostering of partnerships with local dental providers.

Table 1.  Caries-Risk Assessment Form for 0–3 Year Olds
(For Physicians and Other Nondental Healthcare Providers)

Factors High Risk Moderate Risk Protective

Biological
Mother/primary caregiver has active cavities Yes
Parent/caregiver has low socioeconomic  

status
Yes

Child has .3 between meal sugar-containing 
snacks or beverages per day

Yes

Child is put to bed with a bottle containing 
natural or added sugar

Yes

Child has special health care needs Yes
Child is a recent immigrant Yes

Protective
Child receives optimally-fluoridated drinking 

water or fluoride supplements
Yes

Child has teeth brushed daily with  
fluoridated toothpaste

Yes

Child receives topical fluoride from health 
professional

Yes

Child has dental home/regular dental care Yes

Clinical Findings
Child has white spot lesions or enamel  

defects
Yes

Child has visible cavities or fillings Yes
Child has plaque on teeth Yes

Circling those conditions that apply to a specific patient helps the health care worker and parent understand the factors that contribute to or protect from caries. Risk 
assessment categorization of low, moderate, or high based on preponderance of factors for the individual. However, clinical judgment may justify the use of one factor 
(e.g., frequent exposure to sugar-containing snacks or beverages, visible cavities) in determining overall risk.

Overall assessment of child’s dental caries risk: High h Moderate h Low h
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a dental home
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Evaluation of Skin Lesions
Arelis Burgos-Zavoda, MD, and Joanna M. Burch, MD

	A.	 In the history, determine the onset, progression, distri-
bution, duration, and recurrence of the lesions. Note the 
presence of prodromal and associated symptoms, in-
cluding pruritus, fever, cough, coryza, vomiting, diar-
rhea, jaundice, lymphadenopathy, altered mental status, 
arthritis, and failure to thrive. Identify any precipitating 
factor or agent, including infection, medications, trauma, 
sunburn, frostbite, water immersion, food, and agents 
contacting the skin in the area of involvement. Note 
predisposing conditions, such as atopic disease (atopic 
dermatitis, allergic rhinitis, asthma), malignant neopla-
sia, collagen vascular disease, liver disease, renal disease, 
and mucocutaneous diseases.

	B.	 In the physical examination, recognize primary lesions, 
including macules, papules, plaques, nodules, wheals, 
vesicles, bullae, pustules, and cysts. According to  
accepted definitions, a macule is a color change in the 
skin that is flat to the surface and not palpable. A papule 
is a firm, raised lesion with distinct borders 1 cm or less 
in diameter. A plaque is a firm, raised, flat-topped lesion 
with distinct borders and an epidermal change larger 
than 1 cm in diameter. A nodule is a raised lesion with 
indistinct borders and a deep palpable portion. A wheal 
is an area of tense edema within the upper dermis pro-
ducing a flat-topped, slightly raised lesion. A vesicle is a 
papule filled with clear fluid. A bulla is a lesion larger 
than 1 cm in diameter filled with clear fluid. A pustule 
is a papule filled with a fluid exudate, giving it a yellow-
ish appearance. A cyst is a raised lesion containing a sac 
filled with liquid or semisolid material. Recognize  
secondary changes such as scale, oozing and crusting, 
erosions, atrophy, excoriations, and fissures. Note the 
specific location of the rash (generalized, truncal, flex-
ural creases, extremities, hands, and feet). With any 
rash, determine its color, distribution, and arrange-
ment. Lesions arranged in a straight line are called  
linear; those in a circular configuration are described as 
annular. Lesions may be discrete if alone, or in groups. 
Many congenital mosaic disorders of skin will be in 
curvilinear or whorled arrangements and located on 
one side of the body. Note associated signs of infection 
or systemic disease, such as lymphadenopathy, hepato-
megaly, splenomegaly, arthritis, jaundice, and heart 
murmur.

	C.	 Common laboratory procedures related to dermatologic 
conditions include potassium hydroxide (KOH) prepa-
rations to identify fungal infection, scabies oil prepara-
tion, exfoliative cytology, and skin biopsy. To perform a 
KOH preparation, scrape scale from the lesion onto a 
glass slide and add a drop of 10% KOH to dissolve the 
stratum corneum cells. Heat the slide gently to dissolve 
the cells more quickly. Cover the slide with a coverslip 
and examine for branching hyphae. A scabies prepara-
tion should be performed if scabies is suspected. Per-
form a scraping by placing a drop of mineral oil on a 
glass slide. Dip a 15 blade scalpel in the oil, then scrape 
several papules in a linear array and place the cells in the 
mineral oil on the slide. Look for mites, eggs, or scybala 
(feces) on low power. Perform exfoliative cytology by 
breaking the blister and scraping its base. Place the 
scrapings on a glass slide. After drying, stain the slide 
with Wright or Giemsa stain and examine for the pres-
ence of epidermal giant cells (herpes simplex or herpes 
zoster) or acantholytic cells (pemphigus).

	D.	 In the neonatal period, pustular disorders include neo-
natal acne, erythema toxicum, transient neonatal pus-
tular melanosis, miliaria profunda, and folliculitis. Sus-
pect candidiasis when satellite papulopustular lesions 
are present around a central, deeply raised erythema-
tous area. In infants and older children/adolescents, 
consider acne when pustules and white papules (closed 
comedones) are located on the face, upper back, and 
upper chest. Drug-induced acne can be produced by 
glucocorticosteroids, androgens, adrenocorticotropic 
hormone, diphenylhydantoin, or isoniazid. In drug- 
induced acne, bacterial or chemical folliculitis, all  
lesions are in the same stage at the same time. Scabies 
infestation, basic bacterial folliculitis, perioral dermati-
tis, and psoriasis can all present with pustules. Suspect 
bacteremia with gonococcus or meningococcus when 
the patient has fever, signs of toxicity, and an acral  
distribution of pustules.
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A History C Consider:
  KOH fungal prep
  Scabies prep
  Exfoliative cytology
  Skin biopsy

D Pustular
disorders

B Physical examination

Patient with SKIN LESIONS

Assess type of lesion

Blisters No blisters

Vesiculobullous
disorders (p 116)

Erythematous
lesions

Nonscaling lesions

Localized Generalized

Insect bites
Acne
Hemangioma
Granuloma annulare

Urticaria
Erythema multiforme
Viral exanthems
Drug eruption
Annular erythema

Papulosquamous (p 114) Eczematous dermatitis (p 108)

Pityriasis rosea
Psoriasis
Tinea corporis
Syphilis
Lichen planus
Pityriasis lichenoides

Atopic dermatitis
Contact dermatitis
Scabies
Nummular dermatitis

Acne (p 572)
Folliculitis
Bacteremia
Candidiasis

Scaling lesions

Nonerythematous
lesions (p 112)

Depigmented lesions
Skin-colored papules
Brown lesions
Yellow lesions
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Dermatitis
Arelis Burgos-Zavoda, MD, and Joanna M. Burch, MD

Eczematous dermatitis, or inflammation of the epidermis 
and superficial dermis, causes erythema, pruritus, and sec
ondary skin changes of marked dryness, oozing, crusting, 
erosions, vesiculations, and epidermal thickening.

	A.	 Identify substances that cause contact dermatitis by 
direct irritation or an allergic mechanism. The most 
common form of irritant dermatitis is diaper rash, 
which is related to prolonged contact with urine and 
feces. Prolonged contact with water is central to the 
pathogenesis of the dermatitis. Diaper dermatitis pre
sent for longer than 3 days or with red satellite lesions 
or erosions suggests secondary infection with Candida 
albicans. Treat diaper rash with frequent diaper 
changes and minimal washing of the diaper area with a 
moistened soft cloth or fragrancefree diaper wipe. 
Diaper area cleansing is necessary only when stool is 
present. Zinc oxide and petrolatumbased formulations 
tend to be most effective in forming a barrier to further 
skin contact with urine and feces. Candidal infection 
requires the use of a topical antifungal agent, such as 
an imidazole or nystatin cream.

	B.	 Suspect allergic contact dermatitis when the rash has a 
local distribution and geometric shape, especially on 
the hands or feet. Secondary changes of vesiculation, 
oozing, and excoriation are common. A linear arrange
ment on the arms or legs suggests contact with a plant, 
such as poison ivy or poison oak. Allergic contact  
dermatitis is related to cellmediated immunity. Com
mon allergens that act as haptens include pentadeca
catechol, found in poison oak and poison ivy; nickel in 
jewelry and zippers; dichromates in tanned leather; 
and several chemicals in glues, rubber, dyes, cosmetics, 
shampoos, and topical medications. Once sensitization 
occurs, repeated exposure to the antigen may result in 
a widespread papulovesicular dermatitis, or socalled 
id reaction. This is particularly observed in nickel  
allergy. If a child presents with widespread, papular 
eczematous eruption, always check the periumbilical 
skin. A lichenified eczematous plaque near the umbili
cus is nickel allergy until proved otherwise. When  
appropriate, consider patch testing to identify a spe
cific allergen. Treatment consists of topical glucocorti
costeroid ointments of moderate potency for 2 to  
3 weeks. Use wet dressings for severe generalized pru
ritus. Wet dressings result in increased humidity at the 
skin that relieves the pruritus, causes vasoconstriction, 
and débrides crusting. Instruct the parent to place 
tightfitting cotton or mostly cotton pajamas in warm 
water and thoroughly wring out the excess water. Have 
the child wear dry pajamas over the damp ones. Con
sider oral prednisone 1 mg/kg once daily for 14 to  
21 days when allergic contact dermatitis is severe.

	C.	 Suspect atopic dermatitis (AD) when its characteristic 
agedependent distribution is seen. AD is a hereditary 
disorder characterized by dry skin, the presence of ec
zematous plaques, and onset under 2 years. The exact 
pathogenesis is unknown. Recent data have suggested 
that lossoffunction genetic variants in the filaggrin 
gene are associated with AD. Filaggrin is a protein in the 
skin involved in “sealing the skin” and preventing water 
loss. The distribution of the clinical findings in AD is 
primarily on the scalp, face, trunk, and extensor surfaces 
of the arms and legs in infancy. The flexor surfaces of the 
arms and legs are often involved in toddlers and small 
children. Involvement of the feet is especially common 
in schoolage children and adolescents. Treat acute ex
acerbations with topical steroids of the appropriate 
strength depending on body area (Box 1) and antihista
mines; avoid oral steroids. Recognize secondary infec
tions with Staphylococcus aureus and Streptococcus 
pyogenes, and treat with systemic antibiotics. Secondary 
infection by herpes simplex virus results in fever and 
widespread vesicles that may become eroded, punched 
out pits with hemorrhagic crusts (eczema herpeticum). 
This should be treated with antiviral therapy. Consider 
wet dressings when oozing, excoriations, and crusting 
are marked. Maintain adequate skin hydration with rou
tine use of lubricant creams and ointments (Box 2). Use 
antihistamines when necessary for pruritus, especially if 
it interferes with sleep. Avoid occlusive clothing, fre
quent soaping, wool clothes, and cleaning agents and 
chemicals (Box 3). The evidence suggests that avoidance 
of allergenic foods during pregnancy or the use of hy
drolyzed or soy formula milks does not prevent eczema. 
Delayed introduction of solids may decrease eczema 
risk. Children who are not responding to treatment may 
be referred to a dermatologist for further treatment.

	D.	 Suspect nummular eczema when coinlike lesions 1 to 
10 cm in diameter are distributed symmetrically on the 
extremities or trunk. The lesions can be dry and scaly 
or wet and oozing. Patients usually describe severe 
pruritus. Dry lesions can be confused with tinea corpo
ris and wet lesions with impetigo. The treatment is the 
same as for AD, although highpotency topical steroids 
are often required. Four to 6 weeks of therapy are  
required to reverse the thickening.

	E.	 Greasy scale on the face and scalp of infants and also 
in the nasolabial folds of the face, posterior auricular 
areas, scalp, or chest of adolescents suggests seborrheic 
dermatitis. Treat these cases with a lowpotency topical 
steroid two times daily for 1 to 2 weeks. Topical keto
conazole cream and shampoo has been shown to  
be effective for seborrheic dermatitis. “Cradle cap” in 
infants with widespread eczema should just be treated 
as if all of it is eczema.



History
Physical examination

Assess cause

Precipitating substance
identified/contact dermatitis

Precipitating substance
not identified

Identify and treat:
  Scabies (scalp usually spared.  Papules in soles, palms, flexor
  wrists.  Burrows present (papules in linear or s-shaped array)

Patient with DERMATITIS

A Primary irritant B

C

D
E

Allergy
Consider:
  Patch testing

Treat:
  Avoid allergen
  Topical steroids
Consider:
  Wet dressings
  Oral corticosteroids

  Avoid irritant
Treat:
  Skin hydration
  Topical corticosteroids
  Antihistamines

      Underlying
      skin disorder
Identify:
  Dry skin dermatitis
  Atopic dermatitis

Frequent
diaper changes
Application of
thick lubricants
with each diaper
change
Mild potency
topical
corticosteroid
ointment BID-TID
Treat candidal
superinfection

Treat:
  Topical
  corticosteroids
  Thick lubricants

Treat:
  Skin hydration
  Topical steroids
  Antihistamines
Consider:
  Antibiotics for
  secondary bacterial
  infections
Wet dressings
Avoid skin irritants
Avoid occlusive clothing
Trim fingernails

      Normal skin (not potty trained)
Identify:
  Diaper dermatitis

Assess:
  Predominant
  distribution

Extensor surfaces/
face (infants)
Flexural
surfaces (children)
Hands, feet
(adolescents)
Identify:
  Atopic dermatitis

Early onset

Proximal
extremities,
trunk
Identify:
  Nummular
  eczema

Symmetric distribution
of round plaques

Treat:
  Topical
  corticosteroids or
  Topical ketoconazole
  cream/ketoconazole
  shampoo

Scalp, face (eyebrows,
  around nose), chest
Identify:
  Seborrheic
  dermatitis

Greasy scale

Box 1. 	Topical	Steroids	for	Use	in	Childhood	Atopic	
Dermatitis

Low potency (face)
Hydrocortisone 2.5%
Desonide 0.05%
Moderate potency
Fluocinolone acetonide 0.025% (Fluonid, Synalar)
Mometasone furoate 0.1% (Elocon)
Triamcinolone 0.1% (Kenalog, Aristocort)

Box 2. 	General	Instructions	for	Long-Term	
Management	of	Atopic	Dermatitis

• Infrequent bathing
• Keep the skin lubricated
• Keep fingernails trimmed short
• Avoid overheating of skin
• Always use a soap substitute
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Box 3. Lubricants	Useful	for	Atopic	Dermatitis

• Hydrophilic petrolatum (Vaseline)
• Aquaphor
• Cetyl alcohol cream (Cetaphil)

• Vanicream
• Eucerin
• Moisturel
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Reactive Erythemas  
and Erythematous  

Maculopapular Lesions
Arelis Burgos-Zavoda, MD, and Joanna M. Burch, MD

	A.	 Insect bite reactions (papular urticaria) generally occur in 
crops and are usually few. Urticarial lesions are distin-
guished by their transient nature. Papular urticaria is 
characterized by a chronic or recurrent eruption of 2- to 
5-mm papules with tiny central puncta. Vesicles and bul-
lae may occasionally be seen. The eruption is caused by 
hypersensitivity to a variety of biting arthropods. It is of-
ten pruritic. Eruptions are most common in the summer 
and late spring, and can last 3 to 9 months. It is most com-
mon in children 18 months to 7 years. Treatment includes 
antihistamine therapy or topical corticosteroids for pruri-
tus, or both. Apply a safe insect repellent to the affected 
areas. Have all pets around the child checked by a veteri-
narian for fleas and mites. If mites or fleas are in the home 
environment, call an extermination service.

	B.	 Urticaria is characterized by sudden onset of erythematous 
raised wheals that can occur anywhere. The edematous 
skin lesions usually are flat topped and will change shape or 
disappear, usually within 20 minutes to several hours. They 
can be arcuate or annular, with a clear or sometimes a vio-
laceous-appearing center, making them easily confused 
with erythema multiforme (EM). Up to half of children 
with urticaria can also have a deeper swelling (angio-
edema), most commonly on the face, hands, and feet.  
Urticaria is most commonly associated with infection but 
can be associated with foods, medications, stinging/biting 
insects, and rarely systemic disease (e.g., collagen vascular 
disease). Treat new-onset, uncomplicated urticaria with 
daily antihistamine therapy (use a nonsedating antihista-
mine in the morning and a sedating antihistamine before 
bed). After 2 to 4 weeks of suppression, try to wean the 
medication. Prednisone may be indicated for severe cases.

	C.	 Lesions of EM have a symmetric distribution mostly 
on the extremities. Lesions begin as red papules and 
progress during 7 to 10 days to lesions with concentric 
color change with a dusky center and red border. They 
may form blisters or crusts centrally. Lesions are fixed 
and last 7 to 21 days. There is not a prodrome with this 
eruption and the child should look well. EM is an  
inflammatory response in the skin to herpes simplex 
virus DNA processing. EM lesions can be recurrent 
and may be preceded by a lesion of herpes labialis. 
Always inquire about cold sores in the child or family/
caregivers. Treat symptomatically with wet compresses 
or oral antihistamines for symptomatic relief. If there 
is an obvious herpes lesion, treat with antivirals. In 
children with recurrent episodes of EM, prophylaxis 
with oral acyclovir at 20 mg/kg/day may be considered. 
Corticosteroids are not indicated for the treatment of 
EM. EM does not become Stevens–Johnson syndrome.

	D.	 Many viral illnesses can have associated exanthems that 
are red and maculopapular. Often, they will last 2 weeks 

and resolve spontaneously without intervention. Reas-
surance and antihistamines for itching are all that is  
required. Several viral illnesses have exanthems with 
distinct features. Erythema infectiosum (fifth disease) 
presents in childhood on the face as a bright red ery-
thema (slapped-cheek appearance), then evolves into an 
erythematous maculopapular rash distributed primarily 
over the extremities. As the rash fades, it develops a lace-
like appearance. This lacelike eruption can reappear  
intermittently for weeks. The presence of high fever 
without associated symptoms for 3 to 4 consecutive days 
with abrupt defervescence, followed by the development 
of a light pink lacy rash is suggestive of roseola. The rash 
usually appears first on the trunk, then spreads to involve 
the neck, upper extremities, face, and lower extremities. 
The rash lasts 1 to 2 days. Roseola occurs most often in 
children 6 months to 3 years of age. Consider enterovirus 
in cases of a viral exanthem with associated aseptic  
meningitis.

	E.	 Infectious mononucleosis presents with a rash in 10% to 
15% of cases. The rash is most commonly an erythema-
tous maculopapular eruption but can appear scarlatini-
form, urticarial, or hemorrhagic. Associated findings 
may include pharyngitis, lymphadenopathy, splenomeg-
aly, hepatitis, pneumonitis, and central nervous system 
involvement (meningitis, encephalitis, or Guillain–Barré 
syndrome). The acute phase with fever and sore throat 
lasts 2 to 3 weeks. Extreme fatigue and lethargy may 
persist for 3 months. The most distinctive rash associ-
ated with infectious mononucleosis is an abrupt onset  
of diffuse red papules over the entire trunk after the 
administration of amoxicillin, often given for the mis-
taken diagnosis of streptococcal pharyngitis. Prompt 
withdrawal of the amoxicillin is indicated.

	F.	 Suspect scarlet fever when pharyngitis, fever, abdomi-
nal pain, and malaise are associated with an erythema-
tous, punctiform (sandpaper) rash. This eruption is 
more impressive to palpation than to observation. As-
sociated findings include circumoral pallor, flushed 
cheeks, a strawberry tongue, and Pastia’s sign (trans-
verse lines in antecubital fossae). The rash often des-
quamates. At least three types of erythrogenic toxin 
have been identified. Treat with penicillin VK, 125 to 
250 mg two times daily for 10 days. Erythromycin is 
used in patients who are allergic to penicillin. If staph-
ylococcal scarlet fever is suspected, dicloxacillin 15 to 
50 mg/kg/day orally for 10 days is recommended.

	G.	 Maculopapular (morbilliform) drug eruptions are 
the most common of all drug-induced eruptions in 
children. This eruption usually occurs 7 to 21 days after 
the onset of the offending medications. The eruption is 
usually symmetric, widely distributed, and may have 
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areas of totally normal skin surrounded by erythema-
tous macules and papules. The eruption typically lasts 
7 to 14 days. Pruritus may be present. Associated fever, 
malaise, and arthralgias are sometimes present. Anti-
biotics, particularly penicillins, are common causes.

History

Physical examination

Assess for systemic symptoms

Patient with ERYTHEMATOUS MACULOPAPULAR LESIONS

B

D

A

GUrticaria

Papular
urticaria

Follow-up:
  Assess in 1–2 wk

Treat:
  Penicillin

Treat:
  Rest
  Avoid abdominal trauma
  Identify and treat complications

Follow-up:
  Reassess at 1–2 wk

No No

B Urticaria C Erythema
multiforme

Pityriasis
rosea
(p 114)

Maculopapular
drug eruption

Fever without focus Pharyngitis (p 150)

Consider:
  CBC with differential
  Monospot
  S. pyogenes culture

Identify:
  Viral exanthems

Identify:
  Infectious mononucleosis

Consider:
  CBC with differential
  Liver function tests

Identify:
  Nonviral exanthems
    Serum sickness
    Drug reactions
    Graft-vs-host
    disease

E

E Identify:
  Scarlet fever/S. pyogenes

F

Infectious
mononucleosis
with amoxicillin ingestion

Associated
systemic symptoms

Conjunctivitis present
(p 384)

No conjunctivitis

Recent drug ingestion Recent drug ingestion

No

Yes

Yes

Dyer JA. Childhood viral exanthems. Pediatr Ann 2007;36(1):21–9.
Paller AS, Mancini AJ. Hurwitz clinical pediatric dermatology. 3rd ed. 
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Nonblistering, Nonerythematous 
Skin Lesions

Arelis Burgos-Zavoda, MD, and Joanna M. Burch, MD

	A.	 Common warts (verruca vulgaris) usually appear on the 
extremities (especially hands and feet) as papules with 
an irregular scaly (verrucous) surface. These epithelial 
tumors are induced by human papillomavirus. There are 
more than 100 types of human papillomavirus, and dif-
ferent types cause different types and locations of warts. 
By age 11, 5% of children will have a wart. Filiform 
warts have a narrow stalk and longer, finger-like spiny 
projections on the surface. They are most common 
around the nose and eyes. Warts on the sole are called 
plantar warts (verruca plantaris), and are often painful 
and surrounded by thick callus because of their weight-
bearing location. Warts in the genital area are called 
condyloma acuminata. Treatment options for warts are 
listed in Box 1. Epidermal nevi have a warty appearance 
and may be arranged in a linear pattern. They are usu-
ally present at birth, but occasionally new lesions can 
develop into adolescence. For localized lesions, surgical 
excision is the best treatment. Extensive lesions may be 
improved with the use of mild keratolytics or with bland 
lubricant therapy.

	B.	 Flat warts are broad, flat-topped, skin-colored papules, 
usually grouped together and found on the face and 
extremities. Flat warts have a smooth surface that is flat 
or planar rather than dome shaped as seen in mollus-
cum contagiosum (MC; see D). Flat-topped, skin-
colored papules on the face that do not respond to wart 
therapy may be a benign adnexal tumor of the skin 
(e.g., trichoepithelioma). These should be referred to 
dermatology.

	C.	 Keratosis pilaris is a follicular plug of scale within a 
body hair opening. Lesions usually develop on the  
extensor surfaces of the extremities and on the cheeks 
in children between 18 months and 3 years of age. The 
lesions are occasionally pink and rarely erythematous or 
pustular. Keratosis pilaris on facial skin is often accom-
panied by telangiectatic erythema (cheeks look rosy). 
The use of lubricants applied to wet skin may be suffi-
cient to improve the condition. Other treatment options 
include lactic acid 12% cream (Lac-Hydrin), 20% urea 

cream (Carmol 20), or cream with both lactic acid and 
urea (Eucerin Plus). The 40% urea cream is available 
by prescription. Patients should be counseled that this 
is a lifelong disorder. Closed comedones of acne appear 
as discrete papules that are skin colored or slightly whit-
ish. They first appear over the forehead and cheeks 
when the child is 8 to 10 years old. Treat with topical 
keratolytic agents (e.g., tretinoin, adapalene gel, or  
benzoyl peroxide gel).

	D.	 MC lesions are dome-shaped, solitary papules with 
central umbilication. They may be grouped together 
anywhere on the skin surface but tend to like skin-fold 
areas. The lesions, which are produced by a pox virus 
(MCV-1, -2, and -3), may be passed from person to 
person by skin-to-skin contact and in water. Surround-
ing dermatitis around MC lesions (“molluscum derma-
titis”) is common. Spontaneous clearing of MC often 
occurs over 18 months to 3 years. Removal of a papule 
is curative. In-office treatment options are curettage  
of the papules, application of cantharidin, or podophyl-
lum. Home treatments include daily application of 
imiquimod 5% cream, oral cimetidine, or benign  
neglect. Pustular molluscum lesions do not require 
antibiotics.

	E.	 Pityriasis alba usually presents in childhood as multiple 
oval, scaly, flat, hypopigmented patches on the face, 
extensor surface of the arms, and upper trunk. The  
lesions have indistinct borders, do not itch, and are 
usually distributed symmetrically. Treat with mild topi-
cal corticosteroids or calcineurin inhibitors for a few 
weeks, followed by frequent application of lubricants 
and protection from sun exposure. Lesions of tinea 
versicolor, caused by Malassezia yeasts, are smaller and 
have distinct borders and a fine scale. They are distrib-
uted most often on the shoulders, upper chest, and 
back. Diagnose these cases with a potassium hydroxide 
examination of a lesion, which will show short, curved 
hyphae and numerous spores. Treatment with antifun-
gal cream or shampoo is curative, although recurrences 
are common. Vitiligo is associated with complete de-
pigmentation rather than the hypopigmentation of 
pityriasis alba or tinea versicolor. A Wood’s lamp ex-
amination will reveal a dramatic porcelain-white 
change in vitiligo, but only subtle changes in color with 
pityriasis alba or tinea versicolor. Treatment options 
include potent topical steroid or topical calcineurin 
inhibitors. If large areas of skin are depigmented or 
patient has not responded successfully to topical ther-
apy, phototherapy should be considered.

	F.	 Café-au-lait spots are tan macules and are usually in 
sun-protected areas. They are larger than freckles and 
are not sun responsive. They usually appear in early 
life. Suspect neurofibromatosis when six café-au-lait 

Box 1. Treatment	of	Viral	Warts

Type	of	Warts Treatment

Common Cryotherapy/salicylic acid/laser
Periungual Imiquimod cream/salicylic acid/cantharidin/

laser
Flat Imiquimod cream/tretinoin
Filiform Cryotherapy with forceps/laser
Plantar Salicylic acid plaster with duct tape/laser
Condyloma acuminata Podophyllum/imiquimod cream/cryotherapy 

(older patients)
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spots are present or multiple café-au-lait spots are 
found in the axilla or groin area. Nevi can be brown, 
reddish brown, skin colored, dark brown, or blue. 
Some nevi are flat (junctional), whereas others are 
raised (dermal or compound). They can occur any-
where. Mongolian spots are present at birth and may 
fade with time. They are always flat and are blue or 
blue–black and have indistinct borders.

	G.	 Juvenile xanthogranulomas commonly present as 
orange to yellow–brown soft papules or nodules most 
often on the head or neck. Multiple lesions in children 
younger than 2 years may have associated eye lesions 
that can be misdiagnosed as retinoblastoma. Ophthal-
mology examination is indicated for multiple juvenile 
xanthogranulomas. A nevus sebaceous (a hamartoma of 
the sebaceous glands) appears clinically from birth as a 
yellow linear plaque on the face or scalp. At puberty, 
the lesion develops a warty appearance and has a pre-
disposition for benign tumor growth and growth of 
basal cell carcinoma.
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History

Physical examination

Assess color and type of lesions

Skin-colored papules
or nodules

Verrucous
papules/plaques

Verruca
vulgaris

Epidermal
nevus

Follow-up:
  Assess in
  3–6 mo

Treat:
  Cytodestructive
  therapy
           or
  cantharidin
           or
  imiquimod

Treat:
  Topical
  keratolytic
  agents

Patient with NONBLISTERING, NONERYTHEMATOUS SKIN LESIONS

A

Depigmented (white lesions)

Identify:
  Pityriasis alba
  Tinea versicolor
  Vitiligo

E Brown lesions

Identify:
  Café-au-lait spots
  Freckles
  Junctional nevi
  Mongolian spot
  Postinflammatory
  hyperpigmentation
  Intradermal nevus

F Yellow lesions

Identify:
  Juvenile xanthogranuloma
  Nevus sebaceous

G

Flat-topped
papules

Flat
warts

Adnexal tumors
(trichoepitheliomas)

Treat:
  Retinoic
  or salicylic
  acid
        or
  imiquimod

Refer to
dermatology

B Folliculocentric
papules

Closed
comedones

Keratosis
pilaris

Treat:
  Skin hydration
  with alpha
  hydroxy acids

C Dome-shaped
smooth papules

Molluscum
contagiosum

Treat:
  Imiquimod
  (Aldara) or
  cantharidin or
  salicylic acid

D
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Papulosquamous Disorders
Arelis Burgos-Zavoda, MD, and Joanna M. Burch, MD

Papulosquamous disorders are skin lesions consisting of 
red or purple papules or plaques with scale.

	A.	 Suspect pityriasis rosea when pink to red oval papules 
appear parallel to the lines of skin stress. A larger, ery-
thematous, scaly plaque called the herald patch occurs 
in many cases. When present before the outbreak of 
other lesions, the herald patch is easily confused with 
tinea corporis. A viral-like prodrome with fever and 
malaise may occur but is uncommon. In adolescents, 
consider secondary syphilis when fever and adenopa-
thy are associated with palmar lesions. The lesions of 
pityriasis rosea usually occur on the trunk, but in black 
children may be mostly in the inguinal and axillary ar-
eas and extremities. Lesions persist for 4 to 8 weeks, 
but pruritus usually resolves sooner. Treat with sun 
exposure or phototherapy (narrow-band ultraviolet B) 
to reduce the pruritus and quicken resolution.

	B.	 Pityriasis lichenoides, a rarer skin disease, occurs in two 
forms: chronic and acute. Chronic pityriasis lichenoides 
resembles pityriasis rosea but can persist for 2 to 3 years. 
It is most common in a “swim trunk” distribution. Sus-
pect chronic pityriasis lichenoides when pityriasis rosea 
fails to clear within 2 to 3 months. The acute form of 
pityriasis lichenoides, also called Mucha–Habermann 
disease or PLEVA (pityriasis lichenoides et varioliformis 
acuta), presents with red papules that have central pete-
chiae and crusting. The rash, which can be confused 
initially with varicella, persists for more than 9 months. 
This diagnosis should be considered in children with 
“recurrent chicken pox.” When the diagnosis is uncer-
tain, consider skin biopsy. Treatment with oral erythro-
mycin, 40 mg/kg/day for 1 to 2 months, may benefit 
some children. Phototherapy for pityriasis lichenoides is 
the treatment of choice.

	C.	 Suspect psoriasis when red plaques with silver scale 
involve the elbows, knees, or scalp. Other common sites 
are ears, eyebrows, superior gluteal crease, genitalia, 
and nails. Involvement of the scalp with nongreasy thick 
scale is not associated with hair loss. Nail changes in-
clude pitting, yellowing, thickening, and separation of 
the nail plate from the nail bed. The presence of mul-
tiple, discrete, droplike papules with scales suggests 
guttate psoriasis, which is seen in approximately one 
third of psoriasis cases. Guttate psoriasis flares are fre-
quently associated with streptococcal pharyngitis. Skin 
biopsy in cases of psoriasis show signs of epidermal 

proliferation and rapid turnover. Treatment is depen-
dent on the severity of the disease. Topical corticoste-
roids of moderate-to-high potency, often in combina-
tion with topical calcipotriene (Dovonex) twice a day 
for 1 to 3 months, may provide relief. Tazarotene is the 
best agent for psoriatic nails. For the scalp, salicylic acid 
3% in mineral oil or tar shampoo is helpful to reduce 
scale. In resistant scalp lesions, add a topical corticoste-
roid in addition to scale-reducing therapies. Natural 
sunlight in the summer helps control outbreaks, and in 
indicated cases, phototherapy is effective. Systemic 
agents such as oral retinoids, methotrexate, and anti– 
tumor necrosis factor biologic agents should always  
be managed by an experienced dermatologist. Systemic 
corticosteroids are contraindicated because of the re-
bound effect on psoriasis once discontinued. Recognize 
and treat secondary staphylococcal infection of the  
lesions.

	D.	 Suspect lichen planus when flat-topped, pruritic, purple, 
polygonal papules are present. The papules often have a 
shiny appearance. Oral, penile, and scalp lesions may 
occur. Scalp lesions may be associated with hair loss. 
Nail involvement is rare. Treat cases with topical ste-
roids for 4 to 8 weeks. Consider oral prednisone, 1 to  
2 mg/kg/day, for 1 to 2 weeks in severe generalized 
cases. Phototherapy is helpful with pruritus and at times 
will speed clearing. Skin biopsy shows epidermal basal 
cell injury of unknown cause.
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Patient with PAPULOSQUAMOUS LESIONS

History
Physical examination Identify:

Systemic lupus erythematosus 
Systemic manifestations

Assess predominant site of distribution

Trunk, proximal extremities,
axillary and inguinal areas

Assess lesions

Extremities, nail, 
genitals, scalp

Identify:
Seborrheic
dermatitis
(p 108)

Central scale
Red, oval lesions
Herald patch

A

B
C

D

Thin central scale
Petechiae
Crusting

Thick scale
Discrete, red papules

Silver scale
plaque with

red base

Identify:
Psoriasis

Purple
polygonal
papules

Treat:
Topical steroids

Consider:
Phototherapy

Treat:
Consider:

Phototherapy

Good
response

Identify:
Tinea corporis

Consider:
VDRL test for
adolescent

Consider:
KOH preparation

Identify:
Syphilis

Treat:
Consider:

Phototherapy
Topical steroids

Poor response
(lesions persist
>2–3 mo)

Consider:
Skin biopsy

Identify:
Chronic pityriasis
Lichenoides

Treat:
Topical calcipotriene
Topical coal tar preparations
Topical fluorinated steroids
Any streptococcal infection

Consider:
Phototherapy

Identify:
Pityriasis
rosea

Identify:
Acute pityriasis
Lichenoides

Identify:
Guttate
psoriasis

Identify:
Lichen planus

Treat:
Phototherapy
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Vesiculobullous Disorders
Arelis Burgos-Zavoda, MD, and Joanna M. Burch, MD

	A.	 Four forms of mastocytosis are observed in childhood. 
The most common forms are the solitary mastocytoma 
and urticaria pigmentosa (UP). The solitary mastocy-
toma presents at birth or shortly after as a reddish 
brown plaque that will urticate and sometimes blister 
on rubbing (Darier sign). UP is a disease characterized 
by brown maculars and papules that appear in the first 
year of life. Stroking of these lesions will also result in 
a positive Darier sign. Most patients with UP have the 
nonhereditary form that remits around age 7. Systemic 
symptoms, such as flushing, wheezing, diarrhea, and 
syncope, occur infrequently in UP. There seems to be 
a hereditary form in less than 2% of cases that has later 
onset and does not remit. Systemic symptoms develop 
with time. When necessary, treat patients with a long-
acting, nonsedating antihistamine during the day and  
0.6 to 1 mg/kg hydroxyzine hydrochloride about 1 hour 
before bedtime. If symptoms are not controlled  
by antihistamines, or if there is a family history of  
UP, refer the patient to a dermatologist. Telangiectasia 
eruptiva macularis perstans and diffuse cutaneous  
mastocytosis are rarer and more serious forms of  
the disease. Prompt referral for widespread blistering/
urtication is warranted.

	B.	 Incontinentia pigmenti usually occurs in girls and is 
characterized by linear patterns of red plaques with 
blisters on the extremities. The blisters evolve into 
wartlike lesions that persist for about 1 year and then 
resolve. Older children and adults often have swirls of 
brown pigmentation on the trunk and at the sites of 
previous lesions. Although mental retardation, micro-
cephaly, and eye and skeletal anomalies occur in some 
individuals, many have no significant findings. Referral 
to an ophthalmologist for a baseline eye examination in 
the newborn period is indicated.

	C.	 Epidermolysis bullosa (EB) is a congenital absence or 
dysfunction of a part of the complex that anchors the 
epidermis to the dermis. EB can be divided into three 
basic categories: simplex (epidermal), junctional (der-
mal-epidermal junction), and dystrophic (dermal). Scar-
ring does not usually occur in the simplex types but is 
common in the junctional and dystrophic types. The 
inheritance of the simplex types is usually dominant, 
whereas that of the junctional types is recessive. The 
dystrophic forms may be dominant (less severe) or re-
cessive (more severe). All three forms of EB can present 

in the newborn period, although the milder simplex and 
dominant dystrophic forms can present much later. 
Children with spontaneous blistering with mild trauma 
and newborns born with blisters or erosion should be 
referred to a regional EB center or a dermatologist for 
prompt diagnosis and appropriate intervention.

	D.	 Epidermolytic hyperkeratosis, also known as congeni-
tal bullous ichthyosiform erythroderma, is a genetic 
disorder characterized by blistering, diffuse erythema, 
and thickened scaling of the skin. Bullae predominate 
early, but with time the skin becomes less fragile and 
more thickened and scaly. Inheritance is autosomal 
dominant. The disease is caused by mutations in  
type 1 and type 10 keratin genes that are expressed in 
the upper layers of the epidermis. Refer patients sus-
pected of having epidermolytic hyperkeratosis to a 
dermatologist.

	E.	 Superficial skin infection with bacteria, viruses, and 
fungi can produce vesicles or erosions (exposed bases 
of superficial vesicles). Bacterial impetigo produces 
red plaques with moist, honey-colored crusts on each 
lesion. Bullous impetigo results if the causative staphy-
lococcal species produces an exfoliative toxin, a toxin 
that cleaves the desmoglein 1 attachments between 
keratinocytes in the superficial epidermis. Because the 
split is superficial, the blister roof is flaccid, and often 
ruptured, leaving a central crust over erosions with 
desquamation of the epidermis at the periphery. Early 
burns, contact dermatitis, or friction blisters are in the 
differential of early bullous impetigo. Viral infections 
that present with vesicular eruptions include varicella, 
herpes zoster, hand-foot-and-mouth disease (coxsack-
ievirus), enteroviral infections, and herpes simplex. 
Grouped vesicles on an erythematous base suggest 
herpes simplex. Consider obtaining bacterial or viral 
cultures and staining a smear of the blister’s contents 
with Wright stain (Tzanck preparation) to identify  
epidermal giant cells associated with viral infections. 
Infestations with the scabies mite can produce vesicles 
or pustules. Bullous lesions on the palms and soles sug-
gest scabies infestation or possibly bullous papular  
urticaria (see F). Interdigital webs, palms, and soles 
with S-shaped burrows in infants and young children 
are suggestive of scabies. Do mineral oil scraping for 
definitive diagnosis (see Evaluation of Skin Lesions). If 
present, treat with 5% permethrin cream.

(Continued on page 118)
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History
Physical examination

Assess onset and precipitating factors

Patient with VESICULOBULLOUS LESIONS

Treat:
  Antihistamines, topical steroids

Ophthalmology referral
Follow-up: Assess in 3–6 mo

Treat:
  Reduce friction, supportive care

Treat:
  Skin hydration, isotretinoin

Mastocytoma/UPA

Incontinentia
pigmenti

Congenital
diseases

B

Epidermolysis
bullosa

Refer to dermatologist or
regional EB center

C

Epidermolytic
hyperkeratosis

Refer to dermatologistD

Treat:
  Antibiotics

Treat:
  Supportive care

Treat:
  Supportive care, antivirals if indicated

HSV

VZV

Enterovirus (hand foot mouth)

Treat:
  Antifungals

Treat:
  Permetrin cream

Bacterial bullous
impetigo

Viral vesicles

Infectious
causes

E

Bullous tinea

Scabies

(Cont’d on p 119)
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	F.	 Vesicles or bullae on the skin have several noninfectious 
causes. Friction blisters are usually solitary, on areas of 
known rubbing or trauma, are not inflamed, and resolve 
spontaneously. A history of repetitive frictional forces 
should differentiate from infectious blisters. Less than 
1% of healthy newborns will have a sucking blister, usu-
ally on the back of the hand, finger, or forearm, presum-
ably from vigorous sucking of the skin in utero. These 
also are usually isolated, noninflammatory, and resolve 
rapidly and without sequelae. Blockage of the sweat 
ducts can lead to a vesiculopapular eruption called 
miliaria. The skin findings vary depending on the depth 
of the sweat duct obstruction. Miliaria crystallina occurs 
with plugging of the sweat duct within or just beneath 
the stratum corneum. Clinically, 1- to 2-mm, clear, thin-
walled vesicles appear in crops most commonly on in-
tertriginous areas or areas covered with clothing. The 
eruption is asymptomatic. Miliaria rubra, also called 
prickly heat, is the most common form. The obstruction 
is deeper than with miliaria crystallina. Nonfollicular, 
red papules or papulovesicles with a predilection for 
occluded areas of skin are present, especially on the 
upper trunk, back, volar aspects of arms, and body 
folds. Treatment includes cooling of the skin and the 
prevention of occlusion of the skin surface. Any derma-
titis (atopic, irritant, nummular, or contact) that is acute 
and severe enough can cause sufficient swelling be-
tween the keratinocytes of the epidermis to result in 
vesiculation. This clinically presents as red, scaly plaque 
with much oozing/crusting and some vesicle formation. 
There is a type of hand/foot dermatitis called pompho-
lyx, or dyshidrotic eczema, that presents with very pru-
ritic vesicles along the lateral surface of the palms and 
digits, often with associated red plaques with scale and 
crust of the hands and feet. Attacks may occur several 
times a year and last for weeks. Treat with a topical 
corticosteroid of appropriate strength. Papular urticaria 
is an inflammatory reaction to biting arthropods. It 
presents as recurrent crops of pruritic, grouped red 
papules with a central pinpoint punctum. Often, it is 
only the toddler or small child in the house that is  
affected. On the hands and feet, if the inflammatory 
reaction is acute, bullae can form. The child is usually 
exposed to fleas, mites, or other small, biting arthropods 
in this environment. A skin biopsy of a bullous papular 
urticaria lesion will show acute inflammation with 
edema in the epidermis and a brisk inflammatory infil-
trate in the dermis with many eosinophils. Treatment of 
papular urticaria involves removing the arthropods 
from the environment if they can be identified, the use 
of topical corticosteroids, and oral antihistamines as 
needed for symptomatic control. The use of a safe in-
sect repellant daily on the arms and legs of the child 
may prevent bites. This is usually a phenomenon that 
resolves after 6 to 12 months (one biting season).

	G.	 Bullous drug eruptions include Stevens–Johnson syn-
drome (SJS) and toxic epidermal necrolysis (TEN). 
Vancomycin is the most common cause of a drug- 
induced linear IgA bullous dermatosis, which is often a 
childhood autoimmune blistering disorder (see H) not 
associated with drug ingestion. SJS is more common in 
childhood than is TEN. It is most commonly associated 

with drugs and Mycoplasma pneumoniae infection. 
Drugs most frequently implicated are anti-infective sul-
fonamides, anticonvulsant agents, and nonsteroidal anti-
inflammatory drugs. SJS usually has onset 7 to 21 days 
after starting a new medication, and almost always  
occurs within the first 8 weeks of beginning the caus-
ative drug. SJS is preceded by a 1- to 14-day prodrome 
of fever, headache, sore throat, and malaise. The erup-
tion is characterized by widespread, maculopapular, 
targetoid lesions (they do not form the distinct three-
zoned target lesions like in EM) that can progress to 
blisters. There may be areas of confluence with  
widespread epidermal sloughing. Mucosal involvement 
of two surfaces is required for diagnosis and is often 
florid. The oral mucosa (involved in most cases) and eyes 
are most commonly involved, but genitourinary involve-
ment must be ruled out. Painful, hemorrhagic crusts on 
the lips often interfere with oral intake. Severe eye pain 
and photophobia are common with eye involvement, 
and early ophthalmology consultation with any eye signs 
or symptoms is indicated. TEN often has higher fever 
and more severe prodromal symptoms, less mucosal  
involvement, and more widespread cutaneous involve-
ment. The mortality rate for SJS is around 5%, whereas 
that of TEN is 15% to 30%. The initial treatment is 
prompt removal of any drugs started in the last 8 weeks 
of onset of symptoms. Hospitalization with burn unit 
care, fluid replacement, enteral feeding, monitoring for 
infection, ophthalmologic consultation and treatment, 
and pain control is often required. Systemic steroids and 
intravenous immunoglobulin (IVIG) use has not been 
proved effective in randomized, controlled, double-
blind studies. The most common long-term sequela is 
skin dyspigmentation.

	H.	 Autoimmune-mediated blistering disorders are due to 
immunoglobulin deposition in the skin against a spe-
cific protein antigen that leads to separation of the 
epidermis or the epidermis from the dermis. These 
disorders often require systemic therapy including 
prednisone and other immunosuppressive agents. 
Children suspected of having an immunobullous disor-
der should be referred promptly to a dermatologist. 
These disorders include linear IgA bullous dermatosis, 
characterized by the spontaneous, widespread erup-
tion of tense bullae and smaller blisters, often in an 
annular array with a crusted depressed center, like a 
“string of pearls.” IgA is deposited in a thin line along 
the dermoepidermal junction. Dermatitis herpetifor-
mis (DH) is characterized by very pruritic, small, 
crusted papules and vesicles, often on the extensor 
neck, arms, and low back. It is related to gluten intoler-
ance. IgA is deposited in clumps at the top of the rete 
ridges in the dermis. Children with dermatitis herpeti-
formis should be worked up for Celiac disease. Bullous 
pemphigoid is rare in children but is characterized by 
tense bullae, pruritus, and IgG against a protein in the 
dermoepidermal junction. Pemphigus is characterized 
by more superficial blistering, often with just blister 
bases and erosions noted on skin examination and  
involvement of the oral mucosa. This is caused by im-
munoglobulin directed against proteins in the kerati-
nocyte desmosomes. When acquired blistering lesions 
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Non-infectious
causes

Treat:
  Wound care, silver sulfadiazine cream

Treat:
  Reduce friction

Treat:
  Avoid heating and occlusion of skin

Treat:
  Remove irritant or contactant, potent topical corticosteroids
  Consider oral prednisone if widespread and severe

Chemical/thermal burn

Friction blister

Miliaria

Acute dermatitis

Treat:
  Examine pets, insect repellants, topical corticosteroids, antihistaminesPapular urticaria/

insect bites

Erythema multiforme (see Erythematous maculopapular lesions, p 110)

F

Drug-related
causes

Treat:
  Discontinue causative drug/treat mycoplasma infection, supportive care,
  ophthalmology consultation, systemic steroids/IVIG controversial

Treat:
  Stop Vancomycin, see   H

Stevens-Johnson
syndrome

Toxic epidermal
necrolysis

G

Linear IgA bullous dermatosis
(Vancomycin, see   H  )

Autoimmune
blistering
disorders

Treat:
  Dapsone, rule out celiac disease (DH)

Treat:
  Oral steroids, other immunosuppressives

Linear IgA bullous dermatosis

Refer to
dermatologist

Dermatitis herpetiformis
H

Pemphigus

Bullous pemphigoid

(Cont’d from p 117)

Patient with VESICULOBULLOUS LESIONS
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Nail Disorders
Arelis Burgos-Zavoda, MD, and Joanna M. Burch, MD

When a patient presents with a nail disorder, the clinician 
must determine whether the disorder is congenital or  
acquired. Is this purely a nail disorder, or a sign of a wider-
spread skin disorder, a sign of a systemic disorder, or nutri-
tional deficiency? Nail thickness and color change can be 
clues to the diagnosis. It is also important to be aware of 
normal changes in the nails. Concave nail plates are nor-
mal in the first 3 years of life. A rare pit in the nail plate 
can be normal. Scattered white spots are normal and are 
usually the result of minor trauma. Longitudinal ridging of 
the nail plates that worsens with age is common.

	A.	 The history should ascertain the onset of the nail disor-
der (congenital or acquired). Does the patient wear 
tight shoes or tight stockings? How are the nails cut? Is 
there evidence that the patient bites and/or picks the 
nails, or sucks the thumb/finger with the nail changes? 
Is there any erythema, tenderness, or discharge? Are 
there other changes in the skin, mucous membranes, 
or hair?

	B.	 Examine all 20 nails (have patient remove any polish) 
and the associated nail folds, as well as the skin in gen-
eral and oral mucous membranes. Look for congenital 
malalignment, overcurvature of the nail plate, involve-
ment of more than one nail, erythema, tenderness, 
exudate, granulation tissue, and other skin and joint 
involvement.

	C.	 The main diagnostic tests used in the workup of nail 
disorders include a potassium hydroxide (KOH) prepa-
ration of nail scrapings, culture of any discharge from 
the periungual areas for bacteria and fungus, and cul-
ture of nail plate that can be obtained by using a spoon-
shaped curette to obtain cells from the thickened distal 
nail plate and placed on Sabouraud dextrose agar or 
dermatophyte test media. A positive KOH preparation 
or culture should be obtained and documented before 
starting oral antifungal medication for onychomycosis. 
Nail clippings can be sent on saline gauze in a sterile 
urine cup to be processed by surgical pathology with 
hematoxylin and eosin and stained with periodic acid-
Schiff (PAS), which will mark the walls of any hyphae 
in the nail plate. This is a more sensitive method  
to detect dermatophyte infection than KOH or culture. 
A nail biopsy may be indicated if there is concern of an 
associated disease and the nail plate, as well as the 
matrix or nail bed, must be evaluated. This should be 
referred to a dermatologist or a practitioner experi-
enced in nail biopsy techniques. The patient may have 
permanent nail-plate deformities after a biopsy of the 
matrix.

	D.	 Nail surface changes include pitting, scaling, ridging 
(longitudinal or horizontal), or splitting. Generalized 
roughness of the nail plate surface is called trachyo-
nychia and can be idiopathic or may signal psoriasis, alo-
pecia areata, lichen planus, dermatitis, and sometimes 
inherited ectodermal dysplasias. Long-term follow-up is 
often required to determine whether the nail changes 
resolve over time, as is common for idiopathic trachyo-
nychia, or whether the patient shows signs of other more 
widespread skin diseases involving the nails. Pitting of 
the nails is most commonly seen in psoriasis and alope-
cia areata. Transverse ridges called Beau’s lines occur in 
one to two nails after a severe illness or after a toxic or 
traumatic event (e.g., surgery). Self-induced trauma, 
such as thumb sucking, nail biting, and nail picking, can 
cause roughness, ridging, and inflammation of the nail 
folds (see F). This should be avoided. Habit-tic dystro-
phy of the nail is self-induced and usually involves the 
thumbnail. It is characterized by a central depression of 
the nail plate with several irregularly spaced horizontal 
ridges extending from the depression. Onychomycosis, 
in which disruption of the nail plate is often accompa-
nied by distal thickening (see E) is becoming more com-
mon in children.

	E.	 Many disorders that cause thickening of the nails also 
cause roughness of the surface. Psoriasis, lichen pla-
nus, and idiopathic trachyonychia (20-nail dystrophy) 
are the most common cause of widespread thickening 
of the nails. Infections of the nail (onychomycosis) 
make the nail yellowed, crumbly, and thickened. In 
both psoriasis and onychomycosis, thickening begins 
distally. In onychomycosis, usually only a few nails are 
involved. Pachyonychia congenita is an autosomal 
dominantly inherited disorder in which there is a  
mutation in nail keratin proteins that is associated with 
congenital or early onset of thickening of the nails, in 
addition to other associated findings. Poorly developed 
or absent nails are often associated with a variety of 
congenital syndromes. Hidrotic ectodermal dysplasia  
is an inherited disorder associated with nail atrophy/
dystrophy. Children with epidermolysis bullosa often 
have dystrophic or nails that shed. Periodic shedding of 
one or two nails can be inherited as an autosomal 
dominant trait. Acquired causes of thin or absent nails 
include trauma, bullous drug eruptions, erythema mul-
tiforme, or poor acral circulation (as in Raynaud dis-
ease). Koilonychia, or spoon nails, can be normal in 
early life, associated with other nail disorders (lichen 
planus), and have been reported in patients with severe 
iron deficiency.
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Patient with a NAIL DISORDER

History

PhysicalB

Disruption of
the nail plate
surface

Trachyonychia
Alopecia areata
Psoriasis
Lichen planus
Dermatitis
Beau’s lines
Habit-tic dystrophy

Thickened
nail plates

Trachyonychia
Psoriasis
Lichen planus
Pachyonychia
congenita
Onychomycosis

Epidermolysis bullosa
Ectodermal dysplasia
Trauma
Bullous drug eruptions
Vascular disease
Severe iron deficiency

1. Avoid trauma
2. Antibiotics or
    antivirals

1. Avoid trauma
2. Anticandidal
    agents

Treat:
  Hot soaks
Consider:
  Elevation of ingrown
  portion of nail

Treat:
  Excise embedded
  wedge
  PO antibiotics
  Hot soaks

Thin/atrophic
nail plates

Acute Chronic Mild (noninfected) Moderate

S. aureus
HSV

C. albicans

D Alteration
of nail plate
thickness

E ParonychiaF Ingrown
toenails

G

Consider
diagnostic
tests:

KOH prep
Culture
Nail clippings for PAS
Nail biopsy (refer to dermatology)

C

A

	F.	 Paronychia is inflammation of the tissues surrounding 
the nail caused by infection. Acute paronychia is most 
often caused by Staphylococcus aureus. The tissue sur-
rounding the nail is painful, red, and edematous. There 
may be associated purulent drainage. The periungual 
areas may also be infected with herpes simplex virus 
(HSV; herpetic whitlow). This infection is very inflam-
matory, and grouped vesicles on an erythematous base 
should be visible. Chronic paronychia is characterized 
by a more violaceous color without exudates or tender-
ness. It is most commonly caused by Candida albicans. 
Thumb suckers, nail biters and pickers, and patients 
with type I diabetes mellitus are most commonly  
affected. Cultures should be taken, and antibiotics, 
antivirals, or anticandidal agents should be used as  
indicated. Habits or hobbies that cause recurrent 
trauma to the nail folds should be avoided.

	G.	 An ingrown nail occurs when the lateral or free edge of 
the nail penetrates the epidermis and becomes embed-
ded in the adjacent soft tissue either laterally or anteri-
orly. Ingrown nails are the result of one or more of the 
following: (1) faulty footwear, (2) improper nail care, 
(3) injury, (4) congenital malalignment, and (5) over-
curvature of the nail plate. In mild cases, the ingrowing 
nail has penetrated the soft tissues of the nail groove 
and there is inflammation but no sign of infection. Hot 

soaks three times a day may be adequate therapy.  
Elevation of the embedded area of the nail with place-
ment of cotton between the nail and the adjacent soft 
tissue is sometimes required. In more severe or  
frequently infected cases, the embedded nail should  
be excised and a small cotton wad placed to keep the 
nail plate separate from the inflamed area. Continue 
hot soaks. Infection is most often due to Staphylococ-
cus aureus, and less frequently to Candida, Pseudomo-
nas, or Proteus. Antibiotic coverage should be chosen 
accordingly. Prophylaxis includes avoidance of tight-
fitting shoes and socks, trimming the nails straight 
across rather than in an arc, and cutting the nail  
only when it is beyond the distal end of the lateral  
nail fold.
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Acute Otitis Media
David M. Spiro, MD, MPH, and Donald H. Arnold, MD, MPH

DEFINITIONS

Acute otitis media (AOM) is the most common infection 
diagnosed in the outpatient setting, with U.S. healthcare 
costs greater than $5 billion annually. AOM is defined as an 
infection of the middle-ear space with rapid onset of signs 
and symptoms (,48 hours) of inflammation, such as otal-
gia, fever, irritability, anorexia, vomiting, and otorrhea. 
Otoscopic findings include a yellow–red exudate behind 
the tympanic membrane (TM). The TM is often bulging, 
with loss of ossicular landmarks and decreased mobility of 
the TM. Unresponsive AOM is characterized by clinical 
signs and symptoms associated with otoscopic findings of 
inflammation that continue beyond 48 to 72 hours of ther-
apy with an appropriate antimicrobial. Unresponsive AOM 
suggests continued active infection with persistence of the 
bacterial pathogen in the middle-ear space. However,  
prolonged symptoms associated with a concomitant viral 
infection may be misdiagnosed as an unresponsive infec-
tion when the AOM is actually resolving. Clinical judgment 
is required, with attention to the patient’s overall clinical 
status, if antibiotic use is to be limited appropriately.

PATHOGENESIS

The pathogenesis of AOM involves interactions among 
host characteristics, infectious agents, and environmental 
factors. Colonization of Streptococcus pneumoniae, non-
typeable Haemophilus influenzae, or Moraxella catarrhalis 
of the middle-ear space associated with eustachian tube 
dysfunction likely causes AOM. Viral upper respiratory 
infections may increase bacterial adherence to mucosa, 
promote bacterial overgrowth, and increase colonization of 
the nasopharynx with bacterial pathogens. Aspiration of 
infected secretions may then occur into the middle-ear 
space. Factors that increase the frequency of viral respira-
tory infections include child-care attendance, and absence 
of breast-feeding also predisposes children to AOM. Side-
stream smoking also increases the risk for AOM by impair-
ing normal mucociliary function and promoting the attach-
ment of the pathogen to respiratory epithelium in the 
middle-ear space. AOM is more common during the first 
2 years of life because of an immature immune response 
against bacterial polysaccharides, in addition to the ana-
tomic orientation and structure of the eustachian tube.

CAUSATIVE FACTORS

Respiratory viral infection may predispose to bacterial infec-
tion if these infections cause eustachian tube dysfunction. 
However, it remains unclear whether purulent effusions  
associated with AOM can result from viral infection alone  
or require bacterial coinfection. Bacterial pathogens can be 

isolated in about 80% of AOM middle ear aspirates. The most 
common bacterial pathogens in AOM are S. pneumoniae and 
nontypeable H. influenzae, the same bacterial pathogens 
most frequently associated with sinusitis. With initial treat-
ment failure, H. influenza is more commonly isolated and 
S. pneumonia is likely to be penicillin nonsusceptible. Less 
frequent bacterial pathogens include M. catarrhalis, Strepto-
coccus pyogenes, Staphylococcus aureus, gram-negative en-
teric organisms, and anaerobic organisms. AOM resolves 
spontaneously in the majority of cases. Often a wait-and-see, 
observational approach can be used as a primary manage-
ment scheme to prevent unnecessary use of antibiotics.  
Prevention of AOM burden is possible through the use of 
pneumococcal vaccine that includes protection from seven 
serotypes of S. pneumoniae.

CLINICAL APPROACH

 A. In the patient history, ask about earache and discharge, 
fever, respiratory symptoms, conjunctivitis, irritability, 
crying, decreased feeding, difficulty sleeping, vomiting, 
and ataxia. Inquire about the timing and treatment of 
the most recent AOM episode and frequency of epi-
sodes during the past 6 and 12 months. Ear tugging 
and other nonspecific symptoms are not reliable pre-
dictors of AOM. Identify children with immune disor-
ders, acquired immunodeficiency syndrome, cystic  
fibrosis, or Kartagener syndrome (immotile cilia).

 B. Examine the TM with pneumatic otoscopy. Use a 
pneumatic otoscope head and remove sufficient ceru-
men to have an adequate view of the membrane. It is 
important to create an adequate seal with an appropri-
ately sized speculum, to have adequate light intensity 
with a halogen light source. Signs of AOM are bulging 
contour with exudate (bulging pus), and diminished or 
absent eardrum mobility. On occasion, bullae form 
between the outer and middle layers of the TM (bul-
lous myringitis). Look for signs of middle-ear damage, 
such as tympanosclerosis (chalky white deposits in the 
eardrum), retraction pocket, perforation, or cholestea-
toma (yellow greasy mass). Examine the mastoid area 
behind the ear for tenderness, swelling, protrusion of 
the ear, or erythema.

 C. The most important step is to establish the proper 
diagnosis of AOM. Antibiotic therapy is not recom-
mended for otitis media with effusion or for upper  
respiratory infections. The American Academy of Pedi-
atrics developed a clinical guideline that establishes a 
diagnosis of AOM based on three components:

 1. Acute onset (,48 hours) of signs and symptoms,
 2. Middle-ear effusion, and
 3. Signs and symptoms of middle-ear inflammation
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 D. The pain associated with AOM should be uniformly 
treated. Antibiotics have no analgesic properties. A 
small number of trials have demonstrated the short-
term effectiveness of topical analgesic drops such as 
benzocaine-antipyrine and lignocaine. Systemic anal-
gesics such as ibuprofen have been shown to improve 
symptom relief and may improve clinical outcomes. 
When pain is severe, tympanocentesis results in prompt 
relief.

 E. Immediate treatment of AOM with antibiotics is con-
troversial because of questions about efficacy and 
concerns about increasing the prevalence of drug- 
resistant microbes. A meta-analysis of the results of 33 
randomized clinical trials found that treatment with 
antibiotics increased the resolution rate by only 13.7%. 
First-line therapy in a nonallergic child is high-dose 
amoxicillin (Table 1). High-dose amoxicillin will usu-
ally eradicate the most invasive pathogen, S. pneu-
moniae, and if no improvement occurs, a second-line 
antibiotic may be chosen to cover M. catarrhalis and 
b-lactamase–producing H. influenzae. Consider an 
initial single intramuscular dose of ceftriaxone when 
the patient is unable to take oral antibiotics because of 
vomiting. If the patient is allergic to penicillin or 
amoxicillin, treat with azithromycin when there is a 
history of a serious type I hypersensitivity reaction 
(severe urticaria, respiratory distress, anaphylaxis), or 

with cefdinir, cefuroxime, or cefpodoxime when there 
is a history of a less severe reaction. Antihistamines, 
decongestants, and steroids are of no benefit in treat-
ment of AOM.

 F. The optimal duration of amoxicillin therapy is contro-
versial. According to Dagan and colleagues (2001), 
using a shorter duration regimen of 5 to 7 days  
appears to decrease drug-resistant pneumococcal  
carriage after therapy. This is important because  
nasopharyngeal flora determines the pathogen of the 
next AOM.

 G. Most clinicians in the United States routinely treat 
AOM with antibiotics. Some European countries fre-
quently use a wait-and-see, observational approach to 
avoid unnecessary use of antibiotics, with similar rates 
of mastoiditis compared with the United States. Coun-
sel parents of untreated children who do not improve 
within 48 to 72 hours of diagnosis to fill the prescrip-
tion or return to be reassessed and treated with antibi-
otics if the AOM is immediately treated with an antibi-
otic. Approximately two of every three families will  
fill the wait-and-see prescription. Observational ther-
apy should be considered when children do not meet 
high-risk criteria: ill appearance, recent AOM diagno-
sis, limited access to medical care, compromised im-
munity, concurrent antibiotic use, or an identified 
bacterial infection other than AOM.

Patient at risk for ACUTE OTITIS MEDIA

History

Physical examination
Identify:

Acute onset
Middle-ear effusion
Middle-ear inflammation

<6 months >6 months

Age

Pain relief measure

Immediate antibiotic treatment

(Consider short duration regimen)

High risk factors present?
Ill appearance
Recent AOM diagnosis
Limited access to medical care
Compromised immunity
Concurrent antibiotic use
Identified other bacterial infection

Mastoiditis (p 132)
Meningitis (p 638)
Bacteremia (p 178)

Symptom relief in 48–72 hours?

(Cont’d on p 127)

No

Wait and see prescription
pain relief measures

D

C

F

E

G

B

A

Yes
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 H. A scheduled re-examination of the ear is usually not 
necessary for the previously healthy child.

 I. Risk factors for unresponsive infections include 
age younger than 18 months, a history of recurrent 
AOM in the child or a sibling, and a history of antibi-
otic treatment of AOM within the preceding month. 
Parents of children older than 15 months usually  
know when their child’s infection has resolved. Con-
sider treating unresponsive AOM with amoxicillin- 
clavulanate, cefdinir, cefuroxime, or cefpodoxime to 
cover both S. pneumoniae and b-lactamase–producing 
pathogens. This type of second-line agent is also indi-
cated when a child experiences another symptomatic 
infection within 4 weeks of stopping amoxicillin; how-
ever, repeated use of amoxicillin is indicated if more 
than 4 weeks have passed without symptoms because a 
new pathogen is usually present.

 J. If a child remains symptomatic longer than 3 days while 
taking a second-line agent, consider performing a tym-
panocentesis or treating with oral clindamycin (effec-
tive against resistant pneumococci but not b-lactamase–
producing organisms) or intramuscular ceftriaxone (one 
dose a day for 3 days; effective against both resistant 
pneumococci and b-lactamase–producing organisms). 
Tympanocentesis is performed by placing a needle 
through the TM and aspirating the middle-ear fluid. 
Indications for a tympanocentesis or myringotomy  
are: (1) AOM in an infant younger than 6 weeks with  
a past neonatal intensive care hospitalization, because 
the pathogens may be gram-negative; (2) AOM in a 
patient with compromised host resistance, because the 
organism may be unusual; (3) unresponsive AOM  
despite courses of two to four different antibiotics;  
(4) acute mastoiditis or suppurative labyrinthitis; and 
(5) severe pain.

Table 1. Antibiotic Therapy for Acute Otitis Media in Children

Antibiotic Dosage Product Availability

Amoxicillin High-dose: 80–90 mg/kg/24 hr bid 80–90 mg/kg/24 hr bid (200, 400 mg/5 ml)
Chewables: 200, 400 mg

Amoxicillin-clavulanate (Augmentin ES) High dose: 90 mg/kg/24 hr bid (maximum dose: 
875 mg bid)

200 mg/5 ml, 400 mg/5 ml
Chewables: 200, 400 mg

Azithromycin (Zithromax) 10 mg/kg/24 hr, one dose day 1 (maximum dose: 
500 mg), followed by 5 mg/kg daily on days 
2–5 (maximum dose: 250 mg)

Suspension: 100, 200 mg/5 ml
Capsules: 250 mg

Cefdinir (Omnicef) 14 mg/kg/24 hr qd (maximum dose: 600 mg) Suspension: 125 mg/5 ml
Capsules: 300 mg

Cefpodoxime proxetil (Vantin) 10 mg/kg bid Liquid: 50, 100 mg/5 ml
Tablets: 100, 200 mg

Ceftriaxone (Rocephin) 50 mg/kg/24 IM/IV for 3 days (1 g maximum) Vials: 250, 500 mg, 1 g
Cefuroxime (Ceftin, Zinacef) 30 mg/kg/24 hr bid Suspension: 125, 250 mg/5 ml

Tablets: 250, 500 mg
Clindamycin 10–30 mg/kg/24 hr tid (maximum dose: 450 mg) Granules: 75 mg/5 ml

Capsules: 75, 150, 300 mg

IM, intramuscularly; IV, intravenously.
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Symptoms resolve—no follow-up necessary Symptoms persist—pain relief measures + 2nd line agent

Symptoms persist—pain relief measures + 3rd line agent
(Consider tympanocentesis)
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Patient with ACUTE OTITIS MEDIA
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Otitis Media with Effusion
Donald H. Arnold, MD, MPH, and David M. Spiro, MD, MPH

DEFINITIONS AND EPIDEMIOLOGY

Otitis media with effusion (OME) and other disorders of the 
middle ear commonly encountered in infants and children 
have been described by various and inconsistent terms. We 
refer to otitis media (OM) as an umbrella term including 
acute otitis media (AOM) and OME. This is biologically 
plausible terminology, because OME is frequently a result 
of AOM, and the two disorders generally have the common 
causative pathway of eustachian tube dysfunction.

OME is defined as the presence of fluid in the middle 
ear not accompanied by signs or symptoms of acute infec-
tion or inflammation. Previously, OME was subcategorized 
as residual (#4 months) or persistent (.4 months). How-
ever, this categorization has no clinical relevance because 
in the absence of risk factors (see later), surgical interven-
tions based on duration-based criteria have been demon-
strated to not improve developmental outcomes. Duration 
and laterality should nonetheless be documented, with 
duration defined as the time since the AOM episode or 
from the time the effusion was noted.

OME is common, occurring in 90% of children before 
school age, and is most prevalent between 6 months and  
4 years of age. As duration of OME increases, the likeli-
hood of spontaneous resolution decreases. However, most 
episodes resolve spontaneously within 3 months.

PATHOGENESIS

Eustachian tube dysfunction is the common pathway  
to AOM and OME. Frequent causes of eustachian tube 
dysfunction include upper respiratory viral infections,  

secondhand smoke or other environmental insults, craniofa-
cial anomalies, and concurrent AOM. The result is a middle-
ear effusion that, in the presence of negative middle-ear 
pressure, becomes more viscous and thick over time.

Risk factors have been identified that may increase the 
likelihood of developmental delay or dysfunction as a re-
sult of OME. These include permanent hearing loss unre-
lated to OME, craniofacial abnormalities (e.g., Robin  
sequence, CHARGE association, cleft palate), syndromes 
with cognitive or language delay (e.g., trisomy 21 syn-
drome), underlying speech or language disorder, visual 
dysfunction (because these children depend more on the 
sense of hearing), or established developmental delays.

CLINICAL MANIFESTATIONS 
AND DIAGNOSIS

Signs and symptoms of OME in children include  
mild otalgia, a sensation of fullness in the ear, a popping 
sound, decline in school performance, and mild ataxia 
manifesting as clumsiness or delayed motor development. 
Infants and younger children may have more nonspecific 
signs including irritability and disrupted sleep. The mani-
festation most frequently of concern is conductive hearing 
loss with potential speech and language delay. Nonethe-
less, up to 50% of patients with OME have no signs or 
symptoms.

The tympanic membrane (TM) may be cloudy with 
confluent fluid, an air–fluid level, or bubbles. The most 
important distinction during the examination is between 
AOM and OME, and it must be emphasized that the 
former requires evidence of middle-ear inflammation. 
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day-care altogether, encourage breast-feeding, and avoid 
bottle propping and other at-risk practices.

“Watchful waiting” is the key management principle. 
Resist the urge to intervene for this self-limited condition 
(“just don’t do something, stand there”) while monitoring 
for hearing deficits, language or other developmental delay, 
coordination or other motor problems, behavioral dysfunc-
tion and complications such as cholesteatoma, retraction 
pockets, and other TM and middle-ear abnormalities. Anti-
biotics do not prevent any of these complications.

Refer to an otolaryngologist if any of the events in item E 
occur. Advocate for the patient, particularly for appropriate 
and prudent use of pneumatic equalization tube (PET) place-
ment and other surgical interventions. The risk associated 
with anesthesia and the procedures is low, but it is not zero.

COMPLICATIONS

OME may predispose to retraction pockets or atelectasis 
of the TM, ossicular damage, and cholesteatoma. As noted 
earlier, the most important element of management is 
watchful waiting, with emphasis on “watchful” to recog-
nize these complications early and to provide appropriate 
otolaryngologic referral.

This is of great importance to the child, because OME 
should not be treated with antibiotics. In this regard,  
it is important to obtain an atraumatic examination;  
when an infant or child cries, the TM turns red almost 
immediately. Indeed, this examination is the high art of 
pediatric care.

The primary diagnostic tool for OME should be 
pneumatic otoscopy. This is a cost-effective, sensitive, 
and specific bedside tool, particularly in the hands of an 
experienced examiner. The examination can be per-
formed painlessly if the speculum is gently inserted only 
into the cartilaginous portion (outer third) of the  
ear canal.

Tympanometry is a valuable adjunct, allowing reliable 
documentation of middle-ear status in patients 4 months 
and older. Although acoustic reflectometry is an alternative 
method that does not require an airtight seal, pneumatic 
otoscopy remains the criterion standard.

OVERALL CLINICAL APPROACH

Practice primary prevention: Eliminate or decrease sec-
ondhand smoke, move the infant or child to a day-care 
setting with fewer than four to six children or out of  
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MANAGEMENT

 A. Because OME is self-limited in most instances, with 
effusion resolving within 3 months, management con-
sists primarily of watchful waiting. Children without 
risk factors should be monitored for 3 months, the 
specific interval based on physician and parental pref-
erence and individual patient characteristics. Evalua-
tions at these visits should include pneumatic otoscopy, 
tympanometry, or both.

 B. Patients without risk factors who have OME for more 
than 3 months should have their hearing tested and 
should have retesting at 3- to 6-month intervals. Initial 
testing for children older than 4 years may be per-
formed by the primary care physician. Patients who 
cannot be tested in the primary care setting and those 
who are younger than 4 years should be tested by an 
audiologist. Patients with moderate hearing loss in 
the better hearing ear ($40 dB) are surgical candi-
dates. Those with mild deficits (21–39 dB) should be 
managed based on duration of effusion, language de-
velopment, severity of hearing deficit, and parental 
preference. Those with normal hearing (,20 dB 
deficit) should have repeat testing at 3- to 6-month 
intervals. Language testing by a speech-language  
pathologist should be considered for patients with 
hearing deficits.

 C. For infants and children with risk factors, the earlier 
recommendations for monitoring and testing should be 
accelerated. Other interventions (e.g., hearing aids) 
may be necessary, and surgical intervention (e.g., PET 
scans) may be applied earlier.

 D. Medications have no role in management of OME. 
Antibiotics may have minimal short-term (2–8 weeks) 
benefit but have statistically and clinically nonsignifi-
cant benefit overall. Treating OME with antibiotics 
only results in exposing the child to the risks of these 
medications (e.g., allergy, bacterial resistance). Anti-
histamines and decongestants are similarly ineffective, 
and decongestant preparations are not safe in young 
children and infants. Corticosteroids have no benefit 
over placebo and also expose the patient to undue risk. 
Intranasal steroids are safer but of no benefit.

 E. Surgery is indicated in three settings:
 1. Patients with OME for 4 months or longer with 

persistent signs and symptoms or hearing loss
 2. Patients with risk factors who have recurrent or 

persistent OME
 3. Patients with OME and structural damage to the 

middle ear or TM
 F. PET placement is the initial recommended procedure. 

For patients who have PET extrusion and who continue 

to meet one of the three earlier criteria, one of the  
following is appropriate:
 1. Adenoidectomy with PET placement (for age 

,4 years)
 2. Adenoidectomy with myringotomy or PET place-

ment (for children .4 years of age)
Adenoidectomy may be contraindicated in the patient 

with cleft palate.
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Patient with OTITIS MEDIA WITH EFFUSION

History

Physical exam Pneumatic otoscopy
and/or tympanometry 

Determine onset and duration of OME

Risk factors for developmental
delay or hearing and speech-

language dysfunction?

No

No

Yes

Monitor for 3 months
without medications

Hearing testing at 3 months:
Management based on hearing

in better hearing ear

Refer early:
1. ENT
2. Hearing testing by audiologist
3. Speech-Language pathologist

Early Interventions:
1. Hearing aids
2. Speech therapy
3. Surgical Intervention (box F)

Normal
hearing:

< or = 20 dB

Mild hearing
loss: 21 to 39

dB

Moderate
hearing loss:
> or = 40 dB

Monitor patient
and re-test hearing
every 3 to 6 months

Consider referral to
Speech-Language

pathologist

1. OME present 4 months with persistent
    hearing loss or signs and symptoms, or
2. Patient with structural damage to middle
    ear or TM at any time

Yes

Surgical intervention

Continue to monitor (box D)

PET placement PET extrusion and continues to meet
criteria in box E

<4 yr age >4 yr age

1. Adenoidectomy
2. PET placement

1. Adenoidectomy
2. Myringotomy or
    PET placement

D

C

F

E

B

A
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Mastoiditis
Donald H. Arnold, MD, MPH, and David M. Spiro, MD, MPH

DEFINITIONS

The mastoid air cells are a mucous membrane–lined, diploic 
portion of the temporal bone. At birth, this structure con-
sists of the one-cell antrum, and by 3 years of age, most 
children have experienced development of multiple mastoid 
air cells. This structure communicates with the distal end of 
the middle-ear cavity via a small canal, the aditus ad antrum.

PATHOGENESIS

Because of this direct communication with the middle ear, 
inflammation of the mastoid accompanies episodes of 
acute otitis media (AOM). Mastoiditis is defined as clini-
cally significant inflammation and/or infection of the mas-
toid that leads to purulent material within the air cells and 
obstruction to drainage of this material. It remains the 
most frequent extracranial complication of AOM. The in-
fection may spread to form a subperiosteal abscess. This 
might be suspected when the patient does not improve 
within 48 hours of initiating antibiotic treatment and may 
require incision and drainage.

Acute mastoiditis was a common complication of AOM 
before effective antibiotics were available for this infec-
tion. It is generally categorized as acute or chronic, and 

this chapter pertains to acute mastoiditis. Acute mastoid-
itis remains a potentially serious complication of AOM.

CAUSATIVE FACTORS

The bacterial organisms causing acute mastoiditis do not 
entirely parallel those causing AOM. The most common 
are Streptococcus pneumoniae and Pseudomonas aerugi-
nosa, as well as Staphylococcus aureus and nontypeable 
Haemophilus influenzae. Anaerobic organisms may also 
cause mastoiditis. However, the prevalence of bacterial 
organisms may be dependent on age and location. A recent 
comprehensive review of published cases noted a mean 
age of 32 months, and S. pneumoniae as the most fre-
quently isolated bacterium. Reports note equal prevalence 
of S. pneumoniae and P. aeruginosa (20%–25% each) and 
group A Streptococcus (15%). In contrast, studies from  
the United States have demonstrated a younger median 
age (12 months) in children with mastoiditis caused by  
S. pneumoniae.

Risk factors for mastoiditis are those for AOM and include 
underlying congenital or acquired immune deficiencies and 
anatomic abnormalities such as cholesteatoma. However, the 
most frequent predisposing factors include sidestream smoke, 
day-care attendance, and supine feeding position.
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CLINICAL MANIFESTATIONS 
AND DIAGNOSIS

The classic clinical manifestation of acute mastoiditis is 
protrusion of the auricle and anterior bowing of the exter-
nal auditory canal. Although mastoiditis may occur in the 
absence of these findings, most often the diagnosis can be 
established at the bedside based on these clinical features. 
Additional physical findings may include postauricular 
pain, erythema and swelling, tenderness of the mastoid 
process, and the nonspecific findings of sleep disruption, 
irritability, and decreased oral intake. In patients pre-
treated with antibiotics, physical findings may be modified 
and subtle, and the course of illness more indolent.

Plain radiographs are of limited utility because they may 
be normal in the presence of mastoiditis and, conversely, 
abnormal in the absence of the infection. Noncontrast  
computed tomography (CT) scan of the temporal bone is the 
imaging modality most often used. However, this diagnosis 
can generally be made clinically without exposing the child 
to CT radiation. Consultation with a pediatric otolaryngolo-
gist is recommended once mastoiditis is suspected clinically.

TREATMENT

Gram stain may provide valuable information for initial anti-
biotic selection, and culture results are the most definitive 
source for antibiotic choice. In most cases, a third-generation 

cephalosporin (e.g., ceftriaxone, cefotaxime) in combination 
with clindamycin (for anaerobe and staph coverage) is an  
appropriate antibiotic regimen. In patients with concern for 
P. aeruginosa (e.g., a child with a history of chronic AOM), 
an aminoglycoside (e.g., gentamicin, tobramycin), meropen 
 em, or semisynthetic penicillin with antipseudomonal cov-
erage (e.g., ticarcillin-clavulanate, piperacillin-tazobactam) 
should be added to the regimen. Recommended duration  
of treatment has ranged from 10 to 21 days, and the portion 
of this composed of parenteral treatment must be based on 
clinical response.

Surgical intervention is indicated in the presence of intra-
cranial complications and may include simple mastoidectomy 
with or without tympanoplasty or pneumatic equalization 
tube placement. Indications for mastoidectomy are not uni-
form but may include the presence of cholesteatoma or extra-
temporal bone suppurative complications. Patients treated 
surgically appear to respond after surgery to oral antibiotics.

COMPLICATIONS

Extracranial complications include CN6 (abducens) or 
CN7 palsy, jugular venous thrombosis, internal carotid 
artery inflammation, and erosion. Intracranial complica-
tions include meningoencephalitis, venous sinus throm-
bosis, epidural or subdural abscess, and brain abscess. 
Changes in mental status or neurologic examination 
mandate immediate imaging to evaluate for these  
complications.
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CLINICAL APPROACH

 A. In the patient’s history, ask about pain in the retroau-
ricular area, as well as concerning central nervous  
system signs such as headache, emesis, neck pain, and 
mental status changes. Identify predisposing condi-
tions such as recurrent or chronic otitis media and  
acquired or inherited immunodeficiency.

 B. During the physical examination, observe and note any 
swelling, erythema, or tenderness of the retroauricular 
area. Examine the external auditory canal for anterior 
bowing or edema. Evaluate the child for meningeal 
signs, facial or abducens nerve palsies, and evidence of 
increased intracranial pressure.

 C. Consider immediate ear, nose, and throat (ENT) con-
sultation, particularly for the child who appears signifi-
cantly ill. Mastoidectomy may be necessary to facilitate 
treatment of the abscess and to avoid intracranial or 
extracranial complications.

 D. As noted earlier, CT imaging is not always necessary, 
and mild cases of mastoiditis may be diagnosed clini-
cally and treated without imaging. However, if the child 
appears ill, has significant swelling or tenderness of the 
mastoid area, or notable pouting of the auricle, CT may 
be indicated to evaluate for subperiosteal abscess.

 E. Gram stain and culture (anaerobic and aerobic) are essen-
tial to choosing appropriate antibiotic therapy. Initial anti-
biotics generally include a third-generation cephalosporin 
(e.g., ceftriaxone, cefotaxime) in combination with clinda-
mycin (for anaerobe and staph coverage). In patients with 
concern for P. aeruginosa (e.g., a child with a history of 
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chronic AOM), an aminoglycoside (e.g., gentamicin, to-
bramycin), meropenem, or semisynthetic penicillin with 
antipseudomonal coverage (e.g., ticarcillin-clavulanate, 
piperacillin-tazobactam) should be added to the regimen.
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Patient with MASTOIDITIS
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Physical exam
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OR other appropriate antibiotic regimen

After patient stabilized:
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2. Stabilize per Pediatric Advanced Life Support
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    2b. Neurologic support
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Epistaxis
Patricia J. Yoon, MD

The nose has a rich vascular supply, receiving blood flow 
from both the internal and external carotid arteries. These 
two systems meet in an area of the anterior septum known 
as Little’s area or the Kiesselbach plexus. This area ac-
counts for most pediatric epistaxis. Epistaxis is relatively 
uncommon before age 2 years and is most frequent be-
tween the ages of 3 and 8 years.

	A.	 In the patient’s history, note the frequency, duration, 
and volume of the bleeding. It is important to note 
laterality: Does the bleeding predominantly occur from 
one side, both sides separately but equally, or out of 
both sides simultaneously? Identify any precipitating 
factors such as trauma (e.g., nose picking). Inquire 
about nasal allergies and whether the epistaxis is worse 
during certain seasons. Allergies may exacerbate epi-
staxis, as may dry winter air. Has the patient had prob-
lems with easy bruising or excessive bleeding from 
procedures such as dental work or circumcision? Is 
there a family history of bleeding disorders? Medica-
tions such as NSAIDs and nasal corticosteroid sprays 
may worsen epistaxis. Note any other medical condi-
tions that may contribute to bleeding such as hyperten-
sion (e.g., renal disease) or chronic liver disease. In-
quire about nasal obstruction; neoplastic lesions may 
present with bleeding and nasal obstruction.

	B.	 Perform a complete physical examination. Examination 
of the nose will usually reveal a dry or excoriated ante-
rior septum with fresh clots or old crusts. Prominent 
blood vessels are often seen in this area. Look for signs 
of nasal trauma. Note the appearance of the turbinates; 
boggy, pale turbinates are indicative of allergic rhinitis. 
Look for signs of infection/sinusitis, such as purulent 
nasal drainage. Septal deviation can cause turbulent 
airflow and resultant dryness and epistaxis. Are there 
any nasal masses such as polyps or other obstructing 
tumors? Are telangiectasias, hemangiomas, varicosities, 
or petechiae present in the nose or elsewhere?

	C.	 Blood tests are not routinely obtained for most patients 
who initially present with recurrent epistaxis. However, 
they are indicated if the patient has had copious pro-
longed bleeding, recurrent bleeding despite preventive 
measures, or a personal or family history of easy bleed-
ing or a bleeding disorder. A complete blood cell count 
(CBC; including hematocrit and platelet count), pro-
thrombin time (PT), and activated partial thromboplas-
tin time (aPTT) should be obtained. Further testing 
such as bleeding time, platelet function assay, and 
other coagulation assays may be ordered if warranted. 
A computed tomography (CT) scan may be ordered if 
neoplasm is suspected.

	D.	 The differential diagnosis of epistaxis is extensive 
(Table 1). Most commonly, recurrent epistaxis is due 
to inflammation or trauma. Hematologic conditions 
may cause epistaxis, as may vascular abnormalities. 

Epistaxis is the most common manifestation of heredi-
tary hemorrhagic telangiectasia (HHT). Neoplastic le-
sions (benign or malignant) may present with bleeding, 
nasal obstruction, or both. Juvenile nasopharyngeal 
angiofibroma is a highly vascular tumor that presents in 
adolescent boys with nasal obstruction and usually se-
vere, recurrent epistaxis. CT scan should be obtained if 
this is suspected.

	E.	 For patients who have a history of recurrent epistaxis, 
without current active bleeding and without otherwise 
concerning history or examination, the first line of pre-
ventive management is improved nasal moisture. This 
may be accomplished by use of a room humidifier (par-
ticularly in cold, dry climates), nasal saline spray, and 
once or twice daily application of a water-based lubri-
cant (such as a nasal saline gel), antibiotic ointment, or 
petroleum jelly (Vaseline) to the anterior septum. Digi-
tal trauma or nose rubbing should be discouraged. If 
allergies seem to be exacerbating the nosebleeds, treat-
ment with antihistamines may decrease the frequency. 
If a patient is using nasal corticosteroid sprays, proper 
technique must be used that directs the spray supero-
laterally, and away from the anterior septum. If bleed-
ing persists, the spray may need to be discontinued. If a 
patient has persistent recurrent epistaxis despite these 
measures, cautery with silver nitrate may be elected. 
The laterality of the bleeding is important to note: Only 
one side of the septum should be cauterized at a time, 
because simultaneous bilateral cauterization carries a 
risk for septal perforation. In children aged 10 and 
older, this can often be accomplished in the clinic; 
younger children usually require a general anesthetic.

	F.	 In the setting of active bleeding, the patient should gen-
tly blow out any clots, sit upright, and lean forward so 
that blood is not swallowed. A topical vasoconstrictor, 
such as oxymetazoline, may be sprayed into the nose. 
Firm, constant pressure should then be applied to the 
anterior septum by pinching the nose shut for 5 minutes 
by the clock. This will control most cases of epistaxis. If 
a bleeding source can be identified, it may be cauterized 
with silver nitrate. If the bleeding persists, anterior nasal 
packing may be necessary. CBC, PT, and PTT should 
also be ordered. In children, oxidized cellulose or micro-
fibrillar collagen have typically been used for anterior 
packing, because these dissolve and usually do not need 
to be removed. Because of the risk for toxic shock syn-
drome, the packing material should be coated with  
antibiotic ointment before insertion, and the patient 
should be placed on oral antibiotic therapy for the dura-
tion. If bilateral packs are necessary, the airway must 
also be monitored. In recent years, topical hemostatic 
agents have been developed for epistaxis control, such as 
collagen-derived particles and topical bovine-derived 
thrombin applied as a viscous gel. These also obviate the 
need for pack removal.

(Continued on page 138)
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(Cont’d on p 139)
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	G.	 In the rare instances where these measures fail to con-
trol bleeding, a superior or posterior source of bleeding 
must be suspected. In a stable patient, nasal endoscopy 
should be performed in an effort to visualize the 
source. If a posterior/superior source can be identified, 
cautery may be performed under a general anesthetic. 
Alternatively, in the emergent setting, a posterior pack 
may be placed in conjunction with the anterior pack. 
This may consist of gauze or a saline-filled balloon that 
sits in the nasopharynx. Patients with posterior packing 
must be admitted for airway observation.

	H.	 For uncontrolled bleeding, angiography and arterial 
ligation or embolization may be required. The anterior 
and posterior ethmoidal arteries and the internal max-
illary artery may be ligated.

	 I.	 HHT may be treated with laser coagulation or septo-
dermoplasty. There are reports that hormone therapy 
may decrease epistaxis in HHT, but this has yet to be 
proved.
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Table 1. Causes	of	Epistaxis	in	Children

Common Causes
Inflammation

Upper respiratory infections
Viral
Bacterial

Allergic rhinitis
Childhood exanthems
Vestibulitis (furunculosis)
Nonallergic rhinitis with eosinophilia
Foreign body
Trauma

Dry air
Outdoor and indoor air pollution
Patient-induced (nose picking)
Facial fracture or blunt trauma
Sudden barometric pressure changes

Uncommon Causes
Anatomic

Severe septal deviation
Postsurgical adhesions or atrophic rhinitis

Hematologic

Platelet abnormalities
Primary (idiopathic thrombocytopenic purpura)
Acquired (aspirin, leukemia)

Coagulation defects
Primary (von Willebrand, hemophilia)
Acquired (warfarin, liver disease)

Neoplasms

Benign
Nasopharyngeal angiofibroma
Pyogenic granuloma
Papillomas

Malignant
Rhabdomyosarcoma
Lymphoma

Vascular Abnormalities

Hereditary hemorrhagic telangiectasia
Internal carotid pseudoaneurysm
Hemangioma

Trauma

Nasogastric or nasotracheal tube placement
Postsurgical
Chemical and caustic agents

From: Manning SC, Culbertson MC. Epistaxis. In: Bluestone CD, Stool SE, 
Alper CM, et al, editors. Pediatric otolaryngology. 4th ed. Philadelphia:  
Saunders; 2003. p. 925–30.
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Nasal Congestion
Megan G. Henderson, MD, FAAP

Nasal congestion (rhinitis) is inflammation of the nasal pas-
sages with subsequent production of rhinorrhea. The most 
common cause is viral rhinosinusitis, otherwise known as 
the common cold. The exact incidence is estimated to av-
erage 6 to 12 upper respiratory infections each year in the 
pediatric population. Usually these will spontaneously re-
solve within 7 to 10 days. However, about 6% to 13% of 
children with viral rhinosinusitis go on to acquire acute 
bacterial sinusitis (ABS). Another principle cause of 
chronic rhinitis is allergic rhinitis of the seasonal or peren-
nial type. All other causes are less frequent (Table 1). A 
directed history and examination of the patient should 
help clarify the diagnosis and subsequent treatment plan.

	A.	 History: In the patient’s history, generalized malaise 
and decrease appetite is quite common. Fever early in 
the course may occur in rhinosinusitis but is clearly not 
necessary for a diagnosis. Inflammation of the nasal-
pharyngeal epithelium can cause sneezing, pharyngitis, 
cough, postnasal drip, and throat clearing. Headache 
and facial pain, with or without intermittent periorbital 
swelling, may be present in sinusitis. Inquire about 
symptom onset, duration, and severity, as well as other 
contributing factors. Seasonal variations of watery rhi-
norrhea and pruritic eyes or nose are indicative of al-
lergic processes. Ask about exposure to allergens, irri-
tants, climate changes, and current medications. Note 
a history of other atopic conditions in the family such 
as eczema, asthma, or allergies. Clear or purulent nasal 
discharge of less than 10 days, or improvement of 
symptoms by the tenth day, is an important factor to 
help discern between viral rhinosinusitis and bacterial 
processes, thus eliminating unnecessary use of antibi-
otics. ABS is defined as bacterial infection of the para-
nasal sinuses lasting longer than 10 days, but less than 
30 days. Infection persisting between 30 to 90 days is 
called subacute bacterial sinusitis. Conditions persist-
ing longer than 90 days are termed chronic sinusitis. 
Individuals with a history of allergic rhinitis, structural 
anomalies that obstruct the sinus cavity drainage (devi-
ated nasal septum, nasal polyps), and gastroesophageal 
reflux disease are all more susceptible to ABS or recur-
rent bouts of ABS.

Disorders can be superimposed on each other or 
contribute to other disease states. Viral rhinosinusitis  
is the most common antecedent to bacterial sinusitis. 
Allergic rhinitis can predispose patients to sinus infec-
tions and contribute to poorly controlled asthma. Sea-
sonal allergic rhinitis can be superimposed on perennial 
rhinitis. Overuse of nasal decongestants can exacerbate 
the symptoms as well.

	B.	 Physical Examination: A good history is important be-
cause it may be impossible to discern between viral 
rhinovsinusitis and ABS by physical examination alone. 
Older patients may have facial tenderness to palpation 

with ABS. Any swelling of the area overlying the sinuses 
should be investigated to rule out Pott puffy tumor. 
Examination for dental abscesses and caries may reveal 
another cause of facial pain. The periorbital area should 
be examined for signs of vascular congestion: perior-
bital edema, infraorbital bluish discoloration (allergic 
shiners), Morgan–Dennie lines (skin folds under the 
lower eyelid), and ocular conjunctivitis—all of which 
are consistent with allergic processes. The nasal pas-
sages should be investigated for foreign bodies, ana-
tomical obstruction, swollen pale blue turbinates (vas-
cular congestion from allergies), or friable dry nasal 
membranes (rhinitis medicamentosa). An allergic 
crease may be visible across the nasal bridge from the 
allergic salute—a repetitive upward wiping of the nose 
in allergic rhinitis. The pharynx may have a cobbleston-
ing pattern from postnasal drip. The lungs should be 
auscultated to assess for wheezing. With any mental 
status changes, focal neurologic deficits, or severe head-
ache, severe sinusitis or cavernous venous thrombosis 
should be suspected.

	C.	 Diagnostic Tests and Imaging: Laboratory and imaging 
tests are rarely indicated and are not helpful in the 
workup of a patient with rhinitis. Screening for an im-
munodeficiency, cystic fibrosis, or ciliary dyskinesias 
may be indicated with recurrent or persistent infec-
tions, the finding of nasal polyps, concomitant poor 
growth of a child, or a significant family history. Imag-
ing studies of the sinuses to differentiate between viral 
and bacterial processes is not recommended for the 
diagnosis of uncomplicated ABS. Computed tomogra-
phy (CT) may be indicated in the evaluation of indi-
viduals with recurrent or complicated ABS, who may 
be considered for surgery. Therefore, patients with 
severe pain, periorbital cellulitis, facial swelling, or 
suspected central nervous system involvement should 
have CT sinus studies performed and blood collected 
to rule out sepsis. Occasionally, sinus aspiration or  
lavage to obtain cultures will be indicated in the more 
severe cases.

Although an IgE-mediated process, serum RAST or 
skin prick testing is also rarely indicated in allergic rhi-
nitis. Avoidance measures, antihistamines, and topical 
steroidal measures are certainly first-line therapies. 
However, serum RAST or skin-prick testing can help 
guide avoidance measures and/or immunotherapy 
when necessary for persistent severe allergic symptoms 
or worsening asthma with poorly controlled allergies.

	D.	 Treatment: Most uncomplicated episodes of viral rhi-
nosinusitis resolve within 5 to 7 days. One can consider 
analgesics, mechanical nasal clearance, and deconges-
tants in older children. ABS is defined as inflammation 
of the normally sterile paranasal sinuses caused by a 
bacterial infection. Clinically, ABS has a persistence 
that differentiates it from viral rhinosinusitis. Most 
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commonly, the complaint is nasal discharge of any 
quality (thin or thick; clear or purulent) or daytime 
cough, with worsening at night, for greater than  
10 days without improvement. The child may not ap-
pear very ill but will complain of the persistence of the 
symptoms. Low-grade fever, headache, facial pain, 
and/or malodorous breath may also be reported.

The most common pathogens responsible for ABS 
are Streptococcus pneumoniae, nontypeable Haemophi-
lus influenzae, and Moraxella catarrhalis. Less frequently, 
Staphylococcus aureus and anaerobic organisms are 
implicated in chronic bacterial sinusitis. Amoxicillin is 
the first-line drug for treatment of ABS, with high dos-
ages of 80 to 90 mg/kg/day for children younger than  
2 years and other risk factors for bacterial resistance—
that is, day-care attendance or antibiotic exposure within 
the last 30 days. Patients with a penicillin allergy can be 
treated with an oral second- or third-generation cephalo-
sporin. Patients with both penicillin and cephalosporin 
allergies can be treated with a macrolide, such as azithro-
mycin. If oral therapy is not an option because of vomit-
ing, a single dose of parenteral ceftriaxone, followed by a 

course of oral antibiotic is another option. Evidence is 
not clear on the optimal duration of therapy, including 
10-, 14-, or 21-day courses. However, the treatment for  
7 days after resolution of symptoms is well accepted.

Adjuvant therapies such as antihistamines, de-
congestants, and anti-inflammatory agents for the 
treatment of ABS have not been validated. Investiga-
tions into antihistamine and decongestant use are  
the most equivocal with results showing as much 
harm as benefit. Further study of topical nasal ste-
roids would be helpful. Nasal irrigation with saline 
has shown to have some positive effect and is inex-
pensive. Certainly patients with severe ABS, with 
orbital or possible central nervous system involve-
ment, should be hospitalized for receipt of intrave-
nous antibiotics, subspecialty consult, and surgical 
drainage, if indicated.

First-line treatment of allergic rhinitis is an intra-
nasal corticosteroid spray. Options include beclometh-
asone, flunisolide, fluticasone, and mometasone; they 
can also improve eye symptoms. Antihistamines can 
be a useful adjunct. The nonsedating antihistamines 
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Table 1. Differential	Diagnosis	of	Rhinitis

Disorder Clinical	Features

Viral rhinosinusitis Clear or purulent rhinorrhea and cough with resolving symptoms by 7–10 days
Acute bacterial sinusitis Nasal or postnasal discharge for longer than 10–14 days with sinus pressure, malodorous breath,  

headache
Allergic rhinitis Watery rhinorrhea with pruritus of the nose, eyes, ears, or throat, sneezing, and allergic stigmata  

(allergic salute, swollen nasal turbinates)
Rhinitis medicamentosa Rhinitis with dry, sore nasal mucosa and overuse of nasal decongestants
Chronic (recurrent) bacterial sinusitis Greater than 90 days of acute bacterial sinusitis symptoms (see earlier)

Anatomic Abnormalities
Foreign body Unilateral nasal drainage with foreign matter visualized in the nares
Obstructing masses Unilateral nasal drainage with deviating septum, nasal polyps
Ciliary dyskinesia Situs inversus, recurrent otitis media, family history of ciliary dysfunction
Cystic fibrosis Poor growth, diarrhea, clubbing of digits, recurrent pneumonias
Immunodeficiency Poor growth, notable lack of tonsillar tissue or lymph nodes, recurrent or severe infections

Table 2. Antibiotic	Therapy	for	Paranasal	Sinusitis	in	Children

Antibiotics Dosage Product

Availability
Oral Antibiotics

Amoxicillin 45 mg/kg/day 4 bid (usual dosage) or 
90 mg/kg/day 4 bid (high dosage)

Liquid: 125, 250, 400 mg/5 ml

Capsules: 250, 500 mg
Chewables: 125, 250 mg

Amoxicillin-clavulanate (Augmentin ES) 80–90 mg/kg/day with 6.4 mg/kg/
day clavulanate 4 bid

Liquid: 600 mg/5 ml
Tablets: 2 g

Azithromycin 10 mg/kg/day on day 1, then 5 mg/
kg/day for 4 days

Suspension: 100, 200 mg/5 ml
Capsules: 250 mg, 600 mg

Cefdinir 14 mg/kg/day in 1 or 2 doses Suspension: 125 mg/5 ml
Capsules: 300 mg

Clindamycin 30–40 mg/kg/day 4 tid Suspension: 75 mg/5 ml
Capsules: 75, 150, 300 mg

Intravenous Antibiotics for Hospitalized Patients

Cefotaxime (Claforan) 50 mg/kg/dose IV every 8h
Ceftriaxone (Rocephin) 75 mg/kg/dose IV every 24h
Clindamycin (Cleocin) 10 mg/kg/dose every 6–8h
Nafcillin 25 mg/kg/dose IV every 6h
Vancomycin 40 mg/kg/24 hr divided every 6–8h

(loratadine, cetirizine, and fexofenadine) are available 
in pediatric liquid preparations. Oral decongestants 
(i.e., pseudoephedrine) are useful to decrease nasal 
congestion but are not indicated in younger children 
(,6 years of age), and topical decongestants (i.e., 

oxymetazoline) can be helpful but should not be used 
for more than 3 days secondary to the risk for rebound 
vasocongestion. Leukotriene receptor antagonists 
(i.e., montelukast) are approved for use in allergic 
rhinitis and asthma.
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Table 3. Medications	to	Treat	Rhinitis

Drug	Name Age-Appropriate	Dosage

Intranasal Corticosteroid
Flunisolide 6–14 years: 1 spray/nostril tid, or 2 sprays bid

.14 years: 1–2 sprays/nostril 2–4 times per day
Fluticasone propionate $4 years: 1 spray/nostril daily

Adults: 2 sprays/nostril daily or 1 spray bid
Triamcinolone acetonide 6–12 years: 1–2 sprays/nostril daily

.12 years: 2 sprays/nostril daily

Intranasal Antihistamine
Azelastine 5–11 years: 1 spray per nostril bid

$12 years: 2 sprays/nostril bid
Olopatadine $5 years: 2 sprays/nostril bid to tid

Intranasal Decongestant
Oxymetazoline $6 years: per pediatric drug dosing

Oral Antihistamine—Nonsedating/Less Sedating
Cetirizine 5 mg/5 ml syrup, 5-mg chew tablet, 10-mg chew 

tablet:
6–12 months: 2.5 mg once a day
1–5 years: 2.5 mg once or twice a day
$6 years: 5 or 10 mg once a day

Desloratadine 2.5 mg/5 ml syrup, 2.5 mg RediTab, 5 mg RediTab/
tablet:
6–11 months: 2 ml 5 1.0 mg daily
12 months to 11 years: 2.5 mg daily
$12 years: 5 mg daily

Fexofenadine 30 mg/5 ml syrup, 30-/60-/180-mg tablets
6–11 years: 30 mg bid
$12 years: 60 mg bid or 180 mg daily

Levocetirizine 2.5 mg/5 ml syrup, 5-mg tablet
6–11 years: 2.5 mg each evening
$12 years: 5 mg each evening

Loratadine 5 mg/5 ml syrup, 5 mg RediTab, 10-mg tablet
2–5 years: 5 mg daily
$6 years: 10 mg daily

Oral Antihistamine—Sedating
Diphenhydramine 12.5 mg/5 ml syrup, 25-mg tablets

6 months to 2 years: per pediatric drug dosing
$2 years: 5 mg/kg/day 4 every 6h

Hydroxyzine HCL 10 mg/5 ml syrup; 10-/25-/50-mg tablets
Hydroxyzine pamoate 25 mg/5 ml; 10-/25-/50-mg tablets

2 mg/kg/day 4 every 6-8h
Leukotriene antagonist
Montelukast 4-mg granules; 4-mg chewable, 5-mg  

chewable; 10-mg tablet
6–23 months: 4-mg granules daily
2–5 years: 4 mg daily
6–14 years: 5 mg daily
$15 years: 10 mg daily
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Cervical Lymphadenitis/
Adenopathy

Patricia J. Yoon, MD, and Stephen Berman, MD

Lymphadenopathy, enlargement of lymph nodes, typically 
results from either inflammation (lymphadenitis) or neoplas-
tic infiltration of the lymph nodes. The cervical nodes filter 
lymphatics from the head and neck, and may enlarge with a 
variety of infections ranging from viral upper respiratory to 
dental to soft tissue infections of the scalp or face. Cervical 
nodes that are tender, with or without erythema, suggest 
lymphadenitis. Unilateral acute cervical lymphadenitis is 
caused by Staphylococcus aureus or Streptococcus pyogenes 
in 80% of cases.

	A.	 In the patient’s history, note the duration for which the 
mass has been present, determine whether it has been 
changing in size or character, and whether it has been 
painful. If painful, determine whether salivation exacer-
bates the pain (sialadenitis). Record any treatment al-
ready undertaken (i.e., antibiotics), and its effect on the 
size and character of the mass. Ask about the history of 
dental problems. If the mass is thought to be a lymph 
node, inquire specifically about previous local infec-
tions in the area drained by the node. Reactive lymph 
nodes are the most common cause of adenopathy in 
children. Children with acute cervical lymphadenitis 
often have a history of preceding illness, such as an up-
per respiratory infection, tonsillitis, or otitis media. 
Note exposure to animals (cat-scratch disease [CSD], 
tularemia, brucellosis, anthrax, plague). If there has 
been exposure to cats, inquire about scratches, papules, 
or pustules in the area drained by the node (CSD). In-
quire about ill contacts (tuberculosis). Determine the 
residence and type of travel (African trypanosomiasis, 
cutaneous leishmaniasis, scrub typhus). Note any sys-
temic symptoms, such as fever, unexplained weight  
loss, night sweats, irritability, skeletal pain, cough, and 
wheezing.

	B.	 Perform a complete physical examination. Laterality 
may offer clues: bilateral cervical adenitis is most 
commonly viral in nature (e.g., Epstein–Barr virus 
(EBV), adenovirus, cytomegalovirus (CMV), entero-
virus, herpes simplex virus (HSV), whereas acute 
unilateral swelling is more often bacterial. Lymph 
node enlargement in more than two noncontiguous 
lymph node regions or hepatosplenomegaly suggests 
generalized lymphadenopathy (see p. 22). Character-
ize the mass: Note location, mobility (movable  
or fixed), consistency (solid or fluctuant, smooth or 

nodular), warmth, erythema, and tenderness. Note 
neck range of motion. Record accurate measure-
ments of the mass in two dimensions. Parotid gland 
enlargement characteristically obscures the angle of 
the mandible, with at least half of the mass palpable 
above the angle. Note periodontal disease/dentition 
status. Examine the scalp (fungal lesions), face, ears, 
nose, and oropharynx for evidence of local infection 
(vesicles, ulcers, exudate) or neoplastic masses. Con-
junctival involvement (injection or discharge) sug-
gests adenoviral infection, CSD, Kawasaki disease 
(see p. 628), or tularemia. Note the presence of a rash 
(scarlet fever) or bruises or petechiae that suggest an 
oncologic condition. Look for sinus tract openings in 
the skin if the mass is midline (thyroglossal duct cyst) 
or anterior to the sternocleidomastoid muscle (bran-
chial cleft cyst). Consider transillumination of any 
mass suspected of being cystic, particularly if it is 
lobulated and lies in the supraclavicular fossa of a 
young child (lymphatic malformation). Lymphatic 
malformations are usually soft masses but rarely are 
firm. Signs of acute inflammation suggest acute bacte-
rial lymphadenitis or an infected congenital cyst.  
On occasion, non-Hodgkin lymphoma may present 
with persistent tonsillar enlargement and cervical 
adenopathy.

	C.	 Complete blood cell count (CBC), erythrocyte sedi-
mentation rate (ESR), C-reactive protein (CRP), puri-
fied protein derivative (PPD), Bartonella titers, lactate 
dehydrogenase (LDH), monospot test, and EBV titers 
may help identify the cause of lymph node enlarge-
ment, with laboratory test choice dictated by presenta-
tion. Computed tomography (CT) scan with contrast is 
the imaging modality of choice to help differentiate 
between cellulitis, phlegmon, and abscess. CT is not 
routinely indicated for children who present with cervi-
cal adenitis. However, it should be considered if there 
is a lack of response to antibiotic therapy, if abscess is 
suspected, or if airway concerns are present, because 
these may influence decision for surgical management. 
Ultrasonography may also help identify an abscess. In 
cases of a midline mass that moves with tongue protru-
sion, it is most likely a thyroglossal duct cyst, the most 
common congenital mass. In these cases, obtain a thy-
roid ultrasound to characterize the mass and to deter-
mine whether the child has a normal thyroid gland.

(Continued on page 146)
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History

Physical examination

Consider:
    CBC with differential
    PPD
    Throat culture

Identify:
    Parotid enlargement
    Dental abscess
    Tumors of thyroid
    Oropharyngeal infection
    Infectious lesion on scalp,
    head, or face

Identify structural abnormality:
    Lymphatic malformation
    Branchial cleft cyst
    Thyroglossal duct cyst
    Dermoid cyst

C

B

A

Patient with CERVICAL LYMPHADENITIS/ADENOPATHY

(Cont’d on p 147)
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	D.	 The differential diagnosis of cervical lymphadenitis/
adenopathy is extensive. Therefore, the diagnostic  
approach should consider whether the process is acute 
or chronic, whether it is inflammatory, whether the 
lymphadenitis/adenopathy is localized or general, and 
whether there are signs of systemic disease. Lymph-
adenopathy may be caused by infections, malignancy, 
immunologic disorders, or various other miscellaneous 
disorders (Table 1). Worrisome features include supra-
clavicular or scalene lymphadenopathy; unexplained 
constitutional symptoms such as weight loss or night 
sweats; size greater than 2 cm; a hard, firm or matted 
consistency, lack of associated infection; onset during 
the neonatal period; history of rapid or progressive 
growth, particularly in the absence of any inflamma-
tion. Patients exhibiting these characteristics should be 
referred for biopsy. Adjunctive studies that may be 
helpful include CBC, ESR, and chest radiograph. Cor-
ticosteroids should not be given to patients in whom 
lymphoma or leukemia are suspected, because these 
can mask the diagnosis and affect prognosis.

Infections
Bacterial

Localized:
Staphylococcus aureus, group A Streptococcus (e.g., pharyngitis), 

anaerobes (periodontal disease), cat-scratch disease, tularemia,  
bubonic plague, diphtheria, chancroid

Generalized:
Brucellosis, leptospirosis, lymphogranuloma venereum, typhoid fever
Viral

Epstein–Barr virus, cytomegalovirus, herpes simplex virus, human 
immunodeficiency virus, hepatitis B, mumps, measles, rubella, 
dengue fever

Mycobacterial

Tuberculosis, atypical mycobacteria
Fungal

Coccidiomycosis, cryptococcosis, histoplasmosis
Protozoal

Toxoplasmosis, leishmaniasis
Spirochetal

Lyme disease, syphilis

Malignancy
Leukemia, lymphoma, metastasis from solid tumor

Immunologic
Angioimmunoblastic lymphadenopathy with dysproteinemia, autoim-

mune lymphoproliferative disease, chronic granulomatous disease, 
dermatomyositis, drug reaction, rheumatoid arthritis, hemophago-
cytic lymphohistiocytosis, Langerhans cell histiocytosis, serum sick-
ness, systemic lupus erythematosus

Endocrine
Addison disease, hypothyroidism

Miscellaneous
Amyloidosis, Castleman disease, Churg–Strauss syndrome, inflamma-

tory pseudotumor, Kawasaki disease, Kikuchi disease, lipid storage 
diseases, sarcoidosis

Table 1. 	Differential	Diagnosis	of	Lymphadenopathy	
in	the	Pediatric	Patient

From Friedmann AM. Evaluation and management of lymphadenopathy in chil-
dren. Pediatr Rev 2008;29:56.

(Continued on page 148)



147

Patient with CERVICAL LYMPHADENITIS/ADENOPATHY

Assess course and pattern of lymphadenitis/adenopathy
(Cont’d from p 145)

Acute course
(Cont’d on p 149)

Chronic course

Assess risk for malignancy

Low High

Cause known

No

(Cont’d on p 149)

Yes

(Cont’d on p 149)

D

CBC with differential
  and platelets
PPD
Monospot
Consider:

Ultrasonography
CT scan
LDH
Chest x-ray
ANA

Consult:
Oncology

Consider:
Excisional/open biopsy

Malignancy Other systemic conditions Unknown cause

Identify:
Hodgkin disease
Non-Hodgkin lymphoma
Neuroblastoma
Rhabdomyosarcoma
Histiocytosis
Other malignancies

Identify:
Collagen vascular disease
Sarcoidosis
Immunodeficiency conditions

Assess for other infections as
in chronic lymphadenopathy
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Antibiotic Dosage

Staphylococcus Aureus, Streptococcus Pyogenes
Erythromycin 10 mg/kg/dose qid (maximum: 2 g/day)
Amoxicillin-clavulanate 10–15 mg/kg/dose tid (maximum: 2 g/day)
Dicloxacillin 7.5–10 mg/kg/dose qid (maximum: 2 g/day)
Cephalexin 10–25 mg/kg/dose qid (maximum: 4 g/day)

Atypical Mycobacteria
Clarithromycin 7.5 mg/kg/dose bid (maximum: 1 g/day)

Cat-Scratch Disease
Azithromycin 12 mg/kg/day for 5 days (maximum: 500 mg/day)

Table 2. Antibiotic	Coverage	for	Children	with	Cervical	Adenitis

	E.	 In the absence of severe caries or dental infections 
(anaerobes), acute unilateral cervical adenitis is most 
often caused by S. aureus or S. pyogenes. Consider di-
cloxacillin, a cephalosporin or amoxicillin with clavula-
nate for empiric therapy. Penicillin-allergic patients may 
be treated with clindamycin or a macrolide (Table 2). 
Failure to respond to outpatient oral therapy suggests 
the need for admission for intravenous antibiotic  
therapy (ampicillin-sulbactam, nafcillin, oxacillin, or 
clindamycin) and possible needle aspiration or surgical 
drainage. Consider obtaining blood cultures in patients 
with fever. Early antibiotic therapy is often successful in 
preventing suppuration; however, once fluctuant, the 
abscess will likely require surgical drainage for resolu-
tion. The possibility of methicillin-resistant S. aureus 
(MRSA) must be considered in all patients, particularly 
those who do not respond successfully to treatment,  
and cultures should be obtained at the time of surgical 
drainage to facilitate culture-directed therapy. Patients 
with signs of airway compromise warrant immediate 
otolaryngology consultation.

	F.	 Chronic cervical lymphadenitis can be caused by non-
tuberculous or atypical mycobacteria. The most com-
mon pathogen has changed from Mycobacterium 
scrofulaceum to Mycobacterium avium. The adenitis is 
often indolent, developing over a long period, but the 
node may also grow rapidly over 4 to 8 weeks. There 
are typically no systemic signs or much local pain. The 
overlying skin often becomes erythematous, and over 
time, the node may suppurate and drain chronically 
through the skin. Atypical mycobacterial infections are 
often associated with PPD skin reactions less than  
10 mm. A positive PPD test may raise concern about 
the possibility of tuberculosis. Obtain a chest radio-
graph and consider a referral to a regional tuberculosis 
clinic for patients older than 12 years because of the 

greater risk for Mycobacterium tuberculosis infection 
in these patients. Fluctuant cervical nodes should be 
aspirated for Gram stain and culture. Surgical excision 
is considered optimal treatment. When surgery is not 
feasible or jeopardizes the facial nerve, antimicrobial 
therapy is indicated with a combination of two to four 
medications (e.g., clarithromycin, ethambutol, Isonia-
zid, rifampin). Susceptibility testing is needed to opti-
mize therapy.

	G.	 CSD produces a chronic cervical lymphadenitis. It is 
caused by a pleomorphic gram-negative bacillus, Barton-
ella henselae, transmitted by kittens through scratches 
and bites or by flea bites. However, cat exposure is not 
always documented. The presentation begins with the 
development of a papule at the contact site with subse-
quent involvement of regional lymph nodes. Adenopathy 
is tender and can progress to suppuration. Conjunctivitis, 
together with mild malaise and fever, may accompany 
the adenitis. Serologic testing is available to support the 
diagnosis. PCR assays are also available. CSD is self-
limited, with resolution of symptoms in about 3 months. 
Treatment with azithromycin may speed resolution.  
Surgical resection is generally not indicated.

	H.	 Patients with localized cervical adenopathy, without 
features concerning for malignancy, may reasonably be 
observed for 3 to 4 weeks. A 7- to 10-day course of oral 
antibiotics may also be given to evaluate for response. 
A patient should be referred for biopsy if the adenopa-
thy progresses or does not improve within 4 to 6 weeks. 
Although longstanding, stable lymph nodes have a low 
likelihood of being malignant, Hodgkin lymphoma is 
an exception, because it may remain quite indolent. 
This diagnosis should be considered, particularly in 
adolescents, teenagers, and young adults. An open/ 
excisional biopsy is preferred over needle biopsy for 
diagnosis of hematopathologic disorders.
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Patient with CERVICAL LYMPHADENITIS/ADENOPATHY
(Acute course)

Unilateral
lymphadenitis

(probable
S. aureus,

S. pyogenes)

Bilateral
lymphadenitis/

adenopathy

Generalized
lymphadenopathy

Treat:
Oral antibiotics

No Yes

(No) (Yes)

Follow-up:
Assess response
in 24–48 hours Probable viral

infection or
reactive

hyperplasia

Monospot
PPD
Consider:
    Biopsy
    Toxoplasmosis titers
    Cytomegalovirus culture
    HIV tests

Nontuberculous
mycobacteria

Cat-scratch
disease

Poor
response

Good
response

Treat:
Consider:
    Admission for
    IV antibiotics

Good
response

Poor
response

Consider CT scan or ultrasound

Abscess No abscess

Surgical drainage Continue IV antibiotics Assess as chronic when response is poor

Treat:
Consider:
    Oral antibiotics

Treat:
Consider:
    Surgical excision
    Multidrug therapy

Follow-up:
Reassess

in 2–4 weeks

Assess as chronic
when response
after 4–6 weeks

is poor

Cause not
identified

Assess for
systemic
disease

Infection identified:
    EBV
    CMV
    Anthrax
    Toxoplasma
    M. tuberculosis (p 664)
    Tularemia
    Yersinia pestis (plague)
    Brucellosis
    African trypanosomiasis
    Scrub typhus
    Leishmaniasis

Treat:
Consider:
    Azithromycin

F

E

G

H

(Cont’d from p 147)

(Cont’d from p 147)

(Cont’d from p 147)
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Acute Pharyngitis in Children
Jody Ann Maes, MD

CAUSATIVE AGENTS

Acute pharyngitis is one of the most common illnesses for 
which children visit a healthcare facility. Many viruses and 
bacteria can cause acute pharyngitis in children and adoles
cents. A partial list of the most common microorganisms 
that cause pharyngitis in children and adolescent is pro
vided in Table 1. Group A Streptococcus (GAS) is the 
most important of the bacterial causes of pharyngitis. It  
accounts for 15% to 30% of cases of acute pharyngitis. GAS 
pharyngitis is uncommon in children younger than 3 years 
and rare in children younger than 15 months.

Goals of Diagnosis and Treatment 
of Group A Streptococcus

 1. Prevent acute rheumatic fever (ARF): Although the 
incidence of ARF is rare, significant sequelae are 
associated with ARF. Children younger than 4 years 
are not usually at risk for ARF. Treatment begun up 
to 9 days after GAS infection prevents ARF.

 2. Prevent suppurative sequelae (peritonsillar, retro
pharyngeal abscess).

 3. Shorten the duration of symptoms.
 4. Interrupt transmission to family member or 

classmates.

It is important to identify children with GAS pharyngitis 
not only for the reasons listed earlier, but to reduce anti
biotic use for those children who have a viral cause of 
pharyngitis (Tables 2 and 3).

COMPLICATIONS OF GROUP 
A STREPTOCOCCUS

GAS is a selflimited illness, generally not lasting more 
than 3 to 5 days, even in the absence of treatment. The 
main reason to treat GAS pharyngitis is to prevent compli
cations. Complications of GAS pharyngitis are:

 1. Rheumatic fever
 2. Peritonsillar abscess (see Table 4 for features)
 3. Retropharyngeal abscess (abscess formation between 

the posterior pharyngeal wall and prevertebral fascia; 
see Table 5 for features)

 4. Poststreptococcal glomerulonephritis: no evidence 
has been reported that treating GAS prevents  
the development of poststreptococcal glomerulone
phritis

 A. History and Physical Examination: Some typical features 
of viral pharyngitis include cough, rhinorrhea, nasal  
congestion, conjunctivitis, hoarseness, oral/pharyngeal 
vesicles or ulcers, viral exanthema, and age younger than 
3 years. Some typical features of GAS pharyngitis  
include abrupt onset of fever, throat pain, headache, 
abdominal pain with or without vomiting, tender ante
rior cervical lymph nodes, exudative pharyngitis, palatal Table 1. Causative Agents of Acute Pharyngitis

Causative Agent Associated Disorder

Bacterial Agents
Group A betahemolytic  

streptococci
Acute pharyngitis, Scarlet fever

Groups C, G betahemolytic 
streptococci

Corynebacterium diphtheriae Diphtheria
Neisseria gonorrhoeae
Chlamydophila pneumoniae
Chlamydia trachomatis
Mycoplasma pneumoniae
Mixed anaerobes Vincent angina
Francisella tularensis Tularemia

Viral Agents
Rhinovirus Common cold
Coronavirus Common cold
Adenovirus Pharyngoconjunctival fever
Herpes simplex virus Gingivostomatitis
Parainfluenza Common cold, croup
Influenza Flu
Coxsackievirus Herpangina; handfootand

mouth disease
Epstein–Barr virus Infectious mononucleosis

Table 2.  Features of Group A Streptococcus 
Pharyngitis

Abrupt onset of fever, throat pain
Headache
Abdominal pain with or without vomiting
Tender anterior cervical lymph nodes
Exudative pharyngitis
Palatal petechiae
Scarlet fever rash
Absence of cough, rhinorrhea, nasal congestion
Recent confirmed exposure (especially household)

Table 3. Features of Viral Pharyngitis

Cough, rhinorrhea, nasal congestion
Conjunctivitis
Hoarseness
Oral/pharyngeal vesicles or ulcers
Viral exanthema
Age ,3 years



Patient with ACUTE PHARYNGITIS

Signs and symptoms of a viral illness:
Cough
Rhinorrhea
Nasal congestion
Conjunctivitis
Hoarse voice
Oral pharyngeal ulcers/vesicles
Viral exantham

Signs and symptoms of a GAS pharyngitis:
Absence of URI symptoms
Pharyngitis +/- exudate
Fever
Headache
Abdominal pain +/- vomiting
Palatal petechiae
Cervical lymphadenopathy
Scarlatiniform rash

No RST or throat culture
Treat symptomatically

Mild to moderate sore throat Severe sore throat
(Cont’d on p 153, top)

Consider no confirmatory test RST or throat culture

1. Classic scarlet fever
2. Household contact with confirmed
            and
    Signs and symptoms of GAS pharyngitis

Negative Positive

No antibiotic
discontinue if started

Treat with antibiotics

Persistent symptoms
> one week

Consider Mono

Persistent illness
with ⊕ strep

(Cont’d on p 153, bottom)

History
Physical Exam

B

A

C

petechiae, scarlet fever rash, absence of cough, rhinor
rhea, nasal congestion, and recent confirmed exposure 
(especially household). The features of a peritonsillar 
abscess are important to recognize because it is a  
frequent complication of pharyngitis. They include pro
longed sore throat, severe sore throat, muffled voice, 
trismus, dysphagia, drooling, asymmetric bulge and  
enlarged tonsil on affected side, deviated uvula to the 
contralateral side, and adolescence (peritonsillar abscess 
is rare in young children). A retropharyngeal abscess is 
characterized by ill appearance, reluctance to move 
neck, and often neck swelling, and it usually occurs in 
younger children.

 B. Evaluation: Although there are signs and symptoms more 
suggestive of GAS pharyngitis, several studies have dem
onstrated that the diagnosis of GAS pharyngitis based on 
clinical signs and symptoms alone even by experienced 
clinicians is unreliable. Based on these studies, many 
children who do not have GAS pharyngitis would  
be treated unnecessarily with antibiotics. Therefore, 

guidelines from the Infectious Disease Society of Amer
ica, as well as from the American Academy of Pediatrics 
(AAP), indicate that microbiologic confirmation either 
with a throat culture or a Rapid Antigen Detection Test 
(RADT) is required for the diagnosis of GAS pharyngitis. 
A throat culture is the gold standard for diagnosis of GAS 
pharyngitis. If performed correctly, it has a sensitivity of 
90% to 95%. The disadvantage of doing a throat culture 
only is that results may take up to 48 to 72 hours. In  
addition, many patients with viral pharyngitis are started 
on antibiotics pending throat culture results, some of 
which complete a 10day course anyway. The majority of 
currently available RADTs have specificities of 95%. 
However, sensitivity is between 70% and 90%. Throat 
swabs should be obtained from the surface of both tonsils 
and the posterior pharyngeal wall. In the more severely ill 
patients or those you are concerned may have complica
tions, a complete blood cell count and blood culture may 
be useful. A computed tomographic scan of the neck may 
also be indicated (Table 6).

151



152

 C. Treatment of GAS Pharyngitis: GAS remains univer
sally sensitive to penicillin and is currently recom
mended by the AAP as firstline therapy for GAS phar
yngitis secondary to its narrow spectrum and low cost. 
The disadvantage of oral penicillin is that it must be 
taken for 10 days. Amoxicillin is a lowcost alternative 

Table 5. Features of Retropharyngeal Abscess

• Symptoms similar to acute pharyngitis
• Looks ill
• Reluctance to move neck
• Usually occurs in younger children
• Usually diagnosed by computed tomographic scan

Table 4. Features of Peritonsillar Abscess

• Prolonged sore throat
• Severe sore throat
• Muffled voice
• Trismus
• Dysphagia
• Drooling
• Asymmetric bulge and enlarged tonsil on affected side
• Deviated uvula to the contralateral side
• Adolescents (peritonsillar abscess is rare in young children)

Table 6.  Advantages and Disadvantages of Rapid 
Antigen Detection Tests

Advantages
Increased patient satisfaction
Speed clinical improvement
Reduce the risk for spread of group A Streptococcus
Decrease treatment of viral pharyngitis

Disadvantages
Greater cost, especially if negative
Need for a backup culture if negative
Possible increased wait times (provider performed vs. laboratory  

performed)
Some evidence that suggest early treatment may compromise the  

antibody response

and is often preferred to penicillin because it tastes bet
ter than penicillin. In addition, several studies have 
demonstrated that amoxicillin given as a single daily 
dose is as effective as orally administered penicillin 
given for 10 days. A myriad of other drugs treat GAS 
pharyngitis, including cephalosporins, macrolides, 
erythromycin, and clindamycin. Erythromycin or 
azithromycin can be used for patients allergic to peni
cillin. Cephalosporins are also acceptable in penicillin
allergic patients, except for patients with an immediate 
or type 1 hypersensitivity to penicillin. A shortcourse 
regimen of 5 to 7 days with several cephalosporins has 
been shown by several studies to produce a bacterio
logic eradication rate similar to a 10day course of 
penicillin. However, only azithromycin and cefpodox
ime have been approved by the U.S. Food and Drug 
Administration as a 5day treatment course for GAS 
pharyngitis. Although a shorter course therapy is asso
ciated with increased compliance, most of these antibi
otics are significantly more expensive than penicillin or 
amoxicillin. Penicillinresistant strains of GAS have 
never been identified. Therefore, treatment failure is 
not likely secondary to penicillin resistance. The causes 
of treatment failure are unrecognized carrier state 
(with repeated episodes of viral pharyngitis), poor com
pliance with prescribed therapy, or reinfection.  
Another possible cause is suppression of immunity with 
prompt antibiotic treatment. Antibody suppression has 
been associated with relapse and recurrence of GAS 
pharyngitis.

 D. An algorithm is included on the evaluation and treat
ment of a peritonsillar abscess.
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SEVERE PHARYNGITIS

Signs of upper airway obstruction

Unilateral neck pain
Decreased neck movement
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Retropharyngeal abscess (young children)
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	A.	 In the patient’s history, note predisposing factors and 
conditions, such as a family history of ambiguous geni-
talia, congenital adrenal hyperplasia, infant deaths, or 
maternal virilization.

	B.	 In the physical examination, accurately describe the 
infant’s phallus (stretched length and diameter), labio-
scrotal folds and degree of fusion, and the relation of 
the urethral opening to the glans and number of peri-
neal openings. Presence of at least one palpable gonad 
(testis) suggests the Y chromosome in the karyotype. 
The absence of palpable testis in the scrotal, labial, or 
inguinal region implies that the child is a female with 
salt-losing congenital adrenal hyperplasia until proved 
otherwise. Associated abnormalities in the genitouri-
nary system suggest a dysmorphic syndrome as op-
posed to an inherited metabolic-endocrine disorder.

	C.	 Some of the causes of ambiguous genitalia involve en-
zymatic defects in steroid biosynthesis that may result 
in life-threatening, salt-losing crises. Early assessment 
and monitoring of serum electrolytes and plasma renin 
activity is crucial. Except when the patient presents 
with clearly defined 21-hydroxylase deficiency (e.g., 
through the newborn screen), definitive karyotyping 
should be done. The results of karyotyping separate 
cases into genetic males (XY) with incomplete viriliza-
tion, genetic females (XX) with excessive virilization, 
and chromosomal aberrations fitting neither genotype.

	D.	 A multidisciplinary team, including endocrinology, 
urology, genetics, and psychology or social work, should 
be involved as soon as possible. Gender assignment may 
be difficult and should be done using a team approach, 
including the parents in the decision-making process.

	E.	 Much information can be gained about internal anat-
omy of the child with ambiguous genitalia with the use 
of pelvic ultrasonography, as well as a genitogram (i.e., 
a contrast study delineating the extent of the posterior 
vagina and presence of the cervix), to help identify the 
gonads and uterus if present.

	F.	 The evaluation of incomplete virilization in a genetic 
male may be most readily accomplished by measuring 
serum luteinizing hormone (LH), testosterone (T), and 
dihydrotestosterone (DHT). This enables the physician 
to distinguish between defects of the hypothalamic- 
pituitary axis and those of the testes. In addition, it 
helps identify defects in the androgen receptor causing 

end-organ insensitivity to androgens. It is imperative 
that age-appropriate norms be used to interpret these 
results; the normal serum concentrations of LH, T, and 
DHT change considerably during the first 3 months  
of life. If these labs cannot be drawn within the first  
48 hours of life, during the initial perinatal surge, it is 
best to wait until 2 months of life when the “mini- 
puberty” of infancy is at its peak. Alternatively, these 
tests can be performed after b-chorionic gonadotropin 
hormone (b-hCG) stimulation.

	G.	 The combination of low levels of LH, T, and DHT sug-
gests a hypothalamic-pituitary defect. These defects do 
not ordinarily cause ambiguity, but they do cause micro-
penis and can affect testicular descent. The degree of 
incompleteness of virilization is not nearly as severe as 
with either testicular or end-organ (receptor) defects. 
Assessment of hypothalamic-pituitary function should 
be done with the help of an endocrinologist, as de-
scribed in Short Stature (see p. 162).

	H.	 High LH and normal-to-high T and DHT levels usu-
ally suggest end-organ insensitivity to androgens. High 
T associated with low DHT suggests 5-a-reductase 
deficiency. In these patients, testes are present, but 
external and internal virilization is defective, resulting 
in ambiguous genitalia on physical examination and 
absent or severely compromised Wolffian duct devel-
opment. This includes the epididymis, vas deferens, 
seminal vesicles, and ejaculatory ducts. Müllerian  
derivatives (cervix, uterus, and oviducts) are absent 
because the testes produce normal amounts of mülle-
rian inhibitory factor in utero.

	 I.	 A high level of LH with low T and DHT levels 
suggests an inborn error of androgen or T biosynthesis 
(Figure 1). Because errors of androgen biosynthesis 
may also involve enzymes necessary for the production 
of cortisol and aldosterone (namely, 17-hydroxylase 
and 3-b-ol-dehydrogenase), these infants should 
have an assessment of adrenocortical metabolism  
by an adrenocorticotropic hormone (ACTH; Cortro-
syn) stimulation test. Infants with a more “distal” 
metabolic defect (e.g., 17-ketosteroid reductase  
or 5-a-reductase) do not have other clinically signifi-
cant adrenal metabolic defects. A deficiency of 5-a-
reductase is characterized by normal plasma T but low 
plasma DHT levels.

Ambiguous Genitalia
Megan Kelsey, MD, MS

(Continued on page 158)
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B Physical examination
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  and genitogram

C Initial laboratory evaluation
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• Plasma renin activity
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(Cont’d on p 159)

Patient with AMBIGUOUS GENITALIA
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	J.	 The presence of maternal virilization is not always 
obvious and should be pursued (e.g., congenital adre-
nal hyperplasia [CAH], adrenal or ovarian tumor), 
particularly if the evaluation of a genetically female 
infant is unproductive.

	K.	 The absence of maternal virilization or increased 
androgens suggests idiopathic ambiguity (dysmor-
phia) or ovotesticular disorder of sexual differen-
tiation (ovotesticular DSD/true hermaphroditism). 
17-hydroxyprogesterone may be falsely low on the 
first test. Thus, “normal” findings for these hormones 
in the presence of a virilized girl should not be con-
sidered conclusive. Alternatively, normal infants may 
have false increases of 17-hydroxyprogesterone or 
androstenedione compared with reference levels for 
age, especially if they are studied in the first day or 
two of life when plasma 17-hydroxyprogesterone lev-
els are high, particularly in premature or stressed 
newborns. All 50 states in the United States and  
many countries include a 17-hydroxyprogesterone in 
the newborn screening program. Some states send a  

second newborn screen, which can be helpful in  
these cases. Otherwise, a repeat 17-OH progesterone 
should be sent.

	L.	 Monitoring electrolytes alone is not sufficient for the 
diagnosis of mineralocorticoid deficiency in cases of con-
genital adrenal hyperplasia because infants who are salt 
losers often maintain normal serum concentrations of 
electrolytes at the expense of increased plasma renin  
activity. Thus, a high plasma renin activity in the face of 
normal electrolytes is indicative of compensated salt  
losing and may be as common as overt salt loss mani-
fested by hyponatremia and hyperkalemia. Both degrees 
of salt-losing tendency are generally treated with miner-
alocorticoid replacement as fludrocortisone acetate with 
or without NaCl supplementation (Table 1).

Table 1. 	Drug	Therapy	for	Congenital	Adrenal	
Hyperplasia

Glucocorticoid replacement: cortisol (hydrocortisone, Cortef) PO  
10–25 mg/m2/day divided into 3 doses; administer morning dose as 
early as possible

Mineralocorticoid replacement: 9-fludrocortisone acetate (Florinef 
Acetate) PO 0.05–0.3 mg daily
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Is maternal virilization present?
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Delayed Puberty
R. Paul Wadwa, MD, and Michael S. Kappy, MD, PhD

An evaluation of delayed puberty in a child of either sex 
depends on the judgment of the physician, who is guided 
by the upper limits of ages for the development of normal 
pubertal events. For example, if there is no breast develop-
ment in a girl by age 14 years, pubertal delay is significant. 
Likewise, if no testicular or penile enlargement occurs in a 
boy by age 14 years, puberty is significantly delayed and 
further evaluation is warranted. The condition most likely 
to be confused with pathologically delayed pubertal matu-
ration is constitutional delay, and often it is not easy to 
differentiate the two at the first visit.

Constitutional delay is the most common form of de-
layed pubertal maturation. In this condition, the child’s 
rate of physical maturation is slower than that of peers. 
The bone age is usually delayed for chronologic age but is 
equal to the height age. Pubertal maturation is corre-
spondingly delayed, and often one or both parents give a 
similar history (i.e., delayed menarche in the mother or 
growth after high school in the father). There is consider-
able variation in the onset and development of secondary 
sexual characteristics in both boys and girls (Figures 1 
and 2). Variation in the onset of puberty by race/ethnicity 
should also be considered. In boys with constitutional de-
lay, short-term (4–6 months) treatment with testosterone 
(Depo-Testosterone), 50 to 80 mg intramuscularly monthly, 
may be beneficial.

	A.	 In the patient’s history, ask about significant central 
nervous system disease, including surgery, chemother-
apy, and cranial irradiation for tumor treatment; infec-
tion; and trauma. Similarly, gonadal trauma, infection, 
chemotherapy, or irradiation can delay puberty because 
of gonadal insufficiency. Obtain a history of excessive 
physical activity (e.g., gymnastics), general systemic 
chronic illness, anorexia, and stress.

	B.	 A careful Tanner staging is necessary, as is a compari-
son with age-specific norms for the various aspects of 
secondary sexual development (see Figures 1 and 2). 
Only significant pubertal delay should be evaluated 
comprehensively. Exclude syndromes such as Turner, 
Noonan, Klinefelter, and Prader–Willi by formal karyo-
typing, and syndromes such as Laurence–Moon–Biedl, 
which may be diagnosed by the patient’s obesity and 
associated findings.

	C.	 If the diagnosis remains in question, measure luteinizing 
hormone (LH) and testosterone (T) in boys, and follicle-
stimulating hormone (FSH) and estradiol (E2) in girls. 
When basal measurements of LH and FSH are incon-
clusive, consider obtaining leuprolide-stimulated LH 
levels at 30 to 40 minutes. Persistence of prepubertal 
basal or stimulated LH and FSH levels accompanied by 
prepubertal T or E2 suggests a hypothalamic-pituitary 
defect. Exclude panhypopituitarism with the help of an 
endocrinologist. In addition, cranial magnetic resonance 
imaging including the pituitary gland may help to rule 

Figure	1	 Meanagesofpubertaldevelopmentingirls.
(From Lee PA. Normal ages of pubertal events among 
American males and females. J Adolesc Health Care 
1980;1:26; and Herman-Giddens ME, Macmillan JP. 
Prevalence of secondary sexual characteristics in  
a population of North Carolina girls ages 3 to 10.  
Adolesc Pediatr Gynecol 1991;4:21.)
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Figure	2	 Meanagesofpubertaldevelopmentinboys.
(Data derived from Lee PA. Normal ages of pubertal 
events among American males and females. J Adolesc 
Health Care 1980;1:26.)
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out intracranial disease. Kallmann syndrome is accom-
panied by anosmia and occasionally by an abnormal 
cranial magnetic resonance imaging scan. True gonado-
tropin deficiency is treated in boys with full-replacement 
testosterone, 100 mg/m2 or 100 to 200 mg monthly in-
tramuscularly injections, and in girls with oral estrogen 
(Premarin), 0.3 to 0.625 mg/day in divided doses (for  
20 days; off 10 days; repeat until menses occur) for 1 to 
2 years followed by a combination of estrogen and  
progesterone, either separately or with combination 
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pills. Daily application of topical testosterone gel for 
boys or weekly application of estrogen patches for girls 
are also options for hormone replacement if necessary.

	D.	 Gonadal insufficiency may be related to a specific go-
nadal pathologic process. If Turner and Klinefelter 
syndromes have been eliminated by karyotyping, phys-
ical examination or pelvic ultrasonography may offer 
definitive information.

Patient with DELAYED PUBERTY
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B

C

D
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Short Stature
R. Paul Wadwa, MD, and Michael S. Kappy, MD, PhD

	A.	 In the patient’s history, ask about the heights of parents 
and siblings (familial short stature) and whether the 
mother had a history of delayed menarche or the father 
a delayed puberty (“late bloomer”), usually associated 
with continued growth after high school (constitutional 
delay with short stature as an adolescent). Calculate mid-
parental height (for boys: [(mother’s height 1 13 cm) 
1 father’s height]/2; for girls: [mother’s height 1 (father’s 
height 2 13 cm)]/2) and determine percentile at final 
adult height on Centers for Disease Control and Preven-
tion (CDC) Growth Charts (www.cdc.gov/growthcharts). 
Obtain an appropriate nutritional and psychosocial  
database. Identify predisposing conditions, such as  
congenital infections; smallness for gestational age at 
birth (primordial short stature); congenital syndromes; 
chronic illness involving major organ systems, especially 
the gastrointestinal tract and cardiac, pulmonary, or renal 
systems; malnutrition; and medications, especially phar-
macologic doses of oral or inhaled glucocorticoids (e.g., 
in asthma).

	B.	 In the physical examination, accurately document the 
height of the child, preferably by use of a stadiometer or 
a ruler attached to the wall so that the child is reliably 
vertical. The metal bar attached to the scale in most physi-
cians’ offices is not accurate or reproducible enough for 
evaluation and monitoring of a child with short stature. 
Calculate body mass index (BMI) in kg/m2, which may 
be graphed on CDC Growth Charts (www.cdc.gov/
growthcharts). Body mass index is usually normal in endo-
crine and metabolic disorders, and reduced in malnutri-
tion. “Weight age” and “height age” (the ages for which 
the patient’s measurements are the 50th percentile) may 
also be helpful. Note the presence of congenital abnor-
malities or dysmorphic appearance and assess the gastro-
intestinal, cardiac, pulmonary, and renal systems. Note 
any goiter. Evaluate pubertal development and assess it 
according to age (see p. 160). Assess dentition and state of 
nutrition.

	C.	 Consider Turner syndrome in girls, recognizing that 
60% of such patients do not have marked stigmata of 
the syndrome (webbed neck, wide-spaced nipples, 
wide carrying angle to the arms), especially girls with 
Turner mosaicism. After 9 to 10 years of age, a random 
measurement of serum follicle-stimulating hormone 
and luteinizing hormone may signal ovarian failure 
(common in Turner syndrome); however, a karyotype is 
the definitive test.

	D.	 Document the child’s rate of growth during the longest 
period for which measurements are available. The 
lower limit of normal growth is approximately 4 cm/yr 

for children 5 to 10 years old, but it is greater in chil-
dren younger than 5 years and during the pubertal 
growth spurt. Most standard pediatric texts have nor-
mal growth rate curves for comparison. A short child 
with a normal growth rate for age is unlikely to have 
significant illness or an endocrinopathy.

	E.	 The bone age (single anteroposterior view of the left 
hand and wrist) is useful in correlating the degree of 
physical maturation with chronologic age. It is usually 
delayed for chronologic age but normal for height  
age in constitutional delay of puberty. Other causes  
of delayed bone age include emotional deprivation, 
chronic illness, malnutrition, growth hormone (GH) 
deficiency, and thyroid hormone deficiency.

	F.	 Rule out thyroid and GH deficiency in children with 
a significantly delayed bone age who are growing at a 
rate abnormal for age (.2 standard deviations less than 
the mean for age). In primary hypothyroidism, a low 
free thyroxine (T4) level or total T4 is associated with 
increased levels of thyroid-stimulating hormone (TSH). 
Total or free T4 level may be normal in compensated 
hypothyroidism, but TSH is increased. These children 
most likely have a disorder of the thyroid gland and 
should be treated with l-thyroxine: ,12 years old 4 to 
5 mg/kg/day (100–150 mg/day); $12 years old 2 to 3 mg/
kg/day ($150 mg/day).

	G.	 Children with familial short stature have height at or 
near the percentile of the midparental height, normal 
findings on physical examination, normal (usually low-
normal) growth rate for age, and bone age appropriate 
for chronologic age. Patients with primordial short 
stature were often small for gestational age at birth or 
may have (in addition) a congenital syndrome (e.g., 
Russell–Silver syndrome).

	H.	 In constitutional delay, the child’s tempo of physical 
maturation is slower than that of peers. The bone age 
is delayed for chronologic age but normal for height 
age. Pubertal maturation is appropriate for bone age. 
The ultimate height of these children is usually nor-
mal for their families because the pubertal growth 
spurt is not diminished but only delayed. In some 
boys for whom this delay causes undue psychological 
stress, a short course of low-dose, long-acting testos-
terone may be used. Testosterone depot, 50 to 80 mg 
intramuscularly monthly for 4 to 6 months, stimu-
lates growth without unduly advancing the bone age. 
Although ultimate height is not increased by this 
treatment, the earlier growth spurt and appearance of 
secondary sexual characteristics make it a useful treat-
ment option.

(Continued on page 164)
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	 I.	 Rule out GH deficiency in children with normal thy-
roid function, delayed bone age, and abnormal growth 
rate (usually ,4 cm/yr).

	J.	 Documentation of the extent of endogenous GH secre-
tion is difficult. The standard provocative tests may 
yield normal results in children who are not growing 
well and who have low serum insulin-like growth factor 
1 concentrations. Many of these children also respond 
well to a trial of GH therapy. Although such a trial has 
been advocated as a means of assessing or defining 
endogenous GH deficiency, many short children with-
out true GH deficiency grow faster while receiving GH 
therapy. A concomitant increase in skeletal maturation 
also occurs; therefore, it is debatable whether this 
therapy actually adds inches to the child’s ultimate 
height. GH treatment in children with idiopathic short 
stature is a complex issue with several potential caveats 
and pitfalls. Consultation with a pediatric endocrinolo-
gist should be considered in this scenario. Treatment of 
GH deficiency in children is recombinant human GH, 

0.3 mg/kg/wk divided into daily subcutaneous injec-
tions doses.

	K.	 A low T4 level not accompanied by an increased TSH 
level suggests thyroxine-binding globulin deficiency, 
secondary (pituitary) disorders, or tertiary (hypotha-
lamic) disorders. Refer patients with suspected pituitary 
or hypothalamic disorders for further evaluation.
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Precocious Puberty in Boys
Jennifer M. Barker, MD, and Michael S. Kappy, MD, PhD

DEFINITIONS

Pulsatile secretion of gonadotropic-releasing hormone 
(GnRH) from the hypothalamus initiates secretion of leu-
teinizing (LH) and follicle-stimulating hormones (FSH) re-
sulting in estrogen release from the ovaries and the initiation 
of puberty. Testicular enlargement is usually the first sign of 
puberty in boys, followed by pubic and axillary hair develop-
ment. Growth acceleration tends to occur during the later 
stages of puberty. Puberty is considered precocious when 
signs of puberty develop before 9 years of age in boys. Preco-
cious puberty can be caused by release of LH and FSH from 
the pituitary, so-called central precocious puberty (GnRH 
dependent). When puberty is caused by unregulated estro-
gen release, it is referred to as peripheral precocious puberty 
(GnRH independent). Measurement of testicular size is im-
portant for the determination of central versus peripheral 
precocious puberty in boys with increased testicular size  
associated with central precocious puberty.

	A.	 In the patient’s history, note the age at onset of sexual 
development and recent increase in growth velocity. 
Identify predisposing central nervous system (CNS) 
conditions, such as head trauma, tumor, and meningi-
tis. Obtain a family history of early male development 
that may be compatible with familial Leydig cell hyper-
plasia (testotoxicosis) and note parental heights. The 
normal mean age at onset of pubertal development 
(range in parentheses) in boys is as follows: testicular 
and penile enlargement, 113⁄4 years (91⁄2 to 14 years); 
pubic hair, 121⁄2 years (103⁄4 to 14 years); peak height 
growth velocity, 133⁄4 years (113⁄4 to 16 years); and axil-
lary hair, 14 years (12 to 16 years).

	B.	 In the physical examination, carefully plot height and 
weight, and note parental heights. Assess the genitalia 
(testicular volume and stretched penile length), and 
note any acne and pubic hair. In peripheral precocity, 
testosterone and other androgens are secreted without 
gonadotropin stimulation. Thus, the penis may be en-
larged and pubic hair may be present, but the testes 
remain prepubertal in size (,4-ml volume with use of 
the Prader beads), unless a tumor is present (rare). In 
familial male limited precocious puberty or in con-
genital adrenal hyperplasia with adrenal rest tissue  
in the testes, the testes may be more than 4 ml in  
volume but are usually smaller than normal for the 
degree of observed virilization. In central precocity, 
early gonadotropin secretion stimulates the testes  
to grow and produce testosterone before the normal 
pubertal age. Thus, penile enlargement is accompa-
nied by appropriate testicular enlargement. Note skel-
etal abnormalities (commonly in the lower extremities)  

and rough-bordered café-au-lait spots, which suggest 
McCune–Albright syndrome. Signs of androgen excess 
with moon face, central adiposity, and striae suggest 
Cushing syndrome. Evaluate growth chart for evidence 
of growth acceleration or growth deceleration.

	C.	 Consider GnRH testing to determine the maturity of the 
hypothalamic-pituitary axis and if precocity is GnRH 
dependent (central) or independent (peripheral).

	D.	 A plasma testosterone concentration less than 10 ng/dl and 
stimulated LH levels less than 10 IU/L suggests abnormal 
secretion of other androgens, usually from the adrenal 
glands. Measure these androgens (androstenedione,  
dehydroepiandrosterone) and 17-hydroxyprogesterone 
(17-OHP) directly in the blood. If necessary, remea-
sure these hormones after adrenocorticotropic hormone 
(ACTH) testing if basal results are equivocal.

	E.	 In patients with congenital adrenal hyperplasia (CAH) 
or Cushing disease, low-dose dexamethasone will sup-
press endogenous production of cortisol by inhibiting 
ACTH secretion. In patients whose virilization results 
from autonomously functioning adrenal tissue (adrenal 
tumor or an ectopic ACTH-secreting tumor), dexa-
methasone will not suppress cortisol secretion.

	F.	 CAH accounts for 70% to 80% of boys with peripheral 
precocity. An increased plasma 17-OPH concentration 
suggests this diagnosis.

	G.	 Familial male limited precocious puberty (testotoxico-
sis) has been treated successfully with a combination of 
an antiandrogen (spironolactone) and an inhibitor of 
estrogen formation (testolactone) (Table 1).

	H.	 The prevalence of CNS disease decreases as the patient’s 
age at onset increases. Success in treatment of central 
precocity has been achieved with agonists of GnRH 
given intranasally or subcutaneously as a daily regimen or 
with a depot form of the agonist given monthly intramus-
cularly or subcutaneously (see Table 1).

Table 1. Drug	Therapy	for	Male	Precocious	Puberty

Central (GnRH-Dependent) Precocity: GnRH Agonist
Leuprorelin (Lupron Depot-PED), 0.1520.3 mg/kg/dose q4wk IM or 

SC (minimum dose: 7.5 mg)
Histrelin (Supprelin), 10 mg/kg qd SC
Nafarelin (Synarel), 160021800 mg/day, bid-tid

Peripheral (GnRH-Independent) Precocity, McCune–Albright  
Syndrome, or Familial Male Limited Precocious Puberty
Ketoconazole, 15235 mg/kg/day divided into 223 doses PO
Spironolactone, 226 mg/kg/day divided into 2 doses PO
Testolactone, 20240 mg/kg/day divided into 4 doses PO

GnRH, gonadotropic-releasing hormone; IM, intramuscularly; PO, orally; SC, 
subcutaneously.
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A History

B

C

D

E

F

H

G

Physical examination

Endocrinology consultation
GnRH testing for LH
Testosterone
17-OHP, DHEAs, androstenedione, hCG

Assess maturity of hypothalamopituitary axis
with LH response to GnRH testing

Peripheral (GnRH-independent) precocity Central (GnRH-dependent) precocity

Assess testosterone level Cranial MRI

  Normal
Identify:
  Idiopathic
  precocity

<10 ng/dl (prepubertal) >10 ng/dl (pubertal)

Assess 17-OHP
DHEAs
Androstenedione

Normal

Normal Abnormal

Consider ultrasound
Consider  dexamethasone
  suppression test

Normal US
or dexamethasone
suppression

Abnormal

Late onset CAH Identify:
  Virilizing adrenal tumor
  ACTH producing tumor

Identify: Idiopathic
              precocity
              Premature
              adrenarche

Equivocal

ACTH stimulation test

17-OHP response

Elevated

Assess hCG

Elevated

Consistent with
hCG secreting tumor
Consider: US
                CT
                 MRI

Consider familial male limited
precocious puberty

Treat: Spironolactone
          Testolactone

Normal

  Abnormal
Identify:
  Tumor
  Neurofibroma
  Hamartoma
  Traumatic lesion
  Postinfectious lesion
  Structural abnormality
    (e.g., septo-optic
    dysplasia)

Treat:
Consider:
  Surgery or
  GnRH agonist

Identify:
  Premature adrenarche
  Untreated hypothyroidism

Consider:
  Bone age
  Thyroid function tests

Patient with PRECOCIOUS PUBERTY (BOY)
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Precocious Puberty in Girls
Jennifer M. Barker, MD, and Michael S. Kappy, MD, PhD

DEFINITIONS

Pulsatile secretion of gonadotropic-releasing hormone 
(GnRH) from the hypothalamus initiates secretion of lu-
teinizing (LH) and follicle-stimulating hormones resulting 
in estrogen release from the ovaries and the initiation of 
puberty. Breast development is usually the first sign of 
puberty in girls, followed by growth acceleration, pubic 
hair development, and menarche. Puberty is considered 
precocious when signs of puberty develop before 8 years 
of age in girls. Precocious puberty can be caused by release 
of LH and FSH from the pituitary, so-called central preco-
cious puberty (GnRH dependent). When puberty is caused 
by unregulated estrogen release, it is referred to as periph-
eral precocious puberty (GnRH independent). Premature 
thelarche is early breast development in the absence of 
other signs of puberty. It is an innocent, nonpathologic 
finding and is not accompanied by rapid growth, advanced 
skeletal maturation, or pubertal plasma concentrations of 
estradiol or gonadotropins. Premature adrenarche is the 
early development of pubic hair without other signs of 
virilization. It is also a nonpathologic finding.

	A.	 In the patient’s history, ask about the age at onset of signs 
of puberty, what pubertal changes have been observed, 
and recent increase in growth velocity. The normal mean 
age at onset of pubertal development (range in parenthe-
ses) is as follows: breast development, 10 to 11 years (6 to 
15 years); pubic hair, 10.5 to 11.5 years (7 to 15 years); 
menarche, 12.5 to 13 years (101⁄2 to 16 years); peak 
height velocity at around the time of breast development. 
Identify any exogenous source of hormones (e.g., birth 
control pills or estrogen-containing creams). Note family 
history of early pubertal development and parental 
heights. Some studies suggest that normal breast devel-
opment may begin in some girls as early as 6 years of age 
and pubic hair at 7 years.

	B.	 In the physical examination, assess pattern and extent 
(use Tanner staging) of precocious development. Docu-
ment any adrenal aspects of puberty (acne, pubic hair, 
axillary hair) and assess for clitoromegaly. Absence of 
adrenal aspects implies that estrogen excess produces 
the observed pubertal changes. Virilization without signs 
of estrogen effect (breast development or lightening of 
the color of the vaginal mucosa), suggests an excess  
of circulating androgens, usually from the adrenal 
glands. Perform a careful abdominal, rectoabdominal, or 
vaginoabdominal examination (depending on the age of 
the patient) to identify an adrenal or ovarian mass or 
uterine enlargement. Note signs of central nervous sys-
tem abnormalities. Rough-bordered café-au-lait spots or 

skeletal abnormalities suggest McCune–Albright syn-
drome. Review growth chart for evidence of growth  
acceleration. Consider radiograph of left hand and  
wrist (anteroposterior view) to evaluate bone age to look 
for significant advancement. Consider thyroid function 
tests to rule out hypothyroidism. Consider endocrine 
consultation.

	C.	 Assess pattern of precocious development. Use Tanner 
staging to document breast and pubic hair develop-
ment. Evaluate growth chart for growth acceleration. 
If breast development is the only sign of puberty and 
bone age is not advanced, this could be consistent pre-
mature thelarche, which can be managed with conser-
vative follow-up. Follow these girls for evidence of 
growth acceleration or other signs of puberty, which 
may require further evaluation. If virilization (pubic, 
axillary hair, and/or acne) is the only sign of puberty 
and the bone age is not advanced, careful follow-up for 
progression of puberty, growth acceleration, or ad-
vancement in bone age may be sufficient. All other 
patients require further evaluation.

	D.	 Measure estradiol (E2) and perform GnRH testing 
(see p. 166) in girls with breast development and  
advanced bone age. In peripheral precocity, estrogens 
are secreted without gonadotropin secretion, and 
GnRH testing shows a suppressed LH response. A 
pubertal response to GnRH testing is necessary for the 
diagnosis of central precocity. Increase of circulating 
estradiol without concomitant increase of gonadotro-
pins (LH) suggests autonomous secretion of estrogens 
by a functional ovarian cyst, ovarian tumor, McCune–
Albright syndrome, or adrenal tumor.

	E.	 Studies have shown benefit in the treatment of central 
precocity from the use of a GnRH agonist given intra-
nasally or subcutaneously daily or from a depot form  
of the agonist given once a month intramuscularly or 
subcutaneously (Table 1).

(Continued on page 170)

Table 1. Treatment	of	Precocious	Puberty	in	Girls

Central GnRH-Dependent Precocity: GnRH Agonist
Leuprorelin (Lupron Depot-PED), 7.5–15 mg q4wk IM; SC histrelin 

(Supprelin), 10 mg/kg qd; or SC nafarelin (Synarel), 1600–1800 mg/d 
bid to tid intranasally

Peripheral GnRH-Independent Precocity
Testolactone, 20–40 mg/kg/day divided into 4 doses PO

GnRH, gonadotropic-releasing hormone; IM, intramuscularly; PO, orally; SC, 
subcutaneously.



A History

B

C

D

E

Physical examination
  Evaluate growth charts
  Consider: Bone age
                  TFTs
                  Endocrine evaluation

Assess pattern of precocious puberty

Breast development alone
(no evidence for growth
acceleration, acne, pubic
or axillary hair)

Not advanced Advanced

Careful follow-up
for progression of
puberty, growth
acceleration,
advancement in
bone age

Assess for central precocious puberty

Endocrine
consultation

Pubertal LH response Low/prepubertal
LH response

Cranial MRI

             Abnormal
Identify:
  Tumor
  Neurofibroma
  Hamartoma
  Traumatic lesion
  Postinfectious lesion
  Structural abnormality

Normal

Idiopathic
Central precocious
puberty

Bone age
Bone age

(Cont’d on p 171) (Cont’d on p 171)

Bone age

Breast development
with any other sign
of puberty

Evidence for
virilization alone

Patient with PRECOCIOUS PUBERTY (GIRLS)

E2 level

Normal Abnormal (elevated)

Consider premature
thelarche

Abdominal ultrasound

Normal Abnormal

Evaluate for signs
of McCune Albright

Identify:
  Ovarian cyst
  Ovarian tumor
  Adrenal tumor

Consider:
  Laparoscopic surgery
  Endocrine evaluation
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	F.	 Abnormal virilization in girls (pubic, axillary, or facial 
hair; acne; clitorimegaly) with evidence of bone age 
advancement warrants measurement of circulating an-
drogens (testosterone, androstenedione, dehydroepi-
androsterone [DHEA]) and 17-hydroxyprogesterone.

	G.	 In a virilized girl who has increased 17-hydroxyopro-
gesterone levels, a diagnosis of late-onset congenital 
adrenal hyperplasia should be considered. In a virilized 
girl who has increased plasma testosterone, DHEA, or 
androstenedione concentrations, further evaluation 
with pelvic ultrasonography is indicated to rule out 
ovarian neoplasms. If findings on ultrasonography are 
abnormal, a laparoscopy or laparotomy is indicated  
for diagnostic and therapeutic purposes. With increase 
of DHEA or androstenedione alone, evaluation for 
late-onset congenital adrenal hyperplasia with ACTH 
stimulation testing is warranted.

	H.	 Prepubertal concentrations of plasma testosterone in 
the absence of increased LH suggest the abnormal se-
cretion of other androgens, most commonly from the 
adrenal glands. Measure the circulating androgens (see 
earlier) directly in the blood.
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	 I.	 In patients with congenital adrenal hyperplasia or 
Cushing disease, low-dose dexamethasone will sup-
press endogenous secretion of cortisol by inhibiting 
adrenocorticotropic hormone (ACTH) secretion. 
Dexamethasone will not suppress cortisol secretion 
in patients whose virilization results from auto-
nomously functioning adrenal tissue (tumor) or an 
ACTH-producing tumor.
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Evidence for virilization alone
(Cont’d from p 169)

Advanced

Consider:
  Endocrine
  consult

Not advanced

Measure:
  Androgens (DHEA-s,
                     androstenedione)
  17-OHP
  Testosterone

17-OHP
elevated

Identify:
  Late onset CAH
  (congenital adrenal
  hyperplasia)

Abdominal US ACTH stimulation testing

Normal Abnormal

Abdominal US
Consider
evaluation for
Cushing’s syndrome

Identify:
  Late onset CAHConsider surgery

Identify:
  Adrenal tumor
  Other tumor

Testosterone
elevated

DHEA or androstenedione
elevated

F

G

H

I

Patient with PRECOCIOUS PUBERTY (GIRLS)
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Acute Fever in Infants  
Younger Than 3 Months

John W. Ogle, MD

DEFINITIONS

Fever in early infancy is documented by a rectal tempera-
ture of 38° C (100.4° F) or greater in an infant 1 to 12 weeks 
of age. Fever without source is an acute febrile illness in 
which a probable cause cannot be identified with a careful 
history and physical examination. Serious bacterial infec-
tions include bacterial meningitis, bacteremia, bacterial 
pneumonia, urinary tract infections, bacterial enteritis, cel-
lulitis, and bone and joint infections.

EPIDEMIOLOGY

Febrile illness during the first 3 months of life, although 
uncommon, can be serious. During the first 3 months of 
life, bacterial infections account for approximately 12% of 
febrile illnesses. Urinary tract infection is the most com-
mon serious bacterial infection (5.4%); bacteremia (1.8%), 
meningitis (0.5%), and pneumonia (3.3%) are also seen. 
Upper respiratory infection (25.6%), acute otitis media 
(12.2%), presumed viral (21.4%), bronchiolitis (7.8%), and 
gastroenteritis are also common.

RISK FACTORS

Age

Bacteremia is more than twice as frequent in the first 
month of life as in the second month and decreases further 
in the third month.

Temperature

For infants 4 to 12 weeks of age and appearing well or 
minimally ill, with temperature 38.6° C or greater, bacte-
remia or bacterial meningitis was present in 1.2% versus 
0.4% if temperature is less than 38.6° C.

Prematurity

The frequency of late-onset group B streptococcus (GBS) in-
fection is greater in premature infants than in full-term infants.

CAUSATIVE AGENTS

Bacterial pathogens responsible for meningitis and bactere-
mia are GBS, Streptococcus pneumoniae, Escherichia coli, 
other gram-negative rods, Staphylococcus aureus, group A 

streptococcus, Enterococcus, Listeria monocytogenes, Sal-
monella, and Shigella. During the first month, the most com-
mon pathogens are GBS and gram-negative enteric organ-
isms; after the second month, S. pneumoniae is more 
common. Late-onset GBS infection can occur from 1 week 
to beyond 3 months of age. The most common viral patho-
gens are enteroviruses, respiratory syncytial virus, influenza,  
human herpes type 6, human metapneumovirus, adenovirus, 
and herpes simplex.

 A. In the patient’s history, ask about the following: onset, pat-
tern, and degree of fever; perinatal risk factors (i.e., pre-
maturity, maternal fever, herpes infection, premature rup-
ture of membranes, prolonged nursery stay with antibiotic 
treatment); alterations in the mental status and normal 
level of activity (i.e., playfulness, irritability, feeding and 
sleeping patterns, responsiveness, seizures); respiratory 
symptoms (i.e., cough, congestion, coryza, fast or difficult 
breathing, chest indrawing [retractions]); and gastrointes-
tinal symptoms (i.e., vomiting, diarrhea, abdominal disten-
tion, blood in stools).

 B. On physical examination, look, listen, and feel for 
findings that suggest meningitis, such as a full fonta-
nelle and being too weak to feed, difficult to arouse, 
or extremely irritable. It is more difficult to evaluate 
infants who have not developed a social smile (4– 
6 weeks) or the ability to make eye contact. An  
infant’s smile is a useful negative predictor of menin-
gitis. Note signs of perfusion, such as color and 
warmth of the extremities and capillary refill time 
(.2 seconds is abnormal). Findings of acute otitis 
media include tympanic membrane with decreased 
mobility, opaque rather than translucent, and bulging 
contour. Findings of pneumonia are tachypnea,  
retractions, grunting, and crackles. Soft tissue celluli-
tis or abscess (especially omphalitis) is suggested  
by swelling, erythema, induration, tenderness, and 
warmth of tissue. Bone or joint infection presents 
with limitation of motion, sometimes with pain or 
swelling; enteroviral infection presents with rash, ery-
thematous macules, and hand, foot, and mouth  
lesions. Neisseria meningitidis bacteremia is often 
associated with petechiae or purpura.

 C. The bacterial infections identified on physical exami-
nation and screening laboratory studies include acute 
otitis media, pneumonia, impetigo, adenitis, celluli-
tis, omphalitis, and bacterial enteritis (bloody diar-
rhea and septic arthritis-osteomyelitis). An associated 
bacteremia occurs in less than 10% of cases with 
bacterial enteritis and pneumonia. Some 10% of pa-
tients with urinary tract infection have bacteremia. 
Less than 5% of patients with acute otitis media have 
bacteremia or meningitis.
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ACUTE FEVER IN INFANTS YOUNGER THAN 3 MONTHS

History

Physical examination

CBC with differential
Urinalysis and culture
Blood culture
Consider:

Chest radiography
Stool smear and culture
Viral cultures

A

B

C Identify and treat:
Bacterial infections

E

Normal
CSF

�10 WBC or
positive Gram stain

Consider:
Chest radiography
Stool smear and
culture
Urine culture

Identify:
Meningitis
Herpes simplex
Encephalitis

Identify:
Enteritis
Pneumonia
Urinary tract infection

Lumbar puncture when stable

Hospitalize Stabilize:
Circulatory support
Respiratory support

Hospitalize in ICU

Assess degree of illness
(Table 1)

DMild

Cultures positive

Moderate Severe Very severe

Cultures negative

Consider:
Hospitalization

Treat:
IM ceftriaxone

Identify and treat:
Bacterial enteritis
Meningitis
Pneumonia
Urinary tract infection

Follow-up:
Stop antibiotics
Assess daily for
fever and signs

Blood culture
Consider:

Chest radiography
Lumbar puncture
Stool smear and culture
Urine culture

Follow-up:
Assess daily for 
fever and signs

Fever
resolves

Fever
persists �4 days
            or
Cultures positive for
pathogenic bacteria

Manage as moderate
or severe 

Manage as severe
or very severe 

(Cont’d on p 177)

 D. An infant older than 4 weeks whose degree of illness is 
assessed as mild or moderate can be managed as an 
outpatient (Table 1). If blood and urine culture speci-
mens have been obtained, there are two reasonable 
options: (1) Treat with intramuscular ceftriaxone, or  
(2) observe closely and follow up without antibiotic 
therapy. Follow-up should be daily until culture results 
are available and the child improves. If treatment with 
an antibiotic is planned, consider performing a lumbar 
puncture before treatment. When pathogens are iso-
lated from blood, consider performing a lumbar punc-
ture and admit to the hospital for parenteral antibiotic 
therapy. Infants with pathogens isolated from urine can 
be treated with outpatient oral antibiotics if they are 
afebrile, appear well, and are tolerating oral intake; if 
not, admit for parenteral antibiotics.

 E. Perform a lumbar puncture as part of a workup to di-
agnose meningitis in infants who are admitted, regard-
less of appearance. Some will omit lumbar puncture if 
child is observed without antimicrobial therapy. Cere-
brospinal fluid (CSF) pleocytosis is present when the 
total white blood cell count is greater than 10/ml. Most 
cases of meningitis are viral. Enteroviral meningitis is 
frequent in young febrile infants, particularly in sum-
mer. Herpes simplex infection also produces an abnor-
mal spinal fluid. Herpes simplex virus polymerase 
chain reaction on spinal fluid and therapy with acyclo-
vir should be considered in infants with a mononuclear 
CSF pleocytosis and/or an abnormal neurologic exami-
nation. The overall frequency of bacteremia or menin-
gitis is 3% to 4% of infants with temperatures greater 
than 38.9° C.
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outbreak. Enterococcus infections often require intra-
venous treatment with both ampicillin and gentamicin 
for 10 days. Intravenous antibiotics for GBS and  
S. pneumoniae bacteremia can be continued for 7 to 
10 days. Consider acyclovir therapy when herpes  
simplex infection is suspected because of skin lesions, 
abnormal neurologic signs, or a CSF pleocytosis, and  
in any infant assessed as very severe. Ceftriaxone 
should be used with caution in infants with hyperbili-
rubinemia.

 F. Treat admitted patients with intravenous antibiotics 
(Table 2) pending culture results at 48 hours. Most 
positive blood and urine cultures will be recovered 
within 24 hours. In the first 4 weeks of age, consider 
ampicillin and gentamicin; from 4 to 8 weeks of age, 
consider ampicillin and cefotaxime or ceftriaxone. Am-
picillin is recommended to cover Listeria and Entero-
coccus. Substitute nafcillin or another semisynthetic 
penicillin for ampicillin if an infection with S. aureus is 
suspected because of bullous skin lesions or a nursery 

Table 1. Degree of Illness

Mild to Moderate Severe Very Severe

All infants aged $4 weeks with temperature 
,38.9°C without cardiopulmonary disease or a 
complicated nursery stay and who have a reli-
able caretaker

Infants aged ,4 weeks* or infants with tempera-
ture .38.9°C or infants having cardiopulmonary 
disease or a complicated nursery stay regardless 
of degree of fever or who lack a reliable care-
taker

Mental status: smiles and not irritable, alerts 
quickly, feeds well

Mental status: irritable but consolable, poor eye 
contact (lethargic), feeds poorly

Mental status: irritable and not consol-
able, unresponsive, too weak to feed, 
or seizures

No signs of dehydration and good peripheral  
perfusion pink, warm extremities

Signs of dehydration or poor perfusion: mottled 
cool extremities

Shock, pale with thready pulse

No signs of respiratory distress Respiratory rate .60, retractions, grunting Apnea, cyanosis, respiratory failure
Absolute band count ,1500/L, WBC 5000–15,000 Absolute band count $1500/L

WBC ,5000 or .15,000
When diarrhea is present, ,5 WBC/high-power 

field in stool and no blood in stool
When diarrhea is present, $5 WBC high-power 

field in stool or blood in stools

Estimation of clinical usefulness of assessment criteria to identify cases with serious bacterial infection (SBI): sensitivity (proportion of SBI cases that will be classified  
as severe or very severe), 97%–99%; positive predictive value (proportion of cases classified as severe or very severe with SBI), 11.5% (range, 5.9%–24%); and negative  
predictive value (proportion of cases classified as mild to moderate with no SBI), 97.3% (range, 94.6%–100%).

*All febrile infants younger than 4 weeks should be hospitalized and treated pending culture results because of the lack of data correlating clinical assessment with  
outcome.

WBC, white blood cell count.

Table 2. Therapy for Presumed Bacteremia or Herpes Simplex in Early Infancy

Antibiotic Dosage Product Availability

Inpatient
Acyclovir (Zovirax) 20 mg/kg/dose every 8h 500 mg/vial
Ampicillin sodium 50 mg/kg/dose IV every 6h 0.25, 0.5, 1, 2, 4 g
Cefotaxime (Claforan) 50 mg/kg/dose IV every 8h  

(bacteremia), every 6h (meningitis)
0.5, 1, 2 g

Ceftriaxone (Rocephin) 75 mg/kg/dose IV every 24h  
(bacteremia), 

0.25, 0.5, 1 g

50 mg/kg/dose IV every 12h  
(meningitis)

Gentamicin 2.5 mg/kg/dose IV every 8h  
(neonates q12h)

20, 80 mg

Nafcillin 25–50 mg/kg/dose IV every 6h 250 mg

Outpatient
Ceftriaxone  

(Rocephin)
50–75 mg/kg/dose IM every 24h 0.25, 0.5, 1 g

IM, intramuscularly; IV, intravenously.
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Improved

Treat:
Switch antibiotics
based on culture
results

Cultures negative Blood culture positive

ImprovedNot improved Not improved

Follow-up:
Stop antibiotics
Discharge
Assess for fever
and signs

Follow-up:
Stop antibiotics
Consider acyclovir
pending viral
cultures
Observe in hospital

Follow-up:
Continue IV
antibiotics
7–10 days,
then discharge
Assess for fever
and signs

F Treat:
IV antibiotics
Consider acyclovir

Consider:
Lumbar puncture
Blood culture

(Cont’d from p 175)
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Acute Fever without a Source  
in Infants and Children  
3 to 36 Months of Age

John W. Ogle, MD

DEFINITIONS

Fever is documentation of a rectal temperature of at least 
38° C (100.4° F) in an infant or child 3 to 36 months of age. 
Fever without source is an acute febrile illness in which no 
probable cause can be identified with a careful history and 
physical examination. Serious bacterial infections include 
bacterial meningitis, bacteremia, bacterial pneumonia, uri-
nary tract infections, bacterial enteritis, cellulitis, and bone 
and joint infections.

COMPLICATIONS OF BACTEREMIA

Complications of occult bacteremia include delayed-onset 
meningitis, periorbital or buccal cellulitis, pneumonia, 
septic arthritis, osteomyelitis, epiglottitis, and pericarditis. 
Immunization with vaccines effective against Haemophilus 
influenzae and Streptococcus pneumoniae have substan-
tially decreased bacteremia and subsequent complications. 
The 13-valent pneumococcal vaccine will further reduce 
the incidence of disease.

EPIDEMIOLOGY

Fever in early childhood (3–24 months) is common, ac-
counting for 26% of sick visits to pediatricians and 55%  
of sick visits to hospital pediatric clinics. Approximately 
25% of febrile sick visits are associated with temperatures 
of 39° C (102° F) or higher. The clinician cannot identify a 
focus of bacterial or viral infection (excluding a mild upper 
respiratory tract infection) in 15% to 30% of these cases. 
The incidence of occult bacteremia in patients without 
obvious focus of infection varies with age and degree of 
fever. Among immunized children with fever greater than 
39° C, the incidence rate is about 0.5%. In many recent 
studies, the rate of contaminated blood cultures (2%–3%) 
is several-fold greater than recovery of true pathogens.

RISK FACTORS

The risk for bacteremia is low in this age, and age and height 
of fever are not predictive of serious bacterial infection.

CAUSATIVE FACTORS

Occult bacteremia is usually caused by S. pneumoniae 
or Neisseria meningitidis. Salmonella, Staphylococcus 
aureus, Escherichia coli, and Streptococcus pyogenes 
can also cause occult bacteremia. Haemophilus influen-
zae type B is rare in immunized populations. Invasive 
disease caused by S. pneumoniae is often caused by 
serotypes not covered by the current vaccine. Causes  
of bacterial enteritis include Salmonella, Campylobacter, 
Shigella, Yersinia, and invasive or toxigenic strains of 
E. coli.

 A. In the history, ask about the onset, pattern, and degree 
of the fever. Evaluate the family’s ability to care for the 
child at home, and their access to transportation and a 
telephone. Risk factors include immunization status; 
current medications; allergies; underlying conditions, 
such as cardiopulmonary, gastrointestinal, or renal 
disease; sickle cell disease; central venous catheter 
and other indwelling lines; and conditions and therapy 
that compromise immunity, especially human immu-
nodeficiency virus infection. Assess alterations in the 
mental status and normal level of activity: playfulness, 
irritability, feeding and sleeping patterns, responsive-
ness, and seizures. Note any respiratory symptoms: 
cough, congestion, coryza, sore throat, earache, fast or 
difficult breathing, or chest indrawing (retractions). 
Check for gastrointestinal symptoms: vomiting, diar-
rhea, abdominal distention, abdominal pain, or blood 
in stools. Assess renal symptoms: pain with urination 
(dysuria), urinary frequency, flank pain, or lower  
abdominal pain.

 B. On physical examination, look, listen, and feel for 
findings that suggest the following: meningitis (full 
fontanelle, too weak to feed, difficult to arouse, unre-
sponsive, extreme or paradoxic irritability, nuchal  
rigidity, and Brudzinski and Kernig signs); an infant’s 
smile is a useful negative predictor of meningitis;  
dehydration and poor perfusion (skin turgor, tears, 
moist mucous membranes, color and warmth of  
the extremities, and capillary refill time [.2 seconds 
is abnormal]); acute otitis media (tympanic mem-
brane with decreased mobility, opaque with obscured 
landmarks, bulging contour); pneumonia (tachypnea, 
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retractions, grunting, crackles); adenitis, soft tissue  
cellulitis, or abscess (swelling, erythema, induration, 
pain, warmth of tissue); bone or joint infection (pain-
ful swelling with limitation of motion); enteroviral 
infection (rash, erythematous exanthem, and hand, 
foot, and mouth lesions); N. meningitidis bacteremia 
(petechiae, purpura).

 C. Bacterial infections identified or suspected on history 
and physical examination are acute otitis media, pneu-
monia, impetigo, adenitis, sinusitis, cellulitis, bacterial 
enteritis (bloody diarrhea), and septic arthritis or osteo-
myelitis. In most studies, the rate of bacteremia is the 
same in children diagnosed with acute otitis media 
compared with those with otitis media.

Patient 3 to 36 Months of Age with ACUTE FEVER WITHOUT A SOURCE

A History

B

C

Physical examination

Identify and treat:
Bacterial infections

Assess degree of illness
(Table 1)

Stabilize:
Circulatory support
Respiratory support

Hospitalize in ICU

Mild
(Cont’d on p 181)

Moderate
(Cont’d on p 181)

Severe Very severe

Hospitalize

(Cont’d on p 183)
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 D. As the frequency of bacterial infection has decreased 
with immunization, clinicians frequently order complete 
blood cell count (CBC) with differential, urinalysis and 
urine cultures, and other diagnostic tests selectively 
rather than routinely. Age of the child, immunization 
status, degree of illness, and reliability of outpatient  
follow-up are factors used in determining whom to test. 
Urine specimens should be obtained by catheterization 
or suprapubic tap. A urine bag culture is only interpre-
table if negative. The CBC with differential can be used 
to screen moderately ill patients for occult bacteremia. 
Abnormal findings include an absolute band count 
greater than 500 and a white blood cell count greater 
than 15,000 or less than 5000. The risk of occult bacte-
remia is low in moderately ill patients with normal CBC. 
Increased C-reactive protein correlates better with bac-
teremia and other serious infections than either white 
blood count or band count.

 E. Perform a lumbar puncture to diagnose meningitis 
in infants and children who are severely or very se-
verely ill (Table 1). Consider it in selected moderately 
ill patients who will be treated with antibiotics. Cere-
brospinal fluid pleocytosis is present when the total 
white blood cell count is greater than 10/mm3. The 
most sensitive indicator of bacterial meningitis is the 
cerebrospinal fluid Gram stain. The likelihood of iso-
lating a bacterial pathogen from cerebrospinal fluid is 
very low if the Gram stain is negative and the cell count 
and chemistries are normal. Viral meningoencephalitis 
is much more common than bacterial meningitis. Do 
not routinely obtain chest radiographs of children who 
have no signs of respiratory illness. Obtain stool cul-
tures when diarrhea is present with signs of invasive 

bacterial disease, such as blood or five white blood cells 
or more per high-power field. Most physicians recom-
mend withholding empirical antibiotic treatment until 
the cause is confirmed by stool culture, for fear of 
worsening an E. coli O157 infection.

 F. Selectively treat moderately ill patients without a 
source of infection with high-dose oral amoxicillin or 
intramuscular ceftriaxone. Although studies have 
suggested that parenteral antibiotics are more effec-
tive than oral antibiotics in preventing delayed-onset 
meningitis in bacteremic infants and children, the 
difference is attributed to infections with H. influen-
zae. Because immunization with H. influenzae type b 
vaccine has greatly reduced the frequency of these 
infections, oral antibiotics may adequately treat sen-
sitive S. pneumoniae infections.

 G. When a bacterial pathogen is isolated from the blood 
culture in a febrile patient managed as an outpatient, 
reassess the clinical status. All patients who remain fe-
brile or who would continue to be assessed as moder-
ately or severely ill without improvement should have 
a lumbar puncture, repeated blood culture, and con-
sider admission for intravenous antibiotics. Children 
who are afebrile and appear well but who have bacteria 
isolated from blood can often be treated as outpatients. 
Treat afebrile patients assessed as mildly ill in whom 
sensitive S. pneumoniae has been isolated with 10 days 
of oral therapy with high-dose amoxicillin or parenter-
ally with ceftriaxone. When a urine culture is positive 
and the patient is assessed as improved (well or mild 
illness), continue outpatient treatment with oral antibi-
otics. If the patient does not improve, consider admis-
sion for parenteral therapy.

Table 1. Degree of Illness in Infants and Children 3 to 6 Months of Age with Acute Fever without a Source

Mild Moderate Severe Very Severe

All previously well infants and  
children with temperature 
,38.9°C and who have a 
reliable caretaker

All infants and children with 
chronic illness regardless of  
temperature and all patients with 
temperature .38.9°C or who 
lack a reliable caretaker

All infants and children with  
a condition that compro-
mises immunity

All infants and children with 
petechiae, purpura

Mental status: smiles, playful, not  
irritable, alerts quickly, feeds  
well, cries strongly but is easily 
consoled by a caregiver

Mental status: brief smiles, irritable 
with crying and sobbing, still  
responsive to the caregiver and 
consolable, less playful and active 
than baseline

Mental status: irritable and 
not easily consolable, poor 
eye contact (lethargic), 
feeds poorly

Mental status: unresponsive, 
too weak to feed, seizures or 
signs of meningeal irritation

No signs of dehydration Signs of mild or moderate  
dehydration

Signs of severe dehydration

Good peripheral perfusion: pink, 
warm extremities

Good peripheral perfusion: pink, 
warm extremities

Poor perfusion: mottled, cool 
extremities

Shock, pale, with thready pulse

No signs of respiratory distress No signs of respiratory distress Respiratory rate .60, 
retractions, grunty

Apnea, cyanosis, respiratory 
failure

Estimation of clinical usefulness of assessment criteria to identify cases with serious bacterial infection (SBI): sensitivity (proportion of SBI cases that will be classified as 
severe or very severe), 44%–74%; positive predictive value (proportion of cases classified as severe or very severe that will have SBI), 33%; and negative predictive value 
(proportion of cases classified as mild or moderate that will not have SBI), 75%.

(Continued on page 182)
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Patient 3 to 36 Months of Age with ACUTE FEVER WITHOUT A SOURCE

Identify and treat:
Enteritis (bacterial) 
Meningitis
Pneumonia
Urinary tract 
infection

Normal

D

F

G

E

Follow-up:
Assess daily for
fever and signs

Mild Moderate

CBC with differential,
Consider urinanalysis, CRP

Assess degree of illness
(Cont’d from p 179)

Abnormal

Fever
resolves

Fever persists
�4 days

Reassess patient
Consider CBC,
differential, CRP

Blood cultures
Consider:

Chest radiography
Lumbar puncture
Stool smear and culture

Treat:
IM ceftriaxone or
oral antibiotics

Cultures
negative

Follow-up:
Stop antibiotics
Assess daily for
fever and signs

Follow-up:
If cultures negative
at 48 h discharge on
oral antibiotics

Treat:
IV antibiotics pending
culture results

Hospitalize

Consider:
Lumbar puncture
Repeat blood culture

Culture positive for
S. pneumoniae or
other sensitive pathogen

Follow-up:
Assess for fever
and signs

Treat:
Oral antibiotics
� 10 days

Not improved Improved

(Cont’d on p 183)
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 H. Treat admitted patients assessed as severely ill with in-
travenous antibiotics (Table 2) pending culture results 
at 48 hours. The combination of antibiotics chosen de-
pends on the severity of the illness. Treat patients  
assessed as very severely ill with vancomycin and a 
cephalosporin such as cefotaxime to provide additional 
coverage for resistant S. aureus and S. pneumoniae. 
Clindamycin should be considered if anaerobes or  
S. aureus is suspected.
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Table 2.  Outpatient and Inpatient Antibiotics for the Treatment of Moderately to Severely III Children 
with Bacteremia

Antibiotic Dosage Product Availability

Outpatient Antibiotics
Cefuroxime (Ceftin) 75–150 mg/kg/day every 8h Suspension: 125, 250 mg/5 ml

Tablets: 125, 250, 500 mg
Amoxicillin-clavulanate (Augmentin) 80–90 mg/kg/24 hr bid (use 7:1 bid formulation) Suspension: 200, 400 mg/5 ml

Chewable: 200, 400 mg
Tablets: 875 mg

Amoxicillin 80–90 mg/kg/24 hr bid Suspension: 125, 250 mg/200, 400 mg/5 ml
Chewable: 125, 200, 250, 400 mg
Capsules: 250, 500 mg
Tablets: 500–875 mg

Intramuscular Antibiotics
Ceftriaxone (Rocephin) 50 mg/kg/dose every 12-24h Vials: 0.25, 0.5, 1 g

Initial Intravenous Antibiotics
Cefotaxime (Claforan) 50–75 mg/kg/dose every 6-8h Vials: 0.5, 1, 2 g
Cefuroxime (Kefurox, Zinacef) 25–50 mg/kg/dose every 8h Vials: 0.75, 2.5 g
Ceftriaxone (Rocephin) 75 mg/kg/dose every 24h Vials: 0.25, 0.5, 1 g
Clindamycin (Cleocin) 8–13 mg/kg/dose every 8h Vials: 2, 4, 6 ml (150 mg/ml)
Ampicillin sodium 50–75 mg/kg/dose every 6h Vials: 0.25, 0.5, 1, 2, 4 g
Vancomycin (Vancocin) 10–15 mg/kg/dose every 8h Vials: 500, 1000 mg

Capsules: 125, 250 mg
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Patient 3 to 36 Months of Age with ACUTE FEVER WITHOUT A SOURCE

Assess degree of illness
(Table 1)

(Cont’d from p 181)

Severe Very severe

Blood culture
positive

Assess response

Not improvedImproved 48–72 h

Resistant
pathogen

Sensitive
pathogen

Stabilize:
Respiratory support
Circulatory support

Hospitalize in ICU

Blood cultures
Consider:

Chest radiography
Lumbar puncture
Stool smear and culture

Identify and treat:
Enteritis (bacterial)
Meningitis
Pneumonia
Urinary tract infection

Consider:
Repeat blood
culture
Lumbar puncture

Treat:
Switch IV
antibiotics

Follow-up:
Switch to 
oral antibiotics
Discharge
Assess for fever
and signs

Follow-up:
Stop antibiotics
Discharge
Assess for fever
and signs
Discharge when
improved

Treat:
IV antibiotics

Hospitalize

Cultures
negative

H
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Fever, Rash, and Red Eyes
Samuel R. Dominguez, MD, PhD

	A.	 In the patient’s history, ask about the onset and dura-
tion of fever, rash, conjunctivitis, and other associated 
symptoms, such as sore throat, headache, photophobia, 
mouth lesions, coryza, cough, swelling of hands and 
feet, arthralgias or arthritis, diarrhea, vomiting, and 
abdominal pain. Ask about the distribution and pro-
gression of the rash and any temporal relationships 
between the onset of the fever and rash. Inquire about 
the use of current and past medications. Take a thor-
ough exposure history, including history of recent 
travel (national and international), history of recent 
camping/hiking or tick exposure, exposure to animals, 
presence of sick contacts, and sexual history. Inquire 
about the patient’s vaccination status and immune sta-
tus. Note the season of the year.

	B.	 On physical examination, note whether the conjunctivitis 
is purulent or hyperemic. Characterize the type of rash 
(morbilliform, maculopapular, erythrodermal, vesicular, 
petechial), as well as its distribution. Press on the lateral 
edge of a blister; extension and enlargement constitute 
presence of a Nikolsky sign. Look for mouth lesions (fis-
suring and crusting of lips, Koplik spots on the buccal 
mucosa, strawberry or raspberry tongue, oropharyngeal 
lesions, injection, or exudate). Characterizing the rash 
and conjunctivitis is helpful diagnostically. A purulent 
conjunctivitis and a diffuse erythroderma with bullae, 
tender skin, and presence of a Nikolsky sign suggest  
Stevens–Johnson syndrome (SJS) or staphylococcal 
scalded skin syndrome (SSSS). SSSS is often associated 
with a purulent rhinitis. Adenovirus may produce a  
serous conjunctivitis. An erythroderma suggests toxic 
shock syndrome, Kawasaki disease (KD), scarlet fever 
syndromes, or leptospirosis. Epstein–Barr virus (EBV) 
and adenovirus infections are often associated with an 
exudative pharyngitis. A morbilliform rash with Koplik 
spots suggests measles (rubeola).

	C.	 Measles (rubeola) is associated with a 3- or 4-day 
prodrome of cough, coryza, fever, and conjunctivitis. 
The rash, which starts on the head and face, moves 
downward to involve the trunk and extremities.  
Lesions on the face, neck, and upper trunk become 
confluent. Koplik spots are usually present on the buc-
cal mucosa and are pathognomonic for the disease. 
The rash resolves in approximately 1 week. Consider 
the diagnosis of measles in patients who have not been 
immunized.

	D.	 A common presentation of adenovirus infection is 
pharyngoconjunctival fever. These children present 
with high fevers, upper respiratory infection symp-
toms, tonsillitis, cervical lymph node enlargement, 
conjunctivitis, and/or rash. Symptoms can persist for  
3 to 10 days. The incidence is increased slightly during 
late winter, spring, and early summer. Unlike many 
other respiratory viral infections, adenovirus can mimic 
severe bacterial infections, and in one study, approxi-
mately 25% of children had C-reactive protein (CRP) 
levels greater than 7 mg/dl.

	E.	 In working up a child with a fever, rash, and red eyes 
syndrome, it is important to diagnose diseases that are 
treatable. In particular, one should try to distinguish 
viral disease from bacterial disease and KD. Obtaining 
inflammatory markers can be helpful in distinguishing 
between these diseases. Most viral illness will have low 
erythrocyte sedimentation rates (ESRs), CRP levels, 
and procalcitonins (PCTs). In contrast, most bacterial 
diseases and KD will have increased inflammatory 
markers. Several studies have demonstrated that often 
the ESR and CRP are discordant, and thus obtaining 
both is useful. Several studies now suggest that PCT 
may be a more sensitive and specific test for helping  
to distinguish between a viral and bacteria disease  
process.

(Continued on page 186)
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Patient with FEVER, RED EYES, AND RASH

Assess for infection

No site identified

Etiology unclear High suspicion for viral etiology
  Identify:
    
  Measles (rubeola)
  Enterovirus
  Rubella
  Mononucleosis (EBV)

  Adenovirus

Supportive care

Site identified
(cont’d on p 187, bottom)

(cont’d on p 187, top)

A History

B

C

D

Order labs:
  CBC with differential and platelets
  ESR, CRP, and/or procalcitonin
  LFTs
  Nasopharyngeal wash for viral DFA
  Consider: urinalysis, LFTs, throat culture, blood culture, ASO/anti DNAse B titers, EBV titers

E

Physical examination
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(90% of cases occur from April to September). The 
rash of RMSF typically starts on the ankles and wrists, 
spreads to the palms and soles, and then spreads  
inward to the trunk. The rash will often begin as a 
maculopapular rash and can become petechial over 
time. Patients often have a classic triad of laboratory 
findings: hyponatremia, leukopenia, and thrombocyto-
penia. Diagnosis is made on clinical suspicion (can be 
confirmed only by convalescent serology) and is treated 
with doxycycline. Human monocytic ehrlichiosis and 
human granulocytic anaplasmosis are other tickborne 
rickettsial diseases that present similarly to RMSF but 
are associated less commonly with rash.

	K.	 Leptospira organisms are secreted in the urine of ani-
mal; therefore, leptospirosis should be considered  
in patients with occupational exposure (i.e., farmers) 
or in association with swimming in freshwater. The 
most distinctive clinical findings of leptospirosis  
are conjunctival suffusion and myalgias of the calf 
and lumbar regions. Ten percent of patients have a 
life-threatening illness consisting of jaundice, renal 
failure, and hemorrhagic pneumonitis. Penicillin is 
the drug of choice.

	L.	 Oral first-generation cephalosporins, dicloxacillin, and 
amoxicillin are comparable for treatment of superficial 
staphylococcal and streptococcal infections. However, be-
cause of the increase in community-acquired methicillin-
resistant Staphylococcus aureus (MRSA) infections, treat-
ment for suspected staphylococcal infections should 
include coverage for MRSA. Antibiotics should be chosen 
based on the susceptibility patterns of MRSA in the  
local community. Generally, clindamycin or trimethoprim- 
sulfamethoxazole (TMP-SMZ) is an acceptable choice. It 
is important to remember, however, that empiric coverage 
with TMP-SMZ does not provide adequate coverage for 
streptococcal infections.

	M.	Toxic shock syndrome is usually caused by a staphylo-
coccal phage-related toxin. It can be caused by skin and 
wound infections, tampon use, vaginal infections, nasal 
packing, childbirth and abortion infections, and postin-
fluenza bacterial respiratory tract infections (tracheitis, 
pneumonia). Suspect toxic shock syndrome when eryth-
roderma is associated with fever, hypotension, altered 
mental status, diarrhea, disseminated intravascular co-
agulation, and renal failure. Hospitalize these patients, 
stabilize their circulation, and begin intravenous anti-
staphylococcal antibiotic coverage. If a focus of infection 
is identified, efforts should be made to drain/remove it. 
Intravenous immunoglobulin (1 g/kg) should be consid-
ered in severely ill patients.

	N.	 Group A streptococcus may also produce a toxin-
mediated illness that is clinically similar to toxic shock 
syndrome. The diagnosis must be made by culture. 
Before culture results are available, use antibiotic cov-
erage effective against both streptococcal and staphy-
lococcal disease.

	F.	 SJS and toxic epidermal necrolysis represent a spec-
trum of the same illness associated with systemic 
signs, bullous lesions, a Nikolsky sign, and involve-
ment of at least two mucous membranes (conjunctiva, 
oral cavity, genital mucosa, or esophagus). The rash of 
SJS often begins as poorly defined macules with pur-
puric centers (dusky red, morbilliform macules) that 
coalesce to form blisters and can progress to epider-
mal detachment. The lesions of SJS are often sym-
metrically distributed. The infectious agent most fre-
quently associated with SJS in children is Mycoplasma 
pneumoniae. The most commonly associated drugs 
are antibiotics (sulfonamides, cephalosporins, quino-
lones, and aminopenicillins), anticonvulsants (carbam-
azepine, phenytoin, and phenobarbital), nonsteroidal 
anti-inflammatory drugs, corticosteroids, and allopuri-
nol. In a patient with SJS caused by a medication,  
immediate discontinuation of the medication is re-
quired. Some experts advocate the use of intravenous 
immunoglobulin in the treatment of SJS. All patients 
with SJS require ophthalmology consultation to assess 
eye involvement and preserve vision with treatment.

	G.	 Suspect SSSS when lateral pressure on the edge of the 
blister enlarges and extends the blister (Nikolsky sign) 
or bullous impetigo is present. The rash may be local 
or generalized. SSSS is often associated with a purulent 
rhinitis. Hospitalize and treat patients with antistaphy-
lococcal antibiotics and for pain management.

	H.	 Suspect KD when an erythematous rash and conjunc-
tival hyperemia are associated with fever for more than 
4 days, mouth lesions (red and/or cracked lips, straw-
berry tongue, or oropharyngeal injection), alterations 
of the hands or feet (erythema, edema, and induration 
followed by desquamation), and unilateral cervical 
lymphadenopathy. It is now recognized that many chil-
dren with KD present without meeting full clinical 
criteria (see Kawasaki Disease, p. 628).

	 I.	 Lyme disease (causative agent: Borrelia burgdorferi) is 
the most common tick-borne (Ixodes ticks) disease in 
the United States and Europe. In the United States, 
Lyme disease is concentrated in three distinct geograph-
ical areas: in the Northeast from Maryland to Maine, in 
the Midwest primarily in Wisconsin and Minnesota, and 
in the West in Northern California and Oregon. More 
than 80% of patients with Lyme disease will present 
with the characteristic target-like rash erythema mi-
grans. The skin lesions are frequently accompanied by 
influenza-like illness symptoms including fatigue, myal-
gias, arthralgias, headaches, and fever. Only about 10% 
of patients with Lyme disease have conjunctivitis. Lyme 
disease should be treated with doxycycline (first-line 
therapy) or amoxicillin (see Lyme Disease, p. 632).

	J.	 Rocky Mountain spotted fever (RMSF) (causative 
agent: Rickettsia rickettsii) occurs most commonly 
in the Southeast United States and should be consid-
ered during the summer months when ticks are active 
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Patient with FEVER, RED EYES, AND RASH

Assess clinical patterns, exposure history, and laboratory results
(Cont’d from p 185)

Blistering rash
(+Nikolsky sign)

Mucous membrane lesions
Hand/feet erythema or
swelling
Lymphadenopathy

Identify:
  Kawasaki
  disease

Travel history
Consider:

Lyme disease
Dengue
Chikungunya
Rickettsial disease

Other
Consider:

RMSF
JRA

Leptospirosis
  Drug reactionH

I J

K
Identify:

  SJS
  
  SSSS

Hospitalize
and treat

Hospitalize
and treat

F

G

(Cont’d from p 185)

Site identified

Obtain blood cultures and cultures from site of infection

Systemic involvement?

Yes No

Identify and treat local infection
(if abscess present—drain)

Hospitalize and treat:
  IV antibiotics
  Consider IVIG

M

L

N

Identify and treat:

  Toxic shock syndrome

  Streptococcal toxic shock syndrome

  Consider severe Kawasaki disease
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Frequent Infections
Stephen Berman, MD, and Roberta L. DeBiasi, MD

Patients presenting for evaluation of frequent or recurrent 
infections are a heterogeneous group, including normal 
children, children with nonimmunologic causes of recurrent 
infection, or those with underlying immunodeficiency (pri-
mary or secondary). The likelihood of an underlying immu-
nodeficiency disorder is closely related to the type, fre-
quency, and severity of infections that the patient suffers. 
For example, patients with a history of frequent/recurrent 
minor childhood illnesses (such as viral upper respiratory 
infections) who are growing and developing normally are 
unlikely to have an underlying immunodeficiency predis-
posing them to frequent infections. In contrast, patients 
with a history of more than one episode of invasive bacterial 
infection, in which bacteria invade the bloodstream or other 
sterile body sites (such as bacteremia, bacterial pneumonia, 
septic arthritis, osteomyelitis, and meningitis), are statisti-
cally more likely to have an underlying immunologic defect 
that warrants evaluation.

Nonimmunologic causes of recurrent infection include 
increased exposure (day care), conditions that disrupt nor-
mal mucosal barriers (atopy: asthma, allergic rhinitis; pas-
sive smoke exposure, gastroesophageal reflux), anatomic 
abnormalities, cystic fibrosis, immotile cilia syndrome, mal-
nutrition, and foreign bodies. An intact immune response 
includes components of innate, nonspecific immunity (such 
as physiologic barriers, spleen, phagocytes, complement 
and natural killer cells), as well as adaptive, specific immu-
nity including cell-mediated (T lymphocyte) and humoral 
(antibody-mediated) immune responses. Defects within 
any of the arms of the immunologic system often lead to 
predictable types and patterns of recurrent infection that 
may provide clues to diagnosis. Furthermore, immunodefi-
ciency disorders can be categorized as primary (inherited) 
or secondary to other illnesses, trauma, drugs, malnutrition, 
or protein loss.

EPIDEMIOLOGY

Overall, the incidence of primary immunodeficiency disor-
ders is about 1 per 5000 to 10,000. Of these, approximately 
50% are pure B-lymphocyte defects, 20% are T-lymphocyte 
defects, 10% combined B- and T-lymphocyte defects, and 
15% are phagocyte defects; complement deficiency is rarer 
(2%–5%). The most common primary immune defect is 
selective IgA deficiency (usually asymptomatic), which oc-
curs in 1 in 500 individuals. In contrast with the primary 
immunodeficiencies, acquired immunodeficiency is more 
common. For example, the incidence of human immunode-
ficiency virus (HIV) infection is as high as 1 in 1000 in some 
population groups within the United States, and thus should 
always be considered in the differential diagnosis of possible  
underlying immunodeficiency disorders. Other common 
causes of acquired immunodeficiency include immuno-
globulin deficiency caused by nephrotic syndrome or  

protein-losing enteropathy, cell-mediated immunodefi-
ciency caused by steroid therapy for asthma, asplenia caused 
by trauma or sickle cell disease, and impaired immune func-
tion caused by diabetes.

	A.	 As a general rule of thumb, historical features that sug-
gest underlying immunodeficiency include too many 
infections, infections that are of unusual severity or are 
difficult to treat, infections with unusual organisms 
(e.g., Cryptococcus, Pseudomonas, Burkholderia, Pneu-
mocystis), or recurrent infections associated with 
growth or developmental delay. Ten warning signs that 
have been publicized for immunodeficiency include: 
eight or more ear infections within 1 year; two or more 
serious sinus infections within 1 year; 2 or more months 
on antibiotics with little or no effect; two or more pneu-
monias within 1 year; failure of an infant to gain weight 
or grow normally; recurrent, deep skin or organ ab-
scesses; persistent thrush in mouth or elsewhere on 
skin, after age 1; need for intravenous antibiotics to 
clear infections; two or more deep seated infections; 
and family history of primary immune deficiency.

In the patient’s history, ask about the types of infec-
tion and the pathogens isolated. Document the onset, 
severity, response to therapy, and pattern of infections. 
Onset of infections soon after birth suggests defects in 
cell-mediated immunity, neutrophil function, or com-
plement because maternal antibody protects infants 
with B-cell disorders for 3 to 6 months. In the family 
history, note early unexplained infant deaths and other 
family members with frequent severe infections or 
known immunodeficiency diseases, especially HIV in-
fection and malignant neoplasms. Risk factors include 
immunization status and adverse reactions to vaccines, 
current medications, allergies, underlying conditions 
(collagen vascular disease; cardiopulmonary, gastroin-
testinal, and renal disease; sickle cell disease), central 
venous catheter and other indwelling lines, and condi-
tions or therapies that compromise immunity (espe-
cially HIV infection).

Review of systems should include:
Central nervous system symptoms, including altera-

tions in the mental status and normal level of activity
Respiratory symptoms: cough recurrent sore throats, 

sinus and ear infections, pneumonia episodes
Gastrointestinal symptoms: chronic diarrhea, weight 

loss, malnutrition, failure to thrive
Renal symptoms: pain with urination (dysuria), urinary 

frequency, flank pain
Dermatologic symptoms: chronic Candida infection 

(involvement of skin, nails, and mucous membranes), 
severe eczema, delayed umbilical cord separation

	B.	 On physical examination, look, listen, and feel for find-
ings that suggest a current infection or sequelae of  
past infections. Note either abundance or absence of 
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lymphoid tissue (lymph nodes and tonsils); assess growth 
and development. Note petechiae (Wiskott–Aldrich syn-
drome), telangiectasia, and neurologic findings (ataxia-
telangiectasia syndrome), scarring from adenitis (chronic 
granulomatous disease), hepatosplenomegaly, partial  
albinism (Chédiak–Higashi syndrome), periodontal dis-
ease (neutrophil defects), and nail/oral mucosal candi-
diasis (cell-mediated deficiency).

	C.	 Children younger than 6 years may commonly have 6 
to 12 viral infections per year. These episodes of upper 
respiratory infections and diarrhea are usually mild and 
self-limited. Children who attend nursery school or 
daycare centers are most likely to have frequent viral 
infections. Multiple episodes of otitis media are also 
not uncommon in infants/toddlers, and in isolation, do 
not necessarily warrant an immunologic evaluation. 
However, two or more otitis media per year in an ado-
lescent or adult; two or more bacterial pneumonia,  

severe sinusitis, or bacterial gastroenteritis per year; or 
two or more life-threatening infections per lifetime 
warrant further evaluation.

	D.	 A systemic disorder or malignant disease may predis-
pose to frequent infections because of neutropenia, 
impaired mucociliary clearance (cystic fibrosis, atopy, 
ciliary dysfunction), or abnormal vascular perfusion 
(diabetes, nephrosis, congestive heart failure, infarc-
tion). Metabolic disorders and systemic diseases that 
predispose to frequent infection include diabetes 
mellitus, cystic fibrosis, severe malnutrition, allergic 
disorders (allergic rhinitis, eczema, reactive airway 
disease), central nervous system disorders (recur  rent 
aspiration), and gastroesophageal reflux. Therapy 
with a corticosteroid or other immunosuppressive for 
renal disease, rheumatoid arthritis, or reactive airway 
disease alters immune defenses and may result in 
frequent infections.

Patient with FREQUENT INFECTIONS

A History

B Physical examination

(Cont’d on p 191)

CBC with differential, smear
CXR, metabolic panel, ESR

C Identify:
  Frequent viral
  upper resp
  infections

D Identify systemic disease:
  • Cardiac
  • Cystic fibrosis         Sweat test
  • Malignancy
  • Nephrotic syndrome
  • Sickle cell
  • Diabetes
  • Atopy
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	E.	 Most patients fall into one of the following four 
patterns:

Pattern 1: recurrent bacterial infections involving 
one system only, such as recurrent meningitis, pneumo-
nia, or osteomyelitis; consider nonimmunologic defects 
(such as anatomic-structural defects) and B-cell defects 
(Tables 1 and 3), as well as HIV infection

Pattern 2: recurrent bacterial infections involving 
multiple systems, especially respiratory (sinopulmonary 
disease) and gastrointestinal; consider B-cell defects 
(Tables 1 and 3), as well as HIV infection

Pattern 3: severe infections with opportunistic or 
intracellular pathogens, including viruses (herpesvi-
ruses, respiratory syncytial virus), fungi, protozoa 
(Pneumocystis), and intracellular bacteria (tuberculo-
sis); consider T-cell defects (Tables 2 and 3), as well as 
HIV infection

Pattern 4: recurrent abscesses, soft tissue infections, 
and skin infections; consider neutropenia or neutrophil 
function defects (Table 4)

	F.	 Suspect a defect in nonimmunologic defenses when two 
or more serious bacterial infections occur in the same 
anatomic site without infections in other sites. Nonim-
munologic defects that allow frequent infections include 
anatomic alterations (ureteral stenosis, vesicoureteral 

reflux, eustachian tube dysfunction, tracheoesophageal 
fistula, skull defects or fractures, sinus tracts), impaired 
barriers (atopy, including asthma and eczema, burns, 
gastroesophageal reflux), and foreign bodies (catheters, 
heart valves).

	G.	Neutrophil disorders include abnormalities of quantity 
and function. Quantitative alterations include problems 
with bone marrow production (congenital and cyclic 
neutropenia, reticular dysgenesis), storage (bone mar-
row necrosis), migration or sequestration (hypersplen-
ism, burns, trauma), and destruction (antineutrophil 
antibodies, infection, inflammation). Qualitative altera-
tions include abnormalities of adhesion (leukocyte ad-
hesion disorder), migration-chemotaxis (hyperimmuno-
globulin E syndrome; Chédiak–Higashi syndrome, actin 
dysfunction; and systemic conditions, such as diabetes 
mellitus and collagen vascular disorders), phagocytosis 
(actin dysfunction, opsonin deficiency caused by hypo-
gammaglobulinemia or complement deficiency, asple-
nia, Wiskott–Aldrich syndrome), bactericidal activity 
and cytotoxicity (enzyme defects), and oxidative burst 
activities (chronic granulomatous disease). Patients  
with chronic granulomatous disease do not respond to 
phagocytosis with chemiluminescence (emission of en-
ergy as light). Specific tests are available to evaluate 

Table 1. Selected	B-Cell	Disorders

Disorder Genetics	and	Presentation Defect Treatment

Bruton agammaglobulinemia XLR inheritance; Xq21.3-q22 prenatal  
diagnosis available

Arrest in differentiation of pre-B cells Monthly IVIG

Absent/low-level B lymphocytes
Absent immunoglobulins

Agammaglobulinemia AR and AD forms; 14q32.33, 9q34.13 See above Monthly IVIG
Immunoglobulin deficiency with 

hyper-IgM
XLR (Xq26), AR CD40 ligand signaling defect Monthly IVIG

Low IgG, IgA, normal or high IgM Impaired isotype switching from IgM to 
IgG, IgA, and IgE

Common variable immuno- or 
late-onset hypogammaglobu-
linemia

Unknown inheritance; heterogeneous group 
of disorders

B cells do not differentiate into plasma cells
Low normal B lymphocyte levels, poor  

antibody responses, autoimmunity

Monthly IVIG

Transient hypogammaglobu-
linemia of infancy

Unknown inheritance; spontaneous recovery 
by 4 years of age

Delayed maturation; response of B cells to 
T-cell–dependent stimulation depressed

Usually none

AD, autosomal dominant; AR, autosomal recessive; IVIG, intravenous immunoglobulin; XLR, X-linked recessive.

Table 2. Selected	T-Cell	Disorders

Disorder Genetics	and	Presentation Defect Treatment

Purine-nucleoside phosphory-
lase deficiency

AR inheritance; prenatal diagnosis 
available (14q13); may present 
with autoimmune hemolytic 
anemia

Enzyme deficiency causes increase in 
deoxyguanosine triphosphate, which 
kills dividing T cells

Consider BMT, irradiated blood 
cell transfusions to replace 
enzyme

Thymic hypoplasia (DiGeorge 
syndrome)

Intrinsic genetic factors (22q11.2; 
10p14-p13)

Malformation of cardiac outflow tract; 
absent or hypoplastic thymus, con-
genital hypoparathyroidism, abnormal 
facies

Consider graft with fetal epithe-
lial; neonatal cells or BMT

Nezelof syndrome Intrinsic genetic factors (22q11.2) Thymic dysplasia See above
Absent or low T lymphocytes

AR, autosomal recessive; BMT, bone marrow transplantation.
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both quantitative and qualitative alterations. Neutrophil 
disorders are summarized in Table 4.

	H.	Disorders of complement have various clinical manifes-
tations. Patients may be asymptomatic or have signs of 
autoimmune disease (systemic lupus erythematosus, an-
gioedema, urticaria); failure to thrive; chronic diarrhea; 
seborrheic dermatitis; or recurrent severe infection,  
particularly with encapsulated bacteria (Streptococcus 
pneumoniae, Haemophilus influenzae, Neisseria menin-
gitidis). Initial evaluation should include total comple-
ment (CH50, and in selected male patients, AH50). If 
abnormal, additional specific complement studies can be 
considered in conjunction with an immunologist. Termi-
nal complement deficiency (C5-9) classically predisposes 
affected individuals to meningococcal disease; approxi-
mately 10% of individuals with their first episode of 
meningococcal disease have underlying complement  
deficiency.

	I.	 First-tier laboratory evaluation should include the follow-
ing: complete blood cell count (CBC) with manual dif-
ferential and peripheral smear; note neutrophil quantity 
(high or low), cycling, granules, lymphocyte percentage 

and absolute number, thrombocytopenia, small platelets, 
Howell Jolly bodies (splenic dysfunction); quantitative 
immunoglobulins (IgG, IgA, IgM, IgE; IgG subclasses 
not recommended); quantitative B- and T-lymphocyte 
panel including T-lymphocyte subsets (CD4, CD8); HIV 
antibody or polymerase chain reaction (PCR) (age  
dependent); CH50 (and possibly AH50); oxidative burst 
testing; chest radiograph (CXR; bronchiectasis, pneuma-
toceles, thymic aplasia, cardiomegaly).

Second-tier laboratory evaluation to be considered 
to further assess cell-mediated immunity includes in  
vitro mitogen-stimulated responses (phytohaemaggluti-
nin [PHA], ConA) and delayed-type hypersensitivity skin 
testing (candida, mumps, tetanus). Second-tier evaluation 
of humoral immunity includes functional assessment of 
antigen-specific antibody responses (isohemagglutinins, 
postvaccination titers for Haemophilus influenzae type B 
[HIB] and diphtheria, pertussis, tetanus [DPT] vaccines). 
Advanced testing for phagocyte dysfunction includes 
monitoring of weekly CBCs for cycling, CD11/18 markers 
(leukocyte adhesion deficiency), and specialized neutro-
phil function testing (chemotaxis, killing).

Patient with FREQUENT INFECTIONS
(Cont’d from p 189)

E Assess pattern

I Laboratory test

Identify specific defect or high suspicion
with normal testing

Consult immunologist

F Consider and
identify:
  Nonimmunologic
  problem
  • Anatomic defect
  • Impaired barriers
  • Foreign body

G Consider:
  • Neutropenia
  • Neutrophil
    function
    disorder
    (Table 4)

H Consider:
  • Complement
    deficiency

Consider:
  • B-cell disorder
    (Table 1)
  • HIV

Consider:
  • T cell disorder
     (Table 2)
  • Combined
    B/T cell disorder
    (Table 3)
  • HIV

Recurrent
bact. infections
involving
one system

Recurrent
bact. infections
involving
multiple systems

Recurrent
skin and
soft tissue
infections

Recurrent
bact. infections
with
encapsulated
organisms
(S. pneumo
N. mening
H. flu)
 

Opportunistic
pathogens,
severe viral
infections
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Table 3. Selected	Combination	B-	and	T-Cell	Disorders

Disorder Genetics	and	Presentation Defect Treatment

SCID X-linked (Xq13) and AR inheritance; (multi-
ple) prenatal diagnosis, carrier detection 
available for some

Absent T cells, B cells variable BMT; consider enzyme  
replacement

Adenosine deaminase deficiency in 
50% of cases with AR SCID

Ataxia-telangiectasia  
syndrome

AR inheritance; carrier state detection 
(11q22.23); findings include increased  
serum AFP, telangiectasias, cerebellar 
ataxia (2–8 yr of age), high incidence of 
malignancy

Inability to repair DNA damage, 
interference with rearrange-
ment of T- and B-cell genes

Supportive care, antibiotics 
for specific infections

Wiskott–Aldrich syndrome XLR (rare AD); prenatal carrier detection 
(Xp11.23-p11.22) eczema, thrombocytope-
nia, bloody diarrhea, cerebral hemorrhage

Expression of a cell surface  
sialophorin

BMT; consider IVIG,  
prednisone, splenectomy

Chronic mucocutaneous 
candidiasis

Heterogeneous, unknown genetics
Skin, nail, mucous membrane involvement  

association with endocrinopathies and  
autoimmune disorders

Unknown Antifungal

AFP, alpha-fetoprotein; AR, autosomal recessive; BMT, bone marrow transplantation; IVIG, intravenous immunoglobulin; SCID, severe combined immunodeficiency; XLR, 
X-linked recessive.

Table 4. Selected	Neutrophil	Function	Disorders

Disorder Genetics	and	Presentation Defect Treatment

Chronic granulomatous 
gene disease

XLR, AD or AR inheritance; prenatal 
diagnosis available

Absent phagocyte superoxide  
production

g-Interferon, BMT; therapy being 
studied

Leukocyte adhesion 
disorder

AR inheritance; prenatal diagnosis 
available; three types

Abnormal adhesion; leukocyte integrin 
deficiency with abnormal CD11/18 
expression; selectin dysfunction

BMT; gene therapy being studied; 
oral fucose

Chédiak–Higashi  
syndrome

AR inheritance; prenatal diagnosis 
available, partial albinism, giant 
granules in neutrophils

Abnormal transport of granules includ-
ing melanins and neurotransmitters

Vitamin C

Reticular dysgenesis AR inheritance; no prenatal  
diagnosis, neutropenia

Uncertain BMT

Cyclic neutropenia AD, AR inheritance (19p13.3)  
ELA-2 gene

Defect in neutrophil elastase Granulocyte colony-stimulating 
factor

Hyper-IgE (Job)  
syndrome

Unknown inheritance (4q21); no  
prenatal diagnosis; severe eczema, 
recurrent sinopulmonary infec-
tions, increased IgE

Chemotaxis, T-cell function Trials of g-interferon, H2 antagonists, 
vitamins C and E in progress

AD, autosomal dominant; AR, autosomal recessive; BMT, bone marrow transplantation; XLR, X-linked recessive.
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Fever of Unknown Origin
Sean T. O’Leary, MD, and Mark J. Abzug, MD

DEFINITION

There are numerous definitions of fever of unknown origin 
(FUO), which generally include temperatures greater than 
38° C to 38.3° C, but with durations ranging from longer 
than 1 week to longer than 3 weeks. We define FUO as daily 
temperature greater than 38.3°C lasting longer than 14 days 
with no diagnosis apparent after initial investigations, to 
distinguish children with FUO from those with common, 
generally benign, illnesses often associated with viral infec-
tions. Most patients with FUO may be initially evaluated as 
outpatients. In certain settings, however, inpatient evalua-
tion may be more efficient.

CAUSATIVE FACTORS

Infectious causative agents are most common (20%–50%), 
followed by autoimmune disorders (6%–20%) and malig-
nancies (2%–13%). Among infectious causative agents, 
occult presentations of common infectious agents are 
more likely than unusual infections. Many cases of FUO 
resolve with no diagnosis being made. The prognosis of 
pediatric FUO is generally favorable.

 A. It is important to obtain a thorough history. Often, se-
rial histories are crucial, as forgotten clues are recalled. 
The height and pattern of the fever are sometimes 
helpful, but most important is to document that there 
actually is a fever present. Nondiscriminating symp-
toms include anorexia, fatigue, weight loss, chills, and 
sweats. Symptoms that help narrow the focus of inves-
tigations include a history of rash, joint complaints, 
upper or lower respiratory complaints (even if mild), 
genitourinary complaints, and sometimes abdominal 
and central nervous system complaints.

An exposure history is critical and should include 
questions about ill contacts, place of residence and 
travel history (back to birth), pets and other possible 
contacts with animals (petting zoos, farms) and insects, 
medications, contacts with tuberculosis and HIV, and a 
dietary history (unpasteurized dairy, undercooked meat, 
and wild game).

 B. A thorough physical examination is an essential part of 
the evaluation, and serial examinations are important 
because findings may develop over time. Nonspecific 
findings include adenopathy, hepatomegaly, and sple-
nomegaly. More specific findings that may give a clue 
to a diagnosis include focal tenderness (bone or joint, 
abdomen, neck, etc.), rash, murmur, enanthema, or 
joint swelling. A normal physical examination generally 
portends a good prognosis.

 C. A screening complete blood cell count (CBC) may 
identify cytopenias, blasts, atypical lymphocytes, or  
other clues that may point toward a specific diagnosis. 

Although increase of inflammatory markers such as 
erythrocyte sedimentation rate (ESR) and C-reactive 
protein (CRP) is nonspecific, their values (in addition to 
the clinical appearance of the patient) can guide the 
tempo of the workup. In addition, normal levels usually 
help eliminate certain diagnoses (systemic-onset juvenile 
rheumatoid arthritis [JRA], Kawasaki disease), and ex-
tremely high levels may help focus the differential diag-
nosis. A urinalysis (UA) and urine culture are important, 
although normal findings do not rule out urinary tract 
infections (UTIs) complicated by obstruction. A blood 
culture should be obtained and may lead to diagnoses 
such as occult osteomyelitis, endocarditis, or enteric  
fever caused by Salmonella infection. A posteroanterior 
and lateral chest radiograph may reveal an occult pneu-
monia, cardiomegaly, or a mediastinal mass.

 D. If the history, physical, and screening laboratory evalua-
tion give clues to a diagnosis, these should be pursued. 
For example, a history of recent travel to a developing 
country may prompt further evaluation, such as thick and 
thin smear evaluation for malaria, and blood and stool 
cultures for Salmonella typhi. A history of cat (particularly 
kitten) exposure would suggest sending serology for Bar-
tonella henselae. Exudative pharyngitis with adenopathy 
or splenomegaly would warrant Epstein–Barr virus (EBV) 
serology. Persistent nasal discharge or congestion and 
headaches may suggest sinusitis and prompt imaging with 
plain films or computed tomography (CT) scan. Point 
tenderness of a bone, decrease in range of motion of a 
joint, or tenderness with pressure on the pelvis, is sugges-
tive of osteomyelitis or arthritis, and a plain film of the 
affected area and/or additional imaging may be per-
formed. Tenderness on abdominal examination may 
prompt evaluation by ultrasound or CT scan for evalua-
tion of diagnoses such as missed appendicitis, biliary or 
urinary tract processes, or occult abscess. See Table 1 for 
clues to common and uncommon causes of FUO.

 E. If fever persists and no diagnosis has become apparent 
after a thorough history and physical examination, 
screening laboratory studies, and focused investiga-
tions based on diagnostic clues, further evaluation may 
be pursued. A “shotgun” approach is not useful, be-
cause sending many undirected studies increases the 
likelihood of false-positive results. A thorough history 
and physical examination should be repeated. Initial 
screening studies should also be repeated, including 
CBC, ESR, CRP, urinalysis and urine culture, and 
blood culture. In addition, lactate dehydrogenase 
(LDH), uric acid, liver function tests, blood urea nitro-
gen (BUN), creatinine, and a stool heme test should be 
sent, and a tuberculin skin test (TST) for tuberculosis 
should be placed. Additional testing focused on any 
new clues from history, examination, and screening 
labs may be warranted. Other tests to consider with or 
after these “second-tier” investigations include EBV 
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and Bartonella serologies, if not previously obtained, 
and abdominal imaging by ultrasound or CT scan, be-
cause in series of pediatric patients with FUO, EBV 
and Bartonella infections and occult abdominal pro-
cesses were among the most common, unsuspected 
diagnoses identified.

Trials of antibiotics should be avoided unless evalua-
tions have identified a clear indication for treatment. 
Empiric antibiotics can mask the correct diagnosis, be a 
cause of drug fever, and ultimately prolong the period 
of illness and evaluation, rather than causing the FUO 
to resolve.

FEVER ≥38.3 For ≥14 Days

(Cont’d on p 197)

A

B
Identify:
  Pneumonia
  UTI

Consider history, physical and screening
labs for clues to diagnosis

Clues present Clues absent or
nonspecific

and fever still present

Pursue (see Table 1) Repeat history and physical exam
Repeat screening labs: CBC, ESR,
CRP, UA, blood culture, urine culture
• LFTs, LDH, uric acid, BUN, creatinine
• Stool heme
• PPD
• Tube to hold
Consider: EBV, Bartonella serologies
Consider: Abdominal CT
Avoid empiric antibiotic therapy without
  clear indication 

Clues absent or nonspecific and
fever still present

Clues present

Thorough history

Physical examination
including growth chart

C

ED

Screening laboratory
studies:
  CBC, CRP, ESR, UA + culture,
  blood culture, chest x-ray
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Table 1. Clues and Diagnostic Studies for Common and Uncommon Causes of Fever of Unknown Origin

Diagnoses Clues Diagnostic Studies

Epstein–Barr virus Exudative pharyngitis, adenopathy, hepatosplenomegaly,  
increased LFTs, atypical lymphocytes

Serology

Cat-scratch disease Cat (or dog) exposure, adenopathy, scratch Bartonella serology and PCR
Vertebral or pelvic osteomyelitis Decreased movement, refusal to walk (even with no point  

tenderness on examination)
Bone scan or MRI

Kawasaki disease Infants may have incomplete presentations with prolonged fever 
predominating and without typical mucocutaneous findings; 
increased ESR and/or CRP generally present

CBC, ESR, CRP, LFTs, urinalysis,  
echocardiogram, pediatric infectious 
diseases and pediatric cardiology  
consultation

Cytomegalovirus Leukopenia, hepatosplenomegaly Serology
Enteric fever (Salmonella) International travel, exposure to foods brought from other  

countries, reptile exposure; constipation may be present early 
in illness; leukopenia

Blood culture, stool culture

Infective endocarditis Chest pain, murmur, anemia, red blood cells in urine, positive 
rheumatoid factor

Three large-volume blood cultures,  
echocardiogram

Lyme disease Exposure to Lyme endemic region, season, erythema chronicum 
migrans rash, arthralgias/arthritis

Serology

Brucellosis Exposure to unpasteurized dairy or farm animals, arthritis  
(particularly sacroiliac), hepatosplenomegaly

Blood culture, serology, PCR

Q fever (Coxiella brunetti) Exposure to farm animals (particularly sheep) or unpasteurized 
dairy; culture-negative endocarditis, pneumonia, and/or  
hepatitis

Serology

Tularemia Adenopathy, ulcerative lesion, tick bite, rabbit exposure,  
exposure to highly endemic region

Wound culture, blood culture, serology, 
PCR

Tuberculosis High-risk group (born outside United States in highly endemic 
region), recent exposure, travel to endemic region

TST, chest radiograph

Histoplasmosis History of travel to or living in endemic region, adenopathy,  
pancytopenia, hepatosplenomegaly

Serology, urine antigen, tissue biopsy

Malaria Travel to endemic region (increased risk if failure to take  
prophylaxis), jaundice, pallor, splenomegaly

Three successive thick and thin blood 
smears

Sinusitis Nasal congestion/discharge, halitosis, headaches Sinus CT
Occult abdominal abscess History of gastrointestinal illness in preceding weeks, history of 

trauma (even if minor)
Abdominal CT with contrast or  

ultrasound
Hemophagocytic syndrome Hepatosplenomegaly, pancytopenia, hepatitis, multiorgan  

dysfunction, high LDH and ferritin
Ferritin level (extremely high), pediatric 

hematology consultation and bone 
marrow examination

Systemic-onset juvenile rheuma-
toid arthritis

Daily spiking fevers returning to normal or below normal, 
salmon pink rash present during fever, hepatosplenomegaly, 
very high ESR

Pediatric rheumatology consultation: no 
laboratory test is specific; normal ESR 
essentially rules out

Inflammatory bowel disease Abdominal pain, diarrhea, anemia, short stature, high ESR Endoscopy, upper GI contrast study

CBC, complete blood cell count; CRP, C-reactive protein; CT, computed tomography;  ESR, erythrocyte sedimentation rate; GI, gastrointestinal; LDH, lactate dehydrogenase; 
LFT, liver function tests; MRI, magnetic resonance imaging; PCR, polymerase chain reaction; TST, tuberculin skin test.

 F. Hospitalization should be considered if one or more 
of the following factors are present: (1) worrisome 
clinical appearance, (2) worrisome laboratory evalua-
tions, (3) concern that fever may be factitious (or 
other social concerns), and (4) coordination of sub-
specialists and diagnostic testing. Hospitalization  
allows closer observation, serial physical examina-
tions, and charting a detailed fever curve. Nuclear 
medicine scans such as gallium or white blood cell 
scans are of variable yield, and results are often of 
unclear significance. The role of newer imaging  
modalities such as positron emission tomography 
(PET) CT scan is yet to be determined. Bone marrow 

examinations have a low yield in the workup of FUOs 
in children, unless abnormalities are present in the 
CBC or there is concern for a disseminated infection 
involving the reticuloendothelial system, such as his-
toplasmosis or enteric fever caused by salmonella. 
Consultation with subspecialists, including pediatric 
infectious diseases, pediatric hematology/oncology, 
and pediatric rheumatology, should be considered as 
appropriate at this point. If the diagnosis remains 
unclear, the patient should be observed for develop-
ment of clues to the correct diagnosis. The majority 
of FUOs that remain undiagnosed will ultimately 
self-resolve.
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FEVER ≥38.3 For ≥14 Days
(Cont’d from p 195)

Consider: hospitalization if:
                  •  Clinically worrisome
                  •  Labs worrisome
                  •  Fever history suspect
                  •  Need for evaluation by
                     multiple subspecialists
Perform: serial physical exams
Consider as appropriate:
  Pediatric infectious diseases consult
  Hematology/oncology consult
  Rheumatology consult

F
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elevAted liver tests After 6 months  
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Acute Abdominal Pain
Judith A. O’Connor, MD

	A.	 In the patient’s history, focus on recent trauma, surgical 
and medical history, and the relationship of pain to  
fever, vomiting, diarrhea, dysuria, and menstruation. 
Determine the onset, frequency, pattern, nature, and 
location of the pain. Assess the severity of the pain 
(Table 1). Note associated symptoms of rectal bleeding, 
jaundice, weight loss, anorexia, and arthritis. Identify 
precipitating factors and predisposing conditions, in-
cluding constipation, medications, spider/tick bite, 
sickle cell disease, pregnancy, prior abdominal surgery, 
and inflammatory bowel disease.

	B.	 In the physical examination, assess the circulatory and 
hydration status. Note signs of peritoneal irritation, 
such as iliopsoas rigidity (psoas sign), pain with external 
thigh rotation (obturator test), pain with jarring move-
ments, difficulty or inability to walk or jump, hyperes-
thesia, and referred pain to the neck or shoulder. Signs 
of intestinal obstruction include abdominal distention, 
decreased bowel sounds, and persistent vomiting. 
Gently palpate the abdomen with the patient’s legs 
slightly raised to relax the abdominal rectus muscles. 
Signs of peritonitis include rigidity of the abdominal 
muscles, rebound tenderness, decreased bowel sounds, 
abdominal distention, and shock. Locate the sites of 
maximal pain and radiation of pain. With epigastric 
pain, consider peptic ulcer disease, hiatal hernia,  

gastroesophageal reflux, esophagitis, and pancreatitis. 
Right upper quadrant pain suggests hepatitis, liver  
abscess or tumor, Fitz–Hugh–Curtis syndrome, chole-
cystitis, or cholangitis. When mild abdominal pain is 
diffuse, periumbilical, or left-sided, consider constipa-
tion, mesenteric adenitis, food poisoning, pharyngitis, 
muscle strain, gastroenteritis, and psychogenic pain.

	C.	 Abnormal radiographic findings include fecaliths (appen-
dicitis), pneumatosis intestinalis (necrotizing enterocoli-
tis), free air (perforation), obstructive patterns (mechani-
cal and functional), air in an abscess, abdominal mass, and 
abdominal calcifications. Renal stones, pneumonia, or 
osteomyelitis may also be identified.

	D.	 Nonaccidental abdominal trauma, suggested by a posi-
tive history or associated bruises or fractures, causes 
traumatic pancreatitis, intramural duodenal hematuria, 
and lacerations of the liver, spleen, or bladder.

	E.	 Ultrasonography is a cost-effective diagnostic tech-
nique to identify many causes of acute abdominal pain, 
including appendicitis, intussusception, gallbladder 
disorders, biliary tract disease, pelvic masses, and renal 
disorders. It often fails to identify pelvic inflammatory 
disease, hepatitis, and pancreatitis. A negative sono-
gram does not exclude appendicitis or abscess. Ab-
dominal computed tomographic (CT) scanning is the 
method of choice for blunt trauma.

Table 1. Degree	of	Illness	in	Acute	Abdominal	Pain

Mild Moderate Severe Very	Severe

Pain that interferes minimally 
with activity

Pain that interferes with activity Signs of peritonitis or intestinal  
obstruction or intussusception

Signs of sepsis or septic shock with 
altered mental status

OR OR OR OR
Pain associated with a known 

benign cause, such as viral 
gastroenteritis

Associated signs of bacterial  
infection (respiratory distress, 
urinary tract infection,  
Streptococcus pyogenes)

Alterations in mental status (delirium, 
confusion, lethargy)

Poor peripheral perfusion,  
hypotension

Respiratory distress (adult  
respiratory distress syndrome)

OR OR
A history of abdominal surgery 

or necrotizing enterocolitis
Signs of moderate or severe  

dehydration

(Continued on page 202)
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Patient with ACUTE ABDOMINAL PAIN

Assess degree of illness (Table 1)

Trauma?

Mild/moderate Severe/very severe

Hospitalize/stabilize

Perforated viscus
Hemorrhage
Hematoma
Solid organ laceration

Obstruction

Mass
Peritonitis

CBC with differential,
  urinalysis and culture,
  acute abdominal series
Fecal hemoccult 
Pregnancy test (if 
  applicable)

Identify:
  Pregnancy
  Urinary tract infection
  Constipation

NoYes

(Cont’d on p 203) (Cont’d on p 203)

HistoryA
B C

E

ED

Consider:
  Surgical consult

Physical examination

Consider:
  Ultrasound/CT
  LFT’s/GGT,
  lipase/amylase
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purpura, cystic fibrosis, celiac disease, foreign body, or 
infection (adenovirus or rotavirus) can be identified in 
about 15% of cases. Attempt an air–contrast or hydro-
static reduction with a barium enema before surgery 
only when the patient is stable without signs of shock, 
strangulated bowel, or perforation (free air, peritonitis). 
The use of analgesic premedication may increase the 
rate of successful hydrostatic reduction. Failure to re-
duce the intussusception with pneumatic or hydrostatic 
techniques requires a surgical intervention.

	 I.	 When an intestinal malrotation occurs, the mesentery 
is not fixed properly so that the midtransverse colon 
may twist around a narrow base and occlude the arte-
rial blood supply, causing a volvulus. Neonates present 
with bilious vomiting and other signs of small-bowel 
obstruction. Assess for associated congenital anomalies 
including cardiac defects. Confirm an intestinal malro-
tation with an upper gastrointestinal series that docu-
ments the duodenojejunal junction on the right side  
of the spine or a barium enema study showing a mobile 
cecum. Refer patients with a volvulus to surgery  
immediately.

	J.	 Acute ovarian torsion has signs of an acute abdomen. 
When the right ovary is involved, the presentation is 
similar to that of acute appendicitis. Perform ultraso-
nography to identify this condition. Early diagnosis 
and surgery are necessary to save the ovary and fallo-
pian tube.

	K.	 Suspect acute pancreatitis when acute abdominal pain 
radiates to the back or right upper quadrant and is  
associated with vomiting. Ascites, abdominal disten-
tion, and peritoneal signs may be present. Increase of 
serum amylase and lipase or a radioimmune assay  
of pancreatic trypsinogen suggests pancreatitis. Ultra-
sonography may show inflammation or a pseudocyst 
(5%–20% of cases). Consider performing a computed 
tomographic scan when an abscess (3%–5% of cases) 
is suspected. Causes of pancreatitis include acquired 
or congenital structural defects, trauma, metabolic 
disorders, infection, cystic fibrosis, autoimmune disor-
ders, hemolytic-uremic syndrome, alcohol, and drug 
toxicity (valproic acid, thiazides, corticosteroids, sul-
fasalazine, antiretroviral, and many oncology medica-
tions). Assess for complications including fluid and 
electrolyte alterations leading to shock, respiratory 
distress and hypoxia, hypocalcemic tetany, severe ane-
mia, acidosis, and hyperglycemia. Manage acute pan-
creatitis with gastric suction, intravenous fluids, bed 
rest, and adequate pain management. Consider blood 
transfusions, oxygen, and parenteral nutrition when 
indicated. Consult surgery when an obstructive lesion 
is identified, the gland has been ruptured by trauma, 
or an abscess or infected pseudocyst has not re-
sponded to antibiotic therapy.

	L.	 Suspect ulcer disease when recurrent abdominal pain 
is associated with nausea, vomiting, hematemesis, or 
melena. The pain in older children is often epigastric, 
is relieved by food or antacids, and awakens the patient 
from sleep.

	F.	 Signs that suggest systemic disease or infection in-
clude jaundice (hepatitis); perianal lesions, weight 
loss, bloody stools (inflammatory bowel disease); 
bloody stools with antibiotic use (pseudomembranous 
colitis); bloody stools, hematuria, anemia, renal failure 
(hemolytic-uremic syndrome); bloody diarrhea, fever, 
no vomiting (bacterial enteritis); palpable purpura, 
arthritis, hematuria (Henoch–Schönlein purpura); 
prolonged fever, conjunctivitis, mucosal lesions, rash 
(Kawasaki disease); tick bite, erythema chronicum 
migrans (Lyme disease); vaginal discharge (pelvic in-
flammatory disease); fever, weight loss, lymphade-
nopathy, hepatosplenomegaly (malignant neoplasm); 
anemia (sickle cell disease); cough, rales, decreased 
breath sounds (lower lobe pneumonia); sore throat, 
exudate, adenitis (Streptococcus pyogenes pharyngi-
tis); and bruises, fractures, abdominal distention (non-
accidental trauma) (Table 2).

	G.	 Appendicitis presents classically with fever, vomiting, 
point tenderness over McBurney point, and signs of 
peritoneal irritation. The findings are variable, reflecting 
the location of the appendix (iliac, ascending, pelvic), 
the acuity of the inflammation, and after rupture, the 
size and site of the abscess. On rectal examination,  
a tender right lower quadrant mass may be palpated. 
Diarrhea or pyuria may occur. Leukocytosis is common 
but nonspecific. The absence of fever and vomiting sug-
gests an alternative diagnosis (negative predictive value, 
0.97). Appendicitis can be precipitated by fecaliths or 
parasitic infections. Perforation is most likely if treat-
ment is delayed more than 36 hours or if the patient is 
younger than 8 years. CT can be performed quickly, 
does not require graded compression of the abdominal 
wall, and is less operator dependent. The examination 
should be performed with rectal contrast and be limited 
to below the liver edge. The sensitivity and specificity 
have been reported as 97% to 100% and 83% to 97%, 
respectively, with an overall accuracy rate of 97%. On 
CT, there is a fluid-filled appendix, often containing a 
fecalith, and periappendiceal fat “stranding” indicating 
inflammatory changes. Ultrasound (US) examination 
has a sensitivity of 80% to 94%, specificity of 86% to 
98%, and an overall accuracy rate of 91%. The appendix 
will appear as a rigid, aperistaltic, noncompressible  
tubular mass in the appropriate location. A negative US 
does not exclude acute appendicitis.

	H.	 Consider an intussusception when intermittent crampy 
abdominal pain is associated with vomiting, abdominal 
distention, or bloody stools and an epigastric sausage-
shaped mass. Intussusception may cause an alteration 
in mental status that suggests central nervous system 
disease. Intussusception most commonly occurs in chil-
dren 4 to 24 months of age. Plain abdominal radiogra-
phy may be normal, show a paucity of gas on the right, 
or indicate small-bowel obstruction. Ultrasonography is 
the preferred method of confirming the diagnosis by 
demonstrating a sonolucent doughnut on cross section 
(edematous head of the intussusception). A cause such 
as a polyp, mass, Meckel diverticulum, anaphylactoid 
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(Cont’d from p 201)(Cont’d from p 201)
No

Systemic
symptoms

Intraabdominal

Yes

Age (Table 2)

Appendicitis
Abdominal abscess
Congenital abnormalities
Intussusception
Volvulus
Incarcerated hernia
Toxic megacolon
Tumor
Adhesions
Ovarian torsion
Bacterial peritonitis
Perforated peptic ulcer

Pneumonia
Viral syndrome
Urinary tract infection
Diabetic ketoacidosis
Sickle cell crisis
HSP
HUS
Poisoning
Porphyria
Pharyngitis

Mesenteric adenitis
Bacterial enterocolitis
Pelvic inflammatory disease
Pancreatitis/cholecystitis
Hepatitis
Inflammatory bowel disease
Renal calculi
Peptic ulcer disease
Ectopic pregnancy
Testicular torsion
Infantile colic/food allergy

Age (Table 2)
Age (Table 2)
  CT/ultrasound

FG

H
I

J
K

L

Patient with ACUTE ABDOMINAL PAIN

Table 2. Differentiated	Diagnosis	for	Acute	Abdominal	Pains	by	Age

Neonate Child	,2	yr School	Age	(2–13	yr) Adolescent

Necrotizing enterocolitis Colic (,3 months) Acute gastroenteritis Acute gastroenteritis
Hirschsprung disease Acute gastroenteritis Urinary tract infection Urinary tract infection
Meconium ileus Intussusception Appendicitis Appendicitis
Intestinal atresia/stenosis Trauma Trauma Trauma
Incarcerated hernia Incarcerated hernia Constipation Constipation
Volvulus Volvulus Pneumonia Pelvic inflammatory disease
Trauma Urinary tract infection Inflammatory bowel disease Inflammatory bowel  

disease
Constipation Testicular torsion Ectopic pregnancy
Esophageal reflux Esophageal reflux Esophageal reflux
Hemolytic uremic syndrome Pharyngitis Ovarian torsion
Henoch–Schönlein purpura
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Persistent or Chronic  
Abdominal Pain

Edwin Liu, MD, and Edward J. Hoffenberg, MD

Abdominal pain is one of the most common childhood 
gastrointestinal (GI) complaints, and many are acute self-
limited events. However, when the pain persists, physi-
cians will be called on for an assessment. The majority of 
cases of abdominal pain are attributable to functional 
causes. Other causes broadly include psychogenic and or-
ganic. Multiple causes may interact to contribute to the 
pain with respect to personality and emotional characteris-
tics, habits and lifestyle routines, critical events, and 
sources of stress. Functional abdominal pain syndromes 
are described in the Rome III diagnostic criteria for Func-
tional GI Disorders (FGIDs), and in children, specifically 
under the category of Functional Abdominal Pain-Related 
FGIDs.

Childhood Functional Abdominal Pain is characterized 
by all of the following features present at least once per 
week for at least 2 months before diagnosis:

	1.	 Episodic or continuous abdominal pain
	2.	 Insufficient criteria for other FGIDs
	3.	 No evidence of an inflammatory, anatomic, meta-

bolic, or neoplastic process that explains the subject’s 
symptoms

The addition of the two following criteria places the condi-
tion under the category of Childhood Functional Abdomi-
nal Pain Syndrome:

	4.	 Some loss of daily functioning
	5.	 Additional somatic symptoms such as headache, 

limb pain, or difficulty sleeping

Abdominal Pain-Related FGIDs include alternative diagno-
ses, primarily dependent on the location and specific fea-
tures of pain, provided adequate exclusion of organic causes 
is ruled out. These include categories such as Functional 
Dyspepsia (pain located in the upper abdomen), Irritable 
Bowel Syndrome (discomfort associated with alterations in 
stool frequency and form—constipation, diarrhea, or both, 
relieved by defecation), and Abdominal Migraines.

Characteristics of paroxysmal episodes of intense, acute 
periumbilical pain include:

	1.	 Pain lasts 1 hour or longer
	2.	 Intervening periods of usual health last weeks to 

months
	3.	 Pain interferes with normal activities
	4.	 Pain is associated with two of the following: 

anorexia, nausea, vomiting, headache, photophobia, 
or pallor

It is important for a physician to recognize features of 
functional abdominal pain, to look out for atypical features 
that stand out as red flags, and to include FGIDs in the 
differential early on when counseling a family with a child 
with abdominal pain. Typical features associated with 
functional abdominal pain include (in general): poor local-
ization of the pain (or periumbilical), a longer duration of 
symptoms, inconsistent pattern, the child losing function 
(missing school), and a pain response that is disruptive to 
the entire family dynamics. These children are typically 
high-achievers (type A personalities) but can also be seen 
in children with low self-esteem, a withdrawn personality, 
and few, if any, good friends—particularly when multiple 
somatic complaints are reported. Importantly, these chil-
dren appear well, have a normal examination, and have a 
nonalarming history.

Although our understanding of FGIDs is incomplete, 
current thinking regarding abdominal pain involves intesti-
nal hypersensitivity that can be exacerbated by psychologic 
and physiologic stimuli such as emotional stress, foods, and 
luminal distension. This has been demonstrated by studies 
involving gastric and rectal distension using an electronic 
barostat in children with functional pain versus control 
subjects; children with functional pain reported more pain 
on luminal distension compared with control subjects. Dis-
turbances in intestinal motility are also being identified in 
functional pain syndromes and will play a larger role in the 
near future.

	A.	 The initial visit should contain a history that notes the 
onset, frequency, pattern, and location of the pain. Is it 
associated with eating or defecating? What makes it 
better? What makes it worse? What has been tried for 
the pain? Look for any associated symptoms with the 
pain—for example, vomiting, diarrhea, rectal bleeding, 
headaches, weight loss, fever, rash, arthritis, and hema-
turia. Identify any possible precipitating factors such as 
medications (i.e., nonsteroidal anti-inflammatory drug 
use, pill esophagitis), menses, stress, and other concur-
rent conditions (i.e., sickle cell disease, cystic fibrosis). 
Look for a family history of other GI diseases, atopy (to 
suggest underlying food allergy or eosinophilic GI dis-
ease), and autoimmunity such as celiac disease, type 1 
diabetes, and thyroid disease. In the presence of any 
red flag signs or symptoms, a focused workup is 
needed. This is a good time to explain that any testing 
performed is to “rule out” disease and not necessarily 
to diagnose a disease; this is particularly important 
when considering psychogenic disorders and FGIDs, 
because they will yield a normal workup.
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	B.	The physical examination should note the general 
appearance of the child—abnormal growth velocity 
or percentiles to suggest chronic underlying disease, 
note skin for jaundice or rash, and digital clubbing  
to suggest inflammatory conditions. Note the site  
of the pain (in relation to the umbilicus is helpful). As 
a general rule of thumb, the farther away the ab-
dominal pain is from the umbilicus, the less likely 
there will be organic disease. Is the abdomen focally 
tender and reproducible to suggest a possible surgical 
abdomen? Perform a rectal examination to look for 

occult blood, fecal impaction, anal fissures, anal tags, 
or mass.

	C.	 In the absence of any alarm features and normal his-
tory, examination, and workup, consider psychogenic 
component. This may be associated with multiple so-
matic complaints including headaches, back pain, mus-
cle or joint pain, and chest pain. There may be a focus 
on the complete relief of symptoms rather than adapta-
tion to a chronic condition, or the patient may not take 
“ownership” of the symptoms, while placing high ex-
pectations on the physician to achieve symptom relief.

Patient with PERSISTENT OR CHRONIC ABDOMINAL PAIN

Assess pattern

CBC with differential
ESR, CRP
Lipase, celiac testing
Comprehensive metabolic panel
Urinalysis, urine culture
Fecal occult blood
Consider pregnancy test
Thyroid function testing
UGI x-ray
Consider Abd/pelvic US (particularly for    )

History

Physical examination

A

B

C D E

(Cont’d on p 207)(Cont’d on p 207)

Psychogenic
component

Treat:
  Counseling/develop
    coping skills
  Stress reduction
  Therapy: family, individual
  Anxiolytics
  Antidepressants
  Psychiatrist if severe

Absence of alarm
signs or symptoms

Functional abdominal pain

Presence of alarm
signs or symptoms

Organic cause likely
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	D.	 In the absence of any alarming features, symptoms 
could meet the criteria for FGIDs. Depending on the 
specific symptoms and presumed location of the pain 
(i.e., epigastric or left upper quadrant [LUQ] for gas-
tric; lower abdomen, particularly lower left quadrant 
[LLQ] for colonic), a more tailored lifestyle and medi-
cal regimen can be recommended. Validate the child’s 
pain as real, not imagined. Recognize and acknowledge 
that functional pain can cause children to cry, writhe in 
pain, turn pale and sweaty, and can occur even on 
stress-free days. Counseling is important at the onset to 
help relieve anxiety about symptoms and to help de-
velop coping mechanisms. Focus on maintaining or 
re-establishing function (school attendance) and not 
pain resolution. If symptoms or loss of function is se-
vere, then consider professional counseling. Treatment 
for functional pain also includes dietary management 
such as increasing daily fiber in foods or with a fiber 
supplement (goal for total daily intake should be “age 
1 5” g to a maximum of 35 g). Build up to the dose 
slowly because it may cause cramping and bloating. Try 
avoiding foods with sorbitol such as fruit juices, hard 
candy, gum, dried or rolled fruit snack foods, choco-
late, as well as caffeine-containing and carbonated 
beverages. Families may identify triggering foods,  
particularly in irritable bowel syndrome, but less likely 
in Functional Abdominal Pain Syndrome. Consider 
lactose intolerance; give a trial of dairy and lactose 
elimination. In selected cases, there may be a role for 
antispasmodics (dicyclomine hydrochloride and hyo-
scyamine sulfate), or in teenagers, antidepressants. 
Amitriptyline in low doses (10–25 mg at night) can be 
particularly effective for chronic pain in teens, but can 
take weeks before there is an effect. An electrocardio-
gram is needed before starting this drug; also forewarn 
the parents that sedation during the first few weeks is 
common but typically resolves after prolonged use. In 
cases consistent with dyspepsia, an empiric trial of acid 
suppression (H2 blocker or proton pump inhibition) 
for at least 2 weeks is warranted, and if helpful, for a 
full 8-week course. Finally, although sufficient data are 
lacking, a trial of probiotics might be considered in 
refractory cases.

	E.	 Target the workup for suspected organic disease. Con-
sider the symptoms and examination, including location 
of pain. Is the disease more likely to be luminal or ex-
traluminal, systemic or focal? In the case of acid peptic 
disease (LUQ/epigastric or substernal pain), Hemoc-
cult-positive stools are supportive but rarely positive 
unless severe. Acid-induced injury can occur in the 
stomach or duodenum, and ulcers can even occur more 
distally in the small bowel. Older patients with acid re-
flux may be able to provide a reliable history of regurgi-
tation or heartburn. However, be mindful that although 

acid reflux can be quite symptomatic, it is not necessar-
ily a disease unless specific complications are present 
(esophagitis, stricture, weight loss, etc). For suspected 
inflammatory bowel disease (IBD; LLQ pain, hemato-
chezia, and urgency for colitis vs. right lower quadrant 
[RLQ] pain, wasting, and anorexia for ileal disease), 
stool Hemoccult, complete blood cell count (CBC), and 
inflammatory markers are a good first step. Consider an 
abdominal computed tomography (CT) scan or Upper 
GI with small-bowel follow-through to assess the small 
bowel. The commercialized “IBD First Step” detecting 
antibodies against bacterial antigens is not recom-
mended as a screen for IBD. In patients with a history 
of atopy (or strong family history), consider eosinophilic 
esophagitis, particularly in the presence of dysphagia. 
Allergy testing in this case can be useful. Celiac disease 
is more common in patients with type 1 diabetes (or a 
family history) and autoimmune thyroid disease, and 
should be considered. Screening is performed by mea-
suring tissue transglutaminase IgA autoantibody and 
total IgA levels. When constipation is identified, treat 
appropriately, but avoid immediate presumption that 
constipation is the source of pain, and be sure to de-
velop a broader differential. Extraluminal causes such 
as gallbladder disease (right upper quadrant [RUQ]), 
appendicitis (RLQ), and a numerous other causes will 
typically be seen by specific imaging such as ultrasound 
or CT scanning.

Finally, consider non-GI sources such as underlying 
neurologic disease, endocrine causes, collagen vascular 
disease (Henoch–Schönlein purpura), ischemia, drugs, 
and immunodeficiency, particularly in more atypical 
presentations of abdominal pain.

In all of these conditions, be aware that there can be 
overlap with psychogenic causes. It is also important to 
recognize that there is still incomplete understanding of 
functional pain syndromes. Standard testing (in non-GI 
motility centers) can readily identify structural or histo-
logic abnormalities but are limited in assessing function 
(such as motility and nerve conduction). As we learn 
more about functional pain syndromes, we may have 
more success in getting families to accept such a diag-
nosis for which there is no specific and definitive test or 
treatment.
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(Cont’d from p 205)

Counseling/develop coping
  skills
Education
Develop treatment goals
Focus on functioning and not
  pain resolution
Develop plan for school attendance
Dyspepsia: acid suppressants
Pain: anti-spasmodics
Altered bowel habits—laxatives
  or anti-diarrheals
Diet: low lactose, low fructose/
  sorbitol, caffeine/carbonated
  beverages
Fiber supplementation
Consider trial of amitryptyline

Absence of alarm
signs or symptoms

Functional abdominal pain

Presence of alarm
signs or symptoms

Organic cause likely

Follow-up in 2–4 weeks

Improved Not improved

Assess psychiatric causes
Psychiatry referral

Patient with PERSISTENT OR CHRONIC ABDOMINAL PAIN

Pain predominant

Epigastric pain
Consider:
  Ulcer
  Pancreatitis
  Malrotation
  Hiatal hernia
  GERD
  H. pylori
  Celiac disease
  Allergic enteropathy

Consider:
  Migraine
  Porphyria
  Increased intracranial pressure
     Mass
     Tumor
     Pseudotumor

Consider:
  Somatization
  Cystic fibrosis
  Hypothyroid
  Collagen vascular disease
  Ischemic
  Drug:
     Reaction
     Withdrawal
  Immunodeficiency

RUQ pain
Consider:
  Hepatitis
  Abscess
  Mass
  Tumor
  Choledochal cyst
  Cholecystitis
  Cholangitis
  Right lower lobe pneumonia
  Pelvic inflammatory disease: Fitz-Hugh-Curtis

RLQ or lower abdominal
Consider:
  Duplication
  Appendicitis
  Tumor
  Malrotation
  Crohn disease or IBD
  Inguinal hernia
  Testicular torsion or mass
  Renal disease
  Ovarian disease: cyst, torsion

Perianal or rectal
Consider:
  Fecal impaction
  Mass
  Fissure
  Fistula
  Abscess
  Trauma
  Crohn
  Immunodeficiency

Neurologic findings Systemic

D E
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Bloody Stools
Amethyst C. Kurbegov, MD, and Edward J. Hoffenberg, MD

Blood in the stools may be bright (hematochezia), dark 
black, tarry, shiny, and sticky (melena) or occult. Bright 
blood coating the stool is usually from the distal colon (sig-
moid or rectum) or anus. A maroon color suggests a distal 
small-bowel source (such as a Meckel diverticulum); a 
currant-jelly appearance is characteristic of ischemic in-
jury from intussusception. Upper gastrointestinal tract 
bleeding is usually melanotic, but if transit is rapid, it may 
be bright red. The most common causes of bloody stools 
differ according to age (Table 1).

	A.	 In the patient’s history, determine the onset, duration, 
frequency, and description of the bloody stools. Is  
the entire content blood? Does blood coat the stool?  
Is it mixed into the stool? Is the blood bright red or 
dark? Ask about associated symptoms, such as abdomi-
nal pain, tenesmus, diarrhea, vomiting, constipation, 
anorexia, and abdominal distention. Note extraintesti-
nal symptoms, including fever, weight loss, delayed 
puberty, arthritis (each may suggest inflammatory 
bowel disease), purpura, easy bruising or bleeding, 
rash, and jaundice (consider chronic liver disease,  
Henoch–Schönlein purpura, or bleeding disorder).  
Exclude ingestion of substances that may be mistaken 
for melena or hematochezia, such as iron supplemen-
tation, bismuth, chocolate, grape juice, spinach, toma-
toes, blueberries, food coloring, beets, gelatin, and red 
antibiotics. Identify possible precipitating factors or 
predisposing conditions, such as drug ingestions (ma-
ternal or child), use of salicylates or nonsteroidal anti-
inflammatory agents, anticoagulant use, current antibi-
otic use, con stipation, bleeding disorders, and milk or 
soy protein intolerance.

	B.	 On physical examination, assess for active bleeding, 
hypovolemia, rash, edema, clubbing, ascites, jaundice, 
hepatosplenomegaly, hemorrhoids or anal fissures, 
and delayed puberty. Tags, perianal abscess, or fistulas 
suggest Crohn disease or immunodeficiency. In a pre-
school child with discoloration around an injured 
anus, suspect child abuse. Telangiectasias on mucous 
membranes, face, and hands suggest hereditary hem-
orrhagic telangiectasia.

	C.	 Always test the stool material for occult blood even if it 
looks just like blood. False-positive results with a He-
moccult test may occur from foods that contain peroxi-
dases such as broccoli, red meat, and radishes. Obtain a 
complete blood cell count (CBC) with differential and 
platelet count to document any anemia or thrombocyto-
penia. A low reticulocyte count may suggest an acute 
bleed. Identify hemolytic-uremic syndrome when 
thrombocytopenia and a microangiopathic hemolytic 

anemia are present. Thrombocytopenia may be an early 
sign of Wiskott–Aldrich syndrome or other systemic 
disease. Obtain a coagulation screen (prothrombin time/
international normalized ratio [PT/INR], partial throm-
boplastin time [PTT]) when hemorrhagic disease of the 
newborn or other bleeding disorder is suspected. A low 
serum albumin concentration may suggest a protein-
losing enteropathy. An increased sedimentation rate or 
C-reactive protein suggests infection, inflammatory 
bowel disease, or malignant disease. Serum amylase and 
lipase may reveal pancreatitis as cause of coagulopathy. 
Presence of fecal white blood cells indicates intestinal 
inflammation, likely infection, or inflammatory bowel 
disease. In the newborn period, the Apt–Downey or 
Kleihauer test distinguishes maternal blood from new-
born blood. A positive nasogastric aspirate identifies 
bleeding proximal to the ligament of Treitz.

	D.	 Consider placing a nasogastric tube. Blood in gastric 
aspirate identifies bleeding proximal to the ligament of 
Treitz (including oropharyngeal and nasal sources). 
Absence of blood, however, does not exclude an upper 
gastrointestinal tract source.

	E.	 Assess the degree of illness and the need for resuscita-
tion if a large volume of blood may have been lost 
(Table 2).

	F.	 Anal fissures are a common cause of painless blood in 
the stool of a healthy infant. Fissures, usually associ-
ated with constipation and straining, may be infected 
with Candida, Streptococcus, or Staphylococcus and 
require antimicrobial therapy.

	G.	 Nonspecific colitis related to milk, soy, or other protein 
intolerance presents in infants younger than 6 months 
with flecks or globs of blood mixed in the stool. Severe 
allergy may present with systemic signs, including 
vomiting, diarrhea, pain, distention, and weight loss. 
Obtain a stool culture for bacterial pathogens and a 
CBC with differential to assess for anemia, eosino-
philia, and thrombocytopenia. When no other cause of 
bleeding is identified in a breast-fed baby, initiate a 
trial of excluding milk and soy from the maternal diet. 
When a child is not breast-fed, or when a dietary 
modification was not successful in a breast-fed baby, 
recommend a hydrolyzed formula (such as Nutrami-
gen, Alimentum, or Pregestimil) or an amino acid for-
mula (Neocate, EleCare, or Nutramigen AA). Visible 
blood usually resolves within 2 weeks. Gradual reintro-
duction of increasing amounts of soy or milk formula 
may begin after a few months. Anaphylaxis is a rare 
complication on repeated challenge. Remember that 
30% to 40% of infants with allergy to cow milk protein 
also react to soy milk protein.

(Continued on page 210)
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Patient with BLOODY STOOLS

Blood aspirated from nasogastric tube?

No; upper GI source
still possible

Assess causes (Table 1)
Assess degree of illness (Table 2)

Yes

Mild Moderate
(cont’d on p 211)

Yes

Anal fissure
Hemorrhoid
Anal trauma

Perianal cellulitis
Infectious enteritis (p 220)

Assess for
nonaccidental

trauma

No

Yes No

Severe
(cont’d on p 211)

Very severe
(cont’d on p 211)

Stool hemoccult or hematest
Stool for white blood cells
CBC with differential
Reticulocyte count
Amylase and lipase
Hepatic function profile
ESR and CRP
Coagulation screen—PT/INR and PTT
Fecal WBC
Consider:
  Stool culture for bacterial pathogens
  C. difficile assay
  Stool for ova and parasites
  Ameba titer
  Apt-Downey or Kleihauer test (if newborn)
  

Presentation consistent with
infant milk protein allergy?

Treat:
  Stool softener

Treat:
  Antibiotics

Treat:
  Modify diet

Assess as moderate
Consider:
  Upper GI source

Follow-up:
  Reintroduce soy or milk after
  4–6 mo in controlled setting

Cause identified by findings
or culture? (Table 2)

Upper GI bleeding (p 230)

History
Physical examination

Identify:
  Swallowed maternal blood
  Substance mistaken for blood

A

B

D

F

G

E

C
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	H.	 Hemolytic-uremic syndrome is a complication of 
Escherichia coli O157:H7 and other toxins, such as 
pneumococcal neuraminidase. Monitor for hemolysis 
and thrombocytopenia with a CBC and differential, 
and for proteinuria and renal failure. The petechial 
rash of Henoch–Schönlein purpura may develop be-
fore or after a gastrointestinal bleed; abdominal pain 
associated with this condition may be severe and in-
dicate small-bowel intussusception. Causes of infec-
tious enterocolitis include Salmonella, Shigella, 
Campylobacter, Yersinia, E. coli, and Entamoeba 
histolytica (see page 220 for infectious enteritis).

	 I.	 Clostridium difficile disease is mediated by toxins A 
and B. Toxin A is an enterotoxin; toxin B is a cytotoxin. 
Manifestations may include bleeding, watery diarrhea, 
crampy pain with fecal leukocytes, and a toxic appear-
ance (pseudomembranous colitis). Infants in the first 
months of life frequently have toxins in the stool with-
out disease because they lack the receptor necessary 
for toxin binding. Recent antibiotic use is the single 
largest risk factor for C. difficile disease. Stool testing 
may identify presence of toxin, whereas a flexible sig-
moidoscopy can quickly reveal pseudomembranes and 
the extent of severe colitis. The course of the disease 
may be mild to severe with shock, bleeding, pain, or 
obstruction requiring hospitalization. Initial treatment 
is with oral or intravenous metronidazole or oral vanco-
mycin, bowel rest, fluid resuscitation, correction of 
metabolic disturbances, and surgical consult. Recur-
rence is common and may require retreatment with 
antibiotics and probiotics.

	J.	 Identify an intussusception when darkly bloody stools 
are associated with colicky abdominal pain, an abdom-
inal mass, distention, or vomiting in the first 2 years of 

life. An air-contrast enema may be diagnostic, as well 
as lead to reduction of the intussusceptum. Ultraso-
nography or abdominal computed tomography (CT) 
scan may show a “donut” ring of intussuscepted bowel, 
as well as exclude an abscess or appendicitis. A full-
term infant with necrotizing enterocolitis should be 
evaluated for Hirschsprung disease.

	K.	 Suspect a vascular malformation when aortic stenosis, 
Turner syndrome, or a mucocutaneous disorder (Rendu–
Osler–Weber syndrome or hereditary hemorrhagic tel-
angiectasia) is present. Endoscopy and CT angiography 
may locate the source of the bleeding and the extent of 
the vascular involvement.

	L.	 The most common polyp in children is the juvenile 
polyp. Juvenile polyps usually present with painless 
blood mixed in with the stool that persists despite achiev-
ing soft stools with laxatives. If a family history of polypo-
sis, consider familial adenomatous polyposis/Gardner 
syndrome (associated with desmoid tumors, cysts, teeth 
malformations, and congenital hypertrophy of retinal 
pigment epithelium) or Peutz–Jeghers syndrome (small 
intestinal polyps, intussusception, mucocutaneous pig-
mentation). Both syndromes require periodic surveil-
lance for malignancy.

	M.	Meckel diverticulum is usually located in the distal 
small bowel and contains gastric parietal cells. It 
most often causes symptoms in children younger 
than 2 years. Presentations include rapid, painless 
rectal bleeding (acid produced by the gastric tissue 
causes a bleeding ulcer), intussusception, and ob-
struction. A nuclear medicine scan identifies about 
90% of bleeding Meckel diverticula. Enteric duplica-
tion can also contain ectopic gastric tissue and cause 
bleeding.

Table 1. Causes	of	Bloody	Stools	by	Age

AGE

Type	of	Cause 0–1	yr 1–5	yr .5	yr

Common Allergic colitis (milk, soy) Fissure Infection*
Intussusception Infection* IBD
Meckel diverticulum Polyp Polyp
Volvulus Intussusception Fissure
Enterocolitis (necrotizing) Lymphonodular hyperplasia Upper GI source
Hirschsprung disease Meckel diverticulum Hemorrhoid
Infection*
Fissure

Less common Perianal cellulitis HUS HUS
Vascular malformation IBD HSP
Coagulopathy HSP Thrombocytopenia
Swallowed blood Upper GI source (varices,  

ulcer)

*Infection: bacterial pathogens, Clostridium difficile and other toxins, virus, parasite.
GI, gastrointestinal; HSP, Henoch–Schönlein purpura; HUS, hemolytic-uremic syndrome; IBD, inflammatory bowel disease.

(Continued on page 212)
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Patient with BLOODY STOOLS
Assess degree of illness (Table 1)

(cont’d from p 209)

No Yes

No
(cont’d on p 213)

Yes

Normal

Signs of infection or a systemic disease?

Systemic
disease

Infectious
enterocolitis

(p 220)

Pseudomembranous
colitis (C. difficile)

Consider:
  Endoscopy/colonoscopy

Abnormal

Three-way abdominal radiography

Consult:
  Surgeon
Consider:
  Ultrasonography
  CT scan
  Air enema

Identify:
  Necrotizing enterocolitis
  Volvulus
  Intussusception
  Toxic megacolon
  Perforated intestine
  Vascular malformation
  Polyp
  Meckel diverticulum

Treat:
  Oral vancomycin
  Metronidazole (PO or IV)
Consider:
  Probiotics
  Surgery consult

Identify:
  Hemolytic-uremic syndrome
  Henoch-Schönlein purpura
  Inflammatory bowel disease
  (p 578)

Stabilize
Circulatory support
Hospitalize in ICU

Treat:
  Correct coagulation abnormalities
Consider:
  Blood transfusion

Hospitalize

Moderate Severe

Signs of acute surgical problem?

Very severe

H

I

J

K
L
M
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Table 2. Degree	of	Illness	in	Patient	with	Bloody	Stools

Mild Moderate Severe Critical

Minimal blood loss (no anemia) Signs of infection or systemic disease Newborn, ill appearing Shock or circulatory collapse
AND OR OR
No systemic signs of illness May have mild, chronic anemia Toxic appearance Continued active hemorrhage

OR OR OR
Newborn, well appearing Dehydration

OR
Acute surgical abdomen (perito-

nitis, obstruction, ischemia)
Significant blood loss (acute anemia)
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Patient with BLOODY STOOLS
Signs of infection or a systemic disease?

(cont’d from p 211)

Normal Positive Meckel scan Intussusception

Consider:
  Meckel scan, air enema, ultrasonography, endoscopy/colonoscopy

Follow-up:
  Assess in 1–2 wk Identify:

  IBD
  Polyp
  Vascular malformation
  Other

Consult: Surgeon

Consult: Surgeon

Yes

Observe

No

Air enema
reduction

Abnormal
endoscopy/colonoscopy
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Constipation
Christine Waasdorp Hurtado, MD, and Edward J. Hoffenberg, MD

Constipation accounts for 3% of all visits to general pedia-
tricians and 25% of pediatric gastroenterology consulta-
tions. Changes in defecation patterns create anxiety and 
concern in parents, but thankfully, only small minorities of 
children have an organic causative factor. Constipation is 
defined as delay or difficulty with defecation lasting 2 or 
more weeks leading to distress in the patient (or parent). 
Parents pay significant attention to their children’s bowel 
movements and will report when their child’s stools are 
infrequent, hard, or large and painful to pass. Stooling pat-
terns vary considerably between individuals and frequency 
decreases with age. The average newborn defecates four 
times per day (with some breast-fed babies stooling once 
every 5–7 days), decreasing to the adult pattern of one 
stool per day by the age of 4 years.

Functional constipation accounts for more than 90%  
of childhood constipation and is not associated with any 
pathologic condition. Stool retention is secondary to volun-
tary withholding, resulting in painful bowel movements and 
attempts to avoid future defecation, and thus setting up a 
cycle leading to worsening constipation. If enough stool is 
withheld in the rectum, the patient will experience overflow 
soiling, or encopresis. In addition to functional constipation, 
there are other less likely causes to be considered, including 
medical conditions and medications. In the child with con-
stipation, specific medical conditions can be evaluated in a 
systematic fashion, with validation of the family’s concerns.

	A.	 A thorough history is important in investigating the 
cause of constipation. Timing of first bowel movement 
after birth and description of the typical stooling pat-
tern and duration of the process should be obtained. 
Determine whether clear associations exist between 
stool pattern change and potty training or other stress-
ful events. The provider should clarify what the family 
means by “constipation,” duration of symptoms, fre-
quency of bowel movements, consistency and size of 
the stool, presence of blood on or mixed in with the 
stool, in the toilet bowl, or on the toilet paper, and 
whether the child experiences pain with passage of 
stool. Stool-withholding behaviors, such as wriggling, 
leg crossing, or other posturing, reduce the concern for 
organic disease. A dietary history evaluating fluid in-
take, fiber intake, and general nutrition can be helpful. 
A complete medication list (medications, vitamins, and 
herbs) should be gathered as potential causes of consti-
pation. A psychosocial history assesses family structure, 
interactions with other children, school performance, 
and any possibility of abuse. In addition, anxiety relating 
to restroom use at school and outside the home should 
be assessed. Acute retention increases suspicion for 
perianal strep or trauma.

Family history of Hirschsprung disease, other gas-
trointestinal disorders, as well as neurologic, endocrine, 

metabolic, cystic fibrosis, and developmental problems 
should be reviewed. The concern for organic causes 
increases with the report of fever, abdominal distension, 
anorexia, nausea, and poor weight gain.

	B.	 A thorough physical examination is helpful in deter-
mining the severity of constipation. The patient should 
be examined for any evidence of neurologic, endo-
crine, metabolic, collagen vascular disease, or gastroin-
testinal disease. The back should be examined for 
presence of a sacral dimple or hair tuft. A neurologic 
examination including overall tone and deep tendon 
reflexes can suggest a neurologic cause. Close attention 
should be paid to physical findings suggestive of physi-
cal or sexual abuse. The abdomen should be evaluated 
for distension and masses, providing information about 
the severity of the constipation. Several anatomic ab-
normalities are associated with constipation including 
anal stenosis, anteriorly placed anus, and anorectal 
malformations. The rectal and perineal examinations 
are therefore central to the physical examination for 
constipation. Assess placement of the anus, presence of 
anal wink, evidence of fissures, hemorrhoids, perianal 
abscess, inflammation, or erythema; evaluate anal tone 
and rectal size; and document the presence of stool or 
stool impaction (firm ball of stool in an enlarged rectal 
vault) in the rectal vault. Explosive stool on withdrawal 
of finger in an infant is suggestive of an obstructive 
process such as Hirschsprung disease or anal stenosis.

	C.	 An abdominal radiograph may be helpful when the 
rectal examination closely follows passage of a large 
bowel movement, or if because of psychosocial reasons 
the rectal examination is deferred. The radiograph has 
no role in the initial evaluation when the physical ex-
amination clearly shows evidence of constipation.

	D.	 The differential diagnosis is extensive; however, most 
cases of constipation are functional and require minimal 
evaluation. The differential should be considered during 
the history and physical examination (see Table 1).

	E.	 Hirschsprung disease is the most common cause of 
lower intestinal obstruction in neonates and rarely is the 
cause of constipation in toddlers and school-age chil-
dren. In these children, the constipation is due to the 
absence of ganglion cells in the myenteric and submu-
cous plexuses of the distal colon resulting in sustained 
contraction of the affected colon. The segment begins at 
the internal anal sphincter and extends in a continuous 
fashion. The disease is limited to the rectosigmoid area 
in 75% of cases. The incidence is 1 in 5000 live births, 
with the most common associated anomaly being tri-
somy 21. Early clues for diagnosis include the delayed 
passage of meconium with less than 10% of neonates 
with Hirschsprung disease passing meconium in the first 
24 hours compared with 90% of normal neonates.  
Additional symptoms may include bilious vomiting,  
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Patient with CONSTIPATION
(delayed or difficult constipation for >2 weeks)

Medical cause identified?

Yes No

Yes No

Yes No

Treat

TreatConsult:
  Pediatric
  gastroenterology

Identify:
  Hirschsprung disease
  Anorectal malfunction

Identify:
  Functional constipation

Disimpact (Table 2)

Impaction?

No Yes

Effective?

Evaluate and identify:
  Anatomical abnormality
  Neurologic disorder
  Metabolic/endocrine disorder
  Gastrointestinal disorder
  Collagen vascular disease
  Pharmacologic

Evidence of a pathologic condition?
(failure to thrive, vomiting, bloody diarrhea)

Consider hemoccult

Identify breastfeeding constipation: Educate

History

Consult:
  Pediatric gastroenterology

Consider:
  Abdominal X-ray
  Barium enema
  Rectal manometry
  Rectal biopsy

Physical examination

Radiograph

Identify:
  Functional constipation

Further evaluation:
Consider:
  T4 and TSH
  Electrolytes
  TTG and IgA
  Botulism toxin
  BUN and creatinine
  Lead

Identify:
  Hypothyroidism
  Hypokalemia
  Hyponatremia
  Diabetes insipidus
  Hyperparathyroidism
  Celiac disease
  Botulism
  Renal disease/acidosis
  Lead ingestion

– Osmotic
– EnemaAbnormal Normal

Abnormal Normal

Treat
Consult:
  Surgeon (Cont’d on p 217)

A

B

C

D

F

G

H

H

C

E F

abdominal distension, and refusal to feed. Enterocolitis 
is the most concerning complication, with a mortality 
rate of 20%; typically the presentation is sudden-onset 
fever, abdominal distention, and explosive bloody stools. 
Diagnosis of Hirschsprung disease is usually made by 
barium enema, rectal biopsy, or anorectal manometry.

	F.	 Functional constipation is the most common cause of 
constipation in children in whom there are no other 
identified disorders. Onset is often associated with toi-
let training or following the passage of a large-caliber 
bowel movement resulting in pain. Children may with-
hold stool when they are busy playing or choose not to 

use bathrooms outside their comfort areas. Stool held 
in the rectum by the external sphincter (voluntary)  
often becomes dry, hard, and painful to pass. The 
negative experience often begins a challenging cycle of 
withholding increasingly dry, large-caliber stools and 
more pain with the urge to defecate. As the rectum 
stretches to accommodate the increased volume of 
stool, the decreased rectal sensation temporarily  
diminishes the urge to defecate. This cycle may be 
broken by disimpaction, a bowel regimen to support 
soft, small-caliber bowel movements, and positive rein-
forcement.
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Table 1. 	Differential	Diagnosis	of	Chronic	
Constipation

Gastrointestinal
Functional constipation
Hirschsprung disease
Anal stenosis
Anterior placement of anus
Celiac disease
Intestinal neuronal dysplasia

Neurologic
Spinal cord disorders (spina bifida, meningomyelocele, sacral teratoma, 

tethered cord)
Neurofibromatosis
Encephalopathy
Cerebral palsy

Metabolic/Endocrine
Hypothyroidism
Hypercalcemia
Hypokalemia
Diabetes mellitus
Hyponatremia

Connective Tissue Disorder
Scleroderma
Systemic lupus erythematosus
Ehlers–Danlos syndrome

Developmental
Mental retardation
Autism
Attention deficit disorder

Medications/Toxin
Anticholinergics
Phenobarbital
Antihypertensives
Sucralfate
Bismuth
Iron or lead
Opiates
Sympathomimetics
Antacids

Other
Botulism
Vitamin D intoxication
Cystic fibrosis
Perianal infection
Emotional disorder

	G.	 Management consists of three main steps: disimpac-
tion, maintenance, and finally weaning of medications. 
Disimpaction is necessary before starting a mainte-
nance therapy and can be accomplished with either 
oral or rectal medications (see Table 2). The rectal ap-
proach is faster but more invasive. Soap suds, tap wa-
ter, and magnesium enemas are not recommended 
because of toxicity risks. Maintenance therapy is 
started after successful disimpaction and is accom-
plished with dietary interventions, laxatives, and be-
havioral modification with the primary goal of pre-
venting recurrence of constipation. The use of laxatives 
helps attain remission sooner. Daily treatment with 
laxatives (medication dosing titrated to effect) assists 
patients to meet the goal of one to two soft bowel 
movements daily. A stimulant laxative may be required 
to avoid recurrence of fecal impaction, with short- 
duration courses preferable over longer durations  

(.4 weeks). Behavioral modification with positive re-
inforcement is as important as medication for success-
ful treatment of constipation. Scheduled toilet time  
10 to 15 minutes after meals takes advantage of the 
gastrocolic reflex and can reduce soiling. A calendar  
or sticker chart provides positive reinforcement and 
charts success of bowel movements on the toilet.  
Dietary interventions are also important, with increas-
ing fluids and fiber playing a role in maintenance 
therapy for constipation.

	H.	 Children should be referred to a pediatric gastroenter-
ologist when basic medical therapy has failed, if the 
concern for organic cause remains after initial evalua-
tion and treatment or if management is complex. A 
consult will include re-evaluation for organic causative 
factors, specialized testing as indicated, change in fre-
quency or dosing of medication, or a change in treat-
ment regimen selection with close follow-up.
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Treat

Follow-up 2–4 weeks

Poor response

Effective

Maintenance
therapy

Yes No

Normal

Good response

1.
2.

3.

4.

Educate
Oral medications (Table 2)
     Stool softener/lubricant
     Osmotic laxative
Behavior
     Schedule toilet time
     Positive reinforcement (calendar, sticker chart)
Diet
     Fluids
     Fiber

Re-assess
Adherence with therapy?
Change medications?
↑ Dose (titrate to effect)
Add stimulant medication?

Maintenance therapy
(Table 2—Titrate to effect)

Wean when normal caliber stool for
2 months and normal rectal exam

Relapse?

Maintenance

No treatment

Impaction?

Disimpact
  Osmotic
  Enema

Consider:
  T4 and TSH
  Calcium
  TTG and IgA
  Lead
  X-ray, barium
     enema
  Rectal biopsy
  Transit time

Wean

Consult as
needed

Wean

Relapse

Continue
wean

Yes No

Yes No

Maintenance
therapy

Yes No

Yes No

Identify:
  Hirschsprung
  Hypothyroidism
  Celiac disease
  Lead exposure
  Hyperparathyroid

Consult:
  Pediatric
  gastroenterology

(Cont’d from p 215)

H

G

Patient with CONSTIPATION
(delayed or difficult constipation for >2 weeks)
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Table 2. Medications	for	Treatment	of	Chronic	Constipation

Medication Dosage Adverse	Effects Comments

Osmotic
Lactulose 1–3 ml/kg/day in divided doses Flatulence, abdominal cramps,  

hypernatremia if used in high dose 
for hepatic encephalopathy

Synthetic disaccharide. Well tolerated 
in long term

Sorbitol 1–3 ml/kg/day in divided doses Same as lactulose Less expensive than lactulose
Magnesium hydroxide 1–3 ml/kg/day of 400 mg/5 ml Overdose can lead to hypermagnesemia, 

hypophosphatemia, and secondary 
hypocalcemia

Infants are susceptible to magnesium 
toxicity

Releases cholecystokinin, which stim-
ulates gastrointestinal secretion and 
motility

Use with caution in renal impairment

Magnesium citrate ,6 years: 2–4 ml/kg/day
6–12 years: 100–150 ml/day
.12 years: 150–300 ml/day
Single or divided doses

Same as for magnesium hydroxide

PEG 3350 Disimpaction: 1–1.5 g/kg/day for  
3 days

Maintenance: 1 g/kg/day

Flatulence, cramping, bloating, diarrhea Superior palatability

Osmotic Enema
Phosphate enema .2 years: 6 ml/kg up to 135 ml Risk for mechanical trauma, abdominal 

distention, and vomiting. May cause 
severe or lethal hyperphosphatemia, 
hypocalcemia with tetany

Most adverse effects in children with 
renal disease or Hirschsprung  
disease

Lavage
Polyethylene glycol-

electrolyte solution
Disimpaction: 25 ml/kg/hr to  

1000 ml/hr via nasogastric tube 
until clear

Maintenance: 1 mg/kg/day

Difficult to tolerate; nausea, bloating, 
cramps, vomiting; concerns for aspi-
ration pneumonitis; long-term safety 
not well established

May require hospital admission and 
nasogastric tube placement

Lubricant
Mineral oil .1 year:

Disimpaction: 15–30 ml per year 
of age up to 240 ml daily

Maintenance: 1–3 ml/kg/day

Lipoid pneumonia if aspirated  
Minimal interference of fat-soluble 
vitamin absorption

Softens stools and decreases water  
absorption

Anal leakage at high doses

Stimulants
Senna 10–20 mg/kg/dose QHS

Syrup: 8.8 mg/5 ml
Also available as tablets or granules

Abdominal pain, cathartic colon
Idiosyncratic hepatitis, melanosis coli, 

hypertrophic osteoarthropathy, anal-
gesic nephropathy

Increased intestinal motility
Melanosis coli resolves 4–12 months 

after discontinuation

Bisacodyl $2 years: 0.5–1 suppository, 
0.3 mg/kg/day; max 30 mg

Abdominal pain, diarrhea, hypokalemia
Case reports of urolithiasis

Glycerin suppository No adverse effects
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Acute Diarrhea
Steven Colson, MD, and Edward J. Hoffenberg, MD

Acute diarrhea is an abrupt but short-lived (,2 weeks) 
increase in the water content of stool and is usually associ-
ated with an increase in the frequency of stools. In chil-
dren younger than 5, the frequency of yearly acute diar-
rhea episodes is one to two in the United States and three 
to eight in developing countries. Acute diarrhea is most 
commonly caused by an infection, including virus, bacte-
ria, parasite, and toxin from food poisoning, as well as ex-
traintestinal infections such as otitis media, pneumonia, 
and urinary tract infections. Noninfectious causes of acute 
diarrhea include drug effects, food allergy (most common 
in infants with milk or soy protein sensitivity), carbohy-
drate malabsorption from sucrase-isomaltase deficiency 
and hypolactasia (lactose intolerance), radiation- or che-
motherapy-related enteritis, and anatomic conditions such 
as appendicitis or intussusception. Less common causes of 
acute diarrhea include niacin deficiency and toxicity from 
excess copper, tin, or zinc.

An infectious agent is detectable in about 70% of spo-
radic acute diarrhea cases, with viruses more common 
than other agents. These viruses include rotavirus, calicivi-
rus (including Norwalk-like virus), astrovirus, and enteric 
adenovirus. Vaccination has reduced the frequency of  
severe acute diarrhea from rotavirus infection.

Diarrhea can be classified by the underlying patho-
genic mechanism and location of disease. Secretory diar-
rhea, often infectious in nature, is accompanied by a high 
stool chloride content and normal stool osmotic gap.  
Osmotic gap equals the measured stool osmolality 2(2 
[Na 1 K]), and normal is less than 50 mOsm. The stool 
osmolality can be estimated at 290 mOsm when accurate 
measurement is not possible. Secretory diarrhea does not 
resolve in a fasting state. Osmotic diarrhea, often not in-
fectious in nature, will have an increased stool anion gap 
(.100 mOsm/kg) and does improve during fasting. Diar-
rhea originating in the small bowel is marked by high stool 
sodium content, whereas diarrhea originating in the colon 
has low stool sodium content. Inflammation can be used 
to further classify secretory diarrhea. Noninflammatory 
secretory diarrhea results when the infection (or entero-
toxin) promotes secretion of fluid and electrolytes or re-
duces absorption in the small bowel. The main pathogens 
causing noninflammatory diarrhea are the viruses listed 
earlier, the parasites Giardia and Cryptosporidia, entero-
toxigenic and enteropathogenic Escherichia coli, Vibrio 
cholerae, and Vibrio parahaemolyticus. Food poisoning 
results from ingestion of preformed toxin. Bacteria form-
ing these toxins include Staphylococcus aureus (improp-
erly cooked or stored food), Clostridium perfringens 
(contaminated meat, vegetables, or poultry), and Bacillus 
cereus (fried rice and vegetable sprouts). Inflammatory 
secretory diarrhea, caused by invasion of the bowel mu-
cosa, often presents with blood, mucus, and pus in the 
stool and tenesmus, severe cramps, and fever. The most 

common community-acquired pathogens include Campy-
lobacter, Escherichia coli O157:H7 and other Shiga toxin-
producing E. coli, Salmonella, Shigella, Yersinia, Clos-
tridium difficile, Entamoeba histolytica, and possibly 
Aeromonas. Systemic bacteremic infections related to 
intracellular multiplication and penetration occur with 
Salmonella typhi (typhoid fever), Yersinia, and Campylo-
bacter. The presence of bloody diarrhea and seizures 
suggest infection with Shigella. Acute bloody diarrhea is a 
medical emergency. A randomized, controlled interven-
tion trial by Albano and colleagues recently showed that 
adherence to guidelines for management of acute gastro-
enteritis results in improved outcome, with excellent  
efficacy and good applicability. These guidelines can be 
applied to the child with acute diarrhea.

The following seven basic principles should guide 
treatment of acute diarrhea and dehydration:

	1.	 Oral rehydration solutions (ORSs) should be used 
when possible.

	2.	 Oral rehydration should be used rapidly (within 
3–4 hours).

	3.	 An age-appropriate, unrestricted diet is recom-
mended after dehydration is corrected, to aid in 
rapid re-alimentation.

	4.	 Continue nursing in breastfed infants.
	5.	 Diluted formula is not recommended; special formula 

is usually not necessary.
	6.	 Replace ongoing losses with additional ORSs.
	7.	 Minimize unnecessary laboratory tests or medications.

	A.	 In the history, ask about the onset, duration, fre-
quency, pattern, and severity of the diarrhea. Ask if 
the stools contain blood or mucus and whether fasting 
(if done) decreases stooling amount. Document type 
and amount of oral intake, including breast milk, other 
fluids and food, and symptoms of dehydration includ-
ing decreased frequency of urination, decreased activ-
ity level, irritability, weight loss and decreased tearing. 
Note associated gastrointestinal symptoms such as 
vomiting, abdominal pain (including location and in-
tensity), and anorexia. Note systemic symptoms, such 
as fever, cough, coryza, arthralgias/arthritis and rash. 
Identify any potential precipitating factors including 
ingestions. Ask if other family members or contacts 
have recently had diarrhea. Past medical history 
should focus on underlying medical problems, recent 
infections, medications used, and human immunodefi-
ciency (HIV) status.

	B.	 In the physical examination, assess hydration (see 
Table 1) and circulatory status by documenting 
blood pressure, pulse, respiratory rate, skin color 
and turgor, capillary refill, tears, presence of sunken 
eyes, moistness of lips and mouth, fullness of  
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the fontanel, and urine output. The anterior fonta-
nel, though helpful at times, can be misleading as  
a dehydration marker. Increased heart rate and  
decreased peripheral perfusion are more sensitive 
signs than hypotension (a late sign) for dehydration. 
Decreased urination is also sensitive, though lacks 
specificity because it can be difficult to measure 
when mixed with diarrhea. A careful abdominal ex-
amination should be done assessing for location and 
severity of pain, masses (right lower quadrant may 
suggest intussusception), as well as for any perito-
neal signs. Perianal inspection can also be helpful, 
looking for evidence of rash, ulceration, or active 
bleeding. Stool, if present, can be examined for 

blood or mucus. Assess mental status, noting any  
irritability, lethargy, seizures, or focal neurologic 
signs. Watch the child drink and note whether  
the child drinks normally, eagerly, or poorly. Note 
extraintestinal signs, such as rash, hepatomegaly, 
splenomegaly, lymphadenopathy, and arthritis.

	C.	 Risk factors for bacterial acute diarrhea include age 
younger than 6 months, weight less than 8 kg, history 
of prematurity, immunosuppression, chronic illness, 
concurrent illness, fever, visible blood in the stool, fecal 
white blood cells present, ongoing losses including 
high-output diarrhea or frequent emesis, moderate- 
to-severe dehydration, change in mental status, and 
failed oral rehydration.

Table 1. Degree	of	Dehydration

Symptom Mild Moderate Severe

Mental status Alert, active Restless, irritable Lethargic, unresponsive
Thirst Drinks normally Drinks eagerly Unable to drink or drinks poorly
Heart rate Normal Normal to increased Tachycardia, bradycardia when most severe
Quality of pulses Normal Normal to decreased Weak or impalpable
Breathing Normal Normal; fast Deep
Eyes Normal Slightly sunken Deeply sunken
Tears Present Decreased Absent
Mouth and tongue Moist Dry Parched
Skin fold Instant recoil Recoil in ,2 seconds Recoil .2 seconds
Capillary refill Normal Prolonged Prolonged, minimal
Extremities Warm Cool Cold, mottled, cyanotic
Urine output Normal to decreased Decreased Minimal

Adapted from King CK, Glass R, Bresee JS, Duggan C; Centers for Disease Control and Prevention. Managing acute gastroenteritis among children: oral rehydration, 
maintenance, and nutritional therapy. MMWR Recomm Rep 2003;52(RR-16):1–16.

Patient with ACUTE DIARRHEA

Risk factors present
  Bloody diarrhea
  Severe diarrhea (>5 per 24 hours)
  Age <6 months
  Immunocompromised
  Exposure to bloody or bacterial diarrhea

Yes No

History

(Cont’d on p 223) (Cont’d on p 223)

Physical examination

A

B

C
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	D.	 Acute Bloody Diarrhea: Of special concern is infection 
with E. coli O157:H7 because of the potential compli-
cation of hemolytic-uremic syndrome (HUS). Approxi-
mately 15% of children infected with E. coli O157:H7 
will go on to experience development of HUS. Warn-
ing signs at time of presentation for E. coli O157:H7 
infection include persistent bloody diarrhea that was 
initially nonbloody for 1 to 3 days, absence of fever, 
abdominal tenderness, greater than five stools in the 
past 24 hours, pain with defecation, and absence of 
bandemia in the white cell count differential. Other 
risk factors for a bacterial cause of bloody diarrhea are 
listed in Table 2. Send for a bacterial stool culture, 
making sure that E. coli O157:H7 is included or other 
testing for O157:H7 is done. If E. coli O157:H7 is de-
tected, refer the patient to a center where dialysis can 
be done. Obtain a complete blood cell count (CBC) 
and pay special attention to the hemoglobin and plate-
let levels. Monitor electrolytes and serum creatinine 
when suspicious for E. coli O157:H7. Also obtain a 
blood culture in infants and immunocompromised pa-
tients when a bacterial cause is suspected, or when 
there is evidence of septicemia. It is unlikely that a 
computed tomographic (CT) scan will significantly 
change the diagnosis or management of a patient with 
acute bloody diarrhea. If signs of obstruction exist or 
dark currant jelly stool per rectum, consider intussus-
ception. Obtain abdominal radiograph, air–contrast 

enema, and/or CT scan, and obtain surgical consult  
for intussusception. Avoid narcotics and antimotility 
agents. If significant pain exists, consider intravenous 
boluses of normal saline for pain relief. Avoid antibiotic 
therapy unless a treatable pathogen is found. Shigella 
and enteroinvasive E. coli should be treated once diag-
nosed. Patients with significant acute bloody diarrhea 
should be hospitalized to provide adequate hydration; 
to monitor for hypertension, volume overload, and signs 
and symptoms of HUS including oliguria and platelet, 
electrolyte, and creatinine abnormalities; and to help 
prevent secondary transmission of the infectious agent. 
Consideration should be made for an abdominal radio-
graph for pneumatosis or thumb printing. Once clini-
cally improved, if the infectious agent is found not to be 
O157:H7 and the platelet count, if low, has increased  
or stabilized, the patient may be discharged. An impor-
tant emerging pathogen is C. difficile. Though some 
patients may be asymptomatic carriers, clinical infection 
is typified by diarrhea that is often bloody. Patients may 
also have fever, nausea, abdominal cramping, or pain, 
and may experience development of pseudomembra-
nous colitis, bacteremia and shock, and rarely, toxic 
megacolon. First-line therapy is oral metronidazole or, 
alternatively, oral vancomycin (Table 3). Repeated 
courses are often required to eradicate the organism. 
Any severe colitis can cause hypoalbuminemia and  
potassium shifts.

Table 2. Risk	Factors	for	Bacterial	Cause	of	Acute	Bloody	Diarrhea

Diarrhea turns from nonbloody to bloody within 5 days of onset
Abdominal pain and tenderness
Pain worse with defecation, especially with Escherichia coli O157:H7
Rectal prolapse: shigellosis and E. coli O157:H7
Absence of fever at time of initial evaluation: E. coli O157:H7
High fever (.39°C): shigellosis
Minimal vomiting
Greater than five stools 24 hours before evaluation
Contacts with bloody diarrhea or a culture-confirmed pathogen
Recent antibiotic usage

Adapted from Holtz LR, Neill MA, Tarr PI. Acute bloody diarrhea: a medical emergency for patients of all 
ages. Gastroenterology 2009;136(6):1887-98.
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Patient with ACUTE DIARRHEA

Yes No

Assess degree
of dehydration

Identified organism

See Table 3 (below) for treatment options
If E. coli O157:H7 assess for hemolytic
  uremic syndrome
  Refer to dialysis center

Labs:
  Stool culture including E. coli O157:H7,
     C. dificile assay, Giardia,
     Cryptosporidia assay
  Fecal WBC
Consider:
  Fecal occult blood
  Blood culture
  Urine culture
  AXR–3 view
  Intussusception: Surgery consult
                             Air enema or CT scan

(Cont’d from p 221)

(Cont’d on p 225)

D

Table 3. Treatment

Infectious	Agent Treatment	in	Children

Clostridium difficile Metronidazole, 7.5 mg/kg (maximum, 500 mg) tid; or
Vancomycin, 10 mg/kg (maximum, 125 mg) qid for 10–14 days

Shigella Azithromycin, 10 mg/kg/day once a day for 3 days; or
Ceftriaxone, 50 mg/kg/day once a day for 3 days

Nontyphoid salmonellosis None; or
Ceftriaxone, 100 mg/kg/day divided bid for 7–10 days; or
Azithromycin, 20 mg/kg/day once a day for 7 days

Salmonella typhi Ceftriaxone, 100 mg/kg/day divided bid; or
Azithromycin, 20 mg/kg/day once a day for 7 days

Campylobacter jejuni None; or
Azithromycin, 10 mg/kg/day once a day for 3–5 days; or
Erythromycin, 30 mg/kg/day divided bid to qid for 3–5 days

Aeromonas Treat as Shigella

Vibrio cholerae Erythromycin, 30 mg/kg/day divided tid for 3 days; or
Azithromycin, 10 mg/kg/day once a day for 3 days

Noncholeraic vibrios None or treat as Shigella

Enterotoxigenic E. coli, enteroaggre-
gative E. coli, or traveler’s diarrhea

Azithromycin, 10 mg/kg/day once a day for 3 days; or
Ceftriaxone, 50 mg/kg/day once a day for 3 days

E. coli O157:H7 and other Shiga 
toxin–producing E. coli

None

Enteroinvasive E. coli Treat as Shigella

Giardia Metronidazole, 15 mg/kg/day divided tid for 5–7 days; or
Tinidazole, 50 mg/kg PO once (maximum: 2 g); or
Nitazoxanide:

1–3 yr: 100 mg every 12 hours for 3 days
4–11 yr: 200 mg every 12 hours for 3 days
.12 yr: 500 mg every 12 hours for 3 days

Cryptosporidium Nitazoxanide:
1–3 yr: 100 mg bid for 3 days
4–11 yr: 200 mg bid for 3 days
.12 yr: 500 mg every 12 hour for 3 days

Adapted from DuPont HL. Clinical practice. Bacterial diarrhea. N Engl J Med 2009;361(16):1560-9; and Pickering LK, editor. The Redbook: 
Report of the Committee on Infectious Diseases. 28th ed. American Academy of Pediatrics. <http://aapredbook.aappublications.org>; 2011.
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	E.	 For children with minimal or no dehydration, ORS should 
be used (see Table 4). A solution with glucose and electro-
lyte content similar to the World Health Organization 
formulation should be chosen. If diapers can be weighed, 
give 1 ml fluid per gram output. Otherwise, give 10 ml 
additional fluid per kilogram body weight for each watery 
stool and 2 ml/kg body weight for each episode of emesis. 
For simplicity, children less than 10 kg can be given 60 to 
120 ml ORS for each episode of vomiting or diarrhea, and 
those greater than 10 kg given 120 to 240 ml. Nutrition 
need not be restricted.

	F.	 For children with mild-to-moderate dehydration, give 50 
to 100 ml ORS per kilogram body weight over 2 to 4 hours 
to replace the estimated fluid deficit (see Table 4). If losses 
are ongoing, additional ORS will also need to be given. 
This can be given in limited volumes using a teaspoon, 
syringe, or medicine dropper at first, increasing the 
amount as tolerated. For those refusing oral feeding, with 
continued vomiting, or oral ulcerations, nasogastric ORS 
feeding is an acceptable alternative. Rapid nasogastric re-
hydration has the benefits of being more cost-effective, is 
associated with fewer complications, has improved paren-
tal satisfaction, and often is well tolerated. To determine 
whether children in this category will respond to oral rehy-
dration, observe them until dehydration signs subside. 
Also, those with unusually high output merit observation 
with regular assessment of hydration status. If attempts at 
correcting dehydration enterally have failed, intravenous 
fluid administration is indicated. Considerations for labo-
ratory work include a stool culture in the case of bloody 
diarrhea, severe diarrhea (.5 per 24 hours), immuno-
compromised state, age younger than 6 months, or expo-
sure to bloody or known bacterial diarrhea, and a CBC, 
and urine and blood culture when urinary tract infection 
and sepsis are of concern. Home management can be 
implemented once dehydration is corrected and after 
capable caregivers have been informed of potential com-
plications, with a plan for close follow-up.

	G.	 Severe dehydration constitutes a medical emergency and 
requires rapid intervention with isotonic intravenous 
fluids. Normal saline (NS) or lactated Ringer solution is 
given repeatedly, 20 ml/kg, with frequent assessment of 
hydration status until pulse, blood pressure, and mental 
status return to normal. Smaller volumes (5–10 ml/kg) 
should be used in those with impaired cardiac status, in-
cluding malnourished infants. Obtain serum electrolytes, 
bicarbonate, blood urea nitrogen (BUN), creatinine (Cr), 
and serum glucose levels, as well as other labs clinically 

indicated (consider CBC, blood and urine culture, and 
stool culture). Lack of response to intravenous fluid re-
suscitation suggests other diagnoses including septic 
shock, metabolic disorders, cardiogenic shock, or a neu-
rologic insult. NS and lactated Ringer solution are ap-
propriate for initial management of both hyponatremic 
and hypernatremic dehydration. Once the patient stabi-
lizes and dehydration has been improved to the point of 
normal cognition, ORS should be instituted and used to 
further correct for losses.

	H.	 Consideration for admission should be made in the fol-
lowing circumstances:

	1.	 Inadequate ability to care for child at home and/or 
inability to return if necessary

	2.	 Intractable vomiting
	3.	 Inadequate ORS intake because of refusal or inability 

to take (i.e., vomiting)
	4.	 Lack of improvement despite adequate intake 

of ORS
	5.	 Concern for complicating comorbid illnesses
	6.	 Severe dehydration (.9% of body weight)
	7.	 Young age, unusual irritability or drowsiness, progres-

sive course of symptoms, or uncertainty of diagnosis
	8.	 Other risk factors for worse outcome that should 

also be considered include prematurity, young 
maternal age, black race, and rural residence

	 I.	 Management of hospitalized patients with moderate or 
severe dehydration requires the correction of fluid 
deficit and electrolyte abnormalities. Rehydration dur-
ing the 24-hour period is accomplished in three phases: 
circulatory stabilization (1–2 hours), deficit replace-
ment (next 8 hours), and maintenance replacement  
(16 hours). After the patient has been stabilized, ad-
minister fluids to replace the deficit during 8 hours 
without providing maintenance fluid. During the fol-
lowing 16 hours of maintenance replacement, adminis-
ter the amount of maintenance fluid needed for  
24 hours for patients with isotonic or hypotonic dehy-
dration. For patients with hypernatremic (sodium  
.150 mmol/L) dehydration, oral/nasogastric rehydra-
tion is safest. If intravenous fluids must be used, cor-
rection of the deficit should be done carefully to avoid 
complications of cerebral edema and convulsions. Re-
place the calculated fluid deficit over 8 hours with 
0.45% normal saline with 5% dextrose, while carefully 
monitoring the plasma sodium level until normal.

Table 4. Composition	of	Some	Commercially	Available	Oral	Rehydration	Solutions

Carbohydrate	(g/L) Sodium	(mmol/L)
Potassium	
(mmol/L)

Chloride	
(mmol/L) Base	(mmol/L)

Osmolarity	
(mOsm/L)

World Health Orga-
nization (2002)

13.5 75 20 65 30 245

Enfalyte 30 50 25 45 34 200
Pedialyte 25 45 20 35 30 250
Rehydralyte 25 75 20 65 30 305
CeraLyte 40 50–90 20 NA 30 220

From King CK, Glass R, Bresee JS, Duggan C; Centers for Disease Control and Prevention. Managing acute gastroenteritis among children: oral rehydration, mainte-
nance, and nutritional therapy. MMWR Recomm Rep 2003;52(RR-16):1–16.

NA, not applicable.
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	J.	 Nutritional guidelines include avoiding foods with high 
amounts of simple sugars because of osmotic effects, 
including carbonated soft drinks, juice, and gelatin  
desserts. Early feeding helps with infection-induced 
intestinal permeability, reduces duration of illness, and 
improves nutritional outcomes. Highly specific diets 
such as the BRAT (bananas, rice, applesauce, and toast) 
diet are overly restrictive and can adversely effect nutri-
tional recovery and gut healing. Instead, institute  
age-appropriate unrestricted diets, including complex 
carbohydrates, meats, yogurt, fruits, and vegetables.

	K.	 Medical Therapy: Antidiarrheal agents, though com-
monly used, have only limited data supporting efficacy. 
Serious adverse effects include abdominal distension 
and bacterial overgrowth, and their use is generally not 
recommended. Zinc may be beneficial because numer-
ous studies have shown the benefit of zinc supplementa-
tion in both treating and preventing diarrheal disease. A 
meta-analysis of probiotic use in children with acute  
diarrhea by Huang et al. showed a 1-day shortened du-
ration, supporting their use in this setting. The majority 
of cases of bacterial diarrhea will not require antibiotic 
therapy, and empiric therapy while awaiting stool cul-
tures is generally not recommended. Bacteria that 
should be treated are Shigella, enterotoxigenic and 
enteroinvasive E. coli, Salmonella typhi, and Vibrio 
cholerae (Table 3). Antibiotic use in uncomplicated non-
typhoid Salmonella infection is contraindicated because 
it may prolong the carrier state. Decision on treatment 
of other bacteria depends on clinical factors including 
young infants (,3 months), immunocompromised state, 
and comorbid medical conditions.

	L.	 Oral rehydration should be used with caution or avoided 
in cases of hemodynamic shock, abdominal ileus, concern 
for obstruction including intussusception, high-output di-
arrhea (.10 ml/kg/hr), and infants with evidence of carbo-
hydrate malabsorption (diarrhea improves when not fed).
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Assess degree of dehydration

Stable
Tolerating fluids

Electrolytes, BUN, Cr
HCO3, glucose, CBC
Culture: urine, blood, stool

Admit to hospital
Consider ICU
Intravenous fluid replacement
Monitor electrolytes
Hypernatremic dehydration
   Replace deficit over 8 hr
   with 0.45% NS with 5% dextrose

Unstable
Persistent losses

Minimal/none Mild/moderate Severe, shock

ORS 50–100 mL/kg
over 2–4 hours

and replace ongoing losses

Stabilize with 20 mL/kg
NS or Ringer’s lactate,
repeat as necessary

For each emesis/diarrheal stool:
<10kg: 60–120 mL ORS

>10 kg: 120–240 mL ORS

Discharge home

Adequate response to ORS
Capable home care + follow-up
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Patient with ACUTE DIARRHEA

E

J K

H I

F G L



226

Persistent Diarrhea
Jason Soden, MD

Persistent diarrhea (PD) is defined as diarrhea lasting 
longer than 2 weeks. Persistent diarrhea is an important 
source of worldwide morbidity and mortality in infants 
and children, accounting for up to 2.2 million childhood 
deaths worldwide. In the developing world, where the 
burden of infectious diarrhea is most common, the spec-
trum of chronic diarrhea may represent consecutive 
acute infectious illnesses, persistent infections in human 
immunodeficiency virus/acquired immune deficiency 
syndrome (HIV/AIDS), or persistent malabsorption exac-
erbated by malnutrition or micronutrient deficiencies. In 
North America, persistent diarrhea is less likely to result 
from identifiable infectious agents.

In the evaluation of infants and children with diarrhea, 
consider causative factors of osmotic diarrhea (carbohy-
drate malabsorption), maldigestive diarrhea (pancreatic 
insufficiency), secretory diarrhea (infections, hormone- 
secreting tumors), motility disturbances, mucosal inflam-
matory conditions (allergy, celiac disease, inflammatory 
bowel disease), and structural abnormalities. In particular, 
special consideration should be made to the neonate with 
early-onset, persistent diarrhea. This population of neo-
nates should be evaluated for rare, congenital structural, 
inflammatory, or transport defects of the enterocyte.

	A.	 The first step in evaluating the clinical complaint 
of persistent diarrhea is to qualify the patient or care-
givers’ definition of diarrhea. Various changes in stool 
frequency or consistency, for instance, from breast-
fed to formula-fed infants, may cause concern by  
a caregiver in nonpathologic settings. In practice,  
diarrhea is defined as increased stool frequency and 
decreased consistency (watery or loose). Objectively, 
stool volume .10 ml/kg (infant) or 200 ml/m2 is 
abnormal.

	B.	 The history should focus on relevant questions related 
to either a recent (or prolonged) infectious process, 
relevant medical/surgical history, recent medications 
(including antibiotics), diet history, travel history, and 
family history. Relevant descriptive features should  
be obtained, including time of onset, dietary patterns 
(including carbohydrate intake such as lactose or juice), 
relieving factors (including fasting/NPO), blood or  
mucus in the stool, concurrent abdominal pain, cramp-
ing, or tenesmus. Baseline stool patterns should be  
assessed, with specific questions of constipation and 
encopresis if relevant. Constitutional complaints in-
cluding weight loss, fevers, oral ulcers, and perianal 
complaints should be addressed.

	C.	 The most important aspects in the physical examina-
tion include nutritional status (weight and height per-
centiles), hydration, and general appearance. Abdomi-
nal examination should assess for peritoneal signs 
(perforation or abscess), distension, mass (including 
retained feces), and localized tenderness. Careful  

examination of the oral mucosa (aphthous ulcers) and 
perianal inspection (tags, fistulae) are relevant if Crohn 
disease is suspected. Digital rectal examination should 
be performed to evaluate for an anorectal anomaly, 
distal obstruction, or fecal impaction. Additional clues 
of systemic disease such as clubbing (cystic fibrosis 
[CF], inflammatory bowel disease, liver disease), bruis-
ing (fat-soluble vitamin deficiency), and rash (allergy or 
micronutrient deficiency) should be considered during 
the examination.

	D.	 If available, examination of a stool sample in the office 
can help to validate the complaint and direct the diag-
nostic approach. If collected, watery (fresh) stool can 
be evaluated for reducing substances and stool pH 
(carbohydrate malabsorption). Hemoccult testing 
should be performed to evaluate for occult blood or 
confirm suspected visible blood. Microscopic evalua-
tion of a water or saline stool prep may detect fecal 
leukocytes and (with or without a Sudan red stain) can 
visualize neutral (maldigested) fat, a sign of maldiges-
tion (pancreatic insufficiency, including CF). Micro-
scopic fat visualized after acid hydrolysis of the stool 
(split fat) suggests malabsorption (celiac disease or 
other disturbances of absorptive surface).

	E.	 Stool laboratory examination should be performed. 
If office examination is not performed, laboratory  
assessment for fecal fat (spot check), occult blood, leu-
kocytes, and, if indicated, reducing substances and 
stool pH may be performed on a watery, fresh sample. 
Although infectious sources are not frequently identi-
fied in persistent diarrhea, these should be considered 
and excluded. Routine evaluations for bacterial patho-
gens, relevant parasites (in North America, commonly 
Giardia and cryptosporidia), and C. difficile toxin 
should be considered. Although rotavirus rarely per-
sists beyond 10 days, other viral pathogens (including 
adenovirus) may persist, and specific viral examinations 
(including culture or electron microscopic examina-
tion) may be considered. In certain settings (travel, 
developing countries, or immunocompromised pa-
tients), evaluation for other parasitic or viral pathogens 
should be performed.

	F.	 Other laboratory examinations, when indicated, in-
clude complete blood cell count with differential, in-
flammatory markers, and electrolytes. To screen for 
celiac disease, consider measurement of IgA antibody 
to human recombinant tissue transglutaminase (TTG) 
early in the setting of persistent diarrhea and failure  
to thrive. Urine culture should be obtained if urinary 
tract infection is suspected, especially in an infant with 
diarrhea.

	G.	 If possible, distinguish noninfectious causes of diarrhea 
as osmotic, secretory, or mixed. Osmotic diarrhea is 
more common, typically resolves when a patient is not 
fed (NPO), and typically results from excessive intake 
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Patient with PERSISTENT DIARRHEA (>2 weeks)

Assess pattern of onset, age, and growth parameters
Evaluate stool to qualify complaint and exclude infection

 Differentiate osmotic versus secretory diarrhea

Neonatal onset

Gastroenterology
or surgery consult

Consider:
  Rare etiologies of
  intractable diarrhea
  in infancy

Infant onset Older infants and
children

(Cont’d on p 229)
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History

Stool evaluation

Physical examination

Laboratory evaluation

(carbohydrate), mucosal injury, or inherited (disaccha-
ridase) deficiencies. Secretory diarrhea continues  
when the patient is not fed; causative factors include 
hormone-secreting tumors and rare, chronic enteropa-
thies. Analysis of stool osmolality, anion gap, pH, and 
sodium can help in this differentiation.

	H.	 The neonate with early-onset, persistent diarrhea 
should be evaluated for a subset of rare disorders that 
cause intractable (secretory) diarrhea in infancy. These 
include structural enterocyte disorders (microvillous 
inclusion disease), transport disorders (congenital 
chloride diarrhea), and congenital disaccharidase (lac-
tase) deficiencies. Consultation with a gastroenterolo-
gist is beneficial in this setting.

	 I.	 In infants, common causes of persistent diarrhea in-
clude milk protein intolerance (“allergic colitis”), postin-
fectious carbohydrate malabsorption, CF, Hirschsprung 
disease, among others.

	a.	 The onset of milk protein intolerance is typically 
around 2 months. Infants may present with visible 
bloody or mucoid, or Hemoccult-positive stools. 
Diagnostic and management strategies are typically 
conservative. Observation with no dietary change in 
a well-appearing, thriving infant without anemia is 
reasonable. Maternal dietary elimination of milk 
and soy in the breast-fed infant may be beneficial  
in some cases. Initiation of a protein hydrolysate 

formula or, in refractory cases, amino acid–based 
formulas are often beneficial. Expect 2 to 3 weeks 
to see improvement after a dietary intervention.

	b.	 Enterocolitis may occur in the postneonatal period 
in infants with Hirschsprung disease, necrotizing 
enterocolitis/pneumatosis, or other potentially sur-
gical diagnoses.

	c.	 If maldigested (neutral) fat is visible in the stool, or 
if growth failure or other sequelae of CF or pancre-
atic insufficiency are found, consider a sweat test or 
pancreatic fecal elastase.

	d.	 Fat malabsorption may also occur in structural or 
motility disorders (with or without small-bowel bacte-
rial overgrowth) and protein-losing enteropathy states 
(including primary intestinal lymphangiectasia).

	e.	 Persistent diarrhea that occurs later in infancy, after 
introduction of solids, should raise consideration for 
mucosal injury. More common conditions include 
allergy (with secondary enteropathy and malabsorp-
tion) and celiac disease. Dietary history, physical 
examination (eczema), stool examination for hydro-
lyzed fat, together with screening laboratory evalu-
ations for IgE-mediated allergies, celiac disease, or 
allergy consultation should be considered.

	f.	 In the setting of persistent diarrhea after an acute, 
diarrheal illness, consider changing to a lactose-free 
formula for a limited time to treat presumed postin-
fectious carbohydrate malabsorption.
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	J.	 In older infants or children with persistent diarrhea 
and no evidence of growth failure or systemic symp-
toms, consider several conditions.

	a.	 Constipation with encopresis may present as “diar-
rhea” because of patient/parent complaint of abnor-
mal stool frequency and consistency. Details of 
stooling history should be gathered in the history, 
and physical examination should include assess-
ment for abdominal fecal mass, perianal inspection 
for soiling (common in encopresis), and digital rec-
tal examination to assess for rectal fecal impaction.

	b.	 Both infant overfeeding (.200 ml/kg/day) and 
chronic nonspecific diarrhea (toddler’s diarrhea) 
may present with chronic diarrhea. Stools in tod-
dler’s diarrhea vary in consistency and frequency, 
and are often described in association with rapid 
transit (including undigested solids). Therapy 
should be aimed at reassurance and limitation of 
dietary juice intake.

	c.	 Carbohydrate malabsorption may occur resulting in 
diarrhea and other symptoms (cramping, flatulence) 
that are most obvious after ingestion of the offend-
ing dietary carbohydrate. In the setting of a recent 
infectious gastroenteritis, postinfectious carbohy-
drate malabsorption may persist for several weeks. 
Older children may present with adult-type hypo-
lactasia (primary lactose intolerance), which is more 
common in African American, Asian, and Latino 
populations. Congenital sucrase-isomaltase defi-
ciency (CSID) may present with symptoms once 
dietary sucrose (including juices) have been intro-
duced. Carbohydrate malabsorptive conditions may 
be suspected by history and confirmed by either 
hydrogen breath testing or disaccharidase activity 
measurement from duodenal biopsies. Treatment is 
aimed at dietary modification.

	d.	 Irritable bowel syndrome may present with diar-
rhea predominant symptoms and in the absence  
of other underlying structural or metabolic abnor-
malities.

	e.	 Antibiotic-associated diarrhea or other medication 
adverse effects should be considered.

	f.	 Factitious diarrhea caused by laxative use (Mün-
chausen syndrome) or poisoning (Münchausen by 
proxy) should be considered.

	K.	 There is a broad differential diagnosis for older infants 
and children with chronic (noninfectious) diarrhea and 
growth failure or constitutional/systemic complaints. 
By assessing history, physical, and stool characteristics, 
one can direct the appropriate evaluation. Laboratory 

evaluation should include assessment of electrolytes 
and, if indicated, micronutrient status (including zinc). 
Involvement of pediatric gastroenterology specialists 
may be of benefit to obtain small-intestinal or colonic 
biopsies.

	a.	 Fat malabsorption, failure to thrive, and sinopulmo-
nary infections warrant evaluation for CF. Pancre-
atic insufficiency with fat malabsorption in other 
syndromes (e.g., Shwachman–Diamond) may be 
confirmed with fecal elastase.

	b.	 Hypoalbuminemia and/or presence of fecal protein 
malabsorption raise concern for a protein-losing 
enteropathy, including lymphangiectasia.

	c.	 Celiac disease should be considered if persistent 
diarrhea with FTT exists, or diarrhea and gastroin-
testinal (GI) symptoms in at-risk populations (der-
matitis herpetiformis, dental enamel defects, type 1 
diabetes, IgA deficiency, Down syndrome, Turner 
syndrome, Williams syndrome, and first-degree 
relatives of patients with celiac disease). Serologic 
evaluations should include antibody testing for ce-
liac disease. The current standard evaluation is 
TTG IgA antibody, as well as a total serum IgA level 
(to screen for IgA deficiency, which would lead to a 
false-negative TTG). Serologic evaluations should 
be confirmed with duodenal biopsy.

	d.	 Chronic diarrhea with blood, urgency, abdominal 
pain, growth failure, or other constitutional symp-
toms should raise concern for inflammatory bowel 
disease. Laboratory evaluations should include 
complete blood cell count and inflammatory mark-
ers. Upper GI with small-bowel follow-through or 
other small-bowel imaging studies may offer a clue 
toward small-bowel inflammatory changes, but en-
doscopy and colonoscopy with ileoscopy should be 
performed.

	e.	 Several immunodeficiency syndromes may present 
with chronic diarrhea (with or without infectious 
organisms identified) and growth failure.

	f.	 The distinction of a chronic, secretory diarrhea out-
side of the newborn period warrants evaluation for 
rare, hormone-secreting tumors. VIPomas (vasoac-
tive intestinal polypeptide–secreting tumor) classi-
cally present with watery diarrhea, hypokalemia, 
and metabolic alkalosis.

	g.	 Micronutrient deficiencies and starvation states 
may lead to secondary diarrhea, contributing to a 
vicious cycle of diarrhea and malnutrition. Zinc de-
ficiency, specifically, may be accompanied by a 
characteristic rash (acrodermatitis enteropathica) 
and may occur as a primary or secondary disorder.
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Upper Gastrointestinal Bleeding
Robert E. Kramer, MD

Upper gastrointestinal (GI) hemorrhage is typically defined 
as a source of bleeding originating proximal to the ligament 
of Treitz. It may present with hematemesis, coffee-ground 
emesis, melena, occult heme-positive stools, or in the case 
of massive bleeding, hematochezia. The spectrum of poten-
tial causative factors resulting in upper GI hemorrhage in 
children is vast, ranging from mild, self-limited conditions 
to severe, life-threatening ones. The most likely causative 
factors vary significantly by age of the child (see Table 1). 
The clinical approach to the child with bleeding must be 
measured and methodical. Upper intestinal endoscopy is 
an important tool in the diagnosis and treatment of upper 
GI bleeding but may not always be necessary and rarely will 
be the initial step in management. Instead, initial steps 
should focus on careful assessment of hemodynamic status, 
stabilization, and supportive care.

	A.	 Hemodynamic Status: The first step in the assessment 
of a child with upper GI hemorrhage is to determine 
whether they are hemodynamically stable. Accurate 
assessment of heart rate, blood pressure, and mental 
status are critical. Children have an impressive ability 
to maintain blood pressure until the late stages of 
shock; therefore, elevated heart rate may be the first 
clinical indicator of hemodynamic compromise. Ortho-
static changes in the supine and upright positions 
should be assessed as well, with a decrease of 10 mm 
Hg in blood pressure or an increase of 20 beats/min in 
heart rate being defined as clinically significant. Evi-
dence of instability should direct care toward providing 
acute stabilization, applying the principles of the ABCs 
of resuscitation (airway, breathing, circulation). This 
initial stabilization would typically take place in the 
emergency department, with transfer to an intensive 
care unit setting as soon as it is feasible. Good intrave-
nous (IV) access is vital, and a central line or two large-
bore peripheral IVs should be in place, followed by 
crystalloid boluses of at least 20 ml/kg for resuscitation. 
At least 2 units of packed red blood cells (RBCs) 
should be typed, crossmatched, and available at all 
times. An empiric dose of vitamin K should be strongly 
considered to optimize coagulation.

	B.	 History and Physical Examination: In the stable pa-
tient, or the unstable patient after supportive care has 
been established, the history and physical examination 
provide the cornerstone for developing a differential 
diagnosis for the bleeding. Key elements in the history 
include the onset of bleeding (acute vs. chronic), the 
character of the blood (hematemesis, coffee-grounds, 
melena), the amount of blood observed, and associ-
ated symptoms (nausea/vomiting, epigastric pain, ar-
thralgias, weight loss, dysphagia/odynophagia, skin 
rashes, diarrhea, epistaxis). Recurrent, forceful emesis 
without blood before the onset of hematemesis im-
plies that a Mallory–Weiss tear of the esophagus may 

be responsible. Inquire about possible foreign body or 
caustic ingestions, as well as ingestion of red dyes or 
other substances that may be mistaken for blood (see 
section D). In breast-feeding infants, be alert to the 
possibility of swallowed maternal blood from cracked, 
bleeding nipples. It is important that review of the 
medical history include any personal or family history 
of liver disease, medication use (especially nonsteroi-
dal anti-inflammatory drugs), history of prematurity 
(with umbilical venous catheter placement), and po-
tential causes of nasopharyngeal bleeding, which may 
mimic GI hemorrhage.

Physical examination should, therefore, begin with a 
careful assessment of the nasopharynx, looking for evi-
dence of a bleeding source in the nose or mouth. Ab-
dominal examination should focus on any areas of ten-
derness, as well as the presence of hepatosplenomegaly 
or ascites, indicative of portal hypertension. Other find-
ings associated with portal hypertension include spider 
angiomas, jaundice, and caput medusae. Skin examina-
tion should assess for petechiae or purpura, which might 
suggest a coagulation disorder or acute systemic illness, 
such as Henoch–Schönlein purpura. Cutaneous vascular 
lesions should also raise suspicion of a possible internal 
lesion within the GI tract as a cause of bleeding.

	C.	 Laboratory Tests: The value of the complete blood cell 
count (CBC) is obvious in cases of GI bleeding, to help 
assess the severity of the illness, to establish a baseline at 
presentation, to evaluate the chronicity of bleeding, and 
to measure ongoing losses. In acute GI bleeding, how-
ever, the hematocrit may underestimate the true amount 
of bleeding because of the delay in hemodilution with 
rapid blood loss. Low mean corpuscular volume, consis-
tent with a microcytic anemia, suggests chronic losses, 
systemic illness, or both. For hospitalized patients, serial 
hematocrits should be measured to determine the pres-
ence and severity of ongoing bleeding. The frequency of 
these hematocrits best is determined by the initial sever-
ity of the bleeding event and may range from every 6 to 
every 24 hours. A liver profile, including fractionated 
bilirubin and albumin, is helpful in assessing for occult 
chronic liver disease, which may present with acute 
variceal bleeding. Increased transaminases or direct 
bilirubin should then prompt further liver workup, as 
well as a Doppler ultrasound of the abdomen, looking 
for evidence of hepatosplenomegaly, varices, and ascites. 
Coagulation should be assessed with a prothrombin 
(PT) and partial thromboplastin time (PTT), and any 
coagulopathy should be corrected. Initial treatment with 
parenteral vitamin K should be given and then values 
reassessed. Blood urea nitrogen (BUN) and creatinine 
(Cr) provide a screen for underlying renal disease.

	D.	 Assess for Fictitious Causes of Bleeding: A wide variety 
of substances other than blood may mimic GI bleeding. 
All emesis and stool suspected to contain blood should be 
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confirmed with Gastroccult or Hemoccult testing, re-
gardless of how convincing they appear. Red blood may 
be simulated by food coloring, red candy, antibiotic syr-
ups, beets, tomato skins, red gelatins, and juices. Dark 
stools from iron preparations, blueberries, spinach, 
grapes, licorice, or bismuth may be mistaken for melena. 
Swallowed maternal blood in the infant, either in the 
neonate as a consequence of vaginal delivery or in the 
older infant because of cracked or bleeding nipples, may 
result in hematemesis or coffee-ground emesis. The 
Apt–Downey test for fetal hemoglobin can be used to 
differentiate bleeding originating from the infant.

	E.	 Nasogastric Tube: Placement of a nasogastric tube 
(NGT) and gastric lavage in the setting of upper GI 
bleeding has been somewhat of a controversial topic. 
Aspiration of frank blood from an NGT is diagnostic of 
upper GI bleeding and may be helpful for assessing 
ongoing losses through the course of treatment. Re-
peated lavage with room temperature normal saline may 
show clearing, suggestive of stabilization of bleeding. A 
negative aspirate, however, does not exclude upper GI 
bleeding, because blood may rapidly exit the stomach. 
From the therapeutic standpoint, there is no evidence 
that lavage is helpful in controlling bleeding and may, in 
fact, interfere with the development of clots at the 
bleeding site. Risk for exacerbating variceal bleeding is 
not a contraindication to placement to NGT placement.

	F.	 Acid blockade: Many of the potential causes of upper 
GI bleeding in children are mucosal lesions, such as re-
flux esophagitis, reactive gastritis, duodenitis, nonsteroi-
dal anti-inflammatory drug–induced injury, and stress 
ulcer that may resolve spontaneously. Protection from 
additional injury from acid exposure, however, may has-
ten healing and resolution of ongoing bleeding. Acid 

blockade may be achieved with a histamine-2 receptor 
antagonist or a proton-pump inhibitor (PPI) drug. Either 
class may be administered orally, intravenously by bolus, 
or with a continuous IV infusion. For mild or moderate 
cases, histamine-2 receptor antagonists are reasonable, 
but proton-pump inhibitors have demonstrated im-
proved efficacy and are preferred for more severe cases. 
Adequacy of acid blockade can be assessed by measuring 
a trough pH of a gastric aspirate, with titration of dose to 
maintain the pH greater than 4.0.

	G.	 Sengstaken–Blakemore Tube: Massive bleeding from 
the esophagus or fundus, typically as a result of variceal 
hemorrhage, may be stabilized by use of a Sengstaken–
Blakemore tube. This device consists of an NGT with 
an inflatable balloon along the esophageal portion and 
an intragastric balloon at the tip, to be seated in the 
fundus. Pediatric sizes are available. A manometer is 
used to inflate the esophageal balloon to the desired 
pressure, and a defined volume of air is insufflated into 
the gastric portion. Traction is applied once the bal-
loons are in place and used to provide direct pressure to 
tamponade bleeding lesions. If the site of bleeding is 
known to be solely esophageal or gastric, either balloon 
may be used independently. Pressure is maintained for 
a variable amount of time, not to exceed 24 hours.

	H.	 Octreotide: Severe upper GI hemorrhage that has not 
responded to supportive measures may be treated with 
octreotide, a longer-acting analog of the GI inhibitory 
hormone somatostatin. Octreotide decreases portal 
pressure by reducing splanchnic blood flow. Typically it 
is bolused at a dose of 1 mg/kg, followed by a continu-
ous drip at 1 to 4 mg/kg/hr. Blood sugars should be 
carefully monitored, because hyperglycemia and hypo-
glycemia are common adverse effects.



232

	 I.	 Upper Intestinal Endoscopy: Upper intestinal endoscopy/
esophagogastroduodenoscopy is an important tool in the 
management of upper GI bleeding, offering the opportu-
nity for both diagnostic and therapeutic benefit. Deter-
mining the optimal timing for endoscopy is critical to 
maximize this potential benefit. Except in cases of massive 
hemorrhage with little other therapeutic option, endos-
copy is best reserved until the patient can be acutely stabi-
lized, the airway secured, and rate of bleeding minimized 
as much as possible. This provides better visualization  
of the mucosal surface and a better chance that the site  
of bleeding can be properly identified and treated endo-
scopically. The endoscopist should be comfortable  
with the use of a wide variety of possible therapeutic  
maneuvers, including band ligation, sclerotherapy, injec-
tion therapy, clipping devices, and the various forms  
of electrocautery (monopolar, bipolar, argon plasma  
coagulation, etc). Proper supplies and equipment should 
be secured and set up before endoscopy.

	J.	 Foreign Body: Foreign bodies rarely present with up-
per GI bleeding, even with ingestion of sharp, pointed 
objects. Typically, sharp objects such as straight pins, 
nails, and tacks proceed through the GI tract with the 
heavier, blunted end leading. In addition, the intesti-
nal wall reflexively relaxes and withdraws away from 
sharp objects. The risk for bleeding is greatest for 
larger, irregularly shaped objects that are too large to 
pass through the narrower portions of the bowel, such 
as the lower esophageal sphincter, the pylorus, and 
possibly the duodenal sweep. Ingested button batter-
ies, adherent to the mucosa, may result in severe GI 
bleeding and even death, either at the time of initial 
presentation or up to several weeks after removal. If a 
foreign body is identified at the time of endoscopy for 
upper GI bleeding, removal is obviously indicated. 
Objects imbedded in the mucosa, however, should be 
removed with care, because this may precipitate even 
greater amounts of bleeding. Alerting the surgical 
team of this potential and having them ready to inter-
vene is prudent in these scenarios. Safe removal of 
large, sharp objects may be difficult without incurring 
greater mucosal damage on withdrawal of the endo-
scope. The use of hooding devices and overtubes 
should be used to minimize this risk.

	K.	 Variceal Bleeding: Acute onset of severe upper GI 
bleeding is not an uncommon presentation in pediatric 
patients with both known and unknown portal hyper-
tension or liver disease. As noted earlier, a careful his-
tory and physical examination, coupled with screening 
labs, may increase the level of suspicion for variceal 
hemorrhage as the cause of bleeding. Portal vein 
thrombosis, from either an umbilical venous catheter 
in the newborn period or an underlying coagulation 
disorder, may present years later with upper GI bleed-
ing and no evidence of intrinsic liver disease. Esopha-
geal varices may be treated endoscopically with either 
injection sclerotherapy or band ligation. Band ligation 
has become the favored approach in children old 
enough to pass the banding device, because of the 
relative technical ease of the procedure and decreased 
risk for ulceration and stricture of the esophagus. Per-
sistent bleeding from gastric varices may require con-
sideration of portosystemic shunts to reduce portal 
pressure.

	L.	 Ulcer/Erosion: Ulcers, erosions, and other mucosal 
lesions are the most commonly identified sources of 
upper GI bleeding in children. Causative factors for 
mucosal inflammation include caustic, peptic, immune, 
allergic, and infectious causes. Treatment for these is 
largely pharmacologic, primarily focused on providing 
adequate acid blockade and, perhaps, adding a muco-
sal protective agent such as sucralfate. The endoscopic 
and/or histologic appearance, however, may suggest a 
causative factor that would require alternative medical 
therapy. Examples would include the characteristic 
nodular gastritis of Helicobacter pylori infection or 
ulcerations/lesions consistent with upper tract Crohn 
disease. Endoscopic therapy is generally reserved for 
discreet, actively bleeding lesions, such as an ulcer 
eroding into a visible vessel. Again, therapeutic options 
include injection of epinephrine, application of endo-
scopic clipping devices, or electrothermal coagulation 
of various types.

	M.	Unidentified Source of Bleeding: Even in the face of 
continued active bleeding, a normal-appearing mucosa 
at the time of endoscopy is not unusual. This implies 
that the bleeding has either resolved, is not coming 
from the upper GI tract, or is occurring intermittently 
via a lesion that is easily missed on endoscopy. Dieula-
foy lesions, submucosal dilated arterioles, usually lo-
cated in the upper portion of the stomach along the 
lesser curve, may present in this fashion, although they 
are a rare source of bleeding in children. Mallory–Weiss 
tears from forceful or repeated vomiting may also be 
easily missed in the distal esophagus if they are not ac-
tively bleeding at the time of endoscopy. Poor visualiza-
tion of the mucosa, because of copious blood and clot 
formation, is another potential cause for unsuccessful 
identification of a bleeding source and underscores the 
importance of proper timing of endoscopy. Hemobilia 
and bleeding beyond the ligament of Treitz should also 
be considered when upper endoscopy yields no obvious 
source or site of bleeding. Further diagnostic studies to 
consider in these cases include angiography, tagged 
RBC scan, Meckel’s scan, and capsule endoscopy, de-
pending on the clinical context.

Table 1. 	Causes	of	Upper	Gastrointestinal	Bleeding	
in	Children

Newborn 3	mo	to	2	yr .2	yr

Common
Swallowed blood Peptic Peptic
Gastritis, esophagitis Allergic Mallory–Weiss
Ulcer Mallory–Weiss Nasopharyngeal
Vitamin K deficiency Esophagitis Varices

Uncommon 
Varices Epistaxis Salicylates
Coagulopathy Varices Thrombocytopenia
Vascular malformation Vascular malformation
Leiomyoma Foreign body
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Elevated Liver Tests  
after 6 Months of Age

Brandy Lu, MD, and Cara L. Mack, MD

	A.	 In the patient’s history, inquire about persistent or re-
current fevers; malaise/anorexia; emesis (bilious or 
bloody); jaundice or dark-colored urine; the stool color, 
frequency, consistency, presence of blood or mucous, 
and foul-smelling nature; abdominal pain; and pruri-
tus. Document exposure to a hepatitis carrier, person 
with acute hepatitis, blood products, medications, or 
illicit drugs. Note whether the child attends a large 
child-care or residential facility, and whether there has 
been recent travel outside the United States. Identify 
hematologic abnormalities, such as hemolytic anemia, 
sickle cell disease, or thalassemia.

	B.	 In the physical examination, note any right upper 
quadrant abdominal mass or tender hepatomegaly. 
Determine the firmness and size of the liver and the 
presence of splenomegaly. Signs of chronic liver dis-
ease include a firm and/or nodular liver, splenomegaly, 
ascites, cushingoid facies, digital clubbing, palmer  
erythema, asterixis, spider angiomata, caput medusae, 
and gynecomastia.

	C.	 Abnormal liver tests include isolated increases in bili-
rubin only or variable increases in all liver tests. If the 
increased bilirubin is indirect in nature in the other-
wise healthy-appearing child, the most likely cause is 
Gilbert syndrome. Gilbert syndrome is due to a partial 
deficiency of glucuronyl transferase and is benign. Iso-
lated direct hyperbilirubinemia (with all other liver 
tests being normal) is rare in children and may be 
caused by Rotor or Dubin–Johnson syndromes.

Hepatitis is due to hepatocyte membrane disruption 
and is defined as two times the upper limit of normal of 
levels of the serum transaminases (alanine transaminase 
[ALT] and aspartate transaminase [AST]). If the AST is 
significantly more elevated than the ALT, consider non-
hepatic sources of AST such as muscle (check creatine 
phosphokinase) or hemolysis (check lactate dehydroge-
nase, hematocrit). With extensive hepatocyte damage, 
serum albumin is depressed, the prothrombin time (PT)/
international normalized ratio (INR) is prolonged, and 
the ammonia level may increase. Anemia associated with 
burr cells or severe thrombocytopenia suggests severe, 
chronic liver disease.

Pediatric acute liver failure is defined as: (1) chil-
dren with no known evidence of chronic liver  
disease, (2) biochemical evidence of acute liver injury, and 
(3) hepatic-based coagulopathy defined as an INR  
of 1.5 or more not corrected by vitamin K in the 
presence of clinical hepatic encephalopathy or an 
INR of 2.0 or more regardless of the presence or 
absence of encephalopathy. Patients with liver failure 
should be transferred to a pediatric tertiary care center 
with consultation from a pediatric gastroenterology 
specialist.

	D.	 In the patient with elevated liver tests, an abdominal 
ultrasound should be performed early in the evaluation 
and can identify structural problems such as a tumor, 
choledochal cyst, gallstones, or sludge and hydrops of 
the gallbladder.

(Continued on page 236)
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Patient with ELEVATED LIVER TESTS AFTER 6 MONTHS OF AGE

Isolated bilirubin elevation

Elevated indirect bilirubin Elevated direct bilirubin

Urine
coproporphyrin levels

High Normal

NormalAbnormal

Rotor’s
syndrome

Dubin-Johnson
syndrome

Gilbert’s
syndrome

HemolysisLiver failure

Consult pediatric gastroenterologist
Glucose infusion rate of 6–8 mg/kg/min
Treat coagulopathy with fresh frozen
  plasma
Treat hyperammonemia with lactulose,
  neomycin, and rifaximin

No signs of liver failure

Ultrasound

Increased liver tests

Determine presence of liver failure

CBC, total/direct bilirubin, ALT,
AST, GGT, alkaline phosphatase,
albumin, PT/INR

History

Physical examination

(Cont’d on p 237) (Cont’d on p 237)

A

B

C

D

C



236

	E.	 A homogeneous increase in echogenicity of the liver 
is compatible with nonalcoholic fatty liver disease 
(NAFLD) and should be considered in the overweight 
or obese patient. Ten to 20% of children will have 
NAFLD. Additional findings include acanthosis nigri-
cans in up to 50% of children with NAFLD. ALT is 
often twofold elevated when compared with AST. 
However, because children with other chronic liver 
diseases can also be obese, it is important to screen  
for the other liver diseases discussed in Table 1 before 
giving the diagnosis of NAFLD.

	F.	 Choledochal cysts are congenital anomalies consisting 
of dilation of various segments of the extrahepatic bili-
ary tract and can also involve the large intrahepatic bile 
ducts. Choledochal cysts can lead to recurrent cholan-
gitis and cholangiocarcinoma; therefore, surgical cor-
rection is necessary. Cholelithiasis, or gallstones, may 
be related to prolonged total parenteral nutrition, dis-
ease of the terminal ileum, hemolytic disease, hepato-
biliary disease, abdominal surgery, cystic fibrosis, or 
obesity. The stones consist of calcium or cholesterol 
crystals, and ultrasonography usually identifies dilation 
of the intrahepatic and extrahepatic bile ducts, even if 
stones in the common duct are not visualized. Endo-
scopic retrograde cholangiopancreatography can be 
diagnostic, as well as therapeutic, with the removal of 
gallstones or sludge. Cholecystectomy is indicated for 
symptomatic patients.

	G.	 Suspect acute hydrops of the gallbladder in children 
with Kawasaki disease and when ultrasonography dem-
onstrates distention of the gallbladder without calculi 
and with normal extrahepatic bile ducts. Other condi-
tions to consider include streptococcal or staphylococ-
cal infection. Attempt treatment with supportive care 
(intravenous fluids) followed by a low-fat diet before 
considering surgery.

	H.	 The most common cause of cholecystitis is due to cho-
lelithiasis. Cholecystitis can also be caused by a postop-
erative state, burns, and infections with Salmonella 
enterica, Escherichia coli, Streptococcus viridans, Lep-
tospira, Rickettsia rickettsii, Cryptosporidium, Giardia, 
Cytomegalovirus, Candida, and Aspergillus.

	 I.	 A number of potential underlying causative factors ap-
ply to the patient with elevated liver tests and a normal 
abdominal ultrasound. One of the most common causes 
of a transient, mild elevation in liver tests is an intercur-
rent viral illness. Other viral causes of hepatitis are dis-
cussed in the chapter “Infectious Hepatitis”. Persistent 
elevation in liver tests may be caused by a variety of 
underlying chronic liver diseases. These include auto-
immune diseases (autoimmune hepatitis, primary scle-
rosing cholangitis, lupus), genetic diseases (Wilson’s 
copper storage disease, a1-antitrypsin deficiency, cystic 
fibrosis, hemochromatosis, Alagille syndrome), meta-
bolic diseases (tyrosinemia, other inborn errors of  
metabolism, mitochondropathies, fatty acid oxidation 
defects), and storage diseases (glycogen storage disease, 
Niemann–Pick disease, hemophagocytic lymphohistio-
cytosis). The workup for these conditions is outlined in 
Table 1. A liver biopsy is often needed to confirm many 
of these diagnoses. Furthermore, liver histology can aid 
in the diagnosis of nonalcoholic steatohepatitis, con-
genital hepatic fibrosis, and primary familial intrahe-
patic cholestasis. Finally, drug hepatotoxicity has been 
found with various antibiotics (amoxicillin/clavulanate, 
isoniazid, erythromycin, sulfonamides, sulfamethoxazole/
trimethoprim, nitrofurantoin, minocycline), immuno-
suppressive drugs (methotrexate, azathioprine), and  
antiepileptic drugs (valproic acid, Dilantin, carbamaze-
pine). Extrahepatic causes of liver disease include vascu-
lar lesions such as Budd–Chiari syndrome and right-
sided heart disease.

Table 1. Chronic	Liver	Disease	Diagnostic	Workup

Disease Workup	(abnormality	detected	in	disease)

Autoimmune hepatitis ANA, anti-smooth muscle antibody, liver-kidney microsomal antibody (all elevated)
Primary sclerosing cholangitis MRCP or ERCP (biliary strictures)
Wilson’s disease Ceruloplasmin (low), 24-hour urine copper (high), eye examination (Kayser–Fleischer 

rings)
a1-Antitrypsin deficiency a1-Antitrypsin level (low) and phenotype (ZZ, SZ)
Cystic fibrosis Sweat chloride test (high chloride)
Hemochromatosis Transferrin saturation (high), ferritin (high)
Alagille syndrome Echocardiogram (PPS, other), spine radiograph (butterfly vertebrae), eye examination 

(posterior embryotoxon)
Tyrosinemia Urine succinylacetone (high)
Inborn errors of metabolism Serum amino acids and urine organic acids (abnormal)
Mitochondropathy Serum lactate/pyruvate ratio (high)
Fatty acid oxidation defect Acylcarnitine profile (abnormal)
Glycogen storage disease Triglycerides/cholesterol (high), lactate (high), uric acid (high)
Hemophagocytic lymphohistiocytosis CBC (2 of 3 lineages low), triglycerides (high), fibrinogen (low)

ANA, antinuclear antigen; CBC, complete blood cell count. ERCP, endoscopic retrograde cholangiopancreaticogram; MRCP, magnetic resonance 
cholangiopancreaticogram; PPS, peripheral pulmonic stenosis.
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Patient with ELEVATED LIVER TESTS AFTER 6 MONTHS OF AGE
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Vomiting during Infancy
Vincent Mukkada, MD, and Robert E. Kramer, MD

Vomiting is one of the most common signs of illness in in-
fancy. In assessing symptoms, it is important to distinguish 
between true vomiting (the forceful expulsion of stomach/
intestinal contents through the oral cavity) from the more 
common infant regurgitation (“spitting up”), which is  
effortless reflux of gastric contents into the esophagus or 
mouth. Vomiting typically occurs in three stages: (1) a pro-
drome with nausea or other autonomic signs; (2) a period 
of retching; and (3) vomiting with expulsion of emesis.

The first priority in the vomiting infant is to quickly as-
sess hemodynamic stability, because small infants can 
rapidly become dehydrated. Second, the symptoms should 
be defined as either acute or chronic, with acute attacks 
occurring in an otherwise healthy infant raising suspicion 
of new or emergent issues such as infection, anatomic or 
surgical causes, trauma, or metabolic derangements. In 
addition, the character of the emesis (bilious vs. nonbil-
ious) is important to ascertain quickly, because bilious 
emesis suggests intestinal obstruction, which may require 
urgent intervention. Obstruction may still present with 
nonbilious emesis if the site is proximal to the ampulla of 
Vater, as can be seen with hypertrophic pyloric stenosis, 
but these types of obstruction are less likely to be surgical 
emergencies.

	A.	 In terms of history, a comprehensive description of the 
vomiting events is important (how often, how much 
volume, time of onset, single events vs. occurring in 
clusters, degree of forcefulness, presence of bile or 
blood). Feeding details are critical, including timing in 
relation to vomiting (during feeds, associated with 
choking, immediately after feedings, or hours later), 
protein source, volume, frequency, concentration of 
formula, other foods ingested, and whether any foods 
seem to make the vomiting worse. In addition, infor-
mation about associated signs and symptoms such as 
pain, cough, respiratory distress, fever, rash, or nasal 
congestion can help to identify extraintestinal causes of 
vomiting. Questions regarding the infants overall status 
(dry mouth, urine output, activity level in the preced-
ing hours, mental status changes) help to determine 
hydration status and the risk for shock. Infants who 
have a history of abdominal surgery or necrotizing  
enterocolitis (even if in the case of “medical necrotiz-
ing enterocolitis” not requiring resection) should be 

considered to be at greater risk for obstruction from 
adhesions or intestinal stenosis. A careful family history 
specifically directed toward perinatal deaths (suggest-
ing inborn errors of metabolism or adrenal insuffi-
ciency) or surgical disorders such as pyloric stenosis 
may help direct the workup.

	B.	 In the physical examination, the immediate concern is 
assessment of shock; therefore, careful examination for 
pulse, blood pressure, respiratory rate, capillary refill, 
skin color/turgor, status of mucous membranes, pres-
ence of tears, sunken or bulging fontanelle, and urine 
output is crucial. Plotting growth parameters (includ-
ing head circumference, as rapidly expanding head 
circumference should raise suspicion for intracranial 
processes leading to vomiting) will help assess for chro-
nicity of symptoms or presence of underlying organic 
disorders. Rapid decreases in weight compared with 
recent values should be used to help calculate the fluid 
deficit and assess the degree of dehydration. Examina-
tion should focus on other potential causes of vomiting, 
such as acute otitis, upper respiratory infections, or 
signs of neurologic diseases (irritability/lethargy, sei-
zure activity, other focal neurologic abnormalities, nu-
chal rigidity). Abdominal examination should assess for 
signs of obstruction, including firm, distended abdo-
men, high-pitched or absent bowel sounds, or visible 
peristalsis, as well as signs of abdominal tenderness or 
palpable abdominal masses (such as the “olive” classi-
cally associated with pyloric stenosis). If the exam does 
not raise suspicion for an acute surgical abdomen, then 
observation of a feed may be instructive.

	C.	 Initial nonspecific screening tests should include a 
complete blood cell count to gauge index of suspicion 
for an infectious causative agent, a basic metabolic 
panel to assess electrolyte abnormalities/dehydration, 
and a urinalysis to evaluate for dehydration or infec-
tion. In cases of prolonged vomiting, there can be 
hypochloremic alkalosis, which can be worsened by 
excretion of acidic urine as the kidney attempts to 
maintain adequate potassium stores in the face of in-
tracellular potassium deficits. Fluid replacement with 
normal saline and gentle replacement of the potas-
sium deficit is needed to correct this. Alkalinization  
of the urine indicates that potassium replacement is 
sufficient.

(Continued on page 240)
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Infant with VOMITING

Assess severity
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	D.	 In considering the next steps in workup, it is important 
to remember that vomiting can be a symptom of a 
large variety of illnesses. Infectious causes for vomit-
ing include bacterial or viral gastroenteritis, urinary 
tract infections, otitis media, meningitis, upper respi-
ratory infections, pneumonia, and sepsis. Neurologic 
diseases causing increased intracranial pressure, in-
cluding seizures, hemorrhage, intracranial masses, or 
Arnold–Chiari malformations, can present with vomit-
ing. Similarly, a wide variety of endocrine/metabolic 
disorders, including adrenal insufficiency, diabetic  
ketoacidosis, and inborn errors of metabolism such as 
aminoaciduria, galactosemia, and fructosemia, urea 
cycle defects, and disorders of fatty acid metabolism 
(among many others) may also present with infantile 
emesis. Suspicion for metabolic disorders should be 
increased with severe acidosis, hyperammonemia, 
lethargy, or hypoglycemia/hyperglycemia. A variety of 
surgical/anatomic diseases, such as intussusception, 
hypertrophic pyloric stenosis, antral or duodenal webs, 
anatomic duplications, malrotation with volvulus,  
inguinal hernia, cholecystitis, annular pancreas, or  
vascular rings, can present with profuse vomiting. In-
tractable vomiting can also occur after trauma, either 
to the abdomen or to the head, and abuse needs to be 
considered in the absence of other identified causes. 
Allergic disease can present with emesis and should be 

considered especially if there is evidence of worsening 
with particular food. At its most severe, diseases  
such as food protein–induced enterocolitis can mani-
fest with a shock/sepsis-like presentation, with profuse 
vomiting generally following reintroduction of a food 
after a period without exposure. A variety of gastroin-
testinal disorders such as gastroesophageal reflux, pan-
creatitis, eosinophilic gastrointestinal disease, gastritis, 
peptic ulcer disease, inflammatory bowel disease, or 
celiac disease can present as vomiting in infancy. A 
variety of toxins, both accidental exposures and thera-
peutic misadventures, can lead to vomiting; therefore, 
a careful history of all possible exposures is crucial.
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No cause of
vomiting
identified

Obtain:
  3 way abdominal
  radiograph

Obtain:
  Abdominal (pyloric)
  ultrasound or
  upper GI series

Consider:
  Upper GI
     series
  Endoscopy
  Ultrasound
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  pyloric
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Consult:
  Pediatric surgeon
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  Renal disorder

Consider:
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Elevated BUN,
abnormal UA,

or acidosis

Assess findings

Infant with VOMITING

Abnormal
findings

Normal
findings

Improved Not improved

Identify:
  Milk protein
     intolerance
  Food allergy

Consider:
  Feeding team
  evaluation

Consider:
  Trial of
  hypoallergenic or
  elemental formula

Surgical
conditions

Medical
conditions

(Cont’d from p 239)

D
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Vomiting after Infancy
Barrett H. Barnes, MD, and Edward J. Hoffenberg, MD

Vomiting involves the expulsion of stomach contents 
through the mouth. Retrograde gastric contractions are 
triggered by the central nervous system (CNS) vomiting 
centers. These centers can be stimulated through multi-
ple pathways, such as gastrointestinal irritation and dis-
tention, the vestibular system, central nervous system  
abnormalities, and stress. Vomiting can be characterized 
as bilious or nonbilious (Table 1). Bilious vomiting occurs 
when green or yellow bile is present in the vomitus.  
Bilious vomiting usually indicates a process distal to the 
ligament of Treitz. In nonbilious vomiting, anatomic 
causes occur proximally to the ampulla of Vater, the point 
of bilious drainage into the intestine. Vomiting can also  
be characterized as bloody or nonbloody (bright red,  
maroon, or coffee-ground appearance).

	A.	 In the patient’s history, ask about the onset, frequency, 
severity (quantity and forcefulness), and timing of vomit-
ing. Identify precipitating factors, such as feeding, cough, 
or activity. Note associated symptoms, such as abdominal 
pain, abdominal distention, alterations in mental status, 
bloody stools, coryza, constipation, cough, diarrhea, dys-
uria, failure to thrive, fever, headache, jaundice, polydip-
sia, and urinary frequency. Consider Reye syndrome  
with a recent history of chickenpox or influenza syn-
drome. Vomiting associated with bloody stools and inter-
mittent abdominal pain suggests intussusception. Night-
time vomiting suggests a central nervous system disorder 
or possible exposure to a toxin (carbon monoxide poison-
ing). Identify predisposing conditions, such as hepatitis, 
inflammatory bowel disease, necrotizing enterocolitis, 
pregnancy, prior abdominal surgery, and sickle cell  
disease. Precipitating factors include current medications, 
ingestions (acetaminophen, salicylate), and toxins (lead). 
In adolescence, suspect bulimia or superior mesenteric 
artery syndrome when vomiting is associated with marked 
weight loss.

	B.	 In the physical examination, assess the circulatory 
and hydration status (Table 2) by ascertaining blood 

pressure, pulse, respiratory rate, capillary refill, skin 
color and turgor, tears, fullness of the fontanelle, and 
urine output. Plot the child’s height, weight, and head 
circumference on a growth grid to identify cases with 
failure to thrive or rapid head growth. Assess the men-
tal status and note any irritability, lethargy, seizures, 
papilledema, retinal hemorrhage, ataxia, and focal neu-
rologic signs. Assess the abdomen for any peritoneal 
signs such as distension, discoloration, or marked  
tenderness. Perform a rectal examination and note  
the quantity of stool and whether it contains blood 
(Hemoccult positive). Document extraintestinal mani-
festations, such as rash, arthritis, lymphadenopathy, 
hepatosplenomegaly, and infections.

	C.	 Consider a diagnostic workup for infection, systemic 
disorders, and central nervous system disorders. Infec-
tions that can result in persistent vomiting include 
acute otitis media, urinary tract infection, pneumonia, 
sepsis, and meningitis. Systemic disorders with persis-
tent vomiting include hepatobiliary disorders (hepati-
tis, cholangitis, choledochal cyst, cholecystitis), cystic 
fibrosis (meconium ileus equivalent), inborn errors of 
metabolism, and central nervous system abnormalities 
(hydrocephalus, tumors, cerebral edema, increased 
intracranial pressure). Consider also cyclic vomiting 
syndrome.

	D.	 Suspect acute pancreatitis when acute abdominal pain 
radiates deep to the back, is epigastric or right upper 
quadrant, and is associated with vomiting after meals. 
Ascites, abdominal distention, and peritoneal signs may 
be present. Increase of serum amylase and/or lipase 
levels in the setting of normal kidney function suggests 
pancreatitis with possible biliary tract disease. Ultraso-
nography may show inflammation, dilated common bile 
duct or retained stone, or a pseudocyst. Causes of pan-
creatitis include gallstones, acquired or congenital 
structural defects, trauma, metabolic disorders, infec-
tion, vasculitis, hemolytic-uremic syndrome, and drug 
toxicity.

Table 1. General	Causes	of	Vomiting

From Murray KF, Christie DL. Vomiting. Pediatr Rev 1998;19:337.

Nonbilious
Infectious-inflammatory
Metabolic-endocrinologic
Neurologic
Psychologic
Obstructive lesion

Bilious
Obstructive lesion distal to stomach

(Continued on page 244)



Patient with VOMITING (AFTER INFANCY)

Assess degree of illness (Table 2)

ModerateMild

Follow-up:
  Assess in 24–48 h

Very severe

Pubertal female: pregnancy test

Identify:
  Cyclic vomiting
  Functional disorder
  Bulimia
  Pregnancy

Severe

Hospitalize,
supportive care

Assess onset/pattern

Acute

Consistent with gastroenteritis, constipation
or food poisoning, otitis media, or toxin exposure?

Treat with supportive care
and antibiotics if appropriate

Yes
No

Persistent/protracted

Consider:
  Amylase/lipase
  BUN and creatinine
  CBC with differential
  Chest radiography
  Cranial CT
  Electrolytes, glucose
  Urinalysis and culture
  Venous pH

Stabillize:
  Circulatory support
  Hospitalize in ICU

History

Physical examination

No abnormal
results

(Cont’d on p 245)

Acidosis/electrolyte
abnormality or

altered sensorium
(Cont’d on p 245)

Pneumonia
(p 754)

Elevated
amylase or lipase

Hyperbilirubinemia Elevated
potassium

Elevated BUN
and creatinine or

abnormal
urinalysis

Identify:
  Renal failure
  Urinary tract
     infection

Identify:
  Biliary tract
    disease
  Hepatitis (p 588)

Identify:
  Adrenal disorder

Identify:
  Pancreatitis
    (p 592)

A

B

C

D
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	E.	 Constipation can present with abdominal pain and 
vomiting. Suspect pediatric constipation if irregular, 
hard, or very large bowel movements or physical  
examination suggests fecal impaction.

	F.	 Suspect Reye-like syndrome or metabolic disease 
when the patient has persistent vomiting, hyperven-
tilation, and altered mental status (confusion, com-
bativeness, disorientation, stupor, coma) in associa-
tion with hepatic dysfunction (increased serum 
transaminases, protime, and ammonia), acidosis,  
hypoglycemia, and lack of ketones despite dehydra-
tion and fasting.
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Table 2. Degree	of	Illness	in	Vomiting	after	Infancy

Mild Moderate Severe Very	Severe

Previously healthy child  
with no signs of bacterial 
infection, systemic disor-
der, or dehydration

Signs of bacterial 
infection

OR
Systemic disorder
OR
Vomiting longer 

than 1 week
OR
Growth failure/

weight loss

Signs of dehydration
OR
Intestinal obstruction
OR
Acidosis
OR
Electrolyte  

abnormalities
OR
Altered mental  

status: lethargy, 
confusion,  
disorientation

Signs of shock
OR
Altered mental status:
unresponsive, too weak to 

feed, seizures, signs of 
meningeal irritation
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Obtain:
  Three-way abdominal radiography
Consider:
  Ultrasonography
  Upper GI series

Identify medical disorders:
  Abscess
  Gastroesophageal reflux
     (p 584)
  Inflammatory bowel
     disease (p 578)
  Peptic ulcer disease
  Pneumonia (p 754)
  Constipation (p 214)

Identify surgical disorders:
  Hiatal hernia
  Acute hydrops
  Appendicitis
  Esophageal stricture, foreign
     body, achalasia
  Intestinal obstruction
  Intussusception
  Perforated viscus
  Volvulus/malrotation

Identify:
  See elevated
  liver tests (p 234)

Identify:
  Metabolic
     disease
     (p 684, 688)

Identify:
  Infections
     Meningitis (p 638)
     Encephalitis
     Sepsis
CNS abnormalities
  Edema
  Hydrocephalus

Consider:
  Ammonia
  Blood culture
  Liver function tests, PT/INR
  Lumbar puncture
  Tox screen
  Serum amino acids
  Urine organic acids
  Acyl carnitine profile

Patient with VOMITING (AFTER INFANCY)

No abnormal results
(Cont’d from p 243)

Acidosis/electrolyte abnormality
or altered sensorium
(Cont’d from p 243)

Acidosis
alone

Consult:
  Surgeon

Elevated
ammonia/
abnormal

liver function

Abnormal amino
or organic acids
or acyl camitine

profile

CSF abnormalities
or positive cultures

or abnormal
cranial CT

E

F
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Vaginitis
Stephen M. Scott, MD, FACOG

Vulvovaginitis is the most common genital complaint 
among prepubertal girls seen in an ambulatory setting. By 
far the most common cause is due to infection, coupled 
with a lack of estrogen, leading to thin atrophic mucosa 
that is prone to recurrent flares. Misdiagnosis and im-
proper treatment can lead to persistence of symptoms and 
frustration for the child and parents. It is important to 
distinguish the common forms of vulvovaginitis from rarer, 
but more serious causative factors.

	A.	 A thorough history and external genital examination in 
the office will often lead to the diagnosis of prepubertal 
vulvovaginitis. Symptoms include intermittent genital 
itching or pain. Dysuria from skin contact with acidic 
urine may lead to hesitancy and retention. Erythema of 
the vulva and vaginal mucosa may come and go, and  
yellow–green discharge may be seen coming from the 
vagina or on the underwear. Fever is uncommon unless 
the vaginitis is accompanied by genitourinary infections 
from the same bacteria. If in an acute cycle, the physical 
examination should reveal inflamed mucosa. Excoria-
tions are possible if the child is scratching excessively. A 
gentle collection of discharge may reveal basal epithelial 
cells and numerous white blood cells indicating prepu-
bertal estrogen levels and inflammation, respectively. 
Yeast is almost never a cause of vaginitis before puberty. 
Immunocompromised states such as diabetes or leuke-
mia should be ruled out if yeast is found on a wet prep.

	B.	 Because the gastrointestinal flora is the bacterial origin 
for these infections, the genital area will always be 
colonized. Therefore, treatment with antibiotics should 
be reserved only for acute stages of inflammation and 
is not the long-term solution. A broad-spectrum antibi-
otic, such as amoxicillin/clavulanic acid or clindamycin, 
is most effective if needed. The primary treatment of 
vaginitis is aggressive skin care to reduce bacterial con-
tact with the mucosa. Initially, multiple daily sitz baths 
will dilute bacterial concentration in the genital area. 
After every immersion soak, application with any skin 
emollient will provide a barrier to prevent remaining 
bacterial contact with the mucosal layer. Adding baking 
soda or oatmeal to the baths may provide some initial 
symptomatic relief, but plain water is more than ade-
quate treatment. Parents need to understand that the 
low estrogen environment will persist until puberty, 
and sitz baths and emollient application will need to 
continue (with lesser frequency eventually) until ovar-
ian estrogen production begins. If discharge and symp-
toms persist, then other causes should be ruled out.

	C.	 Estrogen stimulation of the genital area can lead to 
cervical mucus and vaginal transudate production, and 
may be mistaken for infectious vulvovaginitis. The 
acidification of the vaginal environment may lead to 
irritation of the mucosa and vaginitis symptoms until 

the mucosal layer has matured. The presence of estro-
gen may be physiologic in the first 2 months of life 
under the influence of maternal estrogen, and vaginal 
mucous production may be an early sign of puberty in 
young adolescents. Clues to distinguish pubertal dis-
charge from prepubertal vulvovaginitis include second-
ary sexual signs such as breast tissue stimulation and/or 
the presence of superficial epithelial cells and lactoba-
cilli on a vaginal wet prep. Any child between 3 months 
and 8 years of age should not have estrogen present. If 
seen, they need a workup for precocious puberty.

	D.	 Careful history should include discussion of sexual 
contact to rule out sexually transmitted infections as a 
source of infection. Disruption of the hymen or peri-
neal trauma should prompt the collection of gonorrhea 
and chlamydia samples, and a serum human immuno-
deficiency virus (HIV) screening. Sexually transmitted 
infection workup should also be performed if a wet 
prep reveals trichomoniasis.

	E.	 Foreign bodies should be suspected if symptoms per-
sist despite aggressive skin care for vaginitis. It may be 
suspected at the outset if severe odor and copious dis-
charge is noted on examination. Patients may be reluc-
tant to reveal placement, so sexual contact must be 
broached in this setting as well. Office evaluation may 
note the foreign body at the introitus and be removed 
easily. If the initial examination is negative, but a for-
eign body is still suspected, a vaginal flush with warm 
saline through a pediatric feeding tube connected to a 
large syringe may dislodge the object to the outside.  
If this does not achieve the goal, then a complete  
visualization of the vagina is necessary to rule out a 
foreign body. Although pediatric speculums, otoscopes, 
or laryngoscopes may provide visualization in the  
office, a vaginoscopy under sedation will allow for the 
best visualization of the upper vagina and cervix.

	F.	 Lichen sclerosis can resemble vaginitis in its early 
stages. In later stages, the physical findings will evolve 
to show the typical leathery, parchment-like appear-
ance of the skin located in an “hour glass” shape 
around the vulva and rectum. If left untreated, the 
vaginal entrance may become stenotic and create  
future problems, so early recognition and treatment is 
important. A moderate potency steroid cream, such as 
Temovate 0.05%, can be initiated with nightly applica-
tions for a few weeks. After that, a low-potency steroid 
cream, such hydrocortisone or betamethasone, should 
be used and tapered to the lowest frequency possible.

	G.	 Labial adhesions are often present in the face of chronic 
irritation. Thus, they are frequently associated with vul-
vovaginitis. Oftentimes the adhesions are asymptomatic; 
therefore, the urge to separate should be resisted. Skin 
care with sitz baths and emollients should be the first line 
of treatment to address the underlying vulvovaginitis. 



Skin care should result in no further advancement in the 
adhesions if not in resolution. If symptoms are present 
such as pain with activity, recurrent urinary tract infec-
tions, or dribbling “accidents” after urination, then addi-
tional treatment may be used on top of baseline treat-
ment. Topical estrogens and low-potency steroid creams 
may be substituted for one of the emollient applications 
to mature mucosa and reduce inflammation, respec-
tively. Once symptoms have resolved, the emollient 
should be reintroduced. Blunt separation should be 
avoided because it leaves large areas of desquamated 
mucosa that rescar a majority of the time. Sharp dissec-
tion after estrogen and steroid cream priming will pro-
vide the least mucosal disruption and best chance for 
healing without adhesion reformation.
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Patient with VAGINITIS
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Estrogenized?

Vaginitis
Sexual contact
Foreign body
Lichen sclerosis
Labial adhesions

Infancy
Puberty
Precocious puberty

A

B
CD

E

F
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Dysuria
Alison Brent, MD, and Meegan Leve, MD

Dysuria is defined as discomfort with urination often  
described as pain, burning, or stinging. Internal dysuria is 
the feeling of pain inside the body, and it occurs before 
or at the initiation of voiding. External dysuria is the feel-
ing of pain after the initiation of voiding and may be felt 
as urine passes over inflamed external genitalia. Internal 
dysuria usually localizes to disorders of the bladder or 
urethra. External dysuria may be more suggestive of 
vaginitis, balanitis, or external genital lesions. Practically 
speaking, it may be difficult for children to distinguish 
internal from external dysuria.

Parents of preverbal children interpret nonspecific 
signs or symptoms such as crying with passage of urine as 
being reflective of dysuria. Verbal children who report pain 
with urination may have dysuria or pruritus. Adolescents 
most accurately report dysuria and more often than not 
have conditions related to the genitourinary (GU) tract.

CAUSES OF DYSURIA

Dysuria can be caused by myriad conditions in children, 
related to both infectious and noninfectious conditions, as 
referenced in Table 1. Most causes of dysuria are related to 
the GU tract and usually are benign, self-limited, or easily 
treatable. Systemic disease associated with dysuria or infec-
tious causes extending beyond the GU tract can be serious 
and potentially life-threatening.

Localized Causes

Irritant

Topical or systemic exposure to a wide variety of agents has 
been reported to cause localized irritation in the GU area 
and may present as dysuria. Potential chemical irritants 
include bubble bath, scented soaps, and detergents, as well 
as systemically absorbed medications. Mechanical irritants 
include douching, prolonged exposure to wet diapers or 
undergarments such as with swimming, enuresis, and 
wearing tight clothing or nylon.

In infants and younger children who are not yet toilet 
trained, irritants can cause diaper dermatitis. Physical ex-
amination (PE) demonstrates erythema of the areas of skin 
that come into contact with the diaper, such as the perineal 
area, buttocks, lower abdomen, and thighs. Irritant diaper 
dermatitis generally spares the inguinal skin folds, which do 
not directly contact the diaper. In severe cases, superficial 
areas of breakdown or erosions may be noted. In older 
children, irritants can lead to redness of the vulva or vagina 
(vulvovaginitis) in girls, and inflammation of the glans penis 
or foreskin (balanitis or balanoposthitis) in boys. In both 
boys and girls, irritants may cause redness at the urethral 

entrance (urethritis). PE reveals few clues with the excep-
tion of localized minor erythema.

Infectious

Infection is the most common cause of dysuria. Urinary 
tract infection (UTI) is described as lower tract disease 
(cystitis) or upper tract disease (pyelonephritis). Risk 
factors for UTI include uncircumcised boys younger 
than 6 months, girls younger than 2 years, white, fever 
greater than 39° C, and urologic abnormalities. Cystitis, 
infection localized to the bladder or lower urinary tract 
disease, usually presents with dysuria, suprapubic pain, 
and low-grade fever. Hemorrhagic cystitis can be seen 
with bacteria, as well as with adenovirus infection. This 
affects boys more often than girls and causes dysuria, 
frequency, and gross hematuria, which will resolve  
spontaneously in 3 days. Schistosomiasis can cause a 
secondary UTI.

Diaper dermatitis can be related to streptococcal or 
Candida albicans infection. Candidal diaper infections 
present as erythematous plaques with satellite lesions. In 
contrast with irritant diaper dermatitis, Candida generally 
involves the skin folds. Candida infections may be associ-
ated with oral thrush or recent antibiotic use. Streptococ-
cal diaper infections present with a sharply demarcated 
area of erythema and may be associated with perirectal 
fissures. Group A streptococcus is a cause of vulvovaginitis 
and perianal infection in preschool and early school-age 
children. The perineal area is described as “beefy” red. 
Other common symptoms are pruritus, perianal fissures, 
pain with bowel movements, and in girls, dysuria and dis-
charge. Balanoposthitis refers to inflammation of the glans 
penis and foreskin. It can be caused by irritants or infec-
tion. In streptococcal balanoposthitis, the skin is usually 
“beefy” red and may be associated with discharge under 
the foreskin. Candidal balanoposthitis also causes ery-
thema of the skin, often with satellite lesions and white 
discharge.

Enterobius vermicularis is a roundworm commonly 
known as pinworms or seatworms. Pinworms live in the large 
intestines, but at night, female pinworms lay eggs in the 
perineal, perianal, and vaginal areas. This can lead to vaginal 
irritation, dysuria, significant pruritus, and subsequently, 
sleep disturbance.

Minor Trauma

Minor urethral trauma is a relatively common cause of 
dysuria. Masturbation, sexual intercourse, and sexual 
abuse may result in trauma to the urethra. PE reveals 
minimal findings with the exception of localized ery-
thema or a superficial abrasion or laceration. Foreign 
bodies can cause nonspecific vaginitis. There may be  
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ALGORITHM 1: EVALUATION OF DYSURIA

Complete PE including
GU examination

PE diagnostic?

Consider and treat
  Trauma
  Foreign body
  Diaper dermatitis
  Balanitis
  Local irritation
  Anatomic

Vesicle or
ulcerative
lesion?

Evaluate for HSV
Obtain culture

Culture (+)
HSV?

Treat for
HSV

Outpatient follow-up
Symptomatic care
Consider:
  Non-herpetic ulcerative
     lesions
  SJS
  Behçets

Consider:
  Candida vulvovaginitis
  Streptococcal infection
  Balanitis
  Foreign body

Vaginal or
urethral

discharge?

Sexually
active or suspect

abuse?

Check UA, UC,
wet mount, KOH,
and STD testing

(see p 62)

Consider:
  Treatment of STD,
  PID, urethritis,
  vaginitis

Obtain UA and UC

Screen
suggestive of

UTI?

Empiric antibiotics
× 48 hrs pending

UC results

UC positive?

Complete therapy
for cystitis or
pyelonephritis

Consider:
  Dysfunctional
     voiding
  Pinworms
  Psychogenic
  Sexual abuse

Consider:
  Viral cystitis
  Irritant

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

No

No

No

No

No

an associated bloody discharge. Common foreign bodies 
include retained toilet paper remnants, tampons, and 
condoms. Straddle injuries are common in children and 
occur when a child straddles an object during a fall such 
as a bike or monkey bars. This results in local trauma to 
the urogenital area. Straddle injuries can be penetrating 
or nonpenetrating. Nonpenetrating injuries are most 
common and result in superficial lacerations or abrasions 
to the labia in girls and scrotum or penis in boys. Pene-
trating injuries are more serious and extensive, and need 
to be differentiated from sexual assault.

Anatomic

Labial adhesions are common in young girls, with the 
greatest incidence being infants up to age 2 years. Adhe-
sions frequently occur as a result of exposure to a wet 
diaper but can also occur after other minor trauma  
or irritation. Adhesions are usually asymptomatic but 

may result in dysuria if microtears are present. PE is 
diagnostic.

Meatal stenosis/urethral stricture is common in circum-
cised boys. It may occur as a result of chronic inflammation 
to the meatus, such as extended exposure to a wet diaper. 
Meatal stenosis/urethral stricture may not be detected 
until after toilet training. Boys may notice “difficult-to-aim 
stream,” hesitancy, urgency, dysuria, or spots of blood on 
their underwear. It is not usually associated with significant 
obstruction or recurrent UTIs. Diagnosis is by evaluation 
of the meatal size, which may be difficult on examination, 
and observation of voiding.

Behavior/Functional

Voiding dysfunction is thought to be due to behavioral issues 
that occur during toilet training and affect the normal devel-
opment of urinary control (see Enuresis, p. 70).
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Systemic Causes

Pyelonephritis or upper urinary tract disease usually presents 
with evidence of systemic illness including fever greater than 
39° C. PE reveals flank pain and tenderness. Patients with 
Stevens–Johnson syndrome (SJS) may have erosive lesions of 
the GU mucosal surfaces and may complain of dysuria or the 
inability to void. Reactive arthritis (ReA), formerly known as 
Reiter syndrome, classically presents as the triad of arthritis, 
urethritis, and conjunctivitis, occurring several days or weeks 
after an enteric or urogenital infection. Bacteria that have 
been associated with ReA include Shigella, Salmonella, 
Chlamydia trachomatis, Yersinia, and Clostridium difficile. 
ReA is rare in the pediatric population and usually occurs 
after an enteric infection, until the adolescent age group 
when it more often follows a urogenital infection. The ure-
thritis is culture negative because it is postinfectious in na-
ture, and may cause dysuria or pelvic pain.

Behçet syndrome is a multisystem inflammatory disease 
characterized by recurrent aphthous ulcers, genital ulcers 

of varying size with yellow necrotic center and surrounding 
erythema, and uveitis. Genital lesions generally occur after 
oral lesions and are less painful. The lesions commonly  
occur in the scrotum in boys and the vulva in girls. Genital 
lesions often heal with scarring.

Any obstructive uropathy (renal calculi, posterior ure-
thral valves, etc) can have ongoing illness with fever, dys-
uria, and ultimately renal failure. Posterior urethral valves 
are obstructing membranous folds within the lumen of the 
posterior urethra that are the most common causative fac-
tor of urinary tract obstruction in the male newborn. Renal 
stones present with dysuria, fever, flank pain, vomiting, 
and the child or adolescent will appear systemically ill. 
Rarely, patients with a malignancy (e.g., Wilms tumor) may 
present with dysuria and hematuria.

In dysuria-hematuria syndrome, the child complains of 
dysuria, but the urine is negative for infection but positive 
for microscopic or gross hematuria. This syndrome is most 
commonly seen in children of the toilet training age and 
may reflect hypercalciuria. The cause of this idiopathic  
hypercalciuria is not known. In children with hypercalci-
uria, microcrystallization of calcium with urinary anions 
may result in injury to the uroepithelium with resultant 
dysuria, incontinence, or UTI. There may be an association 
with skeletal diseases, nephrolithiasis, malignancy, human 
immunodeficiency virus, or medications (e.g., vitamin D 
supplements, furosemide loop diuretics).

Antidepressants, both cyclic and selective serotonin 
reuptake inhibitors, may produce GU adverse effects in-
cluding dysuria, frequency, retention, and incontinence. 
The ingestion of turpentine, a hydrocarbon, can result in 
dysuria and hematuria.

EVALUATION

History

The child with dysuria requires a complete history and PE. 
The differential is broad, and historical clues and PE findings 
can help guide the workup.

It is important to ask about minor trauma, though it may 
not be recalled in young children or may be denied in the 
setting of sexual abuse or masturbation. A careful history 
must be obtained in children with straddle injuries and 
then the mechanism of injury correlated with the physical 
findings to rule out sexual assault.

First, ask about exposure to potential chemical and me-
chanical irritants. Obtain detailed information about other 
urinary symptoms in addition to the dysuria, such as fre-
quency, urgency, hesitancy, and stream. In the toilet-
trained child, ask about length of dryness after training, any 
day or nighttime wetting, and leakage. Elicit information 
about voiding patterns, such as holding behaviors, frequent 
voiding, and postponement of voiding. In girls, it is impor-
tant to ask about symptoms of vaginitis such as itching, ir-
ritation, burning, and redness. In boys and girls, ask whether 
discharge is present, and if so, inquire about color, amount, 
and odor. Inquire about prior UTIs, known vesicoureteral 
reflux (VUR), neurogenic bladder, previously undiagnosed 
febrile illness, and constipation. Signs and symptoms of 
UTI vary by age and are listed in Table 2.

Table 1. Causes of Dysuria

Localized Systemic

Irritants 
Diaper dermatitis, vulvovaginitis, ure-

thritis, balanitis, and balanoposthitis 
can all be caused by irritants

Antidepressants
Behçet syndrome

Chemical 
Bubble bath, scented soaps, detergents Dysuria-hematuria syndrome

Idiopathic hypercalcuria

Mechanical
Douching, prolonged exposure to wet 

diaper or undergarments (swimming, 
enuresis), tight clothing or nylon

Malignancy
Pelvic inflammatory disease

Infectious
Balanitis/balanoposthitis Pyelonephritis
Cervicitis Reactive arthritis
Cystitis Renal stones
Diaper dermatitis Stevens–Johnson syndrome
Hemorrhagic cystitis Turpentine
Pinworms
Schistosomiasis
Urethritis
Urinary tract infection
Vulvovaginitis 

Minor Trauma
Abrasion/laceration
Foreign body (tampon, toilet paper, 

condom, etc) 
Masturbation
Sexual activity
Straddle injury

Anatomic
Urethral stricture/meatal stenosis
Posterior urethral valves 
Labial adhesions

Behavioral/Functional
Dysfunctional voiding
Psychogenic

(Continued on page 254)
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Yes

ALGORITHM 2: EVALUATION FOR UTI

Age appropriate UTI symptoms
or practitioner concern

Obtain dipstick and/or UA
+

UC by SPA, CATH, CC
BS (only useful if well appearing,

other collection methods unavailable
and results are negative)

UA
suggestive of

UTI?

Age >28 d*?

Well
appearing and

tolerating
PO?

†Dosing is based on Trimethoprim component

Parenteral antibiotics

Concern
for sepsis?

CBC
Cr if unknown renal function and

diagnosis pyelonephritis
BC (Vol >6.5 ml)

Concern for meningitis: LP

Risk factors UTI
Male: Uncircumcised
          Age <6 mos
Female: Age <2 yr
Race: Caucasian
Fever ≥39° C
Urologic anomalies

Outpatient antibiotics: Short or standard course
First line
Cefixime (Suprax)
Cephalexin (Keflex)
Sulfamethoxazole/Trimethoprim†

   (Bactrim, Septra)

8 mg/kg/d QD or ÷ BID
25–100 mg/kg/d ÷ QID

6–10 mg†/kg/d ÷ BID

Second line
Nitrofurantoin (cystitis only)
   (Macrodantin, Furadantin)
Ciprofloxacin (Cipro)

Inpatient: Parenteral antibiotics
Cefotaxime (Claforan)
                                       Age <7 d
Ceftriaxone
Ampicillin
                                       Age <7 d
Gentamicin Age <1 mos
                   Age 1–2 mos
                   Age ≥3 mos

150 mg/kg/d ÷ TID
100 mg/kg/d ÷ BID
50–100 mg/kg/d ÷ BID or QD
100 mg/kg/d ÷ QID
100 mg/kg/d ÷ BID
3 mg/kg QD
2.5 mg/kg every 12h
1.5–2.5 mg/kg every 8h

5–7 mg/kg/day ÷ QID

20–30 mg/kg/d ÷ BID

Positive urine culture:
Growth of single pathogen
SPA     >1000 cfu/ml
CATH  >50,000 cfu/ml
CC       ≥10,000 cfu/ml

Consider
alternative causes

of dysuria

* Management of
infants age 28–90 d
varies; either IP or
OP management

Empiric oral
antibiotics × 48 hrs
pending UC results

Follow-up PCP
Check hydration status
Check UC
Adjust antibiotics per C and S
Assess response in 48–72 hrs
If responding clinically, repeat
UC not indicated

Yes

Yes

No

No

No Yes
Discharge home

Admit inpatient/ICU/observation
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In adolescents, obtaining a sexual history is crucial to 
inquire about sexual activity, number of partners, history of 
prior sexually transmitted infections (STIs), condom use, 
and use of over-the-counter products, such as spermicidal 
agents, douches, and creams.

When a child has dysuria in addition to systemic symp-
toms, it is important to rule out significant systemic illness 
including SJS, ReA, Behçet syndrome, pelvic inflammatory 
disease (PID), and pyelonephritis. In this case, inquire for 
the presence of prodromal complaints (fever, sore throat, 
chills, headache, malaise, vomiting, and diarrhea) or sys-
temic symptoms (rash, swollen joints, mucocutaneous  
lesions, abdominal pain).

The clinical presentation of posterior urethral valve  
is variable and often is diagnosed on prenatal ultra-
sound. In neonates, query anuria, poor or dribbling 
urine stream, abdominal distention, or failure to thrive. 
Severely affected male infants may present with urosep-
sis, dehydration, electrolyte abnormalities, or failure to 
thrive. Toddlers often present with voiding dysfunction 
or UTI, and school-age boys usually are identified  
because of urinary incontinence.

PHYSICAL EXAMINATION

The PE should target the abdominal and GU areas. It is 
also essential to evaluate skin, mucous membranes, 
joints, and spine for signs of systemic infection. The ab-
domen should be palpated for the presence of a mass or 
tenderness, including costovertebral angle (CVA) ten-
derness and suprapubic tenderness. GU examination can 
be diagnostic and direct the remainder of the evaluation. 
It is important to ensure patient comfort and maximum 
visualization. In girls, the GU examination is best per-
formed in the lithotomy position for adolescents and in 
the frog leg position for younger children. Good lighting 
is essential. Palpate for inguinal lymphadenopathy. Ex-
amine the external genitalia of girls for erythema, edema, 
excoriations, abrasions, and bruising. In boys, inspect the 
penis for redness, lesions, discharge, and size of the ure-
thral opening. Visualize the rectum in boy and girls, and 
the scrotum in boys. In girls, inspect the vaginal introitus 
for erythema, foreign body, lesions such as vesicles, and 

the presence of discharge. Remember that the vagina in 
prepubertal girls is normally more reddened, becoming 
lighter pink after puberty. Evaluate for the presence of 
discharge. Discharge can be normal in adolescent girls. 
This physiologic discharge is usually clear to white and 
does not stick to the vaginal walls, but rather accumu-
lates in the posterior fornix. In sexually active adolescent 
girls, a speculum must be used to visualize the cervix. A 
bimanual examination, including evaluating for cervical 
motion tenderness, is also needed if evaluating for PID 
(see Sexually Transmitted Infections, p. 62).

Most straddle injuries are superficial, unilateral, and 
often involve the anterior portion of the genitalia in both 
girls and boys. Most straddle injuries in girls involve the 
mons, clitoral hood, and labia minora anterior or lateral 
to the hymen. Straddle injury to the hymen or posterior 
fourchette is rare and should raise the specter of sexual 
assault. Knowledge of normal hymenal variants is crucial 
for the distinction between normal and abnormal find-
ings. Examination of straddle injuries can be hampered 
by pain and anxiety. Anxiolysis and local pain control  
(2% lidocaine jelly) may be needed for moderate injury, 
whereas procedural sedation and analgesia or general 
anesthesia may be necessary for complex injuries.

Clinical Evaluation

Many of the causes of dysuria can be suggested by history, 
in the case of irritant exposure, or PE in the case of 
trauma, foreign body, or anatomic disorders. However, in 
certain cases, further laboratory testing and evaluation will 
be needed to confirm the cause.

Febrile girls younger than 2 years, febrile boys 
younger than 6 months, or patients of any age with dys-
uria in the absence of discharge or lesions should have a 
urinalysis (UA) and urine culture (UC) obtained. Even 
in patients with historical findings suggestive of dysfunc-
tional voiding, a UA and UC should be obtained, be-
cause patients may have a concomitant UTI. The pres-
ence of labial adhesions may present a quandary because 
these are usually asymptomatic; thus, a UA and UC 
should be obtained to rule out infection as a cause of the 
symptoms. Notably, there is considerable overlap in the 
patient’s report of symptoms of vulvovaginitis and UTIs 
in girls. It is reasonable to start with a UA and UC, but 
keep in mind that pyuria is not specific for UTI. In sexu-
ally active girls with dysuria and abnormal discharge, 
testing for sexually transmitted diseases (STDs) and 
other vaginal infections should be strongly considered 
(see Vaginitis, p. 248).

Evaluation of balanitis or balanoposthitis in boys is 
usually clinical. If a history of irritants is elicited, no fur-
ther testing may be needed. Gram stain and bacterial 
culture and potassium hydroxide (KOH) prep can be 
done to distinguish streptococcal and candidal infections. 
Sometimes it may be difficult to distinguish true urethral 
discharge from exudate or transudate of the foreskin as-
sociated with balanoposthitis. In sexually active adoles-
cent boys with dysuria and abnormal discharge, a wet 
mount, Gram stain, and STI testing should be performed 
(see Sexually Transmitted Infections, p. 62).

Table 2.  Signs and Symptoms of Urinary Tract 
Infection by Age

,3 mo 3 mo to 3 yr 3–10 yr

Fever Fever Fever/chills
FTT FTT Frequency
Loose stool Diarrhea Hematuria
Vomiting Vomiting Vomiting
Jaundice Strong smell urine Strong smell urine
Poor feeding Abdominal/flank pain Abdominal/flank pain
Irritability Urinary incontinence Urinary incontinence

Dysuria Dysuria
Urgency Urgency
Suprapubic discomfort Suprapubic discomfort
CVA discomfort CVA discomfort

CVA, costovertebral angle.
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Laboratory Evaluation

Diagnostic studies for potential UTI include a UA and UC. 
Indications for a UA are outlined in Table 3.

Appropriate mechanisms for collection are outlined in 
Table 4. In non–toilet-trained children, specimens ideally 
are obtained by suprapubic aspiration (SPA) or catheter-
ization (CATH). In this group, bag specimens (BS) are 
useful only in well-appearing infants and children when 
other collection methods are unavailable and results are 
negative. If results are positive or sample is contaminated, 
a specimen obtained by SPA, CATH, or clean catch (CC) 
is necessary for accurate diagnosis. For toilet-trained  
patients, a CC specimen may be used with appropriate 
cleaning technique.

UA can be obtained by one of three methods: dipstick, 
standard, or enhanced as detailed in Table 5. A dipstick UA 
is easy and readily available. The presence of leukocyte es-
terase is suggestive of a UTI but not diagnostic. Nitrite is 
highly specific, but a negative test is not reliable. Always 
send a UC if dipstick negative but high clinical suspicion of 
a UTI. Remember that the presence of pyuria is nonspecific 

and can occur in conditions other than UTI, such as appen-
dicitis, STI, trauma, foreign body, chemical irritation, or 
systemic illnesses associated with urethritis.

A UC is the gold standard for diagnosis of a UTI. A 
positive UC is defined as the growth of a single pathogen 
with colony counts meeting one of three criteria: .1000 
colony-forming units (cfu)/ml from UC obtained by SPA, 
.50,000 cfu/ml from UC obtained by CATH, or .100,000 
cfu/ml from high-quality midstream CC. Organisms asso-
ciated with UTIs are detailed in Table 6.

The distinction between yeast and streptococcal diaper 
dermatitis is usually based on PE findings and a trial of 
empiric treatment. However, if the diagnosis is in ques-
tion, a culture of the perineal area can be sent for strepto-
coccal testing. The cellophane tape test can be used to  
diagnose pinworms. The tape is touched to the perineal 
area on awakening on three consecutive mornings. The 
tape is examined under the microscope for pinworm eggs.

Behçet syndrome may be suspected from the history 
and other systemic symptoms. However, it is reasonable to 
send samples from vesicular or ulcerative lesions to rule 
out herpes infection. ReA is generally suggested by con-
stellation of clinical findings in the setting of a recent infec-
tion. It is prudent to ensure that patient has a “sterile” 
urethritis and to send appropriate testing for STDs. The 
diagnosis of SJS is usually clinical.

Dysuria-hematuria syndrome should be evaluated with a 
24-hour urine, calcium, and creatinine excretion. In patients 
with an unrevealing PE and negative UA, possible causes 
include dysfunctional voiding, pinworms, or psychogenic.

TREATMENT

Treatment should be directed at the underlying cause. If 
an irritant cause is identified, it should be removed. If an 
infectious causative agent is found, antibiotics should be 
directed toward the underlying infection. If an anatomic 
defect or dysfunctional voiding is found, the patient should 
be referred to urology. Traumatic injuries usually require 
supportive care. Treatment of the systemic causes of dys-
uria such as SJS, Behçet syndrome, or ReA is beyond the 
scope of this chapter.

Table 4. Mechanism of Urine Collection

Suprapubic aspiration (SPA): most reliable
Use for labial or penile adhesions
Catheterized specimen inconclusive

Catheterization of bladder (CATH): alternative to SPA
Clean Catch (CC): toilet-trained and appropriate cleaning technique
Bag specimens (BS): useful only if well appearing, other collection 

methods unavailable, and results are negative; if results are positive 
or sample contaminated, need to obtain urine via SPA, CATH, or  
CC for diagnosis

Table 5. Urinalysis Methods

Characteristics Dipstick Standard Enhanced

Mechanism Dipstick Centrifuged urine, no 
Gram stain

Uncentrifuged urine  
1 Gram stain 1 
hemocytometer

Pyuria Leukocyte esterase:  
suggestive but not  
diagnostic for urinary 
tract infection

$5 white blood cells/
high-power field 
(WBC/HPF)

$10 WBC/mm3

Bacteriuria Nitrite: highly specific 
but negative test not 
reliable

Any bacteria/HPF (but 
correlates poorly 
with Gram stain and 
culture)

Any bacteria/10 oil  
immersion fields of 
Gram-stained urine

Sensitivity Moderate Low Optimal sensitivity and 
specificity

88% but not specific ,81%
Availability Wide Wide Limited

Table 3. Indications for a Urinalysis

,2 mo All febrile infants or if parental concern about crying 
with urination

2 mo to 2 yr Fever $2 days without source with or without dysuria
.2 yr Girls with dysuria and urinary symptoms
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Table 8.  Inpatient Therapy: Parenteral Antibiotics 
for Urinary Tract Infection

Cefotaxime (Claforan) 150 mg/kg/day divided tid
Age ,7 days 100 mg/kg/day divided bid

Ceftriaxone 50–100 mg/kg/day divided bid or once daily
Ampicillin 100 mg/kg/day divided qid

Age ,7 days 100 mg/kg/day divided bid
Gentamicin

Age ,1 month 3 mg/kg once daily
Age 1–2 months 2.5 mg/kg every 12h
Age $3 months 1.5–2.5 mg/kg every 8h

If the UA and clinical evaluation are suggestive of infec-
tion, it is reasonable to start antibiotics pending culture 
results. Oral antibiotics are appropriate for simple cystitis as 
detailed in Table 7. In patients with pyelonephritis, the 
decision to start oral versus intravenous (IV) antibiotics 
depends on the age of the patient and the severity of illness. 
In general, infants younger than 28 days warrant hospital-
ization and IV therapy, whereas those age 28 to 90 days may 
be treated as outpatients or inpatients. Patients of any age 
with pyelonephritis who are vomiting, are dehydrated, have 
severe abdominal pain, or are otherwise ill appearing 
should be hospitalized. Initial antibiotics in the hospital are 
usually initiated IV and detailed in Table 8. Oral antibiotics 
can be considered in the hospital setting if there is no con-
cern for sepsis or meningitis, patient has normal renal func-
tion, is not immunosuppressed, and can tolerate oral medi-
cation and fluids. Other supportive therapies should be 
given as needed, such as IV fluids or antipyretics.

In patients in whom initial antibiotic therapy is IV, tran-
sition can be made to oral antibiotics after 3 to 5 days or 
once fever begins to defervesce. However, no randomized, 
controlled trials address the length of IV treatment in pa-
tients younger than 28 days. It appears safe to give IV an-
tibiotics for 3 to 5 days if there is no meningitis and the 
patient is clinically improving.

A patient who is well appearing with pyelonephritis and 
can tolerate oral medications can be treated as an outpa-
tient with oral antibiotics. Several studies have shown that 
oral antibiotics are equivalent to IV antibiotics in terms of 
time to symptom improvement, urine sterility, and renal 
scarring. In addition, an initial dose of intramuscular cef-
triaxone in patients who will be treated on an outpatient 
basis does not hasten clinical improvement or prevent  
admission. Pyridium can be added in children older than  
6 years to relieve symptoms of dysuria.

The choice of initial antibiotic therapy depends on  
the susceptibility patterns in your area. For options, see 
Tables 7 and 8. Antibiotic therapy may need to be adjusted 
based on the culture results and sensitivity testing. In  
patients with simple cystitis or lower UTI, a short course 
(2–4 days) of antibiotics has been shown to be as effective 
as the standard course (7–14 days). For pyelonephritis, the 
total duration of therapy should be 10 to 14 days. Repeat 
UC is not needed if responsive to therapy.

Irritant diaper dermatitis can be treated with topical zinc 
oxide or products that contain petrolatum. The treatment of 
candidal diaper rash or balanitis is topical antifungals. The 
first-line treatment of pinworms is mebendazole. Patients can 
be retreated in 2 weeks if symptoms persist. Household con-
tacts must also be treated and bedding must be washed. The 
treatment of streptococcal infections of the GU area such  
as balanitis or perianal infection is amoxicillin/clavulanate 
because there may be other beta-lactam–resistant bacteria 
colonizing the perineal skin.

Because many cases of labial adhesions spontaneously 
resolve, they often can be managed with observation alone. 
However, if treatment is indicated, a topical estrogen 
cream may be used. If conservative management does not 
result in resolution of the adhesions, referral to a urologist 
may be considered. For treatment of STIs, PID, and vagi-
nitis, see Sexually Transmitted Infections (p. 62).

Table 6.  Organisms Associated with a Urinary Tract 
Infection

Gram-Negative Organisms
Escherichia coli (most common, .80% first UTI)
Klebsiella spp. (next most common organism)
Proteus spp.
Pseudomonas spp. (,2 %)
Enterobacter spp. (,2 %)

Gram-Positive Organisms
Enterococcus spp.
Coagulase-negative staphylococcus
Staphylococcus aureus
Group B streptococci

Fungal
Candida spp. (usually in premature infants)

Organisms Considered Contaminants
Lactobacillus spp.
Corynebacterium spp.
Coagulase-negative staphylococci
Micrococcus
Diphtheroids
Bacillus spp.

Table 7.  Outpatient Therapy: Oral Antibiotics 
for Urinary Tract Infection

First Line
Cefixime (Suprax) 8 mg/kg/day once daily or divided 

bid
Cephalexin (Keflex) 25–100 mg/kg/day divided qid
Sulfamethoxazole/Trimethoprim* 

(Bactrim, Septra)
6–10 mg*/kg/day divided bid

Second Line
Nitrofurantoin (cystitis only) 

(Macrodantin, Furadantin)
5–7 mg/kg/day divided qid

Ciprofloxacin (Cipro) 20–30 mg/kg/day divided bid

*Trimethoprim component
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Hematuria
Nimisha Amin, MD, and Joshua J. Zaritsky, MD, PhD

Microscopic hematuria can be a common finding within a 
general pediatric practice and is generally benign in nature. 
Gross hematuria is much more distressing to the patient 
(and physician), but fortunately is not quite as common. 
The purpose of this chapter is to review the definition, 
common causes and evaluation of hematuria. This chapter 
also provides guidelines as to when a referral to a pediatric 
nephrologist is warranted.

DEFINITION

Hematuria refers to the presence of blood in the urine, as 
defined as more than 5 to 10 red blood cells per high-
power field (RBC/hpf). A urine dipstick analysis is a highly 
sensitive measure for detection of blood, but it lacks 
specificity. This translates into a large number of false 
positives, in which case, the urine dipstick is positive, but 
microscopy reveals fewer than 5 to 10 RBC/hpf. This par-
ticular combination can be seen in the following benign or 
pathologic circumstances:

	1.	 Ingestion of certain foods: beets, blackberries, food 
coloring

	2.	 Ingestion of certain medications: chloroquine, ibu-
profen, iron, sorbitol, nitrofurantoin, phenazopyr-
idine, urates or rifampin (which often produces  
orange urine)

	3.	 Hemoglobinuria: often in the setting of hemolytic 
anemia

	4.	 Myoglobinuria: related to muscle damage (rhabdo-
myolysis), often after vigorous exercise or trauma

	5.	 Urinary tract infection: secondary to the action of 
bacterial peroxidases on the dipstick

	6.	 Delay in reading urine dipstick after submersion in 
urine

Given the large number of situations in which a 
positive dipstick may not represent true hematuria, all 
urine samples that test positive on dipstick analysis 
must be sent for microscopy to confirm hematuria. This 
applies in the setting of gross hematuria (where the 
urine may appear red, pink, amber, tea-colored, or 
brown) or with routine dipstick screening at well-child 
examinations.

CAUSES

The differential diagnosis for hematuria is extensive and is 
summarized in Table 1. The following discussion highlights 
some key features of the more common diagnoses. Overall, 
the most common causes for hematuria in children include 
urinary tract infection, benign familial hematuria, IgA ne-
phropathy, and idiopathic hypercalciuria.

Table 1. Causes	of	Hematuria	in	Children

Benign Causes
Benign familial hematuria (“Thin basement membrane disease”)
Transient conditions: exercise, dehydration, fever

Glomerulonephritis
With hypocomplementemia:

Postinfectious glomerulonephritis (PIGN)
Membranoproliferative glomerulonephritis (MPGN)
Systemic lupus erythematosus (SLE)

With normal complement levels:
IgA nephropathy
Alport syndrome
Henoch–Schönlein purpura (HSP)
Wegener granulomatosis
Goodpasture syndrome
Pauci-immune crescentic glomerulonephritis

Lower Urinary Tract Causes
Urinary tract infection/viral hemorrhagic cystitis
Nephrolithiasis
Trauma or foreign body

Hypercalciuria
Idiopathic
Drug induced (furosemide, corticosteroids)
Metabolic disorders

Dent’s disease
Bartter syndrome
Wilson disease
Glycogen storage disease type 1a
Distal renal tubular acidosis (RTA)

Anatomic/Vascular Abnormalities
Hydronephrosis
Ureteropelvic junction obstruction
Arteriovenous malformation
Nutcracker syndrome
Renal vein thrombosis (neonates)
Hemolytic-uremic syndrome (HUS)

Cystic Kidney Disease
Autosomal recessive or dominant polycystic kidney disease
Multicystic dysplastic kidney

Others
Sickle cell trait, disease: papillary necrosis
Drugs/toxins (cyclophosphamide)
Wilms’ tumor
Coagulopathy

Similar to proteinuria, benign and transient causes ex-
ist, and they should be considered early in the investiga-
tion. Examples of transient causes of hematuria include 
exercise, dehydration, and fever.

Hematuria associated with low complement levels is 
restricted to a few specific diagnoses, the most common  
of which are postinfectious glomerulonephritis, lupus ne-
phritis, or membranoproliferative glomerulonephritis. In 
postinfectious glomerulonephritis, the patient classically 
develops tea-colored urine approximately 1 to 2 weeks af-
ter an episode of group A streptococcus pharyngitis or 3 to 
4 weeks after streptococcal impetigo. C3 will initially be 
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depressed, whereas C4 is usually normal. C3 will then 
normalize in the next 6 weeks after initial presentation 
with gross hematuria. Microscopic hematuria may be pres-
ent for up to 2 years after initial presentation. Membrano-
proliferative glomerulonephritis and lupus nephritis will 
also cause hematuria and are associated with both low C3 
and C4.

Among the remainder of normocomplementemic glo-
merulonephritides that cause hematuria, IgA nephropathy 
and benign familial hematuria are by far the most com-
mon. In contrast with the painless gross hematuria seen 
with postinfectious glomerulonephritis, IgA nephropathy 
will produce a “synpharyngitic” gross hematuria, which is 
occasionally painful.

Benign familial hematuria (“thin basement membrane 
disease”) is an autosomal dominant condition often found 
in the setting of a well child (with normal growth, blood 
pressure, and laboratory workup) with family members 
who also have microscopic hematuria. When there is a 
negative family workup, it remains a diagnosis of exclusion. 
As the name implies, it is generally a benign condition; 
however, it does exist along a spectrum of disease related 
to Alport syndrome, given similar findings on renal biopsy 
and disruptions of the gene encoding collagen 4. A patient 
with Alport syndrome may present with gross or micro-
scopic hematuria, in addition to a strong family history  
of renal disease, sensorineural hearing loss, or anterior 
lenticonus on ocular examination. Progression to end-stage 
renal disease ultimately occurs in nearly all affected males 
with Alport syndrome, while female carriers tend to have 
more mild disease.

Some glomerulonephritides causing hematuria will ini-
tially present with more pronounced systemic manifesta-
tions, such as hemoptysis (Wegener granulomatosis, Good-
pasture disease), abdominal pain (Henoch–Schönlein 
purpura), or joint pains/rash (Henoch–Schönlein purpura, 
lupus).

Hematuria secondary to hypercalciuria is also quite com-
mon in the pediatric population and is defined as urinary 
calcium level of more than 4 mg/kg/day in a 24-hour urine 
sample or increase of the urinary calcium-to-creatinine ratio 
as follows: .0.8 in infants younger than 6 months, .0.6 in 
infants 6 to 12 months of age, or .0.2 in children age 2 and 
older. Idiopathic hypercalciuria likely develops secondary  
to a number of genetic and environmental factors, and  
can result in nephrocalcinosis or nephrolithiasis. Initial 
management is with sodium restriction and increased oral 
hydration.

Hematuria in association with a palpable mass on ab-
dominal examination is a less frequently encountered con-
dition but should not be overlooked. It may be reflective of 

Wilms’ tumor, autosomal recessive polycystic kidney dis-
ease, multicystic dysplastic kidney, ureteropelvic junction 
obstruction, or severe hydronephrosis.

Rare vascular abnormalities, both structural and func-
tional, may also cause hematuria. Structural anomalies in-
clude renal arteriovenous malformation or Nutcracker syn-
drome, in which the left renal vein is compressed between 
the abdominal aorta and superior mesenteric artery. Func-
tional vascular abnormalities causing hematuria include 
hemolytic-uremic syndrome or renal vein thrombosis (typi-
cally seen in neonates).

Within the category of lower urinary tract conditions 
that can result in hematuria, viral hemorrhagic cystitis, 
trauma, or a urethral foreign body usually produce gross 
hematuria, whereas urinary tract infections and nephroli-
thiasis can result in either gross or microscopic hematuria.

EVALUATION

Two important principles relating to hematuria should be 
understood before the evaluation process is initiated:

	1.	 In the asymptomatic well child with microscopic 
hematuria on a single urine specimen, repeat 
testing should be performed on at least 2 or more 
specimens, obtain $1 week apart. The rationale 
for this recommendation is based on studies  
of school-age children with hematuria on initial 
inspection, which disappears with subsequent 
testing.

	2.	 When a child has gross hematuria, urinalysis may 
also help distinguish between glomerular and lower 
urinary tract bleeding. Hematuria secondary to glo-
merulonephritis often produces brown or tea- 
colored urine, with dysmorphic RBCs or RBC casts 
on microscopy. Conversely, lower urinary tract 
bleeding will result in red or pink urine, possibly 
with frank blood clots. Microscopy will reveal intact 
RBCs. If hematuria is noted only during a certain 
portion of the urinary stream (early or terminal), it 
is also more likely related to a lower urinary tract 
abnormality.

As noted earlier, it is unlikely that isolated microscopic 
hematuria in an otherwise well child is indicative of malig-
nant renal disease, which would require immediate inter-
vention. Hence the evaluation of hematuria is best per-
formed in stepwise progression, beginning with simple and 
noninvasive investigations, followed by more aggressive 
interventions if positive results are obtained.
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	A.	 The first phase of investigation should include a 
thorough history and physical, and detailed urinary 
testing. Circumstances surrounding hematuria should 
be investigated, including history of strenuous exercise, 
fever, dehydration, recent ingestions as noted earlier, 
prior or concomitant infections, trauma, associated 
symptoms (abdominal, flank or urethral pain, dysuria, 
nausea, vomiting), frequency of hematuria and exact 
color of the urine. Constitutional and lupus-like symp-
toms should also be inquired about. Family history 
should include questioning about specific renal condi-
tions (microscopic or gross hematuria, nephrolithiasis, 
lupus, end-stage renal disease, transplant, sickle cell 
disease, coagulopathies) and congenital hearing loss. If 
the family history is positive, consider obtaining uri-
nalyses on family members.

	B.	 Physical examination should be comprehensive, paying 
close attention to blood pressure, growth parameters, 
temperature, joint and skin examination (for arthritis 
or rash), abdominal examination for masses, and geni-
tal examination for evidence or trauma, discharge, or 
meatal stenosis. Accurate blood pressure assessment is 
critical in this phase of the workup because it may be 
the only sign of more significant renal disease.

	C.	 From the patient’s urine, initial evaluation should in-
clude urinalysis (with microscopic evaluation), urine 
culture, and urine calcium-to-creatinine ratio. If this 
entire portion of the evaluation is unremarkable, re-
peat urinalysis in 4 to 6 weeks is sufficient.

Should the history and physical be concerning for any 
reason (or if repeat urinalysis continues to show hematu-
ria), the next level of investigation includes blood testing, 
but can also be tiered pending which portion of the his-
tory and physical is positive. Specific tests in this category 
include serum electrolytes, blood urea nitrogen/creatine 
(BUN/Cr), complete blood cell count, complement levels 

References

Gubler MC, Heidt L, Antiganc C. Inherited glomerular disease. In: 
Avner ED, Harmon EH, Niaudet P, editors. Pediatric nephrology. 
Philadelphia: Lippincott William & Wilkins; 2004, p. 519–20.

Quigley R. Evaluation of hematuria and proteinuria: how should a  
pediatrician proceed? Curr Opin Pediatr 2008;20:140–4.

Vehaskari VM, Rapola J, Koskimies O, et al. Microscopic hematuria  
in school children: epidemiology and clinicopathologic evaluation.  
J Pediatr 1979;95:676-84.

Yadin O. Hematuria in children. Pediatr Annals 1994;23:475–85.

(C3 and C4), antinuclear antibody, anti–double-stranded 
DNA, and antistreptolysin titers. If concern exists about 
an abdominal mass or nephrolithiasis, a renal ultrasound 
should be obtained promptly. Also consider a hearing 
screen at this point, if the family history is suggestive of 
Alport syndrome.

If the earlier workup is entirely unremarkable, but 
the child continues with asymptomatic microscopic he-
maturia, re-evaluate the patient on a yearly basis. These 
visits should include a new history and physical exami-
nation, blood pressure, urinalysis (with microscopy), 
and serum BUN/Cr.

REFERRAL	TO	THE	PEDIATRIC	
NEPHROLOGIST

Assistance from a pediatric nephrologist should be sought 
if certain positive findings during the evaluation are ob-
tained, including strong family history, persistent painful 
and gross hematuria, concomitant hypertension or pro-
teinuria, hypercalciuria, increased BUN/Cr, hypocomple-
mentemia, positive serologies for lupus, or abnormal renal 
ultrasound.
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Penile Complaints
Kelly Casperson, MD, and Jeffrey B. Campbell, MD

ANOMALY OF PREPUCE/PENILE 
SHAFT SKIN

 A. It is not unusual to encounter both physiologic phimo-
sis and residual preputial adhesions in a male newborn, 
each precluding full retraction of the prepuce. Gentle, 
manual retraction of the prepuce with bathing and 
physiologic erections will stretch the phimotic ring, 
facilitating retraction of the prepuce. The natural pro-
cess of separation of the inner preputial skin from the 
glans penis typically results in subpreputial accumula-
tion of exfoliated epithelial cells, commonly referred to 
as smegma. The smegma is typically expressed over 
time as the preputial adhesions spontaneously lyse. 
The time required to achieve full retraction of the pre-
puce is variable. Should the patient remain asymptom-
atic, physiologic phimosis and residual preputial adhe-
sions are of little concern. However, physiologic 
phimosis can be associated with a number of complica-
tions. It is not unusual for the tip of the prepuce to  
become erythematous on occasion, particularly in a 
child who is still in diapers. This usually resolves spon-
taneously. Ballooning of the foreskin with voiding can 
be a normal finding that typically resolves in time. 
However, should it be associated with discomfort or 
recurrent infection, treatment with a topical steroid 
(betamethasone cream BID 3 6 weeks) or circumci-
sion may be considered. Recurrent balanoposthitis 
(inflammation of the prepuce and glans) is another in-
dication for treatment with either a topical steroid or 
circumcision. In these cases, referral to a pediatric 
urologist for evaluation and discussion of the manage-
ment options is appropriate.

An incomplete prepuce is one in which the ventral 
aspect of the prepuce is incompletely fused. This is com-
monly seen in association with hypospadias but can be 
seen in isolation, or in association with ventral penile 
angulation. The altered anatomy precludes circumcision 
with the usual techniques used in the newborn period 
(i.e., Gomco clamp, Mogen clamp, Plastibell). In these 
cases, referral to a pediatric urologist for evaluation and 
discussion of the management options is appropriate. In 
most cases, a circumcision, with or without correction of 
penile angulation, is performed at 6 months of age, 
when the procedure can be safely performed as an out-
patient procedure.

Examination of the phallus should also include 
evaluation of the penile raphe. Deviation of the penile 
raphe can be associated with hypospadias, penile angu-
lation, and penile torsion, but can be seen in isolation. 
Gentle retraction of the prepuce will enable evaluation 
of the urethral meatus. Should the patient be found  
to have hypospadias, penile angulation, or more than  

45 degrees penile torsion, consultation with a pediatric 
urologist should be obtained before proceeding with a 
newborn circumcision.

 B. Postcircumcision preputial adhesions are commonly 
encountered after a newborn circumcision. This com-
plication can be avoided by having the child’s parents 
gently sweep the redundant inner preputial and penile 
shaft skin off the glans penis and apply an antibiotic 
ointment to the involved tissues with each diaper 
change for 2 weeks after the circumcision. Unlike 
physiologic preputial adhesions, postcircumcision pre-
putial adhesions do not typically spontaneously lyse. 
Indeed, in some cases, the adhesions mature to be-
come preputial skin bridges. Although not typically 
complicated by infection, the adhesions can result in 
tethering of the glans penis, particularly with an erec-
tion, and can be of some concern cosmetically. One 
may consider a trial of a steroid cream in an effort to 
soften the adhesions, enabling manual lysis. Alterna-
tively, a topical anesthetic may be applied to the adhe-
sions, followed by manual lysis in clinic. Successful lysis 
of the adhesions should be followed by gentle retrac-
tion of the redundant inner preputial and penile shaft 
skin off the glans penis and application of an antibiotic 
ointment to the involved tissues with each diaper 
change for 2 weeks. Should these measures fail, refer-
ral to a pediatric urologist for evaluation and further 
management is appropriate.

ANOMALY OF URETHRAL MEATUS

Anomalies of the urethral meatus include hypospadias and 
meatal stenosis. Although most commonly associated with an 
incomplete prepuce, hypospadias can also be seen in asso-
ciation with an intact prepuce. These cases are often identi-
fied at the time of a newborn circumcision. Most of these 
cases are mild and do not preclude completion of the cir-
cumcision. If in doubt, a consultation with a pediatric urolo-
gist may be obtained. In more severe cases, the preputial 
skin may be required for the urethroplasty and/or ventral 
skin coverage. It is for this reason that a circumcision is  
typically deferred in patients with more severe forms of  
hypospadias (i.e., hypospadias with an incomplete prepuce).

Meatal stenosis is a complication of circumcision, often 
presenting with upward deviation of a high-pressure, narrow-
caliber urinary stream, with dysuria localized to the urethral 
meatus. It is the presence of symptoms, not the appearance 
of the urethral meatus, that determines the need for interven-
tion, because the apparent caliber of the urethral meatus can 
often be quite misleading. In these cases, referral to a pediat-
ric urologist for evaluation and discussion of the management 
options is appropriate.
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Penile Torsion

Penile torsion is best assessed by evaluating the orientation 
of the urethral meatus. Torsion greater than 45 degrees is 
thought to be of clinical significance and can be associated 
with penile angulation. In these cases, referral to a pediatric 
urologist for evaluation and discussion of the management 
options is appropriate.

Penile Angulation

Often seen in association with hypospadias, penile angulation 
can also occur in isolation. It is not uncommon, and in many 
cases, it is not clinically significant. The angulation is most 
commonly ventral but can be lateral or dorsal in orientation. 
Both the orientation and degree of angulation play a role in 
determining the need for surgical correction. The severity of 
the angulation is difficult to assess when the phallus is flaccid. 
Accordingly, the history obtained from the parent(s) plays a 
significant role in determining the need for further evalua-
tion and possible correction of the penile angulation. In 
these cases, referral to a pediatric urologist for evaluation 
and discussion of the management options is appropriate.

EDEMA/INFLAMMATION/INFECTION

 C. In a child who presents with penile edema, one should 
evaluate for a systemic source (e.g., hepatic, renal) or 
consider Henoch–Schönlein purpura or an insect bite 
as the cause. Idiopathic penile edema should be re-
served as a diagnosis of exclusion. Management is dic-
tated by the underlying diagnosis.

 D. Inflammation (i.e., erythema and edema) of the 
preputial and penile shaft skin (balanoposthitis) can 
be seen in an uncircumcised phallus in response to 
local irritation, or secondary to infection, in which 
case purulent discharge may be expressed from  
beneath the prepuce. In the absence of infection, 
treatment includes the use of an anti-inflammatory 
for management of the pain and swelling. If an infec-
tion is suspected, the discharge is swabbed and sent 
for culture and sensitivities, and the infection is 
treated with an antibiotic that treats streptococcus. 
Recurrent balanoposthitis is an indication for treat-
ment with either a topical steroid or circumcision. In 
such cases, referral to a pediatric urologist for evalu-
ation and discussion of the management options is 
appropriate.
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Scrotal Swelling/Pain
Jeffrey B. Campbell, MD

The differential diagnosis of scrotal pain/swelling is both 
vast and diverse. An approach to the more common caus-
ative factors is depicted in the accompanying algorithm. 
In addition to a thorough history and physical examina-
tion, an inguinoscrotal ultrasound (US) can be of some 
benefit in making a diagnosis. Although there may be 
some difficulty in differentiating a communicating hydro-
cele (or hernia) from a noncommunicating hydrocele, 
perhaps the greatest challenge is in differentiating  
epididymitis/epididy mo-orchitis/orchitis from testicular 
torsion. Accordingly, the majority of this chapter focuses 
on these conditions and their management.
	A.	 As the testis descends from the retroperitoneum into 

the scrotum, it associates with a finger-like projection  
of the peritoneum referred to as the processus vagina-
lis (PV). The PV usually obliterates along the course 
of the spermatic cord, trapping peritoneal fluid 
around the testis (noncommunicating hydrocele). In 
most cases, this fluid is gradually reabsorbed, with 
resolution of the noncommunicating hydrocele by  
2 years of age. Should the hydrocele fail to resolve by 
this time, referral to a pediatric urologist (ped urol) is 
appropriate.

A noncommunicating hydrocele can also develop  
in association with trauma to the external genitalia,  
epididymo-orchitis, or a testicular tumor. In the setting  
of a new-onset, noncommunicating hydrocele, these 
diagnoses should be considered.

	B.	 If the PV fails to obliterate (patent PV), communication 
remains between the peritoneal cavity and the scrotum. 
With increases in intra-abdominal pressure (e.g., crying, 
straining to have a bowel movement), peritoneal fluid 
may move into scrotum (communicating hydrocele). The 
patient’s parents often relate a history of intermittent scro-
tal swelling or persistent scrotal swelling that appears to 
fluctuate in size. Given the intermittent nature of the 
scrotal swelling, a communicating hydrocele is not always 
appreciated on examination in the physician’s office. In an 
effort to prevent the development of an indirect inguinal 
hernia and the complications thereof, surgical correction 
is usually recommended. In such cases, referral to a pedi-
atric urologist is indicated.

	C.	 An indirect inguinal hernia refers to the presence of 
omentum or bowel within the inguinal canal. The patient 
usually presents with mild inguinoscrotal discomfort and 
inguinoscrotal swelling. The hernia usually reduces spon-
taneously but may require manual reduction. In such 
cases, referral to a pediatric urologist is indicated. If the 
hernia cannot be reduced (incarcerated inguinal hernia), 
urgent consultation with a pediatric surgeon or a pediat-
ric urologist is indicated.

The acute scrotum (acute scrotal pain with or without 
edema, erythema) should be considered an emergency 
requiring prompt evaluation and management. The key 
to successful management is in differentiating between 

testicular torsion and epididymitis/epididymo-orchitis/
orchitis. A thorough history and physical examination 
are paramount in making this distinction. Although each 
condition has a classic presentation, there is consider-
able variation and many exceptions to the rule.

	D.	 The classic presentation of testicular torsion is an acute 
onset of severe hemiscrotal pain, often associated with 
nausea and vomiting. On examination, the testis is high 
riding, with a horizontal lie. The cremasteric reflex is 
absent, and there is a negative Prehn sign (no symptom-
atic relief with manual elevation of the testis). With the 
onset of scrotal wall edema, the physical examination 
becomes more difficult and less informative. Testicular 
ultrasonography can be a helpful adjunct in making/
confirming the diagnosis. Testicular torsion is a surgical 
emergency, with the best chance of testicular salvage 
within the first 6 hours after the onset of pain. In such 
cases, urgent consultation with a pediatric urologist is 
indicated.

	E.	 Occasionally, testicular torsion resolves spontaneously 
(intermittent testicular torsion). These patients usually 
give a history consistent with testicular torsion, with 
resolution of the pain by the time they arrive to the 
emergency department. A testicular ultrasound is in-
variably found to be within normal limits. In such 
cases, referral to a pediatric urologist is indicated.

	F.	 Epididymitis/epididymo-orchitis/orchitis can be associ-
ated with torsion of the appendix testis or appendix 
epididymis, or result from trauma to the external geni-
talia, viral or bacterial infection, or sterile reflux of 
urine. The classic presentation of torsion of the appen-
dix testis or appendix epididymis is an acute onset of 
severe hemi scrotal pain. In some cases, the torsed ap-
pendage can be appreciated on examination as a blue 
dot visible through a thin, translucent hemiscrotal wall 
(blue dot sign). With the onset of scrotal wall edema, 
the physical examination becomes more difficult and 
less informative. Testicular ultrasonography can be a 
helpful adjunct in ruling out testicular torsion and 
making/confirming the diagnosis. In such cases, com-
fort measures (rest, anti-inflammatory) and follow-up 
with the patient’s health care provider are appropriate.

	G.	 The classic presentation of epididymitis/epididymo-
orchitis/orchitis (epididymitis) is a gradual onset of in-
creasing hemiscrotal pain, occasionally associated with 
irritative voiding symptoms (frequency, urgency, dys-
uria). On examination, the epididymis with or without 
the testis is enlarged and tender to palpation. The 
cremasteric reflex is present, and there is a positive 
Prehn sign (symptomatic relief with manual elevation 
of the testis). With the onset of scrotal wall edema,  
the physical examination becomes more difficult and 
less informative. Testicular ultrasonography can be a 
helpful adjunct in ruling out testicular torsion and 
making/confirming the diagnosis. A urinalysis (UA) is 

(Continued on page 266)
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care provider is appropriate. Regardless of the cause, 
all patients are managed with comfort measures (rest, 
anti-inflammatory).

If the diagnosis is in doubt, always consider testicu-
lar torsion. If this cannot be ruled out on examination 
or with testicular ultrasonography, urgent consultation 
with a pediatric urologist is indicated.

also obtained to assist in differentiating between bacte-
rial and nonbacterial epididymitis. In sexually active 
patients, urine is sent for PCR (polymerase chain reac-
tion) for Neisseria gonorrhoeae and Chlamydia tracho-
matis. Should the patient be found to have bacterial 
epididymitis, referral to a pediatric urologist is indi-
cated. Otherwise, follow-up with the patient’s health 
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Chest Pain
Kristine Knuti, MD, and Simon J. Hambidge, MD, PhD

Chest pain, a common presenting complaint among  
children and adolescents, has many causative factors:  
idiopathic (12%–85%), musculoskeletal (15%–76%), pul
monary (12%–21%), psychogenic (4%–17%), gastrointes
tinal (GI; 4%–8%), cardiac (4%–6%), and miscellaneous 
(4%–25%). Chest pain is equally prevalent in boys and 
girls. Children younger than 12 years with chest pain are 
more likely to have a cardiopulmonary cause, whereas ado
lescents older than 12 years are more likely to have idio
pathic or psychogenic causes. Though usually benign, 
chest pain results in missed school days and activity limita
tion in a significant portion of pediatric and adolescent 
patients. Thorough history and physical examination re
main the cornerstones of accurate diagnosis and manage
ment of pediatric chest pain.

	A.	 In the patient’s history, ask about onset, duration, loca
tion, radiation, quality, and severity of the pain, as well 
as aggravating and alleviating factors. Pain that awak
ens the patient or is acute (duration less than 48 hours) 
is concerning for an organic cause. Note associated 
symptoms, such as fever, vomiting, cough, shortness of 
breath, palpitations, syncope, weight loss, hemoptysis, 
cyanosis, and fatigue. Ask about the effect of the pain 
on daily activities and school attendance. Note possible 
precipitating factors, especially trauma, exercise, eat
ing, laying down, weight lifting, foreign body ingestion, 
caustic ingestion, acute respiratory infection, and 
stress. Assess history of and risk for underlying illnesses 
and conditions (especially Kawasaki disease, Marfan 
syndrome, cystic fibrosis, sickle cell disease, congenital 
and acquired heart disease, longstanding diabetes, 
pregnancy, neurofibromatosis, thrombophilia, hyper
lipidemia, and migraines). Obtain a family history  
of cardiac disease and early sudden death, respiratory 
illnesses, gastroesophageal reflux and peptic ulcer  
disease, and rheumatologic disease. Assess the psycho
social situation, and identify sources of stress and anxi
ety. If appropriate, ask about cigarette and marijuana 
smoking, drug use (especially cocaine and amphet
amines), recent or current pregnancy, and use of hor
monal contraception.

	B.	 Perform a complete physical examination with close 
attention paid to vital signs, specifically heart rate, 
respiratory rate, and blood pressure. Perform pulse 
oximetry. Assess respiratory rate, work of breathing, 
aeration, breath sounds (listening for wheezing, 
crackles, rales, and decreased breath sounds), and 
expiratory phase prolongation. Do a thorough cardiac 
examination, evaluating pulses in the four extremities, 
palpating chest for thrills, heaves, and the point of 
maximum intensity, and auscultating for murmurs, 
rubs, gallops, clicks, and pronounced or extra heart 
sounds. Palpate each rib cartilage with only one fin
ger, because two or more fingers may splint the af
fected cartilage and not reproduce the pain. Note 
signs of arthritis, congestive heart failure, chronic  
respiratory disease, abdominal masses, and underly
ing conditions (such as Marfan syndrome and Kawa
saki disease).

	C.	 Cardiovascular causes of chest pain are less common 
than other causes, and include ischemia, infarction, 
arrhythmias, mitral valve prolapse, stenosis (pulmonic, 
aortic, subaortic, and supravalvular), coarctation of the 
aorta, myocarditis, pericarditis, pulmonary hyperten
sion, and dissecting aortic aneurysm. Symptoms that 
point to a potential cardiac causes for chest pain in
clude shortness of breath, syncope, pain associated 
with exercise, fever, palpitations, radiation of the pain 
to the jaw or left arm, nausea, sweating, dull pain or 
pressure, and substernal or precordial pain. Concern
ing family history includes early myocardial infarction, 
hyperlipidemia, early sudden death, arrhythmias, 
Marfan syndrome, and congenital and acquired heart 
disease (including hypertrophic cardiomyopathy). 
Personal history of Kawasaki disease, Marfan syn
drome, hypertension, and congenital or acquired heart 
disease also warrants further investigation of cardiac 
causative factors. Physical findings that suggest cardiac 
causes include abnormal vital signs, murmurs, persis
tent tachycardia, increased intensity of the second 
heart sound, clicks, gallops, friction rubs, decreased 
femoral pulses, and signs of congestive heart failure. 
Chest radiography and electrocardiography (ECG) 
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may also help to diagnose cardiac disease but are  
usually unnecessary in the diagnosis of pediatric chest 
pain. Pericarditis and myocarditis related to infection 
or vasculitis will often produce muffled heart sounds 
and show cardiomegaly on chest radiography and  
nonspecific ST abnormalities and/or low voltage on 
ECG. Aortic stenosis and idiopathic hypertrophic sub
aortic stenosis cause a systolic murmur and left ven
tricular hypertrophy. Primary pulmonary hypertension 
and pulmonary stenosis produce right ventricular  
hypertrophy and a pronounced second heart sound. 
Arrhythmias such as atrioventricular block, sick sinus 
syndrome, and supraventricular tachycardia are asso
ciated with abnormal conduction patterns on ECG. 
Acquired cardiac lesions include cardiomyopathy, 

myocarditis, pericarditis, endocarditis, rheumatic 
heart disease, valvular disease, and cardiac tumors. 
Coronary artery disease related to Kawasaki disease, 
hypercholesterolemia, aberrant left coronary artery, 
and lesions associated with decreased coronary artery 
blood flow (severe aortic stenosis, idiopathic hypertro
phic subaortic stenosis) produce ischemic ST changes, 
abnormal T waves, and sometimes Q waves. Acute 
myocardial infarction, though exceedingly rare, has 
also been described in children and adolescents with 
otherwise normal coronary anatomy. Acute myocardial 
infarction during adolescence occurs more often in 
boys than girls. Other associated risk factors include 
hyperlipidemia, hypertension, smoking, drug use (spe
cifically cocaine and amphetamines), and diabetes.
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	D.	 Pulmonary causes include asthma, pneumonia, pneu
monitis, chronic cough, pleural effusion, pleurodynia, 
foreign body, congenital malformations, thoracic  
tumors, pneumothorax, and pulmonary embolism. 
Pulmonary disease can present as a variety of different 
types of chest pain, such as pleuritic pain, muscle 
strain related to cough, diaphragmatic irritation, tight
ness from asthma, and vague visceral pain from  
thoracic tumors. Signs and symptoms concerning for 
pulmonary causative factors include cough, fever, 
tachypnea, dyspnea, and hypoxia. Foreign body aspi
ration may be suspected from history, examination,  
or chest radiography. Mediastinal causes include 
pneumomediastinum, mediastinitis, and mediastinal 
tumors. Asthma remains a common and likely under
reported cause of pediatric chest pain. Risk factors of 
pulmonary embolism include central venous catheter, 
pregnancy, trauma, malignancy, hormonal contracep
tion, rheumatologic disease and vasculitis, nephrotic 
syndrome, recent surgery, history of previous venous 
thrombosis, obesity, sickle cell disease, immobiliza
tion, smoking, and familial thrombophilia.

	E.	 Musculoskeletal pain is most often related to muscle 
overuse or trauma involving the pectoral, upper back, 
or shoulder muscles. Direct trauma may also fracture 
or bruise the ribs, and nonaccidental trauma needs to 
be considered. Costochondritis, inflammation of the 
costochondral junctures, produces anterior chest pain 
that may radiate. It is associated with tenderness to 
palpation of the costochondral junctions. Anterior 
chest wall syndromes cause chest wall pain that is exac
erbated by trunk or shoulder movements. In Tietze 
syndrome, which is rare but has been described in 
children, there is isolated swelling of the upper costo
chondral area. In the slipping rib syndrome, the costal 
cartilages of the eighth, ninth, and tenth ribs are irri
tated and produce a slipping movement with pain. The 
pain is duplicated by pulling the lower rib cage anteri
orly. In xiphoid process syndrome, inflammation of the 
xiphoid process produces anterior chest pain with 
chest movement. Precordial catch syndrome is related 
to irritation of the parietal pleura that produces a stab
bing pain along the left sternal border. Osteomyelitis  
of the vertebrae or ribs, discitis, myositis, spondylolis
thesis, and spondylolysis are rare causes of musculo
skeletal chest pain.

	F.	 GI disorders that cause chest pain include gastroesopha
geal reflux disease, peptic ulcer disease, esophagitis, 
esophageal spasm, gastritis, odynophagia, foreign bodies 
in the esophagus, caustic ingestions, and Mallory–Weiss 
tears. Pancreatitis, cholecystitis, Fitz–Hugh–Curtis syn
drome, and subdiaphragmatic abscesses may also pre
sent with chest pain.

	G.	 Psychogenic and psychiatric causative factors should 
also be considered, including stress, adjustment disorder, 

eating disorders (especially bulimia nervosa), panic  
attacks, anxiety, depression, hyperventilation, conversion 
disorder, and Münchausen syndrome. In one study, ap
proximately a third of pediatric patients with chest pain 
reported a recent significantly stressful event. Hyperven
tilation produces reduction in carbon dioxide with subse
quent alkalosis, decreased ionized calcium, and tetany. 
Hyperventilation syndrome is frequently associated with 
lightheadedness, giddiness, dizziness, paresthesias, and 
chest pain.

	H.	 Normal thelarche in a girl or gynecomastia in a boy 
may result in nipple tenderness or chest pain second
ary to a high level of anxiety related to either appear
ance or concern about malignant neoplasia. Additional 
miscellaneous causes of chest pain include varicella 
zoster infection, nephrolithiasis, smoking, fibrocystic 
disease, mastitis, adenocarcinoma of the breast, illicit 
drug and medication ingestions, and acute chest syn
drome in sickle cell disease.
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Patient with CHEST PAIN

Assess for respiratory signs
(Cont’d from p 269)
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     (in sickle cell disease)
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Foot Pain
K. Brooke Pengel, MD

	A.	 In the patient’s history, consider the age of the patient 
because certain injuries are more common during 
each stage of development. Determine whether the 
pain is acute or chronic because this historical fact 
can aid tremendously in narrowing the diagnosis. In 
the case of an acute trauma, clarify the specific mech-
anism of injury and the location of pain. Determine 
initial treatment and whether the child or adolescent 
was able to bear weight initially and shortly after the 
injury. More severe injuries tend to inhibit the ability 
to bear any weight on the foot. Elicit a history of 
swelling and bruising and whether these findings 
were focal or generalized. For chronic pain, ask about 
the schedule of repetitive motion activities and the 
recent ability to sustain the activity.

	B.	 The physical examination of the foot, just like other 
joints, should proceed in a systematic fashion. The 
examination includes observation, palpation, range of 
motion/strength, and neurovascular status. In the 
physical examination, observe the foot with and  
without weight bearing, and the child’s gait with and 
without shoes. Palpation of bone and soft tissue land-
marks for specific areas of tenderness will aid in nar-
rowing the differential diagnosis. Skeletally immature 
athletes have open growth plates (physes) that are  
particularly vulnerable to injury at certain stages of 
development. The foot may apear structurally normal 
or show obvious abnormality. In either case, if super-
ficial causes for pain are excluded, radiography may 
provide further clarification as to the diagnosis. 

A skin or soft tissue abnormality, such as plantar 
warts, paronychia, or subungual exostosis, may be the 
primary problem. Other abnormalities, including blis-
ters and bursae, may be manifestations of underlying 
structural changes. Although rare, tumor and infec-
tion should be ruled out. A bunion may appear in the 
adolescent and is usually not symptomatic. The cause is 
not entirely clear, but theories include tight shoe wear, 
metatarsus primus varus, pronation, joint hyperlaxity, 
and hereditary. Pain, when present, arises over the first 
metatarsal head. When present at this age, the hallux 
valgus deformity (lateral deviation of the great toe)  
accompanies medial deviation of the first metatarsal. 
Standing radiographs are most helpful in evaluating this 
deformity. Bunionette (tailor’s bunion) is a similar defor-
mity of the fifth toe. Treatment consists of altering shoe 
wear, bunion pads, orthotics, and physical therapy.  
Surgery aims to realign the first metatarsal varus, but 
should be delayed as long as possible.

	C.	 The most common fractures occur in the toes and 
metatarsals. The patient presents with an acute his-
tory of a crushing injury or axial force to the foot. 
Rapid swelling ensues and there is usually immediate 
difficulty bearing weight. Examination reveals swelling 

and, at times, deformity with the more severe injuries. 
With little or no displacement, toe and metatarsal 
fractures can be treated with a firm-soled shoe or a 
walking cast until the patient is no longer tender and 
healing bone is evident on radiographs. Intra- 
articular fractures, displaced fractures, or joint dislo-
cations often need orthopedic referral. These injuries 
require prompt anatomic reduction, especially if the 
growth plate is involved. Fractures of the proximal 
fifth metatarsal can be more difficult to treat. The 
classic mechanism of injury is forceful inversion of 
the foot; the patient often pre sents with severe pain 
and difficulty walking. When this history is accompa-
nied by focal swelling and tenderness at the base of 
the fifth metatarsal, a fracture is often present. Varia-
tions in the blood supply to the base of the fifth meta-
tarsal explain the tendency toward delayed or incom-
plete healing depending on the location of the 
fracture. Fractures of the fifth metatarsal can be clas-
sified into three categories: tuberosity avulsion frac-
tures, proximal diaphyseal fractures (Jones fracture), 
and stress fractures. Appropriate classification is  
important because the treatment and prognosis is 
quite different in the case of the Jones fracture and 
stress fracture compared with the avulsion fractures. 
Avulsion fractures are treated with immobilization 
with a hard-soled shoe, walking boot, or walking cast 
for 4 to 6 weeks. Prognosis is excellent. Treatment of 
the Jones fracture is more complicated because con-
servative treatment has a high failure rate. Referral to 
a specialist who can provide a balanced discussion 
with the family regarding the nonoperative and surgi-
cal options is warranted. Conservative care requires 
prolonged casting with a non–weight-bearing period 
of 6 to 8 weeks, a plan that poses a problem in terms 
of compliance. Stress fractures of the fifth metatarsal 
can also be problematic, with both conservative and 
surgical management as options for treatment.

	D.	 Physiologic flatfeet, or pes planus, result from a fat pad in 
the arch of neonates, which disappears by 2 to 3 years of 
age. Flexible flatfeet, the most common variety, are often 
familial and may be accompanied by loose joints gener-
ally. Examination of the foot in a non–weight-bearing 
position and with toe walking yields a normal arch in a 
flexible flatfoot. Most commonly, flat feet are asymptom-
atic and do not require treatment. When symptoms arise, 
an arch support may be prescribed. In addition, running 
athletes with flat-feet and excessive pronation may benefit 
from orthotic treatment, because these athletes are at risk 
for overuse lower extremity injury. Rigid flatfeet can be 
distinguistred from physiologic flatfeet because they can-
not be passively corrected. Physical examination reveals 
that the range of motion at the tarsal and subtalar joints is 
decreased, and the arch does not increase with toe raising. 
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Patient with FOOT PAIN

No fracture

(Cont’d on p 275)

Consult:
  Orthopedist

History Physical Examination
Identify:

Plantar warts
Paronychia
Subungual exostasis
Shoe irritation
Bunion
Infection

Consider:
  Radiography

Fracture

A B
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Flat feet?

High arch?
RigidFlexible
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  Relaxed

Treat:
Consider:
  Orthotics for pain

Treat:
Consider:
  Casting
  Orthotics
  Surgery

Yes No

Yes No

Identify:
  Congenital vertical
     talus
          or
  Tarsal coalition

Review:
  Radiographic
     studies

Assess:
  Neurologic status
Consult:
  Orthopedist

Consult:
  Orthopedist

Treat:
Consider:
  Orthotics
  Surgery

D

Rigid flatfeet result from either a congenital vertical talus 
or a tarsal coalition. Vertical talus is usually associated with 
neuromuscular abnormalities, such as arthrogryposis and 
myelodysplasia. Treatment is surgical. Tarsal coalitions 
result from a cartilage and progressively developing bony 
bridge between tarsal bones. Most commonly, the calca-
neal and navicular bones are involved, and an oblique 
radiograph may show the abnormality. A computed tomo-
graphic scan of the foot is often necessary to confirm the 
diagnosis. Initial treatment consists of a trial of casting or 
walking boot immobilization, supportive shoes, or activity 
modification. Surgery for resection of the bar or fusion 
may eventually be indicated for persistent symptoms.  
The high-arched (calcaneocavus) foot is abnormal and 

deserves a systematic work-up for underlying cause. This 
deformity can be progressive and is frequently the result 
of a central or peripheral neurologic abnormality. Imaging 
of the spine with magnetic resonance imaging (MRI) 
should be obtained to evaluate for a central neurologic 
cause. Other muscular and neurologic causes may be 
discerned by electromyography, muscle biopsy, or nerve 
conduction studies. Pes cavus deformity may also be a 
result of a residual clubfoot or may be post-traumatic or 
idiopathic in origin. The treatment of pes cavus depends 
on the cause of the deformity. Underlying neurologic 
problems should be addressed. Foot pain may respond 
initially to shoe alterations and orthotics. With progres-
sion, surgical correction will be necessary.
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onset of medial foot pain aggravated by activity. Examina-
tion reveals focal tenderness over the navicular. Radio-
graphs often fail to show the stress fracture and MRI is 
often needed to clarify the diagnosis. Treatment is initiated 
with a 6- to 8-week period of non-weight bearing in a cast, 
followed by further immobilization. Return to activity can 
take as long as 6 to 8 months. This treatment plan is un-
derstandably difficult for active children and motivated 
athletes. Despite appropriate conservative care, nonunion 
is still possible and requires operative fixation.

Overuse injury about the foot is common in youth 
especially with those who are involved in a high volume of 
activity without proper rest and recovery time. Overuse 
injury can affect the soft tissue or the bone (stress frac-
ture). Soft tissue overuse manifests as a gradual onset of 
activity related pain with or without swelling. Examination 
typically reveals diffuse tenderness about the soft tissue of 
the foot. Imaging studies are negative for abnormality. 
Treatment is supportive with activity modification and 
physical therapy focusing on strength and proprioception. 

Apophysitis refers to a condition in which pain is 
located around a developing ossification center and  
occurs characteristically in an age-dependent fashion in 
certain areas of the body during rapid growth spurts. In 
the foot, this traction apophysitis can occur around the 
age of 10 to 12 at the base of the fifth metatarsal, a con-
dition referred to as Iselin’s disease. The apophysis is 
often confused with a fracture but can easily be differ-
entiated by the fact that the growth center always lies 
parallel to the long axis of the fifth metatarsal and usu-
ally has rounded, corticated edges. Sever’s disease, or 
calcaneal apophysitis, occurs in active children begin-
ning at age 9 through early adoleseence. The child has 
heel pain, particularly with running and jumping.  
Examination reveals tenderness of the calcaneal apoph-
ysis. The patient may also have tenderness over the 
Achilles tendon and its insertion into the os calcis 
apophysis, which likely results from a combination of a 
tight gastrocsoleus mechanism and overuse. Treatment 
is conservative and consists of activity modification 
based on pain, physical therapy, gel heel cups, and over-
the-counter pain medication. Fortunately, apophysitis 
in the foot and heel tend to be self-limiting conditions.

Plantar fasciitis usually occurs in the adolescent athlete 
with closed physes. The history is one of a gradual onset of 
medial arch or heel pain aggravated by activity. Morning 
pain and stiffness are hallmark features. Examination re-
veals tenderness along the length of the plantar fascia, 
particularly medially. Radiographs do not contribute to the 
diagnosis, although they are reasonable to exclude other 
diagnoses. Treatment includes activity modification, ice, 
over-the-counter pain medication, orthotics, heel cups, 
and physical therapy. A mass over the medial aspect of the 
foot distal to the medial malleolus suggests an accessory 
navicular bone. The accessory bone most commonly oc-
curs on the medial, planter border of the navicular, near 
the insertion of the tibialis posterior tendon. 

Although the incidence rate of an accessory navicu-
lar is up to 15%, it is uncommon for the area to become 

	E.	 Köhler disease and Freiberg infraction are both considered 
to be osteochondroses, or diseases of the ossification cen-
ters characterized by osteonecrosis followed by recalcifica-
tion. Köhler disease involves the tarsal navicular, affects 
children between 5 and 9 years of age, and presents with 
midfoot pain and limping. Examination reveals localized 
tenderness, and possibly swelling, over the navicular.  
Radiographs demonstrate sclerosis and tarsal navicular nar-
rowing. Conservative treatment tends to be effective and 
consists of rest and if the pain warrants, immobilization. 
Freiberg infraction involves the metatarsal head and occurs 
most commonly in athletic adolescent girls. The history 
reveals the gradual onset of forefoot pain aggravated by 
activity. Examination is positive for focal tenderness over 
the affected metatarsal head (usually the second or third). 
Recalcification commonly occurs in a period of 2 to 3 years. 
Symptoms can be managed conservatively with activity 
modification, immobilization and orthotic treatment. Sur-
gical intervention is reserved for patients who do not  
respond successfully to conservative treatment.

Osteochondritis dissecans (OCD) refers to a focal  
area of subchondral bone injury and progressive osteo-
necrosis. This process differs from osteochondroses 
because the latter usually is self-limiting, as opposed to 
OCD, which can be progressive and cause permanent 
impairment. Cause is poorly understood, yet trauma 
and overuse have been implicated. OCD of the talus 
commonly involves the medial or lateral corner of  
the talar dome and manifests as a gradual onset of  
pain, joint swelling, and occasionally locking if the  
fragment becomes mobile. Examination may reveal a 
joint effusion and tenderness about the anterior joint 
line. Radiographs are usually diagnostic, although MRI 
is often necessary for diagnosis and is also helpful in 
staging of the process. For early cases with a stable  
lesion, activity restriction and immobilization may  
be sufficient to allow the process to resolve. Younger, 
skeletally immature patients tend to have a better 
prognosis and higher chance of being managed suc-
cessfully nonoperatively. If conservative measures of 
treatment fail, surgery is usually necessary.

	F.	 Stress fractures are overuse injuries of bone that occur in 
the setting of chronic, repetitive activity that overwhelms 
the ability of the bone to recover. Stress fractures are char-
acterized by an insidious onset of pain with activity that 
often progresses to pain at rest. The history usually reveals 
training errors, such as a recent increase in activity such as 
a sports camp. The metatarsals are a common site of stress 
injuries. Initial radiographs may be normal; the bone scan 
or MRI will be abnormal earlier. Treatment consists of 
bone rest, immobilization in a hard sole shoe or walking 
boot, physical therapy, and progressive return to activity. 
Certain stress fractures in the foot can be considered high 
risk, in that there is a considerable possibility for complica-
tions in healing such as the development of a nonunion. 
Stress fractures of the fifth metatarsal, as mentioned previ-
ously, are considered in this category. Tarsal navicular 
stress fractures are high risk and often require prolonged 
treatment. The young athlete pre sents with an insidious 
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Ischemic necrosis?

Identify:
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   Musculoskeletal Disorders
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   chapter)
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  Orthopedist

Yes No
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  Köhler disease
  Freiberg infraction
  Osteochondritis
     dissecans

Patient with FOOT PAIN
(Cont’d from p 273)

E

F

symptomatic. Adolescent athletes can experience 
symptoms around the accessory navicular, as a result 
from pressure over the bony prominence, irritation of 
the fibrous connection (synchondrosis), or inflamma-
tion or tendinopathy in the posterior tibialis tendon. 
Diagnosis is made from plain films, with an external 
oblique film the most helpful. Initial treatment includes 
activity modification, arch supports, and physical therapy. 
Recalcitrant symptoms may require cast or walking 
boot immobilization. Surgical excision might be neces-
sary if symptoms persist despite conservative measures 
of care.
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Gait Abnormalities
Susan D. Apkon, MD, and Jason T. Rhodes, MD

	A.	 Observe the child walking toward and away from you. 
Observe the angle the thigh makes with the calf at the 
knee, the tibiofemoral angle. It varies with age and 
changes with growth (Figure 1). Varus is maximum at 
18 months of age but may persist to age 3 years. This is 
followed by valgus angulation, which normally peaks by 
age 4 years. With further growth, it gradually  
declines to the adult value of about 6 degrees.

	B.	 With the child standing or supine, measure varus angu-
lation (bowlegs) along the major axis of the femur to the 
midpoint of the distal femur at the knee (which may be 
midpatella if there are no patellar alignment or disloca-
tion issues) and distally to the center of the ankle joint. 
Until 2 years of age, 15 degrees of varus angulation is 
within the normal range. Significant varus angulation 
persisting beyond 2 years of age needs further evalua-
tion and possibly surgical correction. Causes include 
Blount disease, rickets, skeletal dysplasia, and injury to 
the growth plate from infection or trauma. A second 
peak incidence of genu varum in the teens results from 
adolescent Blount disease. It is most common in  
African American children, is often unilateral, and  
usually requires surgical correction.

	C.	 Valgus angulation (knock-knees) is measured the same 
way as varus angulation. However, it is best measured 
with the childbearing weight. In children younger than 
6 years, values up to 15 degrees are normal. Progressive 
deformity beyond 6 years and unilateral deformity  
require further evaluation. The most likely causes of 

progressive valgus angulation include metabolic bone 
disease (renal disease), paralysis, and trauma to the 
proximal tibia.

	D.	 Toe walking (equinus) can be considered habitual 
(idiopathic) or caused from a neurologic impairment. 
Signs of either an upper motor neuron process (spas-
ticity, hyper-reflexia, or clonus) or lower motor neuron 
process (hypotonia, hyporeflexia, or weakness) should 
prompt an evaluation by a neurologist. Idiopathic toe 
walking should be considered in the absence of any of 
the above signs. Range of motion of the ankle may not 
be helpful in assisting in making the diagnosis.

	E.	 Assess the angle of the foot with the straight line of 
progression, the foot progression angle (Figure 2). 
Define toeing-in as a negative angle and toeing-out  
as a positive angle. A normal foot progression angle is 
0 to 130 degrees (Figure 3). Note the position of the 
patella. Medial deviation indicates the problem may 
be above the knee.

	F.	 Signs of metatarsus adductus or medial deviation of 
the forefoot include convexity of the lateral border of 
the foot and a prominence at the base of the fifth 
metatarsal. An equinus contracture will not be pres-
ent. A flexible deformity will resolve spontaneously 
or can be treated with physical therapy and/or home 
exercises. Inability to overcorrect the lateral convex-
ity easily and a fixed crease suggest a fixed or rigid 
deformity. These children require serial casting fol-
lowed by braces.

Figure	1	 Tibiofemoralangleinchildren.Meanvaluesareshownforboys(A)andgirls(B).(From Salenius P, Vanka E. 
The development of tibiofemoral angle in children. J Bone Joint Surg Am 1975;57:259-61.)
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Patient with ABNORMAL GAIT
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Figure	3	 Normalrangeoffoot
progressionangle(shaded 
area). (From Staheli LT. Funda-
mentals of pediatric orthope-
dics. New York: Raven Press; 
1992.)
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Figure	2	 Thefootprogression
angleistheaverageoftheangles
formedbytheaxisofthefoot
andthelineofprogression. (From 
Staheli LT. Fundamentals of 
pediatric orthopedics. New York: 
Raven Press; 1992.)

	H.	 Femoral anteversion produces toeing-in because of 
excessive internal rotation of the hip. Assess the degree of 
rotation of the hip with the child prone, the pelvis flat on 
the table, and the hips in a neutral position (Figure 4). 
Allow each leg to drop by gravity into full internal and 
external rotation. Internal rotation should not exceed  
70 degrees; the sum of internal and external rotation 
should approximate 100 degrees. Femoral anteversion 
should correct spontaneously by 10 years of age. Parents 
can encourage the child to sit cross-legged, but this will 
not change the overall rotation. Exercises, braces, and 
orthopedic shoes are not indicated. Consider derota-
tional osteotomy (major surgery) only in children older 
than 10 years with severe deformity.

	G.	 Internal tibial torsion is common in children younger 
than 2 years, and it changes to external rotation with 
normal growth. The extent of internal tibial torsion can 
be estimated by measuring the angle formed by the 
axis of the thigh and the foot with the child prone and 
the knee flexed to 90 degrees. The normal range of this 
angle is between 0 and 30 degrees of external rotation, 
with the average being 10 degrees external by 8 years 
of age. The torsion of the tibia can also be measured by 
the transmalleolar axis, which looks only at the tibial 
rotation, thus removing the component of the foot 
from the measurements. Transmalleolar axis is mea-
sured by having the knee flexed to 90 degrees with the 
patient in the prone position. The axis is measured by 
comparing a line drawn across the medial and lateral 
malleoli to the long axis of the tibia. Average normal 
measurements are reported at 15 degrees. A severe 
degree of internal torsion produces an awkward gait 
and seems to cause affected children to trip over their 
toes, especially when they are tired. Mild deformities 
will correct spontaneously; correction may be hastened 
in young children by preventing them from sitting  
and sleeping with the feet turned out. Rarely, older 
children need corrective osteotomy, but this is usually 
not done until after 8 to 10 years of age because  
the rotation in the tibia continues to correct until  
8 years of age.
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Knee Pain
K. Brooke Pengel, MD

	A.	 In the patient’s history, consider the age of the patient, 
as children of certain ages are vulnerable to specific 
knee injuries. Determine whether the pain is acute or 
chronic. In the absence of an acute injury, examine risk 
factors for the various overuse syndromes that affect the 
knee. In the presence of a known traumatic event, elicit 
the mechanism of injury and the specific location of pain 
because these facts can point to which structures may  
be injured. Determine initial treatment and whether  
the child or adolescent was able to bear weight initially 
and shortly after the injury. Complete inability to bear 
weight may signify a more severe injury such as a frac-
ture. Elicit a history of swelling and, in the case of an 
acute injury, whether the swelling occurred rapidly, such 
as within an hour. A rapidly evolving hemarthrosis gen-
erally points toward a fracture, a high-grade ligamentous 
tear, or a patellar dislocation. Question the patient about 
the presence of mechanical symptoms such as locking, 
catching, or instability. Mechanical symptoms are worri-
some for a loose body or a meniscal tear.

	B.	 The physical examination of the knee, just like that of 
other joints, should proceed in a systematic fashion. 
The features of the examination include neurovascular 
status, inspection, range of motion, palpation, special 
testing, and screening of adjacent joints. The physical 
examination and approach to knee pain is firmly based 
in anatomy. Many structures in the knee can be  
directly palpated, which is quite helpful in arriving at 
the proper diagnosis. In the setting of acute injury  
and swelling, range of motion and examination can be 
limited secondary to patient discomfort and guarding. 
Skeletally immature athletes have open growth plates 
(physes) that are particularly vulnerable to injury at 
certain stages of development. Attention to the physis 
about the proximal tibia and distal femur is important 
in the assessment and treatment of a knee injury.  
Special testing about the knee is performed to narrow 
the diagnosis and largely refers to testing of stability.

	C.	 Radiographs of the knee are obtained to further delin-
eate the diagnosis and to confirm or deny the presence 
of current or underlying bone abnormality. General 
indications for knee radiographs include deformity, 
acute effusion, inability to bear weight, instability, and 
localized bone or physeal tenderness. Standard trauma 
views of the knee include anteroposterior, lateral, and 
oblique radiographs. Additional views used in the 
evaluation of acute or chronic knee pain include the 
sunrise view (useful to identify an avulsion fracture of 
the medial patella after an acute patellar dislocation) 
and the tunnel view (useful to identify osteochondal 
injury of femoral condyles). Magnetic resonance imag-
ing (MRI) evaluation is warranted when plain radio-
graphs fail to delineate the problem and there is a 
suspicion of a significant bone or soft-tissue injury 
(e.g., fracture, anterior cruciate ligament [ACL] tear, 

patellar dislocation, etc.). MRI evaluation is usually 
initiated after orthopaedic consultation.

	D.	 Fractures about the knee can occur in the femur, tibia, 
fibula or patella. Younger patients are at greater risk  
for an injury to the physis, as opposed to the surround-
ing soft tissue, as the cartilaginous physeal plate is 
mechanically weaker than the adjacent ligament. In 
the history, there is often a significant mechanism of 
injury followed by rapid swelling and inability to bear 
weight. Physical examination is most commonly limited 
by pain and effusion. Radiographs, especially in skele-
tally immature patients, should be obtained before  
aggressive manipulation of the knee. Intra-articular 
fractures such as to the tibial spine may require surgery 
if there is any displacement affecting the joint surface. 
Injuries to the physis of the femur or tibia also need 
anatomic reduction if there is significant displacement 
or angulation. Immobilization in a fiberglass cast for 
approximately 4 weeks is followed by range of motion 
and progressive rehabilitation. Return to activity de-
pends on the site of injury and the progression of heal-
ing radiographically and clinically. Families should be 
counseled about the risk for growth-related complica-
tion when the fracture involves the physis.

	E.	 Knee contusions are common in children and adolescents 
given their activity level and their frequent participation 
in contact sports. The history consists of a fall onto the 
knee or a direct blow to the knee followed by swelling and 
bruising. When the fall or hit is significant, knee contu-
sions can present similarly to more serious knee injuries. 
In addition to swelling and bruising, the knee examination 
often reveals limited range of motion and significant 
guarding that may even prevent the examiner from pro-
ceeding with stability testing. Radiographs are negative 
for fracture. Treatment consists of rest, protection, ice, 
and over-the-counter pain medication as needed. An 
MRI may be indicated in the setting of a large hemarthro-
sis to evaluate for radiographically occult fractures. MRI 
will show significant bone marrow edema and associated 
joint effusion. The use of a knee immobilizer should be 
limited to a few days and active range of motion should be 
encouraged. For patients who need a longer period of 
protection, a variety of knee braces can be used for com-
fort and support. In the case of severe contusions, the use 
of crutches for a short interval can aid in pain control and 
can facilitate healing. Return to activity is based on re-
gaining normal range of motion, strength, and function, 
and usually occurs within a few weeks of the injury.

	F.	 Ligament injuries about the knee, although possible in 
the skeletally immature patient, tend to occur in the 
adolescent once the physeal plates are more mature 
and less susceptible to trauma. Certain mechanisms are 
characteristic of serious ligament injury in the knee. 
Mild sprains in the knee may have minimal findings on 
examination and usually cause little disability.
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	G.	 An ACL rupture can occur from either a contact or 
noncontact twisting injury, or by landing on a hyperex-
tended knee. When one of these mechanisms is associ-
ated with a feeling of a “pop” and the presence of a 
rapidly evolving joint effusion, an ACL rupture should 
be suspected. The ACL injury can be isolated, but it is 
also quite possible that there is concomitant soft-tissue 
injury such as a collateral ligament injury or meniscal 
tear. The examination reveals a joint effusion and a 
positive Lachman test (both laxity and the absence of  
a solid end point noted when stressing the ligament in 
20 degrees of flexion). Radiographs are usually negative 
but may show an avulsion of the lateral tibial plateau, 
also known as the Segond fracture. MRI is used to con-
firm and grade the injury, as well as to evaluate for other 
coexisting injuries. Initial treatment focuses on pain 
control and protection of the joint. Definitive treatment 
for a high-grade ACL sprain is largely surgical in chil-
dren and adolescents to achieve joint stability and to 
allow safe return to the vigorous activity that is charac-
teristic of this age group. Skeletally immature athletes 
with ACL injury represent a historically controversial 
population, although recent recommendations favor 
surgery in this age group as well. After ACL reconstruc-
tion, the patient is progressed through a comprehensive 
rehabilitation program. Return to sports can usually be 
achieved approximately 6 months after the surgery.

	H.	 Posterior cruciate ligament (PCL) tears are far less com-
mon than ACL tears and may occur when there is a fall 
or a significant force to anterior aspect of the tibia when 
the knee is flexed. Examination shows a joint effusion, a 

positive sag sign, and increased laxity with the posterior 
drawer test. Radiographs are usually negative. MRI can 
characterize the injury and is done to evaluate for coex-
isting injury. Treatment is largely nonoperative because 
outcomes without surgery are quite good. Rehabilitation 
is prescribed and return to play is based on regaining 
motion, strength, and function. Bracing may be recom-
mended upon return to play.

	 I.	 Medial collateral ligament (MCL) injuries usually 
occur when there is a blow to the lateral aspect of  
the knee, followed by immediate pain over the medial 
aspect of the knee. With high-grade injuries to the 
MCL, there can be a knee effusion; with less severe 
injury, the swelling is localized medially over the course 
of the MCL. Physical examination reveals tenderness 
over the MCL (and reproducible pain), as well as laxity, 
with valgus stress testing. Valgus stress testing is done 
at 0 and 30 degrees of knee flexion. If laxity is present 
at 0 degrees, a coexisting injury to the ACL should be 
suspected. Valgus stress testing in 30 degrees of flexion 
isolates the MCL and allows for grading of the injury 
in a cooperative patient. Radiographs are performed  
to evaluate for fracture, with special attention to  
the distal femoral physis, which is a structure more 
likely to mechanically fail with the same mechanism in 
the skeletally immature patient. MRI might be consid-
ered if an injury at the physis is suspected despite 
negative radiographs. MRI can also characterize the 
extent of the injury and assist in evaluating for other 
injuries. When the injury is isolated, rest, ice, protec-
tion, and pain medications are used to control pain. 
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Knee rehabilitation and progressive return to activity 
can usually be accomplished in 2 to 4 weeks. Knee 
bracing may be used for stability, as well as for return 
to activity. Lateral collateral ligament (LCL) injuries 
are less common than MCL injuries because sustaining 
a blow to the inside of the knee is an unusual injury. 
Assessment and treatment principles are similar to 
those for the MCL.

	J.	 Meniscal cartilage tears can occur from a forceful 
twisting injuring when the knee is flexed. This injury is 
more common in the adolescent age group and rarely 
occurs younger children. The patient may describe an 
acute sensation of pain near the involved meniscus. 
Progressive symptoms may be mechanical in nature 
such as catching or locking. The physical examination 
may reveal a knee effusion. The most reliable physical 
examination finding is focal joint line tenderness. Other 
tests that load and twist the knee to elicit painful click-
ing on the joint line (such as in the McMurray’s test) 
are not reliably helpful. MRI is obtained when the 
clinical suspicion is high. Surgery may be warranted for 
large tears, or for less severe tears if the patient is not 
responding successfully to conservative treatment of 
rest and physical therapy. When symptoms of meniscal 
pathology pre sent in younger patients (swelling, catch-
ing, locking), a torn discoid meniscus should be sus-
pected. The discoid meniscus is congenitally abnormal 
and prone to injury. MRI can detect a discoid menis-
cus. Surgery is usually recommended when a patient 
has significant symptoms.

	K.	 Patellar dislocations occur from either direct contact 
to the knee or after a sudden change in direction. If  
the dislocation is transient or partial (termed a sublux-
ation), the patient may not realize that the patella 
shifted position. Dislocations that require reduction in 
an emergency care facility are often accompanied by 
significant swelling, pain, and disability. Radiographs 
are used before and after reduction to confirm ana-
tomic reduction and to evaluate for associated fracture. 
The sunrise view is particularly helpful to evaluate for 
fracture but is often not part of routine trauma series.
MRI may be used by a specialist to evaluate for any  
associated cartilage injury or loose body that can result 
from a traumatic dislocation. Initial treatment consists 
of protection of the knee with bracing at 0 degrees for 
3 to 4 weeks, rest, ice, and pain medication. If the MRI 
fails to show osteochondral or ligamentous injury that 
would warrant surgery, the patient is treated conserva-
tively with protected bracing and progressive return to 
activities in approximately 10 to 12 weeks.

	L.	 Sinding-Larsen-Johansson syndrome, or apophysitis of 
the inferior pole of the patella, refers to a condition that 
causes pain and localized swelling in the anterior knee in 
preadolescence. The patellar tendon creates traction over 
the cartilaginous component of the patellar apophysis, 
leading to a traction apophysitis. The condition usually 
occurs between the ages of 8 and 11, when the apophysis 
is rapidly developing and is susceptible to activity-related 
irritation. Together with the classic history, patients have 
focal swelling and exquisite tenderness over the inferior 
pole of the patella. Radiographs may show fragmentation 
of the inferior pole of the patella, although radiographs 

can also be normal. Treatment is conservative, consisting 
of activity modification, ice, over-the-counter pain medi-
cine, stretching, and occasionally bracing. The condition 
tends to be self-limiting, and activity and sports are per-
mitted based on pain tolerance.

	M.	Osgood-Schlatter disease, also known as tibial tubercle 
apophysitis, refers to a similar cause of anterior knee 
pain, although this condition occurs in a slightly older 
population closer to adolescence. Pain, swelling, and 
tenderness over the tibial tubercle apophysis between 
the ages of 10 and 14 are the hallmark features. Exami-
nation often shows dramatic swelling and significant 
tenderness over the tibial tuberosity. Radiographs may 
be obtained to evaluate the appearance of the apophy-
sis, although significant variations in the appearance  
of the tibial tubercle apophysis exist. Most patients  
respond well to conservative treatment such as activity 
modification, ice, over-the-counter medicine, stretch-
ing, and occasionally bracing. As in Sindig, activity is 
allowed if the pain is not preclusive. Osgood Schlatter 
disease is largely self-limiting. However, in rare cases 
significant fragmentation at the apophysis can lead to 
painful malunion and require more aggressive treat-
ment such as surgery.

	N.	 Slipped capital femoral epiphysis (SCFE) can pre sent 
as knee pain in the adolescent either with an acute or 
chronic history of pain. A screening examination of the 
hip in a young patient presenting with knee pain is  
essential to avoid missing this important diagnosis. The 
patient is usually between the ages of 10 and 16, and 
oftentimes overweight. Examination reveals pain with 
hip range of motion, loss of internal rotation of the hip, 
and obligatory external rotation of the femur (flexion of 
the hip results in involuntary external rotation of the 
leg). Radiographs of the bilateral pelvis including  
an anteroposterior and frog leg lateral are usually diag-
nostic. SCFE can be present bilaterally. SCFE is an 
orthopedic emergency, and treatment consists of strict 
non-weight bearing and orthopedic consultation for 
surgical management. Legg–Calvé–Perthe disease 
(Perthe disease, or LCP) can also present as knee pain 
in the younger patient and represents another diagno-
sis not to miss in the evaluation of the patient with knee 
pain. Perthe disease refers to avascular necrosis of the 
femoral head. Patients usually present between the 
ages of 2 and 12 with knee and/or hip pain and limping. 
Examination reveals limited range of motion of the hip 
with or without pain. Radiographs are useful in the 
diagnosis, and occasionally an MRI is needed. Ortho-
pedic consultation is needed, and treatment depends 
on the stage and progression of the disease.

	O.	 Patellofemoral pain syndrome (PFPS), occurring com-
monly in the adolescence, refers to an overuse injury 
causing anterior knee pain. Other terms that have been 
used to describe this condition are lateral patellar  
compression syndrome, runner’s knee, and chondro-
malacia, although the latter term is falling out of favor. 
The symptoms are theorized to arise from dysfunction 
around the patellofemoral joint. The history reveals 
activity-related, chronic pain in the anterior knee that 
occurs without significant swelling or mechanical 
symptoms. Radiographs are obtained to screen for 
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not respond successfully to all conservative measures, 
surgical release of the ITB may be considered.

	R.	 Osteochondritis dissecans (OCD) refers to an acquired 
injury to the subchondral bone and occurs most com-
monly in the medial femoral condyle. Most theories 
agree that the cause of this condition may be multifac-
torial, with repetitive overload or microtrauma a  
significant factor. The patient presents with a vague 
history of knee pain, occasional swelling, and at  
times mechanical symptoms of catching or locking. 
Radiographs tend to confirm the diagnosis, and MRI is 
useful in grading or clarifying the severity of the lesion. 
Progressive fragmentation and loose body formation is 
a complication of the disease. Management is largely 
conservative in skeletally immature patients. Surgical 
management may be required in adolescent patients or 
patients with more severe disease.

	S.	 Although rare, tumor and infection are among the pos-
sibilities in the presentation of nontraumatic knee pain. 
Radiographs and MRI are excellent screening tools to 
evaluate for these conditions, and specialized testing is 
reserved depending on the clinical presentation.

other causes of knee pain, although radiographs are 
typically negative in this condition. MRI has little role 
in the initial evaluation of chronic, nontraumatic,  
anterior knee pain. Short-term treatment consists of 
activity modification, ice, and over-the-counter medi-
cations. Bracing of the knee may provide symptom-
atic relief especially during aggravating activity.  
Definitive management involves successful involve-
ment in a systematic rehabilitation program focusing 
on lower extremity flexibility and strengthening,  
including pelvic and core strengthening to improve 
biomechanics. Return to activity is based on relief of 
symptoms and improved functioning of the knee. 
Failure to improve with conservative care may war-
rant more advanced consultation by an orthopaedic or 
sports medicine specialist.

	P.	 Patellar tendonitis, also referred to as jumper’s knee, is 
a type of overuse anterior knee pain. This condition 
commonly occurs in jumping athletes in adolescence. 
The history shows activity-related pain, and the exami-
nation shows focal tenderness over the course of the 
patellar tendon. Radiographs are commonly obtained 
and are usually normal. Treatment is supportive, focus-
ing on controlling pain and regaining function. Bracing 
with a pateller tendon strap may be helpful for symp-
tom relief. A progressive rehabilitation program is of-
ten helpful in returning athletes successfully to play.

	Q.	 Iliotibial band (ITB) syndrome is an overuse injury that 
commonly occurs in running athletes. The history re-
veals lateral, nontraumatic knee pain that is aggravated 
by running. Examination reveals significant inflexibility 
of the ITB and focal tenderness over the lateral femoral 
condyle. Treatment is conservative and involves activity 
modification, identification of correctable biomechani-
cal features, as well as active participation in a sound 
rehabilitation program focusing on correction of muscle 
imbalances, strengthening, and friction massage/
stretching of the ITB. Recalcitrant cases may respond 
to a corticosteroid injection. For the rare cases that do 
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Limp
Steven G. Federico, MD

	A.	 Limp is defined as the deviation of one’s standard 
ambulatory pattern. In pediatrics, this pattern is an 
evolution with age-dependent norms. The cause of a 
patient’s limp can be categorized in one or more of the 
following: pain, weakness, and structural abnormality. 
The initial history taken on a patient who presents with 
a chief complaint of limp should include in its descrip-
tion several factors: duration, time of onset (night, day, 
with activity), age, sex, painful or nonpainful, location 
of pain (articular or nonarticular, monoarticular or 
polyarticular), history of trauma, presence of fever or 
other constitutional symptoms. Specific attention 
should be paid to the age of the patient. Although not 
completely absolute, many diagnoses of limp are more 
common in certain age ranges. For example, congeni-
tal hip abnormalities are more common in 1- to 3-year-
olds, transient synovitis and Legg–Calve–Perthes syn-
drome are seen in 4- to 10-year-olds, and slipped 
capital femoral epiphyses and overuse injuries are 
more likely in 11- to 15-year-olds.

	B.	 Careful attention should be placed on the physical ex-
amination of a child with a limp. This can be especially 
difficult in toddlers, but the determination of pain and/
or anatomic location ultimately will dictate the evalua-
tion, differential, and level of concern. Areas of focus 
should include a description of the gait highlighting the 
use of compensatory muscles/joints, limb lengths, point 
tenderness, site of pain (joint or soft tissue), areas of 
erythema, warmth, swelling, muscle strength, evidence 
of trauma, and presence of fever, rash, or other sys-
temic findings.

	C.	 Unequal leg length can be measured by having the 
patient stand barefoot on a smooth surface using a tape 
from the anterosuperior iliac spine to the medial mal-
leolus or the sole of the heel. X-ray scanography can 
also be used. In toddlers, symmetry of the buttock and 
thigh creases and a Trendelenburg gait can point to 
asymmetric limb lengths. Congenital abnormalities of 
the proximal femur include bone malformations and 
dislocation of the hip.

	D.	 Patients who lack trauma or systemic symptoms may 
require imaging studies, but laboratory analysis rarely is 
helpful. The anatomic location of pain should be delin-
eated to maximize utility of imaging study. The assess-
ment should specifically delineate between pain that is 
pinpoint versus diffuse, as well as the involvement of 
bone, soft tissue, and/or joints. Imaging usually consists 
of radiographs and should be targeted to area of pain 
with consideration of the joint(s) above and below.

	E.	 Imaging is rarely helpful when cause of limp is 
not pinpoint or is migratory. Consider supportive  
management including anti-inflammatory medication,  
rest, ice, compression, and elevation. If limp persists, 

consider referral to orthopedics (chronic overuse  
or soft-tissue strain) or rheumatology (fibromyalgia, 
hypermobility, reflex sympathetic dystrophy, [RSD]).

	F.	 Aseptic necrosis of the proximal femoral epiphysis 
(Legg–Calve–Perthes syndrome) and slipped capital 
femoral epiphysis (SCFE) both begin with a painless 
limp but usually have become symptomatic by the time 
of presentation. The pain may be mild and felt at the 
knee. Anteroposterior and lateral radiographs of both 
hips are important to the diagnosis. The treatment of 
aseptic necrosis is complex, requiring a period of no 
weight bearing and range-of-motion exercises, possibly 
followed by bracing or surgery. Slipping of the proxi-
mal femoral epiphysis is a surgical emergency.

	G.	 Painful limp with systemic symptoms require prompt 
attention and evaluation. Prompt identification of in-
fectious causative agents may significantly minimize 
morbidity and long-term sequelae. Radiographs of the 
involved area should be obtained, including consider-
ation of the joint(s) above and below. It should be 
noted that radiographs can be negative in septic arthri-
tis for up to 10 days. In addition, laboratory analysis 
should be obtained including complete blood cell 
count (CBC), erythrocyte sedimentation rate (ESR), 
C-reactive protein (CRP), and blood culture (in fe-
brile, ill-appearing patient). Recent evidence suggests 
that a nonelevated CRP is the most accurate negative 
predictor of disease.

	H.	 If either the radiographs or laboratory data are abnor-
mal, further evaluation is urgently indicated. If arthritis 
is not present, further bone imaging such as bone scan 
or MRI may identify cause. Consider consultation with 
orthopedics and radiology to identify most useful imag-
ing methodology. If monoarticular arthritis is present, 
ultrasound and arthrocentesis are indicated. Polyartic-
ular disease usually requires additional analysis and 
rheumatology evaluation.

	 I.	 Transient or toxic synovitis is an inflammatory disease 
that affects the hip of unknown cause in children 3 to 
10 years old, and is one of the most common causes of 
limp in young children. It is by definition self-limiting 
and benign. Patients may present with systemic symp-
toms, although they are rare. Laboratory values are 
generally normal but may be slightly elevated. The 
physical examination is significant for decreased active 
movement but good passive range of motion. It poses 
a diagnostic dilemma because its presentation can be 
difficult to differentiate from other inflammatory pro-
cesses, most notably septic arthritis or fractures. These 
causative factors must be ruled out clinically, radio-
graphically, or (especially if the child is febrile or has 
elevated inflammatory markers) microbiologically via 
aspiration.
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Neonatal Hyperbilirubinemia
Betsey Chambers, MD, and Cara L. Mack, MD

Mild jaundice in the first few days of life is a normal part 
of the neonatal transition. Most jaundiced newborns do 
not require intervention. However, a small number of 
newborns will experience significant jaundice, which can 
lead to kernicterus if not properly treated. An even smaller 
number will have cholestatic jaundice, which requires 
prompt diagnosis and treatment. All newborns should be 
monitored clinically for jaundice to identify the subset of 
newborns who will require treatment.

	A.	 History: A number of factors in the prenatal and post-
natal history can put a newborn at risk for jaundice. 
They include:

	1.	 Pregnancy complications such as intrauterine 
growth restriction (IUGR), gestational diabetes 
(GDM), and maternal use of certain medications

	2.	 Family history of anemia, jaundice, or liver disease
	3.	 African, Asian, or Mediterranean ethnicity
	4.	 Delivery complications such as forceps or vacuum-

assisted delivery, or delayed cord clamping
	5.	 Poor feeding, exclusive breast-feeding, or poor 

voiding/stooling output

	B.	 Physical Examination: A number of physical examina-
tion findings can put a newborn at risk for jaundice. 
They include:

	1.	 Small or large for gestational age (SGA, LGA)
	2.	 Preterm
	3.	 Excessive weight loss since birth
	4.	 Ruddiness
	5.	 Bruising or cephalohematomas
	6.	 Hepatosplenomegaly (as a sign of infection, hemoly-

sis, or liver disease)
	7.	 Abdominal distention (as a sign of obstruction)
	8.	 Vital sign abnormalities (as a sign of infection)

	C.	 Laboratory: All newborns with visible jaundice require 
a serum or transcutaneous total bilirubin level. In in-
fants more than 35 weeks gestation, this level should 
be plotted on an age-specific nomogram to determine 
the risk level. The mother’s blood type and antibody 
screen should also be reviewed in all cases, to deter-
mine risk for possible blood group incompatibility. If 
mother’s blood type is O or Rh negative, or her anti-
body screen is positive, a blood type and Coombs test 
should be performed on the infant. Depending on his-
tory and examination findings, a subset of newborns 
will require additional laboratory testing. In cases of 
possible polycythemia (SGA, LGA, infants of diabetic 
mothers, ruddy complexion), a hematocrit should be 
checked. If concern exists for unexplained hemolysis, a 
complete blood cell count (CBC), reticulocyte count, 
and peripheral smear should be obtained. Lastly, in a 

small subset of cases in which the clinical course is 
atypical and other evaluations have not identified the 
cause of the jaundice, a direct bilirubin level, thyroid-
stimulating hormone (TSH) level, and other testing 
may be indicated.

	D.	 Physiologic Jaundice: The majority of jaundiced new-
borns will have jaundice that is likely to be explained 
simply by physiologic factors related to the newborn. 
The newborn has a greater rate of bilirubin production 
than an adult, because of relative polycythemia at 
birth, and a relatively shorter life span of fetal red 
blood cells. The newborn also excretes bilirubin much 
slower than an adult because of two factors: first, the 
conjugation mechanism is not fully functional at birth; 
and second, there is increased enterohepatic recircula-
tion of bilirubin because of decreased stool output in 
the first few days of life and lack of normal gut flora in 
the neonatal intestines. The exact definition of “physi-
ologic” jaundice is variable, depending on the source. 
However, newborns who are jaundiced in the first day 
of life, or who require phototherapy at any point, do 
not have simple physiologic jaundice.

	E.	 Overproduction: Hyperbilirubinemia can result from 
overproduction, the causes of which can be divided 
into the following categories:

	1.	 Hemolysis: ABO incompatibility is the most common 
cause of hemolysis in the neonate. Rh incompatibility 
is much rarer since the advent of RhoGAM. If un-
treated during pregnancy, Rh incompatibility can 
cause such severe hemolysis before birth that the 
presenting sign is fetal hydrops rather than neonatal 
jaundice. Other rare causes of hemolysis in the neo-
nate include G6PD (glucose 6-phosphate dehydroge-
nase) deficiency (more common in persons of Asian, 
African, or Mediterranean descent) and red cell 
membrane defects such as elliptocytosis and sphero-
cytosis. Sepsis can also present with hemolysis (among 
other symptoms).

	2.	 Extravasated blood: Excessive bruising or cephalo-
hematomas can lead to hyperbilirubinemia as the 
extravasated red blood cells are broken down and 
reabsorbed.

	3.	 Polycythemia: Polycythemia causes hyperbilirubine-
mia because of increased red blood cell load. Infants 
born to diabetic mothers, or who are LGA, SGA, or 
ruddy in appearance are at particular risk for polycy-
themia. Delayed cord clamping is also a risk factor.

	F.	 Underexcretion: Hyperbilirubinemia can result from 
underexcretion, the causes of which can be divided 
into the following categories:

	1.	 Defective or delayed conjugation: Conjugation de-
fects such as Crigler–Najjar or Gilbert syndrome 
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can cause hyperbilirubinemia. Crigler–Najjar type I 
causes severe early hyperbilirubinemia that will be 
difficult to control, even with treatment. Crigler–
Najjar type II is less severe and can be controlled 
with medications. Hypothyroidism causes a delay in 
most metabolic processes, including conjugation of 
bilirubin. It should be considered in prolonged 
cases of hyperbilirubinemia in which a cause has not 
been identified. Asian infants are at greater risk for 
a DNA variant affecting the uridine diphosphate 
glucuronosyl-transferase protein, which also affects 
conjugation.

	2.	 Increased enterohepatic recirculation: Conjugated 
bilirubin that remains in the intestines for pro-
longed periods is deconjugated by enzymes in the 
intestinal villi and reabsorbed. Poor feeding is the 
most common cause of increased enterohepatic  

recirculation. It is a contributing factor in breast-
feeding jaundice, especially in preterm infants  
or infants experiencing breast-feeding problems. 
Breast-feeding jaundice should be distinguished 
from breast-milk jaundice. Breast-milk jaundice 
is a prolonged, unconjugated hyperbilirubinemia 
thought to be caused by enzymes in breast milk that 
deconjugate bilirubin, leading to enterohepatic re-
circulation. In rare cases, intestinal obstruction may 
be the cause of enterohepatic recirculation. Normal 
intestinal flora can decrease enterohepatic recircu-
lation by further metabolizing bilirubin to a form 
that cannot be reabsorbed. However, neonates do 
not have the normal gut flora that adults have, which 
exacerbates enterohepatic recirculation.

	3.	 Direct (conjugated) hyperbilirubinemia: See sections H 
and I and Table 1.
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immunoglobulin (IVIG; which is helpful in cases of 
antibody-mediated hemolysis), albumin adminis-
tration (which binds to bilirubin and prevents it 
from crossing the blood–brain barrier), and double-
volume exchange transfusion. Infants who require 
these treatments need close monitoring in a neona-
tal intensive care unit.

	H.	 Evaluation of Cholestatic Jaundice: Cholestatic jaun-
dice in the neonatal period can be attributed to a vari-
ety of causative factors. All jaundiced infants older than 
2 to 3 weeks require measurement of direct (or conju-
gated) bilirubin. Neonatal cholestasis is defined as a 
direct bilirubin of 2 mg/dL and 20% of the total 
bilirubin level. In assessing the jaundiced infant, make 
sure to visualize the stool color, as acholic stools are 
associated with biliary atresia, as well as other causes of 
biliary stasis. All patients with cholestasis should be 
worked up for the underlying cause as expediently as 
possible. The most important reason for this urgency is 
based on the fact that the success of the Kasai portoen-
terostomy surgical procedure for biliary atresia is de-
pendent on an early age at diagnosis. It is generally 
regarded that effective bile drainage with resolution of 
jaundice can be achieved in up to 70% of patients with 
biliary atresia if the portoenterostomy is performed 
before 60 days of life as compared with 40% to 50%  
of patients if performed at 60 to 90 days of life, 25% of 
patients at 90 to 120 days, and only 10% to 20% of 
patients at 120 days.

Patients with neonatal cholestasis should have 
further liver evaluation including serum aspartate ami-
notransferase (AST), alanine aminotransferase (ALT), 
g-glutamyl transferase (GGT), alkaline phosphatase, total 
protein, albumin, and prothrombin time (PT). Second, 
an abdominal ultrasound should be performed to rule 
out a choledochal cyst, biliary stones, sludge formation, 
or tumor compressing the extrahepatic bile duct. The 
size of the gallbladder and extrahepatic bile duct by  
ultrasound is variable in biliary atresia (from absent to 
normal caliber). Other abdominal abnormalities found 
in less than 20% of patients with biliary atresia include 
polysplenia, intestinal malrotation, discontinuous infe-
rior vena cava, and preduodenal portal vein.

The majority of patients with neonatal cholestasis 
will require referral to a pediatric gastroenterologist to 
establish the underlying diagnosis. The causes of neona-
tal cholestasis include anatomic abnormalities (men-
tioned earlier), metabolic disorders, infectious agents, 
genetic syndromes, and endocrinopathies. Alert the 
surgeon for anatomic abnormalities including chole-
dochal cyst, tumor, and spontaneous perforation of the 
bile duct. The stepwise approach to the diagnosis of 
biliary atresia entails a percutaneous liver biopsy and 
surgical intervention. If the liver histology is consistent 
with the diagnosis of biliary atresia, then the surgeon 
will perform an intraoperative cholangiogram. Intraop-
erative cholangiogram is considered the gold standard 
in the diagnosis of biliary atresia, and if the diagnosis is 
confirmed, the surgeon will proceed with the Kasai 
portoenterostomy.

	G.	 Treatment of Unconjugated Hyperbilirubinemia:

	1.	 Phototherapy: Initial treatment for hyperbilirubine-
mia is with phototherapy. Phototherapy causes a 
conversion of bilirubin into lumirubin, which is wa-
ter soluble and more easily excreted from the body 
than bilirubin. Not all jaundiced newborns will need 
phototherapy. Guidelines for whom to start on pho-
totherapy can be found in the American Academy of 
Pediatrics, Clinical Practice Guideline for the Man-
agement of Neonatal Hyperbilirubinemia.

	2.	 Follow-up: Because most neonatal jaundice occurs 
in the first week of life, close follow-up in the first 
week of life is critical, even for infants who do not 
meet criteria for phototherapy at the time of dis-
charge.

	3.	 Other treatments: If phototherapy is unsuccessful 
in controlling the bilirubin level, other treatments 
may be considered. These include intravenous  

Table 1. Neonatal	Cholestatic	Diseases

Disease Diagnostic	Workup

Metabolic
A1AT deficiency A1AT level and phenotype
IEOM Newborn screen (galactosemia)

Urine succinylacetone (tyrosinemia)
Serum amino acids, urine organic  

acids
BASD Total serum bile acids; urine bile acid 

analysis

Infectious
TORCH Urine CMV culture; others as  

warranted
UTI Urine culture for bacteria
Sepsis Based on history, clinical picture,  

cultures
Hepatitis A Hepatitis A IgM
Hepatitis B Hepatitis B sAg

Genetic
Cystic fibrosis Newborn screen, sweat chloride test
Alagille syndrome Echocardiogram, spine film, ophthal-

mologic examination

Endocrinopathy
Hypothyroidism Newborn screen, TSH, total and  

free T4
Panhypopituitarism TSH, total and free T4, early morning 

cortisol

Toxin Induced
TPN-related cholestasis 

(also known as intestinal 
failure-associated liver 
disease)

Drug-induced  
hepatotoxicity

Extrahepatic Biliary Obstruction
Biliary atresia See section H
Choledochal cyst See section H

A1AT, alpha-1 antitrypsin; BASD, bile acid synthesis defects; CMV, cytomegalovi-
rus; IEOM, inborn errors of metabolism; IgM, immunoglobulin M; sAg, surface 
antigen; T4, thyroxine; TORCH, toxoplasmosis, other, rubella, cytomegalovirus, 
and herpes; TPN, total parenteral nutrition; TSH, thyroid-stimulating hormone; 
UTI, urinary tract infection.
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urine CMV culture. Bacterial UTIs are associated 
with cholestasis, and cholestatic infants should have 
a catheter-obtained urine bacterial culture. Hepati-
tis A and B are uncommon causes of neonatal cho-
lestasis and should be tested for with hepatitis A 
IgM and hepatitis B surface antigen only if the ma-
ternal or family history warrants.

	3.	 Genetically associated causes of neonatal cholestasis 
include cystic fibrosis (CF), Alagille syndrome, and 
progressive familial intrahepatic cholestasis. If CF  
is suspected, then a sweat chloride test should be  
performed, even if the newborn screen result was 
negative. Alagille syndrome entails a constellation  
of physical findings including cholestasis caused by 
bile duct paucity, congenital heart disease such as  
peripheral pulmonic stenosis, abnormal facies, oph-
thalmologic abnormalities (posterior embryotoxon), 
and bony defects (butterfly vertebrae). Cholestatic 
neonates are screened for Alagille syndrome with an 
echocardiogram (if a murmur is detected), ophthal-
mologic examination, and spine film.

	4.	 Endocrinopathies associated with neonatal cho-
lestasis include isolated hypothyroidism and panhy-
popituitarism. Screening for these entities include 
TSH, total and free thyroxine (T4), and early morn-
ing cortisol level.

(Cont’d from p 289)
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	 I.	 Uncommon Causes of Neonatal Cholestasis (see 
Table 1):

	1.	 Metabolic disorders of neonatal cholestasis include 
alpha-1 antitrypsin (A1AT) deficiency, inborn errors 
of metabolism (IEOM), and bile acid synthesis de-
fects (BASD). Approximately 10% to 15% of patients 
with A1AT deficiency have neonatal cholestasis, and 
it is diagnosed based on the serum A1AT level and 
phenotype. It is important to obtain this laboratory 
test early on in the evaluation of cholestasis because 
if A1AT deficiency is confirmed, then there is no 
need for further workup with a liver biopsy to rule 
out biliary atresia. IEOM that can present with cho-
lestasis include, but are not limited to, galactosemia 
and tyrosinemia. Evaluation of galactosemia is part 
of the newborn screen and, if suspected, can be con-
firmed with the galactose-1-phosphate uridyl trans-
ferase serum level. Tyrosinemia can be diagnosed 
with the urine succinylacetone level. Other IEOM 
can be screened for with serum amino acid and urine 
organic acid studies. A primary test for BASD is 
measurement of total serum bile acids. Total bile 
acids in the serum will be below normal in BASD as 
compared with elevated in all other cholestatic dis-
eases. If the total bile acids are low, then BASD is 
confirmed with measurement of individual bile acid 
levels by fast atom bombardment.

	2.	 Infectious agents associated with neonatal cholesta-
sis include the TORCH (toxoplasmosis, other, ru-
bella, cytomegalovirus [CMV], and herpes) infec-
tions (particularly CMV), bacterial urinary tract 
infections (UTIs), and hepatitis A and B. Obtain a 
maternal history for TORCH infections and per-
form diagnostic workup if history or physical exami-
nation warrants. All infants with neonatal cholestasis 
should be screened for exposure to CMV with a 
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Neonatal Seizures
Andrew White, MD, PhD, Lucy Zawadzki, MD, and Kelly Knupp, MD

Neonatal seizures can signify serious damage or malfunc-
tion of the immature brain and are considered a neurologic 
emergency requiring urgent diagnosis and treatment. The 
first month of life is the most vulnerable period for the 
development of seizures. The prevalence of neonatal sei-
zures is greater in low-birth-weight and premature infants, 
and can be as high as 57 to 132 per 1000 live births. It is 
lower in term infants, ranging from 0.7 to 2.7 per 1000. 
The majority of seizures in neonatal period are classified as 
symptomatic (acute reactive) because of an underlying 
cause. Unprovoked seizures are usually classified into epi-
leptic syndromes: two benign (benign neonatal convul-
sions and benign familial neonatal convulsions [BFNCs]) 
and two catastrophic (early myoclonic encephalopathy and 
early infantile epileptic encephalopathy).

CAUSATIVE FACTORS

The cause of provoked seizures can depend on the gesta-
tional age of the infant. Hypoxic ischemic encephalopathy 
(HIE) is the underlying cause in about 50% to 65% and is 
more common in term than premature infants. Seizures 
usually begin on first day of life and tend to be most severe 
in first 72 hours. In the majority of children with hypoxic 
ischemic encephalopathy, but not all, there is a clear his-
tory of fetal distress. Intracranial infections because of 
meningitis or sepsis are responsible for 5% to 10% of neo-
natal seizures. An additional 10% of seizures is provoked 
by intracranial hemorrhage. Subdural and subarachnoid 
bleeding are more commonly the result of trauma in term 
infants, and germinal matrix and intraventricular hemor-
rhages occur more frequently in premature infants. Aber-
rations in brain development, especially lissencephaly, 
pachygyria, and polymicrogyria, account for 5% to 10% of 
neonatal seizures. Metabolic causes include disturbances 
of glucose and calcium, and inborn errors of metabolism. 
Seizures secondary to intoxication or withdrawal because 
of intrauterine drug exposure can occur as early as 3 days 
of life or as late as 34 days of life.

 A. History should include family history of seizures, his-
tory of infection, drug/alcohol/tobacco use during the 
pregnancy, details of maternal prenatal care and im-
munizations, birth history including mode of delivery 
and Apgar scores, as well as necessity for resuscitation 
at birth.

 B. If possible, it is extremely helpful to visualize the epi-
sodes. Neonatal seizures are classified as follows:

 1. Subtle: involving rocking, bicycling, swimming, eye 
deviation

 2. Tonic: stiffening of arms, legs or trunk, upward eye 
deviation and apnea

 3. Clonic: focal or multifocal nonsuppressible jerking 
movements of arms, legs, or face

 4. Myoclonic: single or multiple jerks of an extremity

Notably, although not common, seizures can pre-
sent as simple paroxysmal autonomic changes (tachycar-
dia, hypertension) alone. Physical examination should 
include the measurement of head circumference, as-
sessment of mental status (Is there tracking in a full 
term newborn?), identification of dysmorphic features 
and facial asymmetry, determination of neonatal tone 
and movement, evaluation of reflexes (tonic neck, suck, 
patellar, and Moro), presence of birthmarks or rashes, 
and evidence of accidental injection of anesthetic drug, 
trauma, or infection. Instability of temperature or blood 
pressure may indicate infection.

 C. The electroencephalogram (EEG) can be valuable in 
the determining whether a particular behavior repre-
sents a seizure. Specific EEG patterns may correlate 
more closely with different pathologies. Background 
EEG rhythms (burst suppression as seen in Ohtahara) 
may allow for a more accurate prognosis. Either con-
tinuous (preferable) or repeat EEGs may be helpful in 
patient management.

 D. Many mimics of neonatal seizures exist. These include 
jitteriness or tremulousness (noted in drug withdrawal, 
hypoxic-ischemic encephalopathy, or other metabolic 
conditions), benign neonatal sleep myoclonus (this oc-
curs only during sleep), opisthotonus (possibly caused 
by meningeal irritation, associated with kernicterus or 
inborn errors of metabolism), and nonepileptic apnea 
(caused by cardiac, pulmonary, or gastrointestinal ab-
normalities). Methods that can be used to determine 
whether these are seizures include attempted suppres-
sion of movement (seizures are difficult to suppress), 
presence of eye deviation, nystagmus, and provocation 
using stimuli (seizures are not usually provoked).

 E. Initial laboratory tests should include glucose, calcium, 
sodium, magnesium, phosphorous, liver function tests 
(LFTs), and a complete blood cell count. Infectious 
causative agents should always be ruled out. Maternal 
and neonatal drug screens can also be performed to 
check for drug withdrawal. If the child appears jaun-
diced, a bilirubin should be obtained. Tests that can be 
added if there is a suspicion of inborn error of metabo-
lism include serum amino acids, urine organic acids, 
lactate, pyruvate, ammonia, and acylcarnitine profile. 
If no explanation is found for the seizure, cerebrospinal 
fluid should also be obtained and tested for amino  
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acids (specifically glycine), glucose, lactate, pyruvate, 
and to rule out meningoencephalitis.

 F. Magnetic resonance imaging (MRI) with diffusion-
weighted imaging is the most sensitive and therefore 
most preferred form of imaging. It is able to detect 
malformations of cortical development, strokes (even 
at a very early stage), changes from hypoxic-ischemic 
encephalopathy, meningeal enhancement associated 
with infection, and can often give clues to the type of 
inborn error of metabolism. It is not suited for a criti-
cally ill patient because it requires the patient to be 
brought to the machine and the study takes more time 
than other imaging modalities. It also is not very good 

at detecting blood unless specific sequencing is used. 
Computed tomography is able to detect more obvious 
parenchymal defects, bleeding, and when used with 
contrast, is excellent at detecting venous sinus throm-
boses. It takes much less time than an MRI but still 
requires patient transport. A more recent concern is 
that it also exposes the patient to radiation and in-
creases the chance of subsequent malignancy. Ultra-
sound machines can be brought to the neonatal inten-
sive care unit and hemorrhages can be identified. The 
technology, however, suffers from poor visualization of 
the cortex (specifically the convexities) and subarach-
noid blood.
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 G. Infectious causes of meningitis in the neonate can be 
either bacterial (group B streptococcus, Escherichia coli, 
Listeria monocytogenes) or viral (herpes simplex virus 
[HSV] or cytomegalovirus [CMV]). Lumbar puncture is 
indicated in all infants suspected of having meningitis. 
Empiric treatment for neonatal meningitis usually con-
sists of acyclovir, ampicillin, and cefotaxime. Treatment is 
refined when cultures and polymerase chain reaction 
(PCRs) are reported. MRI can be helpful in identifying 
stroke, hemorrhage, thrombosis, or abscess, and can be 
used to establish prognosis. MRI with diffusion-weighted 
imaging can also be useful in identifying seizure focality.

 H. Vascular causes include both ischemic and hemorrhagic 
stroke, as well as arterial and venous thrombosis. All 
strokes should precipitate a hematologic workup. The 
timing of the workup is debatable. Typically, subarach-
noid or subdural hemorrhages are seen in term infants, 
and germinal matrix bleeds (intraventricular hemor-
rhages) are seen in premature infants. Imaging and/or 
head circumference measurements can be used to fol-
low resolution of hemorrhages.

 I. There are many benign genetic causes of neonatal sei-
zures, especially if there is a family history. BFNCs are 
focal or multifocal convulsions that occur within the 
first 2 weeks of life and are associated with a mutation 
in either the sodium or potassium ion channel. Benign 
infantile neonatal convulsions (BINCs or fifth-day fits) 
occur in otherwise healthy newborns and can be mul-
tifocal. They typically appear on the fourth or fifth day 
and continue for about 24 hours. They are refractory to 
drug treatment but resolve without sequelae. Other 
genetic causes that are associated with neonatal sei-
zures include Smith–Lemli–Opitz, tuberous sclerosis, 
Aicardi syndrome, hypomelanosis of Ito, and inconti-
nentia pigmenti. Chromosomal abnormalities can also 
lead to neonatal seizures.

 J. Electrolyte abnormalities can also result in neonatal 
seizures. Hypoglycemia can be corrected with a dex-
trose 10% in water (D10W) bolus of 2 ml/kg, followed 
by an infusion of 6 to 8 mg/kg/min. Hypocalcemia is cor-
rected using calcium gluconate (10%) 100 mg/kg intra-
venously (IV) over 1 to 3 minutes (monitor for bradycar-
dia). A maintenance dose of 500 mg/kg/24 hour IV or 
PO should be instituted. Hypomagnesemia can be cor-
rected using magnesium sulfate 25 to 250 mg/kg/dose IV 
or intramuscularly.

 K. Many inborn errors of metabolism can result in sei-
zures in the newborn period. Laboratory testing for 
these is described in section F. Two organic acidopa-
thies that are strongly associated with neonatal sei-
zures are propionic and methylmalonic academia. 
Other causes of neonatal seizures include nonketotic 
hyperglycinemia, urea cycle defects, amino acidopa-
thies, and mitochondrial disorders. One other disorder 
that should be considered if the patient does not  

respond to standard antiepileptics is pyridoxine defi-
ciency. This disorder is uniquely responsive to treat-
ment with pyridoxine (vitamin B6). It is recommended 
that this be done in an area with resuscitation equip-
ment (because of the possibility of severe respiratory 
depression) using video-EEG.

 L. Hypoxic-ischemic encephalopathy is the most common 
cause of neonatal seizures, and results from a lack of 
oxygen and blood flow to the newborn during the peri-
natal period. The injury and prognosis range from mild 
to severe and even fatal. MRI and EEG are both useful 
in establishing extent of injury and prognosis.

 M. Malformations of cortical development are being iden-
tified more commonly as a cause of neonatal seizures. 
These stem from an abnormality in neuronal migration 
during development. Although the specific cause of the 
abnormality is usually not identified, it may be a result 
of drugs, infections (especially CMV), and genetics 
(e.g., LIS-1, ARX). Examples of malformations include 
focal cortical dysplasia, hemimegalencephaly, lissen-
cephaly (smooth surface of the brain), pachygyria 
(thick cortex), and polymicrogyria (many small gyri).

 N. The mainstays of treatment for neonatal seizures remain 
phenobarbital (20 mg/kg IV) or phenytoin (20 mg/kg). 
Levels of these drugs should be obtained 1 hour after 
the loading dose. Benzodiazepines (lorazepam, diaze-
pam, or midazolam) may also be used if phenobarbital 
and phenytoin fail. Newer drugs including levetiracetam 
and topiramate are now commonly being used in ter-
tiary care centers. Pyridoxine (50–100 mg IV) should 
always be tried for seizures that are resistant to treat-
ment. A neonate should not be sent home on phenytoin 
because of its poor oral absorption.

 O. There is a trend toward earlier withdrawal of medica-
tion (1–3 months). Although specific medication with-
drawal techniques should be based on each individual 
patient, some general guidelines can be posed. The 
decision of whether to continue medication balances 
the likelihood of future seizures with the risks of the 
medication to the patient. If the seizures have stopped, 
the patient has a normal neurologic examination, and 
there is no identified cause that would make one sus-
pect that seizures are likely, it is reasonable to discon-
tinue medications at discharge. If the seizures have 
stopped and the neonate has an abnormal neurologic 
examination, but the follow-up EEG is normal, it is 
also reasonable to consider discontinuing antiepileptic 
medication. Follow-up with a neurologist should be 
scheduled for all neonates who have been discharged 
on antiepileptic medication. In addition, it is important 
to carefully monitor development of any child who has 
suffered seizures in the neonatal period. It is not un-
common for those individuals to suffer long-term se-
quelae, including the development of epilepsy, devel-
opmental delay, and behavioral disturbances.
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Newborn with PAROXYSMAL, REPETITIVE, AND STEREOTYPICAL MOVEMENTS

Treatment

Medication withdrawal

Infectious
E. coli, 
group B strep
TORCH
(HSV, CMV)

G

Vascular
Ischemia
Thrombosis
Hemorrhage

H

Genetic
BFNC
BINC

I

Hypoxic
Ischemic
Encephalopathy

L

Malformations
of cortical
development

M

Electrolytes
Hypoglycemia
Hypocalcemia
Hypomagnesemia

J

N

O

Inborn error 
of metabolism

K

Metabolic

(Cont’d from p 293)
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Respiratory Distress Syndrome
Jason Gien, MD

Respiratory distress syndrome (RDS), once called hyaline 
membrane disease, results from surfactant deficiency, usu-
ally seen in premature infants, but can occur with de-
creased frequency in term infants. Incidence rates range 
from 86% at 24 weeks to less than 1% at 39 weeks. RDS 
should be anticipated in the setting of any preterm deliv-
ery, delivery where amniotic fluid indices indicate pulmo-
nary immaturity, and in any infant born to a diabetic 
mother. Maternal corticosteroid therapy can prevent neo-
natal RDS when it is administered to the mother at least 
24 to 28 hours before delivery.

	A.	 In the physical examination, focus on the respiratory 
system; note the quality of respiratory effort (grunting, 
flaring, retractions, air entry, adventitial sounds), as 
well as respiratory rate. This assessment should include 
a decision about type of respiratory support needed. 
Search for evidence of congenital cardiorespiratory 
malformations (airway obstruction, congenital heart 
disease).

	B.	 The chest radiograph in RDS is characterized by a dif-
fuse reticulogranular or ground-glass pattern and hy-
poexpansion. Near-term infants may have a less spe-
cific hazy infiltrate. The radiographic appearance of 
RDS is often similar to that of group B streptococcal 
pneumonia, blood, or amniotic fluid aspiration, espe-
cially in term or near-term infants.

	C.	 Included in the differential diagnoses are other sys-
temic illnesses with pulmonary manifestations, such as 
congenital heart disease, hypoglycemia or cold stress, 
and polycythemia. Retained fetal lung fluid in near-
term infants or aspiration syndromes (clear fluid, blood, 
or meconium) in term infants may lead to dilution or 
inactivation of surfactant, resulting in acquired surfac-
tant deficiency and RDS.

	D.	 Consider bacterial pneumonia (especially group B 
streptococcal disease) in patients with RDS. Risk fac-
tors for infection include maternal fever, chorioamnio-
nitis, and premature or prolonged rupture of the mem-
branes. Neutropenia (white blood cell count ,2000 
neutrophils/ml) or leukocytosis and a ratio of immature 
to total leukocytes greater than 0.2 are suggestive of 
infection. Draw blood culture specimens; consider 
tracheal aspirate samples in intubated infants. Initiate 
antibiotic therapy with ampicillin and an aminoglyco-
side (Table 1).

	E.	 The natural history of RDS involves worsening of 
clinical symptoms, which occurs during the first 48 to 
72 hours (Table 2). It is important to consider both the 

postnatal age of the patient and the severity of illness 
in choosing therapeutic interventions. Early initiation 
of continuous positive airway pressure (CPAP) by nasal 
prongs may stabilize alveoli and prevent atelectasis. A 
trial of CPAP in the first hours of life is useful if the 
patient is only mildly hypercapnic or ventilating nor-
mally and/or requiring a fractional inspired oxygen 
concentration (Fio2) of less than 0.4 to maintain oxy-
genation. Extremely preterm infants and those with 
more severe disease often require intubation during 
delivery room resuscitation or shortly thereafter for 
mechanical ventilation and surfactant administration 
(see H). All neonates with RDS who have cardiac insta-
bility should have nothing by mouth and receive main-
tenance intravenous fluids and glucose (80 ml/kg fluids 
in the first 24 hours; 6–9 mg/kg per minute of glucose). 
Institution of total parenteral nutrition as soon as avail-
able is recommended, especially for preterm infants. 
In infants without cardiac instability, feeding via naso-
gastric tube is appropriate.

	F.	 Monitor arterial oxygen saturation in every infant with 
RDS using pulse oximetry. Monitoring of preductal 
saturations and transcutaneous monitoring can provide 
information on Po2 and Pco2. Consider placement of 
an umbilical artery catheter or peripheral artery cath-
eter in infants who require high oxygen, CPAP, or as-
sisted ventilation. Connect arterial lines to pressure 
transducers for blood pressure monitoring and safety. 
Monitor glucose, electrolytes, and calcium and acid-
base status.

	G.	 Assisted ventilation is usually initiated with pressure-
limited, time-cycled, synchronized intermittent manda-
tory ventilation. Synchronous intermittent mandatory 
ventilation delivers breaths that are synchronized to the 
onset of the patient’s spontaneous breaths and allows 
spontaneous breaths between mechanical breaths. A 
peak inspiratory pressure that achieves some but not 
excessive chest rise is an appropriate starting point. 
Adjust peak inspiratory pressure and rate to normalize 
arterial blood gases. Positive end-expiratory pressure 
should be set initially at 5 cm water and adjusted ac-
cordingly for optimal inflation, being sure to avoid 
overinflation or underinflation. Synchronized pressure-
limited volume ventilation when available may be pref-
erable to pressure-limited ventilation. For extremely 
preterm infants, volumes of 4 to 6 ml/kg are appropri-
ate; 6 to 8 ml/kg for near-term or term infants. High-
frequency ventilation may be indicated under certain 
circumstances; consult a neonatologist.
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Patient with RESPIRATORY DISTRESS SYNDROME

Establish degree of distress

Consider

Mild Moderate Severe

Congenital heart disease
Retained lung fluid/aspiration

Sepsis and/or pneumonia

Metabolic disorders
Cold stress
Polycythemia

Supplemental oxygen
Intravenous fluids
Consider NG feeds if BP stable
Continues pulse oximetry
Monitoring
Consider antibiotics

CPAP
Invasive BP/ABG monitoring
Intravenous fluids
Consider NG feeds if BP stable
Continues pulse oximetry
Monitoring
Empiric antibiotics

A

C

D

E

F Intubation and ventilation
Invasive BP/ABG monitoring
TPN if BP unstable
Consider NG feeds if BP stable
Continuous pulse oximetry
monitoring
Transcutaneous O2/CO2
Empiric antibiotics

Worsening respiratory distress Worsening respiratory distress

Hemodynamic instability

Consider surfactant replacement
Echocardiography if FiO2 >0.6 prior
to surfactant in near term or term
infants.

Follow up
Oxygenation and ventilation

G

History
Physical examination
(focus on respiratory exam)

B Pulse oximetry—pre and post ductal
Arterial blood gas
CXR
CBC with differential
Blood culture ± tracheal aspirate

Table 1. Drugs	Used	to	Treat	Complications	in	Infants	with	Respiratory	Distress	Syndrome

Drug Dosage

Ampicillin Age ,7 days 100 mg/kg/24 hr in 2 divided doses Meningitis: 200 mg/kg/24 hr in 2  
divided doses

Age .7 days ,2000 g: 75 mg/kg/24 hr in 3 divided 
doses

Meningitis: 150 mg/kg/24 hr in 3  
divided doses

Gentamicin Premature newborn
Age ,7 days ,1000 g and ,28 wk GA: 2.5 mg/kg/dose 

every 24 hr
,1500 g and ,34 wk GA: 2.5 mg/kg/dose 

every 18 hr
.1500 g and .34 wk GA: 2.5 mg/kg/dose 

every 12 hr
Age .7 days ,2000 g: 2.5 mg/kg/dose every 12 hr

.2000 g: 2.5 mg/kg/dose every 8 hr
Indomethacin Initial dose: 0.2 mg/kg

Subsequent doses: 
Age ,48 hr at time of first dose 2 doses of 0.1–0.2 mg/kg at 12- to 24-hour 

intervals
Age 2–7 days at time of first 

dose
2 doses of 0.2 mg/kg at 12- to 24-hour  

intervals

GA, gestational age.
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	H.	 Consider surfactant replacement therapy in patients 
with a diagnosis of RDS who require an Fio2 greater 
than 0.4 with mechanical ventilation. Natural surfac-
tants are preferable to synthetic surfactants. In term or 
near-term infants, screening echocardiogram for pres-
ence of pulmonary hypertension is advised before sur-
factant administration if Fio2 in excess of 0.6.

	 I.	 Acute complications of RDS include pulmonary air 
leak (pneumothorax and pulmonary interstitial emphy-
sema). Pulmonary hemorrhage can occur in the setting 
of patent ductus arteriosus (PDA). In term or near-
term infants, persistent pulmonary hypertension may 
complicate RDS. RDS in premature infants is also as-
sociated with the chronic complications of retinopathy 
of prematurity, intracranial hemorrhage and its se-
quelae, necrotizing enterocolitis, hyperbilirubinemia, 
and anemia.

	J.	 PDA is common in premature infants weighing less 
than 1500 g, including those who have received artifi-
cial surfactant for RDS. Suspect PDA with a continu-
ous murmur, bounding pulses, diastolic blood pressure 
less than 26 mm Hg, and active precordium. The chest 
radiograph shows cardiomegaly with increased pulmo-
nary blood flow or pulmonary edema. Color-Doppler 
echocardiography can confirm a left-to-right ductal 
shunt and demonstrate diastolic runoff from the aorta. 
Consider the use of indomethacin to promote ductal 

closure; indomethacin may be contraindicated for a 
patient with renal failure, thrombocytopenia or other 
coagulation disorders, or severe hyperbilirubinemia. 
Surgical ligation of the PDA may be necessary in  
urgent cases or if medical management is unsuccessful.

	K.	Persistent pulmonary hypertension in association with 
RDS most often occurs in near-term infants with con-
genital or acquired surfactant deficiency. Presentation 
may be immediately after birth or after several days of 
RDS. Right-to-left shunts through the ductus arteriosus 
or patent foramen ovale result in refractory hypoxemia. 
In the presence of a PDA, preductal saturations may be 
more than 15% to 20% greater than postductal Pao2. 
Echocardiography can confirm right-to-left shunting 
through the ductus arteriosus and foramen ovale; the 
degree of pulmonary hypertension can be estimated  
by quantitation of a tricuspid regurgitation jet. Initial 
management includes adequate lung recruitment main-
tenance of adequate systolic blood pressure and circu-
lating volume, correction of metabolic acidosis, and  
reversal of hypoxemia. High-frequency oscillatory venti-
lation (HFOV) and nitric oxide (NO) offer therapeutic 
alternatives followed by extracorporeal membrane oxy-
genation (ECMO) if the previous interventions fail.
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Table 2. Degree	of	Illness	in	Respiratory	Distress

Moderate Severe Very	Severe

Fio2 to 
maintain  
adequate 
Pao2

,0.4 .0.4 .0.6

Pco2 ,50 mm Hg .50 mm Hg .50 mm Hg
pH Normal  

respiratory
Combined respira-

tory acidosis and 
metabolic acidosis
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Patient with RESPIRATORY DISTRESS SYNDROME

No improvement Improvement
Clinical and radiographic

Chest x-ray

Air leak No air leak
Chest x-ray improving

Pulmonary intestitial
emphysema

Worsening RDS

Thoracostomy
tube

PPHN PDA

Consider:
  Volume expansion
  pressors, correct pH,
  paralysis, HFOv, NO, ECMO

Term/near term

No therapy
Follow clinically

Consider:
  Indomethacin/ibuprofen

Consider following clinically if:
1) DA diameter >1.5 mm
2) Left atrial/aortic root ratio
    >1.5 mm
3) Pulsatile transductal flow
    (Vmax) <1.8 m/s
4) Reverse end-diastolic flow
    in the descending aorta

Consider surgical ligation

Echocardiography
(if not done)

Consider HFOv Consider HFOv
Redosing surfactant

Consider CPAP

H

I

K J

Preterm

PDA small to moderate PDA large
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Neonatal Sepsis
Beena D. Kamath, MD, MPH

Perinatally acquired bacterial sepsis often presents with 
subtle or nonspecific signs but may progress rapidly to 
death. In such a condition with high mortality, low inci-
dence, and relatively benign treatment, clinical practice 
dictates therapy for infants at risk on the basis of historical 
factors and diagnostic test results, as well as for those who 
are symptomatic.

CAUSATIVE FACTORS

Neonatal infection accounts for 29% of neonatal mortality 
around the world, or almost one million deaths per year. 
Epidemiology of neonatal infections depends on timing  
of the infection and whether the infected infant has risks 
because of ongoing hospitalization, prematurity, or central 
venous catheters. Early-onset infections occur within  
48 hours of birth and represent infection acquired from 
vertical transmission in utero, either shortly before or dur-
ing the process of birth. The most common causes of early-
onset neonatal infection include group B streptococcus 
(GBS), Escherichia coli, and herpes (although symptoms 
may become apparent later). Late-onset sepsis occurs be-
tween 3 and 30 days after birth and is mostly hospital ac-
quired. Common pathogens for late-onset sepsis include 
coagulase-negative Staphylococcus, Staphylococcus au-
reus, methicillin-resistant Staphylococcus aureus, gram-
negative bacilli, and Candida. Finally, late late-onset sepsis 
occurs more than 30 days after birth and is particularly 
worrisome in a hospitalized patient for coagulase-negative 
Staphylococcus, resistant gram-negative organisms, or 
fungus. Infants who are admitted to the hospital after com-
munity exposure are at risk for respiratory viral pathogens, 
streptococcus, and methicillin-resistant Staphylococcus 
aureus.

Although the timing of neonatal infection affects the 
epidemiology of organisms seen, it is also important to 
know about the common pathogens and antibiotic resis-
tance patterns of an individual hospital or locale. For 
example, in developing countries, the early versus late 
categories break down secondary to highly unclean envi-
ronments, a large proportion of births that occur at 
home, and the lack of screening and prophylaxis for GBS 
infections. Increased use of screening and intrapartum 
antibiotic therapy to prevent neonatal GBS infections 
will continue to promote change in the cause of early-
onset neonatal sepsis, with a marked decrease in the  
incidence of GBS infections, and an increase in ampicil-
lin-resistant Escherichia coli and other gram-negative 
organisms.

This chapter focuses primarily on early-onset sepsis and, 
in particular, perinatally acquired bacterial infection. How-
ever, it is also important to consider congenital infection 
(bacterial and viral), perinatally acquired nonbacterial infec-
tion (e.g., herpes, enterovirus, mycoplasma, ureaplasma), 
and nosocomial infection (bacterial, viral, yeast) as other 
important causes of illness in the neonatal period.

 A. The perinatal history provides important early information 
to assess the risk for sepsis in a newborn infant and should 
be complete to assess for risk factors (Table 1). Suspect 
chorioamnionitis with maternal temperature greater than 
100.4° F (38° C), uterine tenderness, purulent or foul-
smelling amniotic fluid, and maternal or fetal tachycardia. 
In the infant, hypothermia or temperature instability,  
hypoglycemia or hyperglycemia, and feeding intolerance 
can provide additional early signs of risk; however, such 
early signs may also be transient and nonspecific.

 B. In the physical examination, note other nonspecific signs 
such as lethargy, hypotonia, fever or hypothermia, respi-
ratory distress (tachypnea, cyanosis, grunting, apnea), 
tremulousness, irritability, weak suck, poor perfusion or 
shock, petechiae or purpura, and unexplained jaundice.

 C. Obtain a blood culture specimen by sterile venipunc-
ture or from a newly placed sterile umbilical catheter. 
Perform a lumbar puncture in neonates in whom sepsis 
is the primary diagnosis or who exhibit neurologic signs. 
Urine cultures have a low yield during the first 72 hours 
of life. Tracheal aspiration cultures are useful during 
the first 12 hours of life because the Gram stain may aid 
in early identification of bacterial causative agent. GBS 
antigen detection on serum likewise provides early, 
specific identification of an organism. Whereas neutro-
penia (white blood cell count ,5000/mm3) is a better 
predictor of sepsis than is neutrophilia (white blood cell 
count .30,000/mm3), a ratio of immature to total neu-
trophils greater than 0.2 improves the predictive value. 
Toxic granulation or vacuolization of neutrophils and 
thrombocytopenia are useful but not definitive. The  
C-reactive protein (CRP) has low sensitivity, especially 
within the first 24 hours, but serial CRP determinations 
are more valuable in establishing a diagnosis of sepsis, 
because two negative CRP values have a high negative 
predictive value. No single laboratory test can accu-
rately identify infected infants early in the disease 
course; therefore, various combinations of laboratory 
tests are used to identify neonatal sepsis. In addition, 
measures of cytokines, cell surface antigens, and bacte-
rial genomes are currently under investigation to aid in 
the diagnosis of neonatal sepsis.

(Continued on page 302)
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Newborn with Suspected SEPSIS

B

C

D E

A History

Physical examination

CBC with differential and platelets
Blood culture
Blood glucose
Consider:

Chest radiography
Tracheal aspirate
Viral culture
Serum antigen detection
C-reactive protein
Lumbar puncture

Identify:
Herpes simplex infection (p 728)

Assess symptoms and risk factors
(Table 1)

Asymptomatic, low risk Asymptomatic, high risk
(Cont’d on p 303)

Symptomatic
(Cont’d on p 303)

Follow-up:
Observe
in 48 h
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 D. Treat the asymptomatic infant after evaluation of the risk 
factors. If maternal colonization with GBS is present but 
the infant is 35 weeks of gestation or more and the mother 
has received two or more doses of intrapartum antibiotic 
prophylaxis, the infant may be observed closely for  
48 hours or longer. If one or two risk factors other than 
maternal colonization with GBS are present, perform 
laboratory screening and begin therapy as indicated. Con-
sider treatment in the presence of three clinical risk fac-
tors, regardless of GBS status or results of screening.

 E. Treat the symptomatic infant regardless of risk factors. 
Consider chest radiography in infants with respiratory 
symptoms. Monitor glucose concentration, oxygen-
ation, blood pressure, renal function, electrolyte values, 
and coagulation. Consider viral cultures and serology if 
congenital infection or viral infection is possible.

 F. Antibiotic therapy will vary according to whether neo-
natal sepsis is early- or late-onset sepsis. For early-
onset sepsis, begin antibiotic therapy with intravenous 
or intramuscular ampicillin and an aminoglycoside 
(Table 2). For late-onset sepsis, intravenous or intra-
muscular ampicillin and an aminoglycoside can be 
started. A third-generation cephalosporin should also 
be considered if an infant has signs or symptoms for 
meningitis or community-acquired pneumonia. Oth-
erwise, rapid emergence of cephalosporin-resistant, 
gram-negative organisms can occur if use is routine 
and has been documented as a problem in neonatal 
intensive care units that regularly use third-generation 
cephalosporins. For a hospitalized infant, or an infant 
with a central venous catheter, vancomycin can  
be given in place of ampicillin. Continue appropriate 
antibiotic treatment on the basis of culture results, 
with the goal to narrow antibiotic coverage as soon as 
identification and susceptibilities of the pathogen are 
known. Consider 7 to 10 days of therapy for positive 
GBS antigen. Treat positive blood culture for 7 to  

Table 1. Risk Factors for Neonatal Sepsis

Condition
Incidence-Proven 

Sepsis

Incidence-Proven 
and Highly  
Suspected  

Sepsis*

PROM .18–24 hr 1% 1–2%
Maternal positive 

GBS
0.5–1% 1–2%

PROM and positive 
GBS

4–6% 7–11%

Positive GBS and ma-
ternal fever

3–5% 6–10%

PROM and chorioam-
nionitis

3–8% 6–10%

PROM or positive 
GBS and preterm

4–6% 7–11%

PROM and 5-min  
Apgar score ,6

3–4% 6–10%

Male sex Risk ) 4-fold Risk ) 4-fold

Adapted from Gerdes JS. Clinicopathologic approach to the diagnosis of neonatal 
sepsis. Clin Perinatol 1991;18:361-81.

*Highly suspected sepsis includes cases in which cultures were negative but the 
clinical presentation was highly consistent with bacterial infection, such as  
infants with pneumonia.

GBS, group B streptococcus; PROM, premature rupture of membranes.

Table 2.  Medications Used in the Treatment 
of Neonatal Sepsis

Drug Dosage
Product  

Availability

Ampicillin DOL 0–7 2000 grams
25 mg/kg/dose every 12h
Meningitis 50 mg/kg/dose 

every 12h

Vials: 125, 250, 
500 mg

DOL 0–7 .2000 grams
25 mg/kg/dose every 8h
Meningitis 75 mg/kg/dose 

every 12h
GBS meningitis: 66 mg/kg/

dose every 8h
DOL .7 ,1200 grams

25 mg/kg/dose every 12h
Meningitis 50 mg/kg/dose 

every 12h
DOL .7 1200–2000 grams

25 mg/kg/dose every 8h
Meningitis 50 mg/kg/dose 

every 8h
DOL .7 . 2000 grams

25 mg/kg/dose every 6h
Meningitis 50 mg/kg/dose 

every 6h
GBS meningitis: 75 mg/kg/

dose every 6h
Gentamicin Postconceptional age 29 wk Intravenous solu-

tion: 10 mg/ml 
(2 ml)

0–7 days: 5 mg/kg/dose IV  
every 48h

8–28 days: 4 mg/kg/dose IV 
every 36h

$29 days: 4 mg/kg/dose 
every 24h

Postconceptional age 30–34 wk
0–7 days: 4.5 mg/kg/dose 

IV every 36h
$8 days: 4 mg/kg/dose IV 

every 24h
Postconceptional age .35 wk

4 mg/kg/dose IV every 24h
Cefotaxime 7 days Vials: 500 mg,  

1 g, 2 g
50 mg/kg/dose IV every 12h

.7 days
50 mg/kg/dose IV every 8h

Immunoglobulin, 
intravenous

Premature newborn:  
500 mg/kg/dose

Vials: 2.5, 5 g

Term newborn:  
750 mg/kg/dose

Reconstitute to 5% solution
Graded, slow infusion

IV, intravenously.

14 days and meningitis for 14 to 21 days. Consider two 
antibiotics for coverage against gram negative bactere-
mia in extremely sick infants, or for treatment in infants 
with proven gram negative sepsis. If cultures are nega-
tive, discontinue antibiotics after 48 to 72 hours.

 G. Stabilize acutely ill infants with intubation, volume 
and pressor support, and coagulation factors as indi-
cated. Treat seizures. Intravenous immunoglobulin 
may be useful in certain circumstances associated 
with neutropenia. Granulocyte transfusions and the 
use of cytokines continue to be under investi gation.

(Continued on page 304)
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Newborn with Suspected SEPSIS

D E

F

G

Asymptomatic, high risk
(Cont’d from p 301)

Symptomatic
(Cont’d from p 301)

Maternal
GBS colonization
                 +
Prematurity or inadequate
intrapartum antibiotic
prophylaxis

No GBS
+

1 or 2 risk factors

No GBS
+

3 risk factors

Treat:
IV antibiotics

Supportive care

Consider viral
culture/serology

WBC/differential
Serum GBS antigen or CRP

Negative Positive

Treat:
IV antibiotics

Follow-up:
Observe
48 h

Culture negative Culture positive

Follow-up:
Discontinue antibiotics
and observe

Lumbar puncture,
if not done previously

Treat:
Continue antibiotics
for 7–21 days

Identify and treat:
Meningitis (p 638)
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Evaluation of Neurologic Disorders
Timothy J. Bernard, MD, Paul Levisohn, MD,  

and Stephen Berman, MD

Because it is increasingly possible to treat neurologic dis-
orders, it is important to diagnose these conditions accu-
rately. Keep in mind that many children will have disorders 
that cannot be cured, but that can be helped with palliative 
therapies. Case management aimed at addressing the 
physical, educational, and emotional needs of children 
with chronic neurologic disease, within the concept of a 
“medical home,” is critically important for the child’s well-
being (see “Overview of Primary Care for the Child with 
Special Health Care Needs”). Presenting neurologic com-
plaints can involve many areas; for example, weakness may 
be caused by disease throughout the nervous system, any-
where from the muscle to the cortex. The evaluation of 
neurologic disorders is based on the concept of localiza-
tion, defining the areas of the involved nervous system as-
sociated with the patient’s complaints and dysfunction to 
generate a differential diagnosis and to guide the subse-
quent diagnostic investigations.

	A.	 In the patient’s history, ask about the age at onset. 
Understand that parents may recognize a disorder 
only when a child reaches a certain developmental 
level. For example, parents may not recognize a con-
genital hemiparesis until the child begins to reach for 
objects at 4 months of age. Ask about the subsequent 
course of the illness to differentiate static from pro-
gressive disorders. Assess whether skills have been 
lost or whether there is a fixed deficit. Determining 
the age at which specific developmental landmarks 
were achieved can be useful in defining whether the 
difficulties reflect a delay in development or a loss of 
skills. It is important to recognize aspects of develop-
ment that are never normal; for example, early hand 
preference (in infancy) is never normal, whereas 
some otherwise normal children will experience a 
delay, such as not walking until the middle of the sec-
ond year of life. Consider obtaining family pictures 
and video recordings to document early developmen-
tal differences. School data may be helpful for both 
rate of progress and any loss of skills. Compare report 
cards, achievement test scores, and teacher evalua-
tions. Most schools release these with proper authori-
zation.

Clarify the words used by patients and parents. 
Patients may use dizziness to describe vertigo, light-
headedness, loss of balance and equilibrium, and even 
weakness. Numbness may mean loss of sensation, pares-
thesia, or loss of motor function in a limb, all suggesting 
a different localization. Ask about neck or back pain and 
injury (car accidents, slips, falls). Note episodes of sig-
nificant head trauma. Mild closed-head injury, especially 
without loss of consciousness, is unlikely to lead to sig-
nificant sequelae such as epilepsy or significant learning 
disabilities. Ask about vision, especially loss of vision. A 

mother can tell you about an infant who used to pick up 
small items and no longer does so. A child can often 
describe changes in the vision. This helps to diagnose an 
optic glioma or craniopharyngioma impinging on the 
optic pathways or visual compromise from increased 
intracranial pressure. Ask about head tilt and whether 
the child ever sees double. Ask about changes in hearing 
and any problems with swallowing, choking, sputtering, 
or aspirating food or liquid into the trachea. Ask about 
repetitive tasks (lifting smaller children, carrying a heavy 
backpack, helping with moving; sports such as gymnas-
tics, wrestling, or football). Inquire about any sensory 
loss, as well as bowel and bladder control. When weak-
ness is a concern, ask about the use of stairs and what 
time of day the child is weak (myasthenia often worsens 
during the day), and note trauma, pattern of weakness, 
sensory loss, and tingling. Ask about high-arched feet in 
the child and in the parents, as this may indicate periph-
eral nerve disease.

Evaluate the prenatal, perinatal, and neonatal his-
tory carefully, ideally with documentation of hospital 
records. Epilepsy and cerebral palsy are rarely related 
to perinatal events unless an acute neonatal encepha-
lopathy is documented. Obtain a thorough family his-
tory, which can reveal genetic causes of neuromuscular 
disorders (Duchenne muscular dystrophy and myo-
tonic dystrophy), epilepsy, migraine, tic disorders, and 
metabolic disorders that affect the central nervous sys-
tem. Ask about family history of loss of walking ability 
or wheelchair use. Mitochondrial diseases may show 
evidence of maternal inheritance, as well as unex-
plained family history of hearing loss and diabetes.

	B.	 Perform a careful neurologic examination with particu-
lar attention to the presence of findings that one might 
expect to occur together (neighborhood signs). When a 
formal neurologic examination is not possible in a 
young child, observe the child playing and interacting 
with parents. Note the mental status by observing 
speech and language.

Assess the cranial nerve function to the extent pos-
sible. Cranial nerve testing is reviewed in Table 1. With 
two or more dysfunctional cranial nerves, the brain-
stem is the most likely location. Examine the fundi. 
Ophthalmoscopic examination of infants and children 
can be particularly difficult if the child will not main-
tain fixation. This can often be achieved by the use of 
an appropriate target, such as a toy, and by maintaining 
sufficient ambient light to allow fixation. In addition to 
assessing the disk, observe the retinal vessels and the 
macula, noting chorioretinitis and retinal hemorrhages. 
In a child with headache, a careful ophthalmoscopic 
examination may reveal papilledema or absence of ve-
nous pulsations (although this finding can be normal). 
Consider performing visual field testing by presenting 
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toys or objects of interest to the periphery, as well as by 
using an opticokinetic drum or tape. Pupillary response 
to light may indicate an afferent pupil (optic nerve 
dysfunction). A “swinging flashlight” assessment will 
reveal paradoxical pupillary dilatation to the light from 
the unaffected to the affected eye. A persistent head 
tilt may indicate abnormal ocular movements and lack 
of conjugate vision, and is often the first sign of a brain 
tumor. Asymmetric facies at rest or asymmetry of the 
nasolabial folds may indicate central facial weakness. 
Peripheral facial weakness and unilateral loss of taste 
support the diagnosis of Bell palsy. In infants, differen-
tiate asymmetric facial movement (asymmetric crying 
facies caused by congenital absence of the depressor 
anguli oris) from mild Mobius sequence. Localization 
of a bell or rattle will help confirm grossly intact hear-
ing, although this should not replace a more formal 
audiologic assessment in the young infant. Suck and 
swallow can be assessed by having the child suck on the 
examiner’s finger.

Assess motor function. Note muscle bulk and tone; 
observe activity. Look for muscle fasciculations. Grade 
weakness as follows: 5, normal; 4, mild weakness against 
resistance; 3, antigravity strength only; 2, movement pos-
sible if gravity is eliminated (i.e., from side to side);  
1, trace; 0, no muscle movement. Identify unilateral weak-
ness by offering toys to a toddler to determine whether 
inappropriate hand preference is present. Assess gait in 
the young school-aged child by observing skipping, run-
ning, and hopping, and heel, toe, and side of foot walking. 
Test hand strength by asking the child to spread all fingers 
and not let you push them together. Then check the 
strength of index finger to thumb opposition, then little 
finger to thumb opposition, then all fingers flexed (slip 
your fingers under them and try to pull up). Then have the 
child extend the hand and you try to push it back. 
Throughout this, keep telling the child to be strong. Test 
upper body strength. Ask the child to flex arms and be 
strong while you try to pull against the arm (biceps). Ask 
the child to extend the arm; you push, trying to flex the 

Evaluation of a patient with a NEUROLOGIC DISORDER

History

Physical examination,
including neurologic
examination

A

B

(Cont’d on p 311)

(Cont’d on p 311)

Table 1. Cranial	Nerve	Testing

Nerve Testing	Age Comments

I (smell) About 4 years Head injury, coup-contrecoup
Some frontal tumors

II (vision) From birth Optic nerve tumor in infancy
Craniopharyngioma in childhood
Increased ICP (hydrocephalus)
Degenerative (neuronal ceroid-lipofuscinosis)

III, IV, VI Some from birth Eye does not move fully
VI: ICP, tumor in brainstem
III: herniation
IV: often frontal trauma (e.g., fall off tricycle)
Child reports double vision, may tilt head; try to determine field of diplopia
Brainstem glioma; herpes or other brainstem infection

V About 4 years Touch three sensory divisions, palpate masseter while child bites
VII From birth Traumatic, facial nerve palsy

Congenital, Moebius
Acquired, Bell’s palsy
Brainstem glioma (requires others)

VIII From birth Audiologic testing, brainstem auditory-evoked response
Early hearing test

IX From birth Acquired: document loss of gag
Diagnosis of brainstem tumor requires other cranial nerve dysfunction

XI From birth Fasciculations, Werdnig–Hoffmann
To one side, brainstem tumor (vs. infection)

ICP, intracranial pressure.
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arm (triceps). Ask the child to get up from a chair without 
using hands or arms, get up from the floor without using 
hands or arms (assessing for a Gower maneuver), and step 
up with each foot on a small step stool. Look at calves 
(gastrocnemius), especially of 3- to 5-year-old boys, for the 
enlargement of Duchenne disease. Test toe and heel walk-
ing; heel walking usually deteriorates first in patients with 
ataxia. Hemiparesis without sensory loss and with hyper-
reflexia suggests a long-standing deficit, usually at the level 
of the cortex or brainstem. Tap reflexes—biceps, triceps, 
brachioradialis, patella, and ankle—to identify alterations. 
Asymmetries are more significant than are mildly in-
creased or decreased reflexes. Grade reflexes as follows: 0, 
no response; 1, trace or decreased response; 2, normal 
response for age; 3, increased but not pathologic; 4, patho-
logic with clonus/reduplication. Hypotonia with preserved 
reflexes suggests a central process; the absence of reflexes 
suggests a primary neuromuscular disorder, likely local-
ized to the lower motor neuron. When appropriate, assess 
infantile reflexes, looking for asymmetries or failure to 
outgrow reflexes at an appropriate age (Table 2). Distin-
guish between delayed reflexes and abnormal reflexes (i.e., 
reflexes that never occur in a normal child or are asym-
metric). In a child younger than 12 months, the plantar 
grasp reflex may obscure an extensor toe sign (Babinski). 
Persistent fisting, especially if it is unilateral, may repre-
sent a “cortical thumb,” essentially the equivalent of a 
Babinski reflex.

Sensory function is often difficult to evaluate, par-
ticularly in the young child or infant. Assess sensory 
function if there is concern about a myelopathy (spinal 
cord dysfunction). Facial sensation can be assessed by 
eliciting the root reflex in an infant. Sensory loss contra-
lateral to a motor deficit and weakness indicates the 
level of a spinal cord abnormality. Test the ulnar, me-
dian, and radial nerves by light touch to back of hand, 
little finger, thumb, and middle finger. Touch each hand 
and ask whether it can be felt on each hand and if it 
feels the same on both hands. If all have decreased 
sensation, use light touch from fingertips up the arm 

looking for the glove of glove-stocking distribution. Ask 
the child to tell you when he or she feels it better. Do 
three or four different routes. If you find glove-stocking 
on hands, be sure to do the feet and vice versa.

Assess coordination and cerebellar function. If the 
child is too young to do finger to nose, entice him or her 
to reach for an object, checking for ataxia. Children aged 
4 years and older can do finger to nose, rapid alternating 
motion, and finger to thumb opposition. Active play with 
an infant may be sufficient to determine the presence of 
tremor or dysmetria. Distinguish limb ataxia (appendicu-
lar) from truncal ataxia. Note adventitious movements 
caused by tics (repetitive, monophasic movements), cho-
rea, athetosis (dancelike), or tremor. Note myoclonus, a 
sudden rapid muscle contraction with slow recovery sug-
gestive of a degenerative central nervous system disor-
der. Evaluate rapid alternating movements for both 
rhythmicity and asymmetry.

In the physical examination, note the presence of 
dysmorphic features that might aid in diagnosis of a 
specific inherited syndrome (see page 674). Measure 
the head circumference in all infants and in older 
children if there are concerns about megalencephaly 
caused by hydrocephalus or central nervous system 
storage diseases. Inspect the skin; neurocutaneous  
disorders are among the most common causes of 
brain problems. Look for adenoma sebaceum, 
shagreen patches, café-au-lait or depigmented spots, 
ecchymoses, and other evidence of trauma. Consider 
a Wood light examination to aid in diagnosis of tuber-
ous sclerosis. The presence of organomegaly may 
help define an inherited storage disease. In the child 
with suspected myelopathy, carefully examine the 
spine for evidence of dysraphism (e.g., sacral dimple 
or tuft of hair) or disk space infection (localized ten-
derness to percussion). Assessment of the spine for 
scoliosis should be part of the routine examination in 
all school-aged children. Scoliosis and other abnor-
malities of the spine may indicate neuromuscular 
disorders.

(Continued on page 310)
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Table 2. Infantile	Reflexes	and	Postural	Reactions

From Menkes JH. The neuromotor mechanism. In: Cooke RE, editor. The biologic basis of pediatric practice. New York: McGraw-Hill; 
1968.

Postural	Reflex Age	Reflex	Appears Age	Reflex	Disappears

Positive supporting action Well developed in 50% of  
newborns

Indistinguishable from normal standing

Placing reaction 37 weeks Covered up by voluntary action
Crossed extensor reflex Newborn 7–12 months
Crossed adductor reflex 

to quadriceps jerk
3 months 8 months

Tonic neck reflex Never complete and obligatory
Grasp reflex

Palmar 28 weeks 4–5 months
Plantar Newborn 9–12 months

Moro reflex 28–32 weeks 4–5 months
Parachute reaction 4–9 months Covered up by voluntary action
Postrotational nystagmus Any age
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	C.	Diagnostic testing can confirm the localization and sub-
sequently help define the pathophysiologic mechanism 
of the disorder. Obtain studies to assess a suspected 
underlying systemic disease, such as metabolic disor-
ders (e.g., hypothyroidism, phenylketonuria) or bacte-
rial infections (e.g., meningitis). Remember that early 
detection of inborn errors of metabolism may prevent 
long-term disability.

Structural central nervous system abnormalities 
can be defined by appropriate imaging techniques. 
With concerns about hydrocephalus or intracranial 
hemorrhage in the neonate, consider screening with a 
cranial ultrasound examination. Computed tomogra-
phy, a more sensitive tool, is useful for early detection 
of calcifications from intrauterine infection, for assess-
ment of ventricular size, and for determination of the 
presence of intracranial blood. Magnetic resonance 
imaging (MRI) can determine the presence of abnor-
malities of cerebral architecture (such as migrational 
disorders) and of white matter (leukoencephalopathy), 
as well as most tumors, brainstem disease, and my-
elopathy. MRI of very young patients may fail to reveal 
central nervous system dysplasia or heterotopia. Con-
sider magnetic resonance angiography for suspected 
disorders of the major cranial vasculature. However, 
cerebral angiography may still be necessary for visual-
ization of small vessels when a central nervous system 
vasculitis is present.

Electroencephalography remains important for the 
assessment of seizures. It also has a role in prognostica-
tion of neonatal encephalopathy, in monitoring of  
comatose patients, and in determining the depth of 
barbiturate coma in patients with acute increased in-
tracranial pressure. The role of electroencephalogra-
phy in determining irreversible coma (“brain death”) is 
limited, particularly in the young infant. Evoked poten-
tials have limited use in pediatrics except in the assess-
ment of hearing in the young infant.

Lumbar puncture is primarily used for diagnosing 
central nervous system infection, but it is also impor-
tant for defining increased intracranial pressure, as 
well as being part of the assessment for childhood cen-
tral nervous system neoplasms. When there is a con-
cern for increased intracranial pressure, a head image 
should precede the lumbar puncture to avoid hernia-
tion. Obtain measurements of cerebrospinal fluid lac-
tate and pyruvate when mitochondrial disorders of in-
termediary metabolism are suspected.

Electromyography–nerve conduction velocity 
(EMG-NCV) testing is painful but may be useful in 
assessing weakness and neuropathies. Muscle biopsy 

is being replaced by specific molecular genetic test-
ing in children with disorders of muscle (e.g., Du-
chenne muscular dystrophy) but remains useful in 
assessment of children with suspected mitochondrial 
disorders.

	D.	 Assess the age at onset, pattern (acute, chronic, relaps-
ing), progression (static or progressive), and localiza-
tion. Neuromuscular disorders that occur in infancy 
have causes different from those of disorders that first 
occur in older children. Neurodegenerative disorders 
are best evaluated by defining the age at onset, as well 
as the rate of deterioration.

Assess the findings and symptoms as to whether the 
pattern is acute, chronic, or relapsing. It may initially 
be difficult to determine whether the disorder will be-
come chronic or recurrent. Assess whether the condi-
tion is static versus progressive. Recognize that the 
determination of progressive deterioration in children 
can be difficult. The rate of developmental progress 
may be falling off even as the child continues to gain 
some new skills. In contrast, the child with mental re-
tardation may appear to be losing skills relative to peers 
because a plateau has been reached on tests of cogni-
tive skills and the child appears to have lost IQ “points.”

	E.	 Assess the patient for a systemic disorder (infection, 
toxin, metabolic disorder, neoplasia, hypoxia/ischemia, 
trauma, neurocutaneous disorders, degenerative dis-
order, and genetic disorder and syndromes). Altered 
mental status, for example, may be caused by a pri-
mary disorder of brain but may also reflect systemic 
illness. Headache may suggest increased intracranial 
pressure or may reflect disorders of intracranial vascu-
lature (migraine), connective tissue (muscle tension 
headache), dental dysfunction (bruxism and temporo-
mandibular joint dysfunction), sinusitis, or psychiatric 
disorders.

	F.	 If you have obtained a careful history and physical 
examination and the signs, symptoms, and test results 
do not fit a well-recognized configuration, consider 
conversion hysteria. Psychogenic seizures, vision loss, 
and limb paralysis are all well-known to pediatric  
neurologists, but these diagnoses must be made with 
caution.
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Abnormalities of Head Size  
and Shape

Ed Jernigan, MD, and Tonia Sabo, MD

HEAD SIZE

Macrocephaly

Macrocephaly is defined as a head size greater than two 
standard deviations above the mean for age, sex, and eth-
nicity. This criterion includes both benign anatomic vari-
ants of no clinical importance and a multitude of pathologic 
conditions. Diagnostic workup should be considered in any 
infant with documented macrocephaly or when serial mea-
surements of head circumference cross percentile lines.

 A. Clues to causative factors are usually found on history 
and examination. Medical history should focus on pos-
sible causes of hydrocephalus (e.g., prematurity, intra-
ventricular hemorrhage, or meningitis). Family history 
may be significant for metabolic disease, neurocutane-
ous syndromes, or benign familial macrocephaly. Phys-
ical examination should focus on possible underlying 
causes. A bulging fontanelle, papilledema, or “sunset-
ting” of the eyes suggests hydrocephalus or increased 
intracranial pressure from a mass lesion. A bruit across 
the fontanelle or systemic signs of congestive heart 
failure indicate an intracranial vascular malformation. 
Hyperpigmented or hypopigmented macules may indi-
cate a neurocutaneous syndrome. Dysmorphic features 
or organomegaly may be signs of a chromosomal or 
metabolic disease, respectively.

 B. Diagnostic evaluation typically begins with head ultra-
sound to assess the size and shape of the ventricles. If 
unrevealing, the next step is usually magnetic reso-
nance imaging (MRI) of the brain for identification of 
abnormalities such as tumors, congenital anatomic ab-
normalities, and vascular malformations.

 C. If MRI shows only megalencephaly (i.e., proportionally 
large brain), then correct assessment of development 
becomes critical. If delayed—and especially if there 
has been a loss of milestones—then a neurodegenera-
tive disorder should be suspected. Patients with family 
history of benign megalencephaly and with normal 

development may be observed over time without fur-
ther intervention. Infants with megalencephaly and 
developmental delay may warrant neurologic consulta-
tion. If regression is present, a neurologic and probably 
metabolic evaluation is indicated.

Microcephaly

Microcephaly, a head size greater than two standard devia-
tions below the mean for age, may be categorized as either 
primary or secondary. The primary type is caused by inherited 
conditions such as chromosomal abnormalities, migrational 
defects, or neurocutaneous syndromes. Secondary micro-
cephaly is the result of an external injury, most commonly in 
the prenatal or perinatal period. Examples include hypoxic-
ischemic encephalopathy, TORCH (toxoplasmosis, other,  
rubella, cytomegalovirus, and herpes) infection, and maternal 
malnutrition.

 A. History should focus on pregnancy and perinatal com-
plications, family history of microcephaly-associated 
syndromes, and early developmental milestones. Phys-
ical examination should focus on neurologic abnor-
malities (e.g., tone and reflexes), dysmorphic features, 
neurocutaneous stigmata, and abnormalities of cranial 
shape.

 B. Brain MRI is relatively high yield in infants with 
microcephaly and developmental delay. Common find-
ings include cerebral infarction and various structural 
abnormalities such as schizencephaly or polymicrogyria 
(among others). Laboratory testing may include chro-
mosomes, microarray, amino or organic acids, or 
TORCH titers depending on associated features.

 C. Microcephaly may be familial and benign, but also may 
indicate a severe central nervous system abnormality. 
Ultrasound or preferably MRI may show cerebral atro-
phy, dysgenesis, or old injury (e.g., in utero stroke). 
Computed tomographic (CT) scan is preferred to look 
for calcifications if TORCH infection is suspected.

(Continued on page 316)
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HEAD SHAPE

 A. Skull deformity in infants may be divided into three 
broad categories: positional deformity, isolated cranio-
synostosis, or craniosynostosis associated with an  
underlying metabolic syndrome.

 B. The clinician’s primary initial task is to distinguish 
between the relatively common positional deformity 
and the far less common—but more serious— 
craniosynostoses.

 C. Craniosynostosis can also be associated with uncommon 
genetic syndromes, such as Apert syndrome, Crouzon 
syndrome, Jackson–Weiss syndrome, and Pfeiffer syn-
drome. Evidence of dysmorphology on physical examina-
tion, especially facial, dental, or hand/foot abnormalities, 
should warrant a genetics evaluation. A neurosurgical 
consult is warranted for consideration of surgical correc-
tion and proper timing of need of intervention. A true 
craniosynostosis may cause increased intracranial pres-
sure and neuro-ophthalmologic complications in the 
medium term, and (if less severe) significant psychosocial 
distress later on.

Workup

Although the anterior fontanelle remains open, a head  
ultrasound is useful for evaluating the size and shape of 
ventricles. A noncontrast CT scan will show mass lesions, 
arteriovenous malformations, and subdural fluid collec-
tions. MRI is necessary when an underlying structural  
abnormality or neurodegenerative disease is suspected. 
Abnormalities on neuroimaging warrant further consulta-
tion based on causative factors. Common neurosurgical 
processes include hydrocephalus, space-occupying lesions, 
and subdural hematomas.

Abnormal head shape may be pathologic or benign. 
Severe deformity, any evidence of increased intracranial 
pressure, or evaluation of clinically or radiographically 
concerning anatomic variants warrants neurosurgical  

consultation. Any infant with other prominent or multiple 
dysmorphisms or prominent developmental delay without 
other explanation warrants genetics evaluation to identify 
possible syndromic craniosynostoses.

Standard descriptions of abnormal head shapes are as 
follows:

 D. Dolichocephaly, or “long” head, is usually positional 
(especially with premature infants) and commonly 
benign. Dolichocephaly in premature infants is the 
result of lateral positioning of the head. It should re-
solve by 3 months of age in most cases. It should be 
distinguished from craniosynostosis in patients who do 
not have a history of prematurity.

 E. Plagiocephaly, or “slanting” head, may be caused by a 
unilateral lambdoid synostosis, but more often is posi-
tional. Distinguishing positional plagiocephaly from 
unilateral lambdoid synostosis is based primarily on in-
spection. A positional plagiocephaly will typically show 
symmetric molding and a “parallelogram-shaped” head 
when viewed from above. In contrast, premature fusion 
of one lambdoid suture will produce a “trapezoid-
shaped” head.

Trigonocephaly, or “three-angle” head, is caused by 
premature closure of the metopic suture. Severity dif-
fers greatly among individuals, and surgery is usually 
reserved for children with either severe deformity or 
evidence of increased intracranial pressure.

If an abnormal head shape is determined to be 
positional in nature, then the patient’s sleep position 
should be modified and neck range-of-motion exer-
cises initiated.

Positional skull deformity has no effect on brain 
function. Adjusting sleep position and stretching neck 
muscles should have positive effects in 1 to 2 months.

Failure to do so should warrant evaluation for poor 
head control, gross motor delay, and possibly visual 
function. If no improvement is noted at 1- to 2-month 
follow-up, then molded helmet therapy may also prove 
helpful.
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Abnormal Tone
Ed Jernigan, MD, and Julie Parsons, MD

Muscle tone refers to the involuntary continuous partial 
contraction of the muscles. Normal tone depends on the 
proper function of the central nervous system and various 
components of the motor unit. In infants, assessment of 
tone may reveal an increased, a decreased, or a mixed-type 
pattern.

	A.	 History and Physical Examination: It is important to 
take a careful history and perform a careful clinical 
examination because it may not only identify tone ab-
normalities, but may provide clues to the cause.

	B.	 Hypotonia: On initial evaluation of the infant with low 
tone, be careful to distinguish hypotonia from other 
possibly confounding processes. Weakness refers to the 
amount of active force the muscles can generate. Weak 
infants show poor tone, but hypotonic infants are not 
necessarily weak. Fatigability refers to the loss of force 
with repetitive contraction and indicates dysfunction of 
the motor unit. Laxity refers to increased range of mo-
tion in the joints. Essential clues to the cause of hypo-
tonia are often found in the patient’s history. Common 
examples include decreased fetal movement, polyhy-
dramnios, traumatic delivery, or a family history of 
neuromuscular disease.

	C.	 Once true hypotonia has been established by examina-
tion, identifying the site of pathology (e.g., brain, nerve, 
muscle) aids in narrowing the differential diagnosis. 
Abnormalities such as dysmorphism or hepatomegaly 
suggest a genetic or metabolic syndrome. On neuro-
logic examination, determining the presence or absence 
of true muscle weakness is critical. Hypotonia without 
weakness suggests a central (i.e., brain or spinal cord) 
insult, whereas the presence of muscle weakness  
implies dysfunction of some component of the motor 
unit. Increased deep tendon reflexes with hypotonia 
almost always indicate a central cause (e.g., hypoxic-
ischemic encephalopathy), whereas decreased or ab-
sent reflexes may suggest a peripheral process. Exces-
sive fatigability may be difficult to assess in infants, but 
poor feeding may be significant. Fatigability most often 
indicates dysfunction at the level of the neuromuscular 
junction, such as a congenital myasthenic syndrome.

	D.	 Diagnostic Evaluation: Infants in whom a central hypo-
tonia is suspected should be screened for inborn errors 
of metabolism and electrolyte disturbances, including 
serum electrolytes, calcium, renal function, thyroid 
function, lactate, pyruvate, ammonia, serum amino  
acids, and urine organic acids. Serum creatine kinase 
levels may be checked but are likely to be normal in the 
absence of true weakness. Neuroimaging should also be 
considered. Magnetic resonance imaging (MRI) is gen-
erally preferred over computerized tomography (CT). 
The clarity of MRI allows for better assessment of many 
neurologic conditions, such as congenital malforma-
tions, white matter abnormalities, and malformations of 

cortical development. Abnormalities on general physical 
examination (especially dysmorphology) should prompt 
genetic screening. Invasive studies such as muscle or 
nerve biopsy should be deferred in infants who are 
clearly achieving developmental milestones, albeit with 
some delays. Electromyography/nerve conduction study 
and muscle biopsies are infrequently performed on in-
fants because of both invasiveness and inherent difficul-
ties with correct interpretation. Muscle biopsies are 
generally reserved for infants with true weakness or 
significantly increased creatine phosphokinase levels.

	E.	 Hypertonia and Mixed Tone: Hypertonia refers to ab-
normally increased resistance to externally imposed 
movement around a joint. Whereas hypotonia in an 
infant may represent either a central or a peripheral 
process, hypertonia (or mixed tone) nearly always indi-
cates an insult to the central nervous system. In fact, 
the most common clinical course in an infant with ce-
rebral injury is diffuse hypotonia initially, followed by 
slow and segmental development of hypertonia, pro-
gressing over several days or weeks to spasticity and 
hyperreflexia.

Where possible, a further distinction between find-
ings of spasticity, rigidity, or dystonia should be made. 
Spasticity is resistance of muscle to stretch and de-
pends on rate of movement. Rigidity does not depend 
on velocity, and an affected limb will not typically re-
turn to a fixed posture after movement. Dystonia is an 
abnormal alteration of muscle contraction with either 
maintenance of posture or voluntary movement and, 
like rigidity, does not depend on velocity. These three 
may coexist and can be generalized or segmental.

	F.	 The most sensitive study for identifying the cause of in-
fant hypertonia is brain neuroimaging. Again, MRI is 
generally preferred over CT. Although hypoxic-ischemic 
encephalopathy is the most common cause of hyperto-
nia, other possibilities include various maternal illnesses, 
placental dysfunction, sepsis, or an underlying structural 
lesion. Together with a careful history and examination, 
the pattern of imaging abnormality is likely to suggest 
the probable cause of brain injury.

	G.	 Regardless of cause, the mainstay of treatment for 
infant hypertonia is physical (PT) and occupational 
therapy (OT).
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Altered Mental Status/Coma
Jennifer Armstrong-Wells, MD, MPH, and Timothy J. Bernard, MD

Consciousness encompasses both wakefulness and aware-
ness of self. Coma is defined as “a pathological state of 
deep and sustained unconsciousness (.1 hour) with the 
eyes closed, distinguishable from normal sleep by the in-
ability to be aroused” (Plum and Posner, 2007). Coma  
results from global dysfunction of both cerebral hemi-
spheres (awareness of self) or the disruption of the brain-
stem reticular activating system (wakefulness). It can arise 
from a variety of insults, ranging from widespread de-
rangements (such as metabolic disturbances, drug/toxins, 
seizures, or infection) to direct brain injury, including an-
oxic brain injury, vascular events (stroke or hemorrhage) or 
trauma, or a combination of these factors. Thorough evalu-
ation and examination for the underlying cause of uncon-
sciousness is essential in determining the appropriate 
treatment and prognosis for the comatose child.

Brain death is the irreversible loss of brain/brainstem 
function with loss of consciousness, brainstem reflexes, 
motor response to noxious stimuli, and respiratory drive.

	A.	 History and Physical Examination: Initially an assess-
ment of airway, breathing, and circulation (ABCs) must 
always be performed. Level of alertness can be classi-
fied as either “difficult to arouse” or as “hyperalert, 
agitated, hallucinations (delirium).” It is important to 
avoid such terms as somnolent, lethargic, obtundated, 
and stuporous, because they are not uniformly used by 
practitioners. Vital signs can provide important clues to 
the cause. A heart rate assessment is key. If tachycardia 
is present, congenital heart defects, infection, shock, or 
drugs/intoxication can be suspected. If bradycardia is 
present, then Cushing triad of increased intracranial 
pressure (ICP; bradycardia, hypertension, irregular 
respirations), respiratory compromise, or shock is sus-
pected. Blood pressure status should be assessed.  
Hypertension is seen with increased ICP (Cushing 
triad), drugs (cocaine, amphetamines), or hypertensive 
encephalopathy. Hypotension is seen in shock (septic, 
cardiogenic) and some toxins. As far as temperature is 
concerned, hyperthermia is seen in infection, seizures, 
and malignant hyperthermia, and hypothermia can be 
present in environmental hypothermia and shock. A 
careful assessment of respiratory pattern can also help 
elucidate causative factors. Cheyne–Stokes breathing 
is alternating increased respiration with apnea. It can 
be seen in bilateral hemisphere involvement, sleep 
apnea, congestive heart failure, and some pulmonary 
diseases. Ataxic breathing is irregular rate and volume. 
It points to the medulla in the brainstem and barbitu-
rates and benzodiazepines as toxins. Apneustic breath-
ing is a prolonged pause after inspiration and points to 
the pons. Hyperventilation points to the midbrain and 
pons, as well as systemic illness (i.e., shock, respiratory 
disease, infection, metabolic acidosis, nonorganic). 
Physical examination should look for evidence of 

trauma, infection (rash/purpura, meningismus), and 
drugs/toxins (i.e., anhidrosis, hyperhidrosis).

	B.	 Neurological Evaluation (Brainstem Examination): In-
cludes the assessment of level of consciousness. Cranial 
nerve examination details are essential. Pupils can be 
normal, which points to rostral and midbrain areas.  
Unilateral dilation points to ipsilateral uncal herniation; 
bilateral midposition and unreactive points to the  
midbrain; bilateral small, minimally reactive indicates 
pons or drugs (opioids, organophosphates/cholinergics); 
and bilateral dilated and unreactive points to drugs  
(amphetamines, anticholinergics, tetracyclic antidepres-
sants), severe anoxic injury, central herniation, or brain 
death. Fundi examination can show optic disc swelling 
(increased ICP) or retinal hemorrhage (nonaccidental 
trauma). Gaze/doll’s eyes/oculocephalics (should be de-
ferred in cases of neck trauma) can show lateral deviation 
(i.e., seizure, structural [infarct, hemorrhage]). Gaze pal-
sies can be seen in cranial nerve compression; upward 
deviation indicates bilateral cerebral hemisphere damage, 
and downward deviation indicates injury/compression of 
dorsal midbrain or thalamus (hydrocephalus, hemor-
rhage); and ocular bobbing points to the pons. Corneal 
reflex should be assessed, as well as a cough/gag. The pa-
tient can have a spinal reflex with deep suctioning, which 
is not a brainstem sign. Motor examination should assess 
for involuntary movements and reflexic movements.  
Involuntary movements such as myoclonus point to a 
metabolic or an anoxic injury. Generalized seizures can 
indicate a metabolic problem (i.e., glucose abnormalities, 
electrolyte disturbances, metabolic encephalopathy, 
drugs/toxins); focal seizures can indicate a structural  
abnormality (i.e., stroke, hemorrhage). Reflexic (stereo-
typed) responses are decorticate/flexor posturing (flexions 
of arms, extension of legs indicate bilateral hemispheric or 
thalamic injury; decerebrate/extensor posturing [exten-
sion of arms and legs] indicates brain or pons injury). 
Initial cursory evaluation can be summarized by the 
Glasgow Coma Scale (Table 1).

	C.	 Workup: Standard components are serum blood glu-
cose; arterial blood gases (ABG); complete blood cell 
count (CBC) with differential; electrolytes including 
calcium, blood urea nitrogen (BUN), and creatinine; 
liver function tests; ammonia, lactate; toxicology screen; 
thyroid function testing; and electrocardiogram (ECG). 
Further laboratory workup is determined by history 
and examination, that is, inborn errors of metabolism, 
expanded toxicology, blood/urine cultures, and lumbar 
puncture (head computed tomographic [CT] scan first). 
Imaging is also indicated. Head CT gives fast informa-
tion about hemorrhage, severe cerebral edema, large 
tumor, hydrocephalus, and herniation. Causative fac-
tors such as early anoxic brain injury or infection may 
not appear on CT. Brain magnetic resonance imaging 
(MRI) is more sensitive but is usually limited by patient 
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acuity and stability. Should perform MRI if head CT 
scan is negative and coma is unexplained. Electroen-
cephalogram (EEG) can be helpful to rule out noncon-
vulsive status epilepticus; it also may help in categoriza-
tion (i.e., periodic lateralized epileptiform discharges in 
focal lesion—stroke, hemorrhage, herpes simplex virus 
encephalitis; triphasic waves—metabolic encephalopa-
thy). “Alpha coma” resembles awake pattern and signi-
fies extensive cerebral cortex or brainstem damage and 
generally poor prognosis. It is difficult to prognosticate 
based on EEG alone; entire clinical examination and 
information must be used.

	D.	 Management includes ABCs, normoglycemia (avoid 
glucose-containing fluids unless hypoglycemic, as can 
cause hyperglycemia, hyperosmolarity, cerebral edema), 
normothermia, normal serum sodium, and treatment of 
underlying cause as indicated.

CONCLUSION

Prognosis is a combination of many factors (underlying 
cause, examination). Special attention should be made to 
conditions that can exacerbate coma, including hypother-
mia, drugs, and metabolic derangements. EEG can help  
if electrocerebral inactivity (“silence”) lasting for a period of 
6 to 12 hours. Patient cannot be hypothermic or have de-
pressant drugs in system. Requires experienced electroen-
cephalographers for interpretation. It can be difficult to in-
terpret given interference of recording with equipment 
common in the intensive care unit. Rarely used for brain 
death evaluation. Cerebral flow study such as cerebral angi-
ography can indicate brain death; that is, failure of intrace-
rebral filling at the level of entry into the cranium by the 
carotid and vertebral arteries. Transcranial ultrasonography 
and cerebral scintigraphy (failure of uptake of radioisotope 
[technetium 99m hexametazime]) in brain can also be used.

Coma can mimic acute neuromuscular disease such as 
Guillain-Barré syndrome, botulism (pupils spared), myas-
thenic crisis, toxins (organophosphate poisoning), paralyt-
ics (iatrogenic or drugs/toxins), and critical illness neuropa-
thy, as well as nonconvulsive status epilepticus and 
metabolic disease, together with locked-in syndrome (in-
jury to the base of the pons). Injury involving the upper 
pons can be mistaken for coma; however, consciousness, 
voluntary eye movements, and blink are preserved. Psy-
chogenic coma is a usually diagnosis of exclusion.

Table 1. Glasgow	Coma	Scale	with	Modification	for	Children

From Michelson DJ, Ashwal S. Evaluation of coma and brain death. Semin Pediatr Neurol 2004;11(2):105-18.

Sign GCS GCS	for	Children Score

Eye opening Spontaneous Spontaneous 4
To command To sound 3
To pain To pain 2
None None 1

Verbal response Oriented Age-appropriate vocalization, smile, or orientation to sound 5
Confused, disoriented Irritable, consolable, uncooperative, aware of the environment 4
Inappropriate words Irritable, inconsistently consolable 3
Incomprehensible sounds Inconsolable, unaware of environment, restless, agitated 2
None None 1

Motor response Obey commands Obeys commands, spontaneous movements 6
Localizes pain Localizes pain 5
Withdraws Withdraws 4
Abnormal flexion to pain Abnormal flexion to pain 3
Abnormal extension to pain Abnormal extension to pain 2
None None 1

Best total score 15

GCS, Glasgow Coma Scale.
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Headache
Sita Kedia, MD, and Tonia Sabo, MD

Headache is a common symptom in children and adoles-
cents. Headaches can be grouped into two general catego-
ries: primary and secondary. Primary headaches include 
migraine, tension, and cluster headaches. Secondary head-
aches are those resulting from a variety of underlying 
conditions and include intracranial hypertension, infec-
tion, metabolic derangement, and vascular causative fac-
tors. The most important part of a patient evaluation is the 
history, followed by physical examination, and lastly, any 
supplemental imaging or laboratory testing. Headache  
expression is often affected by diet, sleep, stressors, and 
exercise habits, and it is important to get a clear under-
standing of the patient’s typical routine. Migraine and ten-
sion headaches are the most common causes of recurrent 
headaches. Migraine headaches can be very debilitating, 
often interfering with school work and normal activities of 
daily living. Proper recognition, evaluation, and treatment 
strategies can be life changing for patients with frequent 
headaches.

	A.	 A detailed history should be extensive and include the 
following: frequency, time of day, quality, location, se-
verity, and radiation. Qualities of the headache may be 
throbbing/pounding, sharp, ice pick, dull, pressure, or 
bandlike. Migraine headaches are generally frontal; 
around the orbit can be bilateral or unilateral (in distinc-
tion to adults, which almost always is unilateral). Head-
aches that are new onset and progressive, described as 
the “worst headache of my life,” occipital in location, 
associated with changes in the baseline neurologic func-
tion (ataxia, hemiparesis, etc.), accompanied by change 
in personality, or associated with new-onset seizures are 
more concerning for need for secondary headache, re-
quiring imaging or other workup. Headaches that 
awaken a child in the middle of the night or in the morn-
ing are worrisome for increased intracranial pressure 
(ICP) syndromes or perhaps CO2 retention in the set-
ting of sleep apnea. Headaches that occur shortly after 
standing may be associated with low ICP syndromes, 
such as dural leak or overshunting. Common associated 
features immediately before, during, and/or after mi-
graine headache include phonophobia and photophobia, 
association with physical activity, and visual changes. Fo-
cal neurologic deficit is less common and may include 
numbness, weakness, diplopia, ptosis, and pupil asym-
metry. Less common general features to migraine in-
clude ringing in ears, dizziness, lacrimation, and rhinor-
rhea. Aggravating factors such as worsening of headache 
with Valsalva maneuvers (coughing, sneezing, bowel 
movements) and a sensation of a “swooshing” sound 
(pulsatile tinnitus) intermittently in the ears may be in-
dicative of increased ICP.

Triggers and patterns such as dehydration, skipping 
meals, sleep deprivation, heat, bright light, changes in 
weather, physical exertion, computer use, hormonal 

cycle, caffeine intake, or changes in altitude should be 
established during the initial evaluation and are often 
easy for the patient to modify.

Medical history is important to review and useful to 
establish history of allergies, sinus infections, head in-
juries, concussions, seizures, and eye abnormalities.

Family history should focus on migraines, motion 
sickness, clotting disorders, mood disorders, cardiac, 
cancers, thyroid, and autoimmune disorders.

Social history should include review of psychosocial 
issues including ongoing/changing or new emotional 
stressors, sexual and drug use history, school work and 
grades, and changes in academic performance.

A full review of systems will help to classify head-
ache and possibly lead to consideration of other sys-
temic causes.

Patients may have tried many different forms of 
treatments for their headaches by the time they pre-
sent for initial evaluation. They may be using abortive 
medications daily, thereby contributing to rebound  
effect. Determine whether any supplements such as 
vitamins or minerals are used. Alternative treatments 
are more widely used such as massage, chiropractic 
treatment, aromatherapy, physical therapy, or biofeed-
back. A full review of all medications used for all condi-
tions for the patient is necessary.

	B.	 Physical examination of the child must include both a 
general and thorough neurologic examination. Impor-
tant points of the general examination include vital 
signs including evaluation of temperature, blood pres-
sure, and pulse. Height, weight, and body mass index 
are important health indicators.

Head, ears, eyes, nose, and throat examination includes 
evaluation for sinus tenderness, postnasal drip, tonsillar 
enlargement, lymphadenopathy, dental examination, and 
temporomandibular joint tenderness. Cardiac and vascular 
examination should emphasize identification of murmurs 
or arrhythmias, and cranial, orbital, or carotid bruits. The 
skin evaluation is important to identify rashes and neurocu-
taneous stigmata. Neck stiffness may be associated with 
meningeal inflammation from central nervous system 
(CNS) structural, inflammatory, hemorrhagic, or infectious 
processes. Radiating pain down the neck may be associated 
with CNS foramen problem such as a Chiari 1 malforma-
tion or demyelinating condition. In children with tension 
headaches, physicians may find paraspinal or neck muscu-
lar spasm, trigger points, and/or tenderness.

The formal neurologic examination begins by gen-
eral assessment of alertness, awareness, and affect. Ex-
cessive sleepiness may be indicative of a sleeping disor-
der, flat affect of depression, or altered mental status of 
more ominous causes such as infection or increased ICP.

Following is cranial nerve assessment starting with 
evaluation of the eyes. Visual examination includes fundu-
scopic evaluation, which, although challenging, provides 
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valuable information for the presence of papilledema and 
of spontaneous venous pulsations, both markers of in-
creased intracranial hypertension. Evaluation of the fundi 
is best done in the dark, causing the eyes to dilate and 
allowing for better visualization. Observe the color, as 
both hyperemic and pale fundi are abnormal. Focusing 
on the vessels is useful, often following the thinner edge 
of the vessels as they increase in diameter to the optic 
nerve head. Characteristics to note of the blood vessels 
are their appearance as they pass over the optic disk mar-
gins smoothly, increased tortuosity, hemorrhages, or pul-
sations. Reassuring findings are sharp optic disk margins 
and spontaneous venous pulsations; if these are present, 
the concern for increased ICP is very low. A good rule of 
thumb is any child with recurrent headaches should have 
a dilated eye examination by ophthalmologist. Visual 
fields, pupil symmetry and reactivity, and eye movements 
are all important. Loss of visual fields, asymmetric pupil, 
and ophthalmoplegia are all suggestive of possible struc-
tural anomaly such as mass, vascular malformation, or 
intracranial hypertension.

Remaining cranial nerves test primarily face, neck, 
and throat function. Motor (including tone, strength, 
and reflexes), sensory (including light touch and other 
modalities as indicated), and coordination (including 
truncal, extremities, and gait) tests are necessary to 
evaluate the CNS more fully.

If there is a new neurologic abnormality during the 
headache, migraine-associated symptomatology can be 
the cause; this is common if the symptoms are transitory 
(commonly before or at the apex of pain symptomatol-
ogy). If a patient has a new neurologic deficit, consider 
very strongly the need for imaging, hypercoagulable 
workup, or possible manifestation of seizure.

	C.	 Neuroimaging is not required for every patient with 
headache, and there is no consensus on its use in evaluat-
ing headache. After thorough history and examination, if 
there is clinical suspicion for intracranial hypertension or 
structural lesion (based on an abnormal examination or 
history), then proceed with imaging. Computed tomog-
raphy (CT) should be used with careful consideration 
given radiation exposure risks in children and adoles-
cents. CT of the head may be indicated for evaluation of 
acute headache after head trauma, for a patient with 

neurologic focality and altered mental status, or for im-
mediate concerns of hydrocephalus or increased intra-
cranial hypertension. As a general rule of thumb, if head 
imaging is emergent given clinical presentation, head CT 
should be obtained; if urgent or routine, try to obtain an 
MRI of the brain, which provides more detailed informa-
tion without the radiation exposure. An advantage of 
MRI is the ability to evaluate structural components and 
vasculature of the brain. In addition, MRI evaluates su-
periorly the posterior fossa, cerebellum, and brainstem 
over CT. Sagittal views on MRI (not available on CT) 
help evaluate for Chiari 1 malformation and upper cervi-
cal spine. If there is a history of strokelike symptoms with 
headaches, obtain magnetic resonance angiography at 
the same time as cranial MRI. This provides a very de-
tailed and three-dimensional reconstructive view of the 
neck and cranial vasculature, and is surpassed in detail 
only by formal invasive angiography. If intracranial hy-
pertension is suspected, magnetic resonance venography 
can be useful in diagnosis of cranial venous thromboses.

Obtaining a lumbar puncture (LP) is important in the 
acute setting if there are any signs of CNS infection, with 
or without alteration of consciousness, concern for in-
creased intracranial hypertension or hypotension, or con-
cerning mental status changes (in most cases, this should 
be performed after head imaging to assess for increased 
ICP). If lateralizing features, associated trauma, or con-
cern for increased ICP is present, obtain imaging before 
performing an LP. The LP should include an opening 
pressure (with patient lying on his or her side, and after 
manometer is in place, the patient should extend his or 
her legs from a fetal position). If opening pressure is ele-
vated, then the patient should have enough fluid drained 
to have a closing pressure less than 18 to 20 cm H2O. 
Opening pressures may vary depending on whether the 
LP is done in the sitting or lying position and may vary 
depending on the patient’s weight (higher pressures can 
be seen with increased weight). Some patients may have 
“normal opening pressures” between 20 and 30 cm H2O, 
but input of a neurosurgeon and evaluation with imaging 
would be recommended. Opening pressures less than  
10 cm H2O may be indicative of a low-pressure CSF 
headache syndrome and may indicate need for additional 
testing such as myelography or CT head with contrast, 
which may show diffuse meningeal enhancement. If signs 
or symptoms of infection are present, consideration and 
testing for appropriate infectious causative agents will be 
needed (viral, bacterial, fungal, etc.).

	D.	 Laboratory testing and other ancillary testing is generally 
not needed for evaluation of headache unless systemic 
symptoms are present. Depending on clinical symptoms, 
consider complete blood cell count, metabolic panel in-
cluding electrolytes and liver function, urinalysis, inflam-
matory markers such as C-reactive protein and erythro-
cyte sedimentation rate, antinuclear antibody, and thyroid 
function panel. Not routinely ordered but supported 
somewhat by the literature are consideration of serum 
testing of a coenzyme Q10 level, vitamin D analysis, and 
ionized magnesium/calcium ratio. Studies such as electro-
encephalogram, polysomnograph, and chest radiograph 
are not warranted unless there is a strong suspicion for 
seizures, sleep disorder, or lung pathology.
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	E.	 After history, physical examination, and any necessary 
diagnostic testing, headaches can generally be classi-
fied into primary or secondary. Secondary headache 
causative factors may warrant further testing and eval-
uation; these are not discussed here. Primary head-
aches are classified into migraine, tension, or cluster.

	F.	 Estimates have found migraine prevalence rate in ado-
lescents to be approximately 6%. The most widely used 
and accepted classification of migraines is that de-
scribed by the International Headache Society. Mi-
graines can present with or without aura. Migraine 
without aura is more common and generally lasts from 
1 to 72 hours in children. These migraines are pulsat-
ing, moderate or severe in intensity, aggravated by 
routine physical activity, and associated with nausea 
and/or photophobia and phonophobia. In children, 
migraines are more commonly described as bilateral 
and emerge as unilateral in late adolescence or adult-
hood. Auras are reversible focal neurologic symptoms 
that generally develop gradually over 5 minutes and 
last for less than 60 minutes.

	G.	 Tension-type headaches are generally described by the 
patient as bilateral, pressing/tightening quality, mild or 
moderate intensity, not aggravated by routine physical 
activity, and no associated symptoms of nausea, vomit-
ing, photophobia, or phonophobia. These headaches 
generally last anywhere from 30 minutes to 7 days.

	H.	 Cluster headaches are much less common than mi-
graines and tension headaches. ICHD-II categorized 
cluster headaches amongst the trigeminal autonomic 
cephalgias. Cluster headaches are attacks of unilateral 
orbital, supraorbital, or temporal severe pain lasting 
from 15–180 minutes from once every other day to up 
to 8 per day.  They are associated with ipsilateral con-
junctival injection and/or lacrimation, nasal congestion 
and/or rhinorrhea, eyelid edema, forehead and facial 
sweating, miosis and/or ptosis, and/or sense of restless-
ness or agitation.

	 I.	 Treatments for headaches can be categorized as abor-
tive or prophylactic. Abortive treatments for migraines 
and tension headaches are similar and overlap; there-
fore, they are discussed jointly here. Treatment options 
for a child suffering from a headache differ whether 
the child is at home or in the emergency department, 
where IV medication options can be given.

At home, parents should encourage fluid intake, 
in addition to rest, quiet surroundings, and a dark 
room. For some children and adolescents, simple 
over-the-counter medications have been successful in 
aborting the headache. These include acetaminophen, 
ibuprofen, naproxen (Naprosyn), or caffeine/aspirin/
analgesic combinations, especially if they have been 
found useful previously with the patient. Overuse of 
aspirin-containing products or use during fever should 
be cautioned for concern of development of Reye 
syndrome. If typical “over-the-counter” medications 
have not been useful, then consider agents such as 
triptans (serotonin agonists), ergotamine-based medi-
cations (such as dihydroergotamine [DHE] nasal 
spray), and antinausea medications. Most of these 
medications are not U.S. Food and Drug Administra-
tion (FDA) indicated for adolescent migraine, but in 

general are well tolerated in children age 10 or older. 
Current clinical efficacy has been shown for rizatriptan, 
sumatriptan, and almotriptan. It probably will not be 
long until all triptans can be shown to have clinical sig-
nificance in adolescents (as all have shown to be effec-
tive in studied adult migraineurs). Clinical studies to 
date have been challenging in proof of efficacy of trip-
tan medications in the pediatric population because of 
the high placebo rate seen in trials to date. See Table 1 
for considerations of abortive medications and associ-
ated class, dosage, formulations, and adverse effects.

In the emergency department, oral medications 
may be attempted but are often unsuccessful because 
the migraine headache is often prolonged and more 
resistant because of activated central pathways and  
altered enteric absorption. The patient will often need 
parenteral or rectal administration of medications. 
Most patients are able to abort their headache after an 
intravenous (IV) fluid bolus and the first abortive 
medication (commonly ketorolac [Toradol]). Many 
emergency department physicians and neurologists 
have favored giving several medications simultaneously 
as a “migraine cocktail” (such as perchlorperazine,  
diphenhydramine [Benadryl], and Toradol). Narcotic 
medication should be avoided because this class is  
often ineffective and may promote drug-seeking  
behavior.

	J.	 Prophylactic medications are considered when mi-
graines are debilitating and affecting one’s quality of life. 
Typically, headaches occurring more than two times per 
week, several prolonged headache attacks per month, or 
debilitating but infrequent headaches with associated 
symptoms such as hemiparesis often are problematic 
enough to consider preventative pharmacologic treat-
ment. Consideration of school attendance and inability 
to perform school activities or sports may warrant need 
for prophylactic medication. Migraine prophylactic 
medications are listed in Table 2. They can be generally 
classified into antidepressants, anticonvulsants, cardiac, 
and other. Patients generally younger than 10 to 12 years 
are initially tried on cyproheptadine, as opposed to ami-
triptyline in the older patient.

	K.	 Many patients and parents prefer nonpharmacologic 
options in addition to medications such as vitamins and 
minerals. Petadolex, magnesium, feverfew, riboflavin, 
and coenzyme Q10 are promising micronutrients that 
may prove beneficial for patients with recurrent head-
aches. However, as with most complementary and alter-
native medicine choices, more randomized, double-
blind, placebo–controlled efficacy studies need to be 
completed to document efficacy and dosing. Inconsistent 
preparation for Petadolex and feverfew warrant caution 
in use together with unclear safety profile. Coenzyme Q 
and magnesium dosages up to 10 mg/kg/day and ribofla-
vin up to 100 mg/day have been used in previous adult 
studies and overall appear safe for use in the pediatric 
population; formal dietary analysis may reveal underlying 
nutritional deficit. Rarely is food allergy testing helpful, 
but dietary awareness of food triggers is often helpful.

	L.	 Alternative treatments include biofeedback, massage, 
relaxation training, and acupuncture; parents and practi-
tioners have used these approaches to help in preventing 
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Primary headache

Patient with HEADACHE

Consider DHE protocol

Migraine Tension

Abortive treatments

Cluster

Rest
Fluids
Medications by mouth

Medications by IV

2 or more debilitating
headaches per month

Prophylactic medications

<10 yrs >10 yrs

Periactin
Topamax
Amitriptyline

Life style adjustments
Sleep
Diet
Exercise
Triggers

Alternative treatments
Vitamins/minerals
Biofeedback/acupuncture

Amitriptyline
Topamax
Others

F G H

I

(Cont’d from p 323)
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headaches. Given the nature of the treatment, random-
ized, double-blind, placebo-controlled trials are lacking. 
However, cohort studies show promising results as an 
adjunctive treatment. Psychological counseling may be 
important because many patients with recurrent head-
ache have comorbid depression or anxiety.

	M.	Encouraging parents to keep a headache diary with a 
food, activity, and sleep log is very useful for parents to 
begin to recognize various triggers and make the 
medical encounter more productive.

	N.	 Lifestyle interventions include sleep hygiene, improved 
diet, and exercise habits. Assessing body mass index and 

discussing goals for weight reduction and increased ex-
ercise is a known benefit for headache control. This is 
another area where a food diary is important, and the 
provider can help with strategies that are obtainable for 
the patient. These include reducing soda and high-
sugar drinks and snacks, decreasing fat intake by sug-
gesting a switch to 1% or skim milk, and reducing high-
fat/calorie desserts. Develop an exercise plan where the 
patient works up to exercising 5 days a week for at least 
30 minutes. Remember this may not be obtainable the 
first week; however, over several months, most children 
should be able to reach this goal.

(Continued on page 327)
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Table 1. Abortive	Treatments	for	Acute	Headache

Medication Forms Dosage Maximum	Dose Frequency Adverse	Effect	Profile

NSAIDs
Ibuprofen PO 10 mg/kg/dose 600–800 mg every 6–8h GI bleed
Ketorolac PO

IV/IM
.50 kg: 10 mg
0.5 mg/kg/dose

10 mg
30 mg

every 6–8h
every 6–8h

GI bleed, deceased plate-
let function, drowsiness

Naproxen PO 5–7 mg/kg/dose 400 mg every 8h GI bleed, drowsiness, 
thrombocytopenia

Acetaminophen PO/PR 15 mg/kg/dose 650–1000 mg every 4–6h Hepatic toxicity

Antiemetics
Metoclopramide PO/IV/IM 0.1–0.15 mg/kg/dose 10 mg every 6h Sedation, anxiety, leuco-

penia, diarrhea
Promethazine PO/IM/IV/PR 0.25–1 mg/kg/dose 15–25 mg every 4–6h Sedation, blurred vision, 

dystonic reactions
Prochlorperazine PO/PR

IM
IV

0.1 mg/kg/dose
0.1 mg/kg/dose
0.15 mg/kg/dose

10 mg
10 mg
10 mg

every 6–8h
every 6–8h
every 6–8h

Diphenhydramine PO/IV/IM 0.5 mg/kg/dose 50 mg/day every 6h Sedation, nausea, xero-
stomia, blurred vision

Triptans
Almotriptan* PO 6.25–12.5 mg/dose 12.5 mg Can repeat in 2 hours
Rizatriptan PO 5–10 mg/dose
Sumatriptan PO

IN
SC

,50 kg 25 mg
.50 kg 50 mg
,50 kg 5 mg
.50 kg 20 mg
.50 kg 6 mg

100 mg/dose

6 mg/dose

Can repeat in 2 hours Dizziness, chest pain and 
tightness, bad taste, 
paresthesias

Naratriptan PO 1–2.5 mg/dose 2.5 mg/dose Can repeat in 4 hours
Zolmitriptan PO

IN
.50 kg give 2.5–5 mg/dose
5 mg/dose

5 mg/dose Can repeat in 2 hours

Eletriptan PO .50 kg give 20–40 mg/dose 40 mg/dose Can repeat in 2 hours
Dihydroergotamine IV

IN
0.2–1 mg
0.5 mg/nostril

1 mg
3 mg/day

every 8h
every 15min 3 2

Vasoconstrictor, flushing, 
nausea, diarrhea

Caffeine (base) IV Up to 5–10 mg/kg .30 minutes Tachycardia, agitation, 
hyperactivity

Antiepileptics
Valproate sodium IV 10–20 mg/kg/dose 1500 mg/dose Once Sedation, tremor, trans-

aminitis
Keppra IV 20 mg/kg/dose 1000 mg Once Sedation
Magnesium IV 30 mg/kg/dose 1000 mg/dose Can repeat once  

in 4 h

*Almotriptan is FDA approved for migraines in adolescents.
Some of these may not be U.S. Food and Drug Administration (FDA) indicated for use for headache in children and adolescents.
Fxn, platelet function; GI, gastrointestinal; IM, intramuscularly; IN, intranasally; IV, intravenously; NSAID, nonsteroidal anti-inflammatory drug; PO, orally; 

SC, subcutaneously.
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Table 2. Prophylactic	Treatments	for	Recurrent	Headache

Medications Initial	Dose Titration Suggestions Dosing Adverse	Effects

Antidepressants
Amitriptyline 0.1 mg/kg/dose Increase over 2–3 weeks to 

0.5–2 mg/kg
Typical dose is  

30–100 mg/dose
qhs-tid if 

needed
Constipation, dry mouth,  

arrhythmia, sedation
Nortriptyline 0.5–1 mg/kg Increase over 2–3 weeks to 

1–3 mg/kg
.11 years 25–35 mg qhs Constipation, dry mouth,  

arrhythmia, sedation

Anticonvulsants
Topiramate 1–2 mg/kg/day Increase in 1- to 2-week  

increments up to  
10 mg/kg/day

Typical dose is up to  
50 BID, which  
prevents side effects

bid Weight loss, kidney stones, 
paresthesias, glaucoma

Valproic acid 20 mg/kg/day Increase every 2 weeks to  
40 mg/kg/day

Typical dose is  
250–500 mg/dose

bid Weight gain, bruising, hair 
loss, hepatotoxicity

Carbamazepine 5 mg/kg/day Increase as tolerated to  
15 mg/kg/day

Typical dose is 200 mg bid Sedation, rash, neutropenia, 
dizziness

Levetiracetam 20 mg/kg/day Increase as tolerated to  
60 mg/kg/day

Typical dose is 500–
1000 mg/dose

bid Sedation, behavioral distur-
bance

Cardiac
Propranolol #35 kg 10 mg/dose

.35 kg 20 mg/dose
Increase to 20 mg
Increase to 40 mg

tid Hypotension, vivid dreams 
depression

Metoprolol 2–6 mg/kg/day same
Verapamil 4 mg/kg/day Increase as tolerated to 8 mg/

kg/day
Adolescents tolerate up 

to 240–480 mg
qd-tid Hypotension, nausea, atrio-

ventricular node block, 
weight gain

Antihistamine
Cyproheptadine 0.25–1.5 mg/kg Up to 12–14 mg  

tolerated
qhs Sedation, weight gain

Other Treatments
Magnesium 5 mg/kg/day Increase as tolerated to  

400 mg/day
qd-bid Loose stools

Coenzyme Q10 5 mg/kg/day Increase as tolerated to  
200 mg/day

qd-bid No reported significant side 
effects

Riboflavin (B2) 25 mg/day Increase as tolerated to  
100 mg/day

qd-bid Deep yellow urine

Some of these may not be U.S. Food and Drug Administration (FDA) indicated for use for headache in children and adolescents.
qhs, every hour of sleep
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Movement Disorders
Ataxia, Chorea, Dystonia, Psychogenic 

Movements, Stereotypies, Infantile 
Self-Stimulation, and Tremor

Abigail Collins, MD, and Paul G. Moe, MD

Movement is one of the most important functions of the 
human body and is vital for our communication, artistic 
expression, reproduction, and survival. Movement can 
be categorized based on the degree of conscious control 
into automatic movements, which are learned behaviors 
performed without conscious effort (walking or run-
ning), voluntary movements, which are intentional 
(throwing a ball), semivoluntary movements, which are 
triggered by an inner stimulus or unwanted feeling 
(scratching an itch), and involuntary movements, which 
are not controlled but may be suppressible to some  
degree.

Abnormal movements are typically both unintentional 
and involuntary. They are grouped into broad categories of 
too much movement, including hyperkinesias (excessive 
movements) and dyskinesias (unnatural movements), and 
too little movement, including hypokinesia (decreased am-
plitude of movement), bradykinesia (decreased speed of 
movement), and akinesia (absence of movement). Given that 
disorders of too little movement are uncommon in pediatrics 
(when not caused by underlying weakness), this chapter fo-
cuses on hyperkinesias and dyskinesias (see Table 1). Tics 
were described in a separate chapter (see Tics and Tourette 
Syndrome chapter). Spasticity will not be discussed.

(Continued on page 330)
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Table 1. Categorization of Abnormal Movements

Abnormal Movement Description Examination Features

Akathisia Voluntary movements such as rubbing, rocking, and  
pacing caused by an intense inner restlessness and  
inability to remain still

Arrhythmical, nonsustained, paroxysmal, at rest only, 
nonpatterned, slow, suppressible

Ataxia In-coordination of voluntary movements Present with action only
No abnormal movements at rest

Chorea Random, brief, irregular, jerky movements that make the 
patient look like they are fidgeting and cannot sit still; 
large-amplitude, proximal chorea is ballismus

Arrhythmical, nonsustained, continual, occur at rest and 
increase with action, nonpatterned, intermediate 
speed, minimally suppressible

Dystonia Abnormal twisting postures that are sustained for brief 
(milliseconds) to long (hours) periods

Arrhythmical, sustained, continual to continuous, at rest 
and with action, or with action only, patterned, mildly 
suppressible

Myoclonus Sudden, brief, shocklike movements, typically in one  
direction

Arrhythmical or rhythmical, nonsustained, continual to 
continuous, at rest and with action, patterned or  
nonpatterned, very fast, not suppressible

Paroxysmal dyskinesias Episodic abnormal movements that may be choreiform, 
dystonic, or a combination of movements

Arrhythmical, nonsustained, paroxysmal, may be 
triggered by action, nonpatterned, intermediate speed, 
minimally suppressible

Psychogenic movements Any combination of abnormal movements that often are 
not consistent with any pattern by history or examina-
tion, may be distractible, vary in amplitude, direction, 
often with abrupt onset and atypical response to medi-
cations 

Any combination of features

Restless leg syndrome Abnormal sensations and discomfort in the legs typically 
at the end of the day when recumbent, which are re-
lieved by voluntary movements of the legs and walking 
around

Sensations occur at rest only

Stereotypies Highly stereotyped, repetitive, voluntary movements often 
involving the bilateral hands and arms, typically elicited 
by boredom or excitement and can be interrupted

Child often stops what they are otherwise doing to engage 
in stereotypy

Arrhythmical, nonsustained, paroxysmal, patterned, 
intermediate speed, highly suppressible when 
attention called to behavior

Tardive dyskinesia Repetitive movements often with tongue twisting,  
protrusion, lip pursing and chewing movements, and 
may involve the neck and trunk with extension, and  
extremities with rapid twisting postures

Rhythmical, nonsustained, continual, at rest more 
than with action, patterned, combinations of 
movements, intermediate speed, minimally 
suppressible

Tremor Oscillatory, usually rhythmic and regular to and fro  
movements about an axis

Rhythmical, nonsustained, continuous, may occur at rest, 
with action, or both, patterned, intermediate speed, 
minimally suppressible
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 A. In general, the diagnosis of abnormal movements is 
clinical, made on history and physical examination 
alone. Categorizing the abnormal movement based on 
features of the patient’s history and physical examina-
tion is crucial to determining a possible causative factor 
for the abnormal movements, and dictates the subse-
quent evaluation and treatment. Aspects of the history 
that must be explored for every patient with abnormal 
movements are outlined in Table 2. A general examina-
tion and thorough neurologic examination should be 
performed. The movement disorders examination in-
cludes additional maneuvers to specifically evaluate 
the abnormal movements (see Tables 3 and 4, and the 
following section).

When examining a patient with abnormal move-
ments, first ask the patient to sit quietly without speak-
ing or moving to determine whether the abnormal 
movements are present at rest. If they are, ask the pa-
tient to try to suppress them while you count the num-
ber of seconds that they are able to do so. Then have the 
patient do whatever seems to bring out the abnormal 
movements and go through the questions in Table 3 to 
help categorize the abnormal movement.

On cranial nerve testing, pay special attention to the 
eye movements, evaluating for nystagmus, breakdown 
of smooth pursuit on slow movements, and overshoot 
with large saccades. On speech examination, note the 
volume and speed of speech, modulation of pitch and 
intonation, and whether there is a clumsy quality to 
coordination of complicated sounds, such as the phrase 
“Presbyterian Episcopalian.” Evaluate labial (p, b, m), 
lingual (l, t), and guttural (g, k) sounds separately. Have 
the patient hold the sound eeeh and aaah for about 
10 seconds each to determine whether there is a vocal 
tremor, or strangulation or escape of air suggesting  
underlying laryngeal dystonia. Cerebellar speech is of-
ten described as “scanning,” with slow- and clumsy-
sounding speech that has abnormal pauses or intervals 
between syllables, a lack of normal inflection and into-
nation, variable volume but is typically loud, and diffi-
culty with guttural sounds. Dysarthric speech is also 
slow but often affects both lingual and guttural sounds, 
and is typically more a problem of pronunciation when 
it involves the tongue and palate, and quality of sound 
when it involves the larynx. Have the patient protrude 
the tongue and assess the ease with which he can wiggle 
it from side to side. Uncoordinated and slow tongue 
movements may be caused by dystonia or cerebellar 
dysfunction. Inability to hold the tongue protruded for 
10 seconds or longer represents motor impersistence 
and is often seen with chorea.

On motor examination, have the patient extend the 
arms in front of herself with the palms down, facing 
inward, upward, and completely rotated internally to 
face out for 5 seconds in each position to look for 
tremor or abnormal postures that emerge, noting in 
which position the tremor and/or postures are the most 
severe or absent (a null point that suggests dystonia). 
Have the patient squeeze your fingers to assess for a 
“milkmaid grip,” with impersistence of pressure that 
results in a milking of the examiner’s fingers and may be 
a manifestation of chorea.

Perform rapid alternating movements by having the 
patient rapidly open and close the hands as if flicking 
water off the fingers, tap the thumb and pointer finger 
repetitively, and rapidly pronate and supinate the hands 
at the wrist or held with elbows at 90 degrees (as if 
screwing in a light bulb) to assess for speed, amplitude, 
rhythmicity, abnormal postures, and coordination. Per-
form rapid alternating movements of the lower extrem-
ity with foot stomps and toe taps. For both the upper 
and lower extremities, determine whether volitional 
movement of one body part (the hands) causes abnor-
mal postures to come out of that body part (dystonia) or 
other parts of the body (the feet, trunk, or neck) to  
suggest an overflow dystonia. Dystonia, chorea, and 
myoclonus are often worsened by purposeful move-
ments, whereas tardive dyskinesia and tics are typically 
significantly decreased by purposeful movements of the 
involved body part.

On finger-to-nose testing, assess the accuracy of 
reaching the target (dysmetria), the path followed to 
arrive at the target (ataxia), and presence of tremor 
throughout the movement or only as the target is  
approached (intention tremor). Perform toe-to-finger 
and/or heel-knee-shin to assess for dysmetria and ataxia 
in the lower extremity. If a tremor is present, assess 
amplitude, frequency, and regularity, and whether the 
tremor is present at rest, with action or posture. To  
assess the handwriting, have the patient write a sen-
tence, and do spiral and line drawing with both the 
dominant and nondominant hand with the hand and 
arm not resting on the table (unbraced) because this 
may dampen certain types of tremor.

Perform gait examination with bare feet and rolled-
up pants to get a good look at the feet and ankles. Evalu-
ate the position of the trunk and neck (flexed forward or 
arching back), how wide apart the feet are (base), stride 
length, heel-toe progression of each step, arm swing and 
posture, and whether the patient walks in a straight line 
or meanders. If abnormal postures are present, assess 
whether walking backward, sideways, or running elimi-
nates them (which it often does for idiopathic dystonia). 
Determine whether walking increases abnormal move-
ments (such as hand tremor or chorea) or whether there 
is a dancelike, irregular quality to the gait. Perform tan-
dem gait and have the patient stand on one foot to assess 
for subtle balance impairment. If there is concern for a 
nonphysiologic gait abnormality, with wild swaying and 
embellishment, perform distracting maneuvers that  
require a great deal of concentration to determine 
whether the gait normalizes briefly, such as backward 
tandem gait.

Record your findings in writing and, if at all possible, 
on video. This is important for two reasons. First, it 
helps you assess the patient’s course from visit to visit. 
Second, it allows you to send this information to a pedi-
atric neurologist or movement disorder specialist to get 
advice about the categorization of abnormal movements, 
direction for further evaluation, and treatment if you 
need help and the patient does not have the means to 
travel for a second opinion. When the patient comes to 
clinic with a complaint of episodic abnormal movements 
that are not present on examination, asking the parents 
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Table 2.  Key Features of the Movement Disorder 
History

Historical Feature Details

Initial and subsequent mani-
festations

• Presence at rest
• Presence with action, including ex-

amples of actions when it is noted
• If present with both, determine 

whether more severe at rest or with 
action

Course • Acute or gradual onset?
• Slow or rapid progression?
• Spontaneous remissions and  

recurrences?
Precipitating factors • Medications

• Exercise
• Infection
• Volitional movement

Aggravating factors • Stress
• Strong emotions including anger, 

anxiety, or excitement
• Fever
• Fatigue
• Diurnal variation

Ameliorating factors • Sleep
• Medications
• Distraction (concentration)
• Alcohol
• Touching another part of body 

(sensory trick)
Age at onset
Family history of disorder or 

consanguinity
Medical history including 

pregnancy, delivery,  
neonatal course

Developmental history
Comorbidities

Table 3.  Questions to Help Categorize Abnormal 
Movements

• Single abnormal movement or a combination of abnormal  
movements?

• Rhythmical or arrhythmical?
• Sustained posture (even briefly) or nonsustained?
• Patterned or random?
• Fast or slow?
• Large or small amplitude?
• More distal or proximal?
• Can you break it or inhibit it physically?
• Can the patient touch somewhere to help reduce or prevent it?
• Paroxysmal, continual (over and over), or continuous (without  

stopping)?
• Persist during sleep or occur only in sleep?
• Present with action, at rest, or both?
• How suppressible is it (completely, partially, or not at all)?
• What accompanies it (vocalizations, mutilation, sensory component)?

Patient with MOVEMENT DISORDERS

Ataxia

Abnormality of volitional
movement only

Chorea,
(Cont’d on p 337)

(Cont’d on p 335)

Tremor,
(Cont’d on p 343)

Dystonia,
(Cont’d on p 341)

Abnormal involuntary
movements

Categorize movements:
History
Physical exam

A

to make a video recording of the movements is often 
required to make an accurate diagnosis of the abnormal 
movements. See the video protocol (Table 5) for sugges-
tions about making a useful video.

The most common abnormal movements in pediatric 
patients include tics, tremor, stereotypies, infantile self-
stimulatory behavior (masturbation), psychogenic move-
ment disorders, secondary dystonia from underlying 

brain injury, ataxia, chorea, and acute dystonic reactions. 
Rare movement disorders such as paroxysmal dyskine-
sias, myoclonus, akathisia, and tardive dyskinesia occur 
in children infrequently. The basic algorithms for evalu-
ating the causative factors and treatment of abnormal 
movements are outlined in the algorithm.

When underlying conditions are causing abnormal 
movements, these should be addressed and managed 
appropriately. In contrast, abnormal movements should 
be treated only if they are causing a functional impair-
ment to the child; the mere presence of abnormal 
movements that annoy or bother the parents or medical 
staff is not sufficient reason to expose the child to the 
potential side effects and toxicity of medications. This 
cannot be overstated. Abnormal movements should be 
treated only if they are or might cause an injury to the 
child, are functionally impairing the child, or are im-
peding their care. The general approach is to choose  
a medication that will be effective for the particular 
abnormal movement, with an acceptable side-effect 
profile for that patient. Start at a low dose and titrate up 
gradually over several weeks to months. If adverse  
effects emerge, lower or discontinue the medication 
over 1 to 2 weeks. Several medications may be required 
in combination to get adequate control of the abnormal 
movements.

(Continued on page 334)
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Table 4.  Specific Components of the Neurologic Examination Helpful in Assessing Abnormal Movements 
and Ataxia

Examination 
Component Examination Maneuver Examples of Abnormalities

General Quiet sitting with and without suppression Abnormal movements present at rest
Cranial nerves Fixation of gaze Square wave jerks

Smooth pursuit Breakdown with jerky saccades
Large saccades Overshoot or undershoot

Blink to initiate saccade
Speech
• Coordination of sounds
• Quality of sound
• Pronunciation
• Modulation of pitch
• Inflection
• Holding aah and eeh sounds

Abnormal movements elsewhere in body increase
• Clumsy and ataxic
• Soft, breathy, or strangulated
• Dysarthric for labial, lingual, and/or guttural sounds
• Abnormal
• Abnormal
• Tremor, strangulation, or breathy

Tongue movements side to side Slow
Abnormal postures
Abnormal movements (twisting or tremor)

Motor Tone Spastic
Rigid
Dystonia impairs assessment

Arms extended with palms up, in, down, and out Tremor
Abnormal postures or movements

Rapid alternating movements Abnormal postures in part moving
Abnormal postures in another part (not moving)
Clumsy coordination
Slow speed
Low or diminishing amplitude
Abnormal rhythm
Superimposed abnormal movements

Finger-to-nose and toe-to-finger Ataxia
Dysmetria
Tremor throughout or as approach target
Superimposed abnormal movements (chorea or myoclonus)

Writing Abnormal postures of hands
Tremor
Superimposed abnormal movements

Gait Body posture Trunk flexed
Trunk extended

Base Wide
Narrow (scissored)

Stride length Asymmetric
Short

Arm swing Asymmetric
Heel-toe progression No heel strike
Path Meanders
Tandem Balance impairment
Balance on one foot Balance impairment
Foot posture Abnormal
Reverse and sideways walking Abnormal movements persist
Assess whether any abnormal movements come 

out while walking
Increased abnormal movements
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Table 5. Movement Disorders Video Protocol

Patient should be dressed in shorts and short sleeves with bare feet.
Film patient sitting quietly in a chair, not speaking with eyes open. Film the entire body first for 5 seconds, then zoom in on any part that has abnor-

mal movements for 5 seconds (even if not present in that part at rest).
Patient speaking continuously for at least 10 seconds, film entire body for first ,5 seconds; then zoom in on part that has abnormal movements for 

additional 5 seconds.
Arms stretched straight out in front of body (as if you are a zombie):
• With palms facing upward (as if holding a pizza) for 5 seconds
• With palms facing inward (as if holding a ball between them) for 5 seconds
• With palms facing downward for 5 seconds
• With palms facing outward for 5 seconds
• Back to palms facing downward, make fists and open them up completely repeatedly, as fast as possible, 10 times
• Tap thumb and index finger together, as fast and as big as possible, 10 times
Stretch arms out to side, then touch your nose with one index finger, straighten it out, and touch with other index finger, straighten out. Repeat five 

times and focus in on finger as it approaches nose for the last few times.
Stomp right leg on floor 10 times, then left leg 10 times. Make it loud and big.
Keep the right heel on the ground and tap the toes of that foot 10 times. Tap the left toes 10 times.
Stand up and walk toward the camera at least 10 steps. Turn around and walk back. Walk toward the camera on your tip toes. Walk backward 10 

steps. Then sit back down in chair.
If any particular activity is known to trigger the movement (e.g., writing, speaking, eating), then film that activity as well.
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ATAXIA

 B. Ataxia is an abnormality of voluntary movements and, 
therefore, is not present at rest. It is a perturbation of 
the coordination of movements including eye move-
ments, speech, truncal and appendicular control, and 
balance. It may manifest with a number of different 
abnormalities on examination, depending on which 
part of the cerebellum or its outflow tracts is involved. 
Bifrontal lobe disease or a sensory ataxia from a pe-
ripheral neuropathy or posterior column disease of the 
spinal cord (with impaired joint position sense) may 
present with similar symptoms. The symptoms of 
acute-onset ataxia include feeling “dizzy” or unsteady, 
difficulty walking well, jumping eyes, and there may 
be associated headache, vomiting, or reduced aware-
ness. Chronic ataxia typically presents with a long-
standing history of clumsiness with frequent falls in 
ambulatory patients. Either acute-onset or chronic 
ataxia patients may appear drunk. Signs to look for on 
examination include nystagmus and jerky eye move-
ments on smooth pursuit, dysarthria, head titubation, 
hypotonia, reduced reflexes, dysdiadochokinesis, an 
intention tremor, a rubral tremor, dysmetria and over-
shoot on finger-follow, wide-based stance and gait, 
ataxic gait, and difficulty with tandem gait and balanc-
ing on one foot.

The most common causes of acute-onset ataxia include 
drug toxicity or ingestion, postinfectious cerebellitis, basi-
lar migraine, and psychogenic ataxia (Table 6). Ingestions 
are common in the toddler age group, whereas medica-
tion toxicity can occur at any age. It may present with 
nystagmus, encephalopathy, and/or seizures. Medications 
that may produce ataxia include antiepileptics such as 
phenytoin, carbamazepine, benzodiazepines, phenobar-
bital, and primidone, as well as antihistamines. Alcohol 
and lead may also cause acute-onset ataxia. The diagnosis 
is made by history, and drug and toxin levels in serum and/
or urine. Postinfectious cerebellitis is common in the 2- to 
7-year-old age group but can present up to 16 years of 
age. There is a history of a preceding viral syndrome in 
50% of cases, and the male/female ratio is equal. The 
onset is typically explosive, with maximal ataxia within 
hours to a day or two from onset. It varies in severity from 
mild unsteadiness to complete inability to walk. There is 
always a clear sensorium without nausea or vomiting. 
Presence of these features should suggest increased intra-
cranial pressure, prompting immediate head imaging. On 
examination, there may be normal or reduced reflexes 
and mild nystagmus. Absence of reflexes suggests the 
Miller Fisher variant of Guillain-Barré, whereas chaotic 
eye movements with extreme irritability and distal myoc-
lonus should prompt a workup for opsoclonus-myoclonus 
ataxia syndrome. The course for postinfectious cerebelli-
tis may be from days to months, and there is typically 
minimal waxing or waning of the symptoms. Imaging is 
usually normal and must be obtained to exclude other 
potentially dangerous causes of acute-onset ataxia, such as 
acute hydrocephalus, cerebellar hemorrhage, or edema. 
Opsoclonus-myoclonus-ataxia syndrome may initially 
present as postinfectious cerebellitis with ataxia, to be  
followed by the opsoclonus, myoclonus, and irritability  

1 to 2 weeks later. The onset is from 1 month to 4 years 
old, with a mean age of 18 months. The ataxia character-
istically waxes and wanes, as opposed to postinfectious 
cerebellitis. It is highly associated with an occult neuro-
blastoma, and a thorough workup must be undertaken to 
evaluate for this possibility. Treatment includes resection 
of the underlying tumor, adrenocorticotropic hormone 
(ACTH) or dexamethasone, intravenous immunoglobulin 
(IVIg), and rituximab. The outcome depends on how 
quickly treatment is initiated, with children who are 
treated earlier having a better motor and cognitive prog-
nosis. Patients are prone to relapse with intercurrent in-
fections or fever. Basilar migraines are recurrent attacks 
of brainstem or cerebellar dysfunction often followed by 
a severe, occipital throbbing headache and nausea and 
vomiting in a third of patients. The peak incidence is in 
adolescence, and it is more common in female than male 
individuals. Possible symptoms include gait ataxia in 50%, 
visual loss, tinnitus, alternating hemiparesis from one epi-
sode to the next, paresthesias, and decreased level of 
consciousness. Stroke and benign occipital epilepsy are 
other diagnostic considerations for this presentation. The 
workup includes an acute magnetic resonance imaging/
magnetic resonance angiography (MRI/MRA) with diffu-
sion-weighted imaging (DWI) to exclude stroke and con-
sideration of an electroencephalogram (EEG). Treatment 
is the same as for other forms of migraine.

Chronic ataxias can be divided into nonprogressive 
ataxias, which are due to a congenital brain malforma-
tion or static brain injury, whereas progressive ataxias 
are due to a host of genetic and metabolic disorders, 
or slowly growing brain tumors (see Table 6). Patients 
with progressive ataxia should be referred to a pediat-
ric neurologist for evaluation. The most common  
genetic causes include Friedreich ataxia and ataxia-
telangiectasia. Friedreich ataxia is a recessively inher-
ited disorder with an incidence of 1 to 2 per 50,000. 
It has no sex predilection but is most common in 
people of European descent and is rare in blacks or 
Asians. On examination, there is a progressive gait 
ataxia with early absent reflexes, upgoing toes, a pe-
ripheral neuropathy with vibration and joint position 
sense impairment, weakness and wasting of the lower 
extremities, and high arches, and is associated with 
scoliosis, cardiac arrhythmias and congestive heart 
failure, glucose intolerance and diabetes. It is diag-
nosed by gene testing. Ataxia telangiectasia has an 
incidence of 1 in 40,000 to 100,000. There is no sex or 
racial predilection, and it is an autosomal recessive 
condition with full penetrance. Patients have a slowly 
progressive ataxia with frequent sinopulmonary infec-
tions, telangiectasias in sun-exposed skin and con-
junctivae, skin lesions, hypogonadism, and growth 
retardation. Neurologically, the first symptom is often 
hypotonia, followed by truncal ataxia, an oculomotor 
apraxia, chorea, and dystonia. Weakness and a periph-
eral neuropathy with loss of reflexes develop later. 
Mild mental retardation often is present in late child-
hood to adulthood. These patients are at high risk for 
development of tumors of the lymphoreticular system 
and are sensitive to radiation. At this time, there is no 
cure for either disorder.
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(Cont’d from p 331)

Acute onset Chronic

Nonprogressive Progressive

Consult: neurology

Consider:
Imaging
–Brain MRI scan ±MRA

Identify:
Cerebellar malformation

Identify:
Cerebellar atrophy
Generalized atrophy
White matter abnormalities
Vascular malformation
Normal

Identify:
Ataxia telangiectasia
Friedreich ataxia
Glut-1 deficiency
Mitochondrial disorder
Metabolic disorder
Vitamin E deficiency
Inflammatory disorder

Consider:
IgA level and AFP level
Urine for organic acids
Serum for amino acids
Ammonia
Lactate and pyruvate
Vitamin E level
LP for glucose, OCB, IgG index, lactate,

pyruvate, neurotransmitters, amino acids
Specific genetic tests based on history

and examination

Consider:
Imaging:
–CT scan
–MRI/MRA with gadolinium and DWI
  urgently if concern for stroke
Urine toxicology screen
Complete metabolic panel
Drug levels (anti-epileptics)
EEG

Toxicology
positive or

toxic drug levels

Imaging
results

Normal Abnormal

Yes No

Identify: ingestion

Identify:
Posterior fossa tumor
Acute hydrocephalus
Hematoma
Hemorrhage
Stroke
White matter lesionsIdentify:

Postinfectious
Cerebellar ataxia

Consistent with post-
infectious process?

Fever
Encephalopathy
Suspect infection
  or inflammation

YesNo

Identify:
Basilar migraine
Benign positional vertigo
Seizure
Psychogenic ataxia
Postconcussive ataxia

Consider: Lumbar puncture

Opsoclonus/myoclonusNormal

Present Absent

Abnormal

Identify:
Encephalitis
Miller Fisher variant of
  Guillain-Barré
ADEM
Multiple sclerosis

Identify:
OMA syndrome
Neuroblastoma

Identify:
Seizure
Psychogenic ataxia
Episodic ataxia
Syndromes

Consider:
Urine HVA/VMA
Chest/abd/pelvis CT or MRI
PET scan
MIBG scan

B

Ataxia is not treatable with medications. When it  
is due to an underlying treatable disorder, the symp-
toms of ataxia may improve with treatment of that con-
dition. If it is due to a static or progressive condition, 
the lack of effective medications is often frustrating and 

disappointing for parents, patients, and physicians. 
Physical therapy may be modestly helpful for improving 
balance and patients should be referred for this. When 
other comorbidities are present, especially in the ge-
netic ataxias, these should be addressed.
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CHOREA

 C. Chorea is a jerky, irregular movement that occurs ran-
domly and with unpredictable timing. It is present at rest, 
even when the patient is trying to hold completely still (as 
opposed to ataxia, which is a perturbation of purposeful 
movements only) and increases with voluntary move-
ments. It may appear to randomly flow from one body 
part to another, but this is not required for diagnosis. It 
may be seen together with athetosis, which is a slow, 
writhing, continuous movement, and in that case is termed 
choreoathetosis, which is actually quite rare. There is typi-
cally no preceding feeling of restlessness or underlying 
urge, with the notable exception of Sydenham chorea. 
The movements are involuntary and uncontrollable, and 
may be incorporated into purposeful movements. Chorea 
is not suppressible. When it is mild and distal, it may ap-
pear only as jerks of the fingers or toes. Chorea of moder-
ate severity appears to be constant fidgeting and a dance-
like quality to the gait. Large-amplitude proximal chorea 
is called ballismus. It may be located anywhere in the 
body, and may be symmetric or asymmetric.

The differential diagnosis includes tics, which are more 
patterned and have a preceding urge; akathisia, which has an 
intense sense of inner restlessness; psychogenic abnormal 
movements; and, in young children, shaking and shuddering 
spells, spasmus nutans, and masturbation. Useful historical 

features include triggers, such as arising quickly from a chair 
(suggests a paroxysmal kinesigenic dyskinesia), foods or ill-
ness (which suggest an underlying metabolic disorder), 
medical history such as streptococcal infections, and comor-
bidities such as diabetes, epilepsy, or mental retardation. The 
causative factors are diverse and include fixed brain injuries, 
brain malformations, electrolyte abnormalities, vascular 
brain lesions, paroxysmal dyskinesias, drugs or medications, 
genetic and degenerative conditions, immune-mediated  
or postinfectious chorea, postsurgical and idiopathic (see 
Table 7). The most common diagnoses in a previously 
healthy, otherwise neurologically normal child are immune-
mediated diseases and medications or drugs. If there is an 
accompanying severe encephalopathy, consider neuropsy-
chiatric lupus or anti–N-methyl-d-aspartate (anti-NMDA) 
antibody-mediated encephalopathy.

The first step in evaluation is to exclude underlying 
medications or toxins and perform a laboratory workup in-
cluding a throat culture for streptococcal infection, electro-
lytes, calcium, magnesium, phosphorous, glucose, thyroid 
function studies, ammonia, erythrocyte sedimentation rate 
(ESR), C-reactive protein, antinuclear antibody (ANA), 
anti-streptolysin O (ASO), anti-DNAse B, antiphospholipid 
antibodies, complete blood cell count (CBC), and medica-
tion levels or a urine toxicology screen. Consider an MRI 
scan with MRA if the earlier studies are unrevealing or the 
patient is not neurologically normal. Additional studies to 
consider for a child with a long-standing history of develop-
mental delay and/or neurologic abnormalities include a 
metabolic workup with serum quantitative amino acids, 
urine organic acids, lactate and pyruvate, ammonia, serum 
copper and ceruloplasmin, and lumbar puncture for glu-
cose, lactate, and pyruvate, neurotransmitters, amino acids, 
oligoclonal bands, IgG index, and anti-NMDA antibodies.

Lack of sleep, hunger, anxiety, stress, anger, and intercur-
rent illness may all increase chorea temporarily. Addressing 
these underlying conditions may be the best first step. Ben-
zodiazepines or antiepileptics such as levetiracetam or val-
proic acid may reduce chorea. If it is severe, consider treat-
ment with tetrabenazine, a dopamine-depleting medication 
without the risk for tardive dyskinesia present with dopa-
mine receptor-blocking medications. If tetrabenazine is in-
effective, or has untoward side effects, neuroleptics may be 
used, but the risk for significant adverse effects, acute dys-
tonic reactions, akathisia, and tardive dyskinesia, a poten-
tially permanent irreversible movement disorder, requires 
that the chorea be significantly disabling to the child before 
neuroleptics are considered.

Sydenham chorea may be seen anywhere from 1 to 
6 months after a pharyngeal group A b-hemolytic strepto-
coccal infection. It is seen in 10% to 30% of acute rheu-
matic fever cases. It typically occurs in children 5 to  
15 years of age, with a peak at 8 to 9 years of age. There is 
a female predominance in 60% to 70% of cases. The cho-
rea is typically moderate to severe, develops suddenly over 
several days, and is often asymmetric. It may be associated 
with behavioral changes including irritability, aggressive-
ness, and inattentiveness. Rarely, there may be an associ-
ated dystonia with twisting postures. Children often de-
scribe sensory abnormalities that are somewhat vague but 
involve an urge to move. In contrast with tics, making the 
movements does not provide a clear sense of relief, and tics 

Table 6. Causes of Acute and Chronic Ataxia

Acute Onset Chronic

Drug ingestion or medication 
toxicity

Postinfectious cerebellitis
Basilar migraine
Opsoclonus-myoclonus ataxia 

syndrome
Psychogenic ataxia  

(conversion)
Brainstem encephalitis
Benign paroxysmal vertigo
Trauma
Hematoma
Postconcussive
Vertebrobasilar artery  

occlusion
Inflammatory

Multiple sclerosis
• Miller Fisher variant of 

Guillain-Barré
• Kawasaki disease
Cerebellar hemorrhage
Episodic ataxias
Seizure

Progressive
Hartnup disease
Maple syrup urine disease
Pyruvate dehydrogenase deficiency
Glut-1 deficiency syndrome
Friedreich ataxia
Ataxia telangiectasia
Ataxia with vitamin E deficiency
Abetalipoproteinemia
Ataxia-oculomotor apraxia type  

1 or 2
Ataxia with diffuse CNS  

hypomyelination
Juvenile GM2 gangliosidosis
Adrenoleukodystrophy
Metachromatic leukodystrophy
Marinesco-Sjögren
Ramsay Hunt syndrome
Refsum disease
Sea-blue histiocytosis
Multiple carboxylase deficiency
Mitochondrial disorders
Dentatorubropallidoluysian atrophy 

(DRPLA)
HARP
Spinocerebellar ataxias
Leber hereditary optic neuropathy
Pelizaeus–Merzbacher disease
Hereditary spastic ataxias

Nonprogressive
Congenital lesions
Remote stroke

HARP, hypobetalipoproteinemia, acanthocytosis, retinitis pigmentosa and palliative 
degeneration syndrome.
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typically start in the head and neck. Diagnosis is made 
when the ASO and/or anti-DNAse B is significantly in-
creased (at least three to four times the upper limit of 
normal), or a presumptive diagnosis is made when all other 
causes have been excluded. Mild increases of these anti-
bodies reflect streptococcal pharyngeal or nasal carriage, 
and likely are not related to the underlying chorea. A mild 
increase of the ESR may also be seen. Sydenham chorea 
alone is sufficient for the diagnosis of rheumatic fever with-
out fulfilling any other Jones criteria. It is uncommon to 
have an associated arthritis as a manifestation of rheumatic 
fever when Sydenham chorea is present. An electrocardio-
gram must be obtained to exclude prolongation of the P-R 
interval, and even if no murmur is auscultated on clinical 
examination, an echocardiogram should be performed to 
exclude a valvulopathy. One third of patients will have a 
murmur on examination, and up to 84% of patients will 
have rheumatic valve disease on echocardiogram. Penicillin 

Chorea
(Cont’d from p 331)

Acute onset Paroxysmal episodes Chronic

Consider:
Laboratory studies
  –Electrolytes
  –Glucose
  –Thyroid studies
  –ESR, CRP, ANA, dsDNA
  –Antiphospholipid Ab titers
  –Throat culture for strep
  –ASO, anti-DNAse B
  –Urine toxicology screen
  –Serum medication levels
LP
  –WBC, RBC, protein, glucose
  –OCB and IgG index
  –AntiNMDA Ab if encephalopathic
Brain MRI/MRA with DWI

Consider:
Laboratory studies
  –Electrolytes
  –Glucose
  –Urine tox screen
EEG
LP for glucose if exercise-induced
Brain MRI/MRA

Consider:
Laboratory studies
  –Electrolytes
  –CBC with smear for acanthocytes
  –Urine organic acids
  –Serum amino acids
  –Lactate/pyruvate
  –Ammonia
Brain MRI
LP for glucose, lactate, amino acids,
neurotransmitters

Identify:
Medications or drugs
Electrolyte Abnl
Thyroid Abnl
Stroke, vasculitis, moya-moya
Complex migraine
Alternating hemiplegia
SLE
Anticardiolipin Ab syndrome
Antiphospholipid Ab syndrome
Chorea gravidarum
Sydenham’s chorea

If Sydenham’s chorea:
  –EKG for PR prolongation
  –Echocardiogram for valvulopathy
  –Consider prednisone for 1 month
  –Penicillin prophylaxis
  –Treat chorea only if disabling

Identify:
PKD
PNKD
Seizure
Vascular lesion
PED, Glut-1 deficiency
Psychogenic movement disorder
Complex migraine
Alternating hemiplegia
Drugs of abuse

Identify:
Brain malformation
Tumor
Trauma
Kernicterus
Joubert syndrome
Holoprosencephaly
Agenesis of the corpus callosum
Metabolic disorder
Genetic disorder
Post-pump chorea
Benign hereditary chorea

C

Patient with MOVEMENT DISORDERS

prophylaxis should be started and continued until the age 
of 18, or 5 years, whichever is longer. The goal is to prevent 
recurrent streptococcal infections to prevent cardiac dis-
ease. Penicillin prophylaxis does not affect the course of the 
chorea. The chorea may persist for several months and 
even up to a year in mild form. Treatment with oral pred-
nisone 2 mg/kg/day at a dosage maximum of 60 mg/day for 
1 month followed by a taper over 2 weeks shortens the 
course of Sydenham chorea by about 50%. The chorea it-
self may be treated as any other type of chorea if it is severe 
and interfering with the child’s function. A female patient 
with prior Sydenham chorea may have recurrence of cho-
rea if she takes oral contraceptive pills or becomes pregnant 
(chorea gravidarum). Recurrence of chorea in a patient 
with a history of Sydenham should prompt an investigation 
for a recurrent streptococcal infection, other infections, 
pregnancy, oral contraceptive use, medication, or toxin  
ingestion.

(Continued on page 340)
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Table 7. Causes of Chorea

Fixed Injury
Asphyxia (birth or subsequent)
Encephalitis or postencephalitic
Trauma
Tumors
Kernicterus

Malformations
Joubert syndrome
Holoprosencephaly
Agenesis of the corpus callosum

Chemical
Hyponatremia or hypernatremia
Hypomagnesemia
Hypocalcemia
Hypoglycemia or hyperglycemia
Hypoparathyroidism
Hyperthyroidism

Genetic and Degenerative
Ataxia telangiectasia
Acyl-CoA dehydrogenase deficiency
Basal ganglia calcification (Fahr disease)
Behçet disease
Biopterin-dependent hyperphenylalaninemia
Canavan disease
Ceroid lipofuscinosis
Dentatorubropallidoluysian atrophy (DRPLA)
Friedreich ataxia
Galactosemia
Gangliosidosis
Glutaric aciduria
Huntington disease
Lesch-Nyhan disease
Metachromatic leukodystrophy
Methylmalonic aciduria
Mitochondrial cytopathies
Neuroacanthocytosis
Niemann–Pick type C
Nonketotic hyperglycinemia
Pelizaeus–Merzbacher disease
Phenylketonuria

Propionic acidemia
PKAN and HARP syndrome
Rett syndrome
Vitamin E deficiency or malabsorption
Wilson disease

Vascular
Basal ganglia stroke
Cerebral vasculitis
Moyamoya disease
Complex migraine
Alternating hemiplegia

Acute and Paroxysmal
Paroxysmal kinesigenic dyskinesia
Paroxysmal nonkinesigenic dyskinesias
Paroxysmal exercise-induced chorea

Idiopathic
Benign hereditary chorea

Drug-Induced
Amphetamines and Stimulants

Amphetamine (with dextroamphetamine is Adderall)
Atomoxetine (Strattera)
Dexmethylphenidate (Focalin)
Dextroamphetamine (Dexedrine)
Methamphetamine (Desoxyn)
Methylphenidate (Ritalin)

Anticholinergics

Trihexyphenidyl (Artane)
Diphenhydramine (Benadryl)

Antiemetics

Prochlorperazine (Compazine)
Metoclopramide (Reglan)

Antiepileptics

Phenytoin (Dilantin)
Carbamazepine (Tegretol)
Valproic acid (Depakote)
Phenobarbital (Luminal)

HARP, hypobetalipoproteinemia, acanthocytosis, retinitis pigmentosa, and pallidal degeneration syndrome; PKAN, pantothenate kinase associated neurodegeneration.
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Benzodiazepines

Alprazolam (Xanax)
Chlordiazepoxide (Librium)
Clonazepam (Klonopin)
Clorazepate (Tranxene)
Diazepam (Valium)
Lorazepam (Ativan)

Calcium Channel Blockers

Amlodipine (Norvasc)
Diltiazem (Cardizem)
Nicardipine (Cardene)
Nimodipine (Nimotop)
Verapamil (Calan)

Neuroleptics

Aripiprazole (Abilify)
Haloperidol (Haldol)
Olanzapine (Zyprexa)
Pimozide (Orap)
Risperidone (Risperdal)
Ziprasidone (Geodon)

Tricyclic Antidepressants

Amitriptyline (Elavil)
Clomipramine (Anafranil)
Desipramine (Norpramin)
Imipramine (Tofranil)
Nortriptyline (Pamelor)

Other

Amantadine (Symmetrel)
Bismuth (ingredient in Maalox, Pepto-Bismol, Kaopectate)
Clonidine (Catapres)
Levodopa (Sinemet)
Lithium (Lithobid, Eskalith)
Oral contraceptives

Immune-Mediated
Systemic lupus erythematosus
Henoch–Schönlein Purpura
Anticardiolipin and antiphospholipid antibody syndrome
Sydenham chorea (poststreptococcal infection)
Chorea gravidarum

Postsurgical
Postcardiac bypass (postpump syndrome)

Table 7. Causes of Chorea—cont’d
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DYSTONIA

 D. Dystonia is abnormal twisting postures that may be sus-
tained for varying lengths of time, from a split-second to 
a permanent posture with contractures if severe and 
unremitting. It is thought to occur from cocontraction of 
agonist and antagonist muscles (such as the biceps and 
triceps while trying to straighten the arm at the elbow). 
It is a patterned movement and observation over several 
minutes and with different examination maneuvers 
demonstrates this point.

Historical features that are helpful in determining an 
underlying cause include medication exposures, a fam-
ily history of dystonia, diurnal variation and location of 
onset, inflammatory/autoimmune disease, other neuro-
logic or psychiatric symptoms, history of trauma in the 
affected limb, and perinatal medical history. If there is 
no clear evidence of birth asphyxia with neonatal sei-
zures, other organ involvement (liver, kidney, heart), or 
a prolonged neonatal hospital stay in a child with a di-
agnosis of “dystonic cerebral palsy,” metabolic disorders 
including glutaric aciduria, a mitochondrial disorder, or 
Glut-1 transporter deficiency must be excluded.

On examination, assess the pattern of involvement, 
whether there is a jerky dystonic tremor that reduces 
or resolves in a position (a null point), whether there 
is overflow dystonia in other parts of the body (such  
as feet) with voluntary movements elsewhere (hands), 
presence at rest, with action and at rest, or only  
with action. Determine whether a sensory trick is 
present, in which touching a part of the body reduces 
the dystonia. For example, a patient with dystonia of 
the neck may find that touching the side of the jaw  
or face lightly allows them to hold the head in midline. 
Determine whether the dystonia is present with unfa-
miliar or different learned motor programs (running 
or walking backward if present with walking forwards, 
grasping an implement differently if involves the 
hand). Look for other neurologic abnormalities on 
examination.

Dystonia is often grouped into different causes in-
cluding idiopathic (genetic), secondary (symptomatic), 
dystonia-plus syndromes, and heredodegenerative dysto-
nia. In idiopathic (genetic) dystonia, the only abnormal 
feature is dystonia and requires the presence of a gene 
mutation and/or exclusion of secondary dystonia (see 
Table 8). Secondary (symptomatic) dystonia results from 
underlying brain disease, injury, or medication usage. 
Dystonia-plus syndromes are non-neurodegenerative ge-
netic disorders with other neurologic features, such as 
parkinsonism or myoclonus. Heredodegenerative dysto-
nias are hereditary, progressive neurodegenerative dis-
eases where other neurologic symptoms and signs are 
present in addition to the dystonia. Features on examina-
tion may help distinguish between these possibilities. An 
idiopathic (genetic) dystonia is suggested by dystonia 
only with certain actions, absence at rest if not severe, 
lack of overflow dystonia, presence of a sensory trick, and 
absence or reduction with unfamiliar motor programs. 
Secondary dystonia, dystonia-plus, or heredodegenera-
tive dystonias are suggested by dystonia present at rest 
and worse with action, overflow dystonia, lack of a  

sensory trick, other abnormalities present on examina-
tion, early involvement of speech, and hemidystonia. 
Acute dystonic reactions to medications are commonly 
seen in children and are discussed separately later.

The differential diagnosis of dystonia includes psy-
chogenic dystonia, self-stimulatory behavior, dystonic 
tics, seizures, Sandifer syndrome, Chiari malformation, 
and paroxysmal kinesigenic or nonkinesigenic dyskine-
sias, which are episodic and paroxysmal disorders that 
are likely channelopathies. The evaluation should in-
clude a complete electrolyte panel, liver function stud-
ies, a vitamin E level, serum ceruloplasmin and copper, 
ESR, ANA, brain MRI/MRA and slit-lamp examination 
in cognitively normal children, and cognitively abnor-
mal children should have the above plus the metabolic 
workup outlined in the chorea section. All children with 
dystonia should be referred to a pediatric neurologist 
and/or movement disorder specialist for evaluation and 
treatment.

The mainstays of treatment for dystonia include 
withdrawal of offending agents when medication in-
duced, medications, and botulinum toxin injections. 
Every child with idiopathic dystonia should have a trial 
of carbidopa-levodopa (Sinemet), even if there is not a 
prominent diurnal variation or onset in the feet, be-
cause a clinical diagnosis of dopa-responsive dystonia 
can be made if there is a complete resolution of the 
dystonia at low doses of levodopa. Other drugs that are 
helpful to treat dystonia regardless of the cause include 
trihexyphenidyl, baclofen, and benzodiazepines. Botuli-
num toxin injections may be used for focal dystonia or 
to target specific muscles to allow for improved func-
tion or patient care. Deep brain stimulation surgery 
may also reduce dystonia and is better for mobile rather 
than fixed dystonias regardless of the cause. There is not 
a lot of evidence to support the use of baclofen pumps 
for dystonia when there is not a significant component 
of comorbid spasticity.

Acute dystonic reactions occur in response to treat-
ment with dopamine-receptor blocking and dopamine-
depleting medications. These include antiemetics  
such as prochlorperazine (Compazine), promethazine 
(Phenergan), promotility agents such as metoclo-
pramide (Reglan), all antipsychotics, including the 
“atypical” antipsychotics, and tetrabenazine (Xenazine). 
The muscles of the face, mouth, neck, and eye are 
typically involved with a combination of dystonic move-
ments including upward or lateral deviation of the 
eyes, arching backward of the neck (retrocollis), tris-
mus, tongue protrusion, and occasionally backward or 
lateral flexion of the trunk. Rarely, laryngospasm may 
occur and cause airway compromise. About half of all 
cases of acute dystonic reactions occur within the first 
24 hours of treatment, and about 90% occur within the 
first 5 days. Patients at increased risk include young age 
(children), male sex, previous dystonic reaction, and 
the presence of a primary psychotic disorder. Acute 
treatment includes diphenhydramine (Benadryl) orally 
(or intravenously if the patient is unable to swallow a 
pill) or benztropine (Cogentin). Intravenous diazepam 
(Valium) may also be effective. Because the half-life of 
anticholinergics and benzodiazepines may be shorter 
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than the half-life of dopamine receptor-blocking medi-
cations, it may be necessary to continue anticholiner-
gics for 2 weeks. This is the one scenario in which 
stopping a neuroleptic medication abruptly is recom-
mended, even though this may increase the risk for 
development of acute withdrawal dyskinesias or tardive 

dyskinesia. For children who require treatment with 
neuroleptic medications long term with a previous dys-
tonic reaction, pretreating for several days with benz-
tropine (Cogentin) and continuing this medication 
while taking neuroleptics may help reduce the recur-
rence of an acute dystonic reaction.

Dystonia

Consider:
Brain MRI

Normal

History of medications?

–Other neurological
abnormalities present?
–Diurnal variation?

Abnormal

Identify:
Symptomatic dystonia
Heredodegenerative dystonia

Consider:
Toxicology work-up
Gene testing
Metabolic work-up

Identify:
Symptomatic
dystonia

Consider treatment:
Trihexyphenidyl
Benzodiazepines
Baclofen
Botulinum toxin injections
Deep brain stimulation surgery

No

Yes

Yes

No

YesNo

If persists

Discontinue
medications

Consider:
DYT-1 testing

Consider:
CSF for neurotransmitters
Levodopa trial

Identify:
DYT-1

Resolution of dystonia?

Consider:
Gene testing

Identify:
Dopa-responsive dystonia

Identify:
DYT-11 (myoclonus dystonia)
DYT-12 (RODP)
Other familial dystonia

D (Cont’d from p 331)

Patient with MOVEMENT DISORDERS



TREMOR

 E. Tremor is an oscillatory involuntary to and fro movement, 
typically about a joint, but may involve other muscle 
groups such as the chin or tongue muscles. In children it 
may occur with other abnormal movements, alone, or may 
be a result of underlying weakness. Steps to diagnose the 
type of tremor include identifying the body part or parts 
involved; presence at rest, action, or both; amplitude and 
frequency; regularity; and factors that make it better or 
worse. It is important to identify any other abnormal 
movements or examination abnormalities that are present, 
whether medications were started before the onset of the 
tremor, and presence of a family history (although exami-
nation of the parents is often more helpful).

The most common types of tremor are a familial es-
sential tremor, enhanced physiologic tremor, or a psycho-
genic tremor (see Table 9). Cerebellar tremors are un-
common and tend to be large amplitude and slow, and 
when they involve proximal muscles are called a rubral 
tremor, distal muscles are an intention tremor, or tituba-
tion when the neck or trunk is affected. Other signs of 
ataxia and in-coordination should be present on examina-
tion. Tremor only at rest that disappears with action sug-
gests parkinsonism and should prompt referral to a neu-
rologist. Assess for other features of parkinsonism on 
examination including facial masking, decreased blink 
rate, a soft voice, flexed forward position, small, shuffling 
steps with decreased arm swing, and balance impairment 
that may present as spontaneous falls. A jerky, irregular 

tremor may represent a myoclonic tremor, or a dystonic 
tremor if there is a null point (position in which the 
tremor significantly improves) and dystonia with pur-
poseful movements. Jitteriness or tremor with excite-
ment may be seen in young infants up to 6 months of age 
normally. There is no specific treatment for cerebellar 
tremors. Myoclonic and dystonic tremors are treated 
with the same medications as the underlying conditions. 
Psychogenic tremors are discussed later in the Psycho-
genic Movement Disorders section.

Familial essential tremor is a highly heritable condition 
with incomplete penetrance that worsens gradually over 
time and may have onset as young as infancy. It is present 
with action, such as reaching, pouring, writing, and per-
forming small maneuvers such as threading a bead. It 
characteristically worsens or emerges with anxiety, anger, 
stress, or caffeine, and in adult family members with 
tremor, improves with alcohol. It may be asymmetric, in-
termittent, and is a high-frequency, low-amplitude regular 
tremor. On examination, it is noted distally in the fingers 
and hands with holding the arms outstretched, and is pres-
ent with finger to nose, but does not worsen as the target 
is approached (this suggests a cerebellar intention tremor). 
An essential tremor may involve the voice, neck and legs, 
or tongue, but typically only if the hands are also involved. 
It characteristically slows down in frequency with advanc-
ing age, and worsens in severity and amplitude. Excluding 
other forms of physiologic or action tremor is important 
when there is a negative family history, and a laboratory 
workup and brain MRI should be obtained if the tremor 

Table 8. Causes of Dystonia

Idiopathic Symptomatic Dystonia-plus Heredodegenerative

DYT1 (idiopathic 
torsion dystonia)

DYT6
DYT7
DYT2
DYT4

Hypoxia or anoxia
Vascular malformations
Brain tumors
Brainstem lesions
Head injury
Postinfectious
Brain infections
Stroke
Multiple sclerosis
Thalamotomy
Cervical cord injury
Lumbar stenosis
Peripheral trauma
Hypoparathyroidism

Dopa-responsive dystonia (Segawa disease)
Rapid-onset dystonia Parkinsonism (DYT12)
Myoclonus-dystonia (DYT11)

X-linked dystonia-parkinsonism (Lubag)
Huntington disease
Wilson disease
Neuroacanthocytosis
Rett syndrome
Juvenile parkinsonism
PKAN
Ataxia telangiectasia
Mitochondrial cytopathies
Ceroid lipofuscinosis
DRPLA
SCA3
Neuroaxonal dystrophy
Pelizaeus–Merzbacher disease

Toxins Fahr disease
Carbon monoxide Vitamin E deficiency
Cyanide Homocystinuria
Manganese Glutaric aciduria type I
Methanol Numerous metabolic disorders

Medications
Phenytoin
Carbamazepine
Levodopa
Chlorpromazine (Thorazine)
Fluphenazine (Prolixin)
Haloperidol (Haldol)
Metoclopramide (Reglan)
Molindone (Moban)
Prochlorperazine (Compazine)
Promethazine (Phenergan)
Thioridizine (Mellaril)
Thiothixene (Navane)
Trifluoperzine (Stelazine)
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Tremor

Rest Rest and action

Effect of
weighting?

Increases as target approached?Null point?

Action

Irregular, jerky Regular

Increases Decreases

Yes NoNo Yes

Identify:
Cerebellar tremor
Psychogenic tremor

Identify:
Myoclonic tremor
Psychogenic tremor

Identify:
Dystonic tremor
Psychogenic tremor

Evaluate for:
  Medications
  Drugs of abuse
  Weakness
  Peripheral neuropathy
  Ataxia
  Dystonia
  Parkinsonism
  Give-away weakness and
  exam inconsistencies

Consider:
Brain imaging
  –CT if acute onset
  –MRI if chronic
Laboratory studies
  –Electrolytes and glucose
  –Thyroid studies
  –Serum copper and ceruloplasmin
  –Urine toxicology screen
  –Urine metanephrines
  –Drug levels (esp lithium and VPA)
EEG if concern for seizure
EMG/NCS if peripheral neuropathy

Consider treatment:
  Underlying conditions
  Withdraw contributing medications
  Dystonia
  Myoclonus
  Referral to psychiatrist if psychogenic

Present at

Identify:
Essential tremor

Identify:
Enhanced
Physiologic tremor
Psychogenic tremor

Positive FHx?

No Yes

Consider:
Propranolol
Acetazolamide
Topirimate
Benzodiazepines
Primidone

E (Cont’d from p 331)

Patient with MOVEMENT DISORDERS

was sudden onset or there are any neurologic examination 
abnormalities.

Treatment will not affect the long-term course or sever-
ity of essential tremor. Nonmedication approaches such as 
bracing the arm, using wrist weights, weighted utensils, 
and writing implements may be the best first step. Medi-
cation choices for essential tremor (but not other forms of 
tremor) include propranolol, primidone, topiramate, acet-
azolamide, or benzodiazepines. Not every medication 
works for an individual patient with essential tremor, and 
the side-effect profile of each medication should guide 
choice. It may also be reasonable to use a short-acting 
benzodiazepine or propranolol on an as needed basis be-
fore a stressful or anxiety-provoking event known to 
worsen the tremor, such as performing on stage.

An enhanced physiologic tremor is an amplification 
of the physiologic tremor present in all individuals. It 
is an action tremor that may be present at any body 
site, but typically only occurs with a particular position 
at the joint or with loading of the muscles with a 
weight (in contrast with an essential tremor, which 
typically improves with loading). It may also be  
enhanced by stress, anxiety, medications, drugs of 
abuse, or weakness. This may be diagnosed by tremor 
analysis, but if this is not available in your region, it is 
important to exclude other causes of action tremor 
before making the diagnosis. If exacerbating factors 
are identified, they should be addressed, but there is 
otherwise no treatment for an enhanced physiologic 
tremor.



344

OTHER MOVEMENT DISORDERS

Psychogenic Movement Disorders

Psychogenic movement disorders are quite common 
and include nonepileptic seizures, weakness, dystonia, 
chorea, tremor, abnormal movements, and ataxia. The 
history is typically one of abrupt onset and spontaneous 
remissions, often with a combination of abnormal 
movements, weakness, ataxia, and sensory abnormali-
ties. There is often a waxing and waning quality, with 
varying frequency, amplitude, and triggers. They may 
occur in children with true neurologic disorders but do 
not follow the course or respond to medications as ex-
pected. Psychogenic movements often occur in chil-
dren who are high achievers and do not express stress 
or their emotions easily. It may also be a manifestation 
of underlying anxiety, depression, sexual or emotional 
abuse, and these must be carefully screened to ensure 
proper treatment. On examination, there may be “give-
away” weakness, lack of findings when the patient is 
unaware he or she is being observed, inconsistencies of 
findings including distractibility and presence of abnor-
mal movements on examination but not with spontane-
ous movements, and affect inconsistencies such as ex-
treme effort when performing simple maneuvers or 
indifference to an apparently significant abnormality. 
With time and continued observation, inconsistencies 
may become more apparent. If a patient recently had 
neuroleptic medications discontinued, a tardive with-
drawal syndrome must be excluded. (For key features, 
see Table 10.)

Psychogenic movement disorders fit into the spec-
trum of somatoform disorders, specifically conversion 
disorder. Patients are not consciously producing the 
movements and should not be blamed or accused of 
“making it up.” Parents often unwittingly reinforce the 
condition by giving lots of attention to the child when the 
abnormal movements are present and allowing the child 
to avoid school or activities that he or she may no longer 
find enjoyable. After a brief evaluation to exclude a true 
underlying neurologic disorder, a straightforward expla-
nation to the child and family should be given, calling it 
a stress-induced movement disorder, conversion disorder, 
or a psychogenic movement disorder. Explaining it as an 

unconscious bodily response to stress, similar to diarrhea, 
stomachaches, or migraines, is often an easily under-
standable analogy. Present the diagnosis as a positive  
one, emphasizing that there is no underlying progressive 
neurologic disorder, and that a stress-induced movement 
disorder has known and effective treatments. Parents 
and patients are often resistant to the diagnosis initially 
but must understand that treating with medications that 
are not indicated and have potentially dangerous side  
effects is inappropriate. Physicians should not waste 
months or years of the patient’s life evaluating for rare or 
unusual conditions if the history and examination are 
consistent with a psychogenic movement disorder, be-
cause this only delays recovery. Referral to a psychologist 
or psychiatrist experienced in treating somatoform disor-
ders with a focus on uncovering the underlying stressors 
and making internal conflicts conscious, with an empha-
sis on learning alternative methods for dealing with stress 
(such as stress reduction techniques) is key to a success-
ful recovery. Treatment for underlying anxiety disorders 
or depression may be warranted. Referral to occupa-
tional and/or physical therapy for muscle “retraining” is 
often helpful in conjunction with treatment by a psychia-
trist or psychologist, but the therapists must be made 
aware of the diagnosis ahead of time and feel comfort-
able designing a treatment program for conversion disor-
der. Untreated, spontaneous remissions may occur, but it 
can persist for years and lead to school and possible  
occupational failure as an adult.

Self-Stimulatory Behavior

Self-stimulatory behavior, also called infantile masturba-
tion or gratification disorder, typically occurs in female 
more than male individuals, and often begins in the first 
year or two of life. The classic history is recurrent epi-
sodes of fairly rhythmic drawing up and/or stiffening of 
the legs, often accompanied by rocking of the pelvis that 

Table 9. Causes of Action Tremor

Familial essential tremor
Genetic

Myoclonus-dystonia syndrome
Dystonias

Cerebellar tremor
Psychogenic tremor
Enhanced physiologic tremor caused by:

Medications, drugs, and toxins: albuterol, amiodarone, amphet-
amines, arsenic, caffeine, cocaine, cyanide, cyclosporine, ethanol, 
lead, lindane, lithium, manganese, mercury, naphthalene, nicotine, 
thyroxine, toluene, tricyclic antidepressants, valproic acid

Metabolic: hepatic encephalopathy, hyperthyroidism, hypocalcemia, hy-
poglycemia, hypomagnesemia, pheochromocytoma
Weakness
Peripheral neuropathy

Table 10.  Features Suggestive of a Psychogenic 
Movement Disorder

Sudden onset and spontaneous remissions
Multiple different types of abnormal movements
Inconsistencies with aggravating and alleviating factors
Atypical response to medications
Obvious psychiatric disturbance
Multiple somatizations
Prominent pain out of proportion to the movements
Functional disability out of proportion to examination findings
Ability to trigger or relieve movements with unusual or nonphysiologic 

interventions
Lack of movements when not aware that is being observed, or with 

spontaneous movements
Affect inconsistencies:
• Extreme effort with performing simple maneuvers
• Unconcerned affect with apparently significant weakness or move-

ments (la belle indifference)
Suggestive examination findings:
• Give-away weakness
• Abnormal movements are inconsistently present with same activity 

over time
• Distractibility on examination (try having them name the months of 

the year backward, or backward tandem gait)
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occurs when the child is seated in a car seat or high 
chair, when seated on the floor in a “W” position, or with 
lying down prone or on the side. The “triggering” loca-
tion is usually consistent for an individual child. Accom-
panying features often include a “glassy”-eyed appear-
ance or “faraway look,” facial flushing or redness, heavy 
breathing, and/or grunting. The movements may go on 
for several minutes to hours a day. Parents report that 
they can interrupt the movements if they pick up or 
distract the child, but placing the child back in the pre-
ferred position for self-stimulation often results in re-
sumption of the movements. Parents are often quite 
concerned that their child is in pain, but typically report 
that interrupting the child results in protestations and 
crying. It is important to exclude any features suggestive 
of seizure, such as a postictal period. If there is any un-
certainty, obtaining a prolonged video-EEG that cap-
tures the movements is helpful to exclude an underlying 
seizure, and reassure both the clinician and parents. The 
neurologic examination should be normal, and any ab-
normalities should prompt a referral to a neurologist. In 
addition to seizures, the differential diagnosis includes 
dystonia, but the differentiating feature on history is that 
dystonia typically occurs with action such as walking, 
running, or crawling, and not in a particular environ-
mental location or body position. Urinary tract infec-
tions should also be excluded because this may trigger or 
increase the behavior, especially if a previously continent 
child is now having urinary accidents.

Parents should be reassured that this is a normal 
voluntary human behavior, not a movement disorder, 
and that there is nothing wrong with the child. There 
are no medications to treat or prevent it. If the child 
engages in this behavior in a setting that is socially unac-
ceptable, parents should distract the young child, and 
for older children, limit the environmental location 
where this behavior is allowed (e.g., to their bedroom). 
For parents who are very bothered by the behavior, 
providing a reward system to eliminate the unwanted 
behavior often works better than punitive measures. 
For example, they could put a sticker on the calendar 
for every day the child does not self-stimulate in public 
with a special treat, such as a trip to the zoo, for an 
agreed-on number of accumulated stickers. Children 
should not be shamed for engaging in self-stimulatory 
behavior because they do not understand the moral or 
religious implications of it, and long-term shaming can 
have a negative impact on self-image and future sexual-
ity. Reassurance of the parents and encouraging them 
to manage it with positive reinforcement as for any 
other unwanted behavior usually has the best outcome. 
Many children do not actually “outgrow” the behavior 
but learn to limit it to an acceptable location.

Stereotypies

Stereotypies are commonly seen in children of normal 
intelligence, as well as children with autistic spectrum 
disorders and mental retardation. The typical history 
includes repetitive highly stereotyped movement (or 
collection of movements), typically involving the hands 

and arms that are made voluntarily by the child when 
they are excited, bored, upset, or engaged in imagina-
tive play. The movements are typically bilaterally sym-
metric and involve extension and stiffening, or flexion 
toward the midline of the arms, often with twiddling or 
clenching of the fingers, or rotary movements of the 
wrists and occasionally ankles. Drawing up toward the 
chest or face is highly characteristic. Other types of 
stereotypies include hand flapping, foot peddling, spin-
ning, rocking, and pressing down on surfaces. These 
movements typically start before 3 years old, often be-
fore 18 months, and do not change bodily location over 
time, or wax and wane in severity. Parents can usually 
demonstrate exactly what the movements look like. 
Older children do not describe a preceding urge (as op-
posed to tics) and explain that it is something they do 
because it feels good. Children may engage in these 
behaviors for hours on end but are easily interrupted 
once parents get their attention. Children will often 
stop what they are doing, perform the stereotypy, and 
then resume their previous activities. It is never super-
imposed on purposeful movements, such as would be 
expected with chorea or dystonia. Often, children are 
not even aware that they are making the movements. 
Parents may become concerned about them because 
others have raised the possibility of an autism spectrum 
diagnosis or because they are concerned that they are 
socially embarrassing. If the child has no other features 
consistent with autism, and a normal neurologic exami-
nation, parents should be reassured that this is common 
and does not indicate an underlying neurologic disor-
der. It is essentially an excessive habit or mannerism. It 
does not develop into anything else, and as the child 
gets negative attention for it by parents or peers, he 
often becomes aware of the behavior and either stops it 
altogether or performs it in a more subtle, socially ac-
ceptable way. It may persist into adulthood. There are 
no medications to treat it, and parents should manage it 
as any other unwanted behavior (for suggestions, see 
Self-Stimulatory Behavior section).
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Tics and Tourette Syndrome
Abigail Collins, MD, and Paul G. Moe, MD

Tics are brief, sudden, repetitive abnormal movements  
(motor tics) or sounds (phonic or vocal tics) that are involun-
tary or semivoluntary. They mimic fragments of normal 
movements, sounds, or speech, and are categorized as simple 
or complex. Simple motor tics involve one muscle group, 
whereas complex motor tics involve multiple groups. Simple 
vocal tics are simple sounds, whereas complex vocal tics  
include meaningful components of speech (see Table 1 for 
examples). Motor tics may be further subdivided into clonic 
tics, which are brief jerking movements such as a quick neck 
movement, tonic tics, which are isometric contractions of a 
muscle group such as abdominal tensing, or dystonic tics, 
which are abnormal postures such as sustained eye closure. 
Many neurologists consider simple vocal tics not involving 
the vocal cords (such as sniffing or coughing) to be simple 
motor tics, and importantly, they often respond to medica-
tions that complex vocal tics do not. Motor tics almost always 
start in the head and neck, and may later involve other body 
parts including the abdomen or extremities with a rostral to 
caudal progression. Vocal tics typically begin as simple 
sounds and may later progress to complex vocal tics, and usu-
ally have a later onset than motor tics.

	A.	 History and Physical Examination: Interestingly, tics 
may start as a purposeful movement or sound, such as 
sniffing with allergies, which then develops into a tic 
even once the underlying symptoms have resolved. 
Commonly, children will have been evaluated by an 
otolaryngologist, allergist, or pulmonologist for fre-
quent eye blinking, sniffing, or coughing before the 
possibility of a tic diagnosis is raised. Tics may start 
suddenly after an intercurrent illness or with initiation 
of stimulants for treatment of attentional disorders. 
This does not mean that the illness (such as a strepto-
coccal infection) or medication caused the tics, but 
rather that the underlying predisposition to develop-
ment of tics was unmasked by the illness or medica-
tion. In this situation, tics continue once the illness 
resolves or medication is withdrawn.

Tics wax and wane in severity, and change body 
location over time. They are preceded by abnormal 
sensations such as tightness, tension, dryness, or burn-
ing, called a sensory “urge,” in about 80% of patients. 
Not every tic is associated with an urge, even in pa-
tients who report sensory urges, and young children 
may not be able to clearly describe the urge. Perfor-
mance of the tic provides relief from the sensory urge, 
albeit a temporary one. The urge then builds again 
until the tic is performed, and this cycle of urge- 
tic-relief repeats itself over and over, often in bouts. 
Tics are suppressible for a period ranging from seconds 
to hours. Suppression typically occurs during school or 
in the doctor’s office, and the tics are often much worse 
at home. During a period of suppression, the sensory 

urge continues to build, leading to an exaggerated  
release of tics once they are no longer suppressed. 
Parents and teachers may mistake suppression with 
voluntary control over tics. Tics are increased by anxi-
ety, stress, fatigue, or relaxation after an active period 
(such as while watching TV at home after school), or 
with discussion about the tics. Tics can occur during 
sleep. They tend to be decreased by distraction (espe-
cially concentration), or with performing purposeful 
movements involving the body part affected by tics, 
which is helpful in making the diagnosis in the exami-
nation. See Table 2 for key historical features of tics.

Motor tics typically start between the ages of 3  
and 8, with 96% of patients having onset by age 11, 
although earlier or later onset does occur. Vocal tics 
tend to develop 1 to 2 years after the onset of motor 
tics, but not every child with motor tics will develop of 
vocal tics. It is unusual for a child to have vocal tics 
without a preceding history of motor tics. Tics can be 
thought of as occurring on a spectrum of severity rang-
ing from simple, transient tics that may not even come 
to medical attention to Tourette syndrome with copro-
lalia. Up to 25% of kindergarten-age children have 
simple and transient motor tics, but only about 1% of 
the population develop Tourette syndrome with persis-
tent chronic motor and vocal tics (specific diagnostic 
criteria outlined in Table 3). Of those patients with 
Tourette syndrome, less than 10% have coprolalia. It  
is not possible to predict which children will progress 
from transient motor tics to development of the full 
symptom complex of Tourette syndrome, but males  
are three to five times more likely to have Tourette 
syndrome than females. Tics tend to peak in severity  
at ages 3 to 5, and again at 10 to 12 years of age. By 
early adulthood, about one third of children with 
chronic tics disorders will have complete remission  
of tics, one third will have persistence of mild tics, 
typically motor, and one third will continue to have 
severe tics requiring treatment. Factors that may be 
associated with persistence of tics into adulthood in-
clude lower extremity involvement, coprolalia, a high 
number of tics at one time, or comorbid attention-
deficit/hyperactivity disorder (ADHD). Medication 
treatment does not influence the outcome of tics or 
Tourette syndrome.

There is often a family history of tics, Tourette syn-
drome, attentional disorders, or obsessive-compulsive 
disorder (OCD) in the extended family members of the 
patient with tics or Tourette syndrome. Parents may not 
be aware that they had tics in childhood unless they ask 
their parents, and simple motor tics may be present in 
parents without recognition that they are tics. Asking 
about a family history of tics using specific examples  
of what tics are (sniffing, coughing, eye blinking, etc.) is 
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Patient with TICS AND TOURETTE SYNDROME

Tics Akathisia
Chorea
Compulsion
Dystonia
Myoclonus
Paroxysmal kinesigenic dyskinesia
Psychogenic movements
Restless leg syndrome
Stereotypy
Tardive dyskinesia
Tremor
(See Movement Disorders chapter)

A History

B

(Cont’d on p 349)

Physical examination

important to obtain an accurate history. It may also be 
helpful to watch the parents during the course of the in-
terview to see whether they have any tics.

	B.	 The neurologic examination should be normal in a child 
with a tic disorder, apart from the presence of tics. A use-
ful feature of tics that can be helpful when trying to deter-
mine whether an abnormal movement is a tic on examina-
tion is the reduction of tics with purposeful movements of 
the involved body part and/or distraction (concentration). 
This examination feature is shared with tardive dyskine-
sia; however, other abnormal movements in the differen-
tial diagnosis of tics, such as chorea, dystonia, paroxysmal 
kinesigenic dyskinesia, psychogenic movement disorders, 
or myoclonus are often worsened with volitional move-
ment (Table 4). Stereotypies have key historical differ-
ences in that they are highly stereotyped movements 
typically involving both hands (flapping, twisting, twid-
dling, or postures) that do not change up over time and 
usually start before the age of 3. With akathisia, there is an 
intense urge to move that typically manifests as pacing, 
rubbing the legs, and rocking. Patients are able to sit still, 
but it is extremely uncomfortable to do so. Restless  
leg syndrome tends to occur in the evening, with an  
uncomfortable feeling in the legs when recumbent that  
is relieved by standing up or walking around. See the 
Movement Disorders chapter for more information about 
these disorders. Workup for a diagnosis of tics is not indi-
cated if the history is classic and the examination is normal. 
Neurologic abnormalities or an atypical history should 
prompt a laboratory, imaging, and/or electrographic evalu-
ation and should suggest alternative underlying causative 
factors or diagnoses of the abnormal movements.

Tic disorders and Tourette syndrome are a clinical 
diagnosis, and there are no laboratory, imaging, or elec-
trographic tests to confirm it. Diagnostic criteria for tic  
disorders are outlined by the DSM-IV-TR (see Table 3) 
and more stringently by the Tourette’s Syndrome Classi-
fication Study Group. In addition to the criteria outlined 
by the DSM, the Study Group requires a changing ana-
tomic location, frequency, type, number, complexity, or 
severity of tics over time; the tics must be witnessed di-
rectly by the examiner or recorded on video; and they 
must have onset before the age of 21.

Table 1. Examples	of	Motor	and	Vocal	Tics

Simple	Motor	Tics Complex	Motor	Tics

Eye blinking Burping
Eye deviation Head shaking
Eye closure Finger drumming
Jaw opening or thrusting Hitting
Nose wrinkling Jumping
Facial grimacing Twirling
Neck jerking Smelling objects
Extremity jerking or snapping Throwing
Trunk jerk Bending
Abdominal tensing Copropraxia (obscene gestures)

Echopraxia (imitating another’s  
gestures)

Holding unusual postures
Simple Vocal Tics Complex Vocal Tics
Sniffing Repeated sounds
Grunting Single words or phrases
Barking Meaningless changes in pitch,  

volume, or emphasis of speech
Huffing Speech blocking (stuttering or other 

interruption of fluency of speech)
Throat clearing Palilalia (repeating one’s own words 

or sounds)
Coughing Echolalia (repeating the last heard 

word, sound, or phrase)
Snorting Coprolalia (socially unacceptable  

obscenities or slurs)
Squealing
Chirping
Clicking
Sucking or screaming sounds

Table 2. Key	Historical	Features	of	Tics

Waxing and waning severity
Onset in head and neck region
Changing location over time
Sensory urge
Relief of urge with performance of tic
Increase tics with anxiety, fatigue, excitement, or relaxation
Decrease tics with distraction (concentration) or purposeful movement
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	C.	 Comorbidities are common in children with tics or 
Tourette syndrome, occurring in about 90% of patients 
with Tourette syndrome (Table 5). More than 50% of 
patients with Tourette syndrome have ADHD, whereas 
20% to 60% have OCD. Children with ADHD have an 
enduring pattern of inattentive and/or hyperactive and 
impulsive behavior with onset before the age of 7, of-
ten before the emergence of tics. The behaviors cause 
significant impairment at home, with peers, and in aca-
demic settings. Obsessions are recurrent, intrusive, 
unwanted thoughts that are difficult to dislodge, 
whereas compulsions are meaningless, irrational, re-
petitive behaviors or rituals that one feels compelled to 
perform to ward off negative consequences (as op-
posed to tics, in which behaviors are made to obtain 
relief from the sensory urge). Although many children 
with chronic tics or Tourette syndrome have obsessive 
thoughts and compulsive behaviors, the diagnosis of 
OCD can only be made if the obsessions or compul-
sions occupy at least 1 hour of the day and interfere 
with daily living. The onset of OCD is typically 1 to  
2 years after the onset of motor tics. Anxiety and de-
pression are also common, as are learning problems. 

Comorbidities must be evaluated in every patient with 
tics or Tourette syndrome because they affect self- 
esteem, academic performance, and the approach to 
treatment of tics.

It is not known what causes tics or Tourette syn-
drome. The current model of pathophysiology for tics 
suggests an inherited developmental disorder of neuro-
transmission. Nerve cells in different areas of the brain 
communicate with each other using circuits linking the 
basal ganglia, prefrontal cortex, other cortical regions, 
and the thalamus. These circuits both use and are regu-
lated by neurotransmitters, including dopamine. One 
primary role of the circuit is to filter information to re-
fine responses of the brain, such as movement, thoughts, 
and behaviors. With Tourette syndrome and its comor-
bidities, information that should be filtered out is in-
stead transmitted because of faulty dopamine regulation 
at critical checkpoints in the circuit. This results in dis-
inhibition of thoughts, sensory experiences, organization 
of intellectual processes, and behavior, producing the 
phenomena of tics, obsessive thoughts and compulsions, 
and impulsive behaviors. The failure, then, is of filtering 
out unwanted or excessive signals.

Table 3. 	Diagnostic and Statistical Manual of Mental Disorders,	Fourth	Edition,	Text	Revision	(DSM-IV-TR)	
Diagnostic	Criteria	for	Tic	Disorders

Transient	Tic	Disorder	 Chronic	Tic	Disorder	 Tourette	Syndrome

Onset before 18 years Onset before 18 years Onset before 18 years
Single or multiple motor and/or vocal tics Multiple motor or vocal tics Multiple motor and vocal tics, although need 

not be simultaneously present
Tics occur many times a day, nearly every 

day for at least 4 weeks, but not more 
than 12 consecutive months

Tics occur many times a day, nearly every day for 
longer than 1 year, with no more than three 
consecutive tic-free months during that period

Tics occur many times a day, nearly every day 
for longer than 1 year, with no more than 
three consecutive tic-free months during that 
period

Not caused by the effect of a substance (e.g., 
stimulants) or general medical condition 
(such as Huntington disease)

Not caused by the effect of a substance (e.g., 
stimulants) or general medical condition (such 
as Huntington disease)

Not caused by the effect of a substance (e.g., 
stimulants) or general medical condition 
(such as Huntington disease)

Does not fulfill criteria for chronic tic disor-
der or Tourette syndrome

Does not fulfill criteria for Tourette syndrome

Table 4. Differential	Diagnosis	of	Tics

Akathisia
Chorea
Compulsions
Dystonia
Myoclonus
Paroxysmal kinesigenic dyskinesia
Psychogenic movements
Restless leg syndrome
Stereotypies
Tardive dyskinesia

(Continued on page 350)
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Patient with TICS AND TOURETTE SYNDROME

Screen for comorbidities and rank severity

Treat:
  ADHD or OCD first
Consider:
  Referral to psychiatrist

Treat:
  Educate and reassure

Follow-up:
  Reassess in 2–3 months

Tics more severe

No

Improves Worsens

Assess functional impact of tics

OCD or ADHD more severe

(Cont’d from p 347)

(Cont’d on p 351)

(Cont’d on p 351)

C

Table 5. Comorbidities	of	Tics	and	Tourette	Syndrome

ADD or ADHD Hyperactivity
Impulsiveness
Inattention

OCD Obsessions:
• Unfounded fears
• Excessive worries
• A need for exactness, symmetry, evenness, neatness
• Excessive religious thoughts
• Perverse sexual thoughts
• Intrusions of words, phrases, or music
Compulsions:
• Checking
• Counting
• Cleaning
• Washing
• Touching
• Smelling
• Hoarding
• Rearranging

Learning disorders Math
Written language

Mood disorders Anxiety
Depression

Sleep disorders
Executive dysfunction
Self-injurious behavior
Oppositional defiant disorder
Personality disorders

ADD, attention-deficit disorder; ADHD, attention-deficit/hyperactivity disorder; OCD, obsessive-
compulsive disorder.
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	D.	The decision to treat tics should be based on whether 
the tics are causing academic or social impairment, 
and not simply because they are present. Often, edu-
cating the family and teachers that the movements are 
tics, explaining that the child does not have complete 
control over them, and that the best approach is not to 
call attention to them is sufficient at first diagnosis. 
The child can explain that it is a “habit” or “just some-
thing I do” when other children ask what the move-
ments are. When a child is impaired, determining 
whether the tics themselves or whether other comor-
bidities are causing the problem is vital to target the 
treatment appropriately. For example, if a 5-year-old is 
having frequent tics but is not paying attention in class 
because of comorbid ADHD, the attention problem 
should be addressed first. Asking the parents and pa-
tient to rank the problems in order of severity is help-
ful in designing your treatment plan. Children with 
significant comorbidities should be evaluated by a psy-
chiatrist and/or neuropsychologist to address these is-
sues appropriately.

Tics should be treated when a child is having a lot 
of difficulty with teasing from peers; when the child is 
spending a great deal of effort suppressing them in 
school and consequently not paying attention to the 
teacher, producing a reduction of grades or scores; or 
when the tics have the potential to cause self-injury, 
such as a violent neck flinging tic. Nonmedication ap-
proaches to treatment include brief “tic breaks” dur-
ing the day if needed so that the child can release the 
tics in a private place. Home should be a safe place for 
the child to tic and parents should be counseled not to 
focus attention on their child’s tics. Emotional support 
should be provided for the child and family members 
dealing with tics and Tourette syndrome, and a sup-
port group such as the local chapter of the Tourette’s 
Syndrome Association or Internet-based group for 
families in rural areas may be beneficial. Cognitive-
behavioral therapy or stress-reduction techniques  
for children in whom stress or anxiety significantly  
aggravates the tics may be useful (see Table 6 and the 
algorithm).

If these measures are not sufficient, the tics are 
severe, or continue to cause a functional impairment, it 
is appropriate to use medications. Setting realistic ex-
pectations for the benefit that medications can provide 
is important for both the child and parent to understand 

before embarking on medication management. Medi-
cations typically produce a 25% to 50% reduction in 
tics, and at best 90% reduction, but the response to any 
tic medication is variable from individual to individual. 
Medication choice is based on the severity and type of 
tics, the likelihood of a medication to reduce tics, com-
mon adverse effects, and potential for serious or possi-
bly irreversible side effects. For this reason, we recom-
mend a tiered approach to the medications used to treat 
tics, starting with medications that may not be as effec-
tive for reducing tics but have few serious adverse ef-
fects, and reserving dopamine-receptor blocking medi-
cations as a last resort when other medications have 
failed (see Table 7 and the algorithm). The general 
treatment strategy is to titrate one medication up slowly 
to a dose that provides sufficient reduction in tics,  
adverse effects, or no benefit at a maximal recom-
mended dose. Ineffective or intolerable medications 
should be discontinued over 1 to 2 weeks (unless there 
are serious adverse effects, in which case they may  
be discontinued more quickly) while a new medication 
is gradually introduced. Given that there is no way  
to predict an individual’s response to tic medications, 
trials of multiple medications in the Tier 2 category 
should be considered before using Tier 3 category 
medications. Rarely, a patient may need to be on mul-
tiple medications to provide sufficient tic control. If a 
child has been tic-free or had good control of tics for 
about 3 to 6 months, especially in late adolescence, it 
may be appropriate to taper off medication to deter-
mine whether it is still needed. The best time to do this 
is during a prolonged school break (such as summer) so 
that any recurrence of tics will not have academic con-
sequences. Botulinum toxin injections may be helpful 
for reducing the sensory urge of specific chronic tics, 
such as eye blinking or shoulder shrugging. Deep brain 
stimulation surgery, although potentially beneficial  
for the treatment of severe, refractory tic disorders, 
should be considered only after the age of 25 because 
of the high potential for tic remission in the third  
decade of life, and the significant, potentially irrevers-
ible risks this procedure entails, including stroke, hem-
orrhage, and death. Ideally, a neurologist experienced 
at treating movement disorders should be involved  
in care when Tier 3 medications, deep brain stimula-
tion surgery, or botulinum toxin injections are being 
considered.

Table 6. Nonmedication	Approaches	to	Tic	Treatment

Educate patient, family, school teachers and coaches
Tic breaks
Habit reversal training
Stress reduction techniques:

• Self-hypnosis
• Progressive relaxation
• Measured breathing
• Visualization

Vitamin supplements:
• Magnesium
• Riboflavin
• Coenzyme Q10

(Continued on page 353)
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Treat:
  Educate
  Tic breaks
  Relaxation techniques
  Refer to support group
Consider:
  Tier 1 medications

Treat:
Consider:
  Tier 3 medications
  Refer to neurologist

Failed at least two tier 2 medications

Treat:
  Educate
  Tic breaks
  Relaxation techniques
  Refer to support group
Consider:
  Tier 2 medications

Follow-up:
  Assess in 6–8 weeks

Follow-up:
  Assess in 6–8 weeks

Impairing social or academic performance?
Causing pain or injury?

Simple motor +/–
Simple vocal

Good response Good responsePoor response

Complex motor +/–
Complex vocal

Assess type of tics

Yes

D

(Cont’d from p 349)

(Cont’d from p 349)

Patient with TICS AND TOURETTE SYNDROME
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Table 7. Medications	for	Treatment	of	Tics

Medication Starting	Dose Titration	Schedule
Goal	and	Maximum	

Doses Adverse	Effects Comments

Tier 1: a2-Adrenergic Agonists
Clonidine,  

0.1-mg tablets
0.05 mg at  

bedtime
Increase by 0.05 mg 

every 3–7 days 
Goal:
0.05 mg in morning, 

0.05 mg midday, 
and 0.1 mg at  
bedtime

Maximum: 0.4 mg/day

Sleepiness,  
light-headedness, 
irritability, ataxia

• May benefit ADHD,  
aggression, and insomnia

• May be used with  
stimulants
Also comes in patch  

formulation
Guanfacine,
1-mg tablets

0.5 mg at  
bedtime

Increase by 0.5 mg 
every 3–7 days 

Goal: 1 mg twice per 
day

Maximum: 2 mg twice 
per day

Sleepiness,  
light-headedness, 
irritability

• May benefit ADHD,  
aggression, and insomnia

• May have less irritability 
than clonidine

Tier 2: Benzodiazepines, Antiepileptics, Dopamine Agonists, Muscle Relaxants, SSRIs, and Selective Norepinephrine Reuptake  
Inhibitors
Clonazepam 0.25 mg at  

bedtime
Increase by 0.25 mg 

every 3–7 days 
Goal: 0.5 mg three 

times per day
Maximum: 2 mg three 

times per day

Sleepiness,  
irritability

• Sleepiness usually  
resolves after 2 weeks

• Do not stop abruptly or 
may result in withdrawal 
seizures

Levetiracetam 10–20 mg/kg/day 
divided three 
times per day

Increase by 10 mg/kg/
day every 3–7 days 

Goal: 30–50 mg/kg/day 
divided three times 
per day

Maximum: 100 mg/kg/
day divided three 
times per day

Sleepiness,  
irritability,  
hyperkinesis

• Does not have cognitive 
slowing

• Weight neutral
• Irritability may improve 

over time or with addi-
tion of 50–100 mg B6 
per day

Topiramate 25 mg at bedtime Increase by 25 mg  
every 3–7 days 

Goal: 50 mg two times 
per day

Maximum: 100 mg two 
times per day

Insomnia, cognitive 
slowing, anorexia

• Can help with migraine 
prevention

• May be useful if bipolar 
present

Ropinirole 0.25 mg at  
bedtime

Increase by 0.25 mg 
every 2 weeks

Goal: 0.5 mg two times 
per day

Maximum: 12 mg 
twice per day

Nausea, sleepiness, 
compulsions, 
light-headedness, 
peripheral edema

• May cause sudden sleep 
attacks

• Must monitor for com-
pulsive eating, spending, 
organizing, sexual behav-
iors, gambling

• May help with comorbid 
restless leg syndrome

Baclofen 5 mg at bedtime Increase by 5 mg  
every 3–7 days

Goal: 10–20 mg three 
times per day

Maximum: 40 mg 
three times per day

Sleepiness • May help with comorbid 
spasticity

• May increase underlying 
weakness if present

Sertraline 25 mg at bedtime Increase by 25 mg  
every 1–2 weeks 

Goal: 50–150 mg/day
Maximum: 200 mg/day

Suicidality, mania, 
insomnia, stom-
ach upset, dizzi-
ness, tremor, 
headache, anxiety

• Useful if significant  
anxiety or OCD

Fluoxetine 10 mg at bedtime Increase by 10 mg  
every 1–2 weeks 

Goal: 40–60 mg/day
Maximum: 80 mg/day

Suicidality, mania, 
insomnia,  
stomach upset, 
dizziness, tremor, 
headache,  
anxiety

• Useful if significant  
anxiety or OCD

Atomoxetine 0.5 mg/kg at 
breakfast

Increase to goal after 
minimum of 3 days

Goal: 1.2 mg/kg/day
Maximum: 1.8 mg/kg/

day or 100 mg/day, 
whichever is lower

Weight loss, 
sedation, insom-
nia, nervousness, 
anxiety, depres-
sion, suicidality, 
mania, sudden 
cardiac death

• May be used if ADHD 
also present

• May give at bedtime if 
sedation occurs

• Divide twice daily if  
nausea occurs
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Medication Starting	Dose Titration	Schedule
Goal	and	Maximum	

Doses Adverse	Effects Comments

Tier 3: Dopamine Reuptake Inhibitors and Dopamine-Receptor Blockers
Tetrabenazine 12.5 mg at  

bedtime
Increase by 12.5 mg 

weekly
Goal: 25 mg three 

times per day
Max: 50 mg three 

times per day

Sedation, anxiety, 
akathisia, weight 
gain, depression, 
psychosis, suicid-
ality, acute dys-
tonic reaction, 
parkinsonism

• NO RISK for tardive  
dyskinesia

• If any depression, should 
have close monitoring  
in conjunction with a  
psychiatrist

Risperidone 0.25–0.5 mg at 
bedtime

Increase by 0.5 mg 
every 1–2 weeks

Goal: 1 mg two times 
per day

Maximum: 4 mg/day

Weight gain, 
insomnia or  
sedation, anxiety, 
headache,  
parkinsonism,  
gynecomastia, 
acute dystonic  
reaction, tardive 
dyskinesia

• May prolong QTc

Olanzapine 1.25 mg at  
bedtime

Increase by 1.25 mg 
every 1–2 weeks

Goal: 2.5 mg two times 
per day

Maximum: 5 mg twice 
per day

Weight gain, seda-
tion, orthostatic 
hypotension, 
edema, GI upset, 
gynecomastia, 
parkinsonism, 
acute dystonic  
reaction, tardive 
dyskinesia

• May prolong QTc

Ziprasidone 20 mg at bedtime Increase by 20 mg  
every 1–2 weeks

Goal: 40 mg/day
Maximum: 80 mg/day

Sedation, weight 
gain, anxiety,  
depression,  
parkinsonism, 
acute dystonic 
reaction, tardive 
dyskinesia

• May prolong QTc

Haloperidol 0.25–0.5 mg at 
bedtime

Increase by 0.25–0.5 
mg every 5–7 days

Goal: 0.05–0.075 mg/
kg/day in 2–3  
divided doses

Maximum: 0.15 mg/kg/
day

Weight gain and 
bulimia,  
sedation, anxiety, 
depression,  
dysphoria,  
parkinsonism,  
intellectual  
impairment, 
school and social 
phobia, tardive 
dyskinesia

• May prolong QTc
• May also cause acute  

dystonic reaction
• High risk for extrapyra-

midal symptoms
• Very effective for  

reducing tics

Pimozide 0.25–0.5 mg at 
bedtime

Increase by 0.5 mg 
every 1–2 weeks

Goal: 1 mg two times 
per day

Maximum: 5 mg two 
times per day

Weight gain,  
sedation, anxiety, 
depression,  
parkinsonism, 
tardive  
dyskinesia

• May also cause acute  
dystonic reaction

• Can cause fatal  
arrhythmias because  
of prolonged QTc,  
especially when  
combined with some 
OTC medications

• Very effective for  
reducing tics

ADHD, attention-deficit/hyperactivity disorder; GI, gastrointestinal; OCD, obsessive-compulsive disorder; OTC, over-the-counter; QTc; corrected QT interval; SSRI, 
selective serotonin reuptake inhibitor.

Table 7. Medications	for	Treatment	of	Tics—cont’d

References

Coffey BJ, Biederman J, Geller DA, et al. The course of Tourette’s dis-
order: a literature review. Harvard Rev Psychiatry 2000;8:192–8.

Gilbert D. Treatment of children and adolescents with tics and Tourette 
syndrome. J Child Neurol 2006;21:690–700.

Jankovic J. Tourette’s syndrome. N Engl J Med 2001;345(16):1184–92.
Jimenez-Jimenez FJ, Garcia-Ruiz PJ. Pharmacological options for the 

treatment of Tourette’s disorder. Drugs 2001;61(15):2207–20.
Kenney C, Kuo SH, Jimenez-Shahed J. Tourette’s syndrome. Am Fam 

Physician 2008;77(5):651–8.

Leckman JF, Bloch MH, Scahill L, King RA. Tourette syndrome: the 
self under siege. J Child Neurol 2006;21:642–9.

Mink JW, Walkup J, Frey KA, et al. Patient selection and assessment 
recommendations for deep brain stimulation in Tourette syndrome. 
Mov Disord 2006;21(11):1831–8.

Swain JE, Scahill L, Lombroso PJ, et al. Tourette syndrome and tic dis-
orders: a decade of progress. J Am Acad Child Adolesc Psychiatry 
2007;46(8):947–68.

Zinner SH. Tourette syndrome—much more than tics. Moving beyond 
misconceptions to diagnosis. Contemp Pediatr 2004;21(8):22–36.

Zinner SH. Tourette syndrome—much more than tics. Management tai-
lored to the entire patient. Contemp Pediatr 2004;21(8):38–49.



354

Seizure Disorders: Febrile
Daniel Arndt, MD, MA, Paul Levisohn, MD, and Stephen Berman, MD

A febrile seizure is defined as a seizure associated with a 
febrile illness without a central nervous system infection or 
other cause (such as electrolyte imbalance) in a child not 
known to have epilepsy. Simple febrile seizures are soli-
tary, brief (several minutes in length at most), and general-
ized. In contrast, complex febrile seizures are prolonged 
(.15 minutes), occur multiple times during the same day, 
or are focal. Although a prolonged febrile seizure does not 
increase the risk for recurrence, the likelihood of another 
prolonged seizure is greater if there is a recurrence. Fe-
brile seizures represent the most common type of child-
hood seizures, occurring in 2% to 5% of children younger 
than 5 years in Western Europe and North America.  
Approximately one third of children who have febrile sei-
zures will experience recurrent episodes. Younger age 
(,18 months old), family history of febrile seizures, low 
peak temperature, and shorter duration of fever are associ-
ated with increased risk for recurrent febrile seizures. Risk 
factors for subsequent epilepsy include neurodevelopmen-
tal abnormality, complex febrile seizure, family history of 
epilepsy, and shorter duration of fever. The recurrence of 
episodes of febrile seizures in a child does not increase the 
risk for subsequent epilepsy. Whereas febrile seizures are 
a common problem, children with uncomplicated febrile 
seizures carry a low risk for subsequent epilepsy.

	A.	 Focus the initial history on the nature of the seizure. 
Was it generalized or focal at onset? What was its 
length? Differentiate between the seizure itself and 
the postictal state. What was the child’s condition im-
mediately after the seizure? Lateralized weakness, dif-
ficulties with speech, and other localizing signs indicate 
a complex seizure, not a simple febrile seizure. Is there 
a history of prior seizures with fever? Without fever? 
Did more than one seizure occur in 24 hours?

Second, determine the nature of the illness and the 
relation of the seizure to the illness. Was the tempera-
ture elevated before the seizure, and if so, for how long? 
Often, the parents’ first awareness of the illness is the 
occurrence of a seizure. Determine whether there is 
evidence of possible central nervous system infection 
(meningitis or encephalitis) suggested by altered mental 
status, severe headache, or focal neurologic signs before 
the seizure. Was there evidence of acute increase in in-
tracranial pressure? What treatment, if any, has the child 
received for the illness, and could the seizure be caused 
by inappropriate use of over-the-counter medications? 

Ask about a family history of epilepsy or neurodevelop-
mental abnormalities in the child. Immediate, appropri-
ate telephone communication can often prevent the 911 
call and ambulance dispatch for an emergency depart-
ment service, neither of which is necessary for a simple 
febrile seizure.

	B.	 In the physical examination, identify the source of 
fever. Assess children for the symptoms and signs of 
meningitis (see p. 638). Consideration of meningitis 
remains key (missed meningitis not only may be devas-
tating but remains a continual source of malpractice 
litigation). Although bacterial meningitis is present in 
only a small minority (2%–5%) of children with appar-
ent febrile seizures, a high level of suspicion is impor-
tant, especially in the young infant; meningismus is 
absent in about one third of infants with meningitis. 
Does the child complain of significant headache or is 
there persistence of altered mental status subsequent 
to the seizure? Are there signs of increased intracranial 
pressure, such as abnormal eye movements (e.g., “set-
ting sun” sign), excessive vomiting, unstable vital signs, 
or even papilledema? Identification of a source of  
infection, although reassuring, does not eliminate con-
current central nervous system infection. For example, 
an intracranial abscess may be secondary to sinusitis. 
Other common sites of infection include ears, urinary 
tract, lungs, and less commonly, gastrointestinal tract 
and blood. Note any signs suggestive of child abuse and 
shaken baby syndrome. Perform a careful neurologic 
examination (see p. 306) to identify focal neurologic 
signs and seizures caused by acute intracranial disease.

	C.	 Laboratory studies are of limited usefulness in the child 
with simple febrile seizures and should focus on deter-
mining the source of fever (see p. 178). Consider a blood 
culture, urine culture, and occasionally stool culture (for 
Shigella/Salmonella). For patients with complex seizures, 
obtain a complete blood cell count (CBC), electrolyte 
values, blood urea nitrogen (BUN) and creatinine con-
centrations (especially if gastroenteritis is present), and 
urinalysis. Calcium, phosphorus, and magnesium concen-
trations are rarely helpful. A low threshold for lumbar 
puncture is appropriate, particularly in the infant younger 
than 12 months. Computed tomography of the brain 
acutely is indicated if there are neurologic abnormalities 
suggesting a space-occupying lesion, such as abscess or 
intracranial hemorrhage. Electroencephalography has 
little prognostic significance and is of limited utility.

(Continued on page 356)
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Patient with FEBRILE SEIZURES

History

Physical examination

Assess severity of illness
(Cont’d on p 357)

A

B

Consider:
Cultures
Lumbar puncture
CBC and differential
C-reactive protein
Urinalysis
Electrolytes, BUN, creatinine

C
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febrile seizures and should be considered in children 
with complex, frequent, or prolonged febrile seizures. 
Alternatively, rectal diazepam (dose, 0.2–0.5 mg/kg) may 
be given at the first evidence of fever. More practically, 
rectal diazepam can be given for prolonged seizures. 
Rectal diazepam gel (Diastat) provides an easy-to-use 
and safe method of administration. Unfortunately, anti-
pyretic therapy given at the time of fever has not proved 
effective in preventing febrile seizures. Continuous pro-
phylactic therapy for febrile seizures is generally not in-
dicated given the benign nature of febrile seizures and 
the potential cognitive and systemic toxicity of the two 
medications—phenobarbital and valproate—proven 
successful in preventing recurrence.

	G.	 Monitor for recurrences and subsequent epilepsy. 
Complex febrile seizures, that is, seizures that are pro-
longed (.15 minutes), focal, or repeated within 1 day, 
increase the risk for subsequent epilepsy. The presence 
of all three factors increases the risk for subsequent 
epilepsy to more than 20%.

	D.	 The child with simple febrile seizures rarely needs acute 
intervention other than treatment of the underlying illness 
and fever. Parents need counseling and reassurance. Many 
children, especially those older than 18 months, will not 
require an emergency department visit if the child can be 
seen in a timely fashion in the office to define the nature 
of the precipitating illness. However, ongoing seizure  
activity requires emergent intervention.

	E.	 When necessary, manage febrile seizures with benzodi-
azepines. Manage status epilepticus as a medical emer-
gency (see p. 370). Consider rectal diazepam in the 
home setting because it is rapidly absorbed and is safe 
and effective. Persistent alteration of mental status 
may require emergency department observation and 
subsequent hospitalization.

	F.	 Intermittent prophylaxis with benzodiazepines, given at 
the time of fever, can significantly decrease the recur-
rence rate of febrile seizures. Two doses of oral diaze-
pam, 0.3 to 0.5 mg/kg body weight given 8 hours apart, 
have been shown to decrease the risk for recurrent  
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Patient with FEBRILE SEIZURES

Assess severity of illness
(Cont’d from p 355)

Assess type of seizure

Mild/moderate Very severe

D

E

Identify and treat:
Serious bacterial infections
Bacteremia
Meningitis
Pneumonia
UTI/pyelonephritis
Bacterial enteritis

Simple Complex

Assess like a
nonfebrile
seizure (p 358)

Severe

Status epilepticus (p 370)
Shock (p 32)
Coma (p 320)
Respiratory failure (p 396)
Hypoxia (p 396)

Stabilize
Hospitalize in ICU

No recurrences Nonfebrile seizures/epilepsy (p 358)Recurrent febrile seizures

No Yes

Treat:
Benzodiazepine if needed
Education
Reassurance

Persistent altered mental
status or focal signs?

Treat:
Consider:

Prophylaxis with fever
Home rectal benzodiazepine

Follow-up:
Contact in 24–48 h
Monitor for recurrences
and for epilepsy

Consider:
Hospitalization

F Treat:
Consider:

Anticonvulsant medications

G
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A seizure is a sudden, transient disturbance of brain func-
tion manifested by involuntary motor, sensory, autonomic, 
or psychic phenomena, alone or in any combination, often 
accompanied by alteration or loss of consciousness. Gener-
alized seizures involve both hemispheres; 90% are convul-
sive (tonic, clonic, myoclonic), whereas 10% are noncon-
vulsive (absence, atypical absence, atonic). Focal or partial 
seizures involve a localized area of the brain and are clas-
sified as simple partial or complex partial seizures. Patients 
can rarely be in electrical status diagnosed by electroen-
cephalography without having signs of seizures (electro-
clinical dissociation). Seizures are also described as symp-
tomatic when a cause is identified or presumed, and 
idiopathic or unprovoked when a cause is unknown or 
thought to be genetic. Identifiable causes include acute 
events or disorders, such as fever, trauma, dehydration, 
and infection, as well as more chronic processes, such as 
tumors, metabolic disorders, and structural abnormalities. 
Unprovoked seizures occur commonly; every year, 25,000 
to 40,000 children experience an unprovoked seizure. 
Whereas the child without identified risk factors for epi-
lepsy who experiences a first unprovoked seizure has only 
about a 30% chance of a recurrence, a second unprovoked 
seizure carries a significant recurrence risk and usually 
heralds the diagnosis of epilepsy.

	A.	 In the history, elicit a careful description of the seizure/
event. The initial manifestations are the most impor-
tant in defining the type of seizure, although observers 
will often focus on the more dramatic convulsive (tonic 
and clonic activity) aspects of the seizure. Incontinence 
of urine and tongue biting confirm the generalized 
nature of the seizure but are not necessary for the di-
agnosis. Note the time of day the seizure occurred and 
whether the child was awake, drowsy, or asleep. A 
school-aged child who has a partial seizure arising in 
sleep may have benign epilepsy of childhood with cen-
trotemporal spikes (benign rolandic epilepsy). Ask 
about any behaviors before the seizure that suggest 
partial seizures or auras. An adolescent presenting with 
an early-morning tonic-clonic seizure may be able to 
relate a history of early-morning myoclonus (brief ex-
tension or flexion body jerks), consistent with the diag-
nosis of juvenile myoclonic epilepsy. Define the dura-
tion of the seizure, differentiating the seizure from 
postictal somnolence or agitation. Unilateral postictal 
weakness (Todd paresis) or difficulties with speech 
help establish the focal nature of the event. Ask about 
possible precipitating causes, including exposure to 
toxins or drugs. Elicit a family history of epilepsy, 
which suggests the diagnosis of genetic epilepsy pre-
senting with a first seizure. Ask about any preexisting 
developmental or neurologic disorder.

	B.	 When a seizure persists for more than 30 minutes, 
status epilepticus is present and requires immediate 
management (see p. 370). When a patient is seizing, 
immediately assess the vital signs with particular atten-
tion to adequate ventilation. Assess mental status; 
confusion and agitation may be noted during the post-
ictal period. Focus on determining the potential cause 
of the seizure, as well as possible seizure-induced 
trauma. Perform a careful neurologic examination as 
described on page 306. Ophthalmoscopic examination 
may have findings that suggest an acute subdural he-
matoma from nonaccidental trauma. Examine the 
scalp carefully for evidence of head trauma. A stiff 
neck suggests meningitis or intracranial hemorrhage. 
Examination of the skin may reveal the stigmata of 
neurofibromatosis (café-au-lait spots), tuberous sclero-
sis (ash-leaf lesions), or Sturge–Weber syndrome  
(facial hemangioma). Postictal neurologic examination 
may reveal Todd paresis, helpful in defining the local-
ized onset of the seizure. Persistent obtundation sug-
gests the possibility of subclinical seizure activity that 
requires confirmation by electroencephalography. 
Neurologic examination may reveal persistent focal 
findings or evidence of a static neurologic dysfunction, 
such as cerebral palsy.

	C.	 Although it is common to obtain laboratory studies, such 
as complete blood cell count, electrolyte values, glucose 
level, calcium and magnesium concentrations, and blood 
urea nitrogen (BUN) and creatinine concentrations, these 
evaluations are rarely helpful when seizures appear to be 
unprovoked and the patient lacks systemic signs and 
symptoms suggestive of an associated disorder such as 
uremia, meningitis, or dehydration. Younger children are 
more likely to have symptomatic seizures with a cause 
identified. Therefore, perform only those laboratory tests 
that are consistent with the specific clinical presentation 
of the patient. Consider toxicologic screening if there is 
concern about possible drug exposure or abuse. In the 
afebrile child with a first seizure, a lumbar puncture is of 
limited value unless other findings suggest meningitis or 
encephalitis. Consider metabolic studies when infants 
experience development of seizures and in patients with 
mental retardation or other neurologic findings.

	D.	 Patients with a routine febrile seizure, absence seizure, 
focal seizures consistent with benign rolandic epilepsy, 
or a nonfebrile generalized seizure with normal exami-
nation findings rarely need a computed tomographic 
(CT) scan. Perform imaging studies of the child’s brain 
when clinical symptoms or focal signs suggest an intra-
cranial hemorrhage, increased intracranial pressure 
(closed-head trauma), or space-occupying lesion (focal 
neurologic signs or papilledema), or when there is  
difficulty controlling seizures, prolonged postictal  

Seizure Disorders: Nonfebrile
Daniel Arndt, MD, MA, Paul G. Moe, MD, Paul Levisohn, MD,  

and Stephen Berman, MD
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Patient with SEIZURE DISORDER

History

Physical examination

A

B

Consider:
Electrolytes
Glucose
BUN and creatinine
Calcium and magnesium
Toxicology screen/tests
Metabolic studies
Stool culture (shigella)

Consider:
CT or MRI imaging

EEG

(Cont’d on p 361)

(Cont’d on p 361)

C

D

E

unresponsiveness, or progressing neurologic findings. 
CT is preferred for acute assessment of hemorrhage, 
edema, or other emergent mass effect, but magnetic 
resonance imaging (MRI) is the study of choice for 
evaluating seizure cause when possible and clinically 
feasible.

	E.	 The clinical usefulness of electroencephalography 
after a first unprovoked seizure is controversial.  
An electroencephalogram (EEG) can help document 
ongoing seizure, alert the clinician to an underlying 

cerebral structural process, identify patients at great-
est risk for recurrence, or even assist in diagnosing an 
epilepsy syndrome. An EEG is recommended as part 
of the neurodiagnostic evaluation of the child with an 
apparent first unprovoked seizure. However, some 
advocate an alternative approach of obtaining an 
EEG only if a second seizure occurs because a major-
ity of children with a first seizure will not have a re-
currence, and only a minority will have a diagnostic 
finding on electroencephalography.
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	F.	 A careful history will help differentiate seizures from 
other nonepileptic paroxysmal events, such as breath 
holding, infantile syncope, sleep disorders, tics, shudder-
ing, benign nocturnal myoclonus, gastroesophageal re-
flux, conversion reaction, masturbation, temper tantrums, 
benign paroxysmal vertigo, and conversion reactions/
pseudoseizures (Table 1).

	G.	 Immediately treat and hospitalize children who present 
in status epilepticus (see p. 370). Consider hospitaliza-
tion when a patient presents with two or more sponta-
neous seizures within a short time frame (24–48 hours), 
a prolonged seizure that resolved spontaneously, or 
prolonged altered mental status. Consider observing 
the child while an anticonvulsant therapy is initiated. 
Protect the seizing patient against self-injury and aspi-
ration of vomitus. Avoid interventions such as inserting 
tongue depressors into the mouth or trying to restrain 
tonic-clonic movements.

	H.	 Counseling and education are essential in the man-
agement. Most parents witnessing a first seizure in 
their child are extremely anxious and need reassur-
ance, when it is appropriate, that their child is not 
gravely ill. In particular, the fear of the child’s dying 
needs to be allayed. Provide education about seizure 
precautions for all children with a first seizure. In 
particular, discuss water safety and avoidance of 
heights (high diving and high climbing). For adoles-
cents, discuss the need to avoid alcohol and restric-
tions on driving, which requires the clinician to be 
familiar not only with clinical risks but also with state 
laws. Educational information is available through the 

Epilepsy Foundation of America (4351 Garden City 
Drive, Landover, MD 20785, 800-EFA-1000).

	 I.	 Anticonvulsant therapy is not usually needed for the 
first unprovoked generalized seizure with normal find-
ings on neurologic examination. When medications are 
necessary, the decision about the appropriate anticon-
vulsant depends on the seizure type, age of the patient, 
associated clinical factors including causal factors, and 
matching specific adverse effect profiles best suited for 
each patient. Table 2 reviews seizure types, clinical 
presentation, causes, electroencephalographic find-
ings, diagnostic studies, and treatment. Table 3 pro-
vides a guide to therapy.

	J.	 Monitor the patient carefully for response (seizure 
control), adverse effects, and toxicity (see Table 3). The 
sedation associated with many anticonvulsants can be 
reduced by working up to a therapeutic dose during  
3 to 4 weeks. When adverse effects or drug toxicity 
other than serious allergic reactions become apparent 
in well-controlled patients, consider simply reducing 
the dose by 25% to 30%.

	K.	 Factors that affect the recurrence of seizures after with-
drawal of medications include: (1) the presence of as-
sociated neurologic signs/disorders and mental retarda-
tion, (2) the age at onset of the seizure disorder, (3) the 
electroencephalogram at the time medications are 
stopped, (4) the number of seizures experienced before 
control is achieved with medications, and (5) the type of 
seizures. However, treat most patients until they are 
free of seizures for 1 to 2 years unless the earlier listed 
factors preclude weaning medications.
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Patient with SEIZURE DISORDER

Assess cause and frequency

Febrile seizure
(p 354)

Cause identified
or presumed

Continue medications
until seizure-free 1–2 y
or until adolescence

Identify:
Nonepileptic
paroxysmal
events (Table 1)

Initial/first seizure

Generalized with
normal examination?

Recurrent seizures

Unknown cause/
presumed idiopathic

Consider:
ACTH and corticosteroids
Ketogenic diet
Surgery

Identify and if possible treat:
Metabolic disorder
Toxin
Infection
Anoxic insult
Trauma
Infarction
Structural abnormality

Tumor
AV malformation
Hematoma
Malformation/agenesis

Good control Poor control with anticonvulsants

Yes No

Manage brief seizure and status epilepticus (p 370)
Consider hospitalization

F

G

Treat:
   Education
   Precautions
   Driving
   Anticonvulsant medications
   based on age and type of
   seizure (Tables 2 and 3)

Follow-up (Table 3):
Assess seizure control
Monitor anticonvulsant levels
Monitor for side effects and toxicities

Treat:
Education
Reassurance

Follow-up:
Monitor
Reassess for treatment
after second seizure

K

H

J

I

When appropriate,
manage as idiopathic
recurrent seizures

(Cont’d from p 359)
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Table 1. Nonepileptic	Paroxysmal	Events

Breath-Holding Attacks
Age 6 months to 3 years. Always precipitated by trauma, frustration, or fright. Cyanosis; sometimes followed by stiffening, tonic (or jerking-clonic) 

convulsion (anoxic seizure). Patient may sleep after attack. Family history positive in 30%. Electroencephalogram (EEG) normal. Treatment is  
interpretation and reassurance. Consider iron deficiency screening.

Infantile Syncope (Pallid Breath Holding)
No external precipitant (perhaps internal pain, cramp, or fear). Pallor may be followed by seizure (anoxic-ischemic). Vagally (heart-slowing) mediated, 

like adult syncope. EEG normal; may see cardiac slowing with vagal stimulation (cold cloth on face) during EEG.

Tics or Tourette Syndrome
Simple or complex stereotyped (the same time after time) jerks or movements, coughs, grunts, sniffs. Worse at repose or with stress. May be  

suppressed during physician visit. Family history often positive. EEG negative. Approximately 40% incidence of comorbidities of attention-deficit 
disorders and/or obsessive-compulsive disorder with Tourette syndrome. Nonanticonvulsant drugs may benefit.

Night Terrors, Sleep Talking, Walking, “Sit-ups”
Age 3–10. Usually occur in first sleep cycle (30–90 minutes after going to sleep), with crying, screaming, and “autonomic discharge” (pupils dilated, 

perspiring). Lasts minutes. Child goes back to sleep and has no recall of event next day. Sleep studies (polysomnogram and EEG) are normal.  
Disappears with maturation. Sleep talking and walking and short “sit-ups” in bed are fragmentary arousals. If a spell is recorded, EEG shows 
arousal from deep sleep, but the behavior seems wakeful. Protect from injury, gradually settle down, and take back to bed.

Nightmares
Nightmares or vivid dreams occur in subsequent cycles of sleep, often in the early-morning hours, and generally are partially recalled the next day. 

The bizarre and frightening behavior may sometimes be confused with complex partial seizures. Typically occur during rapid eye movement 
(REM) sleep; epilepsy usually does not occur during REM sleep. In extreme or difficult cases, an all-night sleep EEG may help to differentiate 
seizures from nightmares.

Migraine
One variant of migraine can be associated with an acute confusional state. There may be the usual migraine prodrome with spots before the eyes,  

dizziness, visual field defects, and then agitated confusion. A history of other, more typical migraine with severe headache and vomiting but without 
confusion may aid in the diagnosis. Other seizure manifestations are practically never seen (e.g., tonic-clonic movements, falling, and complete loss 
of consciousness). Ocular migraines can be differentiated from occipital seizures in that they are longer duration (most seizures ,1–2 min), black 
or white coloring (seizures are multicolored), and rudimentary shapes such as lines, zigzags, or circles (seizures are abstract images). The EEG in  
migraine is usually normal and seldom has epileptiform abnormalities often seen in patients with epilepsy. Last, migraine and epilepsy are  
infrequently linked: migraine-caused ischemia on the brain surface sometimes leads to later epilepsy.

Benign Nocturnal Myoclonus
Common in infants and may last even up to school age. Focal or generalized jerks (the latter also called hypnic or sleep jerks) may persist from onset 

of sleep on and off all night. A video record for physician review can aid in diagnosis. Routine or sleep EEG taken during jerks is normal, proving 
that these jerks are not epilepsy. Treatment is reassurance.

Shuddering
Shuddering or shivering attacks can occur in infancy and be a forerunner of essential tremor in later life. Often, the family history is positive for 

tremor. They are usually first noticed at mealtime. The spells may be very frequent. EEG is normal. There is no clouding or loss of consciousness. 
Peak incidence is between 9 and 11 months of age, and spells commonly begin to resolve after this time.
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Gastroesophageal Reflux
Seen more commonly in children with cerebral palsy or brain damage, reflux of acid gastric contents may cause pain that cannot be described by the 

child. At times, there may be unusual reflexive posturings (dystonic or other) of the head and neck or trunk, an apparent attempt to stretch the 
esophagus or close the opening. There is no loss of consciousness, but there may be eye rolling, nystagmus, apnea, and occasional vomiting that 
may simulate a seizure. An upper gastrointestinal series, cine of swallowing, sometimes even an EEG (which is always normal) may be necessary to 
distinguish this from seizures.

Masturbation
Rarely in infants, repetitive rocking or rubbing motions may simulate seizures. The youngster may look out of contact, be poorly responsive to the  

environment, and have autonomic expressions (e.g., perspiration, dilated pupils) that may be confused with seizures. Observation by a skilled  
individual, sometimes even in a hospital situation, may be necessary to distinguish this from seizures. EEG is, of course, normal between or during 
attacks. Interpretation and reassurance are the only necessary treatment.

Conversion Reaction/Nonepileptic Seizures (NES; Formerly Pseudoseizures)
As many as 50% of patients with NES have epilepsy. Episodes may be writhing, intercourse-like movements, tonic episodes, bizarre jerking and 

thrashing around, or even apparently sudden unresponsiveness. Often, there is ongoing psychological trauma. Often, but not invariably, the  
patients are developmentally delayed. The spells must often be seen or recorded on videotape in a controlled situation to distinguish them from 
epilepsy. A normal EEG during a spell is a key diagnostic feature. Often, the spells are so bizarre that they are easily distinguished. Sometimes 
NES can be precipitated by suggestion with injection of normal saline in a controlled situation. Combativeness is common; self-injury and  
incontinence are rare.

Temper Tantrums and Rage Attacks
These are sometimes confused with epilepsy. Amnesia or at least claims of amnesia for events during the spell can be reported. The attacks are  

usually precipitated by frustration or anger and are often directed either verbally or physically and subside with behavior modification and isolation. 
EEGs are generally normal but unfortunately seldom obtained during an attack. Anterior temporal leads may be helpful in ruling out temporal or 
lateral frontal abnormalities, the latter sometimes seen in partial complex seizures. Improvement of the attacks with psychotherapy, milieu therapy, 
or behavioral modification helps rule out epilepsy. A key differential diagnosis is postictal psychosis, but the psychosis is preceded by epileptic  
phenomenon.

Benign Paroxysmal Vertigo
These are brief attacks of vertigo in which the youngster often appears frightened and pale and clutches the parent. The attacks last 5–30 seconds. 

Sometimes nystagmus is identified. There is no loss of consciousness. Usually the child is well and returns to play immediately afterward. The  
attacks may occur in clusters, then disappear for months. Attacks are usually seen in infants and preschoolers aged 2–5. EEG is normal. If caloric 
tests can be obtained (often very difficult in this age group), abnormalities with hypofunction of one side are sometimes seen. Medications are  
usually not desirable or necessary.

Staring Spells
Teachers often make referral for absence seizures in children who stare or seem preoccupied at school, but their staring is behavioral or due to  

attention-deficit disorders. Helpful in the history is the lack of these spells at home (e.g., before breakfast, a common time for absence seizures).  
A lack of other epilepsy in the child or family history often is helpful. Sometimes these children have difficulties with school and a cognitive or 
learning disability. The child can generally be brought out of this spell by a firm command. An EEG is sometimes necessary to confirm that  
absence seizures are not occurring. A 24-hour ambulatory EEG to record attacks during the child’s everyday school activities is occasionally  
necessary.

Table 1. Nonepileptic	Paroxysmal	Events—cont’d
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at
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Table 3. Guide	to	Pediatric	Anticonvulsant	Drug	Therapy

Drug Average	Total	Dosage Steady	State
Effective	Blood	

Levels*
Side	Effects	and		

Precautions Directions	and	Remarks

Adjunctive or Secondary Drug
Acetazolamide 5–20 mg/kg/day in two or 

three divided doses
1–2 days 10–14 mg/ml Anorexia; numbness and 

tingling
Urinary frequency, so do 

not give in evening
Renal stones

Supplement to other  
(Acetazolamide [Diamox]) 
medications, especially in 
absence and complex partial 
seizures

Also in female patients 4 days 
before and in the first 2 or  
3 days of menstrual period 
for catamenial seizures

Levetiracetam 
(Keppra)

30–80 mg/kg/day during 
2–6 weeks

1–3 days 20–40 mg/ml Somnolence, dizziness, 
headache, asthenia, 
behavioral agitation/
psychosis

Rare: decreased WBC

Complex partial seizures,  
myoclonic

Little effect on other drugs

Clorazepate 
(Tranxene)

0.3 mg/kg/day in two  
divided doses

Not known  
(approxi-
mately  
21 days)

0.2–1.5 mg/ml 
(.2)

Lethargy, drooling, ataxia
Behavior changes

May be useful adjunct in  
generalized tonic-clonic, 
partial, and astatic seizures

Not for children younger than 
9 years

Felbamate  
(Felbatol)

15–45 mg/kg/day in three 
or four divided doses

5–7 days 30–50 mg/ml Anorexia, vomiting,  
insomnia, headache, 
somnolence

Rash in 1%
Aplastic anemia and  

hepatic failure are  
significant hazards

Used in children with  
Lennox–Gastaut syndrome; 
in adults with complex  
partial seizures

Obtain informed consent
Drug interactions: effect  

decreased by phenytoin,  
carbamazepine

Vigabatrin 20–100 mg/kg/day in two 
or three divided doses

Not known Not known Drowsiness, confusion, 
weight gain, retinal 
changes

Infantile spasms, especially  
tuberous sclerosis

Add-on drug for partial  
seizures

Not licensed by FDA in 
United States as of 2008

Gabapentin 
(Neurontin) 
.12 years

30–60 mg/kg/day in  
three divided doses 
(900–1800 mg total  
per day)

1–2 days 12–25 mg/ml Drowsiness, dizziness, 
ataxia, weight gain

Add-on drug for partial  
seizures; no effect on other 
anticonvulsant drug levels

Topiramate  
(Topamax)

Start 0.5–1 mg/kg/day to 
10 mg/kg/day in two 
divided doses (maxi-
mum: 500 mg/day)

Not known 8–25 mg/ml Somnolence, slowed 
mentation, dizziness, 
language problems 
(word finding), rarely 
kidney stones,  
anorexia

Adjunctive drug for partial  
seizures

Minimal effect on other drug 
levels

Lennox–Gastaut syndrome, 
West syndrome

Tiagabine 0.1–1.5 mg/kg/day in 
three or four divided 
doses

1–2 days 20–70 mg/ml Dizziness, tremor, abnor-
mal thinking

Adjunctive drug for partial  
seizures

Zonisamide 1–2 mg/kg/day to maxi-
mum 8–12 mg/kg/day 
in two divided doses/
day (only 100-mg 
capsules in  
United States)

5–7 days 20–30 mg/ml Drowsiness, anorexia, 
gastrointestinal symp-
toms, weight loss, be-
havior changes, renal 
stones (0.2%–2%),  
hypohidrosis, rash

Effects in multiseizure types
A sulfonamide widely used in 

Japan

Lamotrigine 
(Lamictal)

5–15 mg/kg/day in two to 
four divided doses 
(1–5 mg if taking  
valproic acid);  
5–400 mg/day total

8–15 day 10–20 mg/ml Dizziness, headaches, 
diplopia, ataxia, nausea

Rash in 5%–10%, 1%
Stevens–Johnson usually 

in first 4–8 wk

Add-on drug for children with 
partial and complex partial 
seizures, Lennox–Gastaut 
syndrome, absence seizures, 
primary or secondary gener-
alized tonic-clonic seizures

Valproate increases drug  
half-life

Increase dose slowly during  
2 months
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Treatment of infantile spasms is detailed.
*In parentheses are shown the levels at which clinical toxicity becomes manifest in monotherapy.
†General anesthesia if other measures fail.

Drug Average	Total	Dosage Steady	State
Effective	Blood	

Levels*
Side	Effects	and		

Precautions Directions	and	Remarks

Treatment of Status Epilepticus†
Diazepam  

(Valium)
0.3 mg/kg IV
Repeat dose: 0.1–0.3 mg/

kg IV

Administer slowly
Monitor pulse and blood 

pressure
May cause respiratory 

depression in presence 
of phenobarbital

May need to be repeated every 
3–4 h

Follow with phenytoin or  
phenobarbital for  
long-range control

Note: Intramuscular adminis-
tration for status epilepticus 
ineffective

Phenobarbital 5–20 mg/kg IV initially
Repeat dose:  

5–10 mg/kg IV

See above Rule out pyridoxine deficiency
In neonatal seizures, load with 

15–20 mg/kg IV
Phenytoin  

(Dilantin) 
(fosphenytoin 
newer, safer)

10–20 mg/kg IV initially
Repeat dose:  

5–10 mg/kg IV

Administer IV during a 
5-minute period

Administer IM only if no 
IV access

Monitor blood levels

Adjunct in neonatal seizures 
(20 mg/kg IV) if phenobarbi-
tal alone fails

Fosphenytoin, new safe  
preparation; same dose;  
may give rapidly IV during  
5 minutes

Lorazepam  
(Ativan)

0.05–0.2 mg/kg IV
May repeat

Mild respiratory  
depression

May be more effective than  
diazepam

Longer acting
Midazolam 

(Versed)
0.1–0.3 mg/kg IM or IV
0.2 mg/kg as nasal spray
IV drip 1–5 mg/kg/min

See other benzodiaze-
pines

Short acting

Valproate  
sodium  
(Depacon)

5–60 mg/min IV (maxi-
mum: 20 mg/min)

Administer slowly
Dizziness, nausea, and 

injection-site pain

Half-life 16 hours
Useful when child cannot take 

valproate orally

Table 3. Guide	to	Pediatric	Anticonvulsant	Drug	Therapy—cont’d

References

Greenwood RS, Tennison RS. When to start and stop anticonvulsant 
therapy in children. Arch Neurol 1999;56:1073–77.

Hirtz D, Ashwal S, Berg A, et al. Practice parameter: evaluating a first 
nonfebrile seizure in children. Report of the Quality Standards 
Subcommittee of the American Academy of Neurology, the Child 
Neurology Society, and the American Epilepsy Society. Neurology 
2000;55:616–23.

Hirtz D, Berg A, Bettis D, et al. Practice parameter: treatment of the 
child with a first unprovoked seizure. Report of the Quality Stan-
dards Subcommittee of the American Academy of Neurology and the 

Practice Committee of the Child Neurology Society. Neurology 
2003;60:166–75.

Moe P, Benke TA, Bernard TJ, Levisohn P. Neurologic and muscular 
disorders. In: Hay W, Levin M, Deterding R, Sondheimer J, editors. 
Current diagnosis and management: pediatrics. 19th ed. New York: 
McGraw-Hill Companies; 2009. p. 679–728.

Shinnar S, O’Dell C. Treatment decisions in childhood seizures. In:  
Pellock JM, Bourgeois BFD, Dodson WE, Nordli DR Jr, Sankar R,  
editors. 2nd eds. Pediatric epilepsy: diagnosis and therapy. 3rd ed.  
New York: Demos Medical Publishing; 2008. p. 401–12.



370

Status Epilepticus
Carter Wray, MD, and Kelly Knupp, MD

Status epilepticus is a medical emergency defined by the 
International League Against Epilepsy as a “seizure which 
shows no clinical signs of arresting after a duration encom-
passing the great majority of seizures of that type in most 
patients or recurrent seizures without resumption of base-
line central nervous system function interictally.” Much de-
bate exists about the minimum time required to determine 
whether a patient meets the definition of status epilepticus. 
Most experts use a timeframe between 5 and 30 minutes, or 
recurrent seizures, between which the patient does not re-
gain consciousness. The use of the shorter time of 5 minutes 
is based on findings that the majority of seizures stop in less 
than 5 minutes, especially in children older than 5 years. 
Others reserve status epilepticus for seizures that last more 
than 30 minutes. The latter definition may be more accurate 
for new-onset seizures in children, which are often longer 
than those captured in epilepsy monitoring units, especially 
given that parental recall of the duration of a first seizure 
often seems longer than the actual spell. Status epilepticus 
can be associated with partial or generalized convulsive sei-
zures or a prolonged fugue state (“spike and wave stupor”). 
If it is sufficiently prolonged, status epilepticus can lead to a 
coma with subtle or no clinical symptoms, sometimes called 
nonconvulsive status epilepticus. No cause can be identified 
in about half of children with status epilepticus. The mortal-
ity risk rate of 2% to 5% and morbidity depend largely on 
the cause of the seizure. However, prolonged status epilep-
ticus itself can cause severe central nervous system sequelae 
because of hypoxemia, acidosis, and hypotension.

	A.	 As soon as a duration of seizure longer than 5 minutes 
has been ascertained, seizure abortion needs to be initi-
ated as described later, even as history is being ob-
tained. The history needs to focus on finding a possible 
recent or remote precipitating cause for the seizure. 
Acute symptomatic causes include, but are not limited 
to, fever, sepsis, meningitis, encephalitis, gastroenteri-
tis, anoxia, metabolic and electrolyte disorders, toxins, 
encephalopathies, malignancy, vascular disorders, and 
head trauma. Remote symptomatic causes include prior 
neurologic conditions such as birth asphyxia, traumatic 
brain injury, and prior central nervous system infection, 
or developmental delay that might suggest such an in-
sult. Determine whether the child has any acute or 
chronic illness, especially diabetes, renal disease, or 
metabolic disease. If there is a known diagnosis of epi-
lepsy, have prior status episodes of status epilepticus 
occurred? Determine current anticonvulsant medica-
tions and ascertain whether medications have been 
missed or there has been a change in formulation or 
dosing. Ask whether the seizure was focal or general-
ized at the onset of the status. Most importantly, deter-
mine whether management has been instituted for this 
seizure, such as rectal diazepam at home or parenteral 
medications provided by emergency response teams.

	B.	 Physical examination needs to include vital signs such as 
heart rate, blood pressure, respirations, and tempera-
ture. Pulse oximetry may be inaccurate in a seizing child. 
Evaluate for focality: eye deviation, paresis, tonic (stiff-
ening) or clonic (rhythmic jerking) activity, and signs of 
preexisting abnormalities such as prior neurologic injury 
or a genetic syndrome. Note evidence of trauma, as well 
as systemic illness. Perform a careful ophthalmoscopic 
examination to identify signs of increased intracranial 
pressure or retinal hemorrhage associated with an acute 
intracranial bleed or trauma. Examine the skin and mu-
cous membranes for signs of dehydration, needle marks 
from intravenous injection of drugs in an adolescent, or 
skin lesions suggesting a neurocutaneous disorder. Note 
signs of heart disease that might suggest the possibility 
of emboli to the central nervous system.

	C.	 Consider obtaining blood for initial laboratory evaluations 
when intravenous access is obtained. The workup should 
be guided by the history and physical you have obtained. 
In a meta-analysis, the cause of status epilepticus was clas-
sified acute symptomatic in 26%, remote symptomatic in 
33%, remote symptomatic with an acute precipitant in 
1%, a part of a progressive encephalopathy in 3%, febrile 
status in 22%, and cryptogenic in 15%. Given this diver-
sity of causes, the value of any test to evaluate a child is 
dependent on its pretest probability. Of the following 
evaluations, none received a higher recommendation in 
the American Academy of Neurology’s Practice Parame-
ter than level B, meaning “probably effective, ineffective, 
or harmful for the given condition in the specified popula-
tion.” Determine antiepileptic medication blood levels 
when appropriate. Serum glucose level can be checked at 
the bedside. If a child is hypoglycemic, administer a bolus 
of dextrose possibly followed by a continuous infusion if 
appropriate. Serum chemistries can be checked such as 
electrolytes, blood urea nitrogen, creatinine, calcium, 
liver function tests, phosphorus, and magnesium. Blood 
gas analysis is of little use in the actively seizing child un-
less there is concern for prolonged respiratory compro-
mise. Other diagnostic tests, such as imaging of the brain, 
must wait until the end of the convulsive activity but is 
appropriate in most children presenting for the first time 
with status epilepticus.

	D.	 Many of the antiepileptic drugs used in status are listed 
in Table 1. The most effective route of administration 
requires obtaining intravenous access, although this can 
be difficult to obtain. If intravenous access cannot be 
quickly achieved, intramuscular, rectal, or nasal admin-
istration of benzodiazepines can result in therapeutic 
blood levels within several minutes. Most regimens for 
management of status use benzodiazepines first, fol-
lowed by a longer acting antiepileptic drug, such as 
phenytoin, if necessary, or in small children without 
central access, preferably fosphenytoin given the caus-
tic pH of traditional phenytoin. Of the benzodiazepines, 
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lorazepam has a longer duration of action than diaze-
pam or midazolam. Intravenous infusion of fosphenyt-
oin or phenytoin may cause cardiac arrhythmia, but 
both share an advantage of not suppressing respiratory 
drive as much as barbiturates. The most frequently 
used barbiturate in the United States is phenobarbital, 
and it may be more effective than other options. Other 
intravenous options for treating status that are not se-
verely sedating are valproate and levetiracetam.

	E.	 Reassess vital signs, as the goal of treatment is first to 
ensure adequate oxygenation and cardiac function, 
then to terminate the clinical and electrical seizure 
activity. Stabilize the patient to maintain adequate tis-
sue oxygenation. Respiratory support includes estab-
lishment of an adequate airway by repositioning the 
child’s head and, if necessary, placing an oral or naso-
pharyngeal airway. Administer oxygen by mask to all 
patients. If air exchange is poor, institute bag and mask 
ventilation; if necessary, intubate. Circulatory support 
with intravenous fluids and possibly pressors may be 
necessary if signs of shock or hypotension are present. 
Protect the patient from injury by placing the child on 
a soft, flat area free of hard or sharp objects. If the child 
is on a bed, table, or stretcher, prevent the child from 
falling. The risks of placing a nasogastric tube should 
be considered in relation to the risks from aspiration 
and may be safer if the patient is intubated.

	F.	 Seizures that do not stop with two of the earlier treatments 
are referred to as refractory status epilepticus and bode a 
poor prognosis, with mortality rate as high as 32% in chil-
dren. Pharmacologically induced coma with midazolam  
or pentobarbital for refractory status epilepticus is the 
treatment with the most data to support its use in children. 

Midazolam has fewer adverse effects, in part, because it is 
more rapidly cleared. In adults, response rates were best 
with pentobarbital, but it is associated with a far greater 
incidence of significant hypotension. It also requires con-
tinuous electroencephalographic (EEG) monitoring with 
titration to a burst-suppression pattern, with a goal of  
1 second of burst to 5 to 10 seconds of suppression. Other 
barbiturates such as thiopental or phenobarbital can be 
used. General anesthetics such as propofol and ketamine 
may also be used but carry significant risks in this setting; 
however, they may be useful in certain cases.

	G.	 Unless there is a rapid return to baseline mental status, 
children with status epilepticus should be hospitalized in 
the intensive care unit to provide ongoing support to 
cardiovascular and respiratory systems, as well as seizure 
management. The child who responds to intervention 
with cessation of seizures may not need EEG until he or 
she is recovered. The postictal EEG will usually contain 
slow activity as a result of both the episode of status and 
any artifact from benzodiazepines or barbiturates used to 
stop it. As such, it often has limited clinical use. For the 
child with persistent alteration of mental status, strongly 
consider performing EEG to identify subtle or noncon-
vulsive status epilepticus. EEG monitoring can be par-
ticularly helpful if a child requires neuromuscular block-
ade to provide airway support. Other diagnostic tests, 
such as imaging of the brain, must wait until the end of 
the convulsive activity but are appropriate in most chil-
dren presenting for the first time with status epilepticus. 
Consider more occult causes of prolonged seizures such 
as underlying genetic or metabolic disorders. For further 
evaluation of seizures, see Seizure Disorders: Febrile  
(p. 354) and Seizure Disorders: Nonfebrile (p. 358).

Patient with SEIZURE LASTING OVER 5 MINUTES

Re-assess ABC’s and support with oxygen,
and possible intubation, fluids as necessary

Have seizures stopped?

Yes No

A History C Diagnostic tests to consider: glucose,
electrolytes, BUN, creatinine, calcium,
magnesium, phosphorus, liver function
tests, toxicology

B

E

Administer further anti-epileptic drugs such
as midazolam drip or coma induction.  Admit
to ICU

F

Evaluate for cause of seizure.  Consider EEG
either short or long term, head imaging and
other studies

G

Assess ABCs as a part
of physical examination

D Administrator anti-epileptic drug, most likely
benzodiazepine first, intravenously if possible,
otherwise intraosseously, per rectum, nasally
or intramuscularly
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Table-1. Drug	Therapy	of	Status	Epilepticus	in	Children	and	Adolescents

Drug Dosage Maximum	Rate	of	Infusion Other	Information

Benzodiazepines
Diazepam (Valium) PR 0.2–0.5 mg/kg 5 mg/min May repeat q10min 3 2

IV 0.1–0.3 mg/kg (maximum: 10 mg)
Lorazepam (Ativan, Alzapam) 0.1 mg/kg IV (maximum: 4 mg) 2 mg/min May repeat q10min 3 2
Midazolam (Versed) Nasal, IM 0.2 mg/kg

IV 0.2 mg/kg, then 0.75–10 mg/kg/min 
5 0.05–2 mg/kg/hr

“Bolus” vs. administer over 
2–5 min

Barbiturates
Phenobarbital (Luminal) 10–20 mg/kg IV 2 mg/kg/min
Pentobarbital (Nembutal) 2–20 mg/kg, then 0.5–5 mg/kg/hr IV Load over 1–2 hours Continuous EEG needed
Thiopental (Pentothal) 5 mg/kg Administer over  

20–30 seconds

Others
Phenytoin (Dilantin) 15–20 mg/kg IV 50 mg/min Monitor blood level
Fosphenytoin (Cerebyx) IV or IM 15–20 PE (phenytoin mg 

equivalents)/kg 
150 mg/min Monitor blood level

Valproate (Depacon) 20–40 mg/kg IV 5 mg/kg/min
Levetiracetam (Keppra) 20–30 mg/kg IV 5 mg/kg/min
Propofol (Diprivan) 1–2 mg/kg in 5 minutes, then  

5–10 mg/kg/hr
25–75 mg/kg/min

Ketamine (Ketalar) 7.5 mg/kg IV q12h 0.5 mg/kg/min
Lidocaine 2 mg/kg, then 4 mg/kg/hr 20–50 mg/kg/min

EEG, electroencephalogram; IM, intramuscularly; IV, intravenously, can also be given intraosseously; PR, per rectum.
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Acute Weakness in Childhood
Britt Stroud, MD, and Timothy J. Bernard, MD

Acute onset of weakness in a child is a neurologic emer-
gency and should be evaluated in a hospital setting where 
subspecialists are available. A systematic approach to diag-
nosis is provided in the algorithm. The essential component 
to establishing a diagnosis is localization of the lesion. Un-
like adult neurology, however, localization can be challeng-
ing (and sometimes misleading) in a pediatric patient, espe-
cially infants and toddlers. For this reason, we suggest an 
initial workup that is based on localization, but rapid expan-
sion of the differential is essential in cases where the 
workup is initially unrevealing.

	A.	 History and Physical Examination: When weakness is 
accompanied by central nervous system abnormalities—
such as a seizure, headache, encephalopathy, brisk re-
flexes, hypertonia, or an upgoing Babinski—there is 
likely a cortical component to the underlying disease 
state. For this reason, the workup of weakness associ-
ated with these abnormalities is usually initiated with 
imaging of the brain. In contrast, patients with pre-
served levels of cognition and signs of peripheral disease 
(such as hyporeflexia, hypotonia, and a down-going 
Babinski) are often initially evaluated for nerve, muscle, 
and neuromuscular junction pathology. Patients with 
spinal cord disease often present with specific signs and 
symptoms of spinal cord dysfunction, such as inconti-
nence and a sensory level on examination.

For the purposes of this chapter, we have divided 
the evaluation of acute-onset weakness into four cate-
gories: (1) unilateral or bilateral weakness with evi-
dence of cortical involvement, (2) unilateral weakness 
without cortical involvement, (3) bilateral weakness 
without cortical involvement, and (4) weakness with 
signs of spinal cord involvement.

	B.	 Unilateral or Bilateral Weakness with Evidence of Corti-
cal Involvement: In patients with weakness and evidence 
of cerebral dysfunction (mental status change, seizures, 
upper motor neuron signs, or meningismus), localization 
of disease almost uniformly implicates the cerebral cor-
tex. Initial management of these patients usually consists 
of urgent brain imaging and consideration of a lumbar 
puncture (LP; after brain imaging), as for the majority of 
these diseases, rapid diagnosis and initiation of therapy 
improves outcome. The most common causes of this 
presentation are ischemic stroke, tumor, hemorrhagic 
stroke, acute demyelinating encephalomyelitis, multiple 
sclerosis (MS), infection, Todd’s paralysis, or complicated 
migraine.

	1.	 Ischemic stroke: Childhood arterial ischemic stroke 
is increasingly recognized as a significant cause of 
morbidity and mortality in the pediatric population. 
Typically, unless the cerebral insult is large, a child’s 
consciousness is preserved. Certainly, any child who 

presents with acute onset of weakness or acute 
changes in sensation, speech, vision, or coordination 
should be urgently evaluated for the possibility of an 
arterial ischemic stroke. A known history of coagu-
lopathy, sickle cell disease, lupus, drug use, heart 
disease, infection, metabolic disorder, or neck 
trauma may raise suspicion for an arterial ischemic 
stroke.

	2.	 Tumor: Although supratentorial unilateral tumors 
are not as common as posterior fossa tumors in 
children, a tumor can present acutely with weak-
ness, especially if there is associated hemorrhage. 
Early in the presentation, a child with a brain  
tumor may present with a history of head tilt, 
ataxia, vision loss, decline in school performance, 
persistent new-onset headache, or a change in 
personality.

	3.	 Hemorrhagic stroke: Children with hemorrhagic 
stroke need to be identified urgently to perform the 
initial management, which may include mannitol, 
surgical resection, and/or blood pressure control. 
For this reason, urgent brain imaging is indicated  
in a patient with suspected hemorrhagic stroke.  
Underlying causative factors include arteriovenous 
malformation, aneurysm, hemophilia, trauma, and 
nonaccidental trauma. Workup should be based on 
identifying one of these causes.

	4.	 Demyelinating disease: Differentiating between 
acute disseminated encephalomyelitis and MS can 
be challenging. Patients with acute disseminated 
encephalomyelitis tend to be younger and usually 
present with encephalopathy. Magnetic resonance 
imaging (MRI) demonstrates T2 hyperintense le-
sions that are often multifocal and consistent with 
demyelination. Mimickers of demyelinating dis-
ease (such as infection, neoplasm, metabolic de-
rangements, sarcoidosis, and vasculitis) must be 
considered. Treatment usually consists of high-
dose steroids.

	5.	 Central nervous system infection: Unilateral infec-
tion of the brain can present with confusion, menin-
gismus, seizure, and/or hemiparesis. Abscess and 
herpes simplex virus (classically affecting the tem-
poral lobe) are the most common causes of unilat-
eral presentation, although any meningoencephali-
tis can present asymmetrically. Fever should raise 
suspicion for central nervous system infection, and 
antibiotics should be administered as quickly as pos-
sible when meningitis is suspected. After neuroim-
aging to exclude increased intracranial pressure, an 
LP should be obtained.

	6.	 Todd’s paralysis: Patients with focal seizures will 
often have a postictal hemiparesis associated with 
their seizure. Typically, Todd’s paralysis manifests as 
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with a structural abnormality such as stroke or  
tumor.

	7.	 Hemiplegic migraine: Hemiplegic migraine is a 
common cause of hemiparesis. As the majority of 
these channelopathies are inherited in an autosomal 
dominant pattern, a family history aids in confirm-
ing the diagnosis. The high morbidity of alternative 
considerations underscores the importance of ur-
gent brain imaging and further evaluation if the di-
agnosis is uncertain.

Patient with ACUTE WEAKNESS IN CHILDHOOD

Unilateral or bilateral
weakness with evidence
of cortical involvement

Complete metabolic
panel, CBC

Brain imaging with CT
and/or MRI: (1–4)

Consideration of LP
(after MRI): (5)

Consideration of EEG: (6)

Consideration of other
etiologies, including:
  Hemiplegic migraine*: (7)
  Posterior reversible
     encephalopathy syndrome*
  Acute intermittent porphyria*
*See Coma section

A

B

History

Physical examination

(Cont’d on p 377) (Cont’d on p 377) (Cont’d on p 377)

a hemiparesis contralateral to the seizure focus, last-
ing less than 24 hours (although atypical cases can 
last longer). Patients are initially hypotonic and may 
have asymmetric reflexes. In patients with a known 
history of Todd’s paralysis and seizure, the diagnosis 
is confirmed, and watchful resolution of the paraly-
sis is all that is indicated as long as the typical resolu-
tion pattern is observed. In patients without a 
known seizure disorder or an atypical course, cau-
tion must be taken, as seizures can be associated 
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	C.	 Unilateral Weakness without Cortical Involvement: 
Acute onset of unilateral weakness without evidence of 
brain or spinal cord disease may be caused by lower 
motor neuron dysfunction involving the peripheral 
nerve, plexus, or nerve root. There is often a suggestive 
history of trauma or compressive injury at the affected 
site. The distinct pattern of motor/sensory changes 
should localize the abnormality, and reflexes are often 
depressed in lower motor neuron diseases. Imaging of 
the spine and nerve roots, as well as electromyogram/
nerve conduction studies (EMG/NCS), should be con-
sidered. In contrast, brisk reflexes, upgoing plantar re-
flex, seizures, and speech or mental status changes 
should prompt consideration of cortical involvement. 
Acute bilateral weakness with bowel/bladder changes 
should prompt emergent evaluation for spinal cord 
disease.

	1.	 Neuropathy: Decreased reflexes, weakness, and hy-
potonia suggest peripheral nerve involvement, espe-
cially when the distribution of weakness and sensory 
findings follow a known nerve distribution. In addi-
tion, the mechanism of injury may also be sugges-
tive. Common presentations of focal neuropathy in 
children include wrist drop from radial injury and 
foot drop in peroneal nerve injury.

	2.	 Plexopathy: Plexopathies present with similar signs 
and symptoms as a neuropathy but are often more 
extensive and more painful. Common causes include 
hematoma, tumor (i.e., neurofibroma), radiation, or 
trauma. Diffuse weakness presents in the distribu-
tion of the plexus with associated pain and sensory 
changes. If the cause is unclear, MRI should be con-
sidered. The most common cause of plexopathy in 
the pediatric population is birth trauma. Erb palsy 
(upper brachial plexus injury) should be considered 
in large infants born with shoulder dystocia. An  
infant may show an asymmetric Moro reflex with 
flaccid monoparesis. The arm is extended at the  
elbow with a classic “waiter’s tip” appearance. Most 
neonates improve without intervention.

	3.	 Radiculopathy: Radiculopathy is often caused 
by spondylosis or disc herniation in adults, but is 
more often associated with tumor or other space-
occupying lesions in children. Dysfunction of the 
nerve root typically causes partial (not complete) 
weakness of a limb and sensory changes that follow 
a dermatomal pattern. Examination reveals de-
creased reflexes in the roots involved. Injury that 
extends into the cord may cause brisk reflexes at the 
levels below the roots involved. Imaging of the cord 
should be considered in all radiculopathies.

	4.	 Bell’s palsy: Unilateral facial weakness is a unique 
and frequent cause of focal neurologic deficit in 
children, usually caused by an idiopathic, postinfec-
tious entity termed Bell’s palsy. The diagnosis 
of Bell’s palsy has three key features: (1) involve-
ment of the eye to assure that the lesion is truly  
a VIIth nerve abnormality, (2) a lack of any other 
cranial nerve involvement, and (3) consideration of 
another systemic condition (such as Guillain-Barré 
syndrome or Lyme disease) that can cause a VIIth 

nerve palsy. Examination reveals a unilateral weak-
ness of the face that involves a unilaterally asym-
metric smile and decreased nasolabial fold. Im-
paired eye closed on the affected side is essential  
to the diagnosis, and if not present should lead to 
urgent consideration of a central process. History 
usually reveals a sudden onset. If there is fever,  
diminished reflexes, or additional focal neurologic 
symptoms/signs (such as diplopia and a VIth nerve 
palsy), an alternative diagnosis must be made. Treat-
ment is controversial, although if the child presents 
within 72 to 96 hours, the practitioner should 
strongly consider the use of prednisone and acyclo-
vir (especially if there are herpetic lesions in the ear 
canal) therapy. Patching and the use of artificial 
tears in the affected eye are essential if the eye  
cannot be fully closed.

	D.	 Bilateral Weakness without Cortical Involvement: 
Acute bilateral weakness, without signs or symptoms of 
cortical or spinal cord involvement, often localizes to 
nerve, neuromuscular junction, or muscle. The preser-
vation of reflexes suggests a myopathic or neuromuscu-
lar junction disease, although reflexes are sometimes 
preserved in the early phase of neuropathic disease. In 
many of these diseases, such as myasthenia gravis, 
botulism, and spinal muscular atrophy, close monitor-
ing for respiratory compromise is essential.

	1.	 Nerve: The most common cause of acute bilateral 
weakness in children is acute inflammatory demye-
linating polyradiculoneuropathy, also known as 
Guillain-Barré syndrome. Typically, children pre-
sent with symmetric, ascending weakness and de-
creased or absent reflexes. Dysesthesias and bilat-
eral facial weakness may also be seen, especially in 
sensory or Miller Fisher variants. A thorough history 
may reveal a recent respiratory or gastrointestinal 
infection, and LP classically shows an increase of 
protein in the absence of pleocytosis. Other consid-
erations for this presentation include new-onset 
chronic inflammatory demyelinating polyradiculo-
neuropathy or spinal muscular atrophy in infants.

	2.	 Neuromuscular junction: Patients with neuromuscular 
junction disease typically present with diffuse weak-
ness that worsens throughout the day and with exer-
cise. The two most common causes of neuromuscular 
weakness in children are myasthenia gravis and botu-
lism toxin. In myasthenia gravis, the initial presentation 
may be associated with intercurrent illness. Most com-
monly, patients present with a combination of cranial 
nerve weakness and fluctuating/fatigable weakness. 
Observation in the evening hours and maneuvers that 
facilitate fatigue may demonstrate increasing weak-
ness. Serum acetylcholine receptor antibody is specific 
for myasthenia gravis. In botulism, facial weakness, 
ophthalmoplegia, and poorly responsive pupils accom-
pany diffuse descending weakness.

	3.	 Muscle: Patients with acute myopathic disease usually 
present with diffuse weakness, accompanied by pre-
served (or slightly diminished) reflexes and increased 
muscle enzymes. Bilateral symmetric weakness with 
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myalgia should prompt consideration of a myositis. In 
acute infectious myositis, a history of preceding infec-
tion may be elicited and creatine kinase (CK) values 
are increased. Symmetric, proximal muscle weakness 
associated with myalgias and skin changes (Gottron 
papules along knuckles, malar rash or heliotropic rash 
on upper eyelids) should prompt evaluation for der-
matomyositis.

	E.	 Weakness with Signs of Spinal Involvement: Patients 
with acute bilateral weakness caused by spinal cord dis-
ease classically show reflexes that are increased in the 
lower extremities, an upgoing Babinski, and inconti-
nence of bowel or bladder. Spinal shock and diseases of 
the conus medullaris can diverge from this pattern. A 
sensory level following dermatomal patterns may also be 
seen, and if the lesion is above T10, abdominal reflexes 
are absent. Children with weakness may refuse to walk 
or stand. Asymmetric spinal cord disease, as well as epi-
dural disease, may present with unilateral weakness.

	1.	 Myelopathy: Patients with intrinsic spinal cord disease 
often present with bilateral weakness and a sensory 
level. Imaging of the spinal cord should readily iden-
tify an abnormality (often a T2 hyperintensity with 
cord swelling), but it is often challenging to differenti-
ate between transverse myelitis, MS, and neuromyeli-
tis optica. These conditions are often preceded by  

viral illness, and cerebrospinal fluid studies sometimes 
show a lymphocytic pleocytosis with normal glucose 
and increased protein. Infections, intramedullary tu-
mors, and cord infarction can also have a similar pre-
sentation and appearance on MRI. MRI of the brain 
and a cerebrospinal fluid profile with oligoclonal 
bands may be helpful in the diagnosis of MS, whereas 
serum neuromyelitis optica IgG antibodies are spe-
cific for neuromyelitis optica.

	2.	 Epidural: Diseases of the epidural space initially 
cause symptoms attributable to nerve root irritation 
such as back pain and dermatomal sensory loss. 
However, these signs and symptoms may evolve to 
include symptomatology reflective of progressive 
extrinsic spinal cord compression (i.e., weakness, 
sensory level, and bowel and bladder dysfunction). 
Symptoms often present asymmetrically and may 
evade prompt localization. Caution should be used 
as tumors, infection, and hemorrhage can invade 
the epidural space, causing a neurologic emer-
gency. MRI confirms the diagnosis.

	3.	 Conus medullaris: Lesions in the conus medullaris 
are somewhat atypical of spinal cord disease be-
cause they may present with diminished reflexes 
and perianal numbness. For this reason, bowel and/
or bladder incontinence is often the pertinent his-
torical feature. Tumors, myelitis, and demyelinating 
disease can all present in the conus.

(Cont’d from p 375)

Patient with ACUTE WEAKNESS IN CHILDHOOD

Unilateral weakness
without cortical
involvement

Bilateral weakness
without cortical
involvement

Weakness with signs
of spinal involvement

Consideration of
EMG/NCS (1), MRI
plexus (2) and/or MRI
spine (3)

Consideration of other
etiologies, including:
  Alternating hemiplegia*
  Cauda equina 
    syndrome*
  Asthmatic amyotrophy*
  Diabetic amyotrophy*
  Bell’s palsy* (4)

Consideration of
EMG/NCS, lumbar
puncture (1), NCS with
RS (2), and serum CK (3)

Consideration of other
etiologies, including:
  Hypo/hyperkalemic
    periodic paralysis*
  Paramyotonia congenita*
  Myotonia congenita*
  Metabolic myopathies*
  Acute motor axonal
    neuropathy*
  Tick paralysis*
  Diphtheria*

Consideration of other
etiologies, including:
  Atlantoaxial dislocation
    myelitis*
  Lupus myelopathy*
  Spinal cord concussion*
  Spinal cord infarction*

MRI spine: (1, 2, 3)

C D E
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Evaluation of Poor Vision
Carolyn K. Pan, MD, and Scott C. N. Oliver, MD

	A.	History: A detailed history of present illness is impera-
tive to determine time of onset of vision loss. This helps 
to distinguish between congenital and acquired caus-
ative factors. Medical history is always important, and 
one must be sure to include prenatal, perinatal, and 
postnatal development. Ocular history can be difficult 
to obtain in younger children. Parents’ observations can 
reveal valuable information. Some questions that may 
be useful to ask include: Does your child seem to see 
well? Do your child’s eyes appear straight, or do they 
seem to cross or drift or seem lazy? Have you noticed 
anything unusual in the appearance of your child’s 
eyes? Do the eyelids droop, or does one eyelid tend to 
close? Has there been any trauma to your child’s eyes? 
A family ocular history is essential (i.e., neoplasms, 
early use of glasses in parents or siblings, poor night 
vision), and a family history of general developmental 
problems, systemic abnormalities, neurologic disor-
ders, and medication use is also helpful.

	B.	Physical Examination: The first part to any eye exami-
nation is to simply observe the child. Inspect the lids 
and periorbital area for swelling, redness, and drainage. 
Be sure to note any asymmetry in palpebral fissures. 
Discoloration of the conjunctiva and sclera, corneal 
opacities, and iris abnormalities should also be noted.

	C.	Assess Visual Acuity Changes with the Age of the Child:

	1.	 In newborns, presence of vision may be demon-
strated by pupil responses or by aversion to bright 
lights.

	2.	 Children younger than 3 years (but older than 
3 months of age) or any nonverbal child are exam-
ined by evaluating the child’s ability to fixate and 

follow objects. A sign of poor vision in one eye is 
objection to covering the fellow (better) eye.

	3.	 Children older than 3 years can be evaluated with 
picture tests and Allen cards. In school-aged chil-
dren, wall charts containing Snellen letters/numbers, 
tumbling Es, and the HOTV test may be used.

	4.	 Each eye should be tested individually with occlu-
sion of the fellow eye.

	D.	Examine Ocular Motility: If misalignment is a concern, 
the corneal light reflex (Hirschberg test) should be per-
formed. A penlight is held 2 feet in front of the face 
with the child fixating on the light. The corneal light 
reflex should be symmetric and appear in the center of 
both pupils. The pupils should be equal, round, and 
reactive to light in both eyes. Red reflex examination 
should also be performed to detect any opacities in the 
visual axis. In a darkened room, the direct ophthalmo-
scope (set at zero) held 12 to 18 inches away from the 
eye should be focused on each pupil. Then both eyes 
are viewed simultaneously at a distance of 3 feet. The 
red reflex should be bright red-yellow and identical in 
both eyes. Asymmetry of the red reflex, lack of red re-
flex, or presence of a white reflex are all indications for 
ophthalmic consultation. Ophthalmoscopy at a distance 
of 6 to 12 inches should be attempted on children older 
than 3 years to evaluate the optic nerve and retinal 
vasculature in the posterior pole of the eye.

	E.	 The visual pathway continues to develop throughout 
early childhood. Many childhood eye problems can  
affect the development and result in vision loss. There-
fore, early detection and referral to a pediatric ophthal-
mologist is imperative.
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Patient with POOR VISION

History

Physical examination

A Standard vision screening by 
AAP guidelines

B

Assess pattern of findings

Consult:
Pediatric ophthalmologist
To evaluate:

Red reflex
Refractive error
Pupils (afferent defect)
Retina
Optic nerve
Muscle balance
Eye movement and motility

E

C

Nystagmus Strabismus
(p 388)

Normal
vision

Poor
vision

No abnormalities D

Consider:
Repeat screening
within 4 mo

Abnormality blocking
red reflex

Enlarged
eye
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Periorbital (Preseptal) Cellulitis
Carolyn K. Pan, MD, and Scott C. N. Oliver, MD

Periorbital (preseptal) cellulitis is defined as inflammation 
and infection confined to the eyelids and periorbital struc-
tures anterior to the orbital septum. It usually results from 
direct inoculation of pathogen after trauma. It can also 
result from an associated skin infection (i.e., hordeolum 
[stye] or blepharitis [lid margin inflammation]). It may  
also result from nasolacrimal duct obstruction, leading to 
dacryocystitis and subsequent cellulitis. Staphylococcus 
aureus and Streptococcus are the most common patho-
gens. Haemophilus influenzae may be associated with an 
upper respiratory infection; however, it is less common in 
areas with high rates of immunization.

	A.	 History and Physical Examination: Edema, erythema, in-
duration, tenderness, and/or warmth of the periorbital 
area are frequently seen. A patient may have a history of 
trauma, insect bites, or hordeolum. A fluctuant abscess 
near the medial canthus is suspicious for dacryocystitis. 
There is no proptosis of the globe, no decreased vision, no 
restriction of extraocular motility, and no pain with eye 
movement. A patient may present with a fever, but other 
signs of systemic illness are often absent (See Table 1).

	B.	 Evaluation: Consider complete blood cell count (CBC) 
with differential and Gram stain and culture any open 

wound or drainage. Perform computed tomographic 
(CT) scan of the brain and orbits (with both axial and 
coronal views) with and without intravenous (IV) con-
trast if there is suspicion for orbital cellulitis or history 
of trauma with suspected retained orbital foreign body. 
If patient appears toxic, a full systemic evaluation for 
sepsis should be performed.

	C.	 Treatment: Outpatient therapy is usually appropriate. 
Treatment includes broad-spectrum oral antibiotics tar-
geted against Gram-positive bacteria and H. influenzae 
(i.e., amoxicillin-clavulanate). A 7- to 10-day course of 
treatment is appropriate. Criteria for admission and in-
travenous antibiotics (ampicillin/sulbactam is usually 
initial therapy): Patient appears toxic, may be noncom-
pliant with outpatient treatment and follow-up, failure 
to respond to oral antibiotic therapy after 24 to 48 hours, 
and patient younger than 5 years. In penicillin-allergic 
patients, trimethoprim/sulfamethoxazole and moxifloxa-
cin may be reasonable alternatives. If there is uncer-
tainty about antibiotic coverage, consult local pharma-
cist or infectious disease specialist to assist in the 
selection of an appropriate antimicrobial agent. Surgical 
drainage may be required if a fluctuant mass/abscess is 
present (See Table 2).

Table 1. Degree	of	Illness	in	Periorbital	Cellulitis

Moderate Severe Very	Severe

Temperature ,38.5°C without 
associated systemic symptoms

Temperature $38.5°C or systemic 
symptoms or severe pain or headache

Altered mental status or signs of meningitis or focal 
neurologic, signs or seizures or signs of shock

Table 2. Antibiotic	Therapy	for	Periorbital	Cellulitis	in	Children

Drug Dosage Product	Availability

Oral Antibiotics
Amoxicillin-clavulanate (Augmentin) ES 25–30 mg/kg/dose tid Liquid: 600 mg/5 ml

Tablets (slow-release 2 g)
Cefdinir (Omnicef) 7 mg/kg/dose bid (maximum dose: 600 mg) Suspension: 125 mg/5 ml

Capsules: 300 mg
Tablets: 200, 400 mg

Cefpodoxime (Vantin) 5 mg/kg/dose bid Suspension: 50 mg/5 ml, 100 mg/5 ml
100-mg tabs

Intravenous Antibiotics for Hospitalized Patients
Cefotaxime (Claforan) 50 mg/kg/dose q8h Vials: 0.5, 1, 2 g
Ceftriaxone (Rocephin) 50 mg/kg/dose q12-24h Vials: 0.25, 0.5, 1 g
Clindamycin (Cleocin) 10 mg/kg/dose q6-8h Ampules: 0.15, 0.3, 0.6 g
Nafcillin 25–50 mg/kg/dose q6h (maximum: 12 g) Vials: 0.5, 1, 2 g
Oxacillin (Prostaphlin) 50 mg/kg/dose q6h Vials: 500 mg, 1 g 
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Patient with PERIORBITAL CELLULITIS

C

A BHistory
Physical examination

CBC with differential
Consider:

Blood cultures
Gram stain and culture

of aspirate from cellulitis
Sinus and orbital CT

Assess degree of illness
(Table 1)

Good response Poor response

Treat:
Switch to oral
antibiotic after
24–48 h

Treat:
Continue antibiotics
for 10–14 days

Treat:
IV antibiotics

Treat:
Add or switch
antibiotics

Identify:
Sinusitis (p 140)
Sepsis (p 300)
Meningitis (p 638)
Orbital cellulitis (p 390)

Consider:
CT scan

Severe Very severeModerate

Hospitalize

Stabilize:
Circulatory support
Neurologic support

Hospitalize in ICU

Consider:
CT scan
Lumbar puncture

Consider:
CT scan of sinuses or orbit
Lumbar puncture

Identify:
Meningitis (p 638)
Sepsis (p 300)
CNS complication
Orbital cellulitis (p 390)

Normal

Good response Poor response

Treat:
Oral or IM
antibiotics

Identify:
Reactive edema caused by insect
bites, allergy, or contact irritation
Orbital cellulitis (p 390)

Revisit in 12–24 h

Abnormal
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Conjunctivitis/Red, Painful Eyes
Leo K. Seibold, MD, and Scott C. N. Oliver, MD

Conjunctivitis is a general term used to describe any inflam-
mation of the conjunctiva that typically results in a red eye. 
There are numerous causative factors, such as bacterial, viral, 
chlamydial, allergic, vernal/atopic, drug/toxin/chemical reac-
tion, scleritis/episcleritis, trauma, foreign body, nasolacrimal 
duct obstruction and subconjunctival hemorrhage.

The most frequent pathogens are:

• Bacterial: Staphylococcus aureus, Staphylococcus 
epidermidis, Streptococcus pneumonia, Haemophilus 
influenzae, Neisseria gonorrhoeae

• Viral: adenovirus, enterovirus, herpes simplex virus, 
herpes zoster virus

• Chlamydial: Chlamydia trachomatis
• Ophthalmia neonatorum: chemical (,24 hours from 

birth), N. gonorrhoeae (,1 week of age), C. trachomatis 
(1–3 weeks of age)

	A.	 History and Physical Examination: All forms of conjunc-
tivitis present with conjunctival hyperemia or “red eye.” 
They may have varying degrees of tearing, discomfort, 
chemosis, discharge, foreign body sensation, and dura-
tion. Severe ocular pain, photophobia, and profoundly 
decreased vision are not typical findings in conjunctivitis 
and suggest a more serious cause. The initial diagnostic 
approach to a patient with conjunctivitis should begin by 
eliminating other causes of a red eye including trauma, 
iritis, keratitis, glaucoma, corneal abrasion, measles,  
Kawasaki disease, scleritis/episcleritis, and others. A 
complete history and physical examination should be 
performed including a detailed ocular examination. Im-
portant aspects of the history include age of child, dura-
tion of symptoms, sick contacts, prior episodes, allergy 
symptoms, presence of pain or photophobia, recent 
trauma, and drug/chemical exposures. Important exami-
nation findings to look for include decreased visual  
acuity, elevated intraocular pressure, corneal opacity or 
fluorescein uptake, follicles/papillae along palpebral 
conjunctiva, discharge/tearing, anterior chamber inflam-
mation, eyelid edema/erythema, skin lesions or vesicles, 
and palpable preauricular lymph nodes.

Some clues to the cause include:

• Bacterial: Foreign body sensation, purulent yellow-
white discharge, minimal itching

• Gonococcal: Severe purulent discharge, sudden  
onset (,12–24 hours), chemosis, papillae

• Viral: Foreign body sensation, itching, follicles, watery 
discharge, membranes/pseudomembranes, subepithe-
lial infiltrates, palpable preauricular lymph node, and 
history of recent upper respiratory infection symptoms 
or sick contact

• Chlamydial: Newborns aged 1 to 4 weeks or sexually 
active teenagers, inferior follicles, palpable preauric-
ular node, stringy mucous discharge

• Allergic: Intense itching, watery discharge, chemosis, 
papillae, and a history of allergies

• Vernal/Atopic: Intense itching, thick/ropy discharge, 
large conjunctival papillae, superior corneal “shield 
ulcer,” and seasonal recurrence in young male indi-
viduals

• Herpetic: Pain, photophobia, watery discharge, ve-
sicular skin rash, and history of previous episodes or 
cold sores

• Toxin/Drug/Chemical: Follicles and history of topical 
medication use or chemical/toxin exposure

• Ophthalmia neonatorum: Onset ,1 month of age, 
purulent or mucoid discharge

• Subconjunctival hemorrhage: Usually asymptomatic 
with deep red blood under the conjunctiva com-
pletely obscuring view of the sclera, usually in one 
sector

• Nasolacrimal duct obstruction: Copious tearing, 
medial eyelid erythema/redness/swelling, reflux of 
mucopurulent material from punctum with pres-
sure to the lacrimal sac, onset within first 2 months 
of life

• Gonococcal conjunctivitis: Conjunctival scrapings for 
urgent Gram stain and culture/sensitivities (blood 
and chocolate agar)

• Chlamydial conjunctivitis: Conjunctival scrapings for 
polymerase chain reaction or immunofluorescent an-
tibody test and Giemsa stain looking for basophilic 
intracytoplasmic inclusion bodies

• Nasolacrimal duct obstruction: Digital palpation of 
lacrimal sac looking for purulent reflux from punc-
tum, which is diagnostic; placement of fluorescein 
dye in both eyes and monitoring for disappearance  
of dye; dye will remain in eye after 10 minutes if  
obstruction is present

• Ophthalmia neonatorum: Gram stain, Giemsa stain, 
polymerase chain reaction or antibody tests for chla-
mydia, conjunctival cultures (chocolate and blood 
agar), and viral cultures

TREATMENT

	B.	 Hordeolum/Chalazion: Includes warm compresses and 
can consider lid scrubs.

	C.	 Herpes Simplex: Immediate pediatric ophthalmologist 
consultation for evaluation and initiate treatment with 
acyclovir.

	D.	 Viral: Usually self-limited but highly contagious. Cool 
compresses, artificial tears, and topical antihistamine 
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Patient with CONJUNCTIVITIS/RED, PAINFUL EYES

Identify:
  Periorbital cellulitis (p 382)
  Orbital cellulitis (p 390)
  Red eyes, red skin (p 184)

Hordeolum
Chalazion

Treat:
  Warm compress
  for 20 min q.i.d.
Consider:
  Lid scrubs

Purulent conjunctivitis
(Cont’d on p 387)

Conjunctival injection
without purulent discharge

Corneal examination
with fluorescein

History

Physical examination

Abnormal

Herpes
simplex

Trauma
Foreign body

Phlyctenular
conjunctivitis

Blepharitis Insect
bite

PPD

Normal

Consider:
  Herpes simplex culture or
  rapid test on scrapings

Consult:
  Pediatric
  ophthalmologist

Consult:
  Pediatric
  ophthalmologist

Treat:
  Antiviral agents
Consider:
  Cycloplegic
  Topical
  antibiotics

Treat:
  Remove foreign body
  Topical cycloplegic
  Topical antibiotics
  Eye patch

Treat:
  Associated
  seborrhea
  Eyelid scrubs

Treat:
  Oral anti-
  histamines

Treat:
  Topical mast
  cell stabilizer/
  antihistamine

Viral
conjunctivitis
(adenoviral)

Allergy

Good
response

Poor
response

Iritis
Scleritis/episcleritis

Treat:
  Artificial tears
  Cool compresses
  Contagious
  precautions
Consider:
  Topical antibiotic
  if not improved in
  1–2 weeks

Treat:
  Artificial tears
Consider:
  Targeted therapy

Consult:
  Pediatric
  ophthalmologist

A

B

C

D E

for symptomatic relief. Patient/parent education on 
frequent hand washing, avoidance of touching/rubbing 
eyes, shaking hands, and so forth.

	E.	 Allergic: Elimination/avoidance of inciting agent if pos-
sible, cool compresses, artificial tears, topical antihista-
mines (olopatadine, epinastine, ketotifen, etc.). Moder-
ate to severe cases may require mild topical steroid 

(fluorometholone, loteprednol) and oral antihistamines 
(diphenhydramine, loratadine). Vernal/Atopic: Similar 
treatment as allergic conjunctivitis. Patients should be 
given prophylactic mast cell stabilizer (lodoxamide or 
pemirolast) and/or antihistamine 2 to 3 weeks before in-
citing season starts. If a shield ulcer is present, a topical 
steroid, antibiotic, and cycloplegic agent should be added.
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	F.	 Drug/Toxin/Chemical Reaction: Discontinue/avoid in-
citing agent and artificial tears PRN to treat irritation.

	G.	 Chlamydia: Oral (PO) antibiotics (azithromycin or 
erythromycin), topical erythromycin, and treatment of 
sexual partners if applicable.

	H.	 Ophthalmia Neonatorum: If chemical suspected, obser-
vation with artificial tears. If chlamydia suspected, eryth-
romycin PO for 14 days and treatment of mother/sexual 
partner. If gonorrhea suspected, hospitalize patient and 
monitor for systemic disease, frequent saline irrigation, 
intravenous or intramuscular ceftriaxone, bacitracin 
ointment, and treat chlamydial coinfection.

	 I.	 Nasolacrimal Duct Obstruction: Digital pressure to 
lacrimal sac qid, topical antibiotic if mucopurulent 
discharge is present, and systemic antibiotics if acute 
dacryocystitis (red, swollen, painful sac). Ninety per-
cent of cases will resolve by 1 year of age. If conserva-
tive treatment fails, nasolacrimal duct probing or sur-
gery may be performed.
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	J.	 Bacterial: Topical antibiotics qid (trimethoprim/polymyxin 
B or fluoroquinolone) for 1 week with adjustment of regi-
men based on cultures, if taken. H. influenzae should be 
treated with amoxicillin/clavulanate because of possible 
extraocular involvement.

	K.	 Ophthalmologic consultation is always warranted for 
nasolacrimal duct obstruction, ophthalmia neonato-
rum, and gonococcal, herpes zoster, or herpes simplex 
conjunctivitis.
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Identify:
  Foreign body
  Burn
  Allergy
  Periorbital or orbital cellulitis

Patient with CONJUNCTIVITIS/RED, PAINFUL EYES
Purulent conjunctivitis

(Cont’d from p 385)

Older infants and children

Age at onset

Perinatal period

Chemical
conjunctivitis

Treat:
  Artificial tears

Infectious conjunctivitis
(ophthalmia neonatorum)

Ophthalmia neonatorum
N. gonorrhoeae/H. simplex/Chlamydia

Conjunctival Gram stain
and culture
Consider:
  Rapid test for Chlamydia (required
  if N. gonorrhoeae suspected)

Chlamydia

Treat:
  Oral erythromycin

Consider:
  Hospitalization

Treat:
  Saline lavage
  (N. gonorrhoeae)
  Topical antibiotic
  IM or IV antibiotics

Lacrimal sac mucocele
Dacryocystitis

Periorbital cellulitis

Refer:
  Pediatric ophthalmologist

Dacryostenosis

Resolves Persists ≥12 mo

Infectious conjunctivitis
(matting and discharge)

Treat:
  Topical antibiotic

Treat:
  Lacrimal sac massage
  Topical erythromycin for
  episodes of infection
  not controlled by
  massage alone

Consult pediatric ophthalmologist
to probe nasolacrimal duct

F
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I
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Strabismus (Eye Misalignment)
Leo K. Seibold, MD, and Scott C. N. Oliver, MD

Strabismus is defined as any deviation of ocular alignment 
that may be caused by abnormal neuromuscular control of 
ocular motility or by abnormalities in binocular vision. An 
esodeviation describes any inward turning of the eye. An 
exodeviation describes any outward turning of the eye. Stra-
bismus should be differentiated from amblyopia, which is a 
loss of vision that results from the failure of visual pathway 
development. Extraocular muscle immaturity (,3–4 months 
of age) is often seen.

Strabismus is often divided into the following categories:

• Comitant (nonparalytic): The amplitude of misalign-
ment is constant in all directions of gaze
• Congenital: Deviation manifests before 6 months of age
• Accommodative: Esodeviation stimulated by the accom-

modative reflex
• Intermittent: Deviation is intermittently controlled 

by fusion of images
• Sensory deprivation: Secondary to poor vision in one 

or both eyes
• Divergence or convergence insufficiency: Deviation 

that only occurs during distance or near fixation
• Pseudoesotropia: Wide nasal bridge simulates esode-

viation
• Incomitant (paralytic): The amplitude of misalignment 

changes with the direction of gaze
• Serious neurologic disorder: Hydrocephalus, tumor, 

increased intracranial pressure
• Muscle restriction: Entrapment in orbital wall fracture
• Cranial nerve palsy: III, IV, or VI
• Inflammation: Pseudotumor, thyroid disease, myosi-

tis, myasthenia gravis

	A.	 History and Physical Examination: A detailed history is 
crucial in the evaluation and management of a child 
with strabismus. Pertinent questions to ask parents  
include:

	1.	 Age of first onset (pictures may help)?
	2.	 Is the deviation constant or intermittent?
	3.	 If intermittent, under what conditions does the 

deviation occur?
	4.	 Does it occur during distance or near vision?
	5.	 Which eye is affected or does it alternate?
	6.	 Any prior history of glasses, patching, eye drops, or 

eye muscle surgery?
	7.	 Was onset associated with any trauma or illness?

	8.	 Any family history of strabismus, amblyopia, patch-
ing, eye muscle surgery, or “lazy eye.”

Complete ocular examination looking for de-
creased visual acuity, abnormal ocular motility, ocular 
misalignment (Hirschberg and cover-uncover test), 
proptosis, lid ptosis, nystagmus, and pupillary abnor-
malities. Complete cranial nerve examination and fo-
cused neurologic examination should be done. Either 
eye can be constantly or intermittently deviated from 
primary gaze. During cover-uncover test, the uncov-
ered eye moves from deviated position to midline to 
fixate. Asymmetry of corneal light reflex can be seen 
on Hirschberg test. Subnormal vision in one eye un-
explained by ocular disease can be seen. Ocular mo-
tility is limited in one or more directions of gaze. This 
evaluation can help determine whether strabismus is 
comitant or incomitant.

	B.	 Evaluation: Laboratory workup for myasthenia gravis 
or thyroid disease as history/examination warrants. 
Consider brain/orbit imaging in cases associated with 
trauma, nerve palsies, or neurologic findings.

	C.	 Treatment: All strabismus cases in children older than 
4 months should be referred to a pediatric ophthal-
mologist on an outpatient basis. Neurologic consulta-
tion should be considered for any new-onset cranial 
nerve palsy or signs/symptoms of increased intracranial 
pressure. Treatment is usually dependent on the nature 
and frequency of the deviation, as well as the presence 
of amblyopia. Both surgical and nonsurgical interven-
tions are used. Nonsurgical options include glasses, bi-
focals, patching, pharmacologic penalization, eye exer-
cises (orthoptic therapy), and Botox injections. Eye 
muscle surgery is usually performed in conditions not 
likely to respond to conservative treatment. This usually 
involves tightening or loosening one or more rectus 
muscles to restore ocular alignment.
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Patient with STRABISMUS/MUSCLE IMBALANCE

Vision screening

<3–4 months

Observe

>4 months

Consult pediatric
ophthalmologist

Consult neurologist
  If:  Neurofindings/CN palsies

History
and

physical exam Consider:
  Thyroid
  Myasthenia gravis
  Labs
  Head/orbit imaging

Treatment options:
  Surgical
  Nonsurgical
  Glasses
  Patching
  Botox injections

A
B

C
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Orbital Cellulitis or Abscess
Carolyn K. Pan, MD, and Scott C. N. Oliver, MD

In contrast with periorbital (preseptal) cellulitis, orbital  
cellulitis involves infection or inflammation posterior to  
the orbital septum. Greater than 90% of cases occur as sec-
ondary extension of bacterial sinusitis and can be either 
complications of orbital trauma, orbital surgery, or paranasal 
sinus surgery, or more commonly from vascular extension 
(i.e., from systemic bacteremia or septic thrombophlebitis 
from veins draining the sinuses). Multiple organisms have 
been identified as disease-causing pathogens, including 
gram-positive cocci (Staphylococcus, Streptococcus), Hae-
mophilus influenzae, Moraxella catarrhalis, anaerobes, and 
fungi in immunocompromised patients (i.e., mucormycosis, 
aspergillus).

	A.	 History and Physical Examination: Proptosis, chemo-
sis, ptosis, fever, and restriction of and pain with ocular 
motility are frequently seen. Patient may have signs of 
compressive optic neuropathy, which includes de-
creased visual acuity, color vision, or pupillary abnor-
malities. There may also be resistance to retropulsion 
of the affected eye, as well an afferent papillary defect 
and elevation of intraocular pressure.

	B.	 Evaluation: Computed tomography (CT) scan of the 
orbits and sinuses (axial and coronal views) with and 
without intravenous (IV) contrast should be obtained 
before ophthalmology consultation. Systemic workup 
with complete blood cell count (CBC; to assess for 
leukocytosis) and blood cultures should be obtained. It 
is recommended that a Gram stain and culture is sent 
from any drainage.

	C.	 Obtain lumbar puncture if meningitis is suspected. 
Brain CT may also be required if brain abscess or cav-
ernous sinus thrombosis is suspected.

	D.	 Treatment: Integrated care with early involvement of 
ophthalmology, ear, nose, and throat (ENT), and infec-
tious disease as needed. Most patients will need admis-
sion and inpatient monitoring. Criteria for mandatory 
admission include diplopia, proptosis, or ophthalmople-
gia; reduced visual acuity; abnormal pupillary reflexes or 
abnormal swinging light test (presence of afferent pupil-
lary defect); signs of central nervous system involvement; 
or systemic toxicity. Broad-spectrum IV antibiotics are 
used to cover gram-positive, gram-negative, and anaero-
bic organisms. Use a nasal decongestant spray if there is 
sinusitis on history/physical or imaging.

	E.	 If there are signs of compressive optic neuropathy, im-
mediate canthotomy/cantholysis should be performed 
by emergency department staff. Surgical decompres-
sion by ophthalmology and/or ENT may also be  
required if poor response to antibiotics.
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Patient with ORBITAL CELLULITIS OR ABSCESS

CBC with differential
Blood cultures

Identify:
   Periorbital cellulitis (p 382)

Orbital cellulitis

Good response Good responsePoor response

Subperiosteal or
orbital abscess

Hospitalize

Consult:
  Ophthalmologist

Consider:
  Lumbar puncture

History
Physical exam

CT scan

Identify:
  CNS complications
    Meningitis (p 638)
    Cavernous sinus thrombosis
    Brain abscess

Treat:
  IV antibiotics

Treat:
  IV antibiotics

Consider:
  Lumbar puncture
  and CT scan

Treat:
  IV antibiotics 10–14
  days, then high-dose
  oral antibiotics for
  3–6 wk

Treat:
Consider:
  Switch antibiotics
  Surgical drainage
  and culture

A

B

C

D

E
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Evaluation of Cough  
and Pulmonary Disorders

Edith T. Zemanick, MD, MSCS, and Monica J. Federico, MD

	A.	 In the history, ask the following: When did the cough 
begin? How long has the cough been present? Is it dif-
ficult for your child to breathe? Is there fast breathing? 
Wheezing or noisy breathing? Is there chest indrawing 
with breathing? Has your child turned blue or ap-
peared very pale? Did you notice any time when your 
child stopped breathing? Is your child too weak to feed 
or play? Has your child had seizures or convulsions? 
Ask about the following: (1) presence and duration of 
upper respiratory symptoms, including runny nose 
(color), nasal congestion, earache, ear drainage, sore 
throat, difficulty swallowing, and hoarseness; (2) sys-
temic symptoms, including fever, headache, muscle 
aches, malaise, vomiting, and diarrhea; (3) current use 
of medications and allergies to medications; (4) under-
lying pulmonary (asthma, bronchopulmonary dyspla-
sia, cystic fibrosis, tracheomalacia), immunodeficiency 
(human immunodeficiency virus infection), or cardiac 
disease; and (5) immunization status. Ask about access 
to a telephone and transportation to the hospital, and 
assess the ability of the family to manage the child  
at home.

	B.	 During the physical examination, count the respira-
tions for 1 minute. Look for agitation or restlessness, 
chest indrawing or retractions, cyanosis, pallor, nasal 
flaring, drooling, purulent rhinorrhea, and ear dis-
charge. Listen for hoarseness, stridor, wheezing,  
and grunting. With a stethoscope, identify signs of  
(1) bronchiolitis or asthma (wheezing, poor air ex-
change, prolongation of the expiratory phase of respi-
ration); (2) pneumonia (rales, crepitations, tubular or 
decreased breath sounds); and (3) cardiac disease, 
such as an irregular heart rate (arrhythmia), abnormal 
heart sounds, a heart murmur, or a pericardial friction 
rub. Percuss the chest for dullness. Palpate and per-
cuss the liver because hepatomegaly suggests right-
sided heart failure. Use pneumatic otoscopy to assess 
tympanic membrane color, mobility, and landmarks. 
Use a tongue blade to examine the pharynx and ton-
sils for size, exudate, ulcerations, and other lesions. 
Examine the nares for purulent secretions, mucosal 
erythema or swelling, and nasal polyps. Evaluate the 
extremities for clubbing and cyanosis.

	C.	 Mild illness has no findings of bacterial upper airway 
infection (acute sinusitis, otitis media) or lower respira-
tory involvement (no rales, wheezing, chest indrawing 
[retractions], stridor at rest, cyanosis, or apnea). Chil-
dren with mild illness have good air exchange and res-
piratory rate less than 60 per minute in infants younger 
than 2 months, less than 50 per minute in infants 2  
to 11 months, and less than 40 per minute in children 
12 months and older. Treatment for mild upper respi-
ratory infections is supportive. Recently, the U.S. Food 

and Drug Administration (FDA) recommended that 
over-the-counter cold and cough medicines not be 
used for children younger than 2 years because of lack 
of efficacy and risk for adverse effects. The FDA is now 
examining the use of these medicines in children 2 to 
11 years of age. Some cold medication manufacturers 
voluntarily changed labeling to recommend medica-
tion not be given to children younger than 4 years.

	D.	 Moderate illness presents with signs of lower respira-
tory tract involvement including wheezing, rales, mild 
retractions, stridor when agitated or feeding, and oxy-
gen saturations greater than 90%. Possible diagnoses 
include pneumonia, bronchiolitis, croup, and asthma. 
Prolonged purulent nasal discharge (.10–14 days), 
fever, and sinus tenderness suggests acute bacterial si-
nusitis. Children at high risk for deterioration who 
need close follow-up not available at home include im-
munocompromised children; children with sickle cell 
disease, immunodeficiency disorders (steroid-treated 
or immunosuppressed children), severe malnutrition, 
and underlying cardiac or pulmonary disease (espe-
cially premature infants with bronchopulmonary dys-
plasia); and premature infants younger than 8 weeks 
with documented respiratory syncytial virus infection. 
Early in the course of illness, infants and children liv-
ing in families with little or no means of communica-
tion or transportation who are at risk for deterioration 
should be considered severely ill.

	E.	 Severe illness includes signs of respiratory distress: stri-
dor at rest, respiratory rate more than 70 per minute, 
severe chest indrawing (marked retractions), cyanosis, 
grunting respirations, and oxygen saturation below 90% 
by pulse oximetry. Signs of respiratory distress in wheez-
ing patients include poor response to inhaled broncho-
dilators and poor aeration. Signs of systemic toxicity 
include mental status changes (inability to feed or 
drink, lethargy and inability to arouse, disorientation) 
and dehydration with vascular instability (mottling, 
poor capillary refill, low blood pressure). Radiographic 
findings of pleural fluid, abscess, pneumatoceles, or 
extensive infiltrate indicate severe bacterial disease.

	F.	 Very severe illness includes respiratory arrest or signs of 
impending respiratory failure, such as recurrent apnea, 
cyanosis unresponsive to oxygen, inability to maintain 
Pao2 greater than 55 mm Hg or oxygen saturation above 
86% despite 100% oxygen through a nonrebreather face 
mask and inability to maintain Pco2 less than 50 mm 
Hg. Signs of impending upper airway obstruction that 
signal very severe illness include stridor at rest with air 
hunger, restlessness, cyanosis, severe retractions, mini-
mal air exchange, and a clinical presentation suggesting 
acute epiglottitis (severe sore throat with drooling, sniff-
ing posture, muffled voice, red swollen epiglottis).
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Patient with COUGH

Acute cough

Assess degree of illness

Mild

Moderate

Hospitalize

Stabilize
Hospitalize
  in ICU

Very severe

Severe or high-risk
cases

Home measures Upper respiratory infection (colds)

Chronic cough (>30 days) (p 400)

History

Physical examination

Bacterial upper
respiratory infection

Acute otitis media (p 124)
Sinusitis (p 140)
Peritonsillar cellulitis or abscess (p 150)
Cervical adenitis (p 144)

Respiratory distress without
stridor or wheeze

Respiratory distress with
wheezing

Stridor at rest (p 404)

Associated systemic
or CNS illness

Impending upper airway
obstruction

Impending respiratory
failure

Lower respiratory
illness

Asthma (see p 738)
Bronchiolitis (p 746)
Croup (stridor p 404)
Foreign body
Pneumonia (p 754)

Pneumonia (p 754)
Foreign body

Wheezing or
stridor

Focal findings
or crackles

Pneumonia (p 754)
ARDS
Pneumonia (p 754)
Bronchiolitis (p 746)
Asthma (p 738)
Foreign body aspiration

Sepsis (p 300)
Meningitis (p 638)
Dehydration (p 220)

Viral croup (p 404 stridor)
Acute epiglottitis (p 404 stridor)
Foreign body aspiration
Bacterial tracheitis

Recurrent apnea
Pneumonia (p 754)
Bronchiolitis (p 746)
Asthma (p 738)
ARDS

A

B

C

D

E

F
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Hypoxemia Related to Pulmonary 
Disease/Respiratory Distress

Marc Chester, MD, and Robin R. Deterding, MD

Hypoxemia is defined as a low partial pressure of oxygen 
(Pao2) in the arterial blood. Hypoxemia has four main 
causes: (1) alveolar hypoventilation, (2) diffusion impair-
ment, (3) right-to-left shunting of blood, and (4) ventilation/
perfusion mismatch (V̇/Q). The most common cause is V̇/Q 
mismatch, and the least common in children is diffusion 
impairment. Occasionally, a fifth cause, reduction of the in-
spired Pao2, needs to be considered if, for example, the 
patient resides at high altitude. Pulse oximetry is a noninva-
sive measure of the percentage of hemoglobin molecules 
that are saturated with oxygen at a given partial pressure. 
Normal oxygen saturation is between 95% and 100% at sea 
level. Perfoming an arterial blood gas is slightly more inva-
sive but provides a direct measure of the Pao2. The relation 
between Pao2 and oxygen saturation is explained by the 
oxygen dissociation curve. Cyanosis, bluish coloring of the 
skin, and mucous membranes from excessive amounts of 
reduced hemoglobin in capillary blood usually occurs at 
Pao2 less than 60 mm Hg or oxygen saturations between 
85% and 90%.

	A.	 Physical examination may demonstrate signs of distress 
including tachypnea, tachycardia, retractions, use of 
accessory muscles, nasal flarring, grunting, stridor, cya-
nosis, or clubbing. Vital signs may also demonstrate 
hypertension or increased temperature. Auscultate for 
poor air exchange, wheezing, crackles, tubular breath-
sounds, or prolongation of expiration. Absences of 
breathsounds may indicate a pneumothorax or pleural 
effision, which can be distinguished by percussion. 
Dullness on percussion may indicate fluid in pleural 
space or consolidation. Abscent or poor bowel sounds 
may suggest ileus, commonly seen with bilateral pneu-
monia. An irregular heart rate, murmur, gallop, or fric-
tion rub may suggest cardiac disease. Hepatomegaly 
may suggest right-sided heart failure.

	B.	 Pulmonary disease, such as asthma, bronchiolitis, and 
pneumonia with V̇/Q mismatch are suggested when the 
administration of 100% oxygen causes a significant in-
crease in the Pao2 compared with the room air value. 
Electrocardiogram (ECG) and echocardiogram are useful 
in confirming cardiac disease and pulmonary hyperten-
sion. Echocardiogram is most reliable with the exception 
of heart catheterization. A polysomnogram may identify 
central and obstructive apnea, periodic breathing, or cen-
tral hypoventilation. A lung biopsy is required in children 
to demonstrate a diffusion impairment that can be seen in 
children with interstitial lung disease.

	C.	 Aspiration is common in premature infants with in-
complete development of coordination between suck, 

swallow, and breathing. Full-term newborns with com-
promised ventilation, tachypnea, and increased work of 
breathing after respiratory illnesses are also at signifi-
cant risk for aspiration. Aspiration must also be consid-
ered in those with significant gastroesophageal reflux 
disease, Down syndrome, developmental delay, as well 
as in those with congenital anatomic abnormalities of 
their upper airway. Diagnostic studies to confirm aspi-
ration include 24-hour esophageal pH or impedence 
monitoring (reflux), barium swallow study, and bron-
choalveolar lavage (presence of lactose or lipid-laden 
macrophages). However, none of these tests is 100% 
diagnostic for aspiration. Treatment may require antire-
flux medication, thickening feeds, or if severe, Nissen 
fundoplication and gastrostomy tube placement.

	D.	 Pulmonary edema is an abnormal accumulation of fluid 
in the extravascular spaces and tissues of the lung. Cir-
culatory overload can result from renal failure, SIADH, 
excessive intravenous infusions, pulmonary venous dis-
ease, as well as left-heart dysfunction. Hypoproteinemia 
usually makes pulmonary edema worse but alone will 
not cause pulmonary edema. Direct pulmonary capillary 
damage can occur from toxic inhalation, aspiration, or 
pneumonia. High-altitude pulmonary edema can occur 
in children living at lower altitudes who ascend to more 
than 8500 feet, in residents of high altitude who return 
home from low altitudes, and in residents of high alti-
tude who experience development of viral upper respi-
ratory infections. Treatment of high-altitude pulmonary 
edema is oxygen and descent to lower altitude. Clinical 
signs of pulmonary edema may include hypoxemia, dys-
pnea, cough, and frothy sputum. Chest radiograph may 
demonstrate an enlarged heart with prominent pulmo-
nary vessels along with septal lines, peribronchial cuff-
ing, and bilateral patchy consolidation in a perihilar  
distribution.

	E.	 Space-occupying pulmonary lesions include those 
associated with an air leak, pneumothorax, pneumo-
mediastinum, pneumopericardium, as well as pulmo-
nary interstitial emphysema secondary to high ventila-
tory pressures. Space-occupying lesions also include 
congenital thoracic malformations, diaphragmatic her-
nias, congenital lobar emphysema, cystic adenomatoid 
malformations, pulmonary sequestations, and bron-
chogenic cysts. Other space-occupying lesions include 
complicated pneumonia with empyema, lung abscess, 
and tumors. Pneumothoraces that are symptomatic 
are usually treated by chest tube placement. Surgical 
removal is usually the treatment of choice for con-
genital space-occupying lesions.

(Continued on page 398)
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Patient with HYPOXEMIA RELATED TO PULMONARY DISEASE/RESPIRATORY DISTRESS

Hospitalize
Supportive Care
Oxygen

Abnormal

Parenchymal
disease

Consider:
  Chest tube

Space-occupying lesions

Pulmonary edema

Consider:
  Oxygen
  Noninvasive ventilation
  Chest CT
  Intubation
  Ventilation

Normal
hyperexpansion

History

Physical examination Consider:
  Electrolytes
  Glucose
  BUN
  Creatinine
  Total protein
  ECG
  Echocardiogram
  Polysomnogram

Identify:
  Cyanotic heart disease (p 538)
  Polycythemia
  Methemoglobinemia

Do:
Chest x-ray

(Cont’d on p 399)

Identify:
  Infiltrates/pneumonia (p 754)
  Respiratory distress syndrome
  Aspiration syndrome
  Pulmonary hemorrhage/edema
  Pulmonary embolism
  Sickle cell crisis/infarction (p 608)
  Pulmonary contusion

Consider:
  Oxygen
  Lasix
  Positive-pressure ventilation

Identify:
  Pulmonary insult
  Transient tachypnea of newborn
  Sepsis
  CNS disorder
  Circulatory overload
  High-altitude pulmonary edema

Identify:
  Air leak
  Hemothorax, effusion empyema
  No air leak        Surgical consultation
                           Chest CT

CBC with differential, blood gas, pulse oximetry
Chest X-ray

A

B

C

D

E
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	F.	 Obstructive lesions of the upper airway and trachea 
may be acute as in angioedema, foreign body aspira-
tion, epiglottitis, croup, peritonsillar abscess, and  
tracheitis. Obstruction of the airway also occurs  
from congenital anatomic abonormalities including 
choanal atresia, laryngomalacia, tracheomalacia, tra-
cheal stenosis, congenital webs or cysts, vascular rings 
and slings, as well as in those with Pierre Robin syn-
drome. Obstructive lesions are sometimes the result 
of previous surgery or endotracheal intubation, as  
in vocal cord paralysis, subglottic stenosis, and sub-
glottic cysts. Other less common causes of airway 
obstruction include airway hemangiomas and neo-
plasms. Laryngoscopy and bronchoscopy should be 
considered.

	G.	 Hemoglobinopathies including sickle cell disease and 
thalassemia must be considered in the differential of 
hypoxemia. These are genetic defects that lead to  
either a quantitative deficiency or structural abnormal-
ity of the globin portion of hemoglobin causing anemia. 
Acute treatment includes oxygen administration and 
possibly transfusion.
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Patient with HYPOXEMIA RELATED TO PULMONARY DISEASE/RESPIRATORY DISTRESS

     Obstructive lesions
     of upper airway
       Consider:
         Laryngoscopy
         Bronchoscopy
         Barium swallow
     Hemoglobinopathies
     Intrapulmonary
        right-to-left shunt
     Hypoventilation

Consider:
  High resolution chest
  Echocardiogram
  Polysomnogram
  Pulmonary consultation

Identify:
  Asthma (p 738)
  Bronchiolitis (p 746)
  Cystic fibrosis

(Cont’d from p 397)
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Chronic Cough
Edith T. Zemanick, MD, MSCS, and Monica J. Federico, MD

Chronic cough is defined as persistent cough longer than  
4 weeks. Although the differential diagnosis for chronic 
cough is extremely broad, a thorough history and physical 
examination often leads to the underlying cause without 
the need for exhaustive testing. “Specific cough” is defined 
as cough with an identifiable underlying causative factor. 
The initial evaluation of chronic cough looks for specific 
pointers that suggest the cause. “Nonspecific cough” typi-
cally presents as isolated, dry, chronic cough with no asso-
ciated symptoms or underlying respiratory disorders.

The type of cough may indicate the cause: productive 
(asthma, bronchiolitis, bronchiectasis, cystic fibrosis [CF]), 
brassy (habit cough, tracheitis), barky (croup, tracheitis, 
tracheomalacia, subglottic or glottic foreign body), parox-
ysmal (foreign body, pertussis, Mycoplasma infection, 
Chlamydia infection, CF), bizarre, or honking (habit 
cough). The pattern can be helpful: nocturnal (sinusitis, 
rhinitis, asthma, gastroesophageal reflux), early morning 
(CF, bronchiectasis), exercise induced (asthma, CF, bron-
chiectasis), or absent during sleep (habit cough).

	A.	 In the patient’s history, ask about the onset, duration, 
precipitating factors, nature (dry, wet, barky), and pat-
tern of the cough. Distinguish recurrent episodes of 
upper respiratory infections from continuous cough. 
Ask about family history of asthma, allergies, atopic 
dermatitis, or other chronic respiratory illness. Ask 
about growth and development; perinatal history; ex-
posure to illness at home, school, or daycare; and expo-
sure to passive or active smoking. Ask about sputum 
production, hemoptysis, or history of choking. Note 
symptoms of sinusitis, chronic rhinitis, atopic condi-
tions, asthma, gastroesophageal reflux, and sleep disor-
ders (snoring, sleep disruption from cough, obstructive 
sleep apnea) Ask about previous treatment with antibi-
otics, allergy medication, bronchodilators, steroids, or 
other medications. Ask about immunizations and envi-
ronmental exposures (allergens, molds, tuberculosis).

	B.	 In the physical examination, note fever, respiratory 
rate, retractions, and prolonged expiration. Measure 
oxygen saturation by pulse oximetry. Examine the 
upper airway carefully, and note sinus tenderness, 
nasal polyps, mouth-breathing, tonsillar hypertrophy, 

postnasal drip, foul breath, tracheal position, and 
signs of atopy. Note chest wall deformities. Auscul-
tate the chest to identify stridor, wheezing, rales, or 
differential air entry. Differentiate monophonic from 
polyphonic wheeze. Auscultate the heart for mur-
murs or gallops. Note digital clubbing (chronic  
hypoxia, CF, heart disease).

	C.	 Obtain a chest film and spirometry (children 5 years and 
older) in the initial evaluation. Evaluate for symptoms 
and signs (specific pointers) of underlying causative fac-
tor. Cough is classified as “specific” or “nonspecific” 
based on the presence or absence of specific pointers. 
Specific pointers include wheezing (asthma), failure  
to thrive (CF, immunodeficiency), feeding difficulties 
(gastroesophageal reflux, aspiration, tracheoesophageal 
fistula [TEF]), allergy/nasal symptoms (postnasal drip, 
sinusitis), productive cough (infectious, CF, primary cili-
ary dyskinesia), paroxysmal cough (pertussis), barky  
or brassy cough with or without stridor (airway anoma-
lies), constitutional symptoms such as fever, weight loss 
(lymphoma, tuberculosis, Mycoplasma pneumoniae), he-
moptysis (bronchiectasis, CF, vascular abnormalities), 
recurrent pneumonia (CF, immunodeficiency, aspira-
tion, TEF, congenital lung lesion), evidence of cardiac 
disease (associated airway anomalies, pulmonary edema). 
Rapid diagnostic tests are available for respiratory syncy-
tial virus, chlamydia, and pertussis. Perform a sweat test 
of children with diarrhea, failure to thrive, or a history of 
recurrent respiratory infections (sinusitis, bronchitis, 
pneumonia).

	D.	 In children with nonspecific cough, approach can in-
clude further observation for spontaneous resolution 
or a trial of bronchodilator and anti-inflammatory 
therapy with reassessment in 3 to 4 weeks. Asthma 
that causes chronic cough without wheezing (cough-
variant asthma) is often exercise induced. In older 
children before and after exercise, spirometry may 
suggest asthma. Patients who fail to respond to this 
therapy should be re-evaluated for specific pointers 
and underlying causative factors including sinusitis, 
gastroesophageal reflux, CF, aspiration, foreign body 
or airway anomalies, and/or referred to a pediatric 
pulmonologist.

(Continued on page 402)
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Chest film
Spirometry (if ≥5 years old)

Patient with CHRONIC COUGH

Non-specific cough

Cough resolves

Asthma (see p 738)
Upper respiratory infection

Cough persists

Observe or treat:
  Trial of anti-inflammatory and
  bronchodilator therapy

Specific cough

Abnormal
CXR and/or spirometry

(Cont’d on p 403)

Atopic cause/
irritant

GERD (see p 584)

Sinusitis

Wet,
productive
cough

Pertussis

Habit cough

Airway anomaly
TEF
Tracheal ring or
   obstruction
Tracheomalacia
Laryngeal cleft

Allergic
  rhinitis
Asthma
Smoke
  exposure

Identify:
  CF
  PCD
  Persistent
    infection

Normal CXR
and spirometry

Absent Present

History

Physical examination

Identify:
  Recurrent upper
  respiratory infections

Assess for specific pointers

Reassess for
specific pointers

Consider:
  Sweat test
  Pertussis test and culture
  Barium swallow
  pH probe
  Bronchoscopy
  Sinus CT
  Pulmonary consult

Identify:
  Sinusitis
  CF
  GERD
  Aspiration
  Foreign body
  Airway anomaly
     TEF
     Tracheal ring/stenosis

A

B
C

C

C

C

D

D
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	E.	 Investigate diffuse pulmonary infiltrates for an infectious 
causative factor with skin tests, rapid diagnostic tests, and 
cultures for bacterial disease (tuberculosis, pertussis, 
Mycoplasma infection, and Chlamydia infection), fungal 
disease (monilia, histoplasmosis, coccidioidomycosis), 
parasitic disease (Pneumocystis, Echinococcus), and viral 
infection (respiratory syncytial virus, cytomegalovirus, 
adenovirus, influenza virus, parainfluenza virus). Obtain 
a pulmonary consultation and pulmonary function test-
ing to diagnose restrictive lung disease. Obtain a high-
resolution chest computed tomographic scan. Consider 
bronchoscopy with bronchoalveolar lavage to obtain cul-
ture and stain specimens for lipid-laden and hemosiderin-
laden macrophages. Consider other causative factors 
including hypersensitivity pneumonitis, pulmonary 
edema, pulmonary hemorrhage, pulmonary alveolar pro-
teinosis, and interstitial lung disease. Consider evaluation 
for immune deficiency for children with recurrent or 
unusual infections.

	F.	 Causes of bronchiectasis include CF, immunodeficiency 
syndrome, primary ciliary dyskinesia, foreign body aspira-
tion, aspiration of oral or gastric contents, allergic bron-
chopulmonary aspergillosis, chronic infection (bacterial 
pneumonia, pertussis, measles, influenza, adenovirus), 
and defects of tracheobronchial cartilage. Spirometry may 
show reversible or fixed airflow obstruction. Workup in-
cludes sweat chloride test, high-resolution chest com-
puted tomographic scan, immune evaluation, swallow 
study, sputum culture and/or bronchoscopy, and evalua-
tion for primary ciliary dyskinesia.

	G.	 The workup for mediastinal masses includes computed 
tomographic scan, magnetic resonance imaging, and 
pulmonology, oncology, and surgical consultation for 
management. Spirometry may show fixed airflow ob-
struction or restriction. The most common mediastinal 
mass is a normal thymus (anterior). The most common 
abnormal masses (and their usual location in the medi-
astinum) are neurogenic tumors (33%, posterior), lym-
phoma (14%, anterior or middle), teratoma (10%, an-
terior), thymic lesion (9%, anterior), bronchogenic cyst 
(7.5%, middle), angioma (7%, anterior), duplication 
cyst (7%, posterior), and lymph node infection (4%, 
middle). Patients with mediastinal mass may be at risk 
for severe, life-threatening complications with sedation 
and should be evaluated thoroughly by an experienced 
anesthesiologist before sedation.

	H.	 Causes of pulmonary masses include pulmonary seques-
tration, bronchogenic cyst, congenital lung cyst, eventra-
tion of the diaphragm, cystic adenomatoid malformation, 
lung abscess, massive atelectasis, and tumor. The workup 
for pulmonary masses includes computed tomographic 
scan, magnetic resonance imaging, and surgical consulta-
tion. Consider skin tests, bronchoscopy, and angiography.

	 I.	 Investigate chest radiography findings of tracheal devia-
tion, localized infiltrate, or localized hyperexpansion 
with additional studies to diagnose a foreign body, infec-
tion, or mass lesion obstructing the airway (intrinsic or 
extrinsic obstruction). Spirometry may show fixed air-
flow obstruction and/or inspiratory loop flattening. Con-
sider bronchoscopy when a foreign body or obstructing 
mass is suspected. Manage patients with localized infec-
tion with a trial of antibiotic therapy combined with 
chest physiotherapy.
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Patient with CHRONIC COUGH
Abnormal chest radiography and/or spirometry

(cont’d from p 401)

Assess radiologic abnormality
Consider:
  Pulmonary consultation
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Diagnostic tests
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  Cystic
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  Airway clearance

Consider: 
  Evaluate for PCD
  Nasal or airway
  biopsy for
  cilia studies;
  nasal NO
  PCD genetic
  studies

High-resolution CT
Immunoglobulins
HIV tests
Barium swallow
Sputum culture
Bronchoscopy

CT
MRI

Consult:
  Pulmonologist
  Surgeon

Sweat chloride
test

Positive
with good
response

Poor
response

Positive Negative

Abnormal Normal

Abnormal Normal

Treat:
  Antibiotic
  trial

High-resolution CT
Pulmonary consultation
Pulmonary function tests
Bronchoscopy with BAL

Bronchiecstasis Mediastinal mass
or

Pulmonary mass

Tracheal deviation
Local infiltrate
Local hyperexpansion

Inspiratory/expiratory
chest radiography
and/or fluoroscopy

Abnormal

Bronchoscopy

Normal

Treat: 
  Trial of antibiotics

E F G

H

I



404

Stridor
Theresa Laguna, MD, MSCS

Stridor is a vibratory noise caused by turbulent air flow and 
airway obstruction. Stridor can be heard on inspiration 
(extrathoracic obstruction), expiration (intrathoracic ob-
struction), or during both phases of the respiratory cycle 
(fixed obstruction) depending on the location of the lesion. 
Stridor can be classified as acute, chronic, or recurrent in 
nature.

CAUSATIVE FACTORS

Inflammation, edema, compression, or intraluminal ob-
struction of the respiratory tract above the larynx (uvula, 
epiglottis, and arytenoid cartilages), at the level of the lar-
ynx (false cords, vocal cords, and arytenoepiglottic folds), 
or in the trachea causes narrowing of the airway and signs 
of airway obstruction. 1. Infection is a main cause of acute 
stridor in children. Croup is the most common cause of 
acute inspiratory stridor in children between 6 months and 
3 years of age. Croup is a clinical respiratory syndrome 
characterized by the sudden onset of a barky cough, respi-
ratory distress, and inspiratory stridor usually secondary to 
viral pathogens, most commonly parainfluenza types 1 and 
3, respiratory syncytial virus, influenza virus, adenovirus  
or human metapneumovirus. In unimmunized children, 
laryngeal diphtheria and measles are important infectious 
causative factors of croup to consider. Spasmodic croup is 
similar to viral croup; however, its symptoms usually occur 
without a viral prodrome and tend to be more short-lived. 
A rare cause of inspiratory stridor, epiglottitis, is usually 
caused by Haemophilus influenzae type b, although Strep-
tococcus pneumoniae and Streptococcus pyogenes can 
rarely cause acute epiglottitis. Immunization against H. 
influenzae type b has dramatically decreased the cases of 
epiglottitis seen in the United States. Bacterial tracheitis, 
either caused by Staphylococcus aureus, S. pneumoniae, 
H. influenzae or influenza viruses has emerged as a leading 
cause of life-threatening airway infection in children, sur-
passing epiglottis and viral croup. 2. Acute stridor can also 
be secondary to noninfectious causes. Etiologies to con-
sider include angioedema, foreign body aspiration, peri-
tonsillar abscess, retropharyngeal abscess, and trauma.  
3. Recurrent or chronic stridor can be caused by intrinsic 
lesions such as laryngomalacia, tracheomalacia, masses and 
foreign bodies, or extrinsic lesions such as vascular rings or 
slings.

MEDICAL MANAGEMENT  
AND APPROACH

 A. In the patient’s history, ask the following questions: 
When did the stridor begin? Does the child have symp-
toms of an upper respiratory infection or cold, such as 
coughing or rhinitis? When did the cold symptoms 

begin? Is it difficult for the child to breathe? Is there 
fast breathing? Did the child recently choke on some-
thing and have difficulty breathing or turn blue? Does 
the child have a sore throat, hoarseness, or a change in 
voice? Can the child swallow? Is there drooling or  
fever?

 B. In the physical examination, count the respiratory rate, 
note the heart rate, and assess the oxygen saturation for 
signs of impending respiratory failure. Listen for stri-
dor at rest when the child is calm or an increase in 
stridor during crying or coughing. Note the phase of 
the breathing cycle that stridor is heard (during inspi-
ration, expiration, or both). Most cases of acute stridor 
are inspiratory in nature. Listen for hoarseness, a barky 
cough, or a muffled voice. Look for retractions, cyano-
sis, extreme anxiety or confusion, restlessness, drool-
ing, or a sniffing-type posture. With a stethoscope, note 
air exchange, wheezing, and rales. Determine whether 
the stridor is acute or chronic.

 C. Angioedema usually presents with facial swelling, urti-
caria, and a history of similar allergic reactions. For-
eign body aspiration can cause stridor, asymmetric 
breath sounds, or wheezing. The onset is sudden, and 
upper respiratory infection symptoms and fever are not 
usually present. An ingested foreign body can rarely 
lodge in the esophagus and cause upper airway ob-
struction. A forced expiratory chest film may demon-
strate air trapping and possibly a shift of the mediasti-
num. Bronchoscopy is diagnostic and therapeutic, and 
should be performed if foreign body is suspected. As-
sess carefully for tonsillitis or peritonsillar abscess.

 D. Assess the degree of respiratory distress and determine 
whether it is mild/moderate, severe, or very severe 
(Table 1). Antibiotics play no role in uncomplicated 
viral croup. Early corticosteroid treatment appears to 
modify the course of even mild/moderate viral croup 
and should be used to reduce the progression of the 
inflammation and to prevent return for care and/or 
hospitalization. Corticosteroids may be given orally, 
intramuscularly, or parenterally. Nebulized corticoste-
roids may be useful, although oral or intramuscular 
routes are preferred.

 E. Encourage parents to give fluids to the child with uncom-
plicated, mild/severe viral croup. Instruct the parents to 
call or seek medical care if the child develops stridor at 
rest, has evidence of respiratory distress (retractions), or 
becomes too ill to drink. Children with croup whose stri-
dor resolves after treatment with nebulized racemic epi-
nephrine in an ambulatory setting should be observed for 
at least 3 hours before returning home because stridor 
and respiratory distress frequently recur.

 F. When stridor is moderate to severe and does not respond 
to traditional therapy, hospitalization in a pediatric ward 
or pediatric intensive care unit (ICU) should be consid-
ered. If acute epiglottitis is suspected, it should be  
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Patient with STRIDOR

Assess pattern

Assess degree of
respiratory distress

(Table 1)

Acute stridor

Mild-moderate Severe Very severe

Treat:
  Racemic epinephrine
  Corticosteroids

Recurrent/chronic stridor

Consider airway
visualization

History

Physical exam

Identify:
  Impending respiratory failure
  Angioedema
  Aspiration/foreign body ingestion
  Tonsillitis/peritonsillar abscess

Consider discharge
after ≥3 hrs of

observation after last
racemic epi nebulizer

Hospitalize, consider
pediatric ICU admission

(Cont’d on p 407)

Consult:
  Pulmonologist or
  otolaryngologist
  for laryngoscopy
  or bronchoscopy

Consider airway
visualization

(Table 2)

considered an airway emergency and airway visualization 
should be considered (Figure 1). It is important to assess 
the risk for acute airway obstruction before attempting  
to visualize the epiglottis in any patient suspected of  
having acute epiglottitis to allow for adequate prepara-
tion (Table 2). When there is severe distress, inspection 
of the epiglottis should be done in the operating room by 
an anesthesiologist whenever possible, with an otolaryn-
gologist or pediatric surgeon available for emergency  
intubation and/or tracheostomy. In visualizing the epi-
glottis, it is important to have oxygen, a self-inflating 
Ambu bag, a laryngoscope, and an appropriately sized 

endotracheal tube (0.5–1 mm less than expected for the 
child’s age) available in case the examination precipitates 
acute upper airway obstruction. Never force a distressed 
sitting child to lie down. This may compromise the air-
way and cause immediate obstruction. Lateral neck  
radiographs should not be taken initially in patients at 
high risk for acute epiglottitis because of the danger of 
acute obstruction in the radiology department and the 
delay in diagnosis and treatment while waiting for the 
film. The value of lateral neck films as an alternative to 
direct visualization in cases with a moderate risk for epi-
glottitis is controversial.
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 G. Suspect bacterial tracheitis when croup is complicated 
by high fever, purulent tracheal secretions, and increas-
ing respiratory distress. This may be the presenting 
pattern (resembling epiglottitis), or it may present after 
several days of stridor (secondary bacterial tracheitis). 
Endotracheal intubation is often necessary. Tracheal 
secretions should be cultured to allow for appropriate 
antibiotic therapy. Abundant purulent secretions and 
pseudomembrane formation require aggressive pulmo-
nary toilet.

 H. In hospitalized children, manage respiratory distress 
and stridor associated with viral croup with racemic epi-
nephrine and corticosteroids. Corticosteroid treatment 
shortens the hospital stay. Although humidified mist 
therapy is used routinely in many centers, its efficacy has 
not been documented, and tents are a barrier to obser-
vation. Viral croup rarely requires endotracheal intuba-
tion, although extreme vigilance is required. Heliox 
(70% helium and 30% oxygen) may prevent intubation 
in severe cases, although there is not enough evidence to 
recommend its regular use. Ribavirin therapy is not in-
dicated for viral croup. Always continue to reassess the 
patient if incomplete response to therapy for secondary 
infections such as bacterial tracheitis.

 I. Manage acute epiglottitis with intubation in a controlled 
setting because of the high risk for acute airway obstruc-
tion. Initiate antibiotic therapy with an appropriate cepha-
losporin antibiotic (Table 3). Blood cultures will be positive 

in more than 50% of the cases caused by H. influenzae 
type b. Identify extraepiglottic foci of infections, such as 
pneumonia, septic arthritis, pericarditis, and meningitis. 
Consider bacterial pathogens other than H. influenzae in a 
child immunized against H. influenzae type b.

 J. Causes of stridor identified by direct laryngoscopy or 
bronchoscopy include laryngomalacia, laryngeal web, 
laryngeal papilloma, redundant folds in the glottic 
area, and supraglottic masses. Diagnoses associated 
with pharyngeal or retropharyngeal masses include 
enlarged adenoids; abscess or cellulitis; benign neo-
plasms, such as cystic hygroma, hemangioma, goiter, 
and neurofibroma; and malignant neoplasms, such  
as neuroblastoma, lymphoma, and histiocytoma. 
Bronchoscopy can further identify tracheomalacia 
and/or tracheal compression from a variety of lesions 
including vascular malformations. Esophagram or 
barium swallow can also aid in the diagnosis of intra-
thoracic lesions, which often are characterized by 
expiratory or fixed stridor.

 K. Discharge children from the hospital when stridor at 
rest and respiratory distress has resolved and they no 
longer need oxygen. They should be afebrile, eating 
well, and appropriately active. Schedule a follow-up 
visit 24 to 48 hours after discharge. Consider a visiting 
nurse referral. Instruct the parents to call the physician 
immediately if stridor or signs of respiratory distress 
(fast breathing or chest indrawing) return.

Table 2.  Risk for Acute Airway Obstruction and Guidelines for Visualization of the Epiglottis in Children 
with Stridor and Suspected Epiglottitis

Risk for Acute  
Obstruction Clinical Manifestations Location and Personnel for Visualization

High Drooling, muffled voice, severe sore throat, sniffing posture, 
high fever, dehydration, anxiety, toxicity, no URI or cough

Operating room with airway specialist (anesthesia, 
otolaryngologist, pulmonologist) and surgeons

Moderate Stridor (intermittent or constant) with minimal URI signs, 
high fever, age .5 years old without other signs of 
epiglottitis

Emergency department with airway specialist

Low Stridor at rest associated with URI symptoms for 3–4 days, 
low-grade fever

Visualization usually not necessary; if done in 
emergency department or in patient ward, have 
physician present experienced with pediatric 
resuscitation

Minimal Intermittent stridor with 2–4 days of URI, low-grade to  
absent fever, no toxicity, no respiratory distress

Visualization not necessary

URI, upper respiratory infection.

Table 1. Degree of Respiratory Distress

Mild/Moderate Severe Very Severe

Stridor Intermittent stridor with crying and/or 
coughing, no audible stridor at rest

Stridor at rest, often both inspiratory and 
expiratory

Stridor at rest, cyanosis

Air exchange Good air exchange with minimal or no 
retractions

Decreased air entry with marked retrac-
tions

Minimal air exchange with severe retrac-
tions

Volume status No signs of dehydration Signs of dehydration including increased 
heart rate and decreased urine output

Signs of dehydration including increased 
heart rate and decreased urine output

Ability to take PO Able to drink without drooling Impaired ability to drink Inability to drink
Mental status Normal mental status Altered mental status Agitation and anxiety secondary to air 

hunger, or lethargic
Oxygen saturation Normal Normal or slightly decreased Hypoxemic

(Continued on page 408)
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(Cont’d from p 405)

Patient with STRIDOR

Normal epiglottis

Culture tracheal
secretions; obtain

chest x-ray

Hospitalize in ICU;
consider intubation

Consider intubation,
ICU observation

Consider
discharge

Chest x-ray
re-assess

Treat:
  IV antibiotics
  ± racemic epi

Consider: 
  bacterial tracheitis

Normal epiglottis

+   Response –   Response

Consider: viral croup

Consider steroids
prior to intubation

Consider discharge

Treat:
  Racemic epi
  Corticosteroids

Treat:
  Controlled intubation
  Chest x-ray
  Blood culture
  IV antibiotics

Consult:
  Otolaryngologist
  Pulmonologist

Swollen, red epiglottis
Consider: epiglottitis

Identify:
  Foreign body
  Oropharyngeal mass
  Laryngo-tracheal disorder

G H I J

K

Figure 1. Diagramofthelateralneckregioninanormalchild(left)andinachildwithepiglottitis(right).(From 
Fleisher GR, Ludwig S, editors. Textbook of pediatric emergency medicine. 3rd ed. Baltimore: Williams & Wilkins; 
1993. p. 619.)
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Inflamed
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Table 3. Drugs Used in the Treatment of Viral Croup, Bacterial Tracheitis, or Epiglottitis in Children

Drug Dosage

Racemic epinephrine 0.5 ml in 2.5 ml normal saline by nebulization every 1–6 h PRN (2.25% solution)
Methylprednisolone (Solu-Medrol) 1 mg/kg/dose every 12h; may repeat as needed
Dexamethasone 0.6 mg/kg/dose given PO or IM 3 1; may repeat as needed
Ceftriaxone 50–75 mg/kg/day IM/IV divided every 12–24h for mild/moderate infections, 80–100 mg/kg/day IM/IV  

divided every 12–24h for severe infections; maximum: 2 g/24 hr
Cefotaxime 50 mg/kg IM/IV divided every 6–8h; maximum: 12 g/day; alternative: 50–75 mg/kg IM/IV divided every 

6–8h for PCN-resistant pneumococci
Oxacillin 100–200 mg/kg/day IM/IV every 4–6h; maximum: 12 g/day
Nafcillin 50–100 mg/kg/day IV divided every 6h or 100–200 mg/kg/day IV divided every 4–6h if severe infection; 

maximum: 12 g/day

IM, intramuscularly; IV, intravenously; PCN, penicillin;  PO, orally; PRN, as needed.



409

References

Ausejo M, Saenz A, Pham B, et al. The effectiveness of glucocorticoids 
in treating croup: meta-analysis. BMJ 1999;319:595.

Bjornson CL, Johnson DW. Croup. Lancet 2008;371:329–39.
Daines CL, Wood RE, Boesch RP. Foreign body aspiration: an impor-

tant etiology of respiratory symptoms in children. J Allergy Clin  
Immunol 2008;121:1297–8.

Doshi J, Krawiec ME. Clinical manifestations of airway malacia in 
young children. J Allergy Clin Immunol 2007;120:1276–8.

Epocrates online. ,https://online.epocrates.com/noFrame/..
Fitzgerald D, Mellis C, Johnson M, et al. Nebulized budesonide is  

as effective as nebulized adrenaline in moderately severe croup.  
Pediatrics 1996;97:722.

Guillemaud JP, El-Hakim H, Richards S, Chauhan N. Airway pathology 
abnormalities in symptomatic children with congenital cardiac and 
vascular disease. Arch Otolaryngol Head Neck Surg 2007;133:672–6.

Hopkins A, Lahiri T, Salerno R, Heath B. Changing epidemiology of 
life-threatening upper airway infections: the reemergence of bacte-
rial tracheitis. Pediatrics 2006;118:1418–21.

Leung AK, Kellner JD, Johnson DW. Viral croup: a current perspective. 
J Pediatr Health Care 2004;18:297–301.

Moore M, Little P. Humidified air inhalation for treating croup.  
Cochrane Database Syst Rev 2006;3:CD002870.

Scolnik D, Coates AL, Stephens D, et al. Controlled delivery of high vs. 
low humidity vs. mist therapy for croup in emergency departments. 
JAMA 2006;295:1274–80.

Smith RJH, Coombe WT. When congenital vascular anomalies cause 
airway problems. Contemp Pediatr 1985;94–106.

Sparrow A, Geelhoed G. Prednisolone versus dexamethasone in  
croup: a randomised equivalence trial. Arch Dis Child 2006;91:  
580–3.

Vorwerk C, Coats TJ. Use of helium-oxygen mixtures in the treatment 
of croup: a systemic review. Emerg Med J 2008;25:547–50.



410

Wheeze
Monica J. Federico, MD

Wheezing is a high-pitched, expiratory noise most com-
monly audible only with a stethoscope. Wheezing can be 
detected acutely or can recur depending on the cause.

The evaluation of a child with a wheeze can be based 
either on the kind of wheeze the provider detects or on 
the recurrence of the finding. There are at least two types 
of wheeze: 1) monophonic, the same sound throughout 
the chest or 2) polyphonic, or heterogeneous sounds 
heard throughout the chest. Monophonic wheeze is gen-
erally due to obstruction or compression of a large, cen-
tral airway, and polyphonic wheeze is most likely heard in 
the setting of diffuse, small airway obstruction or com-
pression. Unfortunately, it can be difficult to determine 
the quality of the wheeze and the finding may be variable 
depending on the cause. Therefore, this algorithm will 
help the provider move through a differential diagnosis 
of wheeze based upon whether the wheeze is acute  
versus chronic/recurrent.

	A.	 In the patient’s history, document any signs or symp-
toms of airway obstruction and/or respiratory distress, 
including: cough, chest tightness, wheeze, shortness of 
breath, ability to talk in complete sentences, tachy-
pnea, difficulty with activities, and trouble laying flat. 
Work through a comprehensive differential and in-
clude questions about gestational age and newborn 
course to evaluate for chronic lung disease of infancy; 
foreign body aspiration; pneumonia or infection indi-
cated by fevers and chest pain; response to a beta ago-
nist suggesting asthma; a cough with feeding indicating 
aspiration; a mass or lymphadenopathy causing airway 
compression as indicated by weight loss, night sweats, 
positional trouble breathing, or poor response to bron-
chodilators; or a different chronic illness as indicated 
by chronic increased work of breathing, failure to 
thrive, and/or hypoxemia. Ask about sinusitis, head-
aches, bad breath, facial pain, and fever.

	B.	 In the physical examination, take a full set of vital signs 
including oxygen saturation, and note signs of respira-
tory distress, including tachypnea, retractions, dys-
pnea, nasal flaring, use of accessory muscles, ability to 
talk, wheezing, prolongation of the expiratory phase, 
forced expiratory phase, and decreased breath sounds. 
Signs of severe respiratory distress include markedly 
decreased or absent breath sounds, cyanosis, and in-
creased pulsus paradoxus (exaggeration of the normal 
variation of cardiac output with the respiratory cycle). 
An altered mental status (lethargy, restlessness, dis-
orientation, and air hunger) indicates severe hypox-
emia. Treat the child with oxygen if needed to keep 
saturations greater than 90%.

	C.	 Evaluate acute wheeze by evaluating for foreign body 
aspiration by history and then by forced exhalation on 
a chest radiograph if the history is positive or even 

suspicious. If the chest radiograph is positive or incon-
clusive in the setting of a clear history of aspiration, 
otolaryngology should be consulted for a bronchoscopy 
and removal. The most common foreign bodies aspi-
rated in children are peanuts and hot dogs.

	1.	 If there is no concern for foreign body and the child is 
younger than 2 years and has symptoms of an upper 
respiratory infection (URI), consider bronchiolitis 
(see p. 746) for management.

	2.	 If the child is older than 2 years or the child is 
younger than 2 years and does not have an URI, try 
a dose of an inhaled beta agonist (see Asthma,  
p. 738). If there is a clear response, and the child 
has no history consistent with chronic pulmonary 
disease such as failure to thrive or a history of hypox-
emia, consider the diagnosis of asthma (see p. 738) 
for further management. If the child responds to  
albuterol and has symptoms of chronic disease such 
as failure to thrive, clubbing, or a history of pro-
longed hypoxemia, treat the acute wheeze and 
work through the differential of the acute wheeze 
and chronic disease. If the child is older than  
2 years and has symptoms consistent with a respi-
ratory tract infection, and the child is stable with 
low-grade fevers and a symmetric examination, the 
most likely cause is viral pneumonia (see p. 754); if 
the examination is asymmetric or the child is  
ill-appearing, check a chest radiograph to rule out 
pneumonia, a mass, or lymphadenopathy com-
pressing the airway. If the child has no URI symp-
toms, check chest radiograph to rule out a mass or 
evidence of extrinsic compression and consider 
consulting pulmonary for evaluation for any evi-
dence of endobronchial or extrinsic compression 
or possible inhalation injury.

	D.	If there is no concern for foreign body and the wheeze 
is chronic or recurrent, try a dose of an inhaled beta 
agonist (see Asthma chapter, p. 738). If there is a clear 
response, and the child has no history consistent with 
chronic pulmonary disease such as failure to thrive, 
clubbing, or a history of hypoxemia, consider the diag-
nosis of asthma (see p. 738) for further management. 
If the child responds to albuterol but the history is 
concerning for a chronic lung disease other than 
asthma, treat the acute wheeze and respiratory distress 
with beta agonist as needed, consider systemic cortico-
steroids (asthma p. 738), and work through the differ-
ential of recurrent wheeze and chronic disease: a chest 
radiograph and pulmonary function testing if possible 
to evaluate for obvious airway compression or evidence 
of fixed airway obstruction; consider a sweat test for 
cystic fibrosis (CF); a barium swallow and possibly a 
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bronchoscopy to evaluate for vascular compression of 
the trachea and the esophagus; a speech therapy evalu-
ation for recurrent aspiration; if the chest radiograph 
does not show a mass or lymphadenopathy, consider a 
bronchoscopy to evaluate for airway malacia, endo-
bronchial lesions, or evidence of extrinsic compres-
sion; a car diology evaluation if there is evidence of 
pulmonary edema or cardiomegaly by chest radio-
graph; and finally, consider a complete blood cell count 
(CBC), an IgE, and a chest computed tomographic 

Patient with WHEEZE
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History of
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Evaluate
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Consider
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  Pulmonary consult
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  • Lymphadenopathy
  • Pulmonary edema
  • Airway compression
  • ABPA
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and work up
including:

A

B

C D

(CT) scan for further evaluation for allergic broncho-
pulmonary aspergillosis (ABPA). If the wheeze does 
not respond to albuterol, consider a work up for other 
causes of recurrent wheeze including: A CXR to 
evaluate for a mediastinal mass, cardiac enlargement 
or lymphadenopathy, pulmonary function testing, a 
barium swallow to evaluate for vascular airway com-
pression, a bronchoscopy for airway anomalies or 
compression not previously identified, and for a bron-
choalveolar lavage.
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Prehospital Basic Life Support
Lara Rappaport, MD, MPH, and Maria Mandt, MD

The goal of pediatric basic life support is to restore adequate 
tissue oxygenation and perfusion when a child has a respira-
tory or cardiopulmonary arrest. Basic life support requires a 
rapid assessment of responsiveness, airway, breathing, and 
circulation. Limited data exist to characterize out-of-hospital 
pediatric cardiac arrest, but outcomes in general are poor 
with survival-to-discharge rates ranging from 8% to 12%. 
Sustained return of spontaneous circulation is obtained in 
28% of victims. Witnessed arrests have a comparatively 
greater chance of survival, as do patients with nontraumatic 
causes of arrest. The best predictor of survival-to-discharge 
is correlated with a short duration (20 minutes or less) of 
cardiopulmonary resuscitation (CPR).

RESPONSIVENESS

	A.	Assess the responsiveness by tapping the child and speak-
ing loudly. For a lone rescuer, if the patient is unrespon-
sive and there was a witnessed sudden collapse, first call 
Emergency Medical Services (EMS) and, if possible, get 
an automated external defibrillator (AED). Then return 
to the victim, defibrillate as soon as the AED is available, 
and initiate CPR. If there is not a witnessed collapse, stay 
with the victim to provide CPR for 2 minutes, then call 
EMS, get the AED, and defibrillate when available. If 
there are two rescuers, one person should activate EMS 
and get the AED, whereas the other starts CPR.

AIRWAY

	B.	A health care provider should use the head-tilt/chin-lift 
maneuver to open the airway of a victim without evi-
dence of head or neck trauma. If a cervical spine injury 

is suspected, jaw thrust with spine immobilization with-
out head tilt is recommended. If a cervical spine injury 
is suspected and the jaw thrust does not open the  
airway, it is acceptable to use a head-tilt/chin-lift  
maneuver to achieve adequate ventilation.

BREATHING

	C.	If the child is not breathing or has only occasional 
gasps, give two rescue breaths at 1 second per breath, 
and continue to give one breath every 3 to 5 seconds. 
Equal chest rise is an absolute marker of effectiveness 
of rescue breathing. In infants, it is acceptable to use 
both mouth-to-mouth and mouth-to-nose techniques. 
In children, use only the mouth-to-mouth technique. 
Barrier devices have not reduced the risk for transmis-
sion of infection and may increase the resistance  
to flow. Although not encouraged, barrier devices are 
acceptable as long as there is not a time delay to rescue 
breathing.

CIRCULATION

	D.	The pulse check should take no longer than 10 seconds. 
In a child, the femoral or carotid sites are used; in an 
infant, the brachial site is preferred. Several studies 
have shown that health care providers have difficulty in 
detecting the presence of a pulse and often think one is 
present when there is none. Therefore, if you are not 
certain there is a pulse, start compressions. Chest com-
pressions should be initiated in children with heart 
rates less than 60 beats/min if there are also signs of 
poor perfusion.

(Continued on page 416)
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OTHER	IMPORTANT	ISSUES

Bag Mask Ventilation

For children requiring airway control for short periods in the 
prehospital setting, bag-valve-mask ventilation (BVM) is the 
method of choice. An out-of-hospital pediatric, prospective, 
randomized, control study showed that BVM compared with 
tracheal intubation has equivalent survival to hospital dis-
charge rates and neurologic outcome. A two-person tech-
nique may be optimal for providing the appropriate chest 
rise, tidal volume, and peak pressures as compared with a 
single-rescuer technique. The two-person technique is per-
formed by one rescuer using both hands to maintain an open 
airway with a jaw thrust and a tight mask-to-face seal, 
whereas the other compresses the ventilation bag. Both  
rescuers should observe chest rise.

Compression/Ventilation Ratio

For health care providers providing two-rescuer CPR, a 
compression/ventilation ratio of 15:2 is recommended.  
A universal rate of 30:2 is recommended for the lone res-
cuer responding to children and adults. For newborns, 
the 3:1 recommendation has not changed. A mnemonic 
that is helpful is “squeeze-release-release” at a normal 
speaking rate.

Excessive ventilation may be harmful. Complications 
such as air trapping and barotrauma are widely recognized. 
Excessive ventilation has been shown to increase intratho-
racic pressure and decrease venous return, ultimately  
reducing cardiac output.

Compressions

Chest compressions consist of rhythmic applications of 
pressure over the lower half of the sternum. Blood flow 
generated by chest compressions delivers a small, but criti-
cal, amount of oxygen and substrate to the brain and myo-
cardium. There has been an increased emphasis placed on 
performing rigorous, high-quality chest compressions. The 
important principles are reviewed: (1) “push hard” with 
sufficient force to compress one third to half the anterior-
posterior depth of the chest; (2) “push fast,” compress at a 
rate of 100 compressions per minute; and (3) allow the 
chest to recoil fully with each compression. In other words, 
make certain that your hands are lifted slightly off the chest 
at the end of each compression.

Use the heel of one or two hands to compress the chest 
on the lower half of the sternum at the nipple line. No 
outcome studies show a preference for a one-hand versus 
two-hand technique. For infants, the two-thumb encir-
cling hands technique is preferred over the two-finger 
chest compression technique in infants when there are two 
rescuers. The two-thumb encircling hands technique 
showed higher coronary perfusion pressures and more 
consistently correct depth and force of compression than 
the two-finger technique. The two-finger technique is pre-
ferred for single-rescuer infant resuscitation to allow for 
quick transition between compressions. It is essential to 
perform continuous CPR without interruption.

Achieving a rate of 100 compressions per minute  
can be challenging. Devices are available that monitor 
compression and ventilation rates, and metronomes  
can be purchased and set to 100 beats/min. Another 
method of pacing is to choose a song that has a bass line 
of 100 beats/min and sing it to yourself as you do com-
pressions. Ironically, two such songs are the Bee Gees’ 
“Stayin’ Alive” and “Another One Bites the Dust” by 
Queen. Matlock et al. showed that listening to “Stayin’ 
Alive” assisted providers in performing chest compres-
sions on manikins at the proper rate.

Rescuer fatigue may lead to inadequate compression 
rates or depth. Significant fatigue and shallow compres-
sions are seen after 1 minute of CPR, despite rescuers 
denying that fatigue is present. Exhaustion can lead to 
failure of the rescuer to “push hard” and not allow for 
compete chest wall recoil between compressions. When 
two or more rescuers are available, it is reasonable to 
switch the compressor about every 2 minutes. Effort 
should be made to accomplish this switch in less than  
5 seconds.

Compression-Only Cardiopulmonary 
Resuscitation

It has been shown that ventilation during the first few 
minutes of ventricular fibrillation in adult cardiac arrest 
may not be essential. However, this is not true for most 
pediatric arrests, which are much more likely to be  
asphyxial and prolonged. The key difference is that during 
asphyxia, blood continues to flow to the tissues, causing 
oxygen saturation to decrease and carbon dioxide to  
increase. Pediatric patients need both prompt ventilation 
and chest compressions. However, if there is resistance to 
performing prompt ventilation, chest compression-only 
ventilation is better than doing no CPR.
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Head Injury
Joseph Grubenhoff, MD

Acute head injury is common in pediatric patients. It is 
responsible for more than 500,000 emergency depart-
ment visits annually. Of those, there are approximately 
60,000 hospitalizations and 7000 deaths. However, most 
children suffer only mild traumatic brain injury (mTBI; 
concussion). There is considerable controversy in the 
medical literature about how best to assess and manage 
victims of mild, moderate, and severe head injury. This 
algorithm is designed for practitioners in the office,  
urgent care, or community hospital setting.

	A.	 Airway, breathing, and circulation should be addressed 
first. Immobilize the cervical spine when significant 
forces or altered mental status are involved. Evaluate for 
irregular respirations, hypertension, and bradycardia 
(Cushing triad) indicating the presence of increased in-
tracranial pressure (ICP). Note any asymmetry of pupils 
and the Glasgow Coma Scale (GCS) score (Table 1). A 
score less than 9 suggests severe injury and the loss of 
airway protective reflexes; consider endotracheal intuba-
tion. Expose the patient to identify any other evidence 
of trauma. Treat increased ICP and any life-threatening 
conditions.

	B.	 Once stabilized, obtain a focused history and perform a 
complete physical examination. History should include 
the mechanism and time of injury; use of any protective 
equipment; presence, severity, and duration of symp-
toms associated with brain injury (Table 2); identifica-
tion of underlying medical conditions such as central 
nervous system (CNS) abnormalities, bleeding diathe-
ses, and the use of intoxicants. Abusive head trauma  
is a leading cause of death in children younger than  
1 year. Examine the head for the following findings: 
bruises, abrasions, lacerations, hematomas, bony de-
pressions, and full or bulging fontanelle. Note pupil size 
and reactivity, optic disc margins, and the presence of 
retinal hemorrhages. The absence of retinal hemor-
rhages on a nondilated examination does not exclude 
them. Note any periorbital bruising (raccoon sign), 
mastoid bruising (Battle sign), hemotympanum, otor-
rhea, or rhinorrhea; these findings suggest basilar skull 
fracture. A neurologic examination should focus on  
extraocular movements, motor strength, reflexes, pain 
sensation and proprioception, station, and gait.

	C.	 Assess severity of injury (Table 3). The GCS provides a 
uniform assessment of severity that can be used to facili-
tate communication between physicians and institutions.

	D.	 Children 2 years or older with normal mental status at 
the time of evaluation, a normal neurologic examination, 
less than 5 seconds of loss of consciousness, no vomiting, 
absence of severe headache, minor mechanism, no evi-
dence of basilar skull fracture, and no concerns for 
multisystem trauma do not require a computed tomo-
graphic (CT) scan. Observation of symptomatic children 

with mTBI (GCS $13) in the emergency department 
until it is clear their symptoms are dissipating is a rea-
sonable alternative to obtaining head CT.

Children younger than 2 years with minor mecha-
nisms, who are acting normally per caregiver, have a 
normal neurologic examination and mental status, less 
than 5 seconds of loss of consciousness, no scalp hema-
toma or evidence of skull fracture, no concerns for 
multisystem trauma or abuse, and who have a reliable 
caregiver at home do not require imaging.

	E.	 Most children with blunt head injury will suffer mTBI 
(concussion) defined as a transient alteration in mental 
status that may or may not involve a loss of conscious-
ness. Loss of consciousness is an unreliable tool for 
identifying mTBI and is not predictive of the severity 
of injury. Post-traumatic amnesia is a better predictor 
of severity and the likelihood of development of post-
concussion syndrome. The symptoms listed in Table 2 
are typical of mTBI. Concussions cause somatic, cogni-
tive, and emotional disturbances. Informal orientation 
questions are poor at detecting these disturbances. 
Consider using a standardized concussion evaluation 
tool that focuses on orientation, concentration, mem-
ory, and recall, such as the Standardized Assessment of 
Concussion. Many commonly used concussion grading 
scales with return-to-play guidelines exist. None is  
evidence based, and there is considerable variation in 
recommendations. Most authors agree that children 
should not return to sports until they are free of symp-
toms both at rest and with exertion. For children with 
postconcussive symptoms persisting past 48 hours, 
consider referral to a neurologist or pediatric rehabili-
tation specialist for more detailed assessment.

	F.	 The use of imaging should be directed by the history 
and physical examination. Skull radiographs are of lim-
ited value in the evaluation of children with head injury. 
Negative findings do not rule out intracranial injury. 
Positive findings often lead to obtaining more detailed 
studies. Noncontrast head CT is the study of choice in 
acute head injury. Indications for head CT include evi-
dence of depressed or basilar skull fracture, significant 
alteration or sudden deterioration in mental status, focal 
neurologic findings, persistent or worsening symptoms, 
concern for foreign body, the presence of a bleeding 
diathesis, or if there is a concern for abuse. Some  
authors recommend imaging for any infant younger than 
3 months because of the greater likelihood of occult  
intracranial injury.

	G.	 Evidence of intracranial bleeding, presence of a 
foreign body, depressed or basilar skull fracture, GCS 
score of 8 or less, anemia or a significant decline in  
hematocrit, the presence of a bleeding diathesis, or intra-
cranial instrumentation (e.g., ventriculoperitoneal shunt) 
should prompt immediate referral for neurosurgical  



419

evaluation. Consider referral for children with moderate 
injury (GCS score, 9–12) or whose mental status is not 
improving.

	H.	Patients with moderate-to-severe brain injury are at risk 
for electrolyte disturbances (syndrome of inappropriate 
antidiuretic hormone secretion, diabetes insipidus) and 
disseminated intravascular coagulation (DIC); consider 
obtaining a basic metabolic panel and DIC screen.  
Infants with an open fontanelle are at risk for anemia 
caused by hemorrhage. Consider obtaining a complete 
blood cell count (CBC). Children younger than 1 year 
with linear skull fractures are at risk for development of 
a leptomeningeal cyst. Outpatient follow-up evaluation 
by a neurosurgeon is recommended.

	I.	 Post-traumatic seizures occur in about 10% of all cases 
of blunt head trauma, with significantly greater rates  

in the moderately to severely injured child; 95% occur 
in the first 24 hours. Studies of postinjury prophylaxis 
irrespective of age show reduction of seizure rates by 
up to 66%; there is no improvement in neurologic 
outcomes or risk for death. Subsequent randomized, 
controlled trials in children do not show this dramatic 
reduction in seizure rates. Given the potential risks 
associated with antiepileptic drugs (e.g., Stevens–
Johnson syndrome), seizure prophylaxis is not recom-
mended. Children with persistent or recurrent seizure 
activity warrant intracranial imaging. Benzodiazepines 
are the first choice for acute management. Consider 
fosphenytoin (or phenobarbital for infants ,1 year) 
for ongoing seizures not responsive to benzodiaze-
pines. Obtain a head CT for recurrent or prolonged 
seizures.
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Table 1. Glasgow	Coma	Scale

Subscale Response	(verbal	child) Response	(infant,	young	child) Score

Best eye opening Spontaneous Spontaneous 4
To voice To voice/sound 3
To pain To pain 2
None None 1

Best verbal response Oriented Coos, babbles, interacts 5
Confused Irritable cry; consolable 4
Inappropriate words Cries to pain; inappropriate words 3
Inappropriate sounds Moans to pain; incomprehensible words 2
None None 1

Best motor response Obeys commands Spontaneous 6
Localizes pain Withdraws to touch; localizes pain 5
Withdraws from pain Withdraws from pain 4
Flexor posturing Flexor posturing 3
Extensor posturing Extensor posturing 2
None None 1

Table 2. Symptoms	of	Head	Injury

Headache
Nausea/vomiting
Blurry vision/diplopia
Tinnitus
Photophobia
Phonophobia
Irritability
Depression, feelings of sadness
Sleep disturbance
Slowed thinking
Memory disturbance/amnesia
Difficulty concentrating
Ataxia
Easily frustrated
Feeling like in a fog

Table 3. 	Severity	of	Injury	Based	on	Glasgow	Coma	
Scale	Score

Severity	of	Injury Score

Mild 13–15
Moderate 9–12
Severe 3–8

GCS, Glasgow Coma Scale.
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Neck Injury
Joseph Grubenhoff, MD

Pediatric cervical spine injury is uncommon, seen in only 1% 
to 2% of all pediatric trauma victims. The leading cause of 
injury for all age groups is motor vehicle collisions followed 
by sports-related mechanisms in children older than 8 years 
and falls in younger children. However, children are at sub-
stantial risk for morbidity and mortality if a cervical spine or 
spinal cord injury is present. Children are at risk for spinal 
cord injury without radiographic abnormality (SCIWORA) 
because of the differences in the pediatric cervical spine. 
There is considerable controversy in the medical literature 
regarding the use of corticosteroids in children with spinal 
cord injuries. This algorithm is designed for practitioners in 
the office, urgent care, or community hospital setting.

	A.	 Airway, breathing, and circulation (ABCs) should 
be addressed first. Immobilization of the cervical 
spine with a rigid age-appropriate collar is critical,  
especially when significant forces or altered mental 
status is involved. Expose the patient to identify any 
other evidence of trauma including penetrating neck 
trauma. It is important to recognize and treat spinal 
shock (hypotension and bradycardia, autonomic dys-
regulation). Fluids, and epinephrine if refractory  
to fluids, is the treatment of choice for spinal shock. 
Special attention to body temperature is required. 
Helmets should be removed if there are any indica-
tions that respiratory failure or airway compromise  
is present or imminent. Maintain in-line cervical 
spine immobilization; bivalving the helmet can aid in 
removal. Otherwise, it is acceptable to leave helmets 
in place until someone experienced in removal is 
available.

	B.	 Once stabilized, obtain a focused history and perform a 
complete physical examination. History should include 
the mechanism and time of injury; use of any protective 
equipment; presence, severity, and duration of symp-
toms associated with neck injury; identification of under-
lying medical conditions such as central nervous system 
(CNS) abnormalities, spine anomalies (Down syndrome, 
Arnold–Chiari malformation, Marfan syndrome, etc.), or 
the use of intoxicants. Examine the neck for the follow-
ing: tenderness in the posterior midline, step-off, crepi-
tus, and paraspinous tenderness. A neurologic examina-
tion should focus on blood pressure, heart rate, respiratory 
effort and mechanics, motor strength, reflexes, and pain 
sensation. Every effort must be made to remove children 
from spine boards as soon as possible to prevent pressure 
ulcers, especially if spinal cord injury is suspected.  
Patients presenting more than 24 hours from time of in-
jury or with delayed onset of neck pain are unlikely to 
have a serious cervical spine or spinal cord injury. In 

those who do, most were involved in motor vehicle acci-
dents or falls from significant heights, had distracting in-
juries, or were intoxicated at time of initial presentation.

	C.	 Penetrating trauma to the neck should prompt referral 
to a pediatric trauma center.

	D.	 In certain instances, the cervical spine can be “cleared” 
clinically and immobilization discontinued without  
obtaining radiographs. The following criteria must  
be satisfied: (1) no midline cervical spine tenderness  
or step-off; (2) no focal neurologic findings; (3) no dis-
tracting painful injuries (fractures, substantial lacera-
tions, abdominal injuries, etc.); (4) normal mental  
status; and (5) no intoxicants, narcotics present. Cau-
tion should be exercised in applying these rules to 
children younger than 9 years and especially younger 
than 2 years.

Often trauma patients will receive narcotics in the 
field or will have appendicular skeletal fractures re-
quiring reduction. If there is low suspicion of cervical 
spine injury and no focal neurologic deficit or evidence 
of spinal shock, it is reasonable to repeat an examina-
tion after the effects of narcotics have worn off and 
fractures are appropriately splinted. If there is no mid-
line cervical tenderness at that time, immobilization 
may be safely discontinued assuming the other criteria 
noted earlier have been met.

	E.	 If the earlier criteria cannot be met, consider imaging 
the cervical spine. Plain radiographs are usually ade-
quate. A minimum of three views is required to achieve 
a sensitivity of 95%: (1) a lateral projection that in-
cludes C1-7 and the C7-T1 junction; (2) an anteropos-
terior (AP) projection; and (3) open mouth odontoid. 
Additional images such as oblique films, swimmer’s 
view, or flexion-extension views may be necessary to 
complete the evaluation. Consultation with a radiolo-
gist is strongly encouraged given the radiologic differ-
ences of the pediatric cervical spine (Table 1).

	F.	 Computed tomographic (CT) scans provide more 
detail of the cervical vertebral anatomy, especially 
when AP and coronal reconstructions are performed. 
However, they administer a substantially greater dose 
of radiation, and plain radiographs can usually pro-
vide adequate evaluation of the cervical spine. Indica-
tions for CT include possible but poorly defined 
fracture identified on plain films; delineation of com-
plex fractures; inability to obtain adequate plain films 
because of patient factors (e.g., C1-2 evaluation in 
infants and toddlers). Given the cumulative risk for 
radiation exposure and expense, routinely performing 
CT of the neck in conjunction with a head CT is not 
recommended.

(Continued on page 424)
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of the literature concluded that methylprednisolone is 
not an evidence-based standard of care for patients with 
spinal cord injury. No study has evaluated the role of 
methylprednisolone in pediatric patients younger than 
14 years. Based on the lack of evidence in pediatrics and 
the potential adverse effects of high-dose corticosteroids, 
methylprednisolone treatment is not recommended for 
pediatric patients with spinal cord injury.

	G.	 Children with negative radiographic findings of cervi-
cal spine injury who continue to have pain may be 
discharged in a rigid collar with recommendations for 
follow-up for repeat examination by their primary care 
physician.

Children with positive findings should be referred 
for pediatric neurosurgical or orthopedic evaluation. 
Consider vascular imaging.

	H.	 Children with focal neurologic deficits or spinal shock 
require magnetic resonance imaging (MRI) once stabi-
lized. Children can have SCIWORA because of differ-
ences in anatomy. SCIWORA accounts for approxi-
mately 20% of all cervical spine injuries in children, 
but only 0.5% of all pediatric trauma victims. Because 
children undergoing MRI often require sedation, the 
practitioner must carefully consider the risks of seda-
tion with the benefit of gaining information regarding 
cord injury. This study can be deferred until the patient 
arrives at a regional pediatric trauma center and should 
not delay transfer.

	 I.	 When spinal cord injury is present, practitioners have the 
option to start high-dose corticosteroids. A recent review 

Table 1. 	Differences	in	the	Pediatric	Cervical	Spine	
(Children	,8	Years)

Greater ligamentous laxity
Higher fulcrum (C2-3 at 1 year; C3-4 at 5–6 years; C5-6 at 8 years)
Weaker paraspinous musculature
More shallow angles of facet joints
Proportionally larger head
Incomplete ossification
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Patient with NECK INJURY
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 is NOT routinely recommended for treatment of spinal cord injury in children.
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Chest Trauma
George S. Wang, MD

Approximately 4% to 6% of hospitalized children with 
trauma have chest injuries. The presence of chest injuries 
increases the mortality of trauma patients twentyfold and 
accounts for 14% of trauma-related deaths, only second to 
head injuries. The majority of pediatric chest injuries 
(greater than 80%) are attributed to blunt trauma, and  
motor vehicle-related injuries account for at least 75% of 
chest injuries.

	A.	 The physiology of the pediatric chest wall is quite dif-
ferent from the adult chest wall. Pediatric chest wall is 
highly compliant because of the greater amount of car-
tilage; thus, there can be intrathoracic injuries without 
rib fractures or chest wall injury. The mediastinum is 
mobile and cardiac function is primary preload and rate 
dependent. In addition, infants and young children 
have lower functional residual capacity and are prefer-
ential diaphragm breathers, so abdominal injuries can 
affect ventilation. Intra-abdominal injuries should be 
investigated to any injuries at the level of the sixth rib  
or below. Initial management of a chest trauma patient 
begins with the initial assessment per Pediatric  
Advance Life Support and Advanced Trauma Life  
Support: airway, breathing, and circulation (ABCs). 
Initial primary survey is then followed by secondary 
survey and obtaining history from witnesses and  
Emergency Medical Services (EMS).

	B.	 During physical examination, inspection for chest wall 
rise, position of airway, respiratory rate, and cardiopul-
monary auscultation can provide information about 
potential injuries. Pulse oximetry will help in your 
evaluation of oxygenation. Circulatory status must be 
evaluated after airway and breathing has been stabi-
lized. The physical examination is not always reliable in 
determining thoracic injury, so a high index of suspi-
cion should be maintained. Signs of injury include 

tachypnea, tachycardia, jugular venous distention,  
pallor, narrow pulse pressure or pulsus paradoxus,  
nasal flaring, grunting, retractions, decreased breath 
sounds/heart sounds, poor or asymmetric chest wall 
rise, crepitus, hypoxia, ecchymosis, or abrasions.

	C.	 Laboratory and imaging studies depend on the suspicion 
of injury. CBC can help evaluate for hemorrhage, and a 
blood gas can evaluate ventilation. Chest radiograph 
helps identify 60% to 90% of injuries. However, chest CT 
is more helpful in further delineation of injuries noted  
on chest radiograph or high clinical suspicion despite 
normal chest radiograph. Even though ECG can be 
helpful, echocardiography is more definitive, and cardiac 
enzymes can also aid in diagnosis for cardiac injuries.  
The majority (.90%) of chest trauma can be managed 
nonoperatively.

	D.	 Immediate life-threatening injuries such as airway 
obstruction, tension pneumothorax, hemothorax, and 
pericardial tamponade must be treated before further 
imaging/evaluation.

	E.	 Pulmonary injuries consist of contusions, lacerations, 
pneumothoraces, hemothoraces, or pneumohemotho-
races. Cardiac injury is rare; contusions are more com-
mon than lacerations. Great vessel injury is also rare but 
has a high mortality. The aorta is most commonly injured. 
Chest wall injuries such as rib fractures, sternal fractures, 
scapular fractures, and flail chest must be investigated. 
Lastly, diaphragmatic, esophageal, and tracheobronchial 
injuries are often overlooked but must be considered in 
thoracic injury.

	F.	 Surgical intervention is needed for suspicion or evi-
dence of the following injuries: persistent hemorrhage, 
pneumothorax, hemothorax or hemopneumothorax, 
pneumomediastinum, cardiac injury, tracheobronchial 
injury, esophageal injury, diaphragmatic injury, or  
major vascular injury.
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Abdominal Trauma
Joe Wathen, MD

Intra-abdominal trauma occurs from blunt forces in about 
90% of the cases, most commonly from motor vehicle col-
lisions, auto-pedestrian accidents, falls, sports, bike, and 
child abuse. Multisystem injuries are common. Pediatric 
abdomen is more susceptible to abdominal trauma be-
cause of decreased musculature and fat, as well as more 
exposed solid organs and bladder. Abdominal trauma is the 
most common unrecognized cause of fatal injuries. Hypo-
volemic shock can occur from “hidden” intra-abdominal 
sources.

	A.	 Historical items that are important to consider in all 
traumas include when the injury occurred, the mecha-
nism, surrounding environment, and the severity of the 
forces. Obtaining a history can be difficult because of 
the urgency of the situation, associated intracranial in-
juries, a preverbal child, alcohol or drug use, and un-
available parents. In vehicular trauma, inquire about 
the speed of the collision, damage to the automobile, 
and whether proper restraint devices were used. In 
penetrating trauma, attempt to determine the type of 
weapon, number of shots or stab wounds inflicted, and 
approximate blood loss. Note symptoms including ab-
dominal pain, low chest pain, back pain, pelvic pain, 
vomiting, and hematuria.

	B.	 Assess the patient for multiple trauma. The primary sur-
vey is conducted first, addressing the airway with cervical 
spine immobilization, breathing and ventilation, circula-
tion and hemorrhage control, disability, and exposure/
environment. During the primary survey, identify and 
manage life-threatening injuries. Give oxygen and obtain 
intravenous or intraosseous access. Identify shock ini-
tially by tachycardia and signs of inadequate tissue perfu-
sion. Hypotension represents a late finding. If significant 
head trauma has occurred, consider the need for imme-
diate neurosurgical intervention. In severe or multiple 
trauma situations, stabilize by addressing any compro-
mise of airway, breathing, and circulation, and involve a 
trauma surgeon promptly. Consider referral to an appro-
priate trauma facility.

The evaluation for intra-abdominal injuries begins 
with a high index of suspicion in any traumatized pa-
tient. Blunt injuries may initially have subtle findings on 
physical examination. Inspect the abdomen, lower 

chest, back, flanks, and pelvis for abrasions, ecchymosis, 
lacerations, or signs of a penetrating injury. Abdominal 
wall ecchymosis is the hallmark finding for the lap belt 
complex (i.e., associated intra-abdominal injury and 
lumbar spine fracture). Auscultate for absent bowel 
sounds suggestive of an ileus. Gently palpate the entire 
abdomen to localize tenderness while noting the pres-
ence of involuntary guarding and rebound tenderness 
(Table 1). Abdominal tenderness, distention, and shock 
suggest intra-abdominal injuries. A rectal examination 
should be performed to look for blood that may indicate 
a bowel perforation and to assess sphincter tone for 
spinal cord integrity. Examine the genitourinary (GU) 
structures for urethral blood, scrotal swelling and pain, 
or vaginal bleeding. Intra-abdominal injury may initially 
exist in the absence of any physical examination find-
ings; therefore, serial examinations are important.

	C.	 Laboratory evaluation includes a hematocrit or com-
plete blood cell count (CBC), urinalysis (UA), and in 
some cases, a type and cross match. Gross hematuria is 
often a mark of intra-abdominal injury. Radiographic 
studies include a cervical spine series and chest and 
pelvis films. Abdominal computed tomography (CT) is 
an excellent imaging study for solid organ injury, with 
indications listed (Table 2). Repeat abdominal CT may 
be needed (i.e., in 6 hours) when clinical findings are 
significant and the initial CT is negative. Focused ab-
dominal sonography in trauma (FAST) is used in many 
institutions as a rapid diagnostic tool detecting hemo-
peritoneum and hemopericardium. Ultrasound has 
only modest sensitivity in detecting hemoperitoneum 
(76–84%), with better specificity (95–97%) in exclud-
ing hemoperitoneum. It cannot be used as the sole test 
to exclude intra-abdominal injury and should be an 
adjunct to clinical suspicion. Positive findings on ab-
dominal ultrasound warrants further computed tomog-
raphy. Diagnostic peritoneal lavage has fallen out of 
favor as a screening tool on children in most instances. 
Pediatric diagnostic peritoneal lavage should be per-
formed only by experienced surgeons because of its 
invasive nature, with associated increased risk for inju-
ries to the intra-abdominal organs. Retrograde ure-
throgram may occasionally be indicated to detect blad-
der and urethral injury.

(Continued on page 430)
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Child with ABDOMINAL TRAUMA

Assess degree of severity

Severe Very severeModerate

Stabilize ABCs:
  Airway with spine precautions
  Breathing
  Circulation

Complete blood count
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Table 1. Degree	of	Severity	in	Abdominal	Trauma

Mild	to	Moderate Severe Very	Severe

Minor mechanism Mechanism—substantial force with risk for 
intestinal injury

Multisystem trauma, penetrating injury

Asymptomatic with severe hemodynamic 
stability

Abdominal tenderness—not resolving;  
abdominal distention, guarding, or  
rebound

Abdominal tenderness—with hemodynamic instability

Minor or no abdominal pain Able to maintain hemodynamic stability Rapidly falling hematocrit
Fracture of lower six ribs, lumbar spine Massive hemoperitoneum

Pneumoperitoneum
Hematuria

Table 2. 	Indications	for	Abdominal	Computed	
Tomography

Mechanism of injury suggesting abdominal trauma
History or physical examination findings suggestive of liver, spleen, or 

renal injury (abdominal tenderness, distention, guarding, rebound, 
abdominal wall ecchymosis)

Hemodynamic compromise
Slowly declining hematocrit
Unaccountable fluid or blood requirements
Hematuria
Unreliable physical examination because of head injury, drugs, or  

general anesthesia
Persistent abdominal tenderness
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	D.	 Most patients with suspected abdominal injury need 
admission for re-evaluation and repeat or additional 
diagnostic studies. The early diagnosis of intestinal in-
juries is difficult and can be missed with computed to-
mography. In particular, lap belt injuries can cause a 
hollow viscus injury that is difficult to diagnose. In 
children with a seat belt ecchymosis or otherwise at 
risk for intestinal injury, a period of observation and 
re-evaluation is warranted. Monitor for signs and 
symptoms of increasing abdominal pain, fever, tachy-
cardia, and increased white blood cell (WBC) count. 
The timely treatment of this injury relies on a high  
index of suspicion and serial examinations, with in-
volvement of a trauma surgeon.

	E.	 Home follow-up includes instructions to the parents to 
observe for signs of delayed presentation of an intra-
abdominal injury. Late findings of an intestinal stric-
ture caused by localized ischemia and fibrosis can oc-
cur even several weeks after injury. Post-traumatic 
intestinal obstructions should be suspected in children 
who develop signs and symptoms consistent with a 
partial small bowel obstruction. A common scenario is 
a duodenal hematoma after a bicycle handlebar injury 
to the abdomen. Parents should monitor for nausea, 
bilious vomiting, abdominal pain, and distention. Con-
sider an upper gastrointestinal study with small bowel 
follow-through in this situation.

	F.	 Indications for immediate laparotomy include multi-
system trauma with need for a craniotomy in the pres-
ence of a positive result of diagnostic peritoneal lavage 
or radiographic or other evidence of significant intra-
abdominal injury, hemodynamic instability without 
evidence of extra-abdominal injury, penetrating inju-
ries to the abdomen, pneumoperitoneum, and signifi-
cant abdominal distention associated with hypotension.
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Child with ABDOMINAL TRAUMA
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Genitourinary Trauma
Sarah Halstead, MD

Genitourinary (GU) and pelvic trauma results from blunt 
trauma about 80% of the time, most commonly from motor 
vehicle collisions (MVCs), falls from height, saddle injuries, 
and direct blows to the torso or external genitalia. Penetrat-
ing injuries, including gunshot wounds and stabbings, are 
less common in children than in adults. GU injuries include 
injuries to the external genitalia, urethra, bladders, ureters, 
and kidney. The kidney is the most common GU injury en-
countered in children, accounting for greater than 47% of 
GU trauma, and after liver and spleen injuries is the third 
most common solid-organ injury seen in children. Simulta-
neous upper and lower tract injuries are rare, and often in-
compatible with survival, whereas isolated urologic injuries 
are rarely the cause of death. Injuries to the GU area are 
often associated with pelvic fractures. Pelvic fractures with 
greatest risk for associated GU injuries include concomitant 
fractures of all four pubic rami or fractures of both ipsilat-
eral rami accompanied by massive posterior disruption 
through the sacrum, sacroiliac joint, or ilium. Low-risk inju-
ries include single ramus fractures and ipsilateral rami frac-
tures without posterior ring disruption. The risk for urethral 
injury approaches zero with isolated fractures of the ace-
tabulum, ilium, and sacrum. Overall, urethral disruption 
accompanies pelvic fracture in approximately 5% of cases in 
women and up to 25% in men, with risk varying depending 
on the fracture.

	A.	 Determine the time, circumstance, and severity of the 
trauma. As with all traumas, inquiring about forces of 
blunt trauma (i.e., speed of collision, damage to the 
automobile) or penetrating trauma (i.e., number of 
stab wounds) will help risk stratify the patient. Because 
GU/pelvic injuries are rarely life threatening and often 
associated with head and abdominal trauma, it is im-
portant to stabilize the patient and manage all life-
threatening conditions first. In severe or multiple 
trauma, make sure airway, breathing, and circulation 
(ABCs) are managed before performing secondary 
survey. In an unstable patient, consult with a trauma 
surgeon promptly and consider referral to an appropri-
ate trauma facility. Identify predisposing conditions 
(i.e., GU surgeries, pregnancy, bleeding disorders).

	B.	 Once the primary survey is complete and airway, breath-
ing, and circulation are secure, evaluate the patient for 
intra-abdominal or pelvic injuries that might raise the 
concern for GU injury. Because blunt injuries are often 
subtle, it is important to closely inspect the abdomen, 
flank, back, and pelvis for bruising, deformities, lacera-
tions, or abrasions. Flank tenderness, flank hematoma, 
or palpable flank mass should raise the concern for  
significant renal injuries, although they might not be 
present initially. With both significant renal injuries and 
pelvic fractures, blood loss can be considerable, so 
monitoring for tachycardia, inadequate tissue perfusion, 

and hypotension need to be on ongoing process. An 
enlarging flank mass in the absence of retroperitoneal 
bleeding suggests urinary extravasation and should raise 
the concern for ureteral injury. Ureteral injuries, how-
ever, are often asymptomatic initially and therefore 
missed. The inability to void, especially if accompanied 
by lower abdominal tenderness, should raise concerns 
for bladder or urethral injury. After a thorough abdomi-
nal and pelvic examination, an external genitalia exami-
nation should be performed. Upward blows to the 
scrotum can result in testicular dislocation, so palpation 
of both testicles is essential in this type of injury. Ecchy-
mosis, swelling, or pallor of the testicles/scrotum may be 
signs of torsion, rupture, or displacement. Looking for 
blood at the meatus/introitus is important when evaluat-
ing for a urethral injury, although it is not always present. 
If blood is seen at the urethral meatus, catheterization 
must be avoided. Perineal ecchymosis (especially if in 
the shape of a butterfly) is typical for anterior urethra 
injury.

	C.	 Laboratory evaluation includes hematocrit and urine 
analysis. Gross hematuria, although considered the 
hallmark sign of GU injury, may be absent even in  
severe injuries. Greater than two thirds of blunt blad-
der injuries present with gross hematuria, with micro-
hematuria, defined here as $25 red blood cells (RBCs)/
high-powered field (HPF), is present in nearly all re-
maining cases. Ureteral injuries, however, will present 
with hematuria only 70% of the time. Plain films of 
pelvis are often obtained in patients who sustain pelvic 
or lower abdominal trauma. Although the American 
College of Surgeons Committee on Trauma recom-
mends the use of pelvic radiography for all patients 
who have sustained a multisystem blunt traumatic in-
jury, pelvic fractures remain uncommon in pediatrics. 
Patients who are older than 9 years, patients who were 
in an MVC, or pedestrians struck by a vehicle have a 
greater likelihood of having pelvic fractures.

	D.	 If a child presents with significant trauma and/or gross 
hematuria, CT abdomen/pelvis is indicated. If CT 
scan is not available or the patient is unstable, an  
intravenous pyelogram can be preformed to assess for 
renal injury. An intravenous pyelogram is preformed 
by administering 2 ml/kg (maximum: 100 ml) nonionic 
contrast agent intravenously and obtaining a flat plate 
plain film 10 minutes later. Indications of renal injury 
include delayed excretion of contrast by the injured 
kidney, nonvisualization of the caliceal system, or  
extravasation of contrast into the perinephric tissues. 
If there are concerns for a bladder injury, and there is 
no pelvic fracture or blood seen at the meatus, a ret-
rograde cystogram can be performed. The urethra is 
catheterized, making sure that the bladder is full. A 
cystogram is then obtained with anteroposterior and 
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oblique views as well as a postdrainage film. If there 
are concerns for a urethral injury or catheterization of 
the bladder is unsuccessful or contraindicated, then  
a retrograde urethrogram should be completed.  
Because bladder catheterization could turn a partial 
urethral tear into a complete transection, a urethro-
gram would ideally be obtained before bladder cath-
eterization. However, urethral injuries, especially in 
female patients without significant pelvic fractures, 
are uncommon. For concerns for scrotal or testicular 
injury, ultrasound remains the gold standard, and 
these, together with urethral injuries, are often missed 
on CT scanning alone.

	E.	 Pediatric patients who have microscopic hematuria and 
no other associated injuries may be suspected of having 
isolated renal contusions, and may be followed with  

serial urinalysis with no immediate imaging. If micro-
scopic hematuria persists for more than 1 month,  
imaging is then recommended.

	F.	 Management: In cases of blunt trauma and grade 1–3 
renal injuries, conservative management is acceptable. 
Strict bed rest, analgesia, and prophylactic antibiotics are 
used until gross hematuria resolves and limited activity 
until microscopic hematuria resolves. In patients with 
penetrating injuries or grade 4–5 renal injuries, trauma 
surgery evaluation should be obtained. Although most 
penetrating renal injuries are managed surgically, many 
blunt renal injuries are being managed expectantly.  
Patients treated without surgery have a complication  
rate up to 50% (recurrent hemorrhage, extravasation, 
urinoma formation, infection, infarction, and segmental 
hydronephrosis) but a slightly lower nephrectomy rate.

Child with GENITOURINARY TRAUMA
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KIDNEYS

The Organ Injury Scaling Committee of the American  
Association for the Surgery of Trauma:

Grade 1: Injuries include contusions or subcapsular 
nonexpanding hematomas (60%–90%)

Grade 2: Nonexpanding hematomas confined to the 
retroperitoneum or lacerations less than 1 cm in 
depth without urinary extravasation

Grade 3: Lacerations extending more than 1 cm into 
the renal cortex without collecting system rupture or 
urinary extravasation

Grade 4: Lacerations extending into the collecting 
system or renal vascular injuries with contained 
hemorrhage

Grade 5: Completely shattered kidneys or avulsions of 
renal hilum with devascularized kidneys (3% of renal 
injuries)
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Upper Extremity Trauma
Julia Fuzak, MD

Upper extremity injuries are common in pediatric  
patients. A careful history will help determine the  
nature of the injury, with simple falls resulting in mild  
or moderate injuries, and high-energy trauma such as 
motor vehicle accidents and falls from heights causing 
severe injuries. Repetitive movements may lead to over-
use syndromes. Most injuries to the upper extremity in 
the pediatric patient result from a fall onto the arm or 
an outstretched hand. Common fractures include the 
clavicle, elbow, forearm, and distal radius.

	A.	 Assess the degree of injury. The signs of injuries in 
the upper extremity include swelling, point tender-
ness, deformity, and possible reluctance to move the 
extremity. Mild injuries often result in diffuse, poorly 
localized pain without evidence of joint effusion. 
Gross deformity, point tenderness, rapid onset of  
effusion, and obvious ligamentous instability suggest 
a severe injury. Gross deformity, point tenderness, 
and crepitus indicate a fracture. Open wounds in the 
vicinity of the injury indicate a possible open fracture, 
which requires immediate treatment and consultation 
with an orthopedist. Pulses and sensation distal to the 
injury should be assessed to determine whether there 
is a nerve or vascular injury necessitating emergent 
evaluation and treatment. If the extremity appears 
grossly deformed and pulses are not present, the arm 
should be repositioned and the deformity corrected 
immediately. All fractures should be splinted before 
transfer of the patient. Always be alert for signs  
of nonaccidental trauma, including a history that is 
inconsistent with the injury, a delay in treatment, 
multiple fractures, metaphyseal fractures, posterior 
rib fractures, and fractures in nonambulatory pa-
tients. Treat acute injuries with rest, ice, elevation, 
and mild compression for the first 24 to 36 hours  
to help control pain and swelling. Apply ice (not in 
direct contact with skin) for 20 minutes at a time. If 
the injury is chronic or associated with repetitive  
actions such as pitching, playing tennis, swimming, or 
gymnastics training, it should initially be treated with 
rest, ice, and elevation, and followed by a rehabilita-
tion program. This should include gentle range- 
of-motion exercises and muscle strengthening and 
stretching before a gradual resumption of activities. 
This regimen should also be followed for sprains and 
strains.

	B.	 The most common shoulder injury is clavicle fracture, 
which often occurs secondary to fall onto an out-
stretched arm, fall onto the lateral shoulder, or direct 
blow to the clavicle. This injury may also be seen in the 
newborn period after a difficult delivery. Fractures 
typically occur in the middle to lateral third of the 
clavicle and cause mild swelling over this area with 

point tenderness. A bony deformity or crepitus can 
often be palpated. Neurovascular complications are 
rare with clavicle fractures, but a detailed examination 
of the affected upper extremity is suggested. In chil-
dren, clavicle fractures do not require reduction and 
can be managed by immobilizing the shoulder girdle 
with a sling and swath or figure-of-eight dressing. 
Clavicle fractures generally heal in 3 to 4 weeks, and 
patients can expect return to function in 4 to 8 weeks. 
Adolescent patients should be referred to orthopedics 
within 2 to 3 days.

	C.	 Fractures of the humerus may cause injury to the 
radial nerve. The patient should be assessed for 
numbness over the dorsal hand or weakness of the 
hand and wrist. Most simple fractures to the radius 
heal without surgery. Casting is not possible with 
most types of humerus fractures. If the elbow is not 
involved, the arm should be placed in a sling and the 
fracture will heal with time.

	D.	 Elbow injuries may be complex. A careful history of 
the injury will delineate simple injuries from frac-
tures that require referral to an orthopedist. Nurse-
maids’ elbow is a simple and common childhood  
injury that results from traction on the upper extrem-
ity such as lifting the child by one arm. The injury 
consists of subluxation of the radial head caused by 
displacement of the annular ligament. This occurs in 
toddler-aged children who present with refusal to use 
an arm. The affected arm is often held at the patient’s 
side with the elbow slightly flexed and the forearm 
pronated. If the history of injury is consistent with  
a traction mechanism, a nursemaids’ elbow can be 
easily reduced in the primary care setting. This is  
accomplished by gentle, quick, complete flexion of 
the elbow with simultaneous supination of the fore-
arm. The elbow should be cupped firmly during this 
maneuver because successful reduction is usually  
accompanied by a click felt over the area of the radial 
head. The child will usually regain function with  
several minutes. If function does not return promptly, 
the arm should be placed in a posterior long-arm 
splint for several days, and radiographs should be 
considered to rule out other injury. If reduction is 
successful, the family should be counseled on the 
mechanism of this injury and risk for recurrence. 
Elbow fractures are more severe injuries and should 
be suspected in any child with swelling around the 
elbow, refusal to flex or straighten the joint, and  
history of fall. If these symptoms are present, radio-
graphs should be obtained. Attention should be paid 
to the ossification centers and the order in which 
they appear (Figures 1 and 2). An anterior fat pad is 
normal, but a posterior fat pad is pathologic.  
If supracondylar or epicondylar fracture of the  
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humerus is suspected, the arm should be placed in a 
posterior long arm splint for stabilization, and an or-
thopedic surgeon should be consulted. These injuries 
generally require operative repair. Injuries to or dis-
tal to the elbow should prompt a careful neurovascu-
lar examination. This should include sensory testing 

with two-point discrimination. Motor function of the 
radial nerve can be tested by extension of the fingers 
and wrist against resistance. The median nerve can 
be tested by having the patient make an “OK” sign, 
and the ulnar nerve can be assessed by having the 
patient separate the fingers against resistance.

Stepwise assessment of an
acute upper extremity injury
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	E.	 Forearm fractures are common in children and usually 
result from a fall onto an outstretched hand but may 
also occur secondary to a direct blow to the forearm. 
Buckle (greenstick or torus) fractures with less than  
20 degrees of angulation are stable and can be splinted 
with follow-up in 3 to 4 weeks. A Monteggia fracture 
(fracture of the proximal third of ulna with associated 
dislocation of the radial head) or Galeazzi fracture  
(radial shaft fracture with associated dislocation of the 
distal radioulnar joint) requires immediate reduction. If 
no fractures of the upper extremity are seen on radio-
graph but the child continues to have point tenderness 
over the radial and ulnar physis, the arm should be 
placed in a splint with follow-up in 7 days to re-evaluate 
for Salter–Harris type I fracture.

	F.	 Wrist injuries are also common in children and are also 
often associated with a fall onto an outstretched hand. 
If point tenderness or pain with range of motion is 

Figure	1.	 The capitellum (C) appears first, followed by 
the radial head (R), internal (medial) epicondyle (I), 
trochlea (T), olecranon (O), and external (lateral)  
epicondyle (E). From www.radiologyassistant.nl.

E

I

T

O

C

R

R
I

O

C

Figure	2.	 A true lateral view with the elbow flexed to 
90 degrees is essential. On lateral view, an hourglass  
figure can be seen at the distal radius. Both the anterior 
humeral line and radiocapitellar line should bisect the 
capitellum (C). From http://i225.photobucket.com/
albums/dd253/drkmliau/elbow%20x%20ray/Elbow7.jpg

C

noted, radiographs should be obtained. The child 
should be carefully examined for scaphoid fracture 
because these are at risk for avascular necrosis and 
poor healing. Findings suggestive of scaphoid fracture 
include tenderness over the “snuff box” area or pain 
with axial load on the thumb. If scaphoid fracture is 
suspected, the patient should be placed in a thumb 
spica splint and referred to orthopedics in 1 week.

(Continued on page 440)
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	G.	 Lacerations to the upper extremity can be repaired 
after copious irrigation and assessment for neurovascu-
lar or tendon injury. Deep sutures should be avoided in 
the wrist and the hand.

	H.	 Shoulder dislocation occurs more frequently in ado-
lescents than in younger children because epiphyseal 
growth plate fractures tend to occur before dislocation 
in this age group. Anterior shoulder dislocations are 
far more common than posterior dislocations (,97% 
vs. 3%) and result from abduction, extension, and ex-
ternal rotation, such as when preparing for a volleyball 
spike. The dislocated arm is held in slight abduction 
and external rotation. The shoulder appears “squared 
off” or boxlike with loss of the deltoid contour, and the 
humeral head is usually palpable anteriorly. The  
patient will resist movement. Axillary nerve injury 
should be assessed by testing for sensation over the 
deltoid muscles. Sensory and motor function of the 
radial and musculocutaneous nerves should also be 
evaluated. Prereduction and postreduction radio-
graphs including axillary Y view are recommended to 

evaluate for fracture. The patient may require proce-
dural sedation to achieve adequate muscle relaxation 
for reduction. The shoulder can usually be reduced 
with the following method: Stabilize the elbow against 
the trunk with one hand. With the elbow flexed at  
90 degrees, gradually allow the forearm to move  
laterally to the extent that muscle relaxation allows, 
pausing for pain. Never use force. The shoulder will 
likely reduce before the forearm reaches the coronal 
plane. If not, proceed slowly with abduction of the 
humerus until forearm is over head. The arm should 
then be immobilized in a sling and neurovascular  
examination should be repeated.
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Lower Extremity Trauma
Patrick Mahar, MD

	A.	 The first step in determining the cause of the lower 
extremity trauma is a complete history. An abrupt onset 
of pain and/or decreased ability to use the effected ex-
tremity would suggest an acute injury, whereas a more 
insidious onset of pain may suggest a chronic injury. A 
history of a distinct traumatic event, such as a fall, a 
twisting of involved joint, or being struck by something 
can help dictate the workup and treatment of the injury. 
The physical examination will also be helpful in deter-
mining the workup and the diagnosis of the traumatic 
lower extremity injury. It is important to examine not 
only the joint/area where the patient is reporting pain, 
but also to pay special attention to the joint above and 
below the site of injury. The nature and severity of the 
injury can often be predicted by the events of the injury. 
Injuries that involve a direct high-energy force (such as 
being struck by an automobile), may be an indication of 
long bone and/or pelvic fractures, whereas a simple 
twisting injury (such as an ankle inversion injury) may 
predict a simple sprain. In cases where there is not a 
clear story to the injury, one must consider an overuse 
injury in older children/adolescents and nonaccidental 
trauma in infants and toddlers. If there is no history, the 
history changes, and/or the degree of injury does not fit 
the history, one must look for signs of nonaccidental 
trauma by having patient fully undressed and look for 
bruising or other signs of injuries. If an injury is thought 
to be secondary to nonaccidental trauma, the proper 

authorities must be notified (including police and social 
services). Findings such as multiple fractures of differ-
ing ages, metaphyseal lesions, posterior rib fractures, 
and long-bone fractures in children younger than  
2 years are often associated with nonaccidental trauma.

	B.	 The findings on physical examination should dictate 
whether and what types of radiographic studies are 
called for. A patient with severe pain, point tenderness, 
gross deformity, and/or inability to ambulate will most 
likely require an x-ray film to try to identify any frac-
tures or dislocations. Temporary splinting of the in-
jured area can provide pain relief and protection from 
further injury when moving the patient to obtain radio-
graphic studies. No x-ray film would be needed if the 
physical examination shows a patient with the ability to 
bear weight and ambulate, together with minimal soft-
tissue swelling and full range of motion. Severe inju-
ries, such as an unstable pelvis, open fracture, and/or 
loss of distal pulses, should lead to an immediate ortho-
pedic consult. In the acute setting, x-ray films are the 
most available and inexpensive radiographic test. The 
downside of x-ray films is that they cannot give a true 
picture of tendons, ligaments, and cartilage. For  
patients with injuries chronic in nature, x-ray films may 
provide only a limited amount of information, but are 
usually obtained before more expensive radiographic 
studies such as magnetic resonance imaging (MRI) or 
bone scans.

(Continued on page 444)
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	C.	 A majority of the lower extremity fractures seen in 
children and adolescents are nondisplaced tibial frac-
tures or torus (buckle) fractures. These fractures pre-
sent pain with ambulation or inability to bear weight 
and mild swelling with point tenderness on examina-
tion. The radiographic findings are usually minimal. In 
young children learning to walk, a common fracture 
seen is a nondisplaced distal tibia spiral fracture (i.e., 
toddler fracture). Most children with toddler’s frac-
tures are brought to a medical provider with complaint 
of refusing to bear weight on the affected extremity. In 
many cases, there is no history of significant trauma  
or history of only a minor fall. Often, the physical  
examination shows a normal examination with the ex-
ception of patient refusing to bear weight on affected 
leg and possible local tenderness with palpitation of 
distal tibia. When x-ray films are obtained, the radio-
graphic findings are subtle, and initial radiographs may 
be normal in as many as 43% of cases. These injuries 
do not require immediate orthopedic evaluation, as 
treatment in the acute setting is splinting. The ankle 
should be splinted at 90 degrees (i.e., neutral position) 
to provide support and control pain. A posterior short-
leg splint is sufficient, and a sugar-tong (i.e., coapta-
tion) splint can be added for additional mediolateral 
support. These patients should follow up with orthope-
dist or sports medicine physician in 1 week for re-
evaluation and possible casting. It is important to have 
significant amounts of cast padding in place, especially 
over any potential pressure points, and to stress to  
patient/caregivers that these splints are not made to be 
used for ambulation and doing so could lead to exten-
sive skin breakdown and complications. In toddlers, 
another cause for acute onset of not bearing weight 
without a known precipitating event is a foreign body 
in foot; thus, close examination of the bottom of feet is 
important.

	D.	 Soft-tissue injuries are a common diagnosis when a 
patient presents with an acute lower extremity trauma. 
This would include injuries involving ligaments, ten-
dons, cartilage, and/or muscles. The ankle and knee are 
the joints most often associated with soft-tissue inju-
ries. Physical examination findings associated with 
acute lower extremity joint injuries include significant 
joint effusion, joint instability, and point tenderness. 
The severity of the ligament injury (sprain) is graded 
based on severity of injury from the least (grade I) to 
the most severe (grade III).

	1.	 Grade I: There is pain and no laxity with testing. 
There may be small tears in the ligament, yet the 
majority of the ligament is intact.

	2.	 Grade II: There is a partial tear in the ligament, yet 
the majority of the ligament is intact. There is in-
creased ligamentous laxity and an end point with 
provocative testing.

	3.	 Grade III: There is complete disruption of the liga-
ment. There is gross laxity with provocative testing 
and no end point.

The grades of sprains are easiest to determine in the 
immediate postinjury period before the onset of swell-
ing and secondary muscle spasm. A severe ligamentous 
injury will most likely have significant hemarthrosis im-
mediately after injury and instability of the joint. To test 
the integrity of the knee ligaments, one would start with 
testing the anterior cruciate ligament (ACL). This is 
done via anterior drawer test, Lachman test, or both. 
The anterior drawer test is performed with the knee 
flexed to 90 degrees and the foot stabilized, the proxi-
mal tibia is grasped firmly with both hands, and the tibia 
is forcibly pulled anteriorly, noting any pain, laxity, or 
abnormal movement compared with the opposite side. 
The Lachman test is similar to the anterior drawer test, 
except that the knee is flexed only to 20 degrees and the 
examiner’s knee is placed under the patient’s knee. The 
distal thigh is grasped above the patella with one hand 
and pressed down on the examiner’s knee to stabilize 
the thigh, and the proximal tibia is grasped with the 
other hand to pull the tibia forward. As with the ante-
rior drawer test, the Lachman test is positive if there is 
excessive anterior glide of the tibia compared with the 
opposite knee, or if there is no sharp end point to the 
anterior motion. The posterior cruciate ligament (PCL) 
is rarely injured in pediatric/adolescent patients. PCL 
integrity is evaluated with the posterior sag test and the 
posterior drawer test. In the posterior sag test, the  
patient is supine, with hips flexed to 45 degrees, knees 
flexed to 90 degrees, and the feet flat on the table. In a 
positive test, the tibia sags backward. A positive poste-
rior drawer test also suggests PCL injury. Laxity of the 
medial collateral ligament (MCL) is evaluated with the 
valgus stress test, in which the examiner places one 
above the knee along the lateral thigh to stabilize the 
leg while the other hand applies valgus stress on the 
calf. If this valgus stress to the knee reveals laxity with 
the knee flexed to 30 degrees, it is suggestive of an iso-
lated MCL sprain. The lateral collateral ligament (LCL) 
is tested in a similar manner, except this time the exam-
iner applies a varus stress to the lower leg. Meniscus 
injuries are often associated with ligament injuries.  
Although these, too, are a rare injury in children, one 
must consider a meniscus injury in an adolescent  
patient with knee effusion and joint line tenderness. To 
grade an ankle sprain, one must test the integrity of the 
ankle joint. The anterior drawer test evaluates stability 
of the anterior talofibular ligament (ATFL) and is per-
formed by stabilizing the lower leg and applying stress 
with opposite hand from the heel to pull the foot ante-
riorly. In cases of complete disruption of the ATFL, the 
anterior drawer test will result in anterior subluxation of  
the calcaneus and talus. The fibulocalcaneal ligament 
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integrity can be tested by inverting the heel and palpat-
ing for tenderness and laxity over the ligament (i.e., the 
lateral aspect of the ankle). It is important to note that, 
in children, the ligaments are often stronger than the 
growing/developing bone; thus, epiphyseal fractures are 
more common than ligament ruptures in young chil-
dren. For this reason, even if there is no fracture on  

x-ray film, if there is point tenderness over the physis,  
a Salter type I fracture is diagnosed. The acute treat-
ment for all sprains should be include RICE (rest, ice, 
compression, elevation), together with nonsteroidal 
anti-inflammatory drugs. Grade III sprains (and some 
grade II sprains) will also require immobilization via 
splinting and orthopedic referral.
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	E.	 Insidious onset of pain is suggestive of a chronic/
overuse injury. When evaluating for chronic/overuse 
injuries, it is important to remember to closely examine 
both the joint above and below the site of pain. Knee 
pain can be secondary to hip injury or foot/ankle prob-
lems. Serious nontraumatic hip abnormalities, such as 
Legg–Perthes syndrome and slipped capital femoral 
epiphysis, often have knee pain as the initial symptom. 
The same is true for hip pain that can be directly re-
lated to knee issues. Determining what, if any, tests are 
indicated is a challenge with overuse injuries. If there 
is a history of fevers and/or weight loss, one must con-
sider nontraumatic causative factors such as infection 
(osteomyelitis or septic joint) or malignancy. Often 
plain x-ray films will not be beneficial, and thus should 
not be obtained; history and physical examination may 
be enough to make a diagnosis. In other cases, more 
specialized radiographic studies such as MRI or bone 
scan may be indicated.

	F.	 Knee pain is a common lower extremity complaint in 
adolescent patients. This is especially true for patients 
starting a new activity or with excessive training. The 
patients often describe pain that has slowly increased 
in intensity. Patellofemoral pain syndrome (PFPS) is a 
frequently encountered overuse injury. PFPS presents 
most often as anterior knee pain. PFPS is the most 
common cause of knee pain seen by primary care phy-
sicians (PCPs), orthopedic surgeons, and sports medi-
cine specialists, and is more common in female than 
male patients. Typically, knee pain associated with 
PFPS is exacerbated by squatting, running, prolonged 
sitting, or when going up or down stairs. Physical ex-
amination may show a small effusion and mild crepitus. 
Like PFPS, Osgood-Schlatter disease is related to the 
overuse of one component of the extensor mechanism 
of the knee. The typical patient with Osgood-Schlatter 
is an active adolescent who recently has undergone a 
rapid growth spurt. The anterior knee pain increases 
gradually over time and may be exacerbated by direct 
trauma, running, jumping, or kneeling. The character-
istic physical finding is considerable tenderness over 
the tibial tuberosity with an otherwise completely nor-
mal knee examination. Another source of knee pain is 
iliotibial band syndrome. The iliotibial band runs from 
the ilium along lateral aspect of thigh to the fibula. 
Patients present with pain at the site where the band 
passes over the lateral femoral condyle and, occasion-
ally, the pain radiates up the thigh toward the hip. Ilio-
tibial band syndrome has been associated with a varus 
alignment of the knee, excessive running mileage, 
worn shoes, or continuous running on uneven terrain.

	G.	 Pain in the lower leg is often related to overuse or re-
petitive exercise. Shin splints syndrome (medial tibial 
stress syndrome) is the name given to a complex of 
pain and discomfort in the lower leg occurring after 
repetitive overuse. The mechanism of this syndrome is 
a tibial stress reactions result from a progressive pro-
cess of injury and may result in a cortical stress frac-
ture. Patients have pain involving the anterior aspect of 

the lower leg that is worsened by activity. A stress  
fracture occurs when a bone breaks after being sub-
jected to repeated tensile or compressive stresses. 
Stress fractures are characterized by pain with activity 
and point tenderness. A recent increase in activity level 
is frequent. Common areas of stress fracture are the 
metatarsals, distal fibula, proximal tibia, and femoral 
neck. All female patients with suspected or confirmed 
stress fracture should raise concern for the “female 
athlete triad.” The female athlete triad is a combina-
tion of decreased bone density, abnormal eating and/or 
exercise habits, and amenorrhea (primary or second-
ary). Female individuals who fit this description are at 
a greatly increased risk for stress fractures. When 
working up potential stress fractures, the initial radio-
graphs may be normal, and thus may need the bone 
scan or MRI to make radiographic diagnosis. Calcaneal 
apophysitis (Sever disease) is a common cause of heel 
pain in young athletes, particularly those who play soc-
cer and basketball or participate in gymnastics or run-
ning. The calcaneal apophysis is located on the poste-
rior inferior aspect of the calcaneus and is where the 
Achilles tendon inserts into the os calcis apophysis. 
Inflammation at the calcaneal apophysis is the cause of 
the heel pain and can be seen with increased metabolic 
activity in the growth plate during periods of rapid 
growth, footwear (particularly soccer cleats) that lacks 
heel cushioning may provide inadequate protection, 
and repetitive microtrauma seen with overuse in sports 
that involve jumping and running. Pain in bottom of 
foot, especially on first getting out of bed in the morn-
ing, is suggestive of plantar fasciitis. Although much 
more common in adults, it can also be seen in adoles-
cent patients.

	H.	 Treatment of most overuse lower extremity injuries 
involves initially reducing/stopping the activity involved 
in the mechanism of injury. This may mean a brief 
period of complete rest, followed by a slow return to 
activity once completely pain free. In short term, non-
steroidal anti-inflammatory drugs may help decrease 
inflammation and reduce pain. Physical therapy may 
be indicated in many cases to help improve range of 
motion, muscle strengthening, and flexibility. Referral 
to sports medicine physician and physical therapy may 
be indicated in athletes wanting to return to sports.
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Ocular Injury
Carolyn K. Pan, MD, and Scott C. N. Oliver, MD

	 A.	 History and Physical Examination: A detailed history in-
cluding the timing, mechanism, and location of injury is 
imperative. Visual symptoms such as decreased vision, 
flashes, floaters, pain, double vision, and discharge should 
be noted. The mnemonic AMPLE should be used: aller-
gies, medications, previous medical/surgical history, last 
meal, events/environment surrounding the injury. Triage 
concomitant injuries. Life- and limb-threatening injuries 
should be addressed first. Physical examination should 
be performed in a systematic fashion. (Refer to Evalua-
tion of Poor Vision chapter, p. 380) In the setting  
of trauma, performing a detailed physical examination 
may be difficult, especially if there is periorbital edema. 
Cotton-tipped applicators can be used to gently open the 
eyelids. Take extra care not to place pressure on the 
globe. If it is not possible to visualize the globe, continue 
with assessment of the fellow eye, complete the physical 
examination, order imaging and ancillary testing as 
needed, and wait for an official ophthalmology consult. If 
possible, a slit-lamp examination should be performed. 
Staining of the ocular surface with fluorescein and subse-
quent examination with a Wood’s lamp or cobalt blue 
filter (available on most direct ophthalmoscopes and slit 
lamps) can reveal any disruptions of the ocular surface 
epithelium (abrasions, lacerations, or retained foreign 
bodies).

	 B.	 The radiologic examination most readily available and 
useful in the emergency department is a computed  

tomographic (CT) scan of the orbits (both axial and 
coronal views) without contrast. This is a noninvasive 
method of assessing for orbital fractures, intraocular 
foreign bodies, and a limited examination of soft-tissue 
processes. An ultrasound may also be useful if available.

	 C.	 Foreign body: Patients often present with pain, pho-
tophobia, and tearing. Patients may complain of a 
foreign body sensation even when there is no  
retained foreign body. Foreign bodies not located in 
the visual axis may be removed with a 30-gauge 
needle or ophthalmic drill. Evert the upper lid to 
assess for any retained foreign body under the lid.

	 D.	 Corneal Abrasions: Patients often present with pain, 
photophobia, and tearing. These can be identified 
with administration of fluorescein dye and examina-
tion via Wood’s lamp or cobalt blue light on the  
direct ophthalmoscope or slit lamp. Assess depth of 
abrasion at the slit lamp to rule out a laceration or 
penetrating injury. Also check for an anterior cham-
ber reaction and corneal infiltrate. Loose epithelium 
should be gently débrided with a cotton-tipped  
applicator soaked with topical anesthetic.

	 E.	 Treatment is dictated by offending agent (plant and 
vegetable matter require broader coverage) and whether 
the patient is a contact lens wearer. Contact lens wearers 
require antipseudomonal coverage. A cycloplegic may 
be necessary if associated with traumatic iridocyclitis 
(presence of anterior chamber reaction).

(Continued on page 450)
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	 F.	 Traumatic Hyphema: Blood can be seen overlying the 
iris. Place the patient upright to allow blood to layer 
inferiorly. Examine carefully to rule out a ruptured 
globe. Obtain complete medical and family history, 
especially regarding any bleeding disorders. Obtain 
immediate ophthalmology consult.

	 G.	 Ruptured Globe: An open globe may be obvious if 
intraocular contents are visualized. Signs of an occult 
rupture include bullous 360-degree subconjunctival 
hemorrhage, deep or shallow anterior chamber, an 
irregularly shaped pupil (usually peaked toward 
wound), low intraocular pressure, or exposed uveal 
tissue. Once a ruptured globe is confirmed, further 
examination of the globe should be deferred and a 
protective shield should be placed immediately over 
the affected eye. Patient should be kept NPO. Anti-
emetics, analgesics, and systemic antibiotics should 
be administered. Orbital CT should be obtained to 
rule out retained foreign bodies. Urgent ophthalmol-
ogy consultation should be obtained.

	 H.	 Orbital Fractures: Patient may present with periorbital 
edema/ecchymosis, diplopia, anesthesia along the max-
illary division of the trigeminal nerve (V2), epistaxis, 
ptosis, enophthalmos, or exophthalmos. The diagnosis 
is confirmed with CT scan of the orbits. Orbital frac-
tures are not considered an ophthalmologic emergency 
unless there is visual impairment, globe injury, or evi-
dence of muscle entrapment. Orbital roof fractures 
require neurosurgical evaluation. Extensive concomi-
tant facial fracture/injuries may also require evaluation 
by ENT (ear, nose, and throat), plastics, or maxillofa-
cial surgery. Surgical repair may be necessary if there  
is persistent diplopia or enophthalmos and is usually 
performed 7 to 10 days after the injury, to allow edema 
to subside. Patients should be instructed to avoid  
nose blowing or Valsalva maneuvers. Prophylactic anti-
biotics are recommended only if there is known history 
of or radiologic evidence of sinusitis.

	 I.	 Orbital Compartment Syndrome: In the setting of 
trauma, retrobulbar hemorrhage may result in orbital 
compartment syndrome. This is usually seen in asso-
ciation with nondisplaced fractures because the blood 
cannot drain into the sinuses and accumulates within 

the orbit. This can lead to acute increase in intra-
orbital pressure, which then affects the optic nerve 
and globe, resulting in optic nerve ischemia and cen-
tral retinal artery occlusion. Patients may present 
with proptosis, acute vision loss, an afferent pupillary 
defect on the swinging flashlight test, resistance to 
retropulsion, and increased intraocular pressure. The 
emergency department staff should perform immedi-
ate lateral canthotomy and inferior cantholysis. An 
urgent ophthalmology consult should then be placed. 
Imaging may help with diagnosis; however, treatment 
should not be delayed for radiologic studies.

	 J.	 Subconjunctival Hemorrhage: This occurs secondary 
to ruptured small conjunctival blood vessels. Physical 
examination reveals a painless, smooth, bright red 
area over the bulbar conjunctiva and is sharply de-
marcated by the limbus. Examine carefully with the 
slit lamp to rule out any underlying scleral injury. 
Reassure the patient. Artificial tears and cool com-
presses may improve any symptoms of mild irritation. 
These usually resolve spontaneously in 2 to 4 weeks.

	 K.	 Chemical Burns: After placement of topical propara-
caine, immediate copious irrigation with saline should 
proceed for at least 30 minutes to 1 hour. Clark cups 
connected to intravenous tubing will maximize fluid 
contact with the ocular surface. Be sure to irrigate both 
superior and inferior fornices. Wait 5 to 10 minutes 
after irrigation is stopped. Then check the pH in the 
inferior fornix with litmus paper. Continue irrigation 
until a neutral pH is reached. Examine and treat as 
described earlier for corneal abrasion.

	 L.	 Traumatic Mydriasis and Miosis: Blunt injury may 
damage iris sphincter. Rule out cranial nerve palsy 
and brain herniation.
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Dental and Oral Trauma
Anne Wilson, DDS, MS

Dental injuries occur commonly in childhood; incidence 
peaks at ages 2 to 3 years as motor coordination is develop-
ing, at ages 9 to 10, and during adolescence. For school-
aged children, maxillary incisors are at most risk for 
trauma, particularly if the incisors are protrusive. Falling is 
the most common cause of injuries, followed by traffic ac-
cidents, violence, and sports. To prevent sport-related in-
juries, use of protective gear, mouth guards, and decreas-
ing the level of aggression has been effective. Children 
with conditions that affect neurologic and motor coordina-
tion such as cerebral palsy are also at greater risk for oro-
facial trauma. Evidence of bite marks, orodental trauma, 
infection, and disease may be caused by child abuse or 
neglect. In physically abused children, orodental trauma 
including burns, contusions, lacerations, and fractured, 
displaced, or avulsed teeth occurs in more than 50% of 
cases. Immediate assessment involving a thorough history 
and systematic evaluation is essential.

	A.	 Injury assessment requires a complete history includ-
ing loss of consciousness, altered neurologic status, 
headache, nausea/vomiting, pain history including lo-
cation and severity, previous related trauma, date of 
the last tetanus inoculation, and when, where, and how 
the injury occurred. Are the involved teeth primary or 
secondary, and are all lost teeth and tooth fragments 
accounted for? Dental pain or sensitivity to tempera-
ture may indicate pulp inflammation or exposure.  
Determine time elapsed until injuries are treated be-
cause prognosis worsens with delayed care, particularly 
for avulsed permanent teeth.

	B.	 Physical assessment for nondental injuries includes 
evaluation for facial fractures, lacerations/abrasions, 
contusions, swelling, hemorrhage, asymmetry and de-
viation of the temporomandibular joint, and presence 
of foreign bodies. Intraorally inspect the tongue, lips, 
frena, mucosa, gingivae, palate, floor of the mouth, 
oropharynx, and the occlusal relation and position  
of teeth. Diagrams and photographs of injuries are 
helpful.

	C.	 Fracture and injuries of teeth are complicated if the 
pulp is involved and uncomplicated if only enamel and 
dentin are involved. Traumatized permanent teeth 
commonly feature fractures, whereas primary teeth 
commonly feature displacement. Traumatic exposure 
of the pulp results in bleeding at the site of injury and 
requires prompt recognition. Refer all tooth injuries to 
a dentist able to manage trauma in children; however, 
complicated tooth fractures require immediate consul-
tation. Treatment is aimed at preventing pulp necrosis 
and unnecessary loss of teeth.

	D.	 Treatment for dental injuries varies depending on 
tooth type (primary, permanent with partial or full root 
development), and injury extent of teeth, periodon-
tium, and associated structures. Teeth are held in bone 

by the periodontal ligament. Trauma to the periodontal 
ligament may cause teeth to loosen or even avulse 
(complete displacement from the bony socket). Injury 
or damage to supporting structures may result in tooth 
tenderness with palpation or percussion, sulcular 
bleeding, mobility, and displacement. Trauma can 
cause intrusive luxation of teeth into the socket, with 
full intrusion appearing as a missing tooth. If previ-
ously existing teeth are missing, evaluate for aspiration 
or ingestion of teeth. Intruded primary teeth that are 
positioned against the developing permanent tooth 
germ require extraction. Intruded permanent teeth 
may require repositioning and endodontic treatment 
depending on the extent of root formation. Immediate 
dental consultation is recommended.

	E.	 If a permanent tooth has been avulsed, immediate re-
implantation should be attempted to maintain vitality 
of the periodontal ligament for reattachment and heal-
ing. The avulsed tooth should be held by the crown to 
prevent damage to the periodontal ligament. Gently 
rinse debris using saline or water. If immediate reim-
plantation is not possible, place the tooth in one of the 
following (listed from most preferred): cell culture 
medium such as Hank’s Balanced Salt Solution or com-
mercially available tooth-preserving systems, cold milk, 
oral vestibule, physiologic saline, or water. Healing ca-
pacity is unlikely when the extraoral dry time exceeds 
60 minutes. Immediately refer to a dental professional 
for emergent care; teeth reimplanted within 5 minutes 
have an 85% likelihood of healing. Do not reimplant an 
avulsed primary tooth because of subsequent infection 
and damage to the developing permanent tooth germ.

	F.	 Tooth mobility from injury to the supporting structures 
requires dental consultation. Trauma may result in 
displaced teeth, with the type of injury determining 
urgency. Obtain urgent dental consultation when  
excessive mobility, extrusion, or malposition causes in-
terference with function. Teeth with minimal or no 
movement may be evaluated by a dental professional 
within days.

	G.	 Thoroughly evaluate soft tissue for injuries including the 
lips, gingivae, tongue, palate, posterior pharyngeal and 
retropharyngeal areas, floor of the mouth, and mucosa. 
Lip lacerations involving the vermillion border require 
careful approximation and consultation with a plastic 
surgeon when indicated. Lacerations of the tongue re-
quire repair if they are gaping, edges are involved, or 
bleeding cannot be controlled with ice or pressure. He-
matomas on the floor of the mouth suggest mandibular 
fracture. Injury to the frenulum rarely requires suturing 
but may reflect child abuse. Inflicted injuries from abuse 
most commonly involve the lips followed by oral mu-
cosa, gingivae, and the tongue. Multiple injuries, differ-
ent stages of healing, and discrepancies in injury histo-
ries heighten suspicion of physical abuse.
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	H.	Evaluate for alveolar and facial bone fractures. Symptoms 
include pain, swelling, impaired opening of the mouth, 
mandibular deviation on opening, malocclusion, mobility 
of alveolar segments, and facial asymmetry. Trauma to  
the chin may result in fracture of mandibular condyles. 
Radiographic evaluation is critical. Obtain prompt oral 
surgery consultation for facial bone fractures.
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Hand Injuries
Lester Young, MD, and Kyros Ipaktchi, MD

Hand injuries are the most common musculoskeletal inju-
ries encountered in pediatric patients. In this patient 
group, obtaining a thorough history and detailed hand ex-
amination can be exceedingly difficult to impossible. 
Therefore, time must be taken to observe digital posture 
and unobserved usage of hand and fingers to diagnose 
underlying injuries. Deep lacerations overlying the course 
of tendinous or neurovascular structures mandate explora-
tion in the operating room. In these cases, until proved 
otherwise, one must assume injury to aforementioned 
structures. Whenever possible, the injured pediatric hand 
should receive comprehensive treatment on first presenta-
tion. This includes potential referral to a hand surgical 
service for single-stage repair of sustained injuries.

	A.	 History: Determine injury mechanism (laceration, 
crush, burn, direct trauma, indirect trauma, or combi-
nation hereof) and involved energy. Establish a high 
level of suspicion for inconspicuous injuries. Within 
the tight confines of the hand, combined injuries to 
diverse anatomic structures are possible, involving soft 
tissue, bone, and epiphyseal plates. Penetrating lacera-
tions may involve nerves, vessels, tendons, and joints. 
High-energy crush injuries may seriously damage hand 
intrinsic musculature and lead to compartment syn-
drome. Fractures and dislocations are the result of  
direct impact (blunt/penetrating trauma) or indirect 
trauma (extreme flexion/extension, bending/torquing). 
Open fractures and joint injuries mandate urgent  
operative intervention.

	B.	 Physical Examination: In the physical examination, ob-
serve for swelling, contusions, lacerations, bone defor-
mity, and vascularity. Assess digital posture at rest, during 
active ranging, and on passive wrist flexion-extension  
(tenodesis effect) to diagnose tendon injuries and assess 
motor function. Be alert for pain on passive stretch poten-
tially indicative of a compartment syndrome (crush) or 
pyogenic flexor tenosynovitis (Kanavel signs), and per-
form a sensory and motor examination. Consult a hand 
surgeon for all suspicious findings to assess need for surgi-
cal exploration.

	C.	 Imaging: In fractures, dislocations, penetrating lacera-
tions, or potential retained foreign body, radiographs 
are indicated. Obtain standard three-view films (antero-
posterior, lateral, oblique). When suspecting organic 
foreign body material (e.g., wood splinter, plant thorns) 
or an abscess, consider additional ultrasound. In un-
clear radiologic findings, consider obtaining contralat-
eral images.

	D.	 Laceration: When evaluating lacerations, consider the 
potential involvement of neurovascular and tendinous 
structures, and focus the physical examination accordingly. 
Superficial lacerations can be safely sutured in the emer-
gency department after the wound has been properly 
cleaned and intact tendon function and neurovascular 

status are documented. If compromised, questionable, or 
if a foreign body presence is suspected, surgical consulta-
tion for operative exploration is warranted. Always con-
sider the trauma of suture removal in children and use 
resorbable sutures.

	E.	 Fracture/Dislocation: Phalangeal fractures are most 
commonly seen, followed by metacarpal and carpal 
fractures. Specific fracture types are related to mecha-
nism of injury and force distribution.

Though carpal bone fractures are uncommon in 
younger children, scaphoid fractures occur in adoles-
cence with increasing frequency. Similarly, metacarpal 
fractures occur more commonly in older children from 
falls or punching injuries (boxer’s fracture). Acceptable 
deformity of metacarpal neck fractures range from  
10 degrees at the index metacarpal to 40 degrees at fifth 
metacarpal. Reduction should be attempted and splint-
ing performed. Rotational deformity is unacceptable 
and should be referred to a hand surgeon. Phalangeal 
fractures commonly occur in falls or by catching the 
finger on an object (Figure 1). Most proximal and 
middle phalanx fractures are intra-articular or periar-
ticular and usually involve the base of the phalanx. 
Check for rotational deformity by evaluating the fingers 
in semiflexed position. Distal phalanx fractures can re-
sult from crush injuries. Reduction should be attempted 
and splinting performed.

Diagnosed or suspected scaphoid fractures should 
be immobilized in a thumb spica splint and followed 
up by a hand surgeon.

Dislocations of proximal and distal interphalangeal 
joints are often associated with athletic activities. Dislo-
cation should be reduced and splinted. A reduction 
maneuver should be attempted before initial radio-
graph. Fractures in adjacent bones must be ruled out.

	F.	 Crush: Crush injury is the most common mechanism in 
pediatric hand injuries. Most apical crush injuries occur 
when fingers are caught in closing doors. A more serious 
entity is the whole-hand crush injury as seen in falling 
furniture. Apical crush injuries typically result in subun-
gual hematoma presenting as a painful, throbbing fin-
gertip with nail discoloration. If the hematoma occupies 
less than 50% of the nail bed and is not significantly 
painful, it may be treated with cold packs. However, if 
there is significant hematoma-induced pain, then de-
compression using a heated paperclip or a hypodermic 
needle is necessary. In extensive hematomas and/or as-
sociated nail injuries, surgical consult is warranted for 
exploration and possible nail-bed repair. Tuft fractures 
resulting from crush injury should be splinted and fol-
lowed up by a hand surgeon.

Whole-hand crush injuries need a detailed, re-
peated neurovascular examination. A compartment 
syndrome needs to be ruled out. In this case, typical 
findings are a swollen hand held in clawlike position, 



455

Patient with HAND INJURIES

History

Physical

Imaging
Radiography

Ultrasound

Assess trauma

Laceration Fracture/dislocation Crush

Tendon
Nerve
Vessels

Closed Open

Amputation

Hemorrhage control
    (direct pressure,
    no clamping)
Preservation of amputate

Neurovascular monitoring
Surgical consult

Neurovascular
deficit or unclear

Disrupted
Unclear

Irrigation
Débridement
Foreign body
    removal
Wound closure

Surgical consult for
exploration/repair

Intact
Stable Unstable

Reducible Surgical consult

Subungual
hematoma

Drain

Nail bed injury

Surgical
consult

Tuft fracture

Splint

Apical Whole hand

Compartment
syndrome

Fasciotomy

Splint
F/U clinic

Exploration/repair

Surgical
consult

A

B
C

D E F G (Cont’d on p 457)

with exquisite tenderness on passive finger extension. 
Surgical consultation has to be ordered to assess need 
for emergent fasciotomies.

	G.	 Amputations: Pediatric amputations occurring at any 
level or location should be considered for replantation. 
Outcomes are generally favorable, as epiphyseal growth 
continues after replantation and function can be re-
gained. Hemorrhage must be controlled by means of 
direct pressure only. Haphazard clamping of bleeding 

vessels may result in irreparable crushing of neurovas-
cular structures. The amputate should be placed on 
saline-moistened gauze inside a clean plastic bag, 
which, in turn, is placed in an ice-filled container. The 
amputate should not be directly placed on ice. A surgi-
cal replantation team should be contacted immedi-
ately. Successful replantation of digits can be achieved 
up to 24 hours after injury if the amputate is properly 
cooled.
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	H.	 Burn: Burn injuries to the hands pose a special prob-
lem in young children. Scald burns are the most com-
mon types of burns in the pediatric population younger 
than 3 years, whereas flame burns are more prevalent 
in older children. The depth and extent of the burn 
must be assessed. Burns that are superficial partial 
thickness may be dressed with topical antimicrobials 
and followed up in a clinic. Indeterminate, deep partial 
thickness, or full-thickness burns warrant surgical con-
sultation and possible transfer to a burn center for 
evaluation and possible excision and skin grafting.
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Figure	1	 Proximal phalanx fracture of fifth digit. A, Prereduction. B, Postreduction.
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Lacerations
Kelley Roswell, MD

	A.	 Obtain a thorough history from the patient and par-
ents, including the mechanism of injury, age of the 
wound, and possibility of foreign body. Assess the 
environment of the wound for infection and tattooing. 
Inquire about the general health status of the patient, 
including diabetes and immunocompetence, allergies 
to medicines and latex, and tetanus immunization 
status. If the wound is caused by a bite, see the Bites 
chapter (see p. 460); if the wound is a burn, see the 
Burns chapter (see p. 462).

	B.	 Evaluate the adequacy of the airway, breathing, and 
circulation (ABCs), including control of bleeding. Per-
form a primary and secondary survey with attention to 
associated injuries. Assess the location and depth of 
the wound before administering local anesthetics. As-
sess for vascular damage; control venous and arterial 
bleeding initially with direct pressure. Avoid blind 
clamping of a bleeding artery when it is close to 
nerves. Assess for nerve damage, including motor and 
sensory evaluations with two-point discrimination. As-
sess for tendon injury including range of motion, but 
do not test range of motion against resistance because 
a partial tendon laceration can be converted to a com-
plete tendon laceration with resistance to movement; 
also make sure to assess for tendon damage in  
the anatomic position in which the injury occurred. 
Further inspection of the wound for foreign material 
may take place with local anesthesia after the neuro-
vascular examination is complete.

	C.	 If the history or physical examination suggests a radi-
opaque foreign body, obtain a radiograph. Radiopaque 
foreign bodies may include metals, bone, gravel, stone 
chips, most glass, and some plastics. A radiograph may 
be especially important in assessing a wound caused by 
glass because deeply embedded glass may be missed 
without radiographs. Some authors recommend ob-
taining radiographs in all cases in which glass is in-
volved except for the most superficial wound in which 
the bottom of the wound is clearly visualized. Ultraso-
nography may also be helpful in localizing some types 
of foreign objects. Also obtain radiographs if there is 
the possibility of a fracture (i.e., a crush injury to a 
distal digit with accompanying laceration).

	D.	 Administer local anesthesia before wound cleansing. 
Use wound irrigation as the primary method for cleans-
ing wounds. For the average 2-cm wound, irrigate with 
approximately 250 ml normal saline by use of a large 
syringe (20–60 ml) and an 18- to 19-gauge needle or 
intravenous catheter. When held 2 cm above the wound, 
a 35-ml syringe and 19-gauge needle or intravenous 
catheter delivers approximately 8 pounds per square 
inch (psi), which is effective in removing bacteria and 
particulate debris. Larger or dirty wounds may need 

increased volume of saline for irrigation. Scrubbing of 
wounds should be done only for particularly dirty 
wounds in which irrigation alone is not effective. Povi-
done-iodine (Betadine) “scrub” should not be used be-
cause it is toxic to tissues. Alcohol or hydrogen peroxide 
is not recommended in cleaning wounds. It may be 
necessary to débride the wound with forceps or by 
scraping with a scalpel blade to remove embedded dirt 
and to prevent a “traumatic tattoo.” Shaving the hair 
around the wound is not recommended because it may 
increase the infection risk. Eyebrows should never be 
shaved. If hair must be removed, clip the hair with scis-
sors or use petroleum jelly to keep the hair out of the 
way during suturing.

	E.	 With minor, clean wounds, immunize for tetanus if the 
patient has had three previous tetanus immunizations 
and the last immunization was more than 10 years ago 
(Table 1). Immunize if the wound is not a minor, clean 
wound and if the last tetanus immunization was more 
than 5 years ago. If the wound is not clean or minor 
and the patient’s tetanus immunization status is un-
known or the patient has received fewer than 3 tetanus 
immunizations, administer tetanus toxoid and tetanus 
immunoglobulin.

	F.	 Refer a patient with vascular, nerve, or tendon injury to 
a surgical specialist for further evaluation. Refer wounds 
involving the cartilage of the ear or nose to an otolaryn-
gologist or plastic surgeon, and refer eyelid lacerations 
to an ophthalmologist. Deep or extensive wounds to the 
face or a foreign body that is unable to be retrieved may 
need referral to a surgical specialist for possible explo-
ration and repair in the operating room.

	G.	 Assess the wound for primary closure. The risk for 
infection increases with delay in primary closure. 
The length of time before the risk for infection is 
significant is variable. Most authors suggest wound 
closure within 6 to 12 hours. Many “clean” wounds 
(wounds to the face or scalp) may be closed up to  
24 hours after the injury occurred. Puncture wounds 
and most bites should not undergo primary closure 
(see p. 460 for more information on bites). Options 
for wound closure include suturing with absorbable 
or nonabsorbable material, staples, and tissue adhe-
sive such as Dermabond. Dermabond should be used 
only to close superficial wounds. Do not use tissue 
adhesive to close wounds that are deep, irregularly 
shaped, subject to tension (such as over joints or 
hands), or at high risk of infection, such as bites.  
Apply an antibiotic ointment to wounds (except those 
closed with Dermabond) and dress with dry sterile 
gauze. Follow-up visits should occur between 3 and 
14 days, depending on anatomic location and type of 
wound closure (Table 2).



459

perineum are at a greater risk for infection. Immuno-
compromised patients may also benefit from prophylac-
tic antibiotics. Treat with a first-generation cephalospo-
rin or penicillinase-resistant penicillin for prophylaxis in 
most wounds. Amoxicillin-clavulanic acid is the recom-
mended antibiotic for human and animal bites.

Patient with LACERATION

History

Physical examination

CA

B

Other

Consider:
Radiographs
US

Cleanse wound
Consider:

Tetanus vaccine
Tetanus immune globulin

Assess involvement and severity of laceration

Vascular, nerve,
or tendon injury
Deep/extensive
facial laceration
Foreign body
(not retrieved)

Ear or nose
cartilage
laceration

Eyelid laceration

Treat:
Assess for
primary closure

Consider:
Antibiotic
prophylaxisRefer:

Surgeon

Refer:
Otolaryngologist or
plastic surgeon

Refer:
Ophthalmologist

Follow-up:
Revisit for
suture removal
or in 5–10 days
without primary
closure

D

E

F

G

H

Table 1. Tetanus	Immunization	Recommendations

Prior	Tetanus		
Immunizations

Clean,	Minor	
Wounds Other	Wounds

,3 (or unknown) Tetanus only Tetanus and tetanus
Immunoglobulin

$3, last .10 years Tetanus only Tetanus only
$3, last ,5 years None None
$3, last 5–10 years None Tetanus only

Adapted from Selbst SM, Attia M. Minor trauma—lacerations. In: Fleisher GR, 
Ludwig S, editors. Textbook of pediatric emergency medicine. 4th ed.  
Philadelphia: Lippincott Williams & Wilkins; 2000. p. 1490.

Table 2. Suture	Removal

Area	of	Body Number	of	Days

Face 3–4
Neck 5
Scalp 6–7
Chest or abdomen 7
Arms and backs of hands 7
Legs and tops of feet 10
Back 10
Palms of hands or soles of feet 14
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	H.	 Prophylactic antibiotics are not routinely recommended 
for most sutured lacerations, and their use remains 
controversial. Decontamination with appropriate irriga-
tion is more efficacious than use of antibiotics to pre-
vent wound infection. Consider antibiotics if the wound 
is a sutured dog or cat bite (see Bites chapter, p. 460,  
for more information), heavily contaminated, or a  
crush wound. In addition, wounds of hands, feet, and 
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Bites
Catherine C. Ferguson, MD

Animal bites are a common problem in the United States and 
account for approximately 1% of all emergency department 
visits and more than $30 million dollars in health care costs 
each year. Ten percent of those who seek medical attention 
require wound repair, and 1% to 2% require hospitalization. 
Fatalities are rare, but the majority of the 10 to 20 people who 
die as a result of animal bites each year are children.

About 85% to 90% of animal bites are inflicted by dogs; 
15% to 30% of these bites are inflicted by the family pet. 
Dogs are capable of causing severe penetrating wounds and 
crush injuries because of the tremendous force generated by 
their jaws. Dog bites most often affect the extremities; how-
ever, in children younger than 5 years, a dog will strike the 
head more than 80% of the time, increasing the potential for 
fractures of the skull and facial bones and intracranial hem-
orrhage. The overall rate of infection from dog bites is rela-
tively low at approximately 2% to 5%. Cats are responsible 
for an additional 5% to 10% of all animal bites. Cat bites are 
problematic because cat’s slender, sharp fangs create deep 
puncture wounds that are difficult to adequately irrigate  
and are at high risk for infection. Human bites account for a 
small portion of all animal bites, approximately 2% to 3%. 
Human bites in adolescents and adults usually occur as a 
result of clenched-fist or “fight bite” injury and can result in 
metacarpal-phalangeal joint capsule perforation and possibly 
septic arthritis and osteomyelitis. Occlusive human bites  
occurring anywhere else than the hand seem to be at no 
greater risk for infection than any other bite.

	A.	 History: A complete history should include a description 
of how the injury occurred, including where and at what 
time the injury took place, the type of offending animal 
and its health status, the name and address of the animal’s 
owner (if known), and whether local law enforcement has 
been involved. In addition, the patient’s medical history, 
specifically whether the patient is immunosuppressed by 
medication or disease, the patient’s tetanus immune  
status, and allergies to medications are important to guide 
decisions regarding antibiotic and/or tetanus prophylaxis. 
Finally, particularly in the case of injuries related to  
human bites, assess for nonaccidental trauma.

	B.	 Physical Examination: Perform a thorough physical 
examination remembering that the bite wound may be 
a distracting injury. Assess the depth of the wound  
and any related crush injury. Assess the function of the 
local nerves, tendons, and vascular supply. If the wound 
overlies a joint, consider evaluating for penetration of 
the joint capsule.

	C.	 Laboratory/Radiologic Evaluation: If the wound appears 
to be infected, obtain both aerobic and anaerobic  
cultures from deep within the wound. Evidence of a 
wound infection that develops within a few hours after a 
bite wound strongly suggests a Pasteurella multocida 
infection. Consider plain films for suspected fracture 
and/or to evaluate for the presence of a foreign body.

	D.	 Local Wound Care: The most important step in pre-
venting infection is careful local wound care as soon  
as possible after the injury. The skin may be cleaned 
with 1% povidone-iodine, and the depths of the wound, 
including puncture wounds, should be irrigated with at 
least 200 ml normal saline under high pressure, best 
achieved by using an 18-gauge needle or plastic cath-
eter attached to a large-volume syringe. Carefully  
débride devitalized tissue and foreign material. Do not 
débride puncture wounds.

	E.	 Tetanus Prophylaxis: Tetanus can result from animal 
and human bites. Children younger than 3 years and 
children whose immunization status is unknown should 
receive both Td (tetanus diphtheria toxoid) or Tdap 
(tetanus, diphtheria, and pertussis) and tetanus immu-
noglobulin (TIG). Tdap is preferred to Td for adoles-
cents who have never received Tdap. Intravenous im-
munoglobulin (IVIG) should be used when TIG is not 
available. Children 3 years and older should receive Td 
or Tdap if it has been 5 or more years since the last 
tetanus-containing vaccine dose.

	F.	 Rabies Prophylaxis: Human rabies infection in the 
United States is rare; only 19 rabies-related deaths were 
reported in the United States from 2000 to 2006. Seven-
teen of those deaths were associated with bites from or 
direct contact with bats. Because rabies infection is 
nearly always fatal without appropriate prophylaxis be-
fore the development of clinical signs of disease, animal 
bites should at least raise the possibility of rabies expo-
sure. Children who have been bitten by a dog or cat 
should receive both active and passive rabies immuno-
prophylaxis if the offending animal is rabid or develops 
signs of rabies during a 10-day period of observation. If 
the animal is not able to be observed, contact public 
health officials for advice. No case of human rabies in 
the United States has been attributed to a dog or cat that 
remained healthy throughout a standard 10-day period 
of confinement.

	G.	 Evaluate Wound: Consider hospitalizing those patients 
with bite wounds that require reconstructive surgery, 
patients whose bite wounds are at greatest risk for  
infection (immunocompromised host; significant bites 
to the hand; likelihood for patient noncompliance; 
penetration of joint, bone, or tendon), and patients 
with infected bite wounds that are refractory to outpa-
tient therapy. Begin parenteral antibiotics (ampicillin-
sulbactam, or an extended-spectrum cephalosporin or 
trimethoprim-sulfamethoxazole, plus clindamycin) and 
consult with general surgery and/or an infectious dis-
ease specialist. Clenched-fist injuries should be evalu-
ated by an orthopedic hand surgeon. All other bite 
wounds should receive local wound care and be  
assessed for their risk for infection to determine fur-
ther course of action, including repair and antibiotic 
prophylaxis.
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	H.	 High Risk: Crush injuries, puncture wounds, bites involv-
ing the hand, dog bite wounds presenting greater than  
12 hours after the injury, cat or human bites (except those 
to the face), and bite wounds in immunocompromised 
hosts are at greater risk for infection and should not be 
sutured. Instead, these wounds should receive meticulous 
local wound care, be left open, and be re-examined fre-
quently. Although controversial, current indications for 
antibiotic prophylaxis include human bites, all cat bites, 
and high-risk dog bites (hand wounds, deep puncture 
wounds, wounds requiring surgical débridement, wounds 
in immunocompromised hosts, bite wounds near or in  
a prosthetic joint, and bite wounds in an extremity with 
underlying vascular compromise). The organisms most 
likely to cause infection as a result of dog or cat bites  
include Pasteurella species, Staphylococcus aureus, strep-
tococci, anaerobes, Capnocytophaga species, Moraxella 
species, Corynebacterium species, and Neisseria species. 
The organisms most likely to cause infection from a  
human bite include streptococci, S. aureus, Eikenella 
corrodens, Haemophilus species, and anaerobes. Amoxi-
cillin-clavulanate for 3 to 5 days is an effective first-line 
oral therapy for human, cat, and dog bite wounds. For 
penicillin-allergic children, an extended-spectrum cepha-
losporin or trimethoprim-sulfamethoxazole plus clinda-
mycin is an acceptable alternative.

	 I.	 Low Risk: Most low-risk bite wounds can be sutured 
within 12 hours of the injury. Infection of bite wounds 
to the face and head is uncommon because of good 

vascular supply, and these wounds should be closed to 
minimize scarring. Bite wounds should be closed with 
percutaneous nonabsorbable sutures; deep sutures 
should be avoided to minimize infection risk.

	J.	 Follow-up: All patients should be instructed to follow-
up within 24 to 48 hours for a wound check and to seek 
medical attention earlier if there are signs of infection 
including worsening pain, warmth, or redness, puslike 
discharge, or fever. Patients should also be instructed 
to keep the involved area elevated to minimize edema. 
Finally, keep in mind that children who have suffered 
animal bites may be at risk for the development of 
post-traumatic stress disorder; therefore, referral for 
psychologic intervention should be considered.

Patient with BITE WOUND

History

Physical examination

Laboratory/
Radiologic evaluation

Local wound care

Consider

Tetanus prophylaxis

Rabies prophylaxis

Evaluate wound

High risk Low risk

Treat:
  Suture for
  cosmetic reasons

Treat:
  Do not suture
  Antibiotic prophylaxis

Follow-up

A

B

C

D

E

F

G

H I

J
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Thermal Injury (Frostbite/Burns)
Joe Wathen, MD, and Kathryn D. Emery, MD

Thermal injury describes damage by extremes of either 
cold or heat. The degree of injury depends on temperature 
and time of exposure. Children are unique in that their 
skin is more susceptible (larger surface area, thinner) and 
their developmental status increases their risk for a ther-
mal injury (more likely to pull hot water down from the 
stove, or inability to protect or remove themselves from a 
cold environment or burning building).

FROSTBITE

Definition

Frostbite is a tissue injury caused by exposure to tempera-
tures below the freezing point of intact skin. The most 
frequent areas affected are the hands and feet (90%),  
followed by the face (ears, nose, and cheeks). Symptoms  
of frostbite occur on rewarming. The range of frostbite 
injuries is illustrated in Table 1.

Pathophysiology

Frostbite includes both reversible and irreversible tissue 
damage. Two mechanisms are responsible for this tissue  
damage: (1) direct cellular damage, and (2) indirect cellular 
damage with progressive dermal ischemia. Direct cellular 
damage results when exposure to the cold freezes the tis-
sues, leading to the formation of both intracellular and extra-
cellular ice crystals. Ice crystal formation leads to cell dehy-
dration and shrinkage, abnormal intracellular electrolyte 
concentrations, and lipid-protein denaturation. Indirect cel-
lular damage results from progressive microvascular insults 
with initial cycles of vasoconstriction and vasodilatation, fol-
lowed by a progressive thrombosis. Microthrombi produce 
tissue ischemia with resulting local metabolic acidosis, endo-
thelial cell injury, inflammatory mediator release, and edema. 
The tissue edema further reduces blood flow, creating more 
thrombosis leading to a spiraling effect. If the process is not 
interrupted in time, necrosis and tissue losses occur.

	A.	 In the patient’s history, determine the circumstances 
of the injury. Factors that predispose a person to  
injury include poor circulation caused by previous 
cold injury, constrictive clothing, cigarette smoking, 
alcohol consumption, diabetes mellitus, hypothermia, 
diseases of the blood vessels, immobility, and devel-
opmental delay. Wind-chill contributes markedly 
to frostbite.

	B.	 In the initial physical examination, most injuries 
appear similar, making it difficult to determine the 
severity until after rewarming. The extent of the 
freezing and tissue loss may not be apparent for 4 to 
5 days. Frostbite injuries can be classified as either 
superficial or deep. Superficial injuries may appear 
as either a numb central white plaque with sur-
rounding erythema, or as blisters filled with clear or 
milky fluid with surrounding erythema and edema. 
Deep frostbite injuries are characterized by either 
hemorrhagic blisters that develop into a black eschar 
in 2 weeks or by complete tissue loss and necrosis. 
Final tissue demarcation may take 3 to 4 weeks to 
establish. Note the appearance of the skin, sensation 
to pinprick, and whether the vesicles are clear or 
hemorrhagic. Identify signs of dehydration, hypo-
thermia, altitude effects (pulmonary edema), and 
exhaustion.

	C.	 During transport, replace wet clothing with dry, loose 
clothing followed by padding and splinting. Do not  
allow the affected area to thaw and refreeze. Once at  
a medical facility, initially treat systemic hypothermia  
to a temperature of at least 34°C. Systemic effects  
may include arrhythmias, depressed cardiac output, 
hypoventilation with hypoxia and acidosis, decreased 
mentation, and altered coagulation system. After sys-
temic effects are treated, the focus is on rapidly  
rewarming the frostbite areas in warm water at the 
specific range of 40°C to 42°C (104–108°F) for 15 to  
30 minutes until thawing is complete (skin becomes 
red/purple in appearance with pliable texture). Do not 
massage the area. Do not initiate thawing if there is a 
chance of the area refreezing.

Table 1. Degree	of	Illness	in	Frostbite	Injury

Moderate/First-	and	Second-Degree		
Superficial	(No	Tissue	Loss)

Severe/Third-Degree		
Deep	(Tissue	Loss) Very	Severe/Fourth	Degree

White plaque, erythema, clear or milky blister, 
deforming skin, edema

Dark fluid blister, nonblanching cyanosis,  
hard nondeforming skin, frozen appearance, 
absence of edema

Progress to black eschar over 2 weeks

Severe frostbite with systemic 
signs: hypothermia, altitude  
illness, dehydration, associated 
trauma

Produces complete necrosis and 
tissue loss

Initial numbness progresses to intact sensation, 
“burning sensation”

Absent sensation, “electric current-like shock” Absent sensation

(Continued on page 464)
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History

Patient with FROSTBITE

Treat:
Rapid rewarming
Avoid massage

Physical examination

Assess degree of injury
(Table 1)

Treat:
Analgesia
Ibuprofen

Consider:
Débride clear/white blisters
Topical aloe vera

Follow-up:
Assess for tissue loss
Avoid trauma to area and
re-exposure to cold

Treat:
Altitude illness
Hypothermia
Dehydration
Other trauma

Stabilize:
Respiratory support
Circulatory support
Supportive care

Hospitalize in ICU

Hospitalize

(Cont’d on p 465)

Moderate Very severeSevere

A

B

C
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amputation rate. Otherwise, only limited animal stud-
ies support these adjunctive therapies.

	E.	 Daily hydrotherapy for 30 to 45 minutes at 40°C aids 
débridement of devitalized tissue and aids in range of mo-
tion. Monitor the injury closely for signs of infection. The 
use of prophylactic antibiotics is unclear. Surgical treat-
ment is normally reserved for late treatment of frostbite. 
Only fasciotomy/escharotomy may be needed early on to 
treat a compartment syndrome and ischemia. Amputa-
tion is not performed until the tissue ischemia is complete 
and final demarcation occurs (over 1–3 months). The use 
of angiography, technetium scintigraphy, or magnetic 
resonance imaging/angiography may allow for earlier as-
sessment of the tissue viability and encourage earlier 
surgical involvement such as tissue graft coverage over 
injured deeper tissues (bone and tendon).

	F.	 Late sequelae of frostbite include infection, increased 
cold sensitivity, increased tissue sweating, numbness, 
abnormalities of the nails, joint stiffness, and prema-
ture closure of physeal growth plate.

	D.	 Post-thaw care begins with débridement of clear 
or white blisters, leaving hemorrhagic blisters intact. 
Apply topical aloe vera every 6 hours on any affected 
areas. Elevate the affected areas with splinting as fea-
sible to reduce edema. Administer tetanus prophylaxis 
as indicated. Adequate analgesia is important. Admin-
ister opiates such as morphine or meperidine intrave-
nously (IV) or intramuscularly (IM). All patients 
should receive ibuprofen or another nonsteroidal  
anti-inflammatory agent to reduce inflammation.  
Adjunctive therapies for extensive injuries require 
subspecialist involvement. These therapies may in-
clude volume expanders (low-molecular-weight dex-
tran), anticoagulation (heparin, aspirin), vasodilators 
(Priscoline [generic name: tolazoline], pentoxifylline, 
reserpine), hyperbaric oxygen, and thrombolytic  
enzymes (streptokinase, tissue plasminogen activator). 
Some evidence exists that the use of tissue plasmino-
gen activator and heparin after rapid rewarming is  
safe and reduced considerably the predicted digit  

(Continued on page 466)
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Patient with FROSTBITE

(Cont’d from p 463)

Assess tissue loss

None Present

Treat:
Leave hemorrhagic blisters intact
Analgesia
Ibuprofen
Tetanus prophylaxis
Topical aloe vera
Splinting and elevation

Consider:
Plasma volume expanders (dextran)
Vasodilating agents
Low-dose heparin
Prophylactic penicillin
Thrombolytic enzymes
Fasciotomy for compartment syndrome

Follow-up:
Avoid trauma to area
and exposure to cold

Follow-up:
Assess daily for 3–4 wks

Late sequelae
of frostbite

Treat:
Daily hydrotherapy

Consider:
Antibiotics for infection

Treat:
Consider:

Surgery after 3–4 wks
Limit amputation to border
of the affected zone

D

E

F
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BURNS

Definition

Burns are classified by depth of the burn and body surface 
area (BSA) involved. First-degree burns are limited to the 
epidermis and characterized by redness and a mild inflam-
matory response. They usually heal without scarring. First-
degree burns are not included in the calculation of burn 
surface area used for therapeutic decisions. Second- 
degree or partial-thickness burns involve destruction of 
the epidermis and a portion of the dermis, sparing the 
sweat glands, sebaceous glands, and hair follicles. Superfi-
cial second-degree burns are characterized by pain, ery-
thema, blister formation, and a surface that is moist and 
blanching. These usually heal without scarring. Deep  
second-degree burns involve the deep dermal layer. Deep 
second-degree burns are often difficult to distinguish from 
third-degree burns. They may be characterized by a blis-
tered and moist surface or a dry, white, nonblanching sur-
face. These burns usually result in scarring. Full-thickness 
or third-degree burns involve destruction of the epidermis 
and all of the dermis, including the dermal appendages. 
Destruction of the cutaneous nerves in the dermis makes 
them nontender. These burns result in scarring and con-
tractures. Fourth-degree burns are those full-thickness 
injuries that involve underlying fascia, muscle, or bone.

Pathophysiology

	A.	 The first step in the evaluation of the burned child is 
careful attention to adequacy of airway, breathing, and 
circulation (ABCs). Remove smoldering clothing or 
other sources of continued burning. Assess the child 
for associated injuries. Consider child abuse when the 
history is inconsistent with the examination findings or 
there is an unusual burn pattern. Consult a surgeon 
familiar with pediatric burns in all but the most minor 
cases.

	B.	 Burns are considered severe to very severe (major 
burn) if any of the following criteria are met: second- 
and third-degree burns of more than 10% BSA in pa-
tients younger than 10 years; second- and third-degree 
burns of more than 20% BSA in other age groups; 
third-degree burns of more than 5% BSA; involvement 
of the face, eyes, ears, hands, feet, perineum, or major 
joints with second- or third-degree burns; associated 
major trauma; inhalation burns; significant electrical 
burns, including lightning injury; circumferential burn 
of the extremities or chest; and chemical injuries with 
serious threat of functional or cosmetic impairment. 
The palm of the child’s hand is approximately 1% BSA 
and can be used as a rough guide to estimate burned 
area. Transfer children with major burns to a pediatric 
burn center.

	C.	 Mild or moderate (minor) burns are usually treated on 
an outpatient basis. Cleanse the wound with a dilute 
mild soap and rinse it with saline. Débride ruptured 
vesicles. Intact blisters are generally left alone. Apply  
a thin layer of 1% sulfadiazine cream or Neosporin 

(especially for the face) and a sterile dressing. Give a 
tetanus booster if needed. Some children require co-
deine for pain control. Most burns should be re-exam-
ined and redressed in 24 hours.

	D.	 In children with major burns, the first priority is to 
maintain a patent airway. Respiratory distress, cyanosis, 
facial burns, singed facial hairs, cough, or voice changes 
suggest the need for aggressive airway management. 
Administer oxygen in all such cases or if the history 
suggests smoke inhalation. Continually assess for the 
need for intubation when the child is at risk for airway 
edema and progressive obstruction.

	E.	 Vigorous fluid administration is indicated for patients 
with major burns. Children with extensive burns have 
difficulty in retaining body fluids and regulating body 
temperature. Initial therapy is normal saline or lactated 
Ringer solution, 20 ml/kg IV, repeated until perfusion is 
adequate. Subsequent fluid is given at 4 ml/kg per BSA 
percentage burned, with half of that amount given dur-
ing the first 8 hours. Calculate maintenance fluid as 
usual and add it to this replacement. A Foley catheter 
will help monitor urine output, with a goal of at least  
1 ml/kg urine output per hour. Consider IV morphine 
for pain control. Cover burns loosely with clean sheets.

	F.	 Baseline laboratory tests include complete blood cell 
count (CBC), arterial blood gas analysis, carboxyhemoglo-
bin level, type and crossmatch of blood, electrolyte values, 
blood urea nitrogen (BUN) and creatinine concentra-
tions, and urinalysis. Obtain a baseline chest radiograph.

	G.	 Several preventive strategies can reduce the risk for burns 
to children. Decreasing the temperature of water heaters 
to 120°F increases the time required for full-thickness 
scalding to occur (10 minutes at 120°F, 30 seconds at 
130°F). Smoke detectors and sprinkler systems can re-
duce deaths if they are properly installed and maintained.
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Hospitalize

Child with BURNS

History

Physical examination

Assess severity of the burn

Very severeSevereModerate

C Treat:
Cleanse and rinse burn
Débride ruptured vesicles
Apply topical antibiotic
Apply a sterile dressing

Consider:
Tetanus booster
Pain medication

B

Assess airway, breathing, and circulation
Remove smoldering clothing
Consult:

Surgeon with expertise in burn care

A

Stabilize:
Respiratory support
Circulatory support
Hospitalize in ICU

Consider:
Intubation and ventilation

Chest radiography
Foley catheter
Baseline laboratory studies

Treat:
Oxygen
Airway protection
IV fluids
Cover burns 
Topical antibiotic dry dressing

Consider:
Pain medication

Consider:
CBC with differential
Electrolytes
BUN and creatinine
Carboxyhemoglobin level
ABG
Urinalysis
Blood crossmatch
Chest radiograph

Identify:
Child abuse
Associated injuries

E

F

Consider:
Transport to a
pediatric burn center

Follow-up:
Reassess and
redress in 24 h
Prevention counseling

D

G
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Child Abuse: Physical Abuse
Kathryn Wells, MD, FAAP, and Andrew Sirotnak, MD

	A.	 In the patient’s history, ask how the injury happened, 
including sequence of events, people present, and assess 
for any possible delay in seeking medical attention.  
Record the parent’s explanation of each positive physical 
finding in quotations whenever possible. If the child is 
older than 2 years, try to elicit the child’s history in a 
private setting and compare it with the parent’s version, 
again using quotations. Use adult translators who are not 
relatives or friends if there is a language barrier. Obtain 
at least a detailed 48-hour history of the feeding, sleep-
ing, and behavior patterns. A complete medical, preg-
nancy, and family history should be obtained. The child’s 
temperament, behavior history, and developmental level 
should all be assessed. Check for growth failure, previ-
ous injuries to child or siblings, death of siblings, and risk 
for abuse to siblings or the spouse. Social factors (such 
as substance abuse) and stressors (such as financial) 
should be identified.

	B.	 The physical examination should consist of a thorough 
head-to-toe assessment including evaluation of all 
growth parameters that need to be plotted and com-
pared with any previous measurements. Document all 
bruises, abrasions, and scars by site, size, shape, and 
color; note their resemblance to identifiable objects. 
Pay special attention to the scalp, retinas, eardrums, 
pinnae, oral cavity, and genitals including anus for signs 
of occult trauma. One study showed that approximately 
60% of abused children had injuries to the head, face, 
and neck. Whenever possible, color photographs are 
helpful documentation. Consider referral of bite marks 
to a forensic dentist for further documentation and 
potential evaluation. Acute bites should be swabbed 
for potential DNA evidence. Bruises cannot be accu-
rately dated. Palpate all bones for tenderness and test 
joints for full range of motion. Unexplained change in 
level of consciousness or focal neurologic signs should 
prompt consideration of abusive head injury, even in 
infants without external signs of trauma. Abdominal 
injury may also be present without external bruises.

	C.	 Systemic or organic diseases can mimic physical abuse. 
Consider diagnoses mimicking bone (osteogenesis  
imperfecta, congenital syphilis, metaphyseal chondro-
dysplasia, infection, metabolic disease), skin (coagulop-
athies, vasculitides, Mongolian pigmentation, bullous 
impetigo, purpura), and intracranial (meningitis, sepsis, 

metabolic disease) injuries. Medical conditions that 
predispose to unrecognized accidental trauma, such as 
spina bifida and spasticity, require sensitive but careful 
investigation to ensure that the child has not experi-
enced inadequate care or abuse.

	D.	 Order a bleeding disorder screen in children with 
bruises when you suspect a bleeding disorder, if the 
case is expected to go to court, if the parents deny in-
flicting the injuries and claim easy bruising, or if there 
is a family history of easy bleeding. A bleeding disorder 
screen includes a complete blood cell count (CBC), 
including platelet count, partial thromboplastin time, 
and prothrombin time. In addition, fibrinogen level, 
von Willebrand factor, ristocetin cofactor, and assays 
for factors II, V, VII, VIII, IX, X, XI, and XIII should 
be considered. Finally, a study of platelet function such 
as a PFA-100 is preferable to bleeding time and may 
also be obtained. Consultation with other disciplines to 
evaluate hematologic, metabolic, or other diagnostic 
considerations may be helpful.

	E.	 Bone trauma is found in 11% to 55% of physically 
abused children; young children are most vulnerable. 
An absence of bruising does not exclude abusive skeletal 
injury. In any child younger than 2 years who presents 
with findings concerning for abuse, a skeletal survey 
should be obtained. In children between 2 and  
5 years, a skeletal survey (which needs to include 
oblique rib films) can be obtained in those with evidence 
of severe abuse or concerning findings on examination. 
After age 5 years, obtain radiographs only if there is 
bone tenderness or limited range of motion. Ask the 
radiologist to estimate age of healing positive radio-
graphic findings. Metaphyseal chip fractures, rib frac-
tures, or multiple injuries at different stages of healing 
are highly suspicious. A radionuclide bone scan may as-
sist in identifying acute rib fractures, as well as subtle 
nondisplaced long-bone fractures. If underlying bone 
disease is suspected, calcium, alkaline phosphatase, 
phosphorus, 25-OH vitamin D, and parathyroid hor-
mone levels can be obtained. Consider repeating the 
skeletal survey minus the skull films in 2 to 3 weeks for 
high-risk cases. If osteogenesis imperfecta is a consider-
ation, a genetics consultation should be obtained. Always 
consider the possibility of head and/or abdominal injury 
when children have suspicious fractures.
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done in infants less than 6 months old with findings 
suggestive of abuse; magnetic resonance imaging 
(MRI) may be considered when symptoms do not fit 
CT findings. MRI technology can identify early cere-
bral edema, as well as shearing tears of axonal injury. 
Cervical spine MRI should be considered as further 
evaluation of an identified intracranial injury. Head-
injured children may require emergent measures to 
control intracranial pressure and shock. Children 
with evidence of chronic intracranial bleeding should 
be screened for metabolic disease with urine organic 
acids and serum amino acids. A dilated funduscopic 
examination optimally by a pediatric ophthalmolo-
gist, for identification, documentation, and descrip-
tion of retinal hemorrhages, is standard of care.

	F.	 Evaluate thoracoabdominal injuries with laboratory tests 
of the pancreas, liver, and kidneys (amylase, lipase, liver 
function tests, creatinine, blood urea nitrogen [BUN], 
and a urinalysis). In addition to a chest radiograph evalu-
ating for rib fractures, imaging studies such as chest and 
abdominal computed tomographic (CT) scanning to 
identify injury to lungs, heart, esophagus, spleen, blad-
der, and bowels may also be indicated.

	G.	 Head injury is the leading cause of child abuse 
fatalities. In one study, it was found that 31% of chil-
dren and infants with abusive head trauma were ini-
tially misdiagnosed, so there should be a low index of 
suspicion for head injury especially in an infant with 
evidence of physical abuse. A head CT scan is a good 
initial method to assess head injury and should be 

Child with suspected PHYSICAL ABUSE

History Consider:
  Skeletal survey
  CT or MRIPhysical examination

Identify:

Systemic disease

Assess pattern of injury

Assess cause of injury

Bruising/soft
tissue trauma

Skeletal trauma/
limitation of movement
or deformity on focal
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Thoraco-abdominal
trauma

Head trauma/
neurologic signs
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Dilated fundus 
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  Epidural hematoma
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  Retinal hemorrhages
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  Abdominal films
  US
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  Pancreatitis
  Spleen hematoma/laceration
  Bowel injury/obstruction
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	H.	 Many cases of physical abuse are first suspected be-
cause the injury is unexplained or the explanation is 
implausible and incompatible with the physical find-
ings. An injury may be inconsistent with developmental 
ability of the child. A verbal child may confirm that a 
particular adult hurt him or her. The diagnosis of 
physical abuse (nonaccidental trauma) is based on 
whether the physical findings are consistent with the 
history given. Many patterned bruises, burns, and scars 
are pathognomonic of physical abuse. Bruises on the 
buttocks and lower back are frequently related to 
spanking; fingerprints and thumbprints can be found 
where a child has been forcefully grabbed such as on 
the upper arms or legs; hard pinching leaves curvilinear 
bruises; slapping leaves a bruise with parallel lines run-
ning through it that represent the spaces between the 
fingers; attempts to silence a screaming child or force-
feeding may bruise the upper lip and/or tear the frenu-
lum; human bite marks are distinctive paired, crescent-
shaped bruises facing each other; a bruise or welt often 
resembles the blunt instrument used. The most com-
mon sites of accidental bruises are the forehead, ante-
rior tibia, and bony prominences. Inflicted immersion 
burns usually produce a water line and may spare sur-
faces touching the porcelain surface of the bathtub 
(e.g., the buttocks) or flexed surfaces (e.g., intertrigi-
nous areas or the closed palm). Surface tension proper-
ties of liquids can help to explain patterns of scalds. 
Intentional cigarette burns should be distinguished 
from usually more superficial nonintentional burns and 
from skin trauma and infections. A medical provider 
should suspect child abuse when life-threatening inju-
ries result from reportedly short falls or stairway falls.

	 I.	 Accidents are results of unexpected and unintentional 
forces. Reasonably prudent parents allow their children 
to be exposed to some risks that are generally low in 
injury potential or very low in frequency. Supervisional 
neglect should be considered when a parent has failed 
to meet the safety needs of the child or when a child has 
had sustained repeated serious injuries because of poor 
supervision.

	J.	 Some cases are obvious; others are confusing. If you 
cannot decide whether the injuries are accidental or in-
flicted, seek immediate consultation. Consider consult-
ing a pediatric orthopedist, radiologist, neurosurgeon, or 
forensic dentist for help. Whenever a medical provider 
suspects abuse or neglect, they are legally obligated to 
report suspicious injuries to the local Child Protection 
Services for investigation and follow-up observation.

	K.	 Hospitalize children with severe injuries or for safety 
of the child, and immediately report to the local Child 
Protection Services. Include in the report details of 
injury, treatment plans, and recommendations for  
protection of the child and follow-up. Child abuse–
trained pediatricians may be available in local chil-
dren’s hospitals for consultation, referral, or both. Be 
available to the juvenile court when necessary. Child 
abuse cases may involve criminal investigation and 
court. Report any concerns about the safety of siblings 
and other nonviolent caregiver. Siblings may need to 
be medically evaluated as well. Reports should be 
made to law enforcement agencies so that they can 
assist in the investigation. Often a scene investigation 
may uncover an implement used to cause an injury or 
other important information. For example, in immer-
sion burns, the temperature of water in the home can 
be measured with properly standardized chemistry 
thermometers.

	L.	 Child abuse produces psychological distress. Manifes-
tations of abuse span the spectrum of child and adult 
psychopathology. Immediate psychological resources 
may be needed. Avoidance or denial of need of  
psychological resources does not indicate the ab-
sence of distress. Long-term follow-up of school 
functioning, behavior, and long-term relationships is 
important. Coordination and case management of 
community-based services for children and parents  
is important. Follow-up is critical to address any  
ongoing needs. It is also important to assure that 
regular medical care has been established for the 
child as well as that any needed mental health ser-
vices have been initiated.
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Child Abuse: Sexual Abuse
Andrew Sirotnak, MD, and Antonia Chiesa, MD

Children are sexually mistreated most commonly by family 
members, less frequently by friends and acquaintances, and 
least commonly by strangers. A child may present to medi-
cal care after specific disclosure by the child, with either 
specific or nonspecific behavioral changes or medical com-
plaints. A detailed account of sexual experiences, unex-
plained vaginal bleeding, other genital symptoms, compul-
sive masturbation, precocious sexual behaviors, specific 
examination findings, sexually transmitted disease (STD), 
rectal or vaginal foreign body, or vaginitis should prompt 
consideration of the diagnosis of sexual abuse.

	A.	 Take a careful history; few sexual abuse victims have 
physical or laboratory findings. Interview parents and 
children separately. Children older than 3 years can 
provide an accurate description to a skillful interviewer. 
Coordination with Child Protection Services or law 
enforcement for the medical examination of a child who 
has previously disclosed sexual abuse is important, as 
details of an interview and type of sexual contact may  
be known. Repeated questioning of such a child is not  
indicated.

When a nondisclosing child suspected of being 
sexually abused presents for care, an experienced clini-
cian should do a nonleading, unbiased interview. Es-
tablish rapport; be supportive, not authoritarian; be 
nonjudgmental and honest with the child about the 
visit. Allow the child the opportunity to stop the inter-
view (or examination). Observe and document the 
child’s affect.

Ask open-ended and nonleading questions, such as 
“Tell me more about that,” or “What happened next?” 
Progress to more specific questions if the child dis-
closes sexual abuse. Document all details concerning 
type and frequency of sexual contact. Note the child’s 
special names for body parts. Document date, time, 
place, person, and sites of sexual abuse. In older chil-
dren, record menstrual history, whether force was in-
volved, the patient’s concept of intercourse, and 
whether penetration or ejaculation occurred. Refer the 
patient to a child psychiatrist or psychologist for addi-
tional evaluation if there is a possibility of uninten-
tional or intentional suggestion (induced memory or 
coached disclosure).

	B.	 Examine the body surface for signs of nongenital trauma. 
Examine the mouth and rectum for signs of acute 
trauma. Visually examine the external genitals for signs of 
trauma or vaginal discharge. Use labial traction (grasp 
the labia and protract them directly away and posteriorly 
from the child) and labial separation to examine the  
hymen and posterior fourchette areas. Although hymen 
width measurement and measurement of the posterior 
hymenal rim in abused and nonabused populations have 
been studied, the overall appearance of the tissue is more 

important than these measurements. When attempted, 
hymen width measurement is best done by colposcope 
with standardized optical measuring devices, noting, 
however, that measurements have not been shown to be 
a reliable diagnostic tool. In prepubertal children, vaginal 
speculum examination or surgical exploration under  
anesthesia is not indicated unless acute bleeding is unex-
plained or a foreign body is expected. Consider magnifi-
cation and photographic documentation of the genitalia 
with use of a colposcope if injuries are found. Most pen-
etrating hymenal injuries occur posteriorly, between the 
3- and 9-o’clock positions. Acute trauma of the genitals, 
rectum, or mouth usually has epithelial closure within 
about a week and complete restoration of the tissues 
within a few weeks. Acute injuries appear as lacerations, 
contusions, fissures, and abrasions. Anal laxity leading to 
dilation greater than 20 mm without stool present is not 
necessarily specific for sexual abuse, but some authors 
have suggested there may be an association with a history 
of rectal penetration. Female genital injuries frequently 
heal without any residua of prior trauma. When appar-
ent, healed injuries can appear as transections com-
pletely through the posterior hymen and hymenal atten-
uation. Healed anal injuries usually leave no discernible 
findings; however, scars or anal skin tags outside the 
midline suggest previous injury.

	C.	 Consider consultation with a local child protection 
team or physician or nurse experienced in child sexual 
abuse evaluations. The female genitalia and anal  
examination have normal variability, and reliable evalu-
ation requires some practiced skill. Some conditions 
can be misdiagnosed as resulting from trauma (e.g.,  
lichen sclerosus, urethral prolapse, group A streptococ-
cal infection). If forensic evidence collection is indi-
cated, care should be taken to ensure the appropriate 
handling of specimens and maintenance of chain of 
evidence. Attention to proper completion of forms that 
accompany the collection of evidence kits is also  
required. Report to Child Protection Services if you 
are uncertain whether the concerns warrant a finding 
of abuse. Child abuse will produce psychological dis-
tress that can span the spectrum of child psychopathol-
ogy, so consider the need for immediate psychological 
resources.

	D.	 Two categories of sexual abuse can be distinguished: 
(1) nonpenetrating contact (viewing or fondling the 
child’s genitals, asking the child to fondle or mastur-
bate the adult’s genitals, exposure to pornography); and 
(2) penetrating sexual contact, including attempted 
and actual vaginal, oral, or rectal penetration. Evaluate 
each case individually for the following: (1) the degree 
of force, threat, or coercion; (2) the psychological  
response of the parents and child; and (3) the need for 
laboratory investigation.
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History

Child with SUSPECTED SEXUAL ABUSE

Physical examination

Consider:
  Consultation with a child protection
  team or experienced physician/provider

Consider:
  Report to child protection services
  and/or police immediately.

  Crisis counseling as needed

  Advocate long-term therapy for child
  and nonoffending parent

Penetrating sexual contact/exposure to body fluid

A

B

C

D

E F

No

No forensic
evidence collection

(Cont’d on p 475)

Yes

Collect and submit body fluid
  and other forensic specimens
  to proper laboratories/authorities
Collect external specimens
  only in cases of nonpenetrating
  contact or in prepubertal children
  children.

Consider:
  In cases of acute trauma
  need for surgical repair
  or exploration under anesthesia
  in cases of continued vaginal
bleeding of unknown source,
consult experienced 
physician/provider

	E.	 For nonpenetrating contact, collect specimens as ap-
propriate to test for semen or saliva on skin or clothing. 
Data suggest that in prepubertal children, swabs from 
the body are unlikely to reveal forensic evidence out-
side of 24 hours, and that there is a much higher yield 
of DNA evidence from clothing and linens. Follow 
chain-of-evidence possession procedures.

	F.	 If penetration has occurred, collect specimens from the 
clothing and body (semen, pubic hair, scalp hair, finger-
nail and debris scrapings, saliva, blood samples) that 

help to identify the perpetrator. Forensic evidence col-
lection kits are helpful only if collected within 72 hours 
of alleged sexual contact or assault (up to 120 hours for 
adolescents with a disclosure of rape). Use protocols to 
guide specimen collection. Adhere to chain-of-evidence 
possession procedures. When there has been trauma or 
significant exposure to body fluid, collect a serum sam-
ple for immediate baseline testing for hepatitis B and C, 
human immunodeficiency virus, and syphilis, as well as 
for comparison with follow-up sera.
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	G.	For the postpubertal patient, assess the possibility of 
pregnancy. Medication to prevent pregnancy can be 
given to girls who are postmenarchal and have had 
vaginal intercourse within 72 hours. Recent studies 
have suggested that this window of treatment may  
be extended to 120 hours. If the pregnancy test result 
is negative, U.S. Food and Drug Administration– 
approved products can be prescribed to prevent preg-
nancy. Although not specifically labeled for emergency 
contraception, there are also well-described, safe, and 
effective regimens that use combination oral hormonal 
contraceptives. There are multiple mechanisms by 
which emergency contraception prevents pregnancy. 
Unlike mifepristone (RU-486), an antiprogestin, hor-
monal emergency contraception is not an abortifacient. 
Regardless, carefully document decision-making pro-
cess with family about these drugs.

	H.	 After obtaining initial culture and wet mount speci-
mens, treat adolescent victims of penetrating assault 
prophylactically with ceftriaxone (gonorrhea), azithro-
mycin or doxycycline (chlamydia infection), and metro-
nidazole (trichomonas infection). Nucleic acid amplifi-
cation tests for the diagnosis of gonorrhea and chlamydia 
are increasingly used in sexually active adolescents and 
adults; however, their use in forensic cases of child 
sexual abuse has not yet been determined, and culture 
remains the preferred test. If culture is not available, 
two different nucleic acid amplification tests may be an 
alternative for testing. Consider postexposure prophy-
laxis for hepatitis B and human immunodeficiency virus 
(HIV) infection if trauma is present and an exchange of 
blood or body fluid occurred. HIV prophylaxis is costly 

and carries significant risk for adverse effects from the 
medication; compliance to prescribed regimens can be 
poor in pediatric and adolescent populations, so pre-
scribing decisions should be based on risk for infection 
and the ability to monitor follow-up. Before initiating 
HIV prophylaxis, baseline serum chemistry should be 
drawn for safety and adverse effect monitoring. Make 
the decision to evaluate prepubertal children for STDs 
on an individual basis (type of assault, symptoms, risk of 
STD in the alleged perpetrator). Routine testing for 
STDs in every prepubertal child with a suspicion of 
sexual abuse is not indicated. When necessary, collect 
suspicious discharge, or specimens from the vagina or 
urethral meatus. Cervical or urethral swabs are not in-
dicated in the prepubertal patient.

	 I.	 Follow-up examination for STDs should be done at 
2 weeks after assault. Inquire about the effects of post-
coital pregnancy prophylaxis. Repeat culture and wet 
mount tests. Repeat serologic testing for HIV, hepatitis 
B (unless vaccinated), hepatitis C, and rapid plasma 
reagin should be arranged at this time. Obtain recent 
menstrual history. Examine for genital warts and con-
sider routine health screen for adolescents (Pap smear, 
sexual activity counseling). Evaluate all victims for signs 
of psychological and emotional sequela. Refer to coun-
seling as needed. Avoidance or denial of a need for 
psychological resources does not indicate the absence 
of distress. Long-term follow-up, especially of develop-
ment, school function, and sustained relationships, is 
important. Research in the field indicates that child-
hood sexual abuse is strongly associated with multiple 
types of future adult health and psychosocial problems.

(Continued on page 476)
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G

H

I

Treat:
  Assess need for pregnancy/STD
  diagnosis and prophylaxis

Consider:
  Emergency contraception
  Ceftriaxone
  Azithromycin or doxycycline
  HIV prophylaxis (collect baseline serum)
  Hepatitis B prophylaxis
  Metronidazole

Arrange follow-up for any necessary
  infectious serology monitoring

Follow-up: 2 week visit
Consider:
  Culture and wet mount
  Monitor tolerance/compliance with any prophylactic medications
  Schedule repeat infectious serology testing at appropriate intervals

Evaluate all victims for emotional sequela of abuse
Refer to counseling as necessary

(Cont’d from p 473)

Child with SUSPECTED SEXUAL ABUSE
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Evaluation of Acute Poisoning  
and Overdose

Suzan Mazor, MD

Acute poisoning may result from ingestion, eye or topical 
exposure, inhalation, or envenomation. The types of sub-
stances most often reported to cause poisoning are clean-
ing products, analgesics, cosmetics, plants, decongestant 
and antihistamine cold drugs, pesticides, hydrocarbons, 
topical medications, bites, venoms, and foreign bodies.

	A.	 If initial contact is by telephone, quickly obtain the pa-
tient’s telephone number and address in case contact is 
broken. Ask about the product and amount ingested, time 
of ingestion, current symptoms, and medical history. Note 
toxins with a delayed onset of serious effects, such as  
acetaminophen, iron, lithium, and diphenoxylate with at-
ropine (Lomotil). Contact the poison center by calling 
1-800-222-1222.

	B.	 In the physical examination, rapidly assess the airway, 
breathing, circulation (ABCs), and level of conscious-
ness with the Glasgow Coma Scale (see p. 321) or other 
age-appropriate scale. Carefully assess the eyes for 
pupil size and responsiveness, nystagmus, and extra-
ocular eye movements, and visualize the fundi. Note 
corrosive lesions and bleeding in the mouth. Assess 
airway-protective reflexes. Count respirations and lis-
ten for air exchange; note retractions, grunting, and 
nasal flaring (signs of distress). Assess the peripheral 
perfusion, and note heart rate and rhythm. Note skin 
color and any lesions such as bites, burns, or blisters, or 
topical patches. Note unusual odors.

	C.	 Initial decontamination may include saline eye lavage, 
removal of contaminated clothing and washing the skin 
with soap and water, or gastrointestinal interventions. 
Options for gastric decontamination include syrup of 
ipecac, gastric lavage, activated charcoal, or whole-
bowel irrigation. The choice of gastric decontamination 
depends on the poison ingested, time since ingestion, 
and clinical presentation (Table 1). Current recommen-
dations for decontamination have an increased focus on 
the use of activated charcoal with a decreased emphasis 
on syrup of ipecac and gastric lavage. Toxins not ad-
sorbed well to charcoal include iron, mineral acids or 
bases, alcohol, cyanide, solvents, hydrocarbons, and 
other water-insoluble compounds. Most poisoned chil-
dren who are not critically ill are managed safely and 
effectively in the emergency department or office  

setting with activated charcoal alone. Activated charcoal 
may be given with a cathartic agent on the first dose. 
After the first dose, coadministration of cathartic with 
charcoal should be avoided because of the possibility of 
causing fluid and electrolyte abnormalities. The dose of 
activated charcoal is 1 g/kg; it may be administered 
orally, by nasogastric tube, or by orogastric tube.

Whole-bowel irrigation should be considered for 
potentially toxic ingestions of iron, sustained-release 
medications, and lead, as well as packets of illicit drugs. 
Consider gastric lavage only when the patient has in-
gested a potentially life-threatening amount of a poison 
and the procedure can be undertaken within 60 minutes 
of the ingestion. An absolute contraindication to gastric 
lavage is the ingestion of caustic agents because of the 
increased risk for esophageal or gastric perforation by 
this procedure. Gastric lavage is also contraindicated in 
hydrocarbon ingestions because of an increased risk for 
aspiration. The role of syrup of ipecac is limited, and 
recommendations for its use have been on the decline. 
Because of the emetogenic effect of syrup of ipecac, 
administration of activated charcoal or other gastric de-
contamination techniques may be more difficult. Syrup 
of ipecac may still be useful in some poisonings that oc-
cur at locations distant from medical care. All gastric 
decontamination may cause emesis, which puts the pa-
tient at risk for aspiration, and care must be taken in 
patients who have ingested caustic agents or hydrocar-
bons, have a compromised or unprotected airway, or 
have an altered mental status.

	D.	 Simple maintenance of the airway, ventilation, oxygen-
ation, attention to intravascular fluid status, and appro-
priate cardiovascular support may contribute more to 
survival than any other specific antidotes in the care of 
the poisoned patient. When hypoglycemia is identified, 
give 0.25 to 1 g/kg glucose as 10% to 25% dextrose in 
water. Hypoglycemia can be associated with poisoning 
by ethanol, insulin, salicylates, oral hypoglycemics, and 
beta-blocking agents. If a patient presents with coma, 
bradycardia, and miosis, suspect an opioid toxin and 
administer 0.4 to 2 mg naloxone (Table 2). Treat ado-
lescent patients with a history of opioid intoxication 
with a 2-mg bolus every 2 minutes up to five times 
(total of 10 mg) if necessary for a response.

(Continued on page 480)
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Patient with ACUTE POISONING AND OVERDOSE

Assess degree of illness
(Table 1)

A

B

C

History Consider:
Urine and blood toxicology tests
Electrolytes
Blood glucose
LFTs
Quantitative toxin tests
Oximetry
Electrocardiography
ABG
Chest radiography
Abdominal radiography

Physical examination 

Very severeModerate

Hospitalize in ICU

Consider:
Intubation and ventilation
Seizure treatment (p 358, 370)
Arrhythmia treatment (p 74, 90)

HospitalizeFollow-up:
Assess in 12–24 h

Treat:
Decontamination/
detoxification

Consider:
IV access
Gastric lavage
Activated charcoal

D Stabilize:
Oxygen
Circulatory support

Consider:
Naloxone
D25W bolus

Treat:
IV access
and fluids

Consider:
Oxygen
Naloxone
D25W bolus

Mild Severe

Note pattern of toxic manifestations
(Cont’d on p 481)

Table 1. Degree	of	Illness	in	Poisoning	and	Overdose

Mild Moderate Severe Very	Severe

Asymptomatic
No risk for  

deterioration

Benign, self-limited 
toxic effects

Altered mental state (lethargy) or 
signs of toxicity that may worsen 
and become life threatening

Unstable vital signs (shock, 
respiratory depression,  
arrhythmia)

or
Coma
or
Stupor
or
Seizures
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	E.	 Narcotic-sedative-hypnotic toxic syndrome is character-
ized by depressed mental state, depressed respirations, 
and hypotension. Narcotics, excluding meperidine, pro-
duce miosis. Central nervous system sedatives, such as 
alcohol, barbiturates, ethchlorvynol, chlordiazepoxide, 
diazepam, meprobamate, and methaqualone, can be  
associated with small or normal pupils. Glutethimide 
(Doriden) overdose causes fixed pupils. Naloxone re-
verses narcotic overdose but rarely helps overdose of 
other sedative-hypnotic drugs.

	F.	 Anticholinergic toxic syndrome is characterized by 
altered mental state (confusion, agitation, delirium, 
hallucinations, seizures, coma), dry skin and mucous 
membranes, mydriasis, tachycardia, urinary retention, 
fever, and decreased bowel sounds. Anticholinergic 
drugs include antihistamines, antiparkinsonian agents, bel-
ladonna alkaloids, haloperidol, tricyclic antidepressants, 

Table 2. Specific	Antidotes	to	Acute	Poisoning	in	Children	and	Adolescents

Poison Antidote

Acetaminophen N-acetylcysteine; intravenous (IV)—150 mg/kg over 1 h, then 12.5 mg/kg/h for 4 h, then 6.25 mg/kg/hr; 
enteral—140 mg/kg, then 70 mg/kg every 4 h. 

Anticholinergics Physostigmine (adult, 0.5 to 2 mg; child, 0.02 mg/kg) slow IV; may repeat in 15 min until desired effect is 
achieved; subsequent doses every 2–3 h PRN (Caution: May cause seizures, asystoles, cholinergic crisis; 
discuss with medical toxicologists)

Anticholinesterases Atropine, 2–5 mg (adults); 0.05–0.1 mg/kg (children) intramuscular (IM) or IV, repeated every 10–15 min 
until atropinization is evident

Organophosphates Pralidoxime chloride 1–2 g (adults); 25–50 mg/kg (children) IV; repeat dose in 1 h PRN, then every 6–8 h for 
24–48 h (consider also constant infusion; see text)

Carbamates Atropine, as above; pralidoxime for severe cases (see text)
Benzodiazepines Flumenazil, 0.01 mg/kg IV (estimated pediatric dose; see text)
b-Adrenergic blockers Glucagon, 0.1 mg/kg IV, followed by 0.05 mg/kg/h
Calcium channel blockers Calcium chloride 10%, 10 mL (adult); 0.2 mL/kg (pediatric) IV Insulin (see text) 

Or
Calcium gluconate 10%, 30 ML (adult); 0.6 mL/kg (pediatric) IV

Carbon Monoxide Oxygen 100% inhalation, consider hyperbaric for severe cases
Cyanide—cyanide antidote kit Adult: Amyl nitrite inhalation (inhale for 15–30 s every 60 s) pending administration of 300 mg sodium 

nitrite (10 mL of a 3% solution) IV slowly (over 2–4 min); follow immediately with 12.5 g sodium  
thiosulfate (2.5–5 mL/min of 25% solution) IV

Children: (Na nitrite should not exceed recommended dose because dangerous methemoglobinemia may result):

Hemoglobin Initial dose 3% Na nitrite Initial dose 25% Na thiosulfate IV
8 g 0.22 mL (6.6 mg)/kg 1.10 mL/kg
10 g 0.27 mL (8.7 mg)/kg 1.35 mL/kg
12 g (normal) 0.33 mL (10 mg)/kg 1.65 mL/kg
14 g 0.39 mL (11.6 mg)/kg 1.95 mL/kg

Cyanide—hydroxycobalamin Adult: 5g IV; Child: 70 mg/kg IV
Digitalis Fab antibodies (Digibind): dose based on amount ingested and/or digoxin level (see package insert)
Isoniazid (INH) Pyridoxine 5%–10%, 1 g per gram of INH ingested (70 mg/kg up to 5 g if dose unknown) IV slowly over  

30–60 min
Methanol/ethylene glycol Fomepizole: load 15 mg/kg; maintenance 10 mg/kg q12h 4 doses, then 15 mg/kg q 12h (dose should be  

adjusted during dialysis; ethanol may be used if fomepizole unavailable)
Ethanol loading dose: 0.75 g/kg infused over 1 h (fomepizole is preferred)
Ethanol maintenance: 0.1–0.2 g/kg/h infusion; adjust as needed with target level 100 mg/dL
Folate 1 mg/kg IV every 6 h (methanol)
Thiamine 0.5 mg/kg and pyridoxine 2 mg/kg (ethylene glycol)

Methemoglobinemic agents Methylene blue 1%, 1–2 mg/kg (0.1–0.2 mL/kg) IV slowly over 5–10 min if cyanosis is severe or methemo-
globin level .40%

Opioids Naloxone 0.4–2 mg IV, IM, sublingual or by ETT; may repeat up to total 8–10 mg in adolescent/adult (see text)
Phenothiazines (dystonic  

reaction)
Diphenhydramine, 1–2 mg/kg IM or IV; or
Benztropine, 1–2 mg IM or IV (adolescents)

Sulfonylureas Octreotide 1–2 mg/kg/dose subcutaneous (SC) or IV every 6–12 h
Tricyclic antidepressants Sodium bicarbonate, 1–2 mEq/kg IV
Warfarin (and “superwarfarin”  

rat poisons”)
Vitamin K, 10 mg (adult); 1–5 mg (pediatric) IV, IM, SC, PO

Modified from Osterhoudt KC, Ewald MB, Shannon M. Toxicologic emergencies. In: Fleisher GR, Ludwig S, eds. Textbook of Pediatric Medicine. 6th ed. Baltimore, MD: 
Lippincott Williams & Wilkins; 2010

and toxic mushrooms and plants. Physostigmine should be 
considered only when symptoms are life-threatening be-
cause its use may cause seizures, asystole, and cholinergic 
crisis. Physostigmine is contraindicated in patients with 
asthma, vascular compromise, or urinary obstruction.

	G.	 Cholinergic toxic syndrome is characterized by mio-
sis, increased salivation, lacrimation, muscle fascicu-
lations and weakness, sweating, vomiting, sneezing, 
and bradycardia. The central nervous system effects 
include irritability, headache, confusion, seizures, and 
coma. Chemicals and drugs that cause this syndrome 
include organophosphate and carbamate insecticides, 
physostigmine, neostigmine, and edrophonium.

	H.	 Toxins that produce an increased anion gap metabolic 
acidosis include salicylates, methanol (treat with etha-
nol or fomepizole), ethylene glycol (treat with ethanol 
or fomepizole), carbon monoxide (treat with oxygen), 



481

and salicylates. Hemoperfusion may benefit poisonings 
with phenobarbital, theophylline, paraquat, glutethi-
mide, methaqualone, ethchlorvynol, or meprobamate.

Patient with ACUTE POISONING AND OVERDOSE

Nonfatal Potentially fatal

Follow-up:
Monitor closely

Treat:
Naloxone
Supportive care

Treat:
Consider:

Physostigmine

Treat:
Atropine
Pralidoxime

Note pattern of toxic manifestations
(Cont’d from p 479)

Plasma concentration of toxin

Toxic signs: consider
specific antidotes

Anticholinergic
syndrome

Narcotic-sedative-hypnotic
syndrome

Cholinergic
syndrome

Treat:
Consider:

Multiple-dose charcoal
Dialysis
Hemoperfusion

Metabolic acidosis

Cardiac arrhythmias
Cyanosis
Methemoglobinemia

Extrapyramidal signs

Noncardiogenic
pulmonary edema

E F G

H

I

J

K

L

M

cyanide (treat with cyanide antidote kit or hydroxoco-
balamin), paraldehyde, isoniazid, and iron.

	 I.	 Toxins most frequently associated with cardiac arrhyth-
mia are cyclic antidepressants, amphetamines, anti-
cholinergics, arsenic, beta-blockers, calcium channel 
blockers, chloral hydrate, cyanide, theophylline, digi-
talis, phenothiazines, quinidine, and lithium.

	J.	 Toxins that can induce methemoglobinemia and cyano-
sis unresponsive to oxygen include nitrates, nitrites, 
aniline, phenacetin, phenols, local anesthetics, sulfon-
amides, phenazopyridine, antimalarials, sulfones, 
naphthalene, and p-aminosalicylic acid.

	K.	 Toxins that produce extrapyramidal central nervous 
system effects (dystonic reactions or oculogyric  
crisis) include phenothiazines and butyrophenones. 
Treat with an antiparkinsonian agent (Cogentin) or 
an antihistamine.

	L.	 Toxins that produce noncardiogenic pulmonary edema 
may be inhaled (carbon monoxide, phosgene, hydro-
gen sulfide, chlorine, nitrogen oxides, and beryllium) 
or ingested (narcotics, salicylates, sedative hypnotics).

	M.	Consider additional therapies when the risk for a seri-
ous complication or a poor outcome is high. These in-
clude multiple-dose activated charcoal, dialysis and 
hemoperfusion. Multiple-dose activated charcoal is used 
for serious ingestions of phenobarbital, carbamaze-
pine, dapsone, quinine, salicylates, and theophylline. 
Hemodialysis may be indicated for potentially fatal 
poisonings with lithium, ethylene glycol, methanol,  
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Lead Exposure and Intoxication  
in Children

Mark E. Anderson, MD

CURRENT STATE

No level of lead in a child’s blood is safe. Despite the cur-
rent “action level” of 10 mg lead/dl blood, research consis-
tently demonstrates a dose–response relation between 
blood lead levels and IQ (intelligence quotient) testing at 
levels both above and below the action level. The same 
research demonstrates a greater relative decrement in IQ 
at levels less than 10 mg/dl. Granted, great progress has 
been made with environmental lead, such as with lead ad-
ditives in gasoline. However, the United States still has an 
estimated 1% to 2% of children with lead levels greater 
than 10 mg/dl and 14% with lead levels between 5 and 
9 mg/dl. Average childhood blood lead levels have declined 
precipitously from an average of 15 mg/dl 30 years ago to 
now less than 2 mg/dl, but disparities remain, especially for 
the urban poor. Housing quality is an important risk factor 
for lead exposure via poorly maintained paint. Many more 
children have levels of blood lead that fall below the 
threshold action level but who experience effects from the 
exposure.

Given these successes, casefinding ideally should shift 
from testing of children to testing of environments, but 
this goal has not been realized. Much is known about the 
interaction of lead and biological systems, most of which is 
subclinical and, therefore, argues for lead screening. Sub-
clinical effects include transplacental transfer and de-
creased IQ at levels less than 10 mg/dl, and alterations in 
heme synthesis, vitamin D metabolism, and nerve conduc-
tion velocity at higher levels. Clinically evident effects are 
seen at levels greater than 50 mg/dl and include frank ane-
mia, colic, nephropathy, and encephalopathy. Death may 
occur at levels greater than 100 mg/dl.

Lead exposure can be viewed as a lifetime exposure 
even after blood lead levels decline. Serum lead is bound 
into bones, which are metabolically active and serve as an 
ongoing source of lead over an individual’s lifetime. Chela-
tion will reduce serum lead levels but will not directly  
affect lead already incorporated into bone. Cognitive out-
comes after chelation are inconsistent between studies, 
but if a clinically apparent effect exists, it is likely small and 
should be balanced with the fact that chelation therapy 
imparts significant risks, including death. The potential 
high cost to individuals of lead exposure and the lack of an 
effective, outcomes-based intervention argues for preven-
tion of lead exposure. Identifying and remediating envi-
ronments harmful to children before the exposure occurs 
may be the most reasonable lead policy approach.

 A. History: An appropriate patient history for possible lead 
exposure is essentially the environmental history, which 
should include questions about the home, such as its 
age and renovation history, and questions regarding 

activities within the home such as hobbies that may use 
lead or occupations that expose children to special risk, 
like scrap-metal recycling. The patient history includes 
work in which the child or adolescent may engage and 
also the parent’s type of work. History of known or sus-
pected exposure should prompt screening, as should 
the presence of another occupant in the home with an 
increased blood lead level. Children with pica behaviors 
are at increased risk for lead intoxication, and the pres-
ence of anemia may be a marker for increased blood 
lead. Many miscellaneous exposure pathways are known 
such as use of lead-glazed ceramics, storage of food in 
lead-containing packages or containers, folk remedy 
use, and use of imported cosmetics.

 B. Sampling Procedures: Lead screening is usually done 
with a capillary specimen, typically a finger prick 
with blood blotted onto a testing paper. Testing in 
this manner requires that the skin surface be clean 
and is prone to false-positive test results. Therefore, 
elevated capillary screening should be followed by 
venipuncture testing to confirm a true elevation of 
blood lead. However, in cases where the screening 
test demonstrates an elevated lead level and the  
venipuncture follow-up test does not, recognize  
that the child still has an exposure to lead in the  
environment.

 C. Routine and Specific Recommendations: In the early 
1990s, U.S. screening was recommended at ages 1 and 
2 years or at least once for all children younger than  
6 years. More recently, targeted screening is recom-
mended. The Centers for Medicaid and Medicare 
Services (CMS) mandates screening at 1 and 2 years, 
but screening is not universal even in the high-risk 
populations covered by Medicaid. Practitioners should 
know their local lead epidemiology because depart-
ments of health may have unique screening programs 
in place based on local lead issues. As part of lead 
screening, consider screening for and treatment of 
anemia.

In general, a diet with adequate calcium and iron is 
thought to have a protective effect against lead absorp-
tion, but this recommendation should not replace lead 
screening.

 D. Other Resources: Many communities have govern-
mental and nongovernmental resources to offer both 
providers and children living in the community. Gov-
ernmental examples include local, county, and state 
departments of public/environmental health that may 
include expertise in environmental lead exposure and 
cleanup. In the United States, the Environmental Pro-
tection Agency (EPA) has specific programs dealing 
with lead, and each EPA region has a “Children’s 
Health Representative” whose responsibilities include 
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an awareness regarding resources and programs that 
exist locally and regionally. Outside government, local 
grassroots organizations may exist that focus on hous-
ing safety and quality. Such organizations typically  
operate under public funding sources and include pro-
grams such as the U.S. Healthy Homes Initiative. 
Knowledge of and access to specific resources speaks 
to the role of the pediatric provider in the community 
and a need for activism in support of children and their 
environmental health.

 E. Chelation: At levels greater than 45 mg/dl, chelation 
therapy is a reasonable consideration and can be  
administered on an outpatient basis. At greater levels, 
such as those more than 70 mg/dl, inpatient therapy 
should be considered. The decision to chelate and/or 
to hospitalize a patient for lead intoxication involves 
consideration of many variables, such as the safety of 
the home, isolation of the lead source, the family social 
situation, and the chronicity of the exposure. Recog-
nize that chelation has adverse effects that range from 

foul odor and taste with succimer to death subsequent 
to intravenous chelation therapy.

 F. National Guidelines: In 2005, the American Academy 
of Pediatrics (AAP) published its most recent policy 
statement on lead exposure in children. The State-
ment from the AAP’s committee on Environmental 
Health attempts to cover the current state of the  
science of lead epidemiology, screening, and therapy 
for children. The statement charges government and 
the medical/research community to further under-
stand the effects of lead on IQ at lower levels and  
to establish the use of “low-tech” prevention inter-
ventions such as simple hand washing and the use  
of high-chairs for mealtimes. Current casefinding 
techniques may need to evolve from testing of  
children to include clearer identification of high- 
risk areas, minimizing further entry of lead into the 
environment, and work with public (and private) 
health individuals and housing representatives such 
as landlords.

Child with LEAD EXPOSURE AND INTOXICATION

History

Physical exam

Screen
(capillary specimen) Consider CBC for anemia

<2 (µg/dl) 2–10 (µg/dl) >10 (µg/dl)

Routine advice
(diet)

Inform local
health department

Screen with venous specimen

>10 µg/ml
    Chelation (>45 µg/dl)
    Referral/consult
    AAP lead guideline
    Inform local health dept.
    Toxicology

B

A

C D

F

E
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Figure 1 Screening, confirmation, and treatment guideline for lead exposure 
in children. AAP, American Academy of Pediatrics.

1. Suggestive local lead epidemiology?
2. High risk subject?
3. Positive patient history?

Screen: Capillary specimen

Results (µg/dl)

Routine advice: diet

Inform local health 
department (if 
local resources available)

Screen: Venous specimen

Results (µg/dl) Routine advice: 
Diet (calcium, iron)

<2

2–10

>10

<2

2–10

>10

Referral/consult: AAP lead guideline Inform local department 
   of environmental health

Home investigation?
Screen others

Toxicology or Pediatrics?
           Chelation for patient
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Contraception (Including 
Emergency Contraception)

Amy E. Sass, MD, MPH

Almost half of high-school students reported having had 
sexual experience, and one third reported being currently 
sexually active according to the Centers for Disease Con-
trol 2007 Youth Risk Behavior Survey. Most adolescents 
have sex for the first time at about age 17, but do not marry 
until their middle or late 20s. This means that young adults 
are at risk for unwanted pregnancy and sexually transmit-
ted infections (STIs) for nearly a decade. A sexually active 
teen who does not use contraceptives has almost a  
90% chance of becoming pregnant within a year. In the 
United States, approximately 750,000 adolescents younger 
than 19 become pregnant every year. The majority of teen 
pregnancies is unintended. The United States has the 
highest rate of teen pregnancy in the developed world. 
Pregnancy rates for female Hispanic and non-Hispanic 
black adolescents aged 15 to 19 years are much greater 
(132.8/1000 and 128.0/1000 population, respectively) than 
their non-Hispanic white peers (45.2/1000 population). 
Lower socioeconomic status and lower maternal education 
are risk factors for teen pregnancy regardless of racial or 
ethnic group (Table 1).

 A. The American Academy of Pediatrics endorses a com-
prehensive approach to sexuality education that incor-
porates encouraging abstinence while providing appro-
priate risk reduction counseling regarding sexual 
behaviors. Adolescents often delay seeing a clinician 
for contraceptive services after initiating sexual activity. 
Concern about lack of confidentiality is an important 
reason for this delay. Regularly talking with teenagers 
about sexual intercourse and its implications in a non-
judgmental manner can help teens make informed 
decisions regarding engaging in intimate behaviors. 
The goals of counseling adolescents about contracep-
tion include promoting safe and responsible sexual 
behavior through delaying the initiation of sexual activ-
ity, reinforcing consistent condom use for those who 
are sexually active, and discussing other contraceptive 
methods and emergency contraception (EC) to pro-
vide additional protection from unwanted pregnancy. 
The routine health care visit is an opportune time to 
conduct a comprehensive social history and have these 
discussions. Some authors have suggested that the date 

of the female patient’s last menstrual period should be 
the “fifth vital sign.” This is an intriguing idea because 
it quickly provides information about the possibility of 
pregnancy regardless of the reason for the visit. An 
extension of this is inquiring about sexual activity at all 
office visits to provide access to reproductive health 
counseling and medications that the teen might not 
otherwise have because many adolescents do not seek 
routine well care. Minors can consent for family plan-
ning and contraceptive services in most states under 
explicit statutes and in every state in a site funded by 
the federal Title X Family Planning Program. Minors 
can consent for testing and treatment services for STIs 
in every state. Providers should familiarize themselves 
with their state policies regarding the ability of minors 
to consent for sexual and reproductive health care ser-
vices. These data are accessible on the Internet from 
the Guttmacher Institute (http://www.guttmacher.org) 
and the Center for Adolescent Health and the Law 
(http://www.adolescenthealthlaw.org).

 B. The evaluation of a female adolescent requesting con-
traception should include a review of current and past 
medical conditions, current medications and allergies, 
menstrual history, confidential social history including 
sexual history, and family medical history. Important 
components of a sexual history include age at first in-
tercourse, number of partners in lifetime, history of 
STIs and pelvic inflammatory disease, condom use, 
current and past use of other contraceptives and rea-
sons for discontinuation, and pregnancy history and 
outcomes. This visit also provides an opportunity to 
screen for partner violence. Refer the patient to ap-
propriate social and support services if violence is 
identified.

 C. It is helpful to have a baseline weight, height, body 
mass index (BMI), and blood pressure. A pelvic exami-
nation is not necessary before initiating contraception. 
However, if the woman is sexually active and has 
missed menstrual periods or has symptoms of preg-
nancy, a pregnancy test is warranted. Screening for 
STIs should be offered if a sexually experienced woman 
is asymptomatic, and testing for STIs is indicated if she 
is symptomatic.

(Continued on page 488)
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A

B

C

Patient with CONTRACEPTION

Comprehensive sexuality education

Medical and confidential social history

Physical exam Pregnancy test

(Cont’d on p 489)

(Cont’d on p 489)

STI testing

Table 1.  Percentage of Women in the United States Experiencing an Unintended Pregnancy during the First Year 
of Typical Use and the First Year of Perfect Use

Contraceptive Efficacy: % of Women Experiencing  
an Unintended Pregnancy within the First Year of Use

Method Typical Use Perfect Use

No method 85 85
Withdrawal 27 4
Male condom 15 2
Combined oral contraceptive pill 8 0.3
Depo-medroxyprogesterone acetate 3 0.3
Transdermal patch 8 0.3
Intravaginal ring 8 0.3
Intrauterine device 0.8 0.6
Intrauterine system 0.2 0.2
Contraceptive implant 0.05   0.05

Adapted from Trussell J. Contraceptive efficacy. In: Hatcher RA, Trussell J, Nelson AL, et al, editors. Contraceptive technology. 19th revised ed. New York: 
Ardent Media; 2007.
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 D. It is important to assess patients for possible risk factors 
for venous thromboembolic events before initiating any 
contraceptive product containing estrogen. Given the 
low population risk of venous thromboembolic events, 
it is not cost-effective to screen all reproductive aged 
women for inherited thrombophilia (factor V Leiden; 
prothrombin mutation; protein S, protein C, and anti-
thrombin deficiencies). If a first-degree relative had a 
venous thromboembolic event, determine whether 
testing for inherited thrombophilia was conducted. If a 
specific defect was identified, testing the patient for 
that defect before initiating a product containing estro-
gen should be considered. If testing is unknown but  
the family history is highly suggestive of inherited 
thrombophilia, consulting pediatric hematology and/or 
testing for all of the inherited thrombophilic disorders 
before initiating estrogen is recommended. In addition, 
if testing is indicated but not possible, providers should  
consider alternative contraceptive products that do not 
contain estrogen.

Patients with underlying medical conditions such 
as systemic lupus erythematosus may be at risk for  
having acquired risk factors for thromboembolism 
such as the presence of antiphospholipid antibodies, 
and the use of exogenous estrogen in contraceptive 
products for these women should be avoided. The 
World Health Organization’s publication Improving 
Access to Quality Care in Family Planning: Medical 
Eligibility Criteria for Contraceptive Use (http://
www.who.int/reproductivehealth/publications/ 
family_planning/9789241563888/en/index.html) is 
an evidence-based guide providing criteria for initiat-
ing and continuing contraceptive methods based on 
a risk assessment of an individual’s characteristics or 
known preexisting medical condition. Table 2 lists 
absolute (a condition that represents an unacceptable 
health risk if the contraceptive method is used) and 
relative (a condition where the theoretical or proven 
risks usually outweigh the advantages of using the 
method) contraindications to using combined hor-
monal birth control pills. These contraindications can 
be extended to other combined hormonal products 
that contain estrogen and progestins including the 
transdermal patch and intravaginal ring.

 E. The primary mechanism of action for combined hor-
monal contraceptives containing estrogen and proges-
tin (combined oral contraceptive pills, transdermal 
patch, intravaginal ring) and the progestin-only meth-
ods (progestin-only pills and depot medroxyprogester-
one acetate) is inhibition of ovulation. Thickening of 
the cervical mucus makes sperm penetration more dif-
ficult, and atrophy of the endometrium diminishes the 
chance of implantation. Starting all birth-control meth-
ods during the menstrual period (either first day of 
bleeding or first Sunday of bleeding) produces the 
most reliable suppression of ovulation. “Quick start” is 
an alternative approach to starting a contraceptive 
method that allows the patient to start the method on 
the day of the appointment after a negative pregnancy 
test regardless of menstrual cycle day. These women 
need to be counseled that they may not have immedi-
ate protection from pregnancy, as suppression of ovula-

tion cannot be guaranteed when starting a method 
outside of the first week of the menstrual cycle.

Studies evaluating compliance with contraceptive 
methods during adolescence have shown generally poor 
long-term adherence in this age group. This makes the 
use of long-acting, reversible contraceptive methods 
such as the contraceptive implant, which contains 
etonogestrel, the levonorgestrel-releasing intrauterine 
system (IUS), and the copper T 380A intrauterine de-
vice (IUD) appealing for use with adolescents. All of 
these methods can be used with nulliparous women and 
provide contraception for 3, 5, and 10 years, respec-
tively. A common misconception about IUS and IUD 
use is that they increase the risk for pelvic inflammatory 
disease. Current research shows that the risk for pelvic 
inflammatory disease is increased above baseline only at 
the time of insertion. Ideally, adolescents should be 
screened for STIs before insertion of an IUS or IUD. 
IUS and IUD have also not been shown to increase the 
risk for tubal infertility or ectopic pregnancy.

It is important to thoroughly review the advantages, 
disadvantages, potential adverse effects, and instruc-
tions for use of contraceptive methods in a concise and 
age-appropriate manner with adolescent patients.  
Written instructions that are clear and at an appro-
priate educational level can also be helpful (http://www.
youngwomenshealth.org) as a useful source for instruc-
tions. Some offices use consent forms to further ensure 
that the adolescent has a full understanding of the cho-
sen contraceptive method. Teens need to be reminded 
that hormonal contraception will not protect them from 
STI transmission, and condoms need to be used consis-
tently. Encouraging teens to be creative about personal 
reminders such as setting a cell phone alarm to take a 
pill can help with compliance. Teens often discontinue 
birth control for nonmedical reasons or minor adverse 
effects and should be encouraged to contact their pro-
viders if any questions or concerns about the chosen 
method arise to avoid unintentional pregnancy. Fre-
quent follow-up visits every few months with a provider 
may also improve adherence. These visits also provide 
opportunities for further reproductive health education 
and STI screening. In general, contraceptive adverse 
effects are mild and improve or lessen during the first  
3 months of use. Table 3 shows the most common ad-
verse effects of various methods.

 F. EC refers to the use of hormonal medications within 
72 hours of unprotected or underprotected intercourse 
for the prevention of pregnancy (Table 4). EC has been 
studied up to 120 hours after unprotected intercourse; 
however, its efficacy diminishes with time from the 
event. EC is 90% effective if used within 24 hours, 
75% effective if used within 72 hours, and approxi-
mately 60% effective if used within 60 hours. It  
is, therefore, important to counsel patients to take the 
medication as soon as possible after unprotected inter-
course or contraception failure. EC is also used follow-
ing sexual assault. EC could potentially prevent approxi-
mately 80% of unintended pregnancies and should be 
part of anticipatory guidance given to sexually active 
adolescents of both sexes. Advanced prescription for 
EC at health maintenance visits should be considered 
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in sexually active teens. The exact mechanism of EC is 
unknown but is thought to disrupt follicular develop-
ment or interfere with the maturation of the corpus 
luteum. EC is not teratogenic and does not interrupt a 
pregnancy that has already implanted in the uterine 
lining. Plan B is a two-pill method delivering 0.75 mg 
levonorgestrel per pill. It was initially prescribed with 
instructions to take one pill immediately after unpro-
tected intercourse, followed by a second pill 12 hours 
later. Current studies have shown that taking two pills 
simultaneously has the same efficacy, and a newer 
product, Plan B One-Step, which is a one-pill regimen 
that contains 1.5 mg levonorgestrel, was approved in 

July 2009. Both products are available over the counter 
for patients older than age 17 years. A prescription is 
required for adolescents younger than 17. If Plan B is 
not available, certain combined oral contraceptive pills 
containing levonorgestrel or norgestrel can be used for 
EC with the Yuzpe method (see Table 4). An anti-
emetic drug taken 30 minutes before pills containing 
estrogen may help control nausea. A pregnancy test is 
not required before prescription and administration  
of EC. A follow-up appointment should be held in  
10 to 14 days for pregnancy testing, STI screening,  
and counseling regarding reproductive health and  
contraceptive use.

F

E

Patient with CONTRACEPTION

Discuss emergency contraception

Contraceptive methods counseling

Consistent condom use

Follow-up 1−3 months

(Cont’d from p 487)

D Assess risk factors for venous thromboembolic event

Present Absent

Identify:
    Inherited thrombophilia
    Medical conditions for which
        estrogen is contraindicated

Consult pediatric hematology
Condoms and/or progestin only methods
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Table 2. Contraindications to Combined Oral Contraceptive Pills

Absolute Contraindications
Pregnancy
Breast-feeding (within 6 weeks of childbirth)
Hypertension: SBP .160 mm Hg or DBP .100 mm Hg
History of thrombophlebitis; current thromboembolic disorder, cerebrovascular disease, or ischemic heart disease
Known thrombogenic mutations (factor V Leiden; prothrombin mutation; protein S, protein C, and antithrombin deficiencies)
Systemic lupus erythematosus
Complicated valvular heart disease (with pulmonary hypertension; atrial fibrillation; history of bacterial endocarditis)
Diabetes with nephropathy; retinopathy; neuropathy
Liver disease: active viral hepatitis; severe cirrhosis; tumor (hepatocellular adenoma or hepatoma)
Breast cancer (current)
Migraine headaches with aura
Major surgery with prolonged immobilization

Relative Contraindications
Postpartum (first 3 weeks)
Breast-feeding (6 weeks to 6 months after childbirth)
Hypertension (adequately controlled HTN; any history of HTN where BP cannot be evaluated; SBP 140–159 mm Hg or DPB 90–99 mm Hg)
Migraine headache without aura (for continuation of COC)
Breast cancer history with remission for 5 years
Active gallbladder disease or history of COC-induced cholestasis
Use of drugs that affect liver enzymes (rifampin, phenytoin, carbamazepine, barbiturates, primidone, topiramate, oxcarbazepine, lamotrigine,  

ritonavir-boosted protease inhibitors)

BP, blood pressure; COC, combined oral contraceptive; DBP, diastolic blood pressure; HTN, hypertension; SBP, systolic blood pressure.

Table 3. Common Adverse Effects of Contraceptive Methods

Combined oral contraceptive pill Irregular menstrual bleeding, nausea, abdominal pain, breast tenderness and/or enlargement, weight 
changes, mood changes

Depo-medroxyprogesterone acetate Irregular menstrual bleeding, abdominal pain, weight gain, headache; black box warning for risk for 
decreased bone density with prolonged use

Transdermal patch Breast pain and/or swelling, headache, nausea, and skin irritation; may be less effective in women 
weighing .90 kg and those with skin conditions preventing absorption

Intravaginal ring Vaginal discharge, headache, weight gain, and nausea
Intrauterine device Menstrual pain, menorrhagia
Intrauterine system Irregular menstrual bleeding amenorrhea, abdominal/pelvic pain, ovarian cysts
Contraceptive implant Irregular menstrual bleeding, headache, weight gain, acne, breast pain, emotional lability; efficacy is 

not established in women with body mass index .130% ideal, and use is not recommended for 
women who chronically take drugs that are potent hepatic enzyme inducers
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Table 4. Emergency Contraception Regimens

Pill Dose

Progestin Only One Dose
Plan B 2 pills
Plan B One-Step 1 pill
Estrogen and Progestin Repeat dose in 12 hours
Ovral, Ogestrel 2 white pills
Levlen, Nordette 4 orange pills
Lo/Ovral, Low-ogestrel, Levora, 

Quasense, Cryselle
4 white pills

Jolessa, Portia, Seasonale, Trivora 4 pink pills
Triphasil, Tri-Levlen 4 yellow pills
Seasonique 4 light blue-green pills
Enpresse 4 orange
Alesse, Lessina, Levlite 5 pink pills
Aviane 5 orange pills
Lutera 5 white
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Eating Disorders
Eric J. Sigel, MD

Anorexia nervosa (AN) has the following characteristics: 
(1) weight being less than 85% of healthy body weight,  
(2) fear of fatness or fat-containing food, (3) distorted body 
image, and (4) primary or secondary amenorrhea in female 
individuals. AN may be either restricting or purging type. 
Bulimia nervosa (BN) occurs when the following behaviors 
are present: (1) repeated bingeing at least twice a week for 
3 or more months, (2) patient’s perceiving eating to be out 
of control, (3) recurrent purging behavior (vomiting; use of 
laxatives, diuretics, emetics, nutritional supplements; ex-
cessive exercise; severely restricted intake) to prevent 
weight gain, and (4) overconcern with body image. In 
some instances, both diagnoses may coexist, or a patient 
may have AN at one point and then BN later. The most 
common eating disorder is actually known as eating disor-
der not otherwise specified (EDNOS); components of AN 
or BN may be present, but full criteria are not met for ei-
ther one. Adolescents may present early in the evolution of 
their eating disorder, so full criteria are not met. For ex-
ample, subclinical AN may be diagnosed if weight is only 
10% less than expected or the patient has not yet missed 
three consecutive menstrual cycles. The adolescent who 
restricts and purges but does not binge (as needed for BN) 
and is not sufficiently underweight (as needed for AN) 
would have a diagnosis of EDNOS.

	A.	 Elicit the history from the parent and adolescent to-
gether and then the adolescent alone. Inquire about 
how patients feel about their bodies: Do they think 
they are about the right weight, underweight, or over-
weight? Is there anything they would like to change? If 
there is concern for being overweight/too fat, have they 
tried to lose weight? How so? Ask about specific indi-
cators of an eating disorder: weight history (including 
maximum, minimum, and desired weight); dietary  
intake (changes in types of foods they eat, what foods 
they avoid, specifics of intake throughout the day, 
binges, unusual eating behaviors); purging history 
(vomiting, diuretics, laxatives, emetics, excessive exer-
cise), and menstrual history (irregular cycles, primary 
or secondary amenorrhea). In addition, direct the re-
view of systems toward other diseases in the differen-
tial diagnosis and symptoms secondary to malnutrition 
or purging (dizziness, syncope, fatigue, muscle cramps, 
epigastric pain, reflux, hair loss, lanugo hair). The  

adolescent with an eating disorder may present with 
constitutional symptoms without an overt complaint 
about weight.

	B.	 The physical examination findings are often normal, es-
pecially in bulimics who are generally within 10 pounds 
of their healthy body weight. Healthy body weight is  
assessed by using the 50th percentile BMI as the de-
nominator. For reliability, weigh the patient in a gown 
only after voiding.

Orthostatic vital signs should be obtained. Hypo-
thermia, bradycardia, hypotension, or postural hypo-
tension may be present if the patient is malnourished 
or dehydrated. Anorexics may appear emaciated, with 
scaphoid abdomen, prominent ribs and joints, and loss 
of subcutaneous tissue. In addition, there may be loss 
of shine and curl of scalp hair; downy lanugo hair on 
the body; excoriation over the spine from excessive sit-
ups; hard stool in the rectal vault; and acrocyanosis, 
coldness, and edema of the extremities. The patient 
who has been vomiting may have lost tooth enamel, 
either from the molars or the posterior aspect of the 
front teeth, or have calluses on the dorsum of their 
index finger.

	C.	 The clinical presentation guides the laboratory evalua-
tion. Malnutrition can affect virtually every organ system 
(Table 1). Abnormalities can include electrolyte altera-
tions (present with malnutrition alone or with persistent 
vomiting and diuretic or laxative use), compromised re-
nal function, bone marrow suppression, mild liver in-
flammation, suppressed thyroid function with low free 
thyroxine (T4) and thyroid-stimulating hormone (TSH) 
levels, and hypothalamic-pituitary suppression. Perform 
an electrocardiogram if a patient is hypokalemic or bra-
dycardic, evaluating for long QT syndrome. Consider 
determination of follicle-stimulating hormone (FSH), 
luteinizing hormone (LH), TSH, prolactin, and human 
chorionic gonadotropin (hCG) levels to rule out other 
causes of amenorrhea. If amenorrhea has persisted for  
6 months or longer, there is a significant risk for osteo-
porosis. Approximately 50% of patients have osteopenia 
after 6 months, and by 2 years, nearly all patients have 
osteoporosis. Consider bone densitometry in male  
patients (total body and L2–4 region) 6 months after 
onset of illness, and in female patients with 6 months of 
amenorrhea.

(Continued on page 494)
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B

Patient with EATING DISORDER
(Anorexia Nervosa, Bulimia Nervosa, or Eating Disorder NOS)

A CHistory

Assess severity
(Table 2)

(Cont’d on p 495)

Physical examination

CBC, differential, erythrocyte 
sedimentation rate
Electrolytes, glucose, BUN,
creatinine
Urinalysis
Calcium, phosphorus,
magnesium, total protein,
albumin if anorexia

Consider:
Eating attitudes test
Eating disorder inventory
Upper GI radiography
CT scan of the head
Chest radiography
ECG
Thyroid function tests
Uric acid
Stool for fecal fats
Bone densitometry
Prolactin
TSH
Estradiol
LH

Identify:
Malignancy
Collagen vascular disease
Diabetes mellitus
Thyroid disorder
Malabsorption syndrome
Inflammatory bowel disease
Chronic disease
Depression
(No body image distortion
with these)

Table 1. 	Complications	of	Anorexia	Nervosa	and	Bulimia

Cardiovascular
Bradycardia
Postural hypotension
Arrhythmia, sudden death
Congestive heart failure (during refeeding)
Pericardial effusion
Mitral value prolapse
ECG abnormalities (prolonged QT, low voltage, T-wave abnormalities, 

conduction defects)

Endocrine
( LH, FSH
( T3, ) rT3; normal T4, TSH
Irregular menses
Amenorrhea
Hypercortisolism
Growth retardation
Short stature
Delayed puberty

Gastrointestinal
Dental erosion
Parotid swelling
Esophagitis, esophageal tears
Delayed gastric emptying
Gastric dilatation (rarely rupture)
Pancreatitis
Constipation
Diarrhea (laxative abuse)
Superior mesenteric artery syndrome
Hypercholesterolemia
) Liver function tests (fatty infiltration of the liver)

Hematologic
Leukopenia
Anemia
Thrombocytopenia
) ESR
Impaired cell-mediated immunity

Metabolic
Dehydration
Acidosis
Hypokalemia
Hyponatremia
Hypochloremia
Hypochloremic alkalosis
Hypocalcemia
Hypophosphatemia
Hypomagnesemia
Hypercarotenemia

Neurologic
Cortical atrophy
Peripheral neuropathy
Seizures
Thermoregulatory
Abnormalities
( REM and slow-wave sleep
Renal
Hematuria
Proteinuria
( Renal concentrating ability

Skeletal
Osteopenia
Fractures

ECG, electrocardiogram; ESR, erythrocyte sedimentation rate; FSH, follicle-stimulating hormone; LH, luteinizing hormone; REM, rapid eye movement; TSH, 
thyroid-stimulating hormone.
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	D.	 Mildly ill patients may begin to show eating disorder 
behavior but have not experienced the physical conse-
quences, including significant weight loss (Table 2). 
Explaining to the family and child that the behavior 
could develop into a full-blown eating disorder raises 
the appropriate level of concern. Nutritional and be-
havioral changes at home may be enough to reverse the 
trend. Consider nutritional counseling alone or in con-
junction with psychological intervention, taking into 
account both the patient’s and the parents’ interests. 
Consistent medical follow-up is needed to determine 
whether more aggressive intervention is necessary.

	E.	 Explain to the patient and family that the patient may 
be struggling with emotional issues; the focus on eating 
and weight may be the patient’s attempt to maintain a 
sense of control in life when feeling overwhelmed. The 
resulting physical symptoms reflect the underlying 
psychiatric disorder. Psychotherapy involving the pa-
tient and family may be necessary for a healthy out-
come. The patient should be reassured that the aim is 
restoring health and regaining control, not gaining  
excess weight.

	F.	 Manage patients with moderately severe illness with an 
aggressive intervention consisting of psychiatric evalua-
tion, psychological counseling, nutrition counseling, and 
close medical monitoring. If the behavior continues, it is 
likely to lead to medical instability and eventual hospital-
ization. Medical monitoring must continue on a regular 
basis, initially weekly. Weights in gown only after void-
ing, vital signs, urine specific gravity, and specific ques-
tioning about dietary intake and physical symptoms 
must be done weekly until the patient is steadily gaining 
weight. Medical visits may then spread out to every  
2 weeks until 90% to 95% of healthy body weight is 
reached, then monthly until menses return. This phase 
can take 4 to 8 months. Bulimics should be monitored 
weekly until weight and electrolytes are stable and psy-
chotherapy is under way. Antacids may be useful in 
preventing and treating reflux esophagitis and gastritis. 
Consider a selective serotonin reuptake inhibitor when 
the patient is depressed, but be aware that this medica-
tion may not be effective when the patient is malnour-
ished. Consider fluoxetine (60 mg) for patients with 
bulimia. Starting hormone replacement for osteoporosis 
is controversial. No studies have shown that hormone 
replacement improves bone density, although some sug-
gest that it keeps osteopenia and osteoporosis from 
worsening.

	G.	 A dietitian can monitor intake, dispel food and calorie 
myths, and assist in developing well-balanced meal 

plans. The focus should be taken off calories or fat 
grams. A supplement such as Ensure or Boost may be 
given if meals are not finished. Patients may benefit 
from a multivitamin, as well as calcium and zinc sup-
plement. Using family-based intervention, parents 
should be given responsibility for meal planning, pre-
paring food, and supervising all meals and snacks.

	H.	 A behavioral contract signed by the patient, parents, and 
caregivers is useful. For patients with AN, it might in-
clude long-term goal weight range, expected rate of 
weight gain, consequences of failure to meet weight goals, 
or even specifics of dietary intake. For patients with BN, 
the contract might address a maintenance weight range, 
honesty about frequency of bingeing and purging, and 
gradually delaying purge behavior until more than an 
hour after meals. Address the patient’s exercise regimen 
in the behavioral contract. Patients are often excessive 
exercisers and need to decrease or stop their exercise to 
reverse weight loss and to establish a positive nutrition 
balance. Exercise can then be steadily incorporated back 
into a patient’s life as weight gain continues.

	 I.	 Individual, family, or group psychotherapy may be ap-
propriate. Family involvement is critical with adoles-
cents. The therapist should be skilled in working with 
adolescents and familiar with eating disorders. A re-
cent advance in psychotherapy uses a manualized 
family-based treatment approach, which empowers 
parents to take control of their adolescent’s nutrition. 
Regular communication between the treatment team 
is essential to prevent splitting. Cognitive restructur-
ing, a technique in which the patient’s beliefs and atti-
tudes are challenged with alternative healthier views, 
can be practiced by all members of the team. Group 
therapy with peers can be a helpful adjunct to recovery.

	J.	 A day treatment facility is often associated with general 
psychiatric day treatment programs, although some 
may be eating disorder specific. This level of care falls 
in between outpatient and inpatient management, and 
can be used as an initial intervention if the patient has 
borderline medical symptoms or does not meet criteria 
for inpatient admission. It can also be used as a transi-
tion from the inpatient setting to outpatient treatment 
to support the patient’s recovery chances. Consider a 
residential level of care, which includes eating disorder-
specific treatment centers, if inpatient management  
is not successful or a patient relapses quickly after  
aggressive intervention. The decision to access resi-
dential care should involve the patient, family, thera-
pist, and primary care provider. Residential treatment 
often lasts 2 to 4 months.

(Continued on page 496)
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Patient with EATING DISORDER
Assess severity

(Cont’d from p 493)

Mild Moderate

Improvement Eating disorder
persists or worsens

Psychiatric assessment

D F

E

G
H
I

J

K

Treat:
Nutrition counseling

Consider:
Psychiatric assessment

Treat:
Intensive outpatient management

Consider:
Day treatment
Residential care

Severe
(Cont’d on p 497)

Very severe
(Cont’d on p 497)

Treat:

Intensive outpatient management

Nutrition

Behavioral contract

Psychotherapy

Follow-up:
Assess in 2–4 wks

Improves/stable Worsens

Improves Relapses

Follow-up:
Assess every 1–2 wks

Follow-up:
Assess monthly

Hospitalize

(Cont’d on p 497)
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	K.	 Hospitalization may be necessary for medical or psychi-
atric reasons. Short-term stays, for example, to correct 
electrolyte abnormalities, may be best accomplished on 
a medical unit. Patients may need medical hospitaliza-
tion for bradycardia (heart rate ,45), for severe malnu-
trition (,75% healthy body weight), and to monitor for 
refeeding syndrome. Intermediate-length hospitaliza-
tion to establish weight gain and to institute psycho-
therapy may also be accomplished on a medical unit 
with a team including physician, therapist, dietitian, and 
nursing staff. Dedicated eating disorder units, if avail-
able, can be used when a patient is expected to benefit 
from a longer stay with milieu therapy. Adolescent psy-
chiatric hospitalization may be appropriate if a patient 
has suicidal ideation.

	L.	 Medical stabilization is the first goal. Correct fluid and 
electrolyte status with careful monitoring of vital signs. 
For malnourished patients, begin refeeding. Initial ca-
loric level should be about 250 kcal more than what the 
patient had been eating. It is essential to work closely 
with a nutrition expert to help monitor calories and 
administer food. In general, patients can tolerate oral 
feeding, especially in a structured setting. Consider 
giving nutritional supplements if a patient is over-
whelmed by eating solid food. On occasion, a patient 
may need to be fed by a nasogastric tube or rarely by 
total parenteral nutrition. One can safely increase calo-
ries to 125 to 250 kg/day until patients are gaining 
weight steadily, from 0.1 to 0.2 kg/day. Administer mul-
tivitamins with iron, as well as zinc supplementation. 
All staff must remain firm in the goal to restore the 
patient to health. This often requires supervising meals, 
use of the bathroom, and free time.

	M.	Refeeding syndrome occurs when a patient takes in 
calories too rapidly. An increase in insulin prompts 
potassium to move intracellularly, placing the patient at 
risk for hypokalemia. Phosphorus levels can decrease 

as the Krebs cycle makes adenosine triphosphate. 
Fluid shifts and increased metabolism in the presence 
of a weakened heart may potentiate congestive heart 
failure and edema. The patient is most at risk for 
refeeding syndrome during the initial 4 to 6 days of 
admission. Carefully examine the patient for rales, a 
gallop, and edema. Check potassium and phosphorus 
levels daily to identify refeeding syndrome. Often the 
first sign of refeeding syndrome is a decrease in phospho-
rus levels. Phosphorus supplementation should occur if 
PO4 ,3.0 mg/dl. Once a patient is gaining weight 
steadily, the frequency of laboratory checks can decrease.

	N.	 A thorough psychiatric evaluation should begin soon 
after medical admission. Patients with severe malnutri-
tion may display cognitive slowing, and an accurate 
assessment of psychiatric pathology may not be reliable 
until positive nutrition balance has been established. A 
psychologist can be instrumental in tailoring an indi-
vidualized behavioral contract with the underlying 
principles of gradually reaching a goal weight range, 
interrupting bingeing and purging behaviors, develop-
ing more healthful coping strategies, understanding 
underlying issues, and restoring the appropriate level 
of control to the patient. The entire treatment team 
must support the contract. Weekly staff meetings are 
useful for discussing progress and plans, any splitting, 
and issues that arise in caring for difficult patients. 
When psychotherapy begins, family involvement is 
crucial. Group therapy can also be helpful. Several 
open-label trials using atypical antipsychotics have 
shown promise in treating adolescents with AN and are 
used frequently, though these findings have not been 
replicated in a randomized, controlled trial. High-dose 
SSRIs, such as fluoxetine 60 mg can be of benefit to 
patients with BN. It is important to evaluate and treat 
other common comorbidities, such as depression and 
anxiety disorders.

Table 2. Severity	of	Eating	Disorders

Mild Moderate Severe Very	Severe

Recent onset of symptoms 
and physiologically stable  
and

Not less than 85% of ideal 
body weight

Moderate physiologic abnormal-
ity, e.g., slight hypothermia or 
hypokalemia amenable to oral 
replacement  
and

Not less than 75% of ideal body 
weight or depression without 
suicidal ideation

,75% ideal body weight 
or

Evidence of metabolic disturbance:
Heart rate ,40
Temperature ,36°C (96.8°F)
Systolic blood pressure ,70 mm Hg
Significant orthostatic hypotension
Serum potassium ,3.0
Dehydration or syncopal episodes  

or
Severe bingeing and purging 

or
Refusal of minimal oral intake 

or
Severe depression with suicidal ideation or psychosis 

or
Family crisis 

or
Inadequate response to outpatient treatment

Dehydration  
or

Electrolyte 
imbalance  
(depressed serum 
phosphorus or 
magnesium)  
or

Arrhythmia
,65% ideal body 

weight
Serum potassium 

,2.0
Serum phosphorus 

,1.5

(Continued on page 498)
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Patient with EATING DISORDER

Assess severity
(Cont’d from p 495)

Severe Very severe

Good response Poor response

(Cont’d on p 499)

Hospitalize

Treat:
Medical stabilization
Begin refeeding

Treat:
Institute psychotherapy
Behavioral contract

Stabilize
Hospitalize in ICU

K

L

N

Follow-up:
Monitor for refeeding
syndrome

M

Treat:
Consider:

Psychiatric hospitalization
Residential treatment
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	O.	 Consider discharge from an inpatient setting when 
medical stabilization is achieved with improved bra-
dycardia (.40 at night), correction of electrolytes, 
interruption of purging behavior, ability to tolerate 
oral feedings, and steady weight gain. Patients should 
be at a minimum of 75% to 80% of their healthy body 
weight, depending on their admission weight. Some 
studies suggest that the likelihood of recovery is  
increased when the patient has a rapid return to 
healthy body weight, as well as a higher percentage 
body weight at discharge. Often patients benefit from 
stepping down from an inpatient unit, to day treat-
ment, to outpatient level of care. Eating disorders 
have achieved a parity diagnosis in many states, 
though insurance plans may not pay for a prolonged 
hospitalization to achieve a 90% to 95% healthy body 
weight goal.
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Substance Abuse
Mary N. Cook, MD, and John Peterson, MD

Adolescent substance abuse continues to be a significant 
problem encountered in both clinical and community set-
tings. Teenage substance abuse is associated with an in-
creased risk for depression, suicide, violence, criminal be-
havior and incarceration, motor vehicle accidents, sexually 
transmitted infections (STIs), unwanted pregnancies, and 
other health, safety, and social concerns. In 2007, according 
to the Centers for Disease Control and Prevention (CDC), 
approximately 45% of U.S. high-school students reported 
current alcohol use, 26% engaged in “heavy drinking,” and 
20% reported current marijuana use. Although inquiring 
about alcohol and drug use in the primary care setting may 
be difficult, the following information outlines a brief 
framework for the understanding, assessment, and treat-
ment of adolescent substance abuse.

	A.	 A careful history elicited from both the adolescent pa-
tient and the parents will likely yield most of the infor-
mation needed to diagnose a substance abuse disorder. 
Using a matter-of-fact, nonjudgmental demeanor may 
enhance self-reporting by youth. The clinician should 
inquire about the age at onset and progression of use, 
types of agents, circumstances, frequency, and variabil-
ity of use. Assuming an adolescent uses, asking “How 
much do you drink?” rather than “Do you drink?” is 
more likely to facilitate discussion of use. Inquires 
should be made regarding consequences of use in all 
life domains, including exploration of family, school, 
vocational, social, psychological, and medical prob-
lems. Although not specific to substance abuse, adoles-
cents who are actively using will likely exhibit marked 
changes in mood, behavior, and cognition. While in-
toxicated or even between bouts of drug use, adoles-
cents might appear disinhibited, lethargic, agitated, or 
hypervigilant. Substance abuse is often accompanied 
by impaired concentration and distorted thoughts or 
perceptions, sometimes even including hallucinations 
and delusions. The effects of drugs are quite variable 
and depend on the type of substance, amount, context 
of use, degree of psychopathology at baseline, as well 
as an individual’s experiences and expectations of the 
drug. Most adolescents do experiment with using sub-
stances such as alcohol and cigarettes, and a portion of 
them later advance to the use of marijuana; a smaller 
portion proceed to the use of other drugs. Risk factors 

include a history of disruptive behavior, anxiety and 
mood disorders, as well as parent use of drugs, alcohol, 
or tobacco. Childhood sexual abuse and other trauma 
increase the vulnerability, as does a family history of 
substance abuse disorders, low self-esteem, and in-
volvement with drug-using peers.

	B.	 Vital signs and a physical examination are important in 
conducting a thorough assessment of substance abuse 
problems. Findings may be subtle and are often non-
specific, such as an increased heart rate and blood pres-
sure associated with amphetamine, cocaine, or stimu-
lant abuse, as well as marijuana intoxication and/or 
alcohol withdrawal. Poor hygiene, injected sclera, up-
per respiratory symptoms, signs of trauma, and nasal 
septum changes are some of the nonspecific findings 
that may be associated with adolescent substance abuse. 
One helpful screening tool (Table 1) uses the letters 
CRAFFT as a mnemonic device for a series of screen-
ing questions specifically developed for adolescents.

	C.	 Toxicologic screening (usually urine, but may include 
blood or hair samples) is a standard part of any formal 
evaluation of substance abuse problems. Urine toxico-
logic screening is usually obtained as part of the initial 
evaluation but may be used in an ongoing fashion to 
monitor treatment progress. Samples must be properly 
collected, results evaluated, and a specific course of 
action should be outlined in the event of a positive re-
sult. Rules of confidentiality regarding results should 
be established before testing. Drug screening should 
not be performed simply at the request of a parent or 
school staff, and such testing is likely to disrupt the 
patient–physician alliance. A negative drug screen does 
not definitively establish that a youth does not use, as 
drugs remain in urine only a limited time and samples 
may be subjected to tampering. Other laboratory tests 
may be indicated, depending on the clinical need. For 
instance, a complete blood cell count (CBC) and basic 
metabolic panel may be indicated when there are con-
cerns about malnutrition and anemia associated with 
alcohol and/or cocaine/amphetamine use. Liver func-
tion tests (LFTs) should be considered when signifi-
cant alcohol or inhalant use is suspected. A thyroid-
stimulating hormone (TSH) level is useful when 
depressive symptoms accompany substance abuse 
problems.

(Continued on page 502)
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Patient with suspected SUBSTANCE ABUSE

History

Physical exam, self
report screener (Table 1)

(Cont’d on p 503)

If current use or acute
intoxication or monitoring

program (Urine drug screen,
serum blood alcohol level, CBC,

LFTs, TSH)

A

B
C

Table 1. CRAFFT	Substance	Abuse	Screening	Test	for	Adolescents

From Knight JR, Sherritt L, Shrier LA, et al. Validity of the CRAFFT substance abuse screening test 
among adolescent clinic patients. Arch Pediatr Adolesc Med 2002;156:607–14.

C—Have you ever ridden in a CAR driven by someone (including  
yourself) who was “high” or had been using alcohol or drugs?

R—Do you ever use alcohol or drugs to RELAX, feel better about  
yourself, or fit in?

A—Do you ever use alcohol or drugs while you are by yourself, ALONE?
F—Do you ever FORGET things you did while using alcohol or drugs?
F—Does your family or FRIENDS ever tell you that you should cut down on your  

drinking or drug use?
T—Have you ever gotten into TROUBLE while you were using alcohol or drugs?
Two or more “yes” answers suggest a positive screen and that a more thorough assess-

ment is needed.
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	D.	 Anticipatory guidance on substance abuse should be-
gin in grade school and include discussions about risky 
situations and strategies for avoidance. Psychosocial 
skills training, including assertiveness, social skills, and 
problem solving, can help prevent the onset or pro-
gression of drug use. Primary care providers should 
routinely counsel youth and their parents about the 
hazards of substance use, paying special attention 
when risk factors are present, such as a family history 
of alcohol or substance abuse. Physicians possess 
unique knowledge, perspective, and training, which 
positions them well to support and consult around 
school and community substance abuse prevention ef-
forts. Parents should also be provided with informa-
tion about the signs of substance use and what they 
can do to help prevent their child from using alcohol 
or other drugs. Primary care providers should be able 
to recognize early signs and symptoms of substance 
abuse, and should screen all adolescents for substance 
use as part of the overall psychosocial history. If  
a youth has only experimented with alcohol or drugs, 
counseling the family about the seriousness of alcohol 
and drug abuse, together with providing guidance 
about communication, limit-setting, parental monitor-
ing, and effective discipline, may be appropriate.  
Physicians might also forge contracts with youth  
who identify themselves as “experimental users,” 
which typically would consist of careful monitoring 
and possibly drug screens. If progression of use is evi-
dent from escalating symptoms and impairment of 
functioning, further involvement with parents and a 
referral may become necessary.

	E.	 In the event of progression of use, alliance building with 
parents and youth is fundamental to facilitating addi-
tional intervention. Motivational interviewing consists 
of a nonjudgmental, nondirective strategy designed to 
move the adolescent to a “stage of change,” in which the 
youth is more receptive to treatment or behavior change. 
Self-help groups such as Alcoholics Anonymous (AA) or 
Narcotics Anonymous (NA) can provide drug-free peer 
group support and often serve as adjuncts to treatment. 
For the young person who has begun to experience  
adverse consequences of substance abuse, such as inju-
ries associated with acute intoxication, trouble with the 
law, truancy, decline in school performance, or deterio-
ration in physical or mental health, definitive treatment 
is indicated. Primary care providers should make refer-
rals and work with the adolescent and family to accept 
and follow through with the referral. Primary care pro-
viders need to be aware of the substance abuse treat-
ment programs and resources in their communities 
(including formal treatment programs and 12-step 
groups such as Alcoholics Anonymous and Narcotics 
Anonymous). If indicated by assessment, they should 
help the adolescent access these and other supports  
or mentors in the community (e.g., coaches, teachers, 
relatives, faith-based organizations). Screening for co-
morbid psychiatric disorders is appropriate, together 
with making related referrals, as indicated. A full and 
unbiased psychiatric assessment cannot be accurately 
completed until the youth has been abstinent at least  
2 to 4 weeks.

	F.	 After referral, the primary care physician should follow 
up with the youth and his/her parents to ensure pro-
curement of treatment and progress, as well as to 
demonstrate interest. Substance abuse is commonly 
associated with other risky behaviors including sexual 
activity, truancy, violence, and criminal acts. Medical 
interventions such as provision of contraception might 
be indicated. Periodic monitoring and drug screens 
should occur together with frequent contact with ther-
apists or others involved in treatment. Ongoing psy-
choeducation about substance abuse disorders can 
decrease patient and family resistance to treatment 
and increase motivation and engagement. Outpatient 
family therapy appears to be superior to other forms of 
outpatient treatment. Despite the importance of fam-
ily interventions, treatment can be effective without 
participation of the adolescent. Similarly, interventions 
with the adolescent alone can also be effective. Treat-
ment completion is the treatment variable most consis-
tently related to positive outcome. Related variables 
are motivation and compliance, which are also related 
to better outcomes. Adolescent perceptions can con-
tribute to whether the youth will be engaged in treat-
ment, suggesting that specialized, adolescent-focused 
engagement interventions are necessary.

	G.	Severe and treatment refractory substance abuse might 
require detoxification in a hospital setting and treat-
ment in a residential treatment facility or on an adoles-
cent inpatient psychiatric unit. Treatment will involve 
attaining a significant period of sobriety, assessing and 
treating psychiatric comorbidities, addressing psycho-
logical and interpersonal issues, and family therapy, as 
well as aftercare planning. Programs with more com-
prehensive services such as vocational counseling, rec-
reational activities, and medical services (including 
birth control) have better outcomes than programs 
without those services. Programs that deal with the so-
cial ecology or total life circumstances of the adolescent 
are likely to produce more lasting benefits than those 
that do not.
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Attention-Deficit/Hyperactivity 
Disorder

Joseph M. Smith, MD, FAAP

The current criteria for the diagnosis of attention-deficit/
hyperactivity disorder (ADHD) are found in the Diagnostic 
and Statistical Manual of Mental Disorders, 4th Edition, 
Text Revision (DSM-IV-TR) and the Diagnostic and Statis-
tical Manual for Primary Care (DSM-PC) (Table 1). The 
DSM-IV-TR defines ADHD by a list of symptoms that are 
grouped into three core areas: inattention, hyperactivity, 
and impulsivity. The core area of inattention includes nine 
symptoms, and a person is considered impaired in this area 
if six or more of these symptoms occur “often.” The core 
areas of hyperactivity and impulsivity have a sum total  
of nine symptoms and, likewise, a person is considered 
impaired in these areas if six or more symptoms occur  
“often.” These six symptom designations are arbitrary. An 
evaluator might consider four or five significant symptoms 
to be sufficient enough to make the diagnosis of ADHD if 
those symptoms are severe enough. Current DSM-IV-TR 
diagnostic criteria require the presence of symptoms be-
fore 7 years of age and the persistence of symptoms for 
more than 6 months. This age of onset for ADHD has been 
challenged for years and has no scientific basis and much 
evidence to the contrary. More recent research suggests 
that it would be more accurate to state that the onset  
of ADHD is in childhood or adolescence. The final DSM-
IV-TR requirement is that impairment be present in at 
least two settings (i.e., school, home, work). Although this 
is an important consideration, it is essential that the evalu-
ator take into account the quality of the observations being 
made in various settings. Lack of evidence for ADHD pro-
vided by a poor observer may prompt the need to seek out 
other, more scrupulous observers, particularly in the case of 
the inattentive type of ADHD where symptoms are less 
obvious. The DSM-IV-TR divides ADHD into three sub-
types: the predominantly inattentive type (in which a per-
son demonstrates impairment only in the area of inatten-
tion), the predominantly hyperactive-impulsive type (in 
which a person demonstrates impairment only in the areas 
of hyperactivity and impulsivity), and the combined type (in 
which impairment occurs in each of the three core areas). 
Although historically these three subtypes have been de-
scribed, the existence of a hyperactive-impulsive subtype 
without inattention has been challenged. Furthermore, 
people can shift across subtypes as they grow, which makes 
the current subtyping of ADHD ineffective. It is more im-
portant to remember that the hallmark symptoms for 
ADHD are lack of sustained attention, poor persistence, 
distractibility, and impulsivity.

	A.	 Prevalence rate of ADHD is estimated to be 6% to 8%. 
Because of this, it is recommended that screening for 
ADHD be part of every patient’s mental health assess-
ment. The assessment of ADHD should include direct 
evidence of symptomatology and impairment from 

parents, teachers, and in some cases, other observers 
(such as the individual being evaluated or that indi-
vidual’s employers). Parents and individuals who are 
evaluated should be asked for a detailed description of 
what they perceive the impairments to be.

	B.	 A thorough review of medical history should include 
an assessment of medical, behavioral, mental health, 
developmental, and academic problems. A history of 
injuries, particularly head trauma, should be docu-
mented. Perinatal history including gestation at deliv-
ery, pregnancy, labor and delivery complications, and 
maternal medication and substance use during preg-
nancy should also be explored. A detailed review of 
systems including diet, exercise, sleep habits, history  
of depression, and history of anxiety should be ob-
tained. It is also important to ask whether the patient 
has had a history of syncope, palpitations, or chest pain 
with exercise or exertion. A psychosocial history should 
evaluate family structure, psychosocial stressors, aca-
demic performance, grades, extracurricular activities, 
risk-taking behaviors, history of being bullied, and his-
tory of abuse.

	C.	 ADHD is primarily a genetic-based disorder. To date, 
five to eight gene polymorphisms implicated in the 
cause of ADHD have been identified. Twelve or more 
additional genetic sites have been identified in genome 
scans that may play a role. Therefore, it is essential to 
obtain a detailed family history that includes all pri-
mary and secondary relatives. Assessment should iden-
tify the presence of all neurodevelopmental and men-
tal health disorders within the family. This would 
include presence of ADHD, autism spectrum disor-
ders, depression, anxiety, bipolar mood disorder, or 
other developmental disorders and syndromes. In ad-
dition, it is important to ask whether there is a family 
history of sudden, unexplained cardiac death.

	D.	 Other nongenetic causes of ADHD include perinatal 
stress, low birth weight, head trauma, brain injury,  
maternal smoking during pregnancy, in utero alcohol 
or drug exposure, and severe early deprivation.

	E.	 If available, any previous IQ testing or academic per-
formance measures can be analyzed.

	F.	 Review of any psychotropic medications that have 
been tried in the past and what their effects were can 
aid in formulation of a treatment plan. Efficacy of these 
treatments (or lack thereof), as well as ascertaining 
whether side effects occurred, can be informative.

	G.	 Other medical problems that should be assessed in-
clude the presence of enuresis, encopresis, and tics, 
because each of these conditions is more prevalent in 
individuals with ADHD.

	H.	 ADHD in and of itself does not have any characteristic 
physical or neurologic findings. However, a complete 
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Child with suspected ATTENTION-DEFICIT/HYPERACTIVITY DISORDER
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(Cont’d on p 509)
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physical examination can help to rule out other disor-
ders that can masquerade as ADHD.

	I.	 Laboratory and radiologic evaluation is seldom neces-
sary in the workup of ADHD unless conditions are 
suggested by the medical history or physical examina-
tion. As noted in the DSM-IV-TR, evaluation of symp-
toms is based on observation alone. Currently, there are 
no laboratory, electroencephalogram, or radiological 
studies (including PET and SPECT scans) with suffi-
cient normative data to be helpful in the diagnosis of 
ADHD. Continuous performance tests are likewise 
nonessential and are prone to false-negative results. 

Routine testing for blood lead levels and thyroid func-
tion is not recommended unless the history or physical 
examination suggests the need to do so.

	J.	 Data can be gathered from parents, teachers, employ-
ers, and individuals by way of verbal or written narra-
tives, questionnaires, and through the use of standard-
ized rating scales. Many such scales exist and are listed 
in Table 2. The ideal rating scales are those that not 
only include assessments of the DSM-IV-TR criteria 
for ADHD, but also include screening questions for the 
most common comorbidities found in individuals who 
have ADHD (see section K).
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treatments for ADHD. Psychopharmacologic treat-
ment alone is adequate therapy for some individuals. 
The most widely used treatments have been the  
stimulant medications, which are well studied, work 
quickly, and are generally well tolerated. The long-
acting stimulants confer the additional advantages of 
longer duration of action, improved adherence to 
therapy, decreased social stigmata (and increased con-
fidentiality) as medication does not need to be admin-
istered at school, fewer adverse effects, decreased 
abuse potential, and management of evening symp-
toms. Only the long-acting stimulants have been 
shown to improve motor vehicle driving abilities in 
individuals with ADHD. Long-acting stimulant medi-
cations come in various forms that include tablets or 
capsules that are swallowed, capsules that can be 
sprinkled on applesauce or mixed in water, and a patch 
worn on the hip that releases medication transder-
mally. Some individuals respond preferentially to one 
stimulant class (methylphenidate vs. amphetamine 
derivatives), whereas others respond equally well to 
both. This is a known phenomenon, and an individual’s 
symptoms do not predict which stimulant class will 
work best. A trial of both stimulant classes is reason-
able to determine which class will provide the best 
response. Dosing of stimulant medication is not based 
on weight, but response. An individual should be 
started on a low dose of stimulant, and the dose should 
be titrated at weekly intervals until normalization of 
symptoms occurs or further titration is limited be-
cause of adverse effects. If an individual has a history 
of syncope, palpitations, chest pain with exercise or 
exertion, or a family history of sudden, unexplained 
cardiac death, consultation with a cardiologist may be 
indicated before starting a stimulant medication.

Atomoxetine may also be used and has a reasonable 
safety profile. With atomoxetine, improvement is usu-
ally noted within 3 weeks, with maximum improve-
ment achieved by 10 weeks of therapy. Atomoxetine 
may be particularly helpful in individuals who have 
ADHD with comorbid anxiety, tic disorders, or who 
have not responded to stimulants. Dosing of atomox-
etine is based on weight.

Extended-release guanfacine may also be used to 
treat individuals with ADHD and may be particularly 
beneficial in those who have oppositional symptoms, a 
comorbid tic disorder, or who have not responded to 
stimulants. Improvement in symptoms usually occurs 
within 2 to 4 weeks with extended-release guanfacine, 
and dosing is based on weight.

Less well-studied (and non–FDA-approved) thera-
pies include bupropion, short-acting a2-adrenergics, tri-
cyclic antidepressants, and modafinil. Cardiotoxic effects 
of the tricyclic medications eliminate these therapies 
from consideration for most individuals as safer treat-
ment modalities have emerged. Bupropion carries the 
risk for seizure induction, whereas modafinil carries  
the risk for Stevens–Johnson syndrome. Table 3 outlines 
current therapies for ADHD.

	O.	Other helpful interventions for children and adolesce nts 
with ADHD include providing self-esteem building tech-
niques, teaching time management and organizational 

	K.	 ADHD rarely occurs in isolation. In 60% to 80% of 
cases, individuals will manifest symptoms of an associ-
ated comorbid (coexisting) condition. Because of this, all 
individuals with ADHD should be evaluated for comor-
bidities. The most common comorbidities of ADHD are 
oppositional defiant disorder (40%–80%), conduct dis-
order (20%–50%), mood disorders (15%–30%), lan-
guage or learning disorders (25%–35%), anxiety disor-
ders (30%), smoking (19%), and substance use disorder 
(15%). Encopresis and enuresis appear to be about 
twice as common in children with ADHD compared 
with their non-ADHD counterparts. Other disorders 
can present with prominent ADHD features. These in-
clude Tourette disorder, fragile X syndrome, fetal alco-
hol syndrome, autism spectrum disorders (particularly 
the higher functioning forms), obsessive-compulsive dis-
order, learning disabilities, attachment disorders, and 
genetic abnormalities. The coexistence of these prob-
lems and conditions can strongly influence treatment 
choices and outcomes. General behavior rating scales 
such as the Swanson, Nolan, and Pelham (SNAP-IV), 
the Child Behavior Checklist (CBCL), and the Behavior 
Assessment Scales for Children (BASC) can aid in the 
identification of these coexisting conditions. Primary 
care physicians may wish to have some of these comor-
bid conditions confirmed through referral.

	L.	 Areas of impairment in children and adolescents 
with ADHD include abnormal family and peer  
relationships, delayed social skills, academic under-
performance, impaired self-esteem, increased risk for 
antisocial behaviors, increased substance use and 
abuse, impaired driving skills, increased risk for sexu-
ally transmitted diseases and unwanted pregnancy, 
and increased risk for accidental injury. Identifying 
areas of impairment can help providers, parents, and 
educators to formulate plans that will best fit the indi-
vidual needs of the child or adolescent with ADHD. 
ADHD is more impairing than most other disorders 
treated in the mental health outpatient setting and 
carries a substantial economic burden to society.  
Impairment in ADHD can be so significant that fail-
ure to treat (or failure to adequately treat) ADHD 
can carry substantial risk to the individual, including 
death from injury.

	M.	ADHD is thought to be a disorder that is caused by 
abnormalities of dopamine and norepinephrine in the 
dorsolateral prefrontal cortex, anterior cingulate, ante-
rior corpus callosum, the striatum of the basal ganglia, 
and the vermis of the cerebellum. As such, the most 
effective intervention demonstrated for ADHD is 
medical intervention. In the largest empirical study on 
ADHD to date, intensely managed medication therapy 
with or without behavioral therapy produced superior 
results over behavioral therapy alone. Adding behav-
ioral therapy to intensely managed medication therapy 
for the most part did not confer much additional ad-
vantage except in those individuals who had coexisting 
conditions such as anxiety.

	N.	 Stimulant medications (methylphenidate, dexmethyl-
phenidate, dextroamphetamine, mixed amphetamine 
salts, lisdexamfetamine dimesylate), as well as atomox-
etine and extended-release guanfacine, are first-line 
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Are DSM-IV-TR diagnostic criteria for ADHD met or criteria almost met with significant
impairment, where ADHD is the best explanation for the symptoms? (Table 1)

Yes No

Assess for comorbid disorders

(Cont’d from p 507)

Child with suspected ATTENTION-DEFICIT/HYPERACTIVITY DISORDER

Identify alternative explanations for target behaviors:
• Learning disabilities (p 528)
• Developmental problems (p 524)
• Other behavioral problems

Present Absent

• Identify
• Treat as needed
• Refer as needed

If ADHD symptoms are present but subthreshold for diagnosis:
• Reassess symptoms for ADHD criteria in 3–6 months

Medication (Table 3)
• Trial of stimulant (trial of each class if needed)
• Trial of atomoxetine
• Trial of extended-release guanfacine

Educational interventions
• Accommodations via a 504 plan if needed
• Accommodations via an IEP if needed

Life skills assistance
Treat comorbidities
Behavior therapy if needed

Identify impairments

Formulate treatment plan

K

L

O

NM

(Cont’d on p 511)

skills, establishing appropriate educational interventions, 
which may include an Individual Education Plan or a  
504 plan, treating coexisting problems, treating ADHD 
and/or mental health disorders in parents, and aiding the 
individual in the development of coping strategies for on-
going problems. Behavior therapy may be helpful in some 

individuals, especially in those with comorbid conditions 
or those who have incomplete response to other treat-
ment modalities. Interventions that have not been shown 
to be helpful for core ADHD symptoms include dietary 
modification, cognitive-behavioral therapy, electroen-
cephalographic feedback, and formal social skills training.
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	P.	 Follow-up visits should include interim history, stan-
dardized reassessment of symptoms to objectively 
measure success of intervention, review of efficacy  
of interventions, as well as discussing possible adverse 
effects incurred by prescribed medication, adjustment 
of medication dosing, periodic screening for comorbid 
conditions, and review of home and school functioning, 
as well as social development. Ongoing education of 
the parent, educators, and the individuals about  
the disorder and the challenges that occur can be ben-
eficial. Follow-up visits may be as frequent as every  
1 to 4 weeks initially, followed by two to four times a 
year once goals are met. The presence of comorbidities 

Table reprinted with permission from the AAP.

may warrant more frequent monitoring. All follow- 
up visits should include measurement of height, weight, 
and vital signs (especially heart rate and blood  
pressure).

	Q.	 If response to therapy is not satisfactory, different treat-
ment modalities can be explored. If several therapies do 
not yield satisfactory results, the clinician should care-
fully review the diagnosis and consider other diagnoses 
instead of ADHD or comorbid conditions to ADHD 
that are interfering with treatment. Addition of behav-
ioral therapy or referral to a developmental pediatri-
cian, child and adolescent psychiatrist, or child neurolo-
gist may be indicated.

Table 1. Diagnostic	Criteria	for	Attention-Deficit/Hyperactivity	Disorder

 A. Either criteria 1 or 2:
 1. Six (or more) of the following symptoms of inattention have persisted for at least 6 months to a degree that is maladaptive and inconsistent with 

developmental level:
Inattention

 a. Often fails to give close attention to details or makes careless mistakes in schoolwork, work, or other activities
 b. Often has difficulty sustaining attention in tasks or play activities
 c. Often does not seem to listen when spoken to directly
 d. Often does not follow through on instructions and fails to finish schoolwork, chores, or duties in the workplace (not because of oppositional be-

havior or failure to understand instructions)
 e. Often has difficulty organizing tasks and activities
 f. Often avoids, dislikes, or is reluctant to engage in tasks that require sustained mental effort (such as schoolwork or homework)
 g. Often loses things necessary for tasks or activities (e.g., toys, school assignments, pencils, books, or tools)
 h. Is often easily distracted by extraneous stimuli
 i. Is often forgetful in daily activities

 2. Six (or more) of the following symptoms of hyperactivity-impulsivity have persisted for at least 6 months to a degree that is maladaptive and in-
consistent with developmental level:

Hyperactivity

 a. Often fidgets with hands or feet or squirms in seat
 b. Often leaves seat in classroom or in other situations in which remaining seated is expected
 c. Often runs about or climbs excessively in situations in which it is inappropriate (in adolescents or adults, may be limited to subjective feelings 

of restlessness)
 d. Often has difficulty playing or engaging in leisure activities quietly
 e. Is often “on the go” or often acts as if “driven by a motor”
 f. Often talks excessively

Impulsivity

 a. Often blurts out answers before questions have been completed
 b. Often has difficulty awaiting turn
 c. Often interrupts or intrudes on others (e.g., butts into conversations or games)

 B. Some hyperactive-impulsive or inattentive symptoms that caused impairment were present before age 7 years.
 C. Some impairment from the symptoms is present in two or more settings (e.g., at school [or work] and at home).
 D. There must be clear evidence of clinically significant impairment in social, academic, or occupational functioning.
 E. The symptoms do not occur exclusively during the course of a pervasive developmental disorder, schizophrenia, or other psychotic disorder and 

are not better accounted for by another mental disorder (e.g., mood disorder, anxiety disorder, dissociative disorder, or a personality disorder).
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Table 2. 	Common	Behavior	Rating	Scales	Used	in	the	Assessment	of	Attention-Deficit/Hyperactivity	Disorder	
and	Monitoring	of	Treatment

Rating	Scales Description

Academic Performance Rating Scale (APRS) The APRS is a 19-item scale for determining a child’s academic productivity and  
accuracy in grades 1–6 that has six scale points; construct, concurrent, and  
discriminant validity data, as well as norms (n 5 247) available (Barkley, 1990)

ADHD Rating Scales-IV The ADHD Rating Scale-IV is an 18-item scale using DSM-IV criteria (DuPaul  
et al., 1998)

Brown ADD Rating Scales for Children, Adolescents, 
and Adults

Psychological Corporation, San Antonio, TX (www.drthomasebrown.com/assess_
tools/index.html) (Brown, 2001)

Child Behavior Checklist (CBCL) Parent-completed CBCL and Teacher-completed Teacher Report Form (TRF) 
(www.aseba.org/index.html)

Conners Parent Rating Scale—Revised (CPRS-R)* Parent and adolescent self-report versions available (Conners, 1997)
Conners Teacher Rating Scale—Revised (CPRS-R)* Conners, 1997
Home Situations Questionnaire—Revised (HSQ-R),
School Situations Questionnaire—Revised (SSQ-R)

The HSQ-R is a 14-item scale designed to assess specific problems with attention 
and concentration across a variety of home and public situations; it uses a  
0–9 scale and has test-retest, internal consistency, construct validity, discrimi-
nant validity, concurrent validity, and norms (n 5 581) available (Barkley, 1990).

Inattention/Overactivity with Aggression (IOWA)
Conners Teacher Rating Scale

The IOWA Conners is a 10-item scale developed to separate the inattention and 
overactivity ratings from oppositional defiance (Loney and Milich, 1982).

Swanson, Nolan, and Pelham (SNAP-IV) and SKAMP
Internet site ADHD.NET (obtainable from www.adhd.net)

The SNAP-IV (Swanson, 1992) is a 26-item scale that contains DSM-IV criteria for 
ADHD and screens for other DSM diagnoses; the SKAMP (Wigal et al., 1998) 
is a 10-item scale that measures impairment of functioning at home and at 
school.

Vanderbilt ADHD Diagnostic Parent and Teacher Scales Teachers rate 35 symptoms and 8 performance items measuring ADHD symptoms 
and common comorbid conditions (Wolraich et al., 2003a). The parent version 
contains all 18 ADHD symptoms, with items assessing comorbid conditions and 
performance (Wolraich et al., 2003b).

*The longer form should be used for initial assessment, whereas the shorter form is often used for assessing response to treatment, particularly when repeated administra-
tion is required.

ADD, attention-deficit disorder; ADHD, attention-deficit/hyperactivity disorder; DSM-IV, Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition.
Italics added. Table reprinted with permission from AACAP.

(Cont’d from p 509)

Child with suspected ATTENTION-DEFICIT/HYPERACTIVITY DISORDER

Follow-up visits
• Review progress
• Standardized reassessment
• Assess adequacy of interventions
• Assess medication
  · Side effects may need to be addressed
  · Dose may need to be adjusted
• Assess height, weight, blood pressure, and heart rate

Symptoms or impairments still present?

Yes No

Reassess for comorbid conditions
Consider alternative diagnosis
Adjust treatment plan
Refer as needed

Periodic surveillance (2−4 times a year)

P

Q
P
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Table 3. 	Medications	Approved	by	the	U.S.	Food	and	Drug	Administration	for	Attention-Deficit/Hyperactivity	
Disorder	(Alphabetical	by	Class)

Generic	Class/
Brand	Name Dose	Form

Typical	Starting	
Dose FDA	Max/Day Off-label	Max/Day Comments

Amphetamine Preparations
Short acting

Adderall*

Dexedrine*
DextroStat*

Long acting
Dexedrine  

Spansule
Adderall XR

Lisdexamfetamine

5-, 7.5-, 10-, 12.5-, 15-, 
20-, 30-mg tablets

5-mg capsules
5-, 10-mg capsules

5-, 10-, 15-mg  
capsules

5-, 10-, 15-, 20-, 25-,  
30-mg capsules

30-, 50-, 70-mg capsules

3–5 yr: 2.5 mg qd; 
6 yr: 5 mg qd 
to bid

3–5 yr: 2.5 mg qd
6 yr: 5 mg qd to bid

6 yr: 5–10 mg qd to 
bid

6 yr: 10 mg qd

30 mg qd

40 mg

40 mg

30 mg

70 mg

.50 kg: 60 mg

.50 kg: 60 mg

.50 kg: 60 mg

Not yet known

Short-acting stimulants of-
ten used as initial treat-
ment in small children 
(,16 kg), but have dis-
advantage of bid-tid 
dosing to control symp-
toms throughout day

Longer acting stimulants 
offer greater conve-
nience, confidentiality, 
and compliance with 
single daily dosing but 
may have greater prob-
lematic effects on eve-
ning appetite and sleep

Adderall XR cap may be 
opened and sprinkled 
on soft food

Methylphenidate Preparations
Short acting

Focalin
Methylin*
Ritalin*

2.5-, 5-, 10-mg capsules
5-, 10-, 20-mg tablets
5, 10, 20 mg

2.5 mg bid
5 mg bid
5 mg bid

20 mg
60 mg
60 mg

50 mg
.50 kg: 100 mg
.50 kg: 100 mg

Short-acting stimulants often 
used as initial treatment 
in small children  
(,16 kg), as above, but 
have disadvantage of bid 
to tid dosing to control 
symptoms throughout day

Intermediate acting
Metadate ER
Methylin ER
Ritalin SR* 
Metadate CD

Ritalin LA

10-, 20-mg capsules
10-, 20-mg capsules
20 mg
10, 20, 30, 40, 50,  

60 mg
10, 20, 30, 40 mg

10 mg every morning
10 mg every morning
10 mg every morning
20 mg every morning

20 mg every morning

60 mg
60 mg 
60 mg
60 mg

60 mg

.50 kg: 100 mg

.50 kg: 100 mg

.50 kg: 100 mg

.50 kg: 100 mg

.50 kg: 100 mg

Longer acting stimulants 
offer greater conve-
nience, confidentiality, 
and compliance with sin-
gle daily dosing but may 
have greater problematic 
effects on evening appe-
tite and sleep

Metadate CD and Ritalin LA 
capsules may be opened 
and sprinkled on soft food

Long acting
Concerta

Daytrana patch

Focalin XR

18-, 27-, 36-, 54-mg 
capsules

10-, 15-, 20-, 30-mg 
patches

5-, 10-, 15-, 20-mg  
capsules

18 mg every morning

Begins with 10 mg 
patch qd, then  
titrate up by patch 
strength

5 mg every morning

72 mg

30 mg

30 mg

108 mg

Not yet known

50 mg

Swallow whole with liquids
Nonabsorbable tablet shell 

may be seen in stool

Selective Norepinephrine Reuptake Inhibitor
Atomoxetine 

Strattera 10-, 18-, 25-, 40-, 60-, 
80-, 100-mg capsules

Children and adoles-
cents ,70 kg; 
0.5 mg/kg/day  
for 4 days, then  
1 mg/kg/day for  
4 days, then  
1.2 mg/kg/day

Lesser of  
1.4 mg/kg or 
100 mg

Lesser of 1.8 mg/kg 
or 100 mg

Not a schedule II  
medication.

Consider if active substance 
abuse or severe adverse 
effects of stimulants 
(mood liability, tics); give 
every morning or divided 
doses bid (effects on late 
evening behavior); do not 
open capsule; monitor 
closely for suicidal think-
ing and behavior, clinical 
worsening, or unusual 
changes in behavior.

Table reprinted with permission from AACAP.

*Generic formulation available.
ADHD, attention-deficit/hyperactivity disorder; FDA, U.S. Food and Drug Administration; max, maximum.
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Autism Spectrum Disorders
William Campbell, MD

Autism spectrum disorders (ASDs) are also known as perva-
sive developmental disorders and include autistic disorder 
(autism), Asperger syndrome, and pervasive developmental 
disorder not otherwise specified (PDD-NOS). All of these 
involve impairments in reciprocal social interactions, im-
pairments in verbal and nonverbal communication (includ-
ing pretend play), and atypical, restricted, repetitive activi-
ties, interests, and behaviors (Table 1). ASD has been 
diagnosed with increasing frequency, and the prevalence is 
currently estimated to be about 1 in 110. The cause is most 
likely related to genetic differences influencing brain devel-
opment. More than one gene is likely involved, given the 
variable phenotypes among individuals with ASDs. Early 
intervention may help improve functional outcomes.

	A.	 Survey development and behavior at every well visit. 
Elicit concerns by asking questions such as “Do you 
have any questions or concerns about your child’s devel-
opment or behavior?” Use standardized general devel-
opmental screening instruments at recommended 
times (e.g., at the 9- or 12-month, 18-month, and 24- or 
30-month visits). Look for unevenness in development, 
social and communication delays, and unusual interests, 
behaviors, or mannerisms. For young children, ask 
about interest in other children, pretend play, sharing 
interests and enjoyment with parents, following a par-
ent’s point, and imitation. For older children, ask about 
relationships (with peers and adults) and performance 
in school. The family history may be notable for lan-
guage delay, poor social skills, cognitive impairment, 
and psychiatric illness. Behavioral observations may be 
significant for poor eye contact (or eye contact that is 
poorly integrated with vocalizations and pointing), poor 
joint attention (not paying attention to what the parent 
or examiner is trying to get the child to pay attention 
to), lack of pointing, and lack of pretend play.

	B.	 Schedule a “problem-targeted” clinic visit if the parent 
has concerns or if the clinician has concerns about 
ASD or related issues.

	C.	 Developmental surveillance is described in the chap-
ter “Developmental Delay in Children Younger Than 
6 Years,” and more details can be found in the policy 

statement of the American Academy of Pediatrics 
(“Identifying Infants and Young Children with Devel-
opmental Disorders in the Medical Home: An Algo-
rithm for Developmental Surveillance and Screening.” 
Pediatrics 2006;118(1):405-20).

To survey for ASDs, score 1 point for “yes” answers 
to each of the following questions, and follow the  
algorithm accordingly:

	1.	 Sibling with ASD?
	2.	 Parent concern for ASD?
	3.	 Other caregiver concern for ASD?
	4.	 Clinician concern for ASD?

	D.	 Autism-specific screening tools are recommended at 
the 18- and 24-month well visits.

	E.	 Examples of ASD-specific screening tools include the 
Checklist for Autism in Toddlers (CHAT) and the 
Modified Checklist for Autism in Toddlers (M-CHAT). 
If doubt exists because of difficulty finding or inter-
preting an age-appropriate screening tool, it is accept-
able to refer the patient for further evaluation.

	F.	 Refer all children with suspected ASDs to their local 
early intervention systems or public school systems, 
depending on the age of the child. Appropriate ser-
vices can often begin before the diagnostic ASD evalu-
ation is completed.

	G.	 Refer all children with suspected ASDs for a diagnostic 
ASD evaluation. Although some relatively small com-
munities have, or are visited by, appropriate evaluation 
teams, most diagnostic ASD evaluations are done by 
specialists or specialty clinics in larger cities and are as-
sociated with tertiary care children’s hospitals, medical 
schools, and University Centers for Excellence in  
Developmental Disabilities Education, Research, & 
Service (UCEDD).

	H.	 Arrange appropriate follow-up, within a month or 
two, for children with ASD concerns, regardless of 
whether they were referred for further evaluation. If 
there were no concerns, continue routine health care 
maintenance.

(Continued on page 516)
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Table 1. Signs	and	Symptoms	of	Autistic	Spectrum	Disorder

,3	Years	Old 3–6	Years	Old .6	Years	Old

No babbling by 12 months
No gestural communication (pointing, 

waving bye) by 12 months
No single words by 16 months
Failure to orient to own name by 12 

months; diminished auditory attention
No pretend play by 18 months
No use of index finger to indicate  

interest in something (pointing to 
show or share) by 18 months

Lack of gaze monitoring by 18 months
No two-word spontaneous (not  

echolalic) phrases by 24 months
Limited initiation of activity/play  

before 36 months

Same as for age ,3:
Language may be somewhat developed, but 

history of late development or atypical  
development such as much echolalia, 
memorization of strings of words, or scripts

Diminished eye contact
Diminished interest in other children or 

forming friendships
Has repetitive, stereotyped, or odd motor  

behavior
Attends more to parts of objects (e.g., wheels 

on toy car)
Unable to understand others’ emotional states
Hypersensitive to sounds (often typical  

household noises such as vacuum cleaner, 
blender) or touch

Unusual preoccupations or a narrow range of 
interests (e.g., letters, geography, street 
maps, time tables, Star Wars)

Lack of shared enjoyment with peers
Excessive routines or rituals
Difficulty with transitions

Language appears “normal” but may have had 
some early delay

Often cannot be clearly identified until school 
age

Perseverative behavior may not appear until 
later

Mild gross and fine motor clumsiness
Odd prosody (rhythm, inflection) of speech,  

peculiar formal speech
Cognitive skills more typically in the normal 

range
Intense absorption in certain interests, often  

to exclusion of other activities and having a 
repetitive quality

Difficulty with abstract language
Often appears socially immature, lacks friends, 

disinterest in peers, or socially inappropriate 
behavior

Poor nonverbal communication including  
limited gestures, limited facial expression
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Adolescent with Depression
Mary N. Cook, MD, and John Peterson, MD

INTRODUCTION AND EPIDEMIOLOGY

Depressive symptoms are common in pediatric clinical  
settings, with 5% to 10% of children and adolescents pre-
senting with subsyndromal symptoms of major depressive 
disorder (MDD). MDD is estimated to affect 2% of chil-
dren, aged 6 to 12 years, and 4% to 8% of adolescents, aged 
13 to 17 years. In children, the male/female ratio is 1:1, but 
in teens, the ratio changes to 1:2. Dysthymic disorder 
(DD), a more chronic, milder form of depression, has been 
reported to afflict 0.6% to 1.7% of children and 1.6% to 8% 
of adolescents. The risk for depression increases signifi-
cantly after puberty (particularly in girls), and by age 18, 
the cumulative incidence rate is 20%. Suicidal ideation is 
common among depressed adolescents, with an estimated 
60% of depressed teens experiencing suicidal thoughts and 
30% reporting a suicide attempt. Adolescents with depres-
sion are at greater risk for substance abuse as well as de-
pression in adulthood. In addition, it appears that pediatric-
onset depression tends to be a more chronic and debilitating 
condition than depression that begins in adulthood.

 A. Screening and Assessment: Primary care providers 
should screen all youths for depression by asking 
about key symptoms, including sad or irritable mood 
and anhedonia, the inability to experience pleasure 
and have fun. In youngsters, changes associated with 
onset of depression might include deteriorating aca-
demic performance, weight or appetite loss or gain, 
social withdrawal, changes in sleep, increased defiance 
(related to irritability), and discontinuation of previ-
ously preferred activities. Depression in youth may be 
accompanied by hallucinations or delusions, although 
rarely. Psychotic depression in children has been as-
sociated with a family history of bipolar disorder  
and depression with psychotic features, more severe 
depression, a worse prognosis, resistance to antide-
pressants, and increased risk for future onset of bipo-
lar disorder. Youths with seasonal affective disorder 
mainly have symptoms of depression during seasons 
with less daylight. Seasonal affective disorder should 
be differentiated from depression triggered by school 
stress because both can coincide with the school cal-
endar. Adolescents may not readily report emotional 
or behavioral manifestations of psychiatric disorders. 
They might deny the existence of these symptoms or 
behaviors or simply have difficulty articulating their 
thoughts and feelings. Open-ended or indirect ques-
tions are recommended in pediatric interviews, as the 
information is likely to be more comprehensive and 
reliable. Direct or closed-ended questions often elicit 
more limited and potentially biased responses from 
children and teens. Collateral information from par-
ents, caregivers, teachers, and others is often essential 
for a complete evaluation. The onset and course of a 

depression may be determined through the use of a 
mood diary or timeline, using significant life events as 
anchors. A mood timeline can enable the provider, 
child, and parents to identify environmental triggers, 
as well as comorbid conditions.

 B. Situational Problems: Careful assessment of current and 
past stressors is indicated. This should include identify-
ing interpersonal or family conflicts, verbal, physical, 
and/or sexual abuse, as well as neglect or poverty. It is 
also important to assess for symptoms consistent with 
post-traumatic stress disorder, which can develop in re-
sponse to traumatic events. Depression often occurs 
against a backdrop of family conflict. Depression is often 
associated with increased irritability, leading to increased 
interpersonal tension and estrangement of others. This 
may cause teens to perceive diminishing social support 
and experience loneliness. Involvement in deviant peer 
groups may lead to antisocial behavior, generating more 
stressful life events and increasing the likelihood of de-
pression. Asking about family psychiatric history is im-
portant due to genetic predispositions and because  
parental psychopathology often predicts compliance 
with treatment, course of illness, and outcome. It is es-
sential to assess for marital and family discord, impaired 
attachment, inadequate parent support, and controlling 
parent–child relationships, because these factors can 
worsen depressive symptoms and increase risk for sub-
stance abuse and conduct disorder.

 C. Comorbidity: Clinicians need to screen for comorbidi-
ties. Both MDD and dysthymic disorder are typically 
accompanied by other psychiatric and medical condi-
tions. They also can occur together, a condition termed 
double depression. Approximately 40% to 90% of 
youths with depression also meet criteria for an addi-
tional psychiatric disorder, with up to 50% manifesting 
two or more comorbid psychiatric diagnoses. The most 
frequent comorbid diagnoses are anxiety disorders, fol-
lowed by disruptive disorders (e.g., ADHD, conduct 
disorder, and oppositional defiant disorder) and sub-
stance abuse disorders.

 D. Differential Diagnosis: It is important to rule out other 
causative factors for depressive symptoms, because a 
variety of conditions can present as depression. Psychi-
atric illnesses that may overlap with depression include 
anxiety, disruptive, psychotic, and substance abuse dis-
orders, to name a few. Bereavement and reactions to 
environmental stressors and trauma can also present 
with depressive symptoms. Various medical conditions, 
including hypothyroidism, anemia, autoimmune dis-
eases, and chronic fatigue syndrome may mimic or  
occur coincidentally with depression. Symptoms shared 
between these conditions and depression might include 
fatigue, low energy, sleep and appetite disturbances, 
and impaired concentration. Demoralization and low 
self-esteem can manifest as part of a chronic medical 
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(Cont’d on p 521)

illness. An extensive list of medications can produce 
depressive symptoms. For instance, stimulants, cortico-
steroids, and contraceptives are often associated with 
worsening mood lability or irritability. They can also 
disturb sleep and appetite, as well as induce weight 
changes. Children presenting for treatment are often 
experiencing their first episode of depression, making it 
difficult to ascertain whether they are experiencing uni-
polar depression or the first episode of a bipolar disor-
der. A strong family history of bipolar disorder, symp-
toms of psychosis in the child, and a history of 
pharmacologically induced mania or hypomania in-
crease the likelihood of future onset of a bipolar disor-
der. It is prudent for clinicians to systematically screen 
for a history of manic or hypomanic symptoms because 
such a history predicts which youths are more likely to 
experience a medication-induced mania when treated 
with antidepressants.

 E. Diagnostic Criteria: Depression is a spectrum disorder, 
ranging from subsyndromal to syndromal. Criteria for 
the full syndrome of MDD are listed in Table 1. The 
symptoms must be impairing, represent a change from 
baseline functioning, and not be attributable to another 
psychiatric or medical causative factor, bereavement, or 
substance abuse. MDD can also be manifested with 
atypical symptoms such as increased reactivity to rejec-
tion, lethargy (leaden paralysis), increased appetite, crav-
ing for carbohydrates, and hypersomnia. Dysthymic dis-
order consists of a persistent, long-term change in mood 
that generally is less intense but more chronic than in 
MDD. Because of its more subtle and chronic nature, 
dysthymic disorder is often overlooked or misdiagnosed. 
Although the symptoms of dysthymia are not as severe as 
in MDD, they nonetheless typically cause as much or 
more psychosocial impairment. Criteria for dysthymic 
disorder are listed in Table 1.
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 F. Suicidality: Assessment for risk for self-harm and 
suicidality is essential (Table 2), with suicide remain-
ing the third leading cause of death in U.S. adoles-
cents, claiming almost 2000 lives each year among 
youths aged 12 to 19 years. Almost 1 in 5 (17%) of 
U.S. high-school students have had suicidal thoughts 
in a given year, and almost 1 in 10 (8%) have at-
tempted suicide. Current suicidal ideation is a risk 
factor for suicide, and having made a suicide attempt 
is the strongest predictor of future suicidal behavior. 
Other self-harming and suicide risk characteristics for 
adolescents include:

Psychiatric diagnosis: Diagnoses associated with 
adolescent suicide include major depression, substance 
abuse, and conduct disorder.

Sex: Female individuals attempt suicide more 
often, but male individuals complete suicide more  
often (4:1).

Older age: Suicide completion, suicide attempts, 
and nonsuicidal self-injury increase during adoles-
cence; older teens are at greater risk.

Psychosocial factors: Relationship and situational 
stressors can contribute to self-harming and suicidal 
behavior (often with a psychiatric disorder present), 
and these include poor social supports, recent loss or 
rejection, family conflicts, living alone (e.g., running 
away/homeless), family suicidal behavior, poor com-
munication with parents, availability of firearms, legal 
problems, academic difficulties, gender identity con-
flicts, history of maltreatment, being bullied and bully-
ing others, risk-taking behaviors, and exposure to sui-
cide in the community or media.

 G. Pharmacologic Treatment: Antidepressant treatment 
may be indicated for moderate and especially for se-
vere pediatric depression. However, the use of phar-
macologic agents to treat pediatric depression has been 
shrouded in controversy in recent years. The contro-
versy stems from a relative paucity of controlled data 
documenting efficacy for antidepressants in youth, and 
some data demonstrating a small but significant signal 
of increased suicidality associated with the initiation of 
some antidepressants. The lack of efficacy studies and 
the high potential for lethality in overdose have led to 
the consensus that tricyclic antidepressants are inap-
propriate for treating youths with depression. To date, 
only two agents, fluoxetine and escitalopram, have re-
ceived U.S. Food and Drug Administration (FDA) 
approval for the indication of major depression in 8- to 
17-year-olds. Other antidepressants are frequently  
still used for pediatric depression, but their use is con-
sidered “off label.” Based on data from clinical trials, 
fluoxetine, at doses ranging from 20 to 40 mg, and  
escitalopram, at doses ranging from 20 to 40 mg, do 
appear to have efficacy in the treatment of pediatric 
depression, with the majority of controlled studies 
demonstrating positive results. Some studies, although 
not all, support efficacy for sertraline and paroxetine, 
but currently these medications have not been awarded 
FDA approval for treating depression in the pediatric 
population.

 H. Informed Consent: Before initiating treatment with 
any psychotropic medication, the physician must first 
obtain informed consent from the parent or legal 
guardian, and in some states, assent from the adoles-
cent. Informed consent involves informing the family 
about alternative treatment options, as well as the risks 
and benefits to the recommended treatment. In par-
ticular, common, as well as serious, adverse events 
should be reviewed. With selective serotonin reuptake 
inhibitor (SSRIs), nausea, diarrhea, insomnia, and 
akathisia should be mentioned as common adverse ef-
fects, as well as the rare but serious worries about as-
sociated increased suicidality, within the first few weeks 
of treatment. Patients and parents need to know  
that the FDA issued a black box warning about the 
potential for SSRIs to cause an increase in suicidality. 
Although there is a small increase in the risk for suicid-
ality among adolescents taking SSRIs, compared with 
placebo (4% vs. 2%), the consensus among expert clini-
cians is that the benefits outweigh the potential risks in 
most teens with moderate to severe depression, at least 
with respect to treating with fluoxetine.

 I. Psychotherapy Treatments:
Cognitive-Behavioral Therapy (CBT): Referral for 

psychotherapy, ideally CBT, is indicated for moderate to 
severe depression. Combination treatment involving 
CBT plus fluoxetine is more effective than monotherapy 
with either medication or psychotherapy alone. More 
severe depression is likely to respond preferentially to 
treatment that includes medication. In addition, CBT 
has been shown to be protective against the emergence 
of suicidality. CBT, which emphasizes that thoughts, 
feelings, and behaviors are interrelated, is considered a 
first-line treatment for pediatric depression, with a large 
body of literature demonstrating its efficacy in youth. 
CBT also emphasizes the development of improved 
psychosocial skills, such as communication, problem 
solving, and self-soothing skills.

Interpersonal Psychotherapy for Adolescents (IPT-A): 
Referral for IPT-A might also be considered and has been 
noted to be efficacious in the acute treatment of de-
pressed adolescents. Studies have documented mainte-
nance of improvement at 1-year follow-up, with associ-
ated reduction in hospitalization rates and suicidality. A 
central tenet of IPT-A is that clinical depression occurs in 
an interpersonal context, and that response to treatment 
is influenced by the relationship between the patient and 
significant others.

Family Therapy: Referral for family therapy is 
sometimes indicated and may be particularly helpful 
when family communication problems contribute to 
the youth’s feelings of distress and inability to involve 
family in an adequate safety plan.

 J. Clinical Course: It is recommended, for prevention of 
relapse, that antidepressant treatment be continued 
for 7 to 9 months. Clinically referred youths with ma-
jor depression will have a median episode duration of 
8 months, whereas community samples experience a 
median duration of 1 to 2 months. Nearly all children 
and adolescents will recover from their first depressive 
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episode, but long-term studies show recurrence rates 
increasing to 70% after 5 years. A significant propor-
tion of youths with MDD will continue to suffer from 
MDD during adulthood. Between 20% and 40% of 
pediatric patients with depression will develop bipolar 
disorder at some point. Those especially at risk in-
clude patients with concomitant psychotic features, 
family histories of bipolar, and those with histories  
of pharmacologically induced mania or hypomania. 
Children with dysthymia are likely to experience a 

prolonged course of illness, with a mean episode 
length of 3 to 4 years for clinical and community 
samples. In addition, this disorder is further associ-
ated with increased risk for subsequent development 
of MDD and substance abuse. Poor outcomes are as-
sociated with greater severity, chronicity, or recur-
rence, comorbid conditions, hopelessness, residual 
subsyndromal symptoms, pessimism, family discord, 
low socioeconomic status, and chronic environmental 
stressors (e.g., abuse, family conflict).
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Table 1. DSM-IV-TR Criteria for Major Depressive Episode and Dysthymic Disorder

Major Depressive Episode
Five (or more) of the following symptoms must be present during the same 2-week period and represent a change from previous functioning; at least 

one of the symptoms is either (1) depressed mood or (2) loss of interest or pleasure.
Note: Do not include symptoms that are clearly caused by a general medical condition, or mood-incongruent delusions or hallucinations.

 1. Depressed or irritable mood most of the time
 2. Diminished interest or pleasure in most activities
 3. Weight (or appetite) loss or gain
 4. Insomnia or hypersomnia nearly every day
 5. Psychomotor agitation or retardation observed by others
 6. Fatigue/energy loss nearly every day
 7. Feelings of worthlessness or inappropriate guilt
 8. Decreased concentration or indecisiveness
 9. Recurrent thoughts of death or suicidal ideation

Dysthymic Disorder
Depressed or irritable mood for most of the time for at least 1 year. Presence, while depressed, of at least two of the following:

 1. Poor appetite or overeating
 2. Insomnia or hypersomnia
 3. Fatigue or low energy
 4. Low self-esteem
 5. Poor concentration or difficulty making decisions
 6. Feelings of hopelessness

Based on American Psychiatric Association. Diagnostic and statistical manual of mental disorders (DSM-IV-TR). 4th ed [text revision]. Washington, DC: American 
Psychiatric Association; 2000.

Table 2. The Suicidal/Self-Harming Adolescent

Complete a thorough psychiatric assessment, including:
• Interviewing teen separately from parents
• Adopting an empathic and nonjudgmental demeanor
• Observing for signs of acute self-harm, scarring, bruises
• Identifying significant psychiatric symptoms, particularly depression, psychosis, substance abuse
• Asking about acute stressors (e.g., breakup)
• Assessing recent and prior self-harming issues
Self-injury: episodes, frequency, duration, precipitants
Suicidal thoughts: plans, frequency, duration, precipitants
Suicide attempts: previous attempts, methods, consequences
Suicide intent: past and present desire to die
• Asking about homicidal thoughts and determining any “duty to warn”

Obtain additional information:
• From parents/family, caseworkers, teachers, and others
• By observing family interaction and identifying conflicts impacting safety
• Consider urine toxicology screen, pregnancy test, in addition to physical examination and “routine” labs

Consider outpatient treatment when there are no suicidal thoughts or plans, no prior suicide attempts, no medical problems requiring hospital care, 
no significant substance abuse problems, and no significant psychiatric disorders needing stabilization.

And there is a parent/guardian that will be home to monitor safety and relationship is positive and stable, a plan for the youth to communicate dan-
gerous or overwhelmed feelings to the parent, stabilization of any precipitating conflicts, psychotherapy will begin or continue, parents are aware of 
alcohol/drug risks (e.g., increasing impulsivity and decreasing inhibitions) and will limit access, parent will remove lethal items (e.g., firearms) from 
home, parent and youth agree with a safety plan (including use of emergency services if the situation deteriorates), and follow-up services have 
been scheduled.

Consider inpatient treatment when there are continuing suicidal thoughts, specific suicidal plans, needs for further assessment in a safe environment, 
previous suicide attempts, severe depressive symptoms, significant psychiatric symptoms (e.g., psychosis), past impulsive and dangerous behaviors, 
substance abuse problems present with depression and/or self-harm, difficulties forming an alliance with the clinician, difficulties participating in 
the assessment of safety, and significant conflicts with family/significant other.
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Developmental Delay in Children 
Younger Than 6 Years

William Campbell, MD

Developmental delay (DD) is a condition in which a child is 
delayed in achieving milestones in any of the major domains 
of development: motor, language, cognitive/problem solv-
ing, adaptive/self-help, and social skills. In this chapter, DD 
also refers to atypical development—that is, patterns of  
development not typical for a child of any age (e.g., as in 
autism spectrum disorders). About 12% of infants, toddlers, 
and preschoolers have significant delays in at least one area 
of development, and about 2% have delays in two or more 
domains (global DD).

Although DD in some young children appears to be 
temporary (i.e., they eventually “catch up” to normal), DD 
often is the first sign of a lifelong developmental disability 
(e.g., intellectual disability, formerly referred to as mental 
retardation). In many cases, children’s delays are due to a 
combination of environmental and biological (including 
genetic) factors, resulting in chronic central nervous system 
dysfunction, with a slower rate of development. In addition 
to addressing health conditions contributing to DD, early 
intervention and early childhood special education services 
(under the Individuals with Disabilities Education Act 
[IDEA]) can help achieve optimal outcomes.

The American Academy of Pediatrics (AAP) has sum-
marized specific recommendations in a policy statement 
(“Identifying Infants and Young Children with Develop-
mental Disorders in the Medical Home: An Algorithm for 
Developmental Surveillance and Screening.” Pediatrics 
2006:118(1):405–20).

	A.	 Survey development and behavior at every health care 
visit. Elicit parent concerns about development and be-
havior (e.g., “Do you have any questions or concerns 
about your child’s development or behavior?”); document 
the developmental history; make accurate observations; 
identify risk factors and protective factors; and maintain 
accurate records of the process and findings.

	B.	 Part C of IDEA requires states to provide early interven-
tion services to infants and toddlers who have conditions 
of “established risk,” defined as a “diagnosed physical or 
mental condition which has a high probability of result-
ing in developmental delay.” These conditions include, 
but are not limited to, chromosomal abnormalities, ge-
netic or congenital disorders, severe sensory impair-
ments (including hearing and vision), inborn errors of 
metabolism, disorders reflecting disturbance of the de-
velopment of the nervous system, congenital infections, 
disorders secondary to exposure to toxic substances (in-
cluding fetal alcohol syndrome), and severe attachment 
disorders. Such infants and toddlers may be eligible for 
services by virtue of their diagnosis, regardless of whether 
a measurable delay is present.

Some biological/medical risk factors do not always 
lead to DD, but affected children warrant more frequent 
developmental screening and early referral. Examples 

include prematurity, low birth weight, intraventricular 
hemorrhage, chronic lung disease, failure to thrive, and a 
family history of developmental problems.

Environmental risk factors include child abuse or 
neglect, poverty, homelessness, family social disorgani-
zation, and parental age, educational attainment, de-
velopmental disability, and substance abuse.

Protective factors include child temperament 
(happy, easygoing), high self-esteem, a history of suc-
cessful learning experiences, and a satisfactory emo-
tional relationship with at least one parent/caregiver.

	C.	 Screen for DD using appropriate standardized instru-
ments if the young child has developmental risk factors. 
Do general screening at the 9-month (or 12-month) visit, 
18-month visit, and 30-month (or 24-month) visit, and 
also do autism-specific screening (see Autism Spectrum 
Disorder, p. 514) at the 18- and 24-month visits, even  
if there are no risk factors or parent/clinical concerns. 
General developmental screening tools include the Ages 
& Stages Questionnaires (ASQ) and the Parents’ Evalua-
tion of Developmental Status (PEDS), although the lat-
ter is more of a prescreening, developmental surveillance 
instrument. Autism-specific screening tools include the 
Modified Checklist for Autism in Toddlers (M-CHAT) 
and the Social Communication Questionnaire (SCQ). 
Additional screening tools are listed in the AAP policy 
statement noted earlier.

	D.	 If the results of developmental screening are concern-
ing, or if there are parent or clinician concerns for DD, 
further evaluation is indicated. Such children should 
simultaneously (1) be referred to local early interven-
tion or special education agencies, and (2) undergo 
appropriate medical evaluation.

	E.	 The age of the child will determine where to refer for 
educational and developmental intervention services. 
Child Find is a component of IDEA that requires states 
to identify, locate, and evaluate all children with disabili-
ties, aged birth to 21, who are in need of early interven-
tion or special education services. In most states, children 
3 years of age and older are served by their local public 
school districts, whereas infants and toddlers from birth to 
36 months of age are served by their statewide system of 
early intervention services. Primary pediatric health care 
clinicians should be familiar with their local resources. It 
is helpful for the public school and early intervention 
teams to have copies of the standardized developmental 
screening instrument and results to avoid unnecessary 
rescreening and to help inform the assessment.

In general, early intervention and Child Find evalua-
tion teams assess all areas of development. A delay in one 
domain suggests the possibility of delays in others. The 
developmental/educational assessment results are used to 
help determine eligibility for early intervention or special 
education services (Parts C and B of IDEA, respectively).

(Continued on page 526)
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	F.	 Appropriate medical workup can begin as soon as 
there are significant developmental concerns but 
should not delay referral for early intervention or 
special education assessments and services. The 
health history and physical examination may reveal 
genetic risk factors, conditions associated with a high 
probability of delay, or conditions that might ad-
versely affect development. Impairments of vision 
and hearing should be ruled out in all children with 
DD. Formal hearing evaluation (at least annually) by 
an audiologist is indicated for children with commu-
nication delay or impairment.

The medical workup may include not only a search 
for the cause of the delay, to help inform treatment and 
family recurrence risk, but also an evaluation to find 
one or more neurodevelopmental diagnoses, such as 
cerebral palsy, autism, particular genetic syndromes, or 
global DD. Some of these conditions are discussed 
elsewhere in this textbook.

For children with global DD, the workup will de-
pend on the severity of delays, among other factors. 
Consultation from specialists is frequently warranted 
(e.g., neurology, genetics, metabolic disease, rehabilita-
tion medicine, developmental pediatrics).

	G.	 Even after a comprehensive multidisciplinary assess-
ment by an early intervention or Child Find team, addi-
tional diagnostic developmental evaluation is often 
needed to further quantify the degree of delay and to 
help arrive at a medical diagnosis. The early intervention/

Child Find assessments generally do not directly result in 
medical diagnoses such as autism or cerebral palsy, but 
the assessment results often help the primary health care 
clinician arrive at a diagnosis and/or determine additional 
workup and treatment needs.

The disciplines involved in the diagnostic develop-
mental evaluation are often the same as those who par-
ticipated in the early intervention/Child Find assess-
ment, for example, Speech-Language Pathology, Child 
Psychology, and Occupational/Physical Therapy. These 
diagnostic developmental team evaluations can be done 
by local or visiting teams in relatively small communities, 
but are also done in larger communities in various clinics 
(high-risk infant follow-up clinics, physical medicine and 
rehabilitation, neurology, developmental pediatrics).  
Primary care clinicians should be familiar with local  
resources and referral centers. If in doubt about where 
to refer, it is generally best to ask a colleague or a special-
ist at the clinic under consideration, so that the appropri-
ate evaluation is done as soon as possible.

	H.	 Young children with DD should receive the same 
clinical consideration as children with chronic special 
health care needs and should be followed more  
frequently than healthy, typically developing chil-
dren. Specific information about the medical workup 
of young children with global DD can be found  
on the American Academy of Neurology’s Web  
site (http://www.aan.com) in the Practice Guidelines 
section.
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School Learning Problems
William Campbell, MD

	A.	 About 11% of schoolchildren have learning disorders 
and/or school failure. The history may reveal family ge-
netic risk factors, prenatal and perinatal exposures and 
events, acute or chronic health conditions (e.g., seizures, 
concussions, meningitis/encephalitis, insufficient sleep, 
anemia, lead), and psychosocial risk factors (e.g., low 
self-esteem, family conflict, bullying). Many children 
with learning difficulties have a history of early develop-
mental delay. Screen for behavior and attention prob-
lems (especially attention-deficit/hyperactivity disorder 
[ADHD]).

	B.	 The neurologic examination and general physical ex-
amination may point to acute or chronic conditions 
associated with poor academic performance. Espe-
cially if there has been a recent deterioration in behav-
ior or academic performance, look for focal neurologic 
findings (e.g., acquired torticollis, strabismus, ataxia). 
Dysmorphic features may suggest a particular genetic 
syndrome; more than four minor dysmorphic features 
can be a nonspecific marker of learning problems.

	C.	 Have the parent bring copies of report cards, and, if 
applicable, current (and prior) Individualized Educa-
tion Program (IEP), early intervention records, and 
results of academic achievement testing, psychological/
educational testing (e.g., intelligence quotient [IQ] 
and/or learning testing), and any other pertinent infor-
mation. Ask for a letter from the classroom teacher 
summarizing the student’s main school problems; how 
the student behaves, pays attention, and completes 
academic work; and how the student interacts with 
peers and staff. It is sometimes helpful to get an addi-
tional letter from the student’s teacher from the prior 
school year. Arrange to have an ADHD-specific behav-
ior rating scale completed by the teacher and returned 
for clinician review at the first or follow-up visit.

	D.	 Look for discrepancies between (1) the current year 
and prior years, (2) performance and effort/behavior, 
(3) grades in various subject areas, (4) report card 
grades and achievement test scores, and (5) grades and 
cognitive scores. Significant discrepancies between 
ability and academic achievement suggest a learning 
disability. Clinicians should be aware that each state 
department of education uses its own discrepancy 
definition. Poor physical health, emotional disorders, 
difficult psychosocial circumstances, and neurobehav-
ioral disorders such as ADHD may also account for 
discrepancies between ability and performance.

	E.	 If a discrepancy is present, the family should request a 
formal meeting with the school staff, involving the 
classroom teacher, a school administrator, and special 
education staff, including professionals in the area of 
concern. The school teams involved in such meetings 
are variously referred to as Case Study Teams, Student 

Study Teams, Student Success Teams, and so on, de-
pending on the locality.

It is important for parents to know that they have 
the right under special education law (the Individuals 
with Disabilities Education Act [IDEA]) to request a 
comprehensive educational evaluation, and that the 
school must do this within a specified amount of time. 
However, it is usually in the best interests of the stu-
dent and everyone else to simply have the parents 
meet with the school staff, mention their concerns, and 
go from there. School staff will likely want to make 
further classroom observations and try one or more 
interventions to gain a better understanding of the 
student’s strengths and weaknesses. This information 
will be important in developing an appropriate educa-
tional assessment plan.

Parents should also know that they are not required 
to pay out of pocket or use health insurance for any 
portion of the evaluation included on the school’s as-
sessment plan, even though the school is allowed to ask 
the parents to do so. In many cases, medical and clini-
cal child psychological questions are not included on 
the school assessment plan, or the plan states that the 
parents will pursue these evaluations on their own.

	F.	 Students functioning close to expectations may have 
cognitive abilities ranging from low-normal to disabled. 
“Intellectual disability” is a term that is replacing “men-
tal retardation,” although the latter is still in common 
use, including within state departments of human ser-
vices. The clinician should help the family understand 
the student’s slower rate of learning and help ensure 
that the student’s education program is appropriate.

	G.	 All children are entitled under IDEA to a free and 
appropriate public school education, including ap-
propriate evaluations and services. Not all children 
with learning difficulties are eligible for (or need) an 
IEP; school staff may develop a 504 Plan (in accor-
dance with Section 504 of the Americans with Dis-
abilities Act) for children with disabling health con-
ditions such as ADHD. Under Section 504, if parents 
believe their child has a disability (whether by ADHD 
or any other impairment) and if the school staff has 
reason to believe the child needs special education or 
related services, the school must evaluate the child to 
determine whether he or she is disabled as defined 
by Section 504.

	H.	 Clinicians’ schedules generally do not allow them to 
attend IEP meetings. But clinicians can still monitor 
the student’s progress, screen for health and psychoso-
cial conditions that might impede academic progress, 
and advocate for the student. Resources are available 
on the Internet and in print to help parents understand 
their rights under special education law.



529

Patient with SCHOOL LEARNING PROBLEM

A

B

C

D

E F

History

Physical examination

School records
Current report card
Last standardized achievement battery

Teacher letter

Formal assessments (if done)

Identify specific learning
disability:

Dyslexia
Dyscalculia
Dysgraphia
Pragmatic language disorder

Assess discrepancies in multiple areas

Discrepancy present No discrepancy present

Mental
retardation

Slow
learner

Average IQ and
achievement

Assess for attentional
or behavior problems Assess quality of current IEP and program

Follow-up

Refer for interdisciplinary
team assessment at school H

Develop IEP and make
program changes at school

Refer for interdisciplinary team reassessment at school

Inappropriate placement Appropriate placement

Child making
progress

Follow-up

Child not making
progress

Child making
progress

Child not making
progress

G
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Sleep Disturbances
Maida Lynn Chen, MD

One of the most common caregiver concerns in pediatric 
practices is sleep problems. Epidemiologic surveys have 
shown that up to 25% to 50% of preschool and 20% to 37% 
of elementary school children have some sort of caregiver-
reported sleep problem. However, the definition of a “sleep 
problem” is highly subjective and often determined by the 
amount of disruption caused to the household. Regardless, 
children of all ages who have inadequate or disturbed sleep 
may or may not manifest with overt excessive daytime 
sleepiness; rather, many will have significant mood and 
behavioral problems (including hyperactivity), and neuro-
cognitive performance impairments. Adult caregivers often 
also suffer from sleep deprivation and are at risk for signifi-
cant sequelae including increased injuries (e.g., motor  
vehicle accident) and decreased ability to parent effectively 
and safely. Children with developmental delays are at 
greater risk for sleep disorders that go unrecognized and 
untreated. This chapter focuses primarily on the preschool- 
and elementary school-age child.

	A.	 In the patient’s history, include a review of any prenatal 
and perinatal problems, neurodevelopmental concerns, 
and respiratory problems including allergic rhinitis and 
asthma. To better characterize the sleep problem, con-
sider using the BEARS questionnaire, which specifi-
cally assesses for bedtime problems, excessive daytime 
sleepiness, awakenings at night, regularity and duration 
of sleep, and sleep-disordered breathing. If caregivers 
are unable to give accurate reports, consider obtaining 
a 2-week sleep log/diary at this point before further  
assessments.

	B.	 In the physical examination, focus on the otolaryngo-
logic and respiratory examination, specifically looking 
at tonsils and nasal passages. Overall neurodevelop-

mental status and tone are important as well. Assess for 
mood and affect of the child, as well as close observa-
tion of the caregiver–child interaction.

	C.	 If history is complex, or child has significant underly-
ing comorbid conditions, consider referral to a sleep 
specialist.

	D.	 Reports of snoring, neck hyperextension, mouth breath-
ing, witnessed apneic pauses, or labored breathing dur-
ing night, enuresis, or examinations revealing tonsillar 
hypertrophy, adenoidal facies, or other craniofacial ab-
normalities should prompt referral to a sleep specialist 
for diagnostic sleep study. Otolaryngology referral 
should also be considered.

	E.	 Good sleep hygiene is the cornerstone of treatment for 
nearly all pediatric sleep problems. Ensure that the sleep 
environment is conducive to and associated with restful 
sleep: comfortable and appropriate bedding; quiet, dark-
ened (nightlight acceptable); and set at a comfortable 
temperature (68°F to 72°F). Particular attention to 
“technology” (e.g., computers, cell phones, laptop com-
puters, televisions, and video games) needs to be paid, 
and these should all be removed from the bedroom. 
Regular bedtimes and wake times should be enforced on 
school days with no more than an hour difference for 
nonschool days. Set a bedtime routine that includes 
quiet, relaxing activities that do not include high-energy 
physical exertion or any screen time (TV, videos, comput-
ers). Caffeinated products should be avoided altogether, 
but particularly in the afternoon hours. Regular exercise 
during the daytime (but not in the 2 hours before desired 
bedtime) should be a part of a child’s daily routine.  
If possible, the bedroom, and specifically the bed, should 
be associated with sleep only; thus, do not use the room 
as a punishment or bed as a place to do homework

(Continued on page 532)
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Child with SLEEP DISTURBANCES

History, BEARS survey,
consider 2 week sleep log/diary

Physical exam

Complex case: consider referral to sleep specialist

Characterize sleep problem

Possible sleep disordered breathing:
refer to sleep specialist and/or otolaryngology

Assess and discuss sleep hygiene

A

B
C

D

E

(Cont’d on p 533) (Cont’d on p 535) (Cont’d on p 535)
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	H.	 Insomnia can be caused by a developmentally appro-
priate nighttime fear (e.g., monsters under the bed). 
Treatment for benign nighttime fears is based on reas-
suring the child that he/she is safe in the bedroom and 
encouraging communication. Behavioral strategies of 
developmentally appropriate coping skills are also rec-
ommended, such as security objects, nightlights, and 
reinforcing positive behaviors (e.g., sticker rewards). 
Creative solutions such as “monster spray,” magic 
wands, or protective stuffed animals can also be used. 
Limit media venues containing violence, which can be 
present even in cartoons.

	 I.	 Assess for pathologic fears (e.g., worried about harm 
when abuse is present), a conditioned fear of not being 
able to sleep, or anxiety associated with daytime stress-
ors or associated with comorbid conditions. Rarely is 
insomnia idiopathic in childhood. Conditioned insom-
nia is less common in younger children, but relaxation 
techniques and stimulus control can be attempted. For 
concern of pathologic fears, severe conditioned insom-
nia or generalized anxiety disorders, referral to a mental 
health specialist may be warranted.

	J.	 Circadian disorders involve problems with a body’s 
natural timing for sleep cycles. Circadian problems 
need to be distinguished from developmentally inap-
propriate bedtimes. They fall into three major catego-
ries: delayed (night owl), advanced (morning lark), and 
irregular (catnappers). The latter two are rare. Delayed 
sleep onset is considered physiologic during adoles-
cence, which conflicts with most school start times. 
Treatment for delayed sleep onset includes enforcing 
strict sleep schedules without weekend deviations,  
exposure to early morning light, regular daytime exer-
cise, and consideration for evening melatonin. Bed-
time fading (see section G) can be used in conjunction 
with a strict wake time every day. Severe cases leading 
to significant daytime dysfunctions may need chrono-
therapy and should be referred to a sleep specialist.

	F.	 Restless legs syndrome is characterized by uncomfort-
able sensations in legs relieved by movement that  
occurs during periods of inactivity (sleep onset). There 
is often a strong family history. In young children, this 
may manifest by running, rubbing, complaining of 
“itchy” or “creepy/crawly” legs, and may be mislabeled 
as “growing pains.” Eighty percent of those with rest-
less legs syndrome also have periodic limb movements 
seen on a sleep study. Diagnosis and treatment should 
be directed by a sleep specialist, and may include treat-
ment with supplemental iron based on low ferritin 
levels or dopamine agonists.

	G.	 Behavioral insomnia of childhood has two subtypes. 
Sleep-onset association disorders, where the child 
learns to fall asleep only under certain condition (e.g., 
being rocked, fed, parental presence), can manifest 
both at the beginning of the night and after nocturnal 
arousals. Brief, physiologic arousals from sleep turn 
into prolonged episodes of wakefulness if the child’s 
sleep-onset association is not present. Limit-setting 
disorders are the other subtype, which are character-
ized by bedtime resistance (e.g., curtain calls) primar-
ily at the beginning of the night. This often is based 
on parental inability to enforce regular bedtime  
habits. Treatment techniques for both include  
extinction (systematic ignoring), graduated extinc-
tion (progressively decreasing parental contact during 
these awakenings with limited interaction), and posi-
tive reinforcement. Bedtime fading can be used, 
which allows the child to sleep at his/her desired 
bedtime (thus avoiding struggles and the associated 
resistant behaviors), but then gradually moving the 
bedtime earlier to the desired time. Importantly, the 
best prevention for these problems is to have parents 
start putting their children to bed awake but drowsy 
during infancy, so that the children will learn  
self-soothing skills that they can use during initial 
sleep onset and after nocturnal awakenings.

(Continued on page 534)
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Child with SLEEP DISTURBANCES

F G H

J

I

Inability to fall asleep

Consistent prolonged sleep onset Able to fall asleep at a different
bedtime without problem

Leg
discomfort

prior to
sleep

Bedtime
routine

behavior
problems

Circadian disturbance
    Delayed
    Advanced (rare)
    Irregular (rare) or
    developmentally
    inappropriate bedtime

Anxiety about
bedtime/sleep

Restless
leg

syndrome

Refer to
specialist

Behavioral
insomnia of
childhood
Sleep association
disorder
Limit setting
disorder

Treat:
  Extinction/
  graduated extinction,
  bedtime feeding,
  positive reinforcement/
  reward system

          Nighttime fears
Treat:
  Reassurance,
  security objects,
  positive reinforcement,
  limit exposure to violence

Treat:
  Relaxation techniques,
  stimulus control
Consider:
  Mental health
  or sleep specialist
  referral

Treat (delayed):
  Strict sleep
  hygiene and
  schedule.
  Morning
  bright light,
  evening
  melatonin

(Pathologic) Insomnias
including generalized
anxiety disorders
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	K.	 Assessments for medical conditions associated with 
nocturnal arousals should be pursued as indicated. Pre-
disposing conditions include prematurity, in utero expo-
sures including alcohol and illicit drugs, gastroesopha-
geal reflux, seizures, neurobehavioral disorders such  
as attention-deficit/hyperactivity disorder and autism, 
atopic conditions including asthma, allergies, eczema, 
and congenital heart defects. Medications must also be 
considered such as steroids, beta agonists, psychoactive 
agents, and stimulants.

	L.	 Parasomnias are episodic, partial arousals out of slow-
wave sleep in the first third of the night, and include 
night terrors and sleep walking. Children have no recall 
of the events. Healthy, developmentally normal children 
may have these events, which can occur regularly in up 
to 4% of children. However, triggers may include a  
primary sleep disorder such as sleep disordered breath-
ing, or be exacerbated by acute sleep deprivation. No 
specific treatment is usually needed, as these are usually 
self-limited. However, during these episodes, parents 
should be counseled to NOT awaken the child, which 
can prolong the agitation, but rather to focus on the 
child’s safety (gates, alarms systems, locks, uncluttered 
floors) and sleep hygiene. Negative reinforcement should 
be avoided. Rarely, pharmacologic treatment is needed.

	M.	Rhythmic movement disorders include head banging 
and body rocking, which occur as self-soothing 
mechanisms during wake/sleep transitions. Both are 
frequent and can be present in some form in up to 
15% of children. Treatment is based on minimizing 
the number of sleep/wake transitions by ensuring 
adequate sleep with good sleep hygiene, and also 
ensuring the child’s safety. Evaluation for occult 
sleep-disordered breathing or other organic sleep 
disorder may need to be considered.

	N.	 Restless sleep with frequent movements, position 
changes, or being a “light” sleeper may herald an 
otherwise undiagnosed sleep disorder such as sleep-
disordered breathing or periodic limb movements. If 
history does not provide a clear diagnostic picture, 
consider referral to a sleep specialist for a sleep study 
to obtain more objective information.

	O.	 Nightmares are “bad dreams,” and children have full 
recall of them. They tend to occur during the later third  
of the night when rapid eye movement (REM) sleep is 
predominant. Nightmares are usually developmentally 
appropriate. Treatment includes child reassurance by 
parents that “it was only a dream” and encouraging  
the child to go back to sleep in his or her own bed.  
Using “dream catchers,” magic wands, protective stuffed  
animals, or nightlights may also be comforting. Reducing 
exposure to violence, frightening or overstimulating  
images in media venues, increasing adequate sleep,  
encouraging relaxation before sleep, and good sleep  
hygiene all help to decrease the likelihood of nightmares.

	P.	 Conditioned awakenings in the middle of the night 
likely fall under the behavioral insomnia category (see 
section G).

	Q.	Excessive daytime sleepiness may be primary or sec-
ondary. Should there be coexisting complaints of 
nocturnal disturbances, the excessive daytime sleep-
iness is likely secondary. Follow the algorithm for 
nocturnal complaints.

	R.	 Excessive daytime sleepiness in the absence of overt 
nocturnal complaints, and in the presence of ade-
quate sleep hours should prompt a referral to a sleep 
specialist for evaluation of an occult sleep disorder 
causing disturbed sleep or a hypersomnia including 
narcolepsy. Narcolepsy is rare in childhood but does 
occur and does not need accompanying cataplexy for 
diagnosis.

	S.	 The most common cause of daytime sleepiness in chil-
dren is inadequate sleep. Younger children outgrow 
daily naps at varying times, and if sleepy during the 
day, may still require a regular nap. Older children may 
have school and extracurricular demands that prevent 
adequate sleep; even adolescents still require 9 hours 
of sleep a night, but most obtain only 7. Parental work 
schedules may interfere with physiologically appropri-
ate sleep and wake times, causing inadequate sleep. 
Children thrive on schedules and regularity, and par-
ticularly for those suffering the consequences of sleep 
deprivation, these schedules should be made a priority 
for the entire family.

(Continued on page 536)
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Daytime sleepiness

Adequate sleep
duration

Inadequate
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Sleep/nocturnal
disturbances
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sleep
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Narcoleptics
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nighttime sleep
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Treat:
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Nocturnal awakenings

Assess and treat for medical
causes of arousal

Automated
behaviors

Partial (no recall) Full (recall)

Night
terrors

Sleepwalking

Rhythmic
movement
disorder

Treat:
  Enforce adequate sleep
  and good sleep hygiene—
  do not wake child in an episode,
  safety precautions

No automated
behaviors

“Restless
Sleep” of unclear

etiology

Consider referral to
sleep specialist for

objective sleep study

Episodic

Nightmares,
night fears

Treat:
  Reassurance,
  security objects,
  stimulus control

See G
and I

Habitual
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Cyanotic Heart Disease
Jesse Davidson, MD, and Michael S. Schaffer, MD

Cyanosis is a bluish discoloration of the skin and mucous 
membranes resulting from increased concentrations of 
deoxygenated hemoglobin in the circulation. In this chap-
ter, cyanosis refers to central cyanosis (seen best in the 
mucous membranes), as opposed to peripheral or circum-
oral cyanosis, which are caused by changes in perfusion. 
Central cyanosis is observed when the absolute level of 
deoxygenated hemoglobin reaches 3 to 5 g per 100 ml 
blood. Clinical appearance of cyanosis therefore depends 
not only on the relative levels of oxygenated to deoxygen-
ated hemoglobin but on the total number of grams of 
hemoglobin. For example, polycythemic patients may 
have a normal percentage of reduced hemoglobin but  
still have a cyanotic appearance because of an absolute 
increase in deoxygenated hemoglobin. Cyanosis due to a 
relative increase in deoxygenated hemoglobin may have 
several different etiologies: inadequate alveolar ventila-
tion, ventilation-perfusion mismatch, abnormal hemoglo-
bin, increased extraction of oxygen from the peripheral 
tissues, or right-to-left shunt (e.g., cyanotic heart disease, 
pulmonary arteriovenous malformations). All patients, 
especially neonates, with central cyanosis of unknown 
cause should be evaluated for the presence of congenital 
heart disease.

	A.	 In the patient’s history, document frequency, onset, 
and duration of cyanosis. Assess for any associated 
symptoms such as tachypnea, dyspnea, hypercyanotic 
spells, excessive fussiness or crying, sweating, or pallor. 
Ask about precipitating factors, such as feeding, exer-
cise, bathing, apnea, or seizures. Review any abnormal 
obstetric or perinatal history. Note in the family history 
any genetic diseases and syndromes that have in-
creased incidence of congenital heart disease.

	B.	 In the physical examination, assess the general appear-
ance of the patient. Decide whether the child shows 
evidence of significant respiratory distress (tachypnea 
with retractions or nasal flaring) or shock (pallor,  
lethargy, poor pulses/capillary refill). Obtain a full  
set of vital signs including heart rate, blood pressure 
(four extremities), respiratory rate, and preductal/
postductal oxygen saturations. Next, differentiate cen-
tral cyanosis from peripheral cyanosis. Assess the  
respiratory status for evidence of airway compromise, 
respiratory insufficiency, and pulmonary signs of heart 
failure (rales/wheezing/grunting). Perform a thorough 
cardiovascular examination including cardiac ausculta-
tion, assessment of peripheral pulses/perfusion, and 
examination of the neck and abdomen for evidence of 
right-heart failure (jugular venous distension or hepa-
tomegaly). Pay particular attention to any murmurs, 
abnormalities of S2 (loud, fixed split, or single), gal-
lops, and femoral pulses. Complete the remainder of 
the examination looking closely for evidence of dys-
morphic features that might indicate the presence of a 

genetic syndrome. These findings may help determine 
a cause of the cyanosis.

	C.	 Diagnostic tests for evaluating infants with cyanosis 
should include at minimum complete blood count  
(CBC) with differential, chest radiograph, and preductal/
postductal oxygen saturation measurement with a pulse 
oximeter. If congenital heart disease is suspected, elec-
trocardiogram (ECG), hyperoxia test, and/or echocardio-
gram should be performed.

	D.	 Chest radiograph is best used for evaluating pulmonary 
blood flow, heart size, and any pulmonary causes of 
cyanosis. CBC assesses for anemia/polycythemia, as 
well as providing evidence of infection. ECG can be of 
significant value, but only in certain situations. Right 
ventricular predominance is normal in the neonate, so 
left ventricular predominance should raise concern for 
a small right ventricle (e.g., tricuspid atresia). Left-axis 
deviation in the presence of right-heart predominance 
is suggestive of an atrioventricular septal defect.

	E.	 Pulse oximetry is being used with increasing frequency 
for routine neonatal screening for congenital heart 
disease. Studies have shown that at sea level, routine 
predischarge screening with pulse oximetry using a 
cutoff of 95% for preductal saturations or preductal/
postductal difference of greater than 3% yielded excel-
lent specificity and improved sensitivity over physical 
examination alone for the detection of congenital heart 
disease, especially ductal-dependent disease. Abnor-
mal screenings were followed by echocardiography, 
with the results of 2.3 normal echoes performed for 
every abnormal echo.

	F.	 A more traditional test for cyanotic heart disease is the 
hyperoxia test. This test compares the arterial partial 
pressure of oxygen (Pao2) in the blood on breathing of 
room air with the Pao2 on 100% inspired oxygen. If the 
child’s Pao2 does not increase to more than 150 mm Hg, 
a cardiovascular causative factor should be explored. If 
the Pao2 does increase to more than 150 mm Hg with 
oxygen, the cause of the central cyanosis is likely to be 
pulmonary in origin. The biggest advantage of this  
test is its ability to safely exclude cyanotic congenital 
heart disease when the Pao2 increases to more than 
150 mm Hg. The disadvantage is that it is invasive and 
requires either the placement of an arterial line or two 
arterial punctures. Therefore, it is best used in a situa-
tion where cyanotic heart disease is less likely and ex-
clusion could avoid echocardiogram or transfer to an-
other facility. In situations where cyanotic heart disease 
is thought likely by examination, history, and noninva-
sive screening, an echocardiogram should be performed 
for definitive diagnosis.

	G.	 When cyanotic congenital heart disease is suspected, 
obtain cardiology consultation and an echocardio-
graph. Many specific diagnoses can produce cyanosis 
(see Table 1 for a list of some of the more common 
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Child with suspected CYANOTIC HEART DISEASE

(Cont’d on p 541)

Diagnostic screening tests:
  • CBC
  • Blood glucose
  • Chest x-ray
  • Pulse oximetry
  • ECG

Concerning abnormality for
CHD on screening including:
  • Loud murmur
  • Abnormal S2
  • Abnormal femoral pulses
  • Multiple congenital anomalies
  • LVH on ECG
  • Cardiomegaly, low pulmonary
    blood flow, or pulmonary edema
    on CXR
  • Pre/post-ductal oxygen
    saturation difference
  • Low oxygen saturation
    without respiratory
    distress

A History

B

G
No concerning abnormality

for CHD:
Hyperoxia test

No response to
100% FiO2

(paO2 <150 mm Hg)

Response to
100% FiO2

(paO2 >150 mm Hg)

• Cyanotic heart disease unlikely
• Pursue alternate cause of
  cyanosis (respiratory, sepsis,
  hemoglobinopathy, etc.)
• Maintain awareness for
  noncyanotic heart disease

F

Physical examination

C D E

diagnoses); but in general, they can be grouped into 
four major groups:

	1.	 Transposition of the great arteries: This results in 
separation of the pulmonary and systemic circula-
tion. As a result, oxygenated blood returning from 
the lungs has difficulty reaching the systemic circu-
lation, leading to cyanosis. Mixing occurs primarily 
at the atrial level, and lack of a significant atrial  
septal defect requires emergent transfer to a center 
capable of performing an atrial septostomy.

	2.	 Pulmonary outflow obstruction: This leads to cyano-
sis from decreased pulmonary blood flow and right-
to-left shunt. Specific diagnoses include tetralogy of 
Fallot, pulmonary atresia with intact ventricular sep-
tum, severe pulmonary stenosis with intact ventricu-
lar septum, severe Ebstein’s anomaly, and tricuspid 
atresia with a small ventricular septal defect. Pulmo-
nary hypertension with right-to-left shunting at the 
patent ductus arteriosus or foramen ovale can lead to 
cyanosis and mimic cyanotic heart disease.

	3.	 Complete mixing lesions: These cause total mixing of 
systemic and pulmonary circulation before ejection 
from the heart without limitation to pulmonary blood 

flow. Such lesions include total anomalous pulmonary 
venous return, truncus arteriosus, and tricuspid atre-
sia with a large ventricular septal defect. Presenta-
tions may vary, but many of these lesions present only 
initially with significant cyanosis while pulmonary 
pressures are still high. Once the pulmonary resis-
tance declines, pulmonary blood flow increases dra-
matically, resulting in minimal cyanosis and a presen-
tation of congestive heart failure.

	4.	 Left ventricular outflow tract obstruction/hypoplastic 
left-heart syndrome: Left ventricular obstructive 
lesions include critical aortic stenosis, interrupted 
aortic arch, critical coarctation of the aorta, and hypo-
plastic left-heart syndrome. Most often these diseases 
present with hypoperfusion and shock once the duc-
tus arteriosus closes. However, they can initially pre-
sent with cyanosis (critical aortic stenosis or hypoplas-
tic left-heart syndrome) or preductal/postductal 
saturation difference (coarctation or interrupted 
arch) because of mixing at the atrial level or right- 
to-left shunt at the patent ductus arteriosus (PDA), 
respectively. If the duct remains open, cyanosis will 
lessen as pulmonary blood flow increases in a similar 
manner to complete mixing lesions.
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	H.	After the lesion has been diagnosed, transfer to a pedi-
atric cardiac center is usually indicated. Before transfer, 
prostaglandin E1 (PGE1) therapy should be initiated to 
maintain ductal patency either before diagnosis if the 
child is unstable or after diagnosis if the child is stable 
with either ductal-dependent pulmonary or systemic 
blood flow.
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Table 1. Neonatal	Cyanotic	Heart	Disease,	Clinical	Findings

Lesion Auscultation Chest	Radiograph Electrocardiogram Presentation

Transposition No murmur
Loud single S2

Cardiomegaly, increased PBF NL or RVH Asymptomatic cyanosis,  
CHF late

Tetralogy of Fallot SEM
Loud single S2

Boot-shaped heart  
decreased PBF

RVH Asymptomatic cyanosis,  
no CHF

TAPVR,  
nonobstructed

SEM
Split S2

Cardiomegaly, including PBF 
“snowman”

RVH Asymptomatic cyanosis,  
CHF late

TAPVR, obstructed No murmur
Loud single S2

NL heart; pulmonary venous 
congestion

RVH Deep cyanosis, respiratory  
distress

Tricuspid atresia SEM  
with/without single S2

NL heart size,  
variable PBF

LVH, LAD Asymptomatic cyanosis,  
CHF late if no PS

Truncus arteriosus Click, SEM or to and fro 
murmur

Cardiomegaly, increased PBF BVH, ST-T changes Asymptomatic cyanosis, CHF 
late

Pulmonary atresia  
intact vent septum

LLSB murmur (tricuspid 
regurgitation)

Cardiomegaly, decreased 
PBF

LVH,  
NL axis

Deep cyanosis,  
CHF if no ASD

Ebstein anomaly LLSB murmur multiple 
systolic clicks

Massive cardiomegaly,  
decreased PBF

RAE, IVCD  
with/without WPW

Deep cyanosis,  
CHF in first days of life

BVH, biventricular hypertrophy; CHF, congestive heart failure; IVCD, intraventricular conduction delay; LAD, left axis deviation; LLSB, left lower sternal border; 
LVH, left ventricular hypertrophy; PBF, pulmonary blood flow; RAE, right atrial enlargement; RVH, right ventricular hypertrophy; SEM, systolic ejection murmur; 
WPW, Wolff–Parkinson–White.
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Child with suspected CYANOTIC HEART DISEASE

• Echocardiogram or
• Immediate consultation
  with a pediatric cardiologist
  for potential transfer to
  tertiary care center

IV access and consider
PGE1 if unstable, severe
cyanosis, absent femoral
pulses, or ductal dependent
lesion established by echo or
suspected by screening/cardiology

H
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Rheumatic Fever
Joshua A. Kailin, MD, and Michael S. Schaffer, MD

Rheumatic fever, which consists of delayed nonsuppurative 
sequelae of group A streptococcal (GAS) pharyngitis, is a dif-
fuse inflammatory disease of the connective tissue involving 
the heart, joints, brain, blood vessels, and subcutaneous tissue. 
The term acute rheumatic fever (ARF) is a misnomer, for on 
occasion, the disease may not be acute, rheumatic, or febrile. 
Rheumatic fever is still the most common cause of heart dis-
ease in children worldwide. It causes 25% to 40% of all cardio-
vascular disease, including in tropical countries where it was 
once believed to be rare. Despite an apparent decline in  
incidence over time in the United States, rheumatic fever  
incidence rates remain relatively high in non-Western coun-
tries, particularly Eastern Europe, the Middle East, Asia, 
Australia, and New Zealand. In the United States, although 
the prevalence is low and still decreasing, rheumatic fever 
maintains its position as a leading cause of postnatally acquired 
heart disease in children. It has been estimated that 95% of 
the nearly 20 million cases of rheumatic heart disease (RHD) 
in the world and up to 500,000 deaths each year caused by 
ARF and RHD occur in developing countries.

ARF occurs most commonly in young school-age children 
(5–15 years old). No true differences in susceptibility accord-
ing to sex, race, or ethnic group have been established. One 
typical feature of this disease process is a latent period be-
tween GAS pharyngitis and ARF varying from 7 to 35 days 
with an average of 18 days. The latent period may be 2 to  
6 months in patients with Sydenham chorea (Table 1). 
The most popular theory of pathogenesis is that ARF results 
from some type of autoimmunity. The molecular mimicry 
between components of highly virulent strains of group A 
streptococcus, containing very large hyaluronate capsules and 
M-protein molecules with host tissues, may lead to a cross-
reactive immune response, in which the immune system will 
damage both the streptococcus and certain tissues of the  
patient, especially the heart. Carditis is the most serious major 
manifestation of ARF. It is most common and severe in the 
young. It may cause acute heart failure or culminate in 
chronic valvar heart disease. The incidence rate of clinically 
evident carditis with ARF varies from 40% to 50%. Patients 
with carditis in the initial episode of ARF usually experience 
development of residual RHD. If RHD recurrences can be 
prevented, the long-term outcome is better.

The most effective preventive measures against rheu-
matic fever are socioeconomic and sanitary. Adequate 
housing and relief from crowding are important in preven-
tion of outbreaks of streptococcal infection. The aim of 
primary prophylaxis is to prevent the initial attacks of rheu-
matic fever by identification and treatment of GAS phar-
yngitis. Secondary prophylaxis is the prevention of recur-
rences of rheumatic fever by continuous chemoprophylaxis. 
The most effective method has been a single intramuscular  
injection of 1.2 million units (600,000 units if ,27 kg) 
benzathine penicillin every 3 to 4 weeks.

	A.	 Ask about symptoms of a sore throat during the month 
(range, 1–5 weeks) before the onset of rheumatic fever 

symptoms. However, many patients have subclinical dis-
ease without any indication of a prior streptococcal infec-
tion. Ask about any potential recent exposures to family 
members with GAS pharyngitis. Ask about fever and 
painful, swollen joints. If they are present, determine the 
pattern of involvement. In rheumatic fever, patients get 
a migratory arthritis that usually presents 14 to 21 days 
after a GAS infection. The disease resolves after 4 to  
7 days in the initial joints and then develops in new joints. 
ARF arthritis is migratory and transient, and affects 
mainly large joints, particularly the knees, ankles, elbows, 
and wrists. Polyarthritis occurs in about 75% of patients 
during the acute stage of the disease. Ask about the use 
of salicylates or other nonsteroidal anti-inflammatory 
drugs, which could mask arthritis. Ask about symptoms 
of congestive heart failure, such as increased sweating, 
poor feeding, cyanosis, shortness of breath, dyspnea,  
inability to sleep flat, edema, and exercise intolerance.  
Facial grimacing, odd movements, or unusual emotional 
outbursts suggest chorea. Chorea may also manifest as 
poor school performance secondary to handwriting dif-
ficulty and inability to concentrate.

	B.	 On physical examination, the unequivocal signs of carditis 
in a patient with ARF are: (1) an organic heart murmur that 
is clearly mitral or aortic insufficiency, (2) pericardial fric-
tion rub or effusion, and (3) cardiac enlargement with or 
without heart failure. Unexplained tachycardia is also sug-
gestive of inflamed myocardium. Congestive heart failure 
indicates significant myocarditis and occurs in 5% to 10% 
of first attacks, but it is more common as a manifestation of 
recurrence. Myocarditis in the absence of valvulitis is not 
likely to be rheumatic in origin. The mitral valve is the most 
common site of inflammation and is effected almost three 
times as frequently as the aortic valve. The murmur of mi-
tral insufficiency is a holosystolic, apical blowing murmur 
that radiates to the axilla; the murmur of aortic insufficiency 
is heard in early diastole at the right upper sternal border. 
Also note any swollen or tender joints consistent with  
arthritis. Random, rapid, involuntary, purposeless, non-
rhythmic movements (usually the face and upper extremi-
ties) indicate chorea. Another rare major ARF criterion is 
erythema marginatum, which is a fine, lacy, painless, non-
pruritic erythematous rash found mainly over the trunk and 
inner surfaces of the arms and legs. Subcutaneous nodules 
that are movable, hard, round, painless swellings over bone 
prominences are also rarely seen.

	C.	 A throat culture or rapid antigen detection test (RADT) is 
of uncertain practical value. Because there is usually a la-
tent period of 2 to 3 weeks between pharyngitis and the 
appearance of ARF, a throat culture taken at the onset of 
ARF is frequently negative. A throat culture or RADT that 
is positive does not prove recent infection because chil-
dren can be chronic streptococcal carriers. Only 80%  
of infected patients have an increased antistreptolysin O 
(ASO) titer. Request other streptococcal antibodies (e.g., 
anti-DNase B) for patients thought to have rheumatic  
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D Treat:
  Antibiotics for
  S. pyogenes

Treat:
  Prophylaxis

Treat:
  Prophylaxis

Treat:
Consider:
  Haloperidol, pimozide,
  phenobarbitol, steroids

Valproic acid

Consult:
  Cardiologist

Chorea

Good
response

Poor
response

Assess pattern of inflammatory involvement

Patient with RHEUMATIC FEVER

A History

E Polyarthritis
(cont’d on p 545)

F Carditis
(cont’d on p 545)

CBC with differential
ESR and/or CRP
Throat culture, ASO, anti-DNAse B, RADT
Chest radiography
Electrocardiography
Echocardiography

B Physical examination

Identify:
  Innocent heart murmurs
  Serum sickness reactions
  Collagen vascular disease
  Viral arthritis
  Malignancy
  Sickle cell disease

C

fever who have a normal ASO titer. Streptococcal antibod-
ies may begin to decline after 2 months. Consider an ASO 
titer less than 250 Todd units normal, titers greater than 
250 Todd units increased in adults, and titers greater than 
333 Todd units increased in children. Increased titers are 
suggestive of an antecedent GAS pharyngeal infection. 
Erythrocyte sedimentation rate (ESR) and C-reactive 
protein (CRP) are not specific for rheumatic fever but are 
useful for determining inflammation (ESR usually .60 in 
ARF). Obtain a chest film to detect cardiac enlargement 
and pericardial effusion. Electrocardiographic changes 
include prolongation of the PR interval, flattened or in-
verted T waves caused by myocarditis, and elevation of the 
ST segment in pericarditis. In patients with suspected 
ARF presenting with chorea or polyarthritis but without  
a murmur, obtain an echocardiogram to evaluate for  
“subclinical” valvulitis and carditis.

	D.	Treat all patients with benzathine penicillin G to 
eradicate group A streptococcus. Subsequently, start a 
secondary prophylaxis program for prevention of re-
current ARF with intramuscular benzathine penicillin 
every 21 to 28 days, depending on the risk for recur-
rence. Oral alternatives such as penicillin V or sulfa-
diazine can be considered if intramuscular injections 
are poorly tolerated. Certain macrolides and azalides 
can also be used in penicillin-allergic patients as an 
alterative regimen. Prophylaxis is the most important 
aspect of disease management because recurrence for 
GAS infection can cause more severe carditis and 
valve injury. Secondary prophylaxis reduces the sever-
ity of RHD, is associated with regression of heart 
disease in approximately 50% to 70% of those with 
adequate adherence over a decade, and reduces RHD 
mortality.
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Table 1. 	Jones	Criteria:	Guidelines	for	the	Diagnosis	
of	an	Initial	Attack	of	Rheumatic	Fever	

Requirements	for	Diagnosis Criteria

Two major criteria
or
One major plus two minor criteria
plus
Evidence of previous GAS infection
 1. History of (within last 45 days)

 a. Streptococcal sore throat
 b. Scarlet fever
 c. Positive throat culture or 

RADT
 2. Raised ASO titer

 a. .333 units in children
 b. .250 units in adults

 3. Anti-deoxyribonuclease B
 a. Normal values

 i. 1:60 units in preschool
 ii. 1:480 units in school-

aged children
 iii. 1:340 in adults

Major Criteria

Carditis
Polyarthritis
Chorea
Erythema marginatum
Subcutaneous nodules

Minor Criteria

Previous rheumatic fever
Polyarthralgia (in absence of 

arthritis as a major criteria)
ECG: prolonged PR interval
Fever
Increased ESR or CRP

ASO, antistreptolysin O; CRP, C-reactive protein; ECG, electrocardiogram; ESR, 
erythrocyte sedimentation rate; GAS, group A streptococcal; RADT, rapid 
antigen detection test.

minimal impact on carditis. ASA is continued for 2 to  
3 weeks or until inflammation subsides clinically or  
until all laboratory values are normal. After this, the 
dose is decreased gradually to avoid rebound inflamma-
tion. The dose of ASA is 60 to 100 mg/kg/day divided 
four times daily for 2 to 6 weeks. Serum ASA concentra-
tions should be monitored with extended therapy  
(anti-inflammatory effect 150–300 mg/ml). The dose of 
naproxen ranges from 10 to 20 mg/kg/day.

	F.	 Patients with moderate to severe carditis or severe ar-
thritis with ARF should be hospitalized. It is important 
to limit exercise for 6 to 8 weeks.

	G.	 For moderately to severely ill patients with carditis and 
congestive heart failure, prescribe a regimen of predni-
sone, 2 mg/kg/day, until the ESR normalizes, usually 
approximately 2 weeks. Taper prednisone over a 2- to 
4-week period. Continue salicylates for a total treatment 
course of 12 weeks. Digoxin must be used with caution 
with ARF because inflamed myocardium can be hyper-
sensitive to digoxin and toxicity with arrhythmias can 
occur. Consult a cardiologist before digoxin use.

	H.	 Recommendations of the American Heart Associa-
tion for the duration of prophylaxis are as follows:  
(1) ARF without carditis: duration of 5 years or until 
age 21 years, whichever is longer; (2) ARF with car-
ditis but no residual heart disease and no valvar dis-
ease: 10 years or until 21 years of age, whichever is 
longer; (3) ARF with carditis and residual heart dis-
ease (persistent valve disease): at least 10 years since 
last episode and at least until age 40 years, sometimes 
lifelong prophylaxis.

	E.	 Aspirin or naproxen is effective for arthritis and mild 
carditis. Arthritis of rheumatic fever characteristically 
heals without residual manifestations. Acetylsalicylic 
acid (ASA) is an analgesic and antipyretic, and generally 
causes dramatic improvement of the arthritis but has 
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G Treat:
  Prednisone
  followed by
  salicylates

G Treat:
  Prednisone
  Oxygen
  Furosemide
  Afterload reduction
  Fluid restriction
Consider:
  Bed rest

Treat:
  Digoxin
  (use with
  caution)
  and consider
  surgery

Treat:
  Taper with
  salicylates

Poor response Good response

H Treat:
  Prophylaxis

H Treat:
  Prophylaxis

H Treat:
  Prophylaxis

G Treat:
  Prednisone
  and salicylates

H Treat:
  Prophylaxis
  4–6 weeks

G Treat:
  Salicylates or
  naproxen

Hospitalize Stabilize
Hospitalize in ICU

Treat:
  Pericardiocentesis

Patient with RHEUMATIC FEVER
Assess pattern of inflammatory involvement

(cont’d from p 543)

E Polyarthritis F Carditis

Assess severity (echocardiogram)

Severe
(cardiomegaly, CHF
and/or combined
mitral and aortic
disease)

Very severe
(congestive
heart failure)

Identify:
  Constrictive
  pericarditis

Moderate
(valvular
insufficiency,
mild to moderate
cardiomegaly)

Mild
(mild valvular
insufficiency
without
congestive
heart failure)
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Overview of Primary Care  
for the Child with Special  

Health Care Needs
David Fox, MD, Karen L. Kelminson, MD, and Ellen Roy Elias, MD

Advances in medical and surgical care have led to the long-
term survival of children with chronic and often complex 
special medical issues. The Maternal and Child Health 
Bureau defines this population as “those (children) who 
have or are at increased risk for a chronic physical, devel-
opmental, behavioral or emotional condition and who also 
require health and related services of a type or amount 
beyond that required by children generally.” As many as 
13% of children in the United States are believed to have 
special health care needs, corresponding to greater than  
9 million children nationwide. Many of these children with 
special health care needs (CSHCN) face developmental 
and behavioral, as well as medical, challenges.

	A.	 Comprehensive Evaluation: Perform a comprehensive 
evaluation including a detailed history and physical ex-
amination that includes medical, surgical, and medication 
history. Diagnosis-specific issues are important to address, 
but common pediatric concerns must also be reviewed. 
Four specific areas often present problems for CSHCN:

	1.	 Nutrition: Document growth parameters on 
age- and diagnosis-specific growth charts, when 

available. Ask about diet and feeding concerns 
that the family has about the child. Gagging or 
choking suggests the need for a swallow study to 
look for aspiration. Gastrointestinal symptoms 
must be explored, including vomiting and abnor-
mal stooling patterns. Reflux and constipation  
occur frequently and often need therapy. Consult 
a nutrition specialist for concerns about signifi-
cantly overweight or underweight children, or with 
help managing gastrostomy tube feedings.

	2.	 Respiratory Status: Any use of supplemental oxygen 
or positive-pressure devices should be documented 
and the current management reviewed. Respiratory 
therapy or pulmonology consultation is often help-
ful. Upper airway concerns and tracheostomy man-
agement require the advice of ENT (ear, nose, and 
throat) specialists. All children with respiratory is-
sues should be diligently immunized and offered 
immunoprophylaxis for respiratory syncytial virus 
when appropriate. Frequent respiratory illnesses 
requiring hospitalization should raise the concern of 
silent aspiration, reactive airway disease, or airway 
abnormalities.

(Continued on page 550)
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Child with SPECIAL HEALTH CARE NEEDS

A

1

Comprehensive evaluation:
Detailed history and physical exam

Nutritional issues

2 Respiratory issues

(Cont’d on p 551)

Yes No

• Consider nutrition consult
• Treat constipation and
   reflux
• Consider swallow study

Plot and follow
growth parameters

Yes No

• Consider pulmonary,
  ENT or respiratory
  therapy consult
• Immunize and consider
  RSV immunoprophylaxis
• Consider silent aspiration
  as cause for frequent
  illness

Follow closely
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	3.	 Sleep Issues: Ask routine questions about sleep pat-
terns, sleep hygiene, and signs of abnormal sleep 
symptoms. Consider a sleep study to document 
obstructive breathing patterns that may benefit 
from surgical or medical intervention. For the child 
with significant neurologic impairment who does 
not respond to maximizing sleep hygiene and has 
no respiratory issues, sleep medications may be 
necessary.

	4.	 Developmental Milestones: As with any pediatric 
patient, developmental assessment should be done 
at well-child visits. For the CSHCN, there needs to 
be a heightened awareness of developmental mile-
stones and appropriate referral for any delays 
should be made. For children with significant phys-
ical challenges, rehabilitation medicine consulta-
tion is appropriate. The loss of language or motor 
milestones should prompt a genetic or metabolic 
consultation.

Allow sufficient time to review complex informa-
tion: an hour for a new visit is appropriate, and in-
creased time for follow-up visits may also be needed. 
Ask caregivers to send you a question list in advance of 
an appointment, so that you have time to research 
complex issues. Document the other health care pro-
viders who care for the child, including medical and 
surgical specialists, mental and behavioral health pro-
viders, and physical, speech, and occupational thera-
pists. A medication list should be carefully reconciled 
at each visit. Document all home-care services to allow 
for efficient communication. Carefully document the 
child’s diagnoses and maintain an updated problem list.

	B.	 Family Support and Structure: Identify the family 
structure in which this child is living and discuss with 
the primary caregiver how the family has responded to 
the stress of a medically complex child. Parents of new-
borns with complex problems or those children with a 
severe acquired disability may express a grief reaction 
at the loss of their idealized child. Divorce and family 
discord are not uncommon sequelae of the stress of a 
child with special needs. Siblings of medically fragile 
children may suffer from a relative lack of attention or 
may express fears about the possibility of the death of 
their sibling. Provide the family with available re-
sources for counseling and support that are culturally 
and medically appropriate.

	C.	 Long-Term Planning: Discuss with the family the 
long-term plan they have for their child. Though pro-
viding a medical prognosis for the child in many cases 
is difficult, and perhaps unwise, discussing what the 
family wants for the future is invaluable. Frank discus-
sions about the life-limiting nature of the child’s  
underlying disease are often met with gratitude from 
the family that is grappling with such issues. Consider 
discussing the parent’s feelings about the level  
of medical and technologic intervention with which 
they are comfortable and the appropriateness of an 
advance directive. Issues regarding finances and insur-
ance need to be addressed with appropriate referral to 
financial counselors or social workers. In late adoles-
cence and early adulthood, consider the relevance of 
discussing group homes, workshop settings, and other 
community-supported employment. The child should 
be included in these discussions to the extent possible 
and appropriate.

(Continued on page 552)
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Family support and structure

i. Recognize the stress the family is under

Long term planning

i. Discuss family’s hopes for future

Sleep issues

4 Developmental issues

Assess assets and needs

Yes No

• Encourage sleep hygiene
• Consider obstructive
  sleep apnea
• Consider medications

Follow closely

Yes No

• Refer for appropriate PT,
  OT or speech therapy
• Consider rehab medicine
• Loss of milestones may
  indicate a metabolic
  disorder

Follow closely

(Cont’d from p 549)
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	D.	 Education and Development: Review education issues 
and discuss the importance of early intervention ser-
vices and their availability in the community. Speech 
therapy, hearing assistance devices, and sign language 
services can help ensure that communication is pre-
served. Services for visually impaired children are also 
crucial. Parents may desire to explore alternative, 
complementary, or nontraditional forms of therapy. 
Encourage those therapies that present no harm and 
are enjoyable to the family, and advise caution toward 
those that are invasive, expensive, and untested. In 
early childhood, present the options for preschool pro-
grams and begin planning for future school placement 
and performance. Public schools are required to de-
velop an Individualized Educational Plan (IEP) for 
children to meet their academic needs, and this should 
be reviewed by the medical provider. Once the child is 
in school, assess the options for developing prevoca-
tional skills. During adolescence, discuss the appropri-
ateness of school placement and adequate vocational 
training within the school curriculum.

	E.	 Behavior and Mental Health: Address the behavioral and 
mental health issues of the child. Parents sometimes find 
it challenging to set appropriate limits with their child 
with disabilities out of a sense of guilt or sympathy for the 
child’s situation. During early childhood (1–5 years of 
age), assess the child’s behavior and develop a plan for 
behavioral management, socialization, and recreational 
skills. Mental health providers who have early childhood 
experience are in short supply and often have a heavy 
caseload. The primary care provider may be called on to 
do more screening, triaging, and comanaging of these 
challenging issues. In adolescence, ensure that the child 
and family have assistance in discussing psychosocial de-
velopment, pubertal development, and sexuality in both 
girls and boys.

	F.	 Provide a Medical Home: The medical home provides 
care that is accessible, continuous, comprehensive, 
family centered, coordinated, compassionate, and cul-
turally competent. It encompasses well-child care and 
acute visits, together with the management of disease 
and chronic conditions. CSHCN and their families 
particularly benefit from primary care given in a medi-
cal home. These children require coordination of pa-
tient care (between health care professionals), case 
management, care plans, and help with care transi-
tions. Families of these children should be included as 
members of the health care team to manage the child’s 
health condition. The medical home improves effec-
tiveness of care and health status for CSHCN and in-
creases the likelihood that they will receive services 
such as mental health interventions, respite care, reha-
bilitation, and special education. Families of children 
who receive primary care in a medical home are often 
more satisfied, particularly with regard to family cen-
teredness and timeliness of care, and also report that 
these services improve family functioning.

	G.	 Implement a Care Plan: The health care plan begun at 
the initial visit should be reassessed and adjusted at 

each subsequent visit. The provider should encourage 
the participation of the family and other professionals 
involved in the patient’s life when adjusting the care 
plan. This plan should include all pertinent medical, 
educational, and family-related issues important in the 
care of the patient. The goals of the care plan are to 
help the patient’s caregivers prioritize needs and opti-
mize the functional status of the child and family. The 
care plan should be flexible and accommodating to 
changes in the life of the child and family. The child’s 
medical fragility and functional status, together with 
the level of family support necessary to maintain or 
improve family functioning, should be taken into con-
sideration. At each visit, a written summary of critical 
information should be given to the family, and an ad-
vance directive should be prepared and/or updated if 
indicated.

	H.	 Advocate for CSHCN: The primary care provider 
should be an active advocate for CSHCN. These chil-
dren require advocacy in the medical setting, the edu-
cation system, and at the local and state community 
levels. Families often require assistance with acquiring 
and maintaining health insurance. Support from the 
medical home should be provided when patients have 
difficulty accessing health services because of prob-
lems with their health insurance plans.

Providers can effectively advocate for improvement 
in the quality of medical care for CSHCN, for removal 
of barriers to beneficial services and programs, and for 
greater access to community-based services. Physicians 
can also advocate to improve the knowledge of health 
care professionals, families, and the public regarding 
CSHCN.

	 I.	 Monitor CSHCN: Providers can use the individual 
patient’s health care plan to determine appropriate 
follow-up for the child. In general, all CSHCN should 
be evaluated at least every 6 months. Children with 
more complex problems, family dysfunction, or who 
are at high risk for deterioration should be seen at least 
every 1 to 2 months. Maintaining close communication 
with the family and other health care professionals in-
volved in the patient’s care helps ensure that the child’s 
and family’s needs are being adequately and efficiently 
provided.
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Implement a care plan

i. Consider advance directive

Advocate for CSHCN

Monitor CSHCN

i. More frequent visits are needed for CSHCN

Plan and coordinate

(Cont’d from p 551)

Child with SPECIAL HEALTH CARE NEEDS



554

Preventive Ambulatory Care  
of the Premature Infant

Adam Rosenberg, MD, and Edward Goldson, MD

Approximately 10% of newborns in the United States have 
birth weights of less than 2500 g. They make up a heteroge-
neous group; some have few problems, whereas others have 
many complications associated with their prematurity and 
low birth weight. With advances in obstetric and neonatal 
care, survival of infants less than 28 weeks’ gestation and 
1000 g has markedly improved. This group, however, has  
a considerable rate of long-term morbidities. In providing 
care to this group of children, two rules of thumb should be 
considered. First, the more immature and small the infant, 
the greater is the risk for complications. In addition, the 
greater the number of complications, the greater is the risk 
for an adverse medical or neurodevelopmental outcome. 
Second, any infant requiring neonatal intensive care is at  
increased risk for later medical, developmental, and behav-
ioral difficulties, including late preterm infants (34–36 weeks 
gestational age).

	A.	 Obtain a complete history and physical examination. If 
possible, it is helpful to visit the infant in the hospital 
before discharge, to discuss the infant’s hospital course 
with the staff, to meet with the family, and to prepare 
for the infant’s outpatient care. At the initial ambula-
tory clinic visit, review the discharge plans and identify 
ongoing issues that need to be addressed. Assess the 
family’s psychosocial needs during the predischarge 
meeting, the initial clinic visit, and subsequent visits 
for ongoing care. Consult with mental health profes-
sionals and social workers. When appropriate, refer for 
services that cannot be provided by clinic personnel. 
Criteria for discharge include maintaining normal  
temperature in an open crib, adequate enteral intake 
with consistent weight gain, and absence of apnea and 
bradycardia spells requiring intervention.

	B.	 Coordination of primary care and subspecialty services 
is central to caring for these children. Primary care ser-
vices for the prematurely born child should be consis-
tent with current American Academy of Pediatrics 
guidelines and include routine health maintenance, 
monitoring of growth and development, and provision 
of immunizations. Children should have their height, 
weight, and head circumference measured and their 
weight-to-length ratio or body mass index plotted at 

every well-child visit. Close monitoring of nutrition is 
essential in this group of children. For many, adequate 
nutrition for growth and development and good health 
is a problem. Many require administration of special 
convalescent formulas for premature infants (EnfaCare 
Lipil or Similac NeoSure, 22 calories/oz; in some cases, 
concentrated further to 24–26 calories/oz) or breast 
milk fortified with formula powder and the continued 
provision of high-calorie products after the first year of 
life. Collaboration with a dietitian is helpful in identify-
ing and helping parents to meet the nutritional needs  
of their child. Because these infants are at high risk for 
developmental disturbances, close monitoring of all  
aspects of the infant’s developmental progress is essen-
tial. The inclusion of occupational, physical, and speech-
language therapists in the infant’s routine care facili-
tates the identification of difficulties that would benefit 
from early intervention. Immunizations should be pro-
vided at the appropriate chronologic age, not age cor-
rected for degree of prematurity. Preventive services 
also include the use of palivizumab (Synagis) for infants 
who meet the American Academy of Pediatrics criteria 
for administration. The criteria are based on the gesta-
tional age at birth, age at the onset of respiratory syncy-
tial virus season, and whether the infant has chronic 
lung disease (CLD).

	C.	 Children born prematurely are at high risk for develop-
mental and behavioral difficulties. Early intervention 
with physical (PT), occupational (OT), and speech ther-
apy can enhance outcome. Careful developmental 
screening should be done at 1 and 2 years of age. This 
should include a screen for findings consistent with  
autism spectrum disorder (ideally performed at 18 months 
of age). Consider periodic assessment and educational 
planning needs as children approach the preschool and 
school years. The early identification of learning difficul-
ties can facilitate appropriate placement and access to 
necessary academic supports. During the school years, 
behavioral and attention problems may emerge. Con-
sider financial issues, which include acquiring and main-
taining health insurance and access to special services.  
A social worker or financial counselor can often be of 
considerable help.

(Continued on page 556)
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 Premature infant with PREVENTIVE AMBULATORY CARE

A History
Physical exam

B Primary care services
  Routine health maintenance
  Monitor growth and development
  Monitor nutritional needs
  Immunizations
  Condition specific care services

C Neurodevelopment

Nursery discharge planning
  Assess home/social issues
  Review home oxygen/monitoring needs
  Complete teaching
  Schedule outpatient appointments

(Cont’d on p 557)
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	D.	 Identify associated medical conditions and make appro-
priate referrals. Associated conditions are common 
among children born prematurely. It is essential to iden-
tify these as early as possible. Some of the problems  
include CLD (see sections E and F); cardiovascular 
sequelae; neurodevelopmental difficulties; gastroenter-
ologic disturbances; otolaryngologic problems; ophthal-
mologic disorders, including retinopathy of prematurity, 
refractive errors, and strabismus; and endocrine disor-
ders. Referral to the appropriate subspecialties and  
coordination of care fall under purview of the primary 
care physician. Systemic hypertension is a fairly uncom-
mon complication of prematurity, but when present is 
usually related to high renin. Treat with captopril at  
a dose titrated between 0.1 and 0.5 mg/kg (maximum,  
6 mg/kg/day) two to three times per day. The infants 
often outgrow this complication, so the medication  
can be weaned over time. Gastroesophageal reflux  
is relatively common during early infancy in former  
preterm infants. If not recognized and treated, it can 
lead to feeding aversions, failure to thrive, and recurrent 
aspiration. Medical treatment can include keeping the 
infant upright after feedings, thickening of feeds, use  
of ranitidine, 2 mg/kg twice a day, or lansoprazole, 1 to 
1.5 mg/kg once or twice a day. Indications for surgical 
intervention (gastrostomy tube and fundoplication) in-
clude failure to thrive and exacerbation of pulmonary 
status because of recurrent aspiration episodes. Hypo-
thyroidism is another fairly uncommon issue in prema-
ture infants, but some infants require thyroid hormone 
supplementation in the nursery. Most often, these in-
fants do not have true primary hypothyroidism. Con-
tinue supplementation for a minimum of 2 years 
before withdrawal of therapy in consultation with an 
endocrinologist.

	E.	 CLD is defined as a persistent oxygen requirement with 
an abnormal chest radiograph at 36 weeks postconcep-
tual age. Associated symptoms include tachypnea, in-
creased work of breathing, cough, audible wheeze, 
rhonchi or rales, and expiratory grunting. The incidence 
is greatest in infants of the lowest gestational age. A 
chest radiograph should be reviewed before hospital 
discharge, and pulse oximeter saturations should be  
assessed in room air and on supplemental oxygen.  
Targeted therapy includes diuretics (spironolactone- 
hydrochlorothiazide or furosemide at a dosage of  
1–2 mg/kg/day for either), inhaled albuterol, and  
inhaled steroids.

	F.	 Prevention of intercurrent viral infections is critical to 
the child with CLD. Avoidance of exposures, good 
hand hygiene, influenza vaccinations yearly, and 
monthly palivizumab injections to prevent severe  
respiratory syncytial virus infections are indicated. 
Rapid identification of intercurrent respiratory infec-
tions and reactive airways disease is important to  
allow early therapy with increased oxygen, use of  
inhaled bronchodilators, and possibly use of systemic 
corticosteroids. Any infant or child with recurrent 
wheezing episodes should be on an asthma controller 
medication.

	G.	The final dimension of the care of the prematurely born 
infant and the family is the implementation of a compre-
hensive care plan and monitoring of that plan. A family 
member will often serve as the care coordinator, although, 
on occasion, it is necessary to call on outside resources. 
Monitor the plan as part of the routine health mainte-
nance visit. Consider periodic multidisciplinary confer-
ences to ensure that the child is receiving the required 
services and to make adjustments as the child matures and 
his or her needs and the family’s needs change.
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E Chronic lung disease

F Prevention of intercurrent illnesses
Consider pulmonary consult

Oxygen, diuretics, bronchodilators,
inhaled steroids

D Identify associated medical conditions

Cardiac disease

  Systemic hypertension

  Pulmonary hypertension

Consider echocardiogram, captopril

Echocardiogram
Consider cardiology consult for
a heart cath

Neurologic conditions
Seizures

Hydrocephalus with
or without shunt

Cerebral palsy

EEG, consider MRI and neurology consult

CT scan or MRI, neurosurgery consult

PT assessment; consider rehab consult
for casting, botox, baclofen, orthopedic
surgery, seating

Development and behavior disorders
  Gross and fine motor problems
  Sensory integration
  Speech/language
  Behavior issues

Consult PT, OT, speech therapy;
consider formal developmental evaluation;
consider mental health input for
behavior

(Cont’d from p 555)

G Implement a care plan with follow up and monitoring

Ophthalmology
  Retinopathy of prematurity (ROP)
  Refractive errors
  Strabismus

Consult ophthalmology
Follow ROP until retina is fully
vascularized; then regular visits
to assess refractive errors

Gastroenterologic disorders
  Gastroesophageal reflux

  Short bowel syndrome

  

  Feeding disorders
  Gastrostomy feeds

Medical therapy; consider pH
impedance study, surgery referral

Use of elemental formula; ursodiol
for cholestasis; fat soluble vitamins;
nutrition and GI consultation

Swallow study for aspiration;
consult OT

Endocrine disorders
  Hypothyroidism

Treat with levothyroxine until
2–3 years of age; consider
endocrinology consult

Otolaryngologic disorders
  Recurrent ear infections
  Sinusitis
  Hearing loss
  Tracheomalacia or airway stenosis

Consult ENT and audiology

 Premature infant with PREVENTIVE AMBULATORY CARE
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Medical Care of Children  
in Foster Care
Lora Melnicoe, MD, MPH

Nearly 500,000 children in the United States live in foster 
care, including foster homes, kinship placement, group 
homes, and residential treatment centers. Several studies 
have demonstrated that these children are at greatest risk 
for medical and developmental problems. Managing their 
health needs is complicated by the lack of medical and 
family history, their fragmentation of health care because 
of frequent and/or multiple changes in their living situa-
tion, difficulties in achieving follow-up care, and commu-
nication and consent barriers within the social work sys-
tem. Ideally, each foster child obtains a medical home 
where medical, dental, and psychological services can be 
obtained.

	A.	 Legal consent for treatment must be obtained before 
providing routine care. In general, social services has 
the authority to offer consent and provides foster par-
ents with written documentation that authorizes rou-
tine medical treatment. If parental rights have not 
been terminated, biological parents need to give in-
formed consent for invasive procedures.

Adolescents with the capacity to consent should  
be entitled to receive confidential services related to 
family planning, sexually transmitted infections, and 
substance abuse. Local and state statutes may have 
specifications regarding these issues, and foster care 
agencies may have varying policies, necessitating 
awareness of these policies in your community.

	B.	 Commonly, foster parents are not able to provide 
medical information on a newly placed child. The  
social worker may have brief or cursory information 
regarding a child’s current medical history, the past or 
family medical history, as well as developmental, edu-
cational, psychological, and dental histories. Often the 
parent is not cooperative in revealing or supplying 
health information, and medication and supplies,  
including eyeglasses, may be withheld. Older children 
are able to provide history regarding themselves and 
their siblings, but this information must be interpreted 
with caution. Foster parents should be carefully inter-
viewed regarding their concerns and observations. 
Schools and state immunization registries can provide 
additional information, particularly regarding vaccina-
tion status. It is also important to obtain available infor-
mation from medical records with the assistance of  
the case worker, who can sign consent for and request 
release of the medical records.

	C.	 Initial Medical Screen: Ideally, an initial medical evalu-
ation takes places within 48 to 72 hours of placement. 
The purpose of this visit is to identify any acute or  

contagious illness, evidence of abuse or neglect, chronic 
conditions requiring immediate treatment, and severe 
psychological or developmental concerns. This evaluation 
would include a review of any available medical infor-
mation, nutritional screening and height and weight 
with percentiles, and complete bodily inspection and 
external genital examination. Assessment for any chronic 
conditions, pregnancy, and hygiene status is completed, 
and identification of priority areas for obtaining addi-
tional medical or developmental information.

	D.	 Comprehensive Examination: Within 1 month of place-
ment, a comprehensive medical assessment should  
occur, to review medical, developmental, educational, 
psychological, and dental information, to identify condi-
tions that need treatment or further evaluation, and  
to develop a treatment plan. Federal social service stat-
utes require that this visit is scheduled within 2 weeks 
of placement. Birth parents should be included at this 
appointment if appropriate and possible.

During this visit, a standard history, review of  
systems, and complete physical examination should be 
performed in a culturally competent environment. 
Older children and teens should be interviewed sepa-
rately for part of the visit. Current child safety and  
response to the foster home should be assessed. Stan-
dardized developmental and mental health screens 
should be performed. Adolescents should be surveyed 
regarding their behavioral risk factors, and family plan-
ning and health education information should be pro-
vided as appropriate. Hearing and vision screens should 
be completed.

For children younger than 3 years who are at high 
risk for dental caries, fluoride varnish should be applied. 
Laboratory studies should include tuberculin skin test 
(TST), anemia and lead screening, and glucose, lipids, 
and liver function tests (LFTs) for obesity as indicated. 
Routine screening for sexually transmitted infections 
should be performed on sexually active teens.

Anticipatory guidance should include areas of par-
ticular concern among foster children, specifically 
sleep, hygiene, toileting, and mealtime behaviors; rules 
and limit-setting, aggressive or withdrawn behaviors, 
and building confidence and self-esteem; as well as the 
management of drug-exposed infants. Educational in-
formation should be provided as needed. At this time, 
subspecialty and mental health referrals are made as 
indicated. Foster families may need additional support 
through Women, Infants, and Children program refer-
rals, provision of medical equipment and supplies in-
cluding pull-ups, as well as in-home therapy services.
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	E.	 Communication of Treatment Plan: Medical informa-
tion and plans must be discussed with the foster parent, 
social worker, and foster child as appropriate. In some 
cases, the guardian ad litem, court personnel, foster 
care agency, or biological parents may need to be in-
formed about relevant medical, behavioral, or develop-
mental findings. This can be a challenging and time-
consuming task for the medical provider, but is essential 
to ensure the successful completion of the treatment 
plan.

	F.	 Follow-up Visit: A follow-up visit provides assurance that 
the recommended treatment plan is being carried out. 
Results of evaluations and referrals can be discussed,  
additional problems can be identified, and responses to 
treatment can be determined. It is imperative to docu-
ment that acceptable weight gain has occurred; growth 
and developmental parameters should be closely moni-
tored. Behavioral patterns related to feeding, sleeping, 
toileting, and communication and limit-setting can be 
discussed, and additional education can be provided  
to foster parents. Foster child safety and adjustment can 
be assessed, and older children and adolescents should 
be interviewed separately for a portion of the visit.

	G.	 Ongoing Well-Child Care: Because of their complexity, 
children in out-of-home placement need to be seen at 
more frequent intervals than are recommended for 
other children. The AAP Task Force on Health Care 

for Children in Foster Care suggests monthly visits up 
to 6 months of age. After 2 years of age, well-child care 
should be scheduled every 6 months, to closely moni-
tor growth, developmental, and psychosocial progress. 
Inspection for additional abuse or neglect can also be 
done at these visits. Ongoing case management is valu-
able to assure that medical, psychological, and devel-
opmental needs are being met.

	H.	 Pre-return Home Visit: Before children return home 
from placement, it is useful to have a visit to clarify medi-
cal interventions that have occurred, update prescriptions 
and necessary medical supplies, and ensure that neces-
sary therapy will continue after their return home. Ideally, 
the biological parent and possibly the guardian ad litem 
should attend the visit and have an opportunity to have 
their questions and concerns addressed. The social worker 
needs to be aware of needed treatment and follow-up 
visits, to ensure that the treatment plan is continued after 
the children return home.
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MEDICAL CARE OF CHILDREN IN FOSTER CARE

A Consent

B History

Biological parent
Social worker
Child
Foster parent

Dental care
WIC
Medication and medical supplies
Developmental, educational assessment
Psychological screens
Medical education

Child
Biological parent
Social worker
Foster parent

Response to services
Safety in foster home
Response to family visits

Increased frequency of visits
Case management

Evidence of abuse or neglect
Acute illness
Nutritional assessment and presence
of chronic illness

C Initial screening examination

D Comprehensive medical evaluation

E Communication of finding/treatment plan

F Follow-up visit to monitor compliance

G Ongoing well-child care

H Pre-return home visit
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Cerebral Palsy
Susan D. Apkon, MD, and Jason T. Rhodes, MD

Cerebral palsy (CP) is a disorder of movement and posture 
that is caused by a nonprogressive injury to the developing 
brain. Cerebral palsy causes limitations in activity with motor 
impairments that are often accompanied by disturbances  
in sensation, perception, cognition, communication, and be-
havior. It is the most common physical disability affecting  
children, with an incidence of 2 to 3 per 1000 live births. The 
onset occurs prenatally, perinatally, or postnatally. The most 
common causative factors of CP are prenatal in timing and 
include infection, intrauterine stroke, and genetic malforma-
tions. Infants born before 32 weeks gestational age are at 
greater risk for development of CP. Classification of CP is 
based on body parts involved (hemiplegia, diplegia, and 
quadriplegia being most common) and movement patterns 
(spasticity, dystonia, choreoathetosis, or ataxia).

	A.	 Obtain a complete history including prenatal, perina-
tal, and postnatal information. Determine medical 

history including growth and nutrition, medical com-
plications, hospitalizations, medications, and aller-
gies. Obtain developmental history including gross 
and fine motor and speech-language skills. The his-
tory should also include therapy interventions, func-
tional and ambulatory status, and use of equipment 
and orthotics.

	B.	 Perform a complete physical examination including 
weight, height, and head circumference (occipital-
frontal circumference) at each visit. With the neuro-
logic examination, assess tone and deep tendon re-
flexes, and note persistent primitive reflexes. Observe 
the child’s skills, such as rolling, sitting, and walking,  
as well as hand use, communication, and play. In the 
musculoskeletal examination, evaluate range of motion 
in upper and lower extremities, the gait if the patient is 
ambulatory, and assess the hips and spine. Evaluate 
vision and hearing.

(Continued on page 562)
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Child with CEREBRAL PALSY

A History

Assess patient and
family needs or assets:
  Family issues
  Educational issues
  Financial issues
  Health insurance

Primary care services

Associated condition identified?

No Yes
(cont’d on p 563)

Routine health maintenance
Preventive screening for cerebral palsy
  AP pelvis radiographs within first 2 y
  Hearing testing (annual)
  Vision testing (annual)
  Oral health/dental (annual)
  Acute care/disease management
  Assess behavioral/mental health issues

Implement a care plan (ambulatory,
home health care, hospital care)
Care coordination
Advocacy
Monitor care plan and reassess

Consider:
  Brain MRI
Consult:
  NeurologyB Physical examination
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	C.	 Oral motor difficulties can affect nutritional status. 
Obtaining the child’s weight at each visit is important 
to follow growth and general health. A history of chok-
ing or coughing during mealtime or frequent respira-
tory infections should prompt a referral to assess feed-
ing and swallowing abilities. Based on results of the 
study, modification to diet may be made. Consider a 
gastrostomy tube for chronic malnutrition or severe 
aspiration.

	D.	 Gastroesophageal reflux is a common problem for 
children with cerebral palsy. Consider dietary modifi-
cations. Medications such as H2 blockers and proton 
pump inhibitors may be necessary. Refer for surgical 
intervention if diet and medications are not effective.

	E.	 Abnormalities in tone and movement can put children 
with cerebral palsy at risk for hip subluxation and/or dis-
location, contractures of joints, and scoliosis. A baseline 
anterior-posterior (AP) radiograph of the pelvis should 
be obtained at 1 to 2 years of age and then repeated every 
6 months to yearly depending on amount of subluxation 
and rate of progression. Refer to an orthopedic surgeon 
if evidence of subluxation is present. Scoliosis manage-
ment should include radiographs at 2 to 3 years of age 
pending clinical findings and then monitoring if there is 
scoliosis found based on amount and rate of progression. 
With progression or curvature greater than 20 degrees, 
consult orthopedics for further management because 
brace treatment is not effective in CP and surgical man-
agement will possibly be needed. Generalized spasticity 
interfering with function, positioning, or comfort should 

be treated with medications, such as oral diazepam or 
baclofen. Use low doses initially to avoid sedating side 
effects. Intrathecal administration of baclofen is effective 
at reducing severe spasticity. Localized tone can be man-
aged with nerve blocks using phenol or intramuscular 
injections of botulinum toxin. Common lower extremity 
muscles targeted include hip adductors, hamstrings, and 
gastrocnemius muscles. Spasticity in the upper extremity 
commonly affects the biceps, pronator, wrist and finger 
flexors, and thumb adductors. Contractures of joints may 
be managed with range-of-motion exercises, nerve and 
muscle blocks, or surgical intervention.

	F.	 Early initiation of therapy services including physical, 
occupation, and speech therapy can facilitate acquisi-
tion of new skills and prevent complications that are 
secondary to the underlying pathologic process. Ther-
apy can also assist families in interacting with, handling, 
and positioning their infants. As children become older, 
the therapy takes into account the child’s age, cognitive 
ability, and level of functioning, with the overall goal of 
improving function, activity participation, and quality  
of life. Therapists can assist with ordering equipment 
including wheelchairs.
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Child with CEREBRAL PALSY
Associated condition identified?

Yes
(cont’d from p 561)

C Nutrition
Feeding problems (p 548)

Consider swallow study Consult:
  Feeding specialist
  Nutritionist

D Gastrointestinal
  Gastroesophageal
  reflux (p 584)
  Constipation (p 214)

Medical management
Radiologic studies

Consult:
  Gastroenterology
  Surgery

E Musculoskeletal
  Hip dislocation

F Ancillary therapies
Speech, OT, PT, nutrition

Radiologic studies
AP pelvic films

Consult:
  Orthopedics

Scoliosis Radiologic studies Consult:
  Orthopedics

Spasticity/contractures Consider:
  Durable medical equipment
  (wheelchair, car seat, bath seat)
  Diazepam, baclofen
  Physical and occupational therapy
  Neuromuscular block
  (phenol and/or botulinum toxin)
  Surgery

Consult:
  Rehabilitation medicine
  Orthopedics

Excessive secretions Consider:
  Glycopyrrolate (Robinul)
  Scopolamine patch

Consult:
  ENT consult

Seizures (p 358) Consider:
  Anti-epileptic drug level

Consult:
  Neurology consult

Gynecologic problems Consider:
  Gynecology
  Adolescent medicine

Behavioral and mental
health problems (p 505)

Consider:
  Mental health professional

Growth problems (p 12) Assess nutritional
intake and exclude
endocrine disorders

Consult:
  Nutritionist
  Endocrinologist
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Cleft Lip and Cleft Palate
Robert Brayden, MD, and Sondra Valdez, BSN

Cleft lip with or without cleft palate (CL 6 P) and cleft 
palate only (CPO) are common malformations. The 
prevalence of CL 6 P is approximately 1 in 1000 indi-
viduals. CPO occurs in 1 in 2500 individuals. Cleft lip 
results from the lack of fusion of the maxillary and naso-
medial processes. The palate separates the naso-oral 
pharynx, impacting eustachian tube function, and plays  
a critical role in speech, as well as feeding. Numerous 
combinations and varying degrees of severity exist, rang-
ing from unilateral cleft lip to bilateral cleft lip associ-
ated with or without clefting of the palate. Cleft palate 
results from incomplete or absence of the palatal shelves 
fusing. The extent of palatal clefting ranges from in-
volvement of the entire length of the palate to something 
as minor as a bifid uvula with normal velopharyngeal 
functioning.

Women with a family history of cleft lip and palate or a 
history in their partner’s family should be advised to begin 
taking 0.4 mg/day folic acid 3 months before conception to 
reduce the risk for recurrence in offspring.

	A.	 The following elements of history are relevant to cleft 
lip or palate:

Prenatal history: parental ages and health status; gestation 
and duration; results of diagnostic procedures (ultraso-
nography, amniocentesis); complications (bleeding, high 
fever); fetal movement; and teratogen exposures (e.g., 
anticonvulsants, retinoids, alcohol and illegal drugs  
[cocaine, amphetamine]).

Family history: any cleft lip or palate in the first-degree 
or second-degree relatives (Table 1); other birth 
defects, developmental delays, or learning disabili-
ties; genetic anomalies; multiple miscarriages or still-
births.

Delivery history: gestational age at onset of labor; compli-
cations of labor; fetal presentation; mode of delivery; 
neonatal status and Apgar scores.

Birth history: newborn course (feeding, other obvious 
anomalies, complications) and physical growth (height, 
weight, head circumference) (Table 2).

Developmental history: early milestones, results of formal 
psychometric testing, and current therapies.

Medical history: general health; growth; illnesses; fre-
quency of ear infections; surgical procedures; special 
studies, including brain imaging, echocardiography, 
abdominal ultrasonography; audiology, otolaryngol-
ogy, plastic, dental, and ophthalmologic evaluation.

	B.	 The physical examination of children with clefting con-
cerns focuses on evidence of airway obstruction and/or 
the presence of Pierre Robin sequence (PRS). PRS re-
sults from a small mandible, which displaces the tongue, 
thus preventing the palatal shelves from fusing during 
embryologic development. PRS may result in respiratory 

obstruction from the posterior displacement of the 
tongue, sometimes requiring intubation at birth. Avoid-
ing the supine position and placing these infants in the 
lateral or prone position will decrease the incidence of 
obstructive events. Feeding infants with PRS is often 
challenging and requires an upright or prone position. In 
addition, infants with PRS have an increased incidence of 
gastroesophageal reflux disease. Severely symptomatic 
children may require surgical intervention.

Cardiac anomalies are somewhat more likely to oc-
cur when a child has a cleft of the palate. A number of 
genetic syndromes are responsible for the structural 
components that result in the formation of the midline 
structures of the palate and heart muscle. A careful 
examination can detect whether a cardiac defect is 
present.

Facial characteristics may give further evidence 
to genetic abnormalities. A small but rounded face 
and a narrowness of the alae nasi are signs of 22q11.2 
deletion or DiGeorge syndrome. The shape of the 
skull, the positioning of the eyes, and the eyelid 
openings may give evidence for the presence of syn-
dromic associations with a cleft. Facial anomalies 
may also suggest amniotic band syndrome that can 
result in clefting.

Vertebral bodies are also midline structures and 
can, on occasion, be affected when clefting syndromes 
are present. Likewise, the penile shaft is more suscep-
tible to hypospadias when a male has a cleft of the lip 
or palate.

Table 1. Recurrence	Risk

Relationship	to	Index	Case CL	6	P	(%) CPO	(%)

Sibling (overall risk) 4.0 1.8
2 affected siblings 10.0 8.0
Sibling and one affected parent 10.0

Anomaly
Bilateral cleft lip and palate 5.7
Unilateral cleft lip and palate 4.2
Unilateral cleft lip 2.5

General population 0.1 0.04

CL 6 P, cleft lip with or without cleft palate; CPO, cleft palate only.

Table 2. Acceptable	Growth	by	Age	of	Child

Age	(months) Weight	Gain	(g/day)

Birth to 3 20–30
3–6 15–20
6–9 10–15
9–12 6–11

12–18 5–8
18–25 3–7
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For babies with cleft lip only, breast-feeding is 
usually possible. Babies with clefts of palatal struc-
tures rarely have successful breast-feeding. Babies 
with a cleft palate will usually need a specialized feed-
ing system, such as the Haberman, Mead Johnson, or 
Pigeon bottle, and can receive pumped breast milk or 
formula.

Immunizations should be given at the usual times 
with one exception. The live virus vaccines replicate 
in the body and theoretically may interfere with 
wound healing because of the predilection to find 
sites of enhanced blood flow. An interval of 6 weeks 
either before or after live virus injected vaccines 
(MMR [mumps, measles, and rubella], varicella) and 
surgery is an ample separation.

	C.	 A multidisciplinary approach that integrates audiology, 
dentistry, genetics, orthodontics, otolaryngology, plastic 
surgery, primary care pediatrics, psychology, social work, 
and speech pathology is provided in many centers.

	D.	 Primary care pediatricians and occupational therapists 
will review the approach to feeding with the family and 
will closely monitor the infant’s weight gain and feeding 
difficulties. Problems such as coughing, choking, reflux 
through the nose, and extended feeding time lasting 
longer than 20 minutes should be addressed.

Some babies with particularly large palatal clefts 
may benefit from the early construction and placement 
of a palatal obturator prosthesis. This device provides 
an acrylic hard structure that, if accepted by the  
infant, can facilitate feeding.

Patient with CLEFT LIP AND/OR CLEFT PALATE

A History

C Consult the cleft palate team for
multidisciplinary evaluation

D Evalute breathing, feeding, growth
and vaccination status

Consider:
  Preconceptual folic acid
  Cytogenetic analysisB Physical examination

(Cont’d on p 567)
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	E.	 Middle-ear effusions and hearing deficits should be 
closely monitored, especially early in life. Children 
with clefting of the palate and/or anomalies of the 
hearing apparatus, such as hemifacial microsomia or 
Goldenhar syndrome, should receive early and thor-
ough evaluation of hearing and needed interventions to 
maximize hearing potential.

	F.	 Surgical care may involve a plastic surgeon, otolaryn-
gologist, and/or oral surgeon. Cleft lip malformations 
are usually closed at about 3 months of life. Repairing 
a bilateral cleft lip may require more than one opera-
tion. Cleft palate surgery is usually performed between 
6 and 15 months of age. Good postoperative care is es-
sential. Educate the parents carefully on proper inci-
sion care, diet restrictions (full liquid or soft diet), and 
guidelines for the safe use of arm restraints. When ad-
ditional surgery is needed, there is usually a 4- to 
6-month healing period between procedures. As the 
child grows, additional surgery may be indicated to 
improve palatal function. Indications for additional 
surgery include speech problems related to incomplete 
closure of the palate, airway obstruction, and break-
down of the initial repair.

	G.	 Reflecting the influence of genetic, developmental, 
and environmental factors in its occurrence, CPO is 
more often syndromic and seen in association with 
other anomalies compared with CL 6 P. However, 
both isolated and syndromic forms of each occur, and 
the general diagnostic approach is the same.

Decide initially whether structural anomalies are 
pre sent (Table 3). Determining whether a cleft lip or 
palate is isolated versus syndromic is important. Cyto-
genetic testing is important for many children with 
clefts. Clefting may occur in chromosomal disorders 
(e.g., 22q11.2 deletion, trisomy 13, trisomy 18) or  
single-gene disorders (van der Woude syndrome,  
ectrodactyly-ectodermal dysplasia-clefting syndrome).

Individuals with 22q11.2 deletion syndrome have a 
range of findings that may include congenital heart 
disease, palatal abnormalities, characteristic facial fea-
tures, and learning difficulties. Hypocalcemia and  

immune deficiency, although less common, are also 
seen. The severe end of the 22q11.2 deletion spectrum 
is known as DiGeorge syndrome.

Palatal clefts may be primary or secondary. Secondary 
clefting usually results from PRS. As described previously, 
PRS may be an isolated anomaly, or it may occur as part 
of a skeletal, muscular, connective tissue, or chromosomal 
syndrome. Stickler syndrome is a single-gene disorder 
that is sometimes associated with clefting of the palate 
based on a small mandible. Stickler syndrome is a disor-
der of collagen and also leads to hearing problems, vision 
disorders including early and severe myopia, and joint 
problems.

The risk rate for recurrence of CL 6 P after one 
affected child is in the range of 4% (see Table 1). 
However, with a history of two affected first-degree 
relatives, the recurrence risk rate is about 10%. For 
isolated cleft palate, the recurrence risk rate after one 
affected child is 1.8%, increasing to 8% after two  
affected siblings.

	H.	 Dental care should address problems that may be as-
sociated with clefts of the palate. An obturator may 
need to be fabricated to facilitate feeding. Nasal alveo-
lar molding may be recommended; this presurgical 
appliance repositions the premaxilla and aligns the 
cleft edges, decreasing the number of surgeries re-
quired. The dentist also provides anticipatory guidance 
relating to missing or malformed teeth, crowding, 
spacing, and alveolar abnormalities. Children with 
clefts are at a greater risk for dental caries, and good 
oral hygiene should be promoted, starting when the 
first tooth erupts.

	 I.	 Speech therapy is important for the prevention and 
treatment of speech disorders. Therapy for clefting 
conditions most commonly is focused on expressive 
language and articulation skills and the development of 
a home-based parent–child program.

	J.	 See the Child with Special Health Care Needs 
(p. 548) overview chapter for a discussion of family 
assets and needs, and behavioral and mental health 
services.

Table 3. Common	Genetic	Anomalies	Associated	with	Cleft	Lip	with	or	without	Cleft	Palate	and	Cleft	Palate	Only

Genetic	Anomalies Clinical	Description

Single-Gene Defects
Stickler syndrome Severe myopia, spondyloepiphyseal dysplasia
van der Woude syndrome Lip pits, hypodontia
Ectrodactyly-ectodermal dysplasia-clefting (EEC) syndrome Ectrodactyly, ectodermal dysplasia
Roberts syndrome Microcephaly, hypomelia, hypotrichosis, facial hemangioma
Fryns syndrome Diaphragmatic abnormalities, coarse face, digital hypoplasia
Oral-facial-digital Oral frenula, hypoplasia of the alar cartilage, digital asymmetry

Chromosomal Anomalies
22q11.2 deletion Cardiac defects, velopharyngeal incompetence, dysmorphic facial features
Trisomy 13 Holoprosencephaly, polydactyly, cardiac defects, eye abnormalities
4p–syndrome Hypertelorism, broad nose, microcephaly, low set ears
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CL/CP algorithm

F Surgical intervention and follow-up

I Coordinate speech therapy

J Assess and manage psychological needs

G Evaluate development and genetics

Consider:
  Timing
  Minimum growth

H Coordinate dental/orthodontic management

Consider:
  Risk of
  recurrence

Patient with CLEFT LIP AND/OR CLEFT PALATE

E Diagnose and manage hearing deficits,
middle ear effusion

(Cont’d from p 565)
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Transitioning Young Adults  
with Special Health Care Needs  

to Adult Medical Care
Laura Pickler, MD, MPH

Children with complex medical and genetic conditions are 
living longer than was predicted in the past because of  
better treatments and overall care. Currently, greater than 
90% of children born with special health care needs reach 
adulthood. According to 2000 nationwide census data,  
approximately 6% or 2.6 million children and youths age  
5 to 15 years have a disability. Often, the success of excel-
lent pediatric medicine results in young adults who require 
ongoing, sometimes intensive, medical supervision through-
out their lives. Unfortunately, a significant proportion of 
youth lack access to a physician familiar with their condi-
tion and lack the ability to pay for necessary medical ser-
vices. The challenges and failures of medical transition 
have been well documented and are available for review 
elsewhere.

Healthy People 2020 clearly established the goal that 
transition would be facilitated in all aspects of life to in-
clude health care. Having a source of medical care in the 
medical home model is the foundation on which all other 
aspects of adult life hinge, such as work and independent 
living. Medical transition does not necessarily require a 
change in the provider of health care but does encompass 
a shift in the scope of medical care regardless of where that 
care is provided.

GOALS OF TRANSITION

The ultimate goal of transition for a young adult from  
pediatric-focused care to adult-focused care is to facilitate 
high-quality medical care that meets the needs of the 
young adult from a biopsychosocial standpoint. The young 
adult must move from a patient giving assent to being an 
educated self-advocate and consumer of medical services. 
Medical providers need to be equipped to provide a 
medical home model of care where collaborative relation-
ships between primary care providers and specialists are 
robust. This ideal model of care is difficult to achieve, even 
within programs intentionally organized to provide such 
resources to patients, their families, pediatricians, and 
adult medical providers. Successful transition requires a 
team approach using support services from a broad array 
of staff to ensure education, financing, case management, 
communication, and support through the process of transi-
tion. This task should not be underestimated in its scope 
and may take several years to accomplish. The algorithm 
summarizes decision points important in the transition 
process.

ROLE OF THE PEDIATRICIAN

The primary care pediatrician is frequently the person who 
identifies that transition is an issue needing to be ad-
dressed and decides how to proceed (plan A, A1, A11, 
B1, B11). A substantial burden for medical management 
and medical record assembly and transfer rests with the 
treating pediatrician. Ideally, the young adult has received 
comprehensive, coordinated care within the context of a 
medical home throughout childhood. Technology that is 
increasingly available may be able to facilitate organizing 
the medical record into a concise summary of major child-
hood medical events to serve as a bridge equipping the 
receiving adult provider to seamlessly take over medical 
management of ongoing problems. The pediatrician also 
serves as a leader in the transition process by setting the 
tone for the patient and the family, acknowledging the 
change in their relationship, supporting emotional bonds, 
and leading the process of developmentally appropriate 
intentional transition.

ROLE OF YOUNG ADULTS AND THEIR 
FAMILY MEMBERS

As more young adults have attempted transition to adult 
care, families have become increasingly vocal with regard 
to their needs in this process. The lack of well-coordinated 
processes to ensure safe and high-quality systems of care 
has been highlighted at the national level by family advo-
cacy organizations and others. In the current economic and 
political landscape of health care, families must be willing 
to pilot strategies for transition, provide constructive feed-
back on what is and is not working, and allow youths to take 
more responsibility and eventually the lead in their own 
medical decisions. Families and youths as partners in the 
medical education process cannot be underestimated in 
their importance. Only through collaboration will the tran-
sition process improve for everyone involved.

ROLE OF THE ADULT PROVIDER

Adult medical providers have the role in assuming the care 
and management of these youths. Initially there may be 
comanagement with pediatric primary care and specialty 
providers while the patient is becoming established. Not 
insignificantly, the adult provider should assume a role in 
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supporting the young adult and his or her family in finding 
a new balance in the adult medical setting. The continued 
involvement of the family should be expected and encour-
aged during this transitioning period. In addition, working 
with the family and others to assure adequate health care 
financing for these youths is a major goal of transition.

RESOURCES

Excellent resources are readily available at no or low cost to 
aid in the transition process. Although this section is focused 
on youths with special health care needs, transition for all 
young adults should be a goal. The young adult with com-
plex medical needs is at greater risk during this time than 
typically developed youths with minimal health care needs. 
The transition process in and of itself may be a risk factor  
for adverse health outcomes with high-risk youths, even 
youths perceived to be medically stable. Checklists may 

prove helpful in starting the transition discussion. Develop-
ment of short-term goals can help move young adults  
toward greater independence. Readiness to transfer respon-
sibility of medical management to an adult provider also 
may be facilitated by use of a checklist tool in busy practices. 
A sampling of Web-based resources includes:

• Healthy and Ready to Work: www.hrtw.org
• Family Voices: www.familyvoices.org
• El Grupo Vida: www.elgrupovida.org
• American Academy of Pediatrics, National Center for 

Medical Home Implementation: www.medicalhome
info.org

• It’s Time to Transition Workbook: www.cdphe.state.
co.us/ps/hcp/transition/workbook.pdf

Transition is a challenging process but may be navigated 
successfully using a team approach within the medical 
home model of care.

Transition
time?

Starting point

Decision point

End point
Special
needs?

Cognitive
impairment?

Subspecialty
care?

Subspecialty
care?

Successful transition
to an adult provider

Successful transition
to an adult provider

Care coordinator driven

Family/community-centered Patient-centered

Transition
plan A

(provider
driven)

Successful
transition

to an adult
provider

Yes

Yes

Yes No

No

No

Yes No

Transition
plan B++

Transition
plan B+

Yes No

Transition
plan A++

Transition
plan A+

Reassess
next visit



570

References

American Academy of Pediatrics. A consensus statement on health care 
transitions for young adults with special health care needs. Pediatrics 
2002;110:1304–6.

Annunziato RA, Emre S, Shneider B, et al. Adherence and medical  
outcomes in pediatric liver transplant recipients who transition to 
adult services. Pediatr Transplant 2007;11:578–81.

Newacheck PW, Strickland B, Shonkoff JP. An epidemiologic profile of 
children with special health care needs. Pediatrics 1998;102:117–23.

Okumura MJ, Heisler M, Davis MM, et al. Comfort of general inter-
nists and general pediatricians in providing care for young adults 
with chronic illnesses of childhood. J Gen Intern Med 2008;23: 
1621–7.

Peter NG, Forke CM, Ginsburg KR, Schwarz DF. Transition from  
pediatric to adult care: internists’ perspectives. Pediatrics 2009;123: 
417–23.

U.S. Department of Health and Human Services. Healthy people 2020: 
understanding and improving health, 2nd ed. Washington, DC:  
U.S. Government Printing Office; 2010.



Acne

VAsculAr BirthmArks

Dermatology



572

Acne
Arelis Burgos-Zavoda, MD, and Joanna M. Burch, MD

Acne vulgaris is the most common skin problem in the 
United States, affecting nearly 80% to 85% of individuals 
between 11 and 30 years of age. The skin lesions in acne 
are initiated by hormonal changes of puberty that stimu-
late increased sebum production and hyperkeratinization 
of the pilosebaceous duct. The hyperkeratinization and 
excess sebum production lead to obstruction of the follicu-
lar opening (the pore clogs). During puberty, the hair fol-
licle becomes colonized by bacteria (Propionibacterium 
acnes). The combination of these changes can in some 
lesions initiate an inflammatory response. These lesions 
are red clinically. If there is rupture of the follicular wall, 
inflammatory nodules result. Inflammatory acne presents 
with raised red papules, pustules, nodules, or cystic  
lesions. Noninflammatory acne includes open comedones 
(blackheads) and closed comedones (whiteheads).

	A.	 Acne severity can be objectively classified using several 
scales, for example, mild (6–20 lesions), moderate 
(21–50 lesions), or severe (.50 lesions). Untreated 
inflammatory acne or nodulocystic acne can cause dys-
pigmentation or permanent scarring.

	B.	 Skin Care: Educate the patient about proper washing 
with mild soap and avoiding excessive scrubbing. Look 
for oil-free or noncomedogenic cosmetics and lubri-
cants. Oil-free or water-based moisturizers may help 
the skin dryness and irritation that can result from acne 
treatment. Diet usually does not affect acne.

	C.	 Topical Treatments (Retinoids): Retinoids prevent hy-
perkeratinization and blockage of the pore. They are 
the most effective keratolytic agents. They have also 
been shown in several studies to have anti-inflammatory 
and antibacterial properties. The first retinoid brought 
to market was tretinoin (Retin-A), available in gel 
(0.01% and 0.025%), cream (0.025%, 0.05%, and 0.1%), 
and microgel (0.04% and 0.1%). Adapalene, available as 
a cream (0.1%) or gel (0.1% and 0.3%), is a synthetic 
retinoid that has been shown to be less irritating that 
tretinoin in several studies. Another topical retinoid 
product tazarotene (Tazorac), available in a cream 
(0.1%) and gel (0.1%), is one of the most effective reti-
noids, but often the most irritating. In general, all reti-
noids can be drying and irritating to the skin. These 
products should be applied to the face in the evening. 
A useful analogy for the patient is to use a “pea-sized” 
amount of product for a full face application, avoiding 
areas around the eyes, nose, and mouth. It is important 
to use a sunscreen (SPF 15 or higher) while outdoors. 
Use of retinoids can seem to worsen acne initially be-
cause of irritation, redness, and peeling. Another useful 
strategy to decrease the incidence of irritation is to have 
the patient begin therapy 3 nights a week, increasing as 
tolerated over a few weeks to nightly application. In 
patients with sensitive skin, adapalene is a good choice 

in the treatment of acne vulgaris with less adverse  
effects and high efficacy. A 12-week course is required 
to evaluate response. More severe or resistant acne 
cases can be treated with a retinoid in the evening and 
benzoyl peroxide (BPO) or a topical antibiotic during 
the day.

	D.	 Topical Treatments (Nonretinoid):

	1.	 BPO has antibacterial action, reduces free fatty acid 
concentrations, and has comedolytic activity. Use a 
5% gel; it is as effective as 10% gel but less irritating. 
Although the liquid and cream forms are less irritat-
ing, they are much less effective. BPO washes and 
cleansers are useful in covering large areas such as 
the back and chest. BPO products may bleach col-
ored clothing or linens. More recently, combination 
products containing both BPO and topical clinda-
mycin are available, and these agents have been 
shown in several studies to be more effective than 
either ingredient used alone.

	2.	 Azelaic acid 15% and 20% cream has mild antibac-
terial and comedolytic activity. It is effective for 
mild acne in darker skinned patients because it can 
lighten postinflammatory hyperpigmentation. Start 
with daily application and increase to twice daily  
if needed. A thin layer should be applied to the  
entire face when it is completely dry, avoiding the 
areas around the eyes and mouth. The layer is left 
on all day.

	3.	 Topical antibiotics like erythromycin 2% gel and 
clindamycin 1% gel, solution, lotion, and pledgets 
should only be used on inflammatory acne in combi-
nation with a product with comedolytic activity. 
Many over-the-counter “acne” products contain 
some BPO, salicylic acid, and a-hydroxy acid (AHA). 
These ingredients may contribute to the dryness 
and peeling if combined with prescription therapy. 
If adverse effects from topical treatment persist, 
consider alternate-day application. Failure to im-
prove after 12 weeks is an indication for additional 
therapy.

	E.	 Topical antibiotics should be used only in combination 
with a keratolytic agent for mild-to-moderate inflam-
matory acne. Antibiotics should never be used alone 
for acne.

	F.	 Treat moderate-to-severe inflammatory acne with oral 
tetracycline, minocycline, or doxycycline for 3 to  
6 months (Table 1). Erythromycin is not an appropriate 
first-line choice for acne unless the tetracycline class of 
antibiotics is contraindicated. A topical keratolytic ther-
apy should always be combined with an oral antibiotic. In 
3 to 6 months, if the patient is improved, try to wean the 
dose to once a day for 2 to 3 months, then discontinue. 



Doxycycline and minocycline should be given with food, 
whereas tetracycline should be given on an empty stom-
ach. Doxycycline is the most photosensitizing. Avoid tet-
racycline-class antibiotics in pregnancy or in children 
younger than 8 years. After discontinuation of oral or 
topical antibiotic therapy, maintenance therapy with a 
retinoid should be continued. If this is not done, it is 
likely that the primary process will restart and acne  
vulgaris will recur.

	G.	 Oral contraceptives have been shown to be effective in 
the treatment of acne vulgaris in female individuals. 
Ortho Tri-Cyclen, Estrostep, and Yaz are FDA ap-
proved for the treatment of acne vulgaris.

	H.	 Consider referral to a dermatologist for isotretinoin 
(Accutane) treatment of patients who have cystic acne 
with scarring that fails to respond to topical therapy  
plus oral antibiotics. Isotretinoin should not be used by 

pregnant or nursing mothers (causes severe birth de-
fects) and should be used with caution by sexually active 
women and girls (only when an acceptable contraceptive 
method is being used). Adverse effects include cheilitis, 
dry skin, epistaxis, conjunctivitis, arthralgias, headache, 
fatigue, photosensitivity, hepatitis, depression, and ele-
vation of triglycerides. Monitor pregnancy status, fasting 
triglyceride levels, cholesterol level, complete blood 
count, and liver function test results every 4 weeks.

Patient with ACNE

Mild
(6–20 lesions)

Comedones Inflammatory
papules

Topical retinoids alone

Moderate/severe
(>21 lesions)

A History and physical
examination to
assess severity

B Educate on skin care

C

Comedones

Inflammatory/papules/pustules

Topical retinoidsC

Topical nonretinoidsD

Topical retinoidsC

Topical nonretinoidsD

Oral antibioticF

Nodulo-cystic acne and
unresponsive acne

Refer to dermatologyH
Can consider oral contraceptives in girlsG

Topical retinoids
 
+

Topical nonretinoids
 

+/–
 

Topical antibiotics

C

D

E

+

+

+

Table 1. 	Oral	Antibiotics	Used	in	the	Treatment	
of	Acne	in	Adolescents

Drug Dosage Product	Availability

Erythromycin 500 mg bid PO Tablets: 250, 500 mg
Tetracycline 500 mg bid PO Tablets: 250, 500 mg
Minocycline 50–100 mg bid PO Tablets: 50, 100 mg
Doxycycline 50–100 mg bid PO Tablets: 50, 100 mg
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Vascular Birthmarks
Arelis Burgos-Zavoda, MD, Joseph Morelli, MD,  

and Joanna M. Burch, MD

Vascular birthmarks are the most common type of cutane-
ous birth defect. They should be classified as either heman-
giomas or vascular malformations. Vascular malformations 
are defined by the predominant vessel type within the 
birthmark.

	A.	 Hemangiomas, the most common tumor of childhood, 
are benign tumors of capillary endothelium. Heman-
giomas should not be described as capillary or cavern-
ous; all hemangiomas are capillary, and the terms  
superficial, deep, and mixed should be used. Some 20% 
are present at birth; the rest arise during the first  
8 weeks of life. Hemangiomas have a predictable natu-
ral history. They grow rapidly for the first year of  
life, especially during the first 6 months. During the 
second year of life, growth stops and involution begins.  
Regression takes place slowly for years; 50% are maxi-
mally regressed by age 5 years, and 90% are maximally 
regressed by age 9 years. Regression does not define 
return of the skin to normal. Most hemangiomas are 
not associated with complications and do not require 
treatment. Any facial or diaper area hemangioma 
should be treated, as should those causing high-output 
cardiac failure. If there is a question whether treatment 
of a hemangioma is necessary, referral should be made 
to a pediatric dermatologist as early as possible. Treat-
ment options include vascular pulsed dye laser, oral 
glucocorticosteroids, and interferon alfa-2a. There is 
new, case-reported evidence that propranolol is effec-
tive in speeding the involution of large, complicated 
hemangiomas. This treatment should be monitored for 
adverse effects. Larger studies are needed.

	B.	 Capillary malformations (port-wine stains) are the most 
common vascular malformation. They occur in 3 of  
1000 births. Port-wine stains, always present at birth, are 
usually flat and light pink at birth and become progres-
sively darker and thicker with age. Port-wine stains 
covering a large portion of the face including the first 

division of the trigeminal nerve can be associated with 
Sturge–Weber syndrome (SWS). SWS is the association 
of a facial port-wine stain with central nervous system 
(seizures, mental retardation, hemiplegia) and ophthal-
mologic (glaucoma) abnormalities. All port-wine stains 
have the potential to lead to overgrowth of the underly-
ing skin and subcutaneous tissue. Overgrowth of an  
extremity covered by a port-wine stain is called Klippel-
Trénaunay syndrome. Treatment of choice for port-wine 
stains is the vascular pulsed dye laser. There is consider-
able evidence warranting the beginning of laser treat-
ments as soon after birth as possible.

	C.	 Other vascular malformations, including lymphangio-
mas, should be defined by the predominant vessel 
within the lesion. These vascular malformations are 
much less common than port-wine stains. They are all 
difficult to treat and are best managed with the input 
of a specialized vascular malformation clinic.
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A

History

Physical examination

Assess onset of lesions

Developed within first 
8 wk of life

   

Identify:
Hemangioma

Consult dermatologist
Observe

Treat:
Consider:

Vascular pulsed dye laser
Glucocorticosteroids
Interferon alfa-2a
Propanolol

Present at birth

A

B C

Rapid growth Stable growth

Identify:
Hemangioma

Identify:
Vascular malformation

Assess color and contour

Light pink, flat

Identify:
Port-wine stain

Other

Identify:
Venous, lymphatic, 
arteriovenous malformation,
mixed malformation

Treat:
Vascular pulsed dye laser

Refer to vascular
malformation clinic

Assess growth





Inflammatory Bowel DIseases: Crohn 
DIsease anD UlCeratIve ColItIs

GastroesophaGeal reflUx

InfeCtIoUs hepatItIs

aCUte panCreatItIs

GastroenteroloGic 
DisorDers



578

Inflammatory Bowel Diseases:
Crohn Disease and Ulcerative Colitis

Samantha A. Woodruff, MD, and Edward J. Hoffenberg, MD

Inflammatory bowel diseases (IBDs) include Crohn dis-
ease and ulcerative colitis. Both appear to be precipitated 
by infection or environmental triggers in a genetically sus-
ceptible host. Involvement in Crohn disease is variable and 
can affect all areas of the gastrointestinal tract from the 
mouth to the anus. The inflammation of the intestines may 
be continuous or segmental, leaving normal “skip areas” 
between involved intestine. The inflammation is transmu-
ral, which predisposes to fistula formation. The disease can 
be categorized by the pattern of involvement: ileocolitis 
(52%), diffuse small intestine (20%), ileitis (19%), and 
colitis (9%). In ulcerative colitis, the inflammation may  
affect the entire colon (pancolitis) or just the distal colon. 
Over time, the process can extend from the distal colon to 
involve the entire colon. Patients with pancolitis have more 
severe disease, a greater incidence of extraintestinal mani-
festations, and an increased risk for toxic megacolon and 
cancer. After about 7 years of pancolitis, the risk for colon 
cancer increases significantly so that surveillance, which is 
imperfect, or colectomy should be considered to prevent 
colon cancer. The distinction between ulcerative colitis 
and Crohn disease may be “indeterminate” in 10% to 20% 
of patients with colitis. Patients most often have diarrhea, 
bloody stools, tenesmus, and abdominal pain and anemia. 
Presentation in Crohn disease is sometimes more subtle 
with growth and pubertal delay, abscess, intestinal stric-
ture, or perianal disease including chronic fissure, or a fis-
tula. Common extraintestinal manifestations, which may 
precede overt IBD, include oral aphthoid ulcers, anemia, 
arthritis, skin manifestations of erythema nodosa or pyo-
derma gangrenosum, and liver disease, most commonly 
sclerosing cholangitis or autoimmune hepatitis. Sclerosing 
cholangitis is a risk factor for development of cancer of the 
bile ducts (cholangiocarcinoma). The clinical, radiographic, 
endoscopic, and histologic findings reflect the involvement 
and severity of inflammation (Table 1). The goal of man-
agement is to induce a rapid clinical response and pro-
longed remission and also address nutrition and growth 
problems.

 A. In the patient’s history, ask about the onset and fre-
quency of stools, including nocturnal stools; visible 
blood in the stools; and symptoms of urgency, cramp-
ing, and abdominal pain. Ask about nausea, vomiting, 
fullness, oral ulcers or stomatitis, and perianal pain 
(ulcers, fissures, abscess, and fistula). Right lower 
quadrant crampy abdominal pain may mimic appendi-
citis. Severe anorexia and protracted vomiting suggest 
intestinal obstruction related to edema or stricture, but 
also consider an alternative cause of an obstruction 
from a mass or tumor (lymphoma). With ulcerative 
colitis, the duration of symptoms before the patient 
seeks medical attention is often short (days to weeks). 

Recognize that ulcerative colitis may occur soon after 
an infectious colitis with symptoms similar to recurrent 
infection. Crohn disease may have a more insidious 
onset with longer duration of symptoms, malaise, and 
weight loss before seeking medical attention. Ask about 
systemic extraintestinal symptoms, such as fatigue, 
poor weight gain or weight loss, fever, arthritis or ar-
thralgia, delayed growth and sexual development, eye 
pain or vision difficulty (conjunctivitis, uveitis, iritis, 
episcleritis), flank pain (renal stones), jaundice, pruri-
tus, and rashes (pyoderma gangrenosum, erythema 
nodosa).

 B. In the physical examination, document the pattern of 
growth (weight and height) and sexual maturation or 
pubertal development. Assess for signs of chronic 
malnutrition and hypoalbuminemia (muscle wasting, 
peripheral edema, clubbing of the fingers and toes) 
and signs of vitamin deficiency. Assess for abdominal 
distention, focal or diffuse tenderness, and bowel 
sounds. Suspect toxic megacolon in a toxic-appearing 
patient with abdominal distention and peritoneal 
signs with or without shock. The more severe the 
presenting symptoms, the greater the consideration 
for toxic megacolon. Bowel wall edema, especially  
in the right lower quadrant, may present as an ab-
dominal mass. Note perianal findings (ulcers, skin 
tags, fissures, abscess, and fistula) that suggest Crohn 
disease. Note extraintestinal manifestations, such as 
oral ulcers or stomatitis, fever, anemia (pallor, tachy-
cardia, hypotension), arthritis, ophthalmologic disor-
ders (uveitis, iritis, episcleritis), jaundice (hepatitis, 
sclerosing cholangitis), and dermatologic findings 
(pyoderma gangrenosum, erythema nodosa).

 C. Laboratory studies are useful in excluding alternative 
diagnoses (such as infection) and in assessing the se-
verity of the disease, degree of blood loss, nutritional 
status, and extraintestinal involvement. Screening 
blood work should include a complete blood count 
(CBC), C-reactive protein (CRP), erythrocyte sedi-
mentation rate (ESR), basic metabolic panel, and liver 

Table 1.  Degrees of Illness in Patients with Crohn 
Disease or Ulcerative Colitis

Moderate: Mild systemic signs such as fever, anemia, weight loss, while 
tolerating oral fluids and nutrition

Severe: Severe anemia, severe hypoalbuminemia, marked malnutrition, 
dehydration or electrolyte disturbance or

Inability to tolerate oral feedings because of abdominal pain, vomiting, 
or intermittent partial intestinal obstruction

Very Severe: Sepsis, toxic megacolon, shock, or severe hemorrhage or
Complication requiring surgery
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Child with INFLAMMATORY BOWEL DISEASE

Consult:
  Pediatric gastroenterology

CBC with differential
ESR and CRP
Basic metabolic panel
Hepatic function profile with total protein, albumin
GGT
Stool:
    Hemoccult
    Bacterial pathogens
    Clostridium difficile test
    Ova and parasites
    Fecal white blood cells
Consider:
    Blood culture
    OMV test
    Abdominal 3-view x-ray
    Amoeba titer
TB test

A History

B Physical examination

D Esophagogastroduodenoscopy
and colonoscopy
Consider:
    Small bowel imaging
    UGI with SBFT
    Video capsule
    CT or MR enterography
    Abdominal US

C

(Cont’d on p 581)

function tests with gamma-glutamyl transferase (GGT). 
Chronic intestinal losses of blood and protein may lead 
to hypochromic microcytic anemia and hypoalbumin-
emia. Diarrhea may lead to electrolyte abnormalities. 
Hepatitis and sclerosing cholangitis, present in up to 
10% of patients (more commonly, ulcerative colitis), 
are associated with increased liver function tests, with 
GGT being the most sensitive screening test. Bacterial 
colitis including Clostridium difficile and viral colitis 
may mimic IBD and should be ruled out with stool 
studies. Testing for tuberculosis (TB) should be per-
formed. Identify infections with Entamoeba histolytica 
with amoeba titers in low prevalence populations or stool 
staining in higher prevalence areas. Anti-Saccharomyces 
cerevisiae antibody (ASCA) may be positive in ap-
proximately 60% to 70% of children with Crohn dis-
ease. However, ASCA and anti-neutrophil cytoplasmic 
antibody (p-ANCA) serologic markers are not accurate 
enough for use in differentiating IBD from infectious 
colitis or other mimics of IBD. Serologic testing may 
be useful in guiding management of the 20% of  
patients who have indeterminate IBD. Specialized 
stool testing with fecal lactoferrin and calprotectin 
(neutrophil-derived proteins) may be useful in the 
monitoring of IBD, although normal values in children 
have not been verified. When assessing a patient for 
flare, infectious colitis, including cytomegalovirus 
(CMV) and C. difficile, should be considered before 
starting treatment with anti-inflammatory agents.

 D. If toxic megacolon is suspected or the patient has signs 
of significant obstruction, blood loss, or shock, first  
order three-view radiographs of the abdomen and con-
sult a surgeon. Avoid doing further radiologic studies 
and colonoscopy until the patient is stable. If the pa-
tient is stable and not toxic, consider repeating upper 
endoscopy and colonoscopy to assess the extent and 
severity of disease and to exclude infectious causes of 

the colitis. In Crohn disease, colonoscopy may show 
colitis or linear ulcerations separated by normal mu-
cosa (skip areas) or pancolonic involvement. Charac-
teristic findings of Crohn disease include thickened 
mucosa, ulcerations, pseudopolypoid formation with 
cobblestoning, and stenotic areas with proximal dilata-
tion. There may be upper tract involvement with 
esophagitis, gastritis, or duodenitis as well. Biopsy find-
ings include acute and chronic inflammation and, in 
about 25% of cases of Crohn disease, noncaseating 
granulomas. To assess and stage small-bowel involve-
ment, obtain imaging test with one of the following: 
upper gastrointestinal series with small-bowel follow-
through, video capsule endoscopy, computed tomo-
graphic (CT) enterography, or magnetic resonance 
(MR) enterography. Consider obtaining an abdominal 
ultrasound examination or computed tomographic scan 
with contrast enhancement when signs of an abscess, 
mass, or appendicitis are present.

In ulcerative colitis, there is generally a symmetric 
and continuous involvement of the colon with a sharp 
demarcation between involved and normal colon. Typ-
ical findings include erythema, friability, and aphthous 
ulcers. Mild terminal ileal abnormalities can occur with 
the pancolitis of ulcerative colitis and do not always 
indicate Crohn disease. Upper intestinal endoscopy 
with biopsy should be performed to help distinguish 
Crohn disease of the upper gastrointestinal tract from 
peptic ulcer disease or eosinophilic gastroenteropathy. 
However, upper endoscopy may reveal mild gastroduo-
denitis in up to 30% of patients with ulcerative colitis 
and should not be interpreted as evidence of Crohn 
disease. Colonic biopsy findings include acute and 
chronic inflammation. After the colonoscopy, obtain an 
upper gastrointestinal series with small-bowel follow-
through to assess or stage upper gastrointestinal tract 
involvement by Crohn disease.
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and anti–tumor necrosis factor-a (anti–TNF-a) agents. 
Long-term therapy with metronidazole may lead to 
peripheral neuropathy. Anti–TNF-a therapy combined 
with immunomodulators has been associated with rare 
hepatosplenic T-cell lymphoma.

 H. In moderate or severe IBD (systemic involvement), 
corticosteroids may be needed to induce a rapid 
clinical response, and there is systemic involvement. 
Anemia and iron deficiency are common. Immunize 
against varicella if there is not a definite history of 
prior disease. For severe and very severe illness, treat 
with intravenous methylprednisolone or oral predni-
sone (1 mg/kg/day up to 60 mg daily) until clinical 
improvement (usually 1–2 weeks). In very severe  
patients, intravenous therapy may be required, as  
well as intravenous nutritional rehabilitation. Con-
sider secure intravenous (IV) access for prolonged 
therapy.

 I. Indications for surgery include failure of medical man-
agement, toxic megacolon, severe hemorrhage, abscess, 
perforation, obstruction or stricture, growth failure, in-
tractable pain, prevention of malignancy, and long-term 
corticosteroid use. In children with ulcerative colitis, 
consider colectomy for prevention of colon cancer after 
7 years of pancolitis or persistent symptoms despite 
maximum medical management. In Crohn disease, 
surgery is not curative, so it is usually reserved for those 
with persistent symptoms, a small focus of intestinal 
disease, or the earlier surgical complications.

 J. Once a response has been obtained, begin tapering cor-
ticosteroids by 10-mg weekly until at 20 mg/day. Then 
gradually taper by 5 mg/wk. If no response within a few 
days, consider surgical consult. Patients with moderate-
to-severe IBD who are steroid responsive may benefit 
from an immunomodulator, such as 6-mercaptopurine, 
azathioprine, or methotrexate. These medications should 
be considered early in course of therapy for best chance 
to maintain remission and discontinue corticosteroids. 
Complications of immunomodulators include leukope-
nia, nausea, acute pancreatitis, hepatotoxicity, and shin-
gles. Steroid-dependent or resistant and fistulizing Crohn 
disease patients may benefit from the use of anti–TNF-a 
agents, such as infliximab or adalimumab. Consider use 
of anti–TNF-a agents as first-line therapy in moderate-
to-severe IBD, or after minimal response to 3 to 7 days 
of IV corticosteroids. Consider maintenance therapy 
until growth and sexual maturation are complete. For 
steroid-dependent or steroid-resistant ulcerative colitis, 
consider a colectomy or alternative therapies such as  
infliximab, tacrolimus, or cyclosporine. Also consider  
assessing bone mineral density.

 K. Maintenance nutritional support provides adequate 
calorie intake for growth and replenishes deficien-
cies. Iron supplementation is common. A low-residue 
diet may reduce diarrhea and crampy abdominal 
pain. An elemental diet can be used to induce remis-
sion in Crohn disease, but is not effective in ulcer-
ative colitis.

 E. Therapy is based on both severity (see Table 1) and 
location of disease. Local therapy (suppositories and 
enemas) may be sufficient for left-sided disease distal to 
the splenic flexure. Pancolitis requires systemic therapy 
to induce a rapid clinical response and remission. In 
patients with severe and very severe illness, initial 
therapy may require fluid resuscitation, correction of 
anemia, and normalization of electrolyte imbalance. 
When the colitis is severe and associated with marked 
pain or bleeding, provide bowel rest by restricting to 
nothing by mouth and consider nasogastric decompres-
sion if significant cramping or vomiting. Attention  
to nutrition is important to promote healing as well  
as growth. Involvement of the gastrointestinal tract, 
especially the small bowel in Crohn disease, leads  
to impaired absorption of nutrients as well as to  
increased losses (i.e., calories, protein, iron). Calorie  
requirements may be up to 140% of baseline needs. 
Often, vitamin (B12, folate), mineral (calcium, magne-
sium), and metal (zinc, copper, iron) supplementations 
are required. Methods to provide adequate nutrition 
include high-calorie liquid or elemental supplements, 
nasogastric feedings, and, rarely, parenteral nutrition. If 
significant nutritional rehabilitation is required, moni-
tor for refeeding syndrome. Lactose intolerance, sec-
ondary to small-bowel involvement, may mimic Crohn 
disease and may be documented by a lactose breath 
test. Treatment is by avoidance of lactose-containing 
foods or use of lactase supplements. A low-residue diet 
may improve cramping and diarrhea.

 F. For mild disease, oral preparations designed to deliver 
salicylates directly to the colon may be sufficient ther-
apy (Table 2) to induce and maintain remission. Sul-
fasalazine, a salicylate attached to a sulfa carrier, is re-
leased in the colon, where it acts locally and is effective 
in both Crohn colitis and ulcerative colitis. Because 
sulfasalazine inhibits absorption of folate, supplemen-
tation with 1 mg/day is recommended. Mesalamine 
oral and rectal preparations also deliver salicylate to 
the colon, are equally effective in treating colitis, and 
should be used in those with sulfa allergies or intoler-
ance to sulfasalazine. Mesalamine preparations come 
with different delivery systems for release in the small 
bowel as well as colon (Asacol has a pH-sensitive resin 
and is released in the distal ileum and colon, whereas 
Pentasa microspheres are released in jejunum, ileum, 
and colon). Folate supplementation is not needed 
when these preparations are used. For isolated procti-
tis, local therapy with salicylate suppositories or corti-
costeroid enemas may avoid adverse effects of systemic 
treatments. Adverse effects include headache, nausea, 
abdominal pain, and rashes. Rare complications from 
therapy are serum sickness reactions, hemolytic ane-
mia, aplastic anemia, and pancreatitis.

 G. Perianal lesions suggest Crohn disease and are treated 
with warm soaks, antibiotics such as metronidazole 
(15–30 mg/kg/day) or ciprofloxacin, immunomodulators 
such as 6-mercaptopurine or azathioprine (Imuran), 

(Continued on page 582)
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Child with INFLAMMATORY BOWEL DISEASE

E

F G H

Assess degree of illness and extent of involvement

Moderate

No Yes

Treat:
  Nutritional support
  Oral corticosteroids
  Oral salicylates
  Antibiotics

Assess response

G

I

H

Severe

Treat:
  Nutritional support
  IV corticosteroids
  Antibiotics
  Blood products

Suspected surgical
complication

G H

Very severe

Hospitalize in ICU
Stabilize:
  Circulatory support
  Respiratory support
Treat:
  IV corticosteroids
  Antibiotics
  Blood products
  Nutritional support
  Bowel rest

Good

Taper corticosteroids

Advance Nutrition
Maintenance therapy

Follow-up:
  Peds GI

Poor Consult:
  Surgery
  Pediatric GI
  Interventional radiology

Identify:
  Infection
  Perforation
  Stricture
  Abcess
  Obstruction
  Malignancy
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K

Consult:
  Peds GI
  Surgery

I

(Cont’d from p 579)



582

Table 2. Medical Therapy for Crohn Disease or Ulcerative Colitis

Medication Dosage Product Availability

Salicylate Derivatives
Sulfasalazine (release in colon only) 25–75 mg/kg/day in 2–4 divided doses 500-mg tablets
Mesalamine

Multiple formulations: slow release, colon 
only, ileum and colon, or throughout small 
and large intestine

1–4.8 g/day in 1–4 divided doses Multiple strengths

5-ASA salicylate suppository 1–2 times a day per rectum 1-g suppository
Mesalamine enema 1–2 times a day per rectum 4 g/60 ml

Corticosteroids
Prednisone, methylprednisolone 1 mg/kg/day to maximum of 60 mg Multiple strengths

Suspension: 5 and 15 mg/5 ml
Hydrocortisone enema Apply per rectum 1–2 times a day 100 mg/60 ml

Immunosuppressives
Azathioprine 1–2.5 mg/kg/day 50-mg tablet
6-Mercaptopurine 1–1.5 mg/kg/day 50-mg tablet
Methotrexate 10–20 mg/m2/wk (maximum: 25 mg) PO, SC, 

or IM
2.5-mg tablet

Anti–TNF-a
Infliximab 5–10 mg/kg IV infusion: Induction: 0, 2, 6 weeks

Maintenance: q8wk
100-mg vials

Antibiotics
Metronidazole 15–30 mg/kg/day divided tid 250, 500 mg
Ciprofloxacin 20–30 mg/kg/day divided bid maximum: 1.5 g 100, 250, 500, 750 mg

Suspension: 50, 100 mg/ml

IM, intramuscularly; IV, intravenously; PO, orally; SC, subcutaneously; TNF, tumor necrosis factor.
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Gastroesophageal Reflux
Judith A. O’Connor, MD

Gastroesophageal reflux (GER) is the passage of gastric 
contents into the esophagus through the lower esophageal 
sphincter, and gastroesophageal reflux disease (GERD) is 
defined as symptoms or complications of GER. The reasons 
for reflux include transient relaxation of the lower esophageal 
sphincter, increased intragastric pressure, and decreased 
basal lower esophageal sphincter tone. Clinical consequences 
depend on the frequency and acidity of reflux, esophageal 
clearance mechanisms, esophageal mucosal barrier, visceral 
hypersensitivity, and airway responsiveness. Clinical mani-
festations of GERD in children include vomiting, poor 
weight gain, dysphagia, abdominal or substernal pain, 
esophagitis, and respiratory disorders. When severe, GERD 
can result in failure to thrive, erosive esophagitis or esopha-
geal strictures, aspiration pneumonia, asthma, and apnea.

	A.	 In the patient’s history, ask about the onset, frequency, 
and severity (quantity, degree of forcefulness, presence 
of bile or blood) of the vomiting. Determine the type of 
formula, manner of preparation, quantity ingested, and 
feeding position and technique. Establish the time of 
vomiting in relation to the feeding. Spitting up or regur-
gitation of small amounts of formula during or soon after 
feeding suggests an improper feeding technique, such as 
bottle propping, or overfeeding. Note associated symp-
toms, such as fever, cough, coryza, respiratory distress, 
diarrhea, altered mental status, seizures, and failure to 
thrive. Inquire about perinatal deaths in the family that 
suggest inborn errors of metabolism or adrenal insuffi-
ciency (Table 1).

	B.	 In the physical examination, assess hydration and cir-
culatory status by determining blood pressure, pulse,  
respiratory rate, capillary refill, skin color and turgor, 
tears, fullness of the fontanelle, and urine output. Plot 
the infant’s height, weight, and head circumference on 
a growth grid to identify failure to thrive or rapid head 
growth. Assess mental status. Note any acute otitis  
media, irritability, lethargy, jaundice, hepatospleno-
megaly, seizures, or focal neurologic signs. Observe a 
feeding and note the peristaltic waves. Palpation of an 
abdominal mass (olive) in an infant suggests pyloric 
stenosis (Table 2).

	C.	 Consider lifestyle changes to include diet modification 
and positioning. In the infant, a strong family history of 
atopy is suggestive of cow’s milk protein intolerance. In 
cases of mild GER with good weight gain, try 1 to  
2 weeks of a hypoallergenic formula. If the vomiting fails 
to resolve, add cereal to the formula (2–3 teaspoons per 
ounce of formula) to reduce the number of vomiting 
episodes. In cases with moderate GER and poor weight 
gain, increase the caloric density of the formula and 
consider feeding smaller volumes of formula given more 
frequently to reduce gastric distention. When adequate 
growth is still not achieved, especially in infants with 

neurologic impairment, consider continuous nasogastric 
or nasoduodenal feedings in an attempt to avoid surgery. 
GER is significantly less common in the prone position; 
however, increased risk for SIDS outweighs the poten-
tial benefits of prone sleeping. If necessary, attempt to 
position the infant’s body prone at a 30-degree incline 
throughout most of the day when the infant is awake. 
This can best be accomplished when the infant straddles 
a padded post or uses a GER harness.

In children and adolescents, diet modification 
should include avoidance of caffeine, chocolate, and 
spicy foods. Counsel to avoid obesity (or weight reduc-
tion), exposure to tobacco smoke, and alcohol. Prone 
sleeping position with head elevated is the position of 
choice in children and adolescents.

	D.	 Consider acid-suppressant therapy to decrease the 
quantity of gastric acid. Antisecretory agents include 
H2 receptor antagonists (H2RA) and proton pump  
inhibitors (PPIs). PPIs produce greater acid suppres-
sion and have a longer duration of action. Although 
used frequently, currently, no PPIs are approved  
for patients younger than 1 year. Published studies use 
0.5 to 1.0 mg/kg dose (Table 3). In adults, a step-down 
approach using a greater dose of PPI to achieve im-
provement, followed a standard dose of PPI and then 
H2RA to maintain improvement, has been shown to be 
cost-effective and is now advocated. Duration is vari-
able, but is usually 3 months, if improvement occurs, 
with attempts to discontinue thereafter.

	E.	 Obtain an upper gastrointestinal (GI) series when 
growth deficiency is present and an anatomic abnormal-
ity is suspected. Barium studies will fail to identify about 
40% of patients with esophagitis secondary to reflux. 
False-negative studies result from the relatively brief 
duration of the study and false-positive studies occur 
because of the occurrence of physiologic reflux. Thus, an 
upper GI series does not reliably determine the pres-
ence or absence of GER. Anatomic conditions that  
occur with vomiting during infancy include esophageal 
stricture or web, duodenal web, hiatal hernia, diaphrag-
matic hernia, pyloric stenosis, antral web, intestinal  
obstruction, annular pancreas, malrotation, and volvulus.

	F.	 Esophageal pH and impedance-pH monitoring are the 
most sensitive methods of confirming reflux and correlat-
ing reflux with symptoms. pH monitoring measures the 
frequency and duration of acid reflux. It is useful in diag-
nosing acid reflux and assessing the adequacy of treat-
ment with acid suppression when symptoms persist. 
Limitations include the inability to detect nonacid reflux. 
Impedance-pH monitoring detects all reflux events and 
characterizes the reflux as acid, nonacid, or weakly acid, 
and thus can correlate these events with individual symp-
toms. Both are placed into the distal esophagus and  
require continuous monitoring for 12 to 24 hours.
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	G.	 A nuclear scan after a feeding with technetium Tc 99m 
may be useful in identifying pulmonary aspiration and 
is helpful in assessing the rate of gastric emptying.

	H.	 Endoscopy will assess the extent and severity of esopha-
gitis and identify any bleeding or strictures. It can also 
identify other conditions, such as peptic ulcer disease, 
Helicobacter pylori gastritis, eosinophilic, infectious or 

caustic esophagitis, and Crohn disease. Esophageal  
biopsy is indicated to exclude causes of esophagitis 
other than GER.

	 I.	 Consider surgery (Nissen fundoplication) if growth 
failure and severe symptoms persist, if an esophageal 
stricture develops, or when unable to wean off  
medications.

Infant with GASTROESOPHAGEAL REFLUX

Warning signs (Table 1) Evaluate further
Yes

No

Complicated GER (Table 2)

No

No Yes

Yes No

Yes

Well child

No

No Yes

Yes

Failure to thriveNo tests

Education:

  Warning signs

  Reassurance

Consider:

  Lifestyle changes

  Diet modification

  Positioning

Acid suppression

Consider:
Upper GI

“Happy spitter” Resolve by 18–24
months of age

Improved

Lifestyle changes

Acid suppression

Consider:
  Upper GI

Improved

Lifestyle changes

Acid suppression

Increased caloric
density formula 

Consider:
  Upper GI

A

C

C

E

D

E

CBC, BUN electrolytes

Consider:

  GI consult

  Prone positioning

  Impedance-pH/pH monitoring

  Nuclear scan

  Endoscopy

  Hospitalization

    Observation, NG/NJ feeds

  Surgery

C

F

G

H

I

C

D

E

History

B Physical examination
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Table 3. 	Medications	Demonstrated	to	Be	Effective	in	
Pediatric	Gastroesophageal	Reflux	Disease

Medication Standard	Recommended	Dosage

Histamine2 Receptor Antagonists
Cimetidine 40 mg/kg/day, divided q6–8h

(Adult dose: 800–1200 mg/dose, 2 or  
3 times a day)

Nizatidine 10 mg/kg/day, divided q12h
(Adult dose: 150 mg twice daily or  

300 mg every hour of sleep)
Ranitidine 5–10 mg/kg/day, divided q8h

(Adult dose: 300 mg twice daily)
Famotidine 1 mg/kg/day, divided q12h

(Adult dose: 20 mg twice daily)

Proton Pump Inhibitors
Omeprazole 1–18 years:

5–,10 kg; 5 mg daily
10–,20 kg; 10 mg daily
.20 kg; 20 mg daily
(Adult dose: 20 mg daily, esophagitis,  

40 mg daily, ulcer disease)
Lansoprazole 

Erosive esophagitis 1–11 years of age:
,30 kg: 15 mg daily
.30 kg: 30 mg daily
12–18 years of age: 30 mg daily  

(adult dose)
Nonerosive  

esophagitis
1–18 years of age: 15 mg daily  

(adult dose)
Pantoprazole No pediatric dose, 40 mg daily  

(adult dose)
Rabeprazole No pediatric dose, 20 mg daily  

(adult dose)

Table 1. Warning	Signs	of	Vomiting

Bilious vomiting (hematemesis/ 
hematochezia)

Gastrointestinal bleeding

Onset of vomiting after 6 months 
of life

Fever

Lethargy Hepatosplenomegaly
Bulging fontanelle Macro/microcephaly
Seizures Abdominal tenderness/distention
Chromosomal disorders Other chronic disorders

Table 2. Complications	of	Gastroesophageal	Reflux

Symptoms Findings

Recurrent vomiting Esophagitis
Failure to thrive Esophageal stricture
Irritability Barrett esophagitis
Regurgitation Anemia
Heartburn, chest or abdominal pain Hypoproteinemia
Hematemesis Recurrent pneumonia
Dysphagia Refractory asthma
Abnormal posturing (Sandifer syndrome) Laryngitis
Respiratory symptoms

Apnea
Hoarseness
Wheezing/stridor
Cough
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Child or adolescent with GASTROESOPHAGEAL REFLUX

Warning signs
(Table 1) Yes

Evaluate further

Evaluate further

Discontinue
after 3 months

Chronic heartburn

Education

Lifestyle changes

H2RA or PPI x 2–4 weeks (Table 3)

Improved

Relapse

Observation

CXR, upper GI

Acid suppression

GI consult

Endoscopy

pH/Impedance-pH

Nuclear scan

Surgery

Abnormal

Normal

No

Yes No

No Yes

Vomiting, dysphagia, odynaphagia, po refusal

No

A History

B Physical examination

C

E

D

H

F

G

I
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Infectious Hepatitis
Brandy Lu, MD, and Cara L. Mack, MD

Hepatitis A, caused by the single-stranded RNA hepatitis 
A virus (HAV), is transmitted fecal-orally and the incuba-
tion period is 15 to 50 days. Diagnosis is confirmed with 
the presence of anti-HAV immunoglobulin M (IgM) anti-
body in serum. There is no carrier state or chronic infec-
tion. A vaccine is available and routine immunization is 
recommended for all children starting at 1 year of age.

Hepatitis B, caused by the double-stranded DNA hepa-
titis B virus (HBV), can be transmitted vertically, parenter-
ally, or sexually. The incubation period is 50 to 180 days, 
and there is a carrier state and chronic infection. A carrier 
state is a persistent infection without biochemical or clinical 
signs of ongoing hepatic injury, and carriers are infectious. 
Perinatal transmission rates vary from 20% to 90% depend-
ing on maternal hepatitis B surface antigen (HBsAg) titer 
and hepatitis B e antigen (HBeAg) status. The develop-
ment of chronic disease varies based on age, where infected 
infants have a 90% chance of development of chronic dis-
ease, children between 1 and 5 years have a 30% chance, 
and children older than 5 years have a 6% chance. Diagnos-
tic tests include HBsAg, HBeAg, anti-HBe, anti-HBs, and 
HBV DNA. Infants younger than 6 months can have false-
positive HBV DNA and antibodies because of placenta 
passage. Positive HBsAg represents infection, and positive 
HBeAg represents high infectivity.

Chronic active hepatitis is associated with persistence  
of HBsAg more than 6 months, HBV DNA greater than 105 

copies/ml, and increased alanine transaminase (ALT) and 
aspartate transaminase (AST) levels. HBV carrier is associ-
ated with the presence of HBsAg and normal ALT/AST 
levels. Of the neonates who become chronic carriers, many 
will develop an “immune-tolerant” phase, represented by a 
normal ALT/AST despite high HBV DNA levels and persis-
tent HBeAg. The development of anti-HBs is rare but rep-
resents protective immunity. A vaccine and serum immuno-
globulin is available, and routine immunization is recom-
mended for all children.

Hepatitis C, caused by the single-stranded RNA hepa-
titis C virus (HCV), is transmitted vertically, parenterally, 
or sexually. The incubation period is 30 to 150 days, and 
there is a carrier state and chronic infection. Perinatal 
transmission rates are 5% and increase to 15% if the 
mother is coinfected with human immunodeficiency virus 
(HIV). Chronic infection will develop in 60% to 80% of 
exposed children. Diagnostic tests include anti-HCV anti-
bodies for children older than 18 months and a positive 
HCV RNA polymerase chain reaction (PCR) test at 3 and 
12 months of age.

Hepatitis D is caused by a defective RNA hepatitis D 
virus (HDV) that cannot replicate without a coexisting infec-
tion with hepatitis B. The incubation period is 20 to 90 days, 

and there is a carrier state and chronic infection. Coinfec-
tion with hepatitis D is more severe than hepatitis B alone 
and can progress more rapidly to liver failure and cirrhosis. 
The diagnostic test is anti-HDV antibody.

Hepatitis E, caused by the single-stranded RNA hepa-
titis E virus (HEV), is transmitted fecal-orally, and the in-
cubation period is 15 to 40 days. There is no carrier state 
or chronic infection. Infection can be very severe in preg-
nant women, with 20% mortality rate. The diagnostic test 
is anti-HEV antibody. The characteristics and terminology 
of associated antigens and antibodies for hepatitis viruses 
are reviewed in Table 1.

	A.	 In the patient’s history, ask about any fever, anorexia, 
malaise, vomiting, abdominal pain, jaundice, dark 
urine, bleeding, or clay-colored stools. Ask whether 
there has been travel outside the United States, blood 
product transfusions, or exposure to jaundiced indi-
viduals. Inquire as to whether other family members 
have a history of viral hepatitis, and if so, their treat-
ment and immunization history.

	B.	 In the physical examination, note any jaundice, hepato-
megaly, splenomegaly, or abdominal mass. Consider 
infectious mononucleosis (Epstein–Barr virus [EBV]) 
when exudative tonsillitis, lymphadenopathy, or sple-
nomegaly is present.

	C.	 Hepatitis is due to hepatocyte membrane disruption 
and is defined as two times the upper limit of normal of 
levels of the serum transaminases (ALT and AST). 
Other causes of infectious hepatitis (besides hepatitis 
A–E) include viral infections ([EBV], cytomegalo-
virus [CMV]), herpes simplex virus, influenza, varicella  
virus, adenovirus, echovirus, coxsackievirus, entero-
virus, parvovirus, rubella, arbovirus), bacterial infec-
tions (mycoplasma, brucellosis, tularemia, leptospirosis, 
syphilis, gonorrhea, chlamydia), and parasitic infections 
(cryptosporidium, malaria, amoeba). Screen for these 
infections based on history. The “monospot” test has  
a high false-negative rate in children younger than  
4 years and in early disease; therefore, it should not be 
used solely to diagnosis EBV infection.

Pediatric acute liver failure is defined as: (1) children 
with no known evidence of chronic liver disease,  
(2) biochemical evidence of acute liver injury, and  
(3) hepatic-based coagulopathy defined as an interna-
tional normalized ratio (INR) 1.5 not corrected by 
vitamin K in the presence of clinical hepatic encepha-
lopathy or an INR 2.0 regardless of the presence or 
absence of encephalopathy. Patients in liver failure should 
be transferred to a pediatric tertiary care center with con-
sultation from a pediatric gastroenterology specialist.

(Continued on page 590)
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Patient with INFECTIOUS HEPATITIS

Negative infectious work-up
If elevated LFTs,
     see p 234

Positive infectious work-up Liver failure

Consult Pediatric Gastroenterologist
Glucose infusion rate of 6–8 mg/kg/min
Treat coagulopathy with fresh frozen plasma
Treat hyperammonemia with lactulose, neomycin, or rifamixin

CBC, total/direct bilirubin, ALT, AST, GGT, alkaline
phosphatase, albumin, prothrombin time/INR, anti-HAV IgM,
HBsAg, Anti-HCV if >18 months old, HCV RNA PCR if
<18 months old, CMV IgM, EBV VCA IgM
(see Table 1 for abbreviations)

Consider:
  Anti-HEV IgM and other infectious work-up

A C

C

History

B Physical examination

(Cont’d on p 591) (Cont’d on p 591)

Table 1. The	Hepatitis	Viruses:	Characteristics	and	Terminology	of	Associated	Antigens	and	Antibodies

Serologic Markers of HAV
Anti-HAV IgM Antibody (IgM subclass) directed against HAV Indicates current or recent infection
Anti-HAV IgG Antibody (IgG subclass) directed against HAV Indicates previous HAV infection/vaccine

Protective immunity

Serologic Markers of HBV
HBsAg Hepatitis B surface antigen; found on the surface 

of the intact virus and in serum as free particles
Indicates infection with HBV

HBcAg Hepatitis B core antigen; found within the core of 
the intact virus

Detectable in liver tissue only

HBeAg Hepatitis B e antigen; soluble antigen produced 
during self-cleavage of HBcAg

Indicates active HBV infection

Signifies high infectivity
HBV DNA DNA of HBV Indicates active HBV replication
Anti-HBs IgG Antibody (IgG subclass) to HBsAg Indicates protective immunity from previous infection/vaccine
Anti-HBc IgM Antibody (IgM subclass) to HBcAg Indicates early infection
Anti-HBc IgG Antibody (IgG subclass) to HBcAg Indicates infection
Anti-HBe Antibody to HBeAg Indicates resolution of replication

Serologic Markers of HCV
Anti-HCV Antibody to HCV Indicates exposure to HCV; not protective
HCV RNA RNA (PCR) of HCV Indicates HCV infection

Serologic Markers of HDV
HDVAg Hepatitis D antigen Indicates HDV infection
Anti-HDV Antibody (IgM/IgG subclass) to HDV Indicates exposure to HDV
HDV RNA RNA of HDV Indicates HDV replication

Serologic Markers of HEV
HEVAg Antigen associated with HEV Stool test, indicates recent infection
HEV RNA RNA of HEV Indicates early HEV infection
Anti-HEV Antibody (IgM subclass) to HEV Indicates early exposure to HEV

Serologic Markers of EBV
Anti-EBV VCA IgM Antibody (IgM subclass) to VCA of EBV Indicates early infection
Anti-EBV VCA IgG Antibody (IgG subclass) to VCA of EBV Indicates past infection
Anti-EBNA IgG Antibody (IgG subclass) to EBV nuclear antigen Present after acute infection has cleared
Anti-EA IgG Antibody (IgG subclass) to EBV early antigen Indicates early infection

Serologic Markers of CMV
Anti-CMV IgM Antibody (IgM subclass) to CMV Indicates early infection
Anti-CMV IgG Antibody (IgG subclass) to CMV Indicates past infection

Modified from Hochman JA, Balistreri WF. Acute and chronic viral hepatitis. In: Suchy FJ, Sokol RJ, Balistreri WF, editors. Liver disease in children. Cambridge, 
NY: Cambridge University Press; 2007. p. 370.

CMV, cytomegalovirus; EA, early antigen; EBNA, EBV nuclear antigen; EBV, Ebstein–Barr Virus; HAV, hepatitis A virus; HBcAg, hepatitis B core antigen; HBeAg, 
hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HCV, hepatitis C virus; HDV, hepatitis D virus; HEV, hepatitis E virus; PCR, 
polymerase chain reaction; VCA, viral capsid antigen.
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	D.	In hepatitis A, only 30% of infants and preschool-age 
children exhibit symptoms, whereas older children will 
present with fever, abdominal pain, emesis, diarrhea, 
and jaundice. Hepatitis A is typically characterized by 
clinical improvement with the onset of jaundice and  
a normalization of bilirubin and transaminases within  
4 to 6 weeks. Slight increase of unconjugated bilirubin 
and serum transaminase levels may persist for up to  
2 months. Immunoglobulin should only be adminis-
tered to close contacts (e.g., household members) 
within 2 weeks of exposure. Offer the hepatitis A vac-
cine to all contacts.

	E.	 When an individual is exposed to a person with acute 
hepatitis B, treat with hepatitis B immunoglobulin  
within 2 weeks of exposure if not previously vaccinated 
and begin the vaccination series. Prevent perinatal 
transmission by giving newborns hepatitis B vaccine 
and 0.5 ml hepatitis B immunoglobulin at birth. 
Chronic hepatitis B rarely presents with clinical symp-
toms; however, once chronic disease is established, it is 
important to screen for hepatocellular carcinoma  
with an annual a-fetoprotein (AFP) serum level and 
a liver ultrasound every other year. The majority of 
children with perinatal acquisition of hepatitis B are  
asymptomatic with positive HBsAg and HBeAg and 
negative anti-HBs and anti-HBe. When signs of in-
flammation (ALT more than two times the upper 
limit of normal) persist beyond 6 months, referral to a 

pediatric gastroenterologist is indicated. Treatment of 
chronic hepatitis B with a-interferon or lamivudine is 
effective in only about 30% of patients. a-interferon 
is associated with adverse effects and lamivudine with 
the inevitable development of viral resistance. Approxi-
mately 0.6% of children will spontaneously clear their 
hepatitis B infection per year, so treatment is often 
reserved until children are older.

	F.	 Hepatitis C infection is usually asymptomatic in child-
hood, but infection can rarely progress to cirrhosis or 
develop into hepatocellular carcinoma. When chronic 
disease has been established, screen for hepatocellular 
carcinoma with yearly AFP levels and every other  
year liver ultrasounds. When signs of inflammation (ALT 
more than two times the upper limit of normal) persist 
beyond 6 months, referral to a pediatric gastroenterolo-
gist is indicated. Potential therapies for chronic hepatitis 
C include combination pegylated a-interferon and 
ribavirin.
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Patient with INFECTIOUS HEPATITIS

+ Anti-HAV IgM

Acute hepatitis A

Supportive care;
Prophylaxis for contact:
0.02 ml/kg (max .5 ml)
serum immune globulin

Consult:
  Pediatric
  Gastroenterologist

Anti-HBs, HBeAg, Anti-HBe

+ HBeAg
– Anti-HBe

– HBeAg
+ Anti-HBe

Normal ALT Abnormal ALT
>6 months

Normal ALT Abnormal ALT
>6 months

Liver biopsy
Consider treatment

Every 6 months:
  Liver function tests
Every year:
  α fetal protein
  Abdominal ultrasound (every other year)
  Anti-HBs

Every 6 months:
  Liver function tests
Every year:
  α fetal protein
  Abdominal ultrasound (every other year)
  HCV RNA PCR

Every 6 months:
  Liver function tests
Every year:
  α fetal protein
  Abdominal ultrasound (every other year)
  Anti-HBs, Anti-Hbe
  HBeAg, HBsAg

Chronic active hepatitis

Liver biopsy
Consider treatment

Chronic active hepatitisHBV carrier

Liver biopsy
Consider treatment

Abnormal ALT
>6 months

Normal ALT

+ Anti-HBs

Cleared infection
Protective immunity

Undetectable

Undetectable

Positive

Cleared infection

Repeat HCV RNA PCR
in 6 months

Acute infection

Supportive care

Consult:
  Pediatric
  Gastroenterologist

HCV RNA PCR

D + HBsAgE + Anti-HCV or
+ HCV RNA PCR

F+ Anti-HEV IgM
+ CMV IgM
+ EBV VCA IgM

(Cont’d from p 589) (Cont’d from p 589)
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Acute pancreatitis is inflammation of the pancreas with acti-
vation of pancreatic enzymes within the organ. This leads  
to tissue destruction. Patients classically present with pain 
(94%), vomiting (64%), and fever (33%). This is a relatively 
uncommon diagnosis in childhood and is often missed.  
Diagnosis is based on clinical symptoms, a three times  
increase in pancreatic enzymes, and radiologic evaluation. 
Causes of pancreatitis range from idiopathic (27%), sys-
temic disease (23%), biliary tract disease (21%), and trauma 
(16%). Causative factors include medications (sulfasalazine, 
azathioprine, and valproic acid), infections (viral), or sys-
temic disorder (cystic fibrosis, hemolytic uremic syndrome, 
diabetes mellitus, and Kawasaki disease).

	A.	 In the patient’s history, ask about acute abdominal 
pain in left upper quadrant (LUQ) that radiates  
to the back or right upper quadrant (RUQ) and is 
associated with nausea and vomiting. This may be 
with or without fever.

	B.	 In the physical examination, note abdominal distention 
with or without peritoneal signs, and ascites. There 
may be signs of an ileus with absent bowel sounds. 
Discoloration around the umbilicus or flank suggests 
pancreatic necrosis (Cullen sign). Note signs of respi-
ratory distress associated with pleural effusions or 
pneumonitis. Assess circulatory status and peripheral 
perfusion to identify intravascular volume loss second-
ary to third spacing. Note purpura or bleeding that 
suggests disseminated intravascular coagulation.

	C.	 Laboratory findings of pancreatitis include increases in 
serum amylase and lipase levels. Comprehensive meta-
bolic panel including liver function test results may be 
abnormal when choledocholithiasis or hepatitis is pres-
ent. Glucose may be increased and calcium decreased 
with severe disease. The white blood cell (WBC) count 
is often increased (10,000–25,000 K/ml).

	D.	 Assess degree of illness (Table 1). For mild degree of 
illness, observe the patient. Provide hydration and 
symptomatic treatment. Start with a clear or low-fat 
diet. For severe pain, patient should be hospitalized. 
For very severe illness that may include respiratory 
distress and shock, admit to the intensive care  
unit (ICU).

	E.	 Provide fluid resuscitation intravenously and correct 
electrolyte abnormalities. Control pain with narcot-
ics. Prevent stress ulcer with a proton pump inhibitor 
(1–3 mg/kg IV every 24 hours) or use an H2 receptor 
antagonist (ranitidine 1 mg/kg intravenously [IV] every 
8 hours).

	F.	 Consider evaluation with ultrasound or abdominal com-
puted tomography (CT) if increased liver function tests 
or physical examination findings of shock or peritonitis. 
In severe cases, treat with Octreotide (1–10 mg/kg/day 
IV divided every 12 hours). In severe cases, use naso-
gastric decompression.

	G.	 Follow up by re-evaluation over 24 to 72 hours. If 
improved with decreased amylase and lipase, consider 
feeds. If not improved clinically and with increased 
amylase and lipase, consider repeat ultrasound or CT 
and consider nasojejunal feeds or total parenteral  
nutrition.

Acute Pancreatitis
Henry R. Thompson, MD
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Table 1. Severity	of	Illness	in	Pancreatitis

Severe Very	Severe

Severe abdominal pain with 
nausea and vomiting

and
Increased serum amylase 

or lipase

Signs of shock
or
Disseminated intravascular coagulation
or
Severe respiratory distress/impending 

respiratory failure
or
Signs of pancreatic necrosis
or
Signs of peritonitis
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Patient with ACUTE PANCREATITIS

A CHistory Diagnostic labs
  CBC
  CMP
  Amylase
  Lipase

B

D

E

F

Physical examination

Assess degree of illness (Table 1)

Hospitalize

Treat:
  Fluid resuscitate/correct electrolyte abnormalities
  Pain control with narcotics
  Prevent stress ulcer with PPI (1–3 mg/kg IV q24 hours)
  or H2RA med (ranitidine 1 mg/kg IV q8 hours)

G Follow-up:
  Re-evaluate over 24–72 hrs

Improved
with decrease in
amylase/lipase

Not improved
clinically, and with increase
in amylase/lipase

Consider:
  US vs. CT, if elevated LFT’s or PE findings of shock/peritonitis
  Octreotide in severe cases (1–10 mcg/kg/24 ÷ q 12 iv)
  NG decompression in severe cases

Outpatient F/U

Consider feeds Consider repeat US or CT

Consider NJ feeds vs. TPN

Observe
Hydrate
Symptomatic Rx
Clears vs.
  low-fat diet

ICU admit

Mild Severe
(pain)

Very severe
(respiratory distress/
shock)





Hemolytic AnemiA

microcytic AnemiA

normocytic And mAcrocytic AnemiA

Bleeding disorders

Venous tHromBoemBolism

FeVer or Acute illness in A cHild  
witH sickle cell diseAse

tHromBocytopeniA

neutropeniA

Hematologic DisorDers
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Hemolytic Anemia
Julie D. Zimbelman, MD

	A.	 Hemolytic anemia is defined by a reduction in red 
blood cell survival. In the history, key presenting  
features to assess include headache, dizziness, syncope, 
fever, chills, abdominal pain and/or distention, back 
pain, tea-colored/cola-colored urine, jaundice (current 
or history of neonatal or recurrent jaundice, and his-
tory of gallstones. It is important to note the presence 
of any systemic symptoms such as arthritis, rash, mouth 
ulcers, thrombosis or thyroid disease (autoimmune), 
infection (Epstein–Barr virus, mycoplasma), or auto-
immune hemolytic anemia. The patient’s ethnicity may 
suggest thalassemia/hemoglobinopathy, G6PD (glucose 
6-phosphate dehydrogenase) deficiency, or sickle cell 
disease. Neonatal history of Rh/ABO disease and family 
history of jaundice, gallstones, splenectomy, or hemo-
lytic anemia is important to note.

	B.	 In the physical examination, assess vital signs and perfu-
sion. Growth parameters to include height and weight as 
growth retardation suggests longstanding anemia or dis-
eases associated with autoimmune hemolysis. Look for 
jaundice/pallor, splenomegaly (autoimmune hemolytic 
anemia, sickle cell disease, spherocytosis, or other red 
blood cell membrane abnormality), petechiae/bruising 
(associated thrombocytopenia, disseminated intravascu-
lar coagulation [DIC], hemolytic uremic syndrome, auto-
immune, malignancy), and presence of arthritis or rash 
(collagen vascular disease).

	C.	 Laboratory evaluation should include a complete blood 
cell count (CBC) and reticulocyte count. The reticulo-
cyte count is generally increased unless a patient has an 
aplastic crisis. A comprehensive metabolic panel and 
lactate dehydrogenase (LDH) should be performed to 
evaluate for hemolysis and hemolytic uremic syndrome 
(HUS). The indirect bilirubin, aspartate aminotrans-
ferase (AST) and LDH may be elevated in hemolysis. 
An elevated creatinine in addition is concerning for 
HUS. Any abnormal hemoglobin at birth from new-
born screen results should be noted.

	D.	 Obtain a Coombs test (direct, indirect, complement).
	E.	 Discern the thermal amplitude (warm vs. cold) and an-

tigen specificity of the antibody. The thermal amplitude 
is the temperature at which the antibody reacts maxi-
mally with the antigen on the red cell. It is warm react-
ing if that temperature is 37° C and cold reacting if that 
temperature is less. Consider a Donath–Landsteiner 
antibody. Obtain a partial thromboplastin time (PTT) 
and antinuclear antibody (ANA) if autoimmune to eval-
uate for other antibodies. Evaluate for infection if symp-
toms are suggestive (Epstein–Barr virus, mycoplasma).  
Review the peripheral blood smear. Haptoglobin is usu-
ally low in hemolytic anemia, is unreliable in newborns, 
and is an acute phase reactant so may be falsely elevated. 
A urinalysis is helpful to assess for evidence for increased 

urobilinogen (extravascular hemolysis) and hemoglobin-
uria (intravascular hemolysis).

	F.	 Morphology with elliptocytes/spherocytes can occur as 
a result of nonhereditary causes, so it is difficult to 
state with certainty in acute hemolytic crisis whether 
the spherocytes are a cause or an effect of hemolytic 
disease. A review of the parental blood smears may 
be helpful. Hereditary spherocytosis and elliptocyto-
sis are usually autosomal dominant.

	G.	 Target cells may be seen in liver disease and hemoglo-
binopathy. A sickly solubility test (e.g., sickle prepara-
tion) confirms the presence of sickle hemoglobin, but 
the result is negative in infants with sickle disease ow-
ing to high levels of fetal hemoglobin. Older children 
with sickle cell trait have a positive sickle solubility test 
result but do not have hemolysis, anemia, or an abnor-
mal blood smear. Obtain a hemoglobin electrophoresis 
to investigate the possibility of a hemoglobinopathy. 

	H.	 Red cell fragmentation with helmet cells is suggestive 
of microangiopathic hemolytic process such as dissemi-
nated intravascular coagulation (DIC) or HUS.

	 I.	 Red cell morphology may not suggest a specific diagno-
sis. G6PD and pyruvate kinase deficiencies are the 
most common inherited defects of red cell metabo-
lism. Unstable hemoglobins usually show autosomal 
dominance inheritance because heterozygotes are af-
fected. Oxidant-mediated hemolysis may be induced 
by infection or oxidant medications in patients with 
G6PD deficiency or with some unstable hemoglobin-
opathies; in such cases, there may be blister cells or 
bite cells on the peripheral blood smear, and a Heinz 
body preparation may be positive. Consideration of 
other causative factors includes other red cell enzyme 
assays, and flow cytometry for paroxysmal nocturnal 
hemoglobinuria (PNH).

Treatment considerations include supportive care 
and transfusion if necessary. If autoimmune, may be 
unable to find in vitro cross-match compatible blood. 
Donor erythrocytes with the least agglutination with 
patient’s sample should be transfused and red cells 
should be washed before transfusion. Consider warm-
ing the blood with appropriate blood bank protocols in 
cold autoimmune hemolytic anemia. (Do not warm the 
blood in an uncontrolled fashion.) In vivo cross match 
with transfusion of small volume of blood and con-
comitant use of high-dose corticosteroids. Consider 
steroids in autoimmune disease and try to control the 
underlying diagnosis (e.g., autoimmune disease, infec-
tion). Close monitoring is indicated (laboratory tests, 
physical examination). In autoimmune hemolytic ane-
mia, may need a hemoglobin evaluation every 4 hours. 
Consider folic acid administration and consultation 
with a hematologist.
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Patient with HEMOLYTIC ANEMIA

CBC, MCV, reticulocyte count
Document results of neonatal
screening for hemoglobinopathies

Identify:
  Microcytosis

A History

D

E

Coombs test (direct, indirect, complement)

Negative

Assess red cell
morphology on smear

Positive

Immune hemolysis

Consult:
  Hematologist
  (hematologic
  emergency)

Consider:
  Hospitalization

Coombs specificity
Consider:
  Type and cross match
  Platelet count
  PTT
  ANA
  Haptoglobin

F Consider:
  Family studies
  Osmotic fragility
  Hematology consultation

Identify:
  Hereditary spherocytosis
  Hereditary elliptocytosis
  Hypersplenism
  Coombs-negative
    autoimmune hemolysis

Identify:
  DIC
  HUS
  Cardiac prosthesis

Identify:
  Red cell enzyme deficiency
    G6PD
    Pyruvate kinase
  Unstable hemoglobin
  Coombs-negative
    autoimmune hemolysis

Identify:
  Sickle cell anemia (p 608)
  Sickle-hemoglobin
  C disease
  Sickle β-thalassemia
  Homozygous
    hemoglobin C

H Consider:
  Platelet count
  Coagulation screen
  Urinalysis, BUN, creat
  Cultures, antibiotics

G Hemoglobin
electrophoresis

I Consult:
  Hematologist
Consider:
  Family studies
  Heinz body preparation
  Red cell enzyme studies
  Isopropanol precipitation
    test

Spherocytes or
elliptocytes

Targets and/or
sickle cells

Red cell fragmentation Normal, nonspecific,
or other abnormalities

B Physical examination

C
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Microcytic Anemia
Julie D. Zimbelman, MD

	A.	 The differential diagnosis of microcytic anemia includes 
iron deficiency, a- or b-thalassemia, hemoglobinopathy, 
lead poisoning, chronic inflammation, copper deficiency, 
and atransferrinemia. Presenting features to assess in-
clude bleeding, pallor, jaundice, and symptoms of chronic 
disease/inflammation (fever, pain). History should in-
clude a dietary history for symptoms of pica, ethnicity 
(thalassemia, hemoglobinopathy), history of jaundice or 
splenomegaly, and family history of jaundice. Age of  
patient is important because iron deficiency is common 
in children 6 to 36 months old and in adolescent girls 
who are menstruating and have suboptimal diets. Growth  
history and lead exposure are important.

	B.	 Physical examination includes vital signs, cardiovascular 
status (syncope, shortness of breath, decrease in exer-
cise tolerance), growth (delayed growth with chronic 
disease), jaundice, splenomegaly, frontal bossing (thal-
assemia), and signs of systemic disease (infection, col-
lagen vascular disease, malignancy).

	C.	 Laboratory evaluation should include complete blood 
cell count (CBC) and reticulocyte count (note normal 
values for age). Pay attention to erythrocyte indices  
because erythrocyte count is usually increased in thalas-
semia, though this is not a reliable parameter in children 
up to 48 months old, and the mean cell volume (MCV)/
red blood cell (RBC) ratio less than 13 favors thalasse-
mia. The RBC distribution width (RDW) is generally 
increased in iron deficiency but not with thalassemia 
trait. Note normal values vary with age. Review periph-
eral blood smear.

	D.	 Treatment for iron deficiency consists of elemental 
iron 4 to 6 mg/kg/24 hours divided two to three times 
daily. Elemental iron is best absorbed with vitamin C.  
Response to treatment should be verified within 1 to  
2 weeks after initiation of iron. Limit cow’s milk to  
24 ounces per day or less.

	E.	 In moderately severe microcytic anemia, the diagnosis 
of iron deficiency should only be made with a history of 
an iron poor diet (ages 6 to 36 months) or explained 
blood loss without a history and physical exam suggest-
ing another cause.

	F.	 In severe microcytic anemia consult hematology. Con-
sider hospitalization.

	G.	 A reticulocytosis should be seen within several days of 
initiating iron therapy, and the hemoglobin should begin 
to increase within the first week. If this is not the case, 

consider ongoing iron loss, poor compliance, or other 
contributing cause for the anemia. Depending on age, 
consider further evaluation for iron deficiency. Consider 
a hematology consult if not readily corrected or if thalas-
semia or hemoglobinopathy is identified. Correction of 
underlying disease in chronic inflammation is helpful in 
correcting anemia.

	H.	 The peripheral smear may reflect hypochromia (iron 
deficiency), target cells (thalassemia), or basophilic stip-
pling (unstable hemoglobin, thalassemia, lead poison-
ing). Additional studies include free erythrocyte porphy-
rin (FEP), ferritin, total iron binding capacity (TIBC), 
serum iron, and lead level. The serum ferritin is typically 
low in iron deficiency (low serum iron) but high in ane-
mia of chronic inflammation (low serum iron). The se-
rum ferritin may be falsely normal or elevated in acute 
illness. TIBC is usually elevated in iron deficiency and 
normal or low in anemia of chronic inflammation. Quan-
titative hemoglobin electrophoresis shows an elevated 
A2 or F (fetal) in b-thalassemia, a hemoglobin S greater 
than hemoglobin A in sickle b-thalassemia and hemo-
globin C or E in hemoglobin C or E disorders. It is usu-
ally normal in a-thalassemia trait except in the newborn 
when Bart’s hemoglobin is present.

	 I.	 Lead poisoning has been associated with microcytic ane-
mia but most of the anemia associated with lead poison-
ing is due to coexistent iron deficiency. It is important to 
evaluate for lead poisoning.

	J.	 Iron therapy should be continued until iron stores are 
replenished. The possibility of blood loss should be thor-
oughly investigated when iron deficiency occurs in chil-
dren older than 3 years or in younger children with ad-
equate dietary iron.
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Reticulocyte count

Patient with MICROCYTIC ANEMIA

History

Physical
examination

A CBC, indices, reticulocyte count
Document results of neonatal
screening for hemoglobinopathiesB

Assess degree of anemia

G

Identify:
β-Thalassemia minor
α-Thalassemia minor
Hemoglobin H disease or
hemoglobin H–constant
spring (�-thalassemia)
Sickle β-thalassemia
Chronic disease
Homozygous hemoglobin C
Homozygous hemoglobin E or
hemoglobin E �-thalassemia)
Hereditary pyropoikilocytosis
Lead poisoning
Thyroid disease
Consult hematology

C

Moderate
(hemoglobin 8–10 g/dL)

Severe
(hemoglobin �8 g/dL)

E History and physical
compatible with
iron deficiency

No Yes

Mild
(hemoglobin �10 g/dL)

D Treat:
Trial of oral iron
Dietary counseling

Examine smear
Consider:

Ferritin/serum iron/total iron-binding capacity
Family studies
Hemoglobin electrophoresis with quantitation
of hemoglobins A2 and F
Lead level

H

Follow-up:
Repeat CBC
in 1 mo

Improved Not improved

Iron deficiency

Treat:
Trial of oral iron
Dietary counseling

Follow-up:
Repeat reticulocyte
count in 1 wk

ResponseNo response

I

J

Treat:
Continue oral iron for 3–6 mo
Dietary counseling (age �36 mo)
Investigate blood loss (age �36 mo)

Consult:
Hematologist

Serum ferritin/iron/
total iron-binding capacity
Hemoglobin electrophoresis
with quantitation of hemoglobins
A2 and F
Lead level
Consider:

Family studies

F

Identify:
Iron deficiency (severe)
β-Thalassemia
intermedia or major
Sickle β-thalassemia
Hemoglobin E β-thalassemia
Hemoglobin H disease or
hemoglobin H–constant spring
(α-thalassemia)
Lead poisoning

Consider:
Hospitalization

Treat:
Consider:

Transfusion
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Normocytic and Macrocytic 
Anemia

Julie D. Zimbelman, MD

	A.	 Key presenting features of normocytic and macrocytic 
anemia to assess include presence of fatigue, pallor, 
and jaundice (hemolysis). Fever that is persistent or 
recurrent may indicate infection, malignancy, or colla-
gen vascular disease. Note pain (juvenile rheumatoid 
arthritis, leukemia, or other malignancy), diarrhea 
(malabsorption, hemolytic uremic syndrome), bleeding 
(acute blood loss, low platelets), and bruising (low 
platelets). A medication history is important because 
some medications can cause anemia (i.e., antimetabo-
lites, anticonvulsants). The dietary history may suggest 
vitamin B12 or folate deficiency. Obtain a family history 
for history of anemia, jaundice, splenomegaly, or gall-
stones. The patient’s growth history or short stature 
should be documented (hypothyroidism, chronic ane-
mia, Fanconi, Diamond–Blackfan). Microcephaly or 
congenital anomalies may indicate Fanconi anemia. 
Systemic abnormalities suggestive of chronic disease 
include hypertension, edema, petechiae/bruising, jaun-
dice, lymphadenopathy, joint heat or swelling, and 
splenomegaly.

	B.	 Physical examination components include vital signs, 
perfusion, and growth history to include height, weight, 
and head circumference. Dysmorphism may indicate 
Down syndrome (macrocytosis) or Fanconi anemia 
(macrocytosis). Skin jaundice (liver disease, hemoly-
sis), bruising/petechiae (leukemia, hemolytic uremic 
syndrome, aplastic anemia), lymphadenopathy (juve-
nile rheumatoid arthritis, leukemia/lymphoma), joint 
heat or swelling (juvenile rheumatoid arthritis), spleno-
megaly (leukemia/lymphoma, hereditary spherocytosis 
or other red blood cell membrane defect, liver disease, 
hypersplenism, sickle syndromes), and evidence for 
infection (fever/pain) should be assessed.

	C.	 Laboratory evaluation should include complete blood cell 
count (CBC) and reticulocyte count (red blood cell indi-
ces; note normal red blood cell indices for age). In mac-
rocytic anemia, additional studies include vitamin B12 
level, folate level, consideration of B12 absorption studies, 
consideration of bone marrow evaluation (myelodyspla-
sia, Blackfan–Diamond anemia). Consider evaluation 
for Fanconi anemia (chromosomal fragility studies) and 
hemoglobin electrophoresis. Normocytic anemia should 
include a comprehensive metabolic panel (liver disease, 
renal disease, other [e.g., hypoalbuminemia in primary 
gastrointestinal diseases]), consideration of bone marrow 
evaluation (malignancy, sideroblastic anemia, dyseryth-
ropoietic anemia) and other studies related to symptoms 
such collagen vascular disease studies (antinuclear  
antibody [ANA], complement), infectious evaluation 
(serologies [e.g., human immunodeficiency virus]), 

imaging (pneumonia, deep abscess, osteomyelitis), thyroid 
studies, tissue biopsy of abnormality (e.g., lymph node), 
and suspected hemolytic anemia (see Hemolytic Anemia 
chapter, p. 596).

	D.	 The reticulocyte count helps differentiate anemias 
caused by increased peripheral red blood cell destruc-
tion from those caused by underproduction. A low or 
“normal” reticulocyte count in the face of significant 
anemia is inappropriate and suggests bone marrow 
failure. However, a low reticulocyte count does not 
exclude hemolysis; hemolytic anemias sometimes 
present with aplastic crisis.

	E.	 Review of the peripheral blood smear is important and 
helpful. Red cell morphology may show anisocytosis or 
poikilocytosis, tear drops, polychromasia (hemolysis, 
recent blood loss or recovery from marrow suppres-
sion). Hypersegmented neutrophils are associated  
with megaloblastic anemia. Sickle forms, red cell  
fragmentation (disseminated intravascular coagulation, 
hemolytic uremic syndrome) or spherocytes (heredi-
tary spherocytosis, autoimmune hemolytic anemia) 
suggest hemolysis.

	F.	 Attention to other cytopenias, including platelet and 
neutrophil counts is important. If neutropenia or a 
decreased platelet count is also present, consider 
malignancy, dysplasia or aplasia.

	G.	 Consult hematology prior to performing a marrow 
evaluation to ensure all necessary studies are included 
(flow cytometry, cytogenetics).

	H.	 Pure red blood cell aplasia of unknown origin often 
requires a bone marrow examination. However, if the 
history, physical examination, and laboratory results are 
all consistent with transient erythroblastopenia of 
childhood (TEC), then bone marrow examination may 
be deferred and the child observed closely with at least 
weekly examinations and complete blood counts.
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Patient with NORMOCYTIC OR MACROCYTIC ANEMIA

CBC, MCV
Document results of neonatal screening
for hemoglobinopathies

A History

D Reticulocyte count

Low or normal

Smear

High

B

E

Neutrophil count
Platelet count

Low Normal or high

F

Consult:
  Hematologist/oncologist
Consider:
  Bone marrow examination

Identify:
  Malignancy
    Leukemia
    Neuroblastoma
  Aplastic anemia
    Fanconi anemia
    Acquired
  Megaloblastic anemia
  Medication toxicity
    Anticonvulsants
    Antimetabolites
  Infection
  Myelodysplasia

Urinalysis, creatinine
Consider:
  Sedimentation rate, thyroid
  function tests, liver
  function tests, red cell folate
  and serum B12 levels

Normal

Consult:
  Hematologist
Consider:
  Bone marrow examination

Identify:
  Diamond-Blackfan anemia
  Transient erythroblastopenia
    of childhood
  Malignancy
  Toxins
  Medication toxicity
    Anticonvulsants
    Antimetabolites
  Sideroblastic anemia
  Myelodysplasia

             Abnormal
Identify:
  Renal disease
  Chronic disease/
    inflammation
  Hypothyroidism
  Hepatic disease
  Malabsorption
  Malnutrition
  Megaloblastic anemia
    (folate or B12 deficiency)

Consider:
  Consult hematologist

G

H

Smear

Hemolysis Hemolysis unlikely

Investigate blood loss

No evidence
of blood loss

Consult:
  Hematologist

Identify and treat
cause of hemorrhage
Consider:
  Iron supplementation

Identify:
  Hemolysis
  Transient
    erythroblastopenia
    with recovering
    marrow

Blood loss
present

No hemolysis

E

Physical examination

C
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Bleeding Disorders
Mindy L. Grunzke, MD, and Neil A. Goldenberg, MD, PhD

Bleeding of recent onset in an ill child is often an acquired 
phenomenon, caused by, for example, platelet inhibition 
by medicines or consumption coagulopathy (e.g., dissemi-
nated intravascular coagulation [DIC]) in severe infection. 
However, recurrent bleeding in an otherwise healthy child 
who takes no medications or herbal preparations is  
concerning for a congenital bleeding disorder. Congenital 
bleeding disorders range from relatively common (e.g., 
von Willebrand disease [vWD]: estimated prevalence of 
1% in the United States), to less common (e.g., hemophilia 
A: incidence of 1 in 5000 male births per year), to very rare 
(factor XIII deficiency: estimated prevalence of 1 in  
2 million). Although severe congenital disorders are rela-
tively infrequent in the population, their prompt diagnosis 
can avoid catastrophic consequences.

	A.	 History: A detailed history is essential for a bleeding 
evaluation. A thorough bleeding history defines the 
level of clinical suspicion for bleeding disorder, which, 
in turn, influences the type and extent of diagnostic 
laboratory evaluation. History should note sex, age at 
onset, clinical presentation, all medications (especially 
platelet inhibitors and warfarin), past/present medical 
diagnoses (with particular attention to hepatic syn-
thetic dysfunction, renal insufficiency, malabsorption, 
or connective tissue disorders as possible causes of, or 
contributors to, bleeding manifestations), family medi-
cal history (with emphasis on bleeding histories), and  
a complete review of symptoms. Pertinent details on 
clinical presentation and personal history of bleeding 
include mode of onset (spontaneous vs. trauma in-
duced), location/distribution, duration, and response  
to intervention. Specific questioning should be under-
taken regarding prior hemostatic challenges, including 
fractures, other traumatic injuries, surgeries, other in-
vasive procedures (e.g., circumcision in male patients), 
and dental extractions. Mucosal bleeding (epistaxis, 
gum bleeding, menorrhagia) and easy bruising may 
indicate a disorder of primary hemostasis (including 
vWD, thrombocytopenia, and platelet dysfunction). 
Bleeding into soft tissues (e.g., muscle) or joints is sug-
gestive of a secondary hemostatic defect (i.e., coagula-
tion factor deficiencies, such as hemophilia A or B or 
deficiency/dysfunction of fibrinogen). Hemorrhagic 
stroke at birth in a term infant or delayed/protracted 
bleeding from the umbilical stump may be presenta-
tions of factor XIII deficiency or a primary defect in 
fibrinolysis. Mild bleeding disorders may be present in 
the absence of substantial bleeding history, particularly 
among children for whom there has been no history of 
surgery or trauma. By contrast, spontaneous bleeding 
that requires medical attention is highly suspicious for 
a severe underlying bleeding disorder.

	B.	 Physical Examination: A complete physical examina-
tion evaluates for signs of systemic disorders (e.g., 
lymphadenopathy, hepatosplenomegaly, rash). Exami-
nation should note the presence, location, and charac-
teristics of any ecchymoses or petechiae. Areas of  
ecchymoses, in particular, should be palpated for evi-
dence of hematoma. Joints should be examined for any 
tenderness, swelling, or limitation in range of motion 
that may indicate hemarthrosis. Although these posi-
tive findings are helpful, a normal examination at the 
time of evaluation does not rule out an underlying 
bleeding disorder.

	C.	 Diagnostic Evaluation: Always consider nonaccidental 
trauma. Radiologic imaging may be warranted in areas 
of bony tenderness/deformity or extensive ecchymosis/
hematoma (particularly in the head, neck, and thorax).

Properly obtained laboratory blood samples are  
important in determining the causes of bleeding. Sam-
ples for coagulation testing should ideally be drawn  
via clean peripheral venipuncture to avoid spurious 
results.

First-stage diagnostic testing includes a complete 
blood cell count (CBC), review of the peripheral blood 
smear, prothrombin time (PT), activated partial throm-
boplastin time (aPTT), fibrinogen “level” (i.e., clotting 
activity), and thrombin time (TT). If the history includes 
mucocutaneous bleeding, first-stage testing should also 
include platelet function assessment by Platelet Function 
Analyzer-100 (PFA-100) or standardized bleeding time. 
The CBC assesses platelet number and may suggest iron-
deficiency anemia in the setting of chronic/significant 
blood loss. Pancytopenia may indicate underlying malig-
nancy or bone marrow failure. The PT interrogates  
the extrinsic and common pathways of the coagulation 
cascade (including tissue factor and factors VII, X, V, II, 
and fibrinogen) and is sensitive to vitamin K deficiency 
(therefore warfarin therapy) and high concentrations  
of heparin. The aPTT tests the intrinsic and common 
coagulation pathways (including factors XI, IX, VIII, X, V, 
II, and fibrinogen). The aPTT is quite sensitive to hepa-
rin, as well as to lupus anticoagulant antibodies (which 
are not infrequent among children with recent infection/
inflammatory illness, and also are common in children 
with thrombosis). In addition, the aPTT detects high-
molecular-weight kininogen, prekallikrein, and factor 
XII, which comprise the “contact” factor pathway, 
wherein deficiencies do not cause a bleeding diathesis. 
The TT is sensitive to dysfunctional fibrinogen (also to 
heparin and to the effects of fibrin split products) and 
supports the fibrinogen clotting assay in the assessment 
of fibrinogen. The PFA-100 is sensitive to aspirin and 
other cyclo-oxygenase-1 inhibitors (e.g., nonsteroidal 
anti-inflammatory agents such as ibuprofen), as well  
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as to some congenital platelet function disorders (e.g., 
Glanzmann thrombasthenia); however, it does not reli-
ably evaluate platelet function in the setting of anemia or 
thrombocytopenia. It is prolonged in many patients with 

vWD and has largely replaced the bleeding time in most 
clinical settings. The bleeding time is sensitive to both 
primary and secondary hemostatic defects, and may also 
be prolonged in connective tissue disorders.

BLEEDING ALGORITHM

1st stage lab evaluation
CBC, peripheral blood smear, PT, aPTT,
fibrinogen, TT, PFA-100 (or bleeding time)

A History

B Physical examination

C

(Cont’d on p 605)
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	D.	 Disorders of primary hemostasis typically include muco-
cutaneous bleeding. In patients with mucocutaneous 
bleeding, platelet number, morphology, and function are 
particularly important to assess. Investigate thrombocyto-
penia if present. Thrombocytopenia with large platelets 
may indicate immune-mediated causes (e.g., idiopathic 
thrombocytopenic purpura [ITP]) or rare congenital mac-
rothrombocytopenias (e.g., Bernard–Soulier syndrome). 
Acute leukemia, bone marrow failure, and drug-related 
thrombocytopenia are typically associated with normal-
sized platelets. Small platelets are seen in Wiskott–Aldrich 
syndrome. Absence of a granules in gray platelet syn-
drome results in a ghost-like or gray appearance of plate-
lets on Romanowsky stain of the peripheral blood smear. 
Platelet function was classically assessed with the bleeding 
time; PFA-100 is often used now instead. Nevertheless, 
platelet aggregation studies remain the gold standard in 
assessing platelet function defects, despite technical limi-
tations and suboptimal reproducibility. Platelet aggrega-
tion testing is particularly useful for further evaluation of 
mucocutaneous bleeding when first-stage testing is nor-
mal or when the PFA-100 collagen/ADP (adenosine di-
phosphate) closure time is prolonged but testing for vWD 
is normal. vWD is among the most common of inherited 
bleeding disorders; evaluation includes von Willebrand 
factor (vWF) antigen, vWF activity (both by Ristocetin 
cofactor assay and collagen binding assay), and factor VIII 
activity (in addition to first-stage tests). Confirmatory test-
ing for vWD involves repeat testing on a separate veni-
puncture specimen, with the addition of vWF multimeric 
assay.

	E.	 Disorders of secondary hemostasis typically include 
joint/soft-tissue bleeding. In patients with joint or  
soft-tissue bleeding, the PT, aPTT, fibrinogen, and TT 
are particularly important to assess. Consider the pos-
sibilities of absent/low fibrinogen (afibrinogenemia/
hypofibrinogenemia) and heparin contamination when 
PT, aPTT, and TT are all prolonged. Dual PT and 
aPTT prolongation with a normal TT may suggest a 
deficiency of factors V, X, or prothrombin; vitamin K 
deficiency (supported by low activities of factors II 
(prothrombin), VII, IX, and X that correct after vita-
min K supplementation); or hepatic synthetic dysfunc-
tion (supported by low albumin levels and biochemical 
indices of hepatic injury). If the PT or aPTT is pro-
longed, assess for factor deficiencies, specific factor 
inhibitors, and lupus-type inhibitors (i.e., lupus anti-
coagulants) by mixing study (1:1 ratio of patient plasma/
pooled normal plasma); normalization of the PT or 
aPTT suggests a factor deficiency, whereas noncorrec-
tion suggests the presence of an inhibitor. An inhibitor 
is also suggested by increase in factor activity with se-
rial dilution of plasma. Perform the individual factor 
assays as indicated to confirm the diagnosis of specific 
factor deficiencies/inhibitors. If the PT, aPTT, and TT 
are all normal, consider more rare diagnoses including 
disorders of fibrinolysis, factor XIII deficiency, or vas-
cular injury.

	F.	 When PT, aPTT, and TT are all prolonged in the presence 
of thrombocytopenia, consider DIC.

	G.	 Other causes of bleeding also need to be considered. 
The euglobulin lysis time (ELT) evaluates clot lysis and 
is sensitive to disorders such as plasminogen activator 
inhibitor-1 (PAI-1) deficiency, in which traumatic bleed-
ing results from excessive fibrinolysis. Factor XIII urea 
clot solubility assay evaluates for impaired fibrin cross-
linking caused by factor XIII deficiency, which is not 
detected by the PT or aPTT. Vasculitis and vascular 
anomalies may also cause bleeding, often in association 
with thrombocytopenia or consumption coagulopathy; 
however, bleeding may have a uniquely anatomic cause. 
Connective tissue diseases, particularly collagen de-
fects, often have normal coagulation testing and may 
occasionally have physical findings (e.g., joint hyperex-
tensibility in Ehlers–Danlos syndrome).

Treatment: Treatment strategies depend on diag-
nosis. Consultation with pediatric hematology is war-
ranted. Therapeutic approach should also address any 
comorbid conditions that may contribute to the bleed-
ing symptoms and limit any medications that impair 
platelet function.

For disorders of primary hemostasis caused by  
defective platelet function, platelet transfusion is the 
mainstay of therapy for clinically significant hemorrhage. 
1-Deamino-8-d-arginine vasopressin (DDAVP) may be 
effective in select circumstances. e-Aminocaproic acid 
(EACA) is often effective as an adjunctive therapy or  
in the setting of minor bleeding episodes. For vWD, 
depending on the type and severity of the defect (and  
of the bleeding episode, in type 1 vWD), agents may  
include DDAVP, EACA, or highly purified, viral- 
inactivated, plasma-derived concentrate of factor VIII/
vWF complex. Oral contraceptive pills may be useful for 
menorrhagia.

With regard to secondary hemostatic defects, single-
factor replacement is available as either recombinant  
or highly purified, viral-inactivated, plasma-derived con-
centrates of factor VIII or IX for hemophilia A and B, 
respectively. The presence of a high-titer factor VIII– 
inhibitory antibody in hemophilia A requires treatment 
with a bypassing agent such as recombinant activated fac-
tor VII or a prothrombin complex concentrate for the 
management of acute bleeding episodes. Recombinant 
activated factor VII is also used for factor VII deficiency. 
In afibrinogenemia/hypofibrinogenemia, fibrinogen con-
centrate is preferred; alternatively, cryoprecipitate is indi-
cated. Fresh frozen plasma (FFP) is used for factor XI 
and plasminogen deficiencies. In DIC, treatment is  
focused on the underlying condition, and supportive care 
includes replacement of consumed coagulation compo-
nents via platelet transfusions, FFP, and cryoprecipitate, 
as needed for bleeding. Heparin is sometimes also used 
to attenuate coagulation activation in DIC. Bleeding 
caused by antibody-mediated inhibition of specific coagu-
lation factors is rare in children; corticosteroids may be 
useful in this scenario.

Bleeding in factor XIII deficiency is managed with 
cryoprecipitate. Defects of excessive fibrinolytic func-
tion may be treated with antifibrinolytic agents, such as 
EACA or tranexamic acid.
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BLEEDING ALGORITHM

D Suspect primary hemostatic defect:
  Low platelet count, abnormal platelet
  function, or suggestive clinical history
  (mucocutaneous bleeding)
• Consider sample/test artifact if low
  index of suspicion

1. Thrombocytopenia
    • Consider ITP, TTP, HUS, type 2 VWD,
      congenital thrombocytopenias
    • Treatment options:
      – ITP: steroids, IVIG, WinRho
      – TTP: plasma exchange
      – Type 2 VWD: vWF/factor VIII
         complex concentrate
      – Congenital: platelet transfusions,
         EACA
2. Platelet dysfunction
    • Platelet aggregometry
    • Treatment options:
      – DDAVP, EACA, VWF/factor VIII
         complex concentrate
3. VWD
    • VWF antigen, VWF activity, factor VIII,
      PFA-100, VWF multimers
    • Treatment options:
       – VWF/factor VIII complex concentrate,
          DDAVP, EACA

1. Isolated prolonged PT
    • Factor VII activity assay – factor VII deficiency
      or vitamin K deficiency
    • Liver enzymes, albumin – possible early hepatic
      synthetic dysfunction
    • Treatment options:
      – Factor VIIa, vitamin K
2. Isolated prolonged aPTT
    • Factor VIII, IX, XI activity assays – factor
      deficiencies (if normal, consider factor XII
      deficiency as a common cause of prolonged
      aPTT without bleeding consequences)
    • Treatment options:
      – Factor VIII or IX deficiency: factor VIII or IX
         concentrates
      – Factor XI deficiency: FFP
3. Dual prolongation of PT and aPTT
    • Factor X, V, II activity assays – factor deficiencies
      or vitamin K deficiency (II, VII, IX, X are Vit K
      dependent)
    • Liver enzymes, albumin – possible hepatic
      synthetic dysfunction
    • Treatment options:
      – Factor X, V, or II deficiency: FFP
      – Vitamin K deficiency: Vitamin K
4. Low fibrinogen clotting activity or prolonged TT –
    a/hypofibrinogenemia or dysfibrinogenemia
    • Treatment: Fibrinogen concentrate
      (else, cryoprecipitate)
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E Suspect secondary hemostatic defect:
  Abnormal PT, aPTT, fibrinogen, TT,
  or suggestive clinical history
  (joint/soft tissue bleeding)
• Consider sample/test artifact if low
  index of suspicion
• Mixing studies to evaluate for factor
  deficiency vs. inhibitor

Suspect DIC:
  Abnormal PT, aPTT,
  and low platelet count

• Treatment options:
    – Treatment of underlying
       cause
    – Blood product support

EACA = ε-aminocaproic acid

HMWK = high molecular
weight kininogen

PAI-1 = plasminogen
activator inhibitor-1

If all tests are normal, but high index of suspicion for bleeding disorder:
• Clot solubility in urea – Factor XIII deficiency
    – Treatment: Cryoprecipitate
• Euglobulin lysis time (ELT) – hyperfibrinolytic disorder (e.g., PAI-1 deficiency)
    – Treatment options: EACA, tranexamic acid
• Bleeding time
• Consider anatomic causes (e.g., vascular abnormalities, connective tissue disorders)

(Cont’d from p 603)
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Venous Thromboembolism
Mindy L. Grunzke, MD, and Neil A. Goldenberg, MD, PhD

The incidence rate of venous thromboembolism (VTE) in 
children is bimodal, with peak rates in the neonatal period 
and adolescence. The overall incidence rate of VTE is 0.49 
per 10,000 per year in the United States. Remember the 
Virchow triad (venous stasis, endothelial damage, and hy-
percoagulable state) when considering the pathogenesis of 
VTE. In children, more than 90% of VTEs are associated 
with an identified clinical triggering event or condition 
(compared with 60% in adults). Furthermore, more than 
50% of deep vein thromboses (DVTs) in children and 
more than 80% in neonates occur in association with  
indwelling central venous catheters.

	A.	 History: Determine the onset and location of symptoms, 
surrounding events (trauma), associated risk factors,  
and detailed family history of thrombophilia traits, early-
onset (i.e., before age 55 years) VTE, stroke, or myocar-
dial infarction, or recurrent fetal loss. Clinical risk fac-
tors for VTE include central venous access, trauma, 
surgery, immobilization, pregnancy, exogenous estrogen 
(oral contraceptives), infection, malignancy, or other 
systemic disorders such as collagen vascular disease,  
renal disease, or inflammatory bowel disease. Symptoms 
may include painful limb swelling (extremity DVTs), 
sudden-onset shortness of breath or pleuritic chest pain 
(pulmonary embolism [PE]), severe, persistent head-
ache, or blurred vision (cerebral sinovenous thrombosis 
[CSVT]), among others.

	B.	 Physical Examination: Signs are often subtle in children. 
Examine limbs for tenderness, swelling, discoloration, 
palpable cord in popliteal fossa, Homans’ sign (calf pain 
on forced ankle dorsiflexion, which may indicate DVT; 
however, this sign is neither sensitive nor specific), and 
signs of chronic venous insufficiency such as edema,  
dilated superficial collateral veins, venous stasis derma-
titis, or skin ulceration. Upper extremity or neck throm-
boses may also cause neck/facial swelling and/or bilateral 
periorbital edema, particularly when the superior vena 
cava is occluded (superior vena cava syndrome). Tachy-
pnea, hypoxia, a loud second heart sound, and/or signs 
of right-heart failure (hepatomegaly, peripheral edema) 
may be found in PE, particularly with proximal or exten-
sive involvement of the pulmonary arterial tree. Neuro-
logic signs (cranial nerve palsy, papilledema) may indicate 
CSVT, whereas the triad of flank mass, hematuria, and 
thrombocytopenia is associated with renal vein thrombosis.

DIAGNOSIS

	C.	 Appropriate radiologic imaging is required to confirm 
the presence of a thrombus and to define its extent and 
occlusiveness. Venography is the historical gold standard 
diagnostic modality, but it is invasive. Lower extremity 

DVT is effectively imaged via compression ultrasound 
with Doppler; computed tomography (CT) or magnetic 
resonance imaging (MRI) with venography (CTV or 
MRV) is sometimes required for proximal visualization of 
the involved pelvic, abdominal, or thoracic vasculature. 
For upper extremity DVT, echo may be useful centrally  
in combination with ultrasound peripherally; however, 
venography is sometimes required for definitive diagno-
sis in noncompressible areas. PE requires spiral com-
puted tomographic angiogram (CTA) and/or ventilation/
perfusion scan for diagnosis; at many pediatric tertiary 
care centers, expertise is greatest with spiral CTA. CSVT 
may be disclosed by CTV or MRV. For serial imaging, 
CT should be avoided if possible given the radiation  
exposure with this modality.

	D.	 With regard to laboratory evaluation, a complete blood 
cell count (CBC), disseminated intravascular coagula-
tion (DIC) panel (prothrombin time [PT], activated 
partial thromboplastin time (aPTT), fibrinogen, and  
d-dimer), and a comprehensive thrombophilia panel 
are recommended to define the extent of underlying 
thrombophilia and appropriate treatment options. 
Thrombophilia states include anti coagulant deficiency 
or resistance states (deficiency of protein C, protein S, 
or antithrombin; presence of the factor V Leiden poly-
morphism); excess procoagulant states (elevated factor 
VIII; presence of the prothrombin G20210A mutation); 
and mediators of hypercoagulability or endothelial 
damage (elevated lipoprotein[a], hyperhomocystein-
emia; or the presence of antiphospholipid antibodies 
such as the lupus anticoagulant [often measured by  
dilute Russell viper venom time] and IgG or IgM anti-
cardiolipin or anti–b2-glycoprotein-1 antibodies).

TREATMENT

Consultation with pediatric hematology is warranted. 
Identified clinical triggers for thrombosis should be miti-
gated, if possible (e.g., discontinuing estrogen-containing 
oral contraceptives, treating underlying infectious diseases 
or inflammatory conditions).

Conventional treatment for a first thrombotic event 
involves acute anticoagulation with a heparin-based agent 
(unfractionated heparin [UFH] or low-molecular-weight 
heparin [LMWH]) for approximately 1 week, followed  
by subacute/extended anticoagulation with LMWH or 
warfarin. Anticoagulation is given to reduce the risk for 
thrombus progression or embolism; thrombus regression 
is believed to rely on intrinsic fibrinolytic mechanisms  
to dissolve thrombosis over time. Duration of anticoagu-
lation is risk stratified, currently based largely on 
adult evidence: For VTE associated with a risk factor that 
has resolved, recommended duration is 3 to 6 months  
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(3 months is most often used); for idiopathic VTE, sug-
gested duration is 6 to 12 months; for VTE occurring in 
the setting of a chronic prothrombotic risk factor, recom-
mended duration is 12 months at minimum. In each of 
the aforementioned categories, a longer duration of anti-
coagulation for acute VTE is recommended in patients 
who have had a previous thrombotic event. Indefinite 
treatment is often warranted in the setting of potent con-
genital thrombophilia (e.g., severe protein C deficiency).  
In antiphospholipid antibody syndrome, treatment dura-
tion is unclear and often individualized. Anticoagulant 
dosing and monitoring recommendations have been pre-
viously published by Monagle and colleagues. Heparin-
based therapy is ideally monitored by anti–factor Xa activ-
ity level, whereas warfarin is monitored via the international 
normalized ratio (calculated from the measured PT).

Alternative treatment approaches to conventional an-
ticoagulation may be warranted in select cases. These 
include systemic or local pharmacologic thrombolysis, 

with or without interventional mechanical thrombolysis 
(e.g., in the setting of occlusive DVT with evidence of  
or high risk for end-organ or tissue damage); direct 
thrombin inhibitors (e.g., in heparin-induced thrombo-
cytopenia); and replacement of clinically significant  
deficiencies of native anticoagulants (e.g., protein C, 
antithrombin).
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Patient with VENOUS THROMBOEMBOLISM

Imaging
• Modalities vary with presentation
  – Unilateral painful limb swelling, r/o limb DVT
     Compression US with Doppler
  – Severe/persistent headache +/– blurred vision r/o
       CSVT: CTV, MRV
  – Pleuritic chest pain, dyspnea, r/o PE: spiral CTA, V/Q
• Define full extent of thrombosis
  – May require CTV or MRV of central vasculature 

A History
• Identify clinical risk factors
• Family history

Thrombosis not confirmed
• Consider alternative diagnoses
• If clinical suspicion for
  thrombosis remains high,
  consider additional imaging

Thrombosis confirmed
• Labs: CBC, PT, aPTT, fibrinogen, D-dimer,
  thrombophilia panel*,
  β-HCG (postmenarchal female)
• Hematology consultation
• Anticoagulant therapy agents:
  – Acute (approx 7 days) = UFH/LMWH
  – Subacute/extended = LMWH or warfarin
• Anticoagulant therapy duration
  (1st episode thrombotic event):
  – Resolved risk factor: 3–6 months
  – No known risk factor: 6–12 months
  – Chronic risk factor: 12+ months
  – Potent congenital thrombophilia: indefinite
  – Recurrent thromboses are typically treated longer
• Consider alternative therapy as clinically indicated

Thrombophilia panel:**
   Protein C activity
   Free protein S antigen
   Antithrombin activity
   Factor V Leiden polymorphism
   Factor VIII activity
   Prothrombin G20210A polymorphism
   Lipoprotein (a) concentration
   Homocysteine concentration
   Lupus anticoagulant testing (e.g., dRVVT)
   Anticardiolipin, IgG and IgM
   Anti-β2-glycoprotein-I, IgG and IgM

**Note: The extent of thrombophilia testing is
currently debated.  The authors have found a
comprehensive approach to be useful in informing
their decision-making regarding acute management,
duration of therapy, and long-term approach to
secondary prophylaxis.

B

D

Physical examination
• Vital signs (and hemodynamic status in PE)
• Presence/absence of findings of limb ischemia

C
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Fever or Acute Illness in a Child 
with Sickle Cell Disease

Julie A. Panepinto, MD

Sickle cell disease is an autosomal recessive disease that 
results from a substitution of valine for glutamic acid in the 
sixth position of the b-globin chain of hemoglobin. This 
results in abnormal hemoglobin and causes the red blood 
cells to become sickle shaped and lead to vaso-occlusive 
complications that are common in sickle cell disease. The 
diagnosis is usually made at birth in the United States 
through newborn screening and occurs in approximately 1 
in 400 African American births.

	A.	 In the patient’s history, review prior sickle cell disease 
complications, as well as the details of the acute illness. 
Triage all patients with fever (temperature .38.5º C) 
for rapid history and physical assessment. Draw a 
blood sample for complete blood cell count (CBC), 
reticulocyte count, and blood culture, and give paren-
teral antibiotics immediately (see section C). Obtain a 
chest radiograph to evaluate the patient with fever for 
an infiltrate. Inquire specifically about fever, pain, 
chest pain, cough, shortness of breath, and neurologic 
symptoms. Ask whether pain is similar or dissimilar to 
previous sickle pains. Determine from the patient or 
from medical records the precise diagnosis (homozy-
gous sickle cell anemia, sickle cell–hemoglobin C  
disease, sickle b1- or b0-thalassemia), as well as the 
patient’s baseline values for hemoglobin, hematocrit, 
platelet count, and reticulocyte count.

	B.	 Perform a complete physical examination; search 
for foci of infection. Note fever (infection such as 
bacteremia or osteomyelitis, infarction, or acute 
chest syndrome), tachypnea (acute chest syndrome, 
asthma, sepsis, splenic sequestration, or aplastic cri-
sis), or tachycardia or hypotension (splenic seques-
tration, severe infection). Extreme pallor suggests 
splenic sequestration or aplastic crisis. Significant 

splenomegaly (size larger than baseline examination) 
suggests splenic sequestration. Note any neurologic 
abnormalities (stroke, meningitis), right upper quad-
rant abdominal tenderness (biliary colic secondary  
to cholelithiasis, vaso-occlusive crisis), knee or hip 
pain (aseptic necrosis of the femoral head), any per-
sistent focal bone pain (infarction or osteomyelitis) 
or priapism (Table 1).

	C.	 Assess the risk for infection. Because functional asple-
nia develops at an early age, infants and children with 
sickle cell disease commonly acquire bacterial sepsis 
and meningitis. Patients with a temperature greater 
than 38.5° C (with or without a focus of infection) or 
with unexplained lethargy or diarrhea may have over-
whelming sepsis (Streptococcus pneumoniae is the most 
common organism). Immediately obtain blood and 
other culture specimens, and begin broad-spectrum 
parenteral antibiotics (e.g., cefuroxime, cefotaxime, or 
ceftriaxone). Because of the prevalence of resistant  
organisms, vancomycin should be added for severe  
illness or proven or suspected central nervous system 
infection. Perform a lumbar puncture for patients with 
meningismus or young children with excessive lethargy 
or toxicity.

	D.	 Consider the possibility of an illness unrelated to sickle 
cell disease (e.g., appendicitis presenting with abdomi-
nal pain). Acute splenic enlargement with a hematocrit 
less than the baseline value or signs of intravascular 
volume depletion indicate splenic sequestration. A 
hematocrit less than the baseline value in association 
with a very low reticulocyte count suggests an aplastic 
crisis. A decreased (from baseline) platelet count may 
indicate sepsis, splenic sequestration, or acute chest 
syndrome. More than one acute complication may be 
present simultaneously.

(Continued on page 610)
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(Cont’d on p 611)

Patient with ACUTE ILLNESS ASSOCIATED WITH SICKLE CELL DISEASE

Assess risk of infection

Toxic looking
Fever
High WBC count
Bandemia
Prior sepsis

High

Treat:
  Parenteral antibiotics
  Support intravascular
  volume

Chest x-ray
Hospitalization

Non-toxic and/or
no fever

Low

Clinical assessment
Consult:
  Hematologist

A History CBC, platelet count, differential reticulocyte
count, blood culture (if fever present), type and
cross match (if extreme pallor, acute splenic
enlargement, or lower respiratory or neurologic
symptoms present)

Consider:
  Chest radiography

B Physical examination

C

D

Table 1. Degree	of	Illness	in	Sickle	Cell	Patients	with	an	Acute	Illness

Mild Moderate Severe Very	Severe

Vaso-occlusive painful event:  
responsive to oral pain  
medications

Vaso-occlusive painful event:  
requires parental  
analgesics

Vaso-occlusive painful event:  
requires parental analgesics

Vaso-occlusive painful event:  
requires parental analgesics

Fever: nontoxic, white blood  
cell count ,25,000/ml, no 
infiltrate on chest radiograph

Fever: osteomyelitis,  
bacteremia

Fever: osteomyelitis, bacteremia Fever: sepsis

Priapism: resolves spontane-
ously without intervention

Priapism: requires intervention for 
resolution

Priapism: prolonged and/or refrac-
tory to intervention

Acute chest syndrome without  
respiratory distress

Acute chest syndrome with respira-
tory distress

Aplastic crisis, asymptomatic Aplastic crisis with severe anemia 
and symptoms of severe anemia

Splenic sequestration without signs 
of shock yet

Splenic sequestration with shock

Cerebrovascular accident
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red blood cell transfusion, analgesics, intravenous  
fluids, and be seen by a urologist for possible surgical 
intervention such as penile aspiration and irrigation.

	F.	 Aplastic crises are typically caused by parvovirus B19 
and represent a transient inability of erythropoiesis to 
keep pace with chronic hemolysis. The rapidly declin-
ing hemoglobin level may result in congestive heart 
failure; red blood cell transfusions are sometimes 
needed to support the patient until adequate red blood 
cell production resumes. Use droplet isolation to pro-
tect immunodeficient patients and pregnant health 
care providers.

	G.	 Splenic sequestration can be a life-threatening emer-
gency requiring urgent red blood cell transfusions to 
maintain intravascular volume. Such episodes, often 
triggered by infection, tend to recur.

	H.	 Sickle cell patients with a hemoglobin level less than 
10 g/dl who require general anesthesia for surgical proce-
dures are generally transfused before surgery to reduce 
the risk for perioperative sickling complications.

	E.	 A vaso-occlusive complication secondary to ischemia 
may occur in any part of the body. Treatment includes 
hydration with maintenance fluids (sickle cell patients 
have hyposthenuria, but avoid excessive hydration, 
which may precipitate or exacerbate acute chest  
syndrome), oxygen for hypoxemia if it is present, and 
adequate analgesia (oral analgesics or intravenous 
medications such as morphine or hydromorphone for 
severe pain). Nonsteroidal anti-inflammatory analge-
sics (e.g., ibuprofen, ketorolac) may also be useful in 
some cases. Do not use repeated doses of meperidine 
because it has the potential to induce seizures. Indica-
tions for hospitalization for pain include the inability to 
maintain hydration orally, the failure of oral analgesics 
to relieve pain adequately, and the presence of a coex-
istent complication, such as acute chest syndrome, 
splenic sequestration, or stroke. It is sometimes diffi-
cult to differentiate vaso-occlusive abdominal pain 
from cholecystitis. Imaging studies, surgical consulta-
tion, and liver function tests may be helpful. Consider 
the possibility of acute osteomyelitis (Staphylococcus 
aureus, Salmonella) in patients thought to have bone 
infarctions, but infarction is far more common. The 
term acute chest syndrome defines any acute illness 
with a new pulmonary infiltrate. Causes of acute chest 
syndrome, such as bone marrow fat embolism and pul-
monary infarction, are difficult to differentiate from 
bacterial pneumonia (S. pneumoniae, Haemophilus 
influenzae, S. aureus, Mycoplasma, Chlamydia); thus, 
broad-spectrum antibiotic coverage that includes a 
macrolide should be provided if fever is present. A 
cerebrovascular accident is an indication for an imme-
diate simple red blood cell transfusion, followed by an 
exchange transfusion and subsequent chronic transfu-
sions to decrease the amount of sickle hemoglobin. 
Boys with prolonged priapism should receive a simple 
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Consider:
  Hospitalization

Hospitalize

Pain Prolonged priapism Acute chest
syndrome

Stroke

Treat:
  Hydration
  Analgesia

Consult:
  Urologist

Chest radiography Consult:
  Neurologist

Consider:
  Hospitalization
  Continuous pulse
    oximetry
  Incentive
    spirometry

Treat:
  Hydration
  Analgesia
  Simple red blood
    cell transfusion
Consider:
  Aspiration and
  irrigation by
  urologist

Treat:
  Oxygen
  Hydration
  Packed red blood
    cell transfusion
Consider:
  Steroids
  Albuterol

CT scan/MRI/MRA
of brain

Treat:
  Hydration
  Simple red blood
    cell transfusion
  Exchange transfusion

Follow-up:
  Observe for
  development of
  acute chest
  syndrome

Consider:
  Hospitalization

Hospitalize Hospitalize
Consult neurology,
rehabilitation,
neuropsychology

Treat:
  Hydration
  Appropriate medical
  therapy
Consider:
  Red cell transfusion
  before surgery

Treat:
Consider:
  Packed red blood
  cell transfusion
  Contact isolation

Treat:
Consider:
  Packed red blood
  cell transfusion
  Elective splenectomy

Vaso-occlusive
complication
 
Assess pattern

E Aplastic crisis

(Cont’d from p 609)

F Splenic
sequestration

G Problem unrelated
to sickle cell disease

H

Patient with ACUTE ILLNESS ASSOCIATED WITH SICKLE CELL DISEASE
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Thrombocytopenia
Julie A. Panepinto, MD

Thrombocytopenia is a lower than normal number of plate-
lets. Usually, platelet counts are between 150,000 and 
500,000/ml blood in children but may be higher in infants. 
Thrombocytopenia is most likely to be secondary to an auto-
immune process and rarely is due to a congenital disease.

	A.	 In the patient’s history, ask about the type and duration 
of bruising, bleeding, or petechiae. Note recent ill-
nesses, such as diarrhea (hemolytic-uremic syndrome 
[HUS]), neurologic symptoms (thrombotic thrombocy-
topenic purpura [TTP]), and sore throat (infectious 
mononucleosis, acute poststreptococcal glomerulone-
phritis). Document associated symptoms, such as fever 
(infection, leukemia or other malignancy, autoimmune 
disease), limp, and limb pain (leukemia, autoimmune 
disease). Note any medications (platelet-antibody  
effects). Obtain a family history of bleeding disorders. 
Assess risk for human immunodeficiency virus (HIV) 
infection or other immunodeficiency disorder.

	B.	 In the physical examination, note fever and assess 
the degree of illness. Acutely ill and toxic-appearing 
children with thrombocytopenia require expeditious 
evaluation (disseminated intravascular coagulation 
[DIC], sepsis, HUS, TTP, severe hemorrhage). Note 
the extent and type of manifestations of bleeding. 
Short stature, microcephaly, skeletal anomalies, hyper-
pigmentation, hypogenitalism (Fanconi anemia), ab-
sent radii with normal thumbs (thrombocytopenia with 
absent radii), and chronic eczema and recurrent infec-
tions in a boy (Wiskott–Aldrich syndrome) are all clues 

to congenital thrombocytopenia. Splenomegaly or gen-
eralized lymphadenopathy suggests leukemia, malig-
nant neoplasia, infection such as with HIV or infectious 
mononucleosis, a storage disease, or hypersplenism. 
Children with idiopathic thrombocytopenic purpura 
(ITP) do not have jaundice or hepatosplenomegaly. 
Arthritis, mouth ulcers, or a characteristic rash may 
suggest an autoimmune disease.

	C.	 Order a complete blood cell count (CBC) with differ-
ential and platelet count. The finding of anemia or 
neutropenia (absolute neutrophil count ,1500/mm3) 
in association with thrombocytopenia helps direct the 
subsequent workup. Whereas neutropenia may occur 
with infection, its association with significant thrombo-
cytopenia also suggests bone marrow failure. Anemia 
suggests bone marrow failure, intravascular hemolysis, 
autoimmune disease, HIV infection, or blood loss  
secondary to thrombocytopenic bleeding.

	D.	 Review the peripheral blood smear. Red blood cell frag-
mentation suggests intravascular hemolysis. Spherocytes 
(autoimmune hemolysis) or macrocytes (bone marrow 
failure, Fanconi anemia, or brisk reticulocytosis) are also 
helpful clues. Note platelet size and morphology and 
homogeneity of the platelets. Boys with Wiskott–Aldrich 
syndrome have tiny platelets; large platelets suggest 
rapid platelet turnover, as seen in ITP, or a congenital 
thrombocytopenia, such as Bernard–Soulier syndrome, 
or MYH9-related disease, such as May–Hegglin anom-
aly. Type 2b von Willebrand disease is associated with 
thrombocytopenia.

(Continued on page 614)
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Patient with THROMBOCYTOPENIA

Neutropenia or
pancytopenia

Anemia

Blood smear

Red cell fragments

Urinalysis
BUN
Creatinine
PT
PTT
Fibrinogen
Fibrin split products
 
Consider:
  Blood culture

Identify:
  HUS, TTP,
  DIC, sepsis

Coombs test

Negative

Normal or low

Reticulocyte count

High

ANA
Urinalysis
HIV
Monospot
 
Consider:
  Hematology
  consultation

Positive

Identify:
  Autoimmune disease
  (Evan’s syndrome, SLE)
  Drug-induced disorder
  HIV
  Infectious mononucleosis

Normal,
spherocytes, or
macrocytes

Platelet clumping
Pseudothrombocytopenia

Isolated
thrombocytopenia

A History C CBC with differential
and platelets

B

D

Physical examination

(Cont’d on p 615)

(Cont’d on p 615)

(Cont’d on p 615)
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counts. When the platelet count normalizes, further 
counts are not needed. Recurrence is rare.

	G.	 Because splenomegaly and lymphadenopathy are un-
usual in children with ITP, these findings in a child with 
significant thrombocytopenia (lacking a clear alternative 
explanation, such as long-standing splenomegaly with 
portal hypertension suggesting hypersplenism or test 
results indicating HIV infection) dictate an early bone 
marrow examination.

	E.	 Consult a hematologist before performing a bone mar-
row examination to avoid omitting important special 
studies (biopsy, chromosomes, lymphoid markers). 
The absence of lymphadenopathy, organomegaly, 
and leukemic blasts on the blood smear does not  
exclude leukemia.

	F.	 ITP is the most common cause of acute thrombocyto-
penia in an otherwise well child. In addition, in an 
otherwise healthy neonate, alloimmune thrombocyto-
penia should be considered. However, other diagnostic 
possibilities must always be entertained as the cause of 
the thrombocytopenia. A positive antinuclear antibody 
(ANA) or Coombs test result indicates other autoanti-
bodies and suggests an underlying autoimmune disease 
such as systemic lupus erythematosus (SLE). The deci-
sion to perform a bone marrow examination may be 
individualized. Children without significant clinical 
bleeding are observed with serial CBCs and platelet 
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Consult:
  Hematologist

Assess physical findingsBone marrow
examination

Identify:
  Aplastic anemia
    (acquired Fanconi
    anemia)
  Leukemia
  Other malignancy
  Hypersplenism
  Infection
  Nutritional deficiency
  Paroxysmal nocturnal
    hemoglobinuria
  Liver disease
  Uremia
  Graft-versus-host disease

Normal Abdominal mass Splemomegaly or
lymphadenopathy

Congenital anomalies
or eczema

Consider:
  Hematology
  consultation
Consider:
  Bone marrow
    examination
  ANA
  Monospot
  Coombs test
  Urinalysis
  Thyroid function tests
  von Willebrand screen

Identify:
  ITP viral illness
    (including HIV)
  Drug-induced
  Autoimmune disease
  Leukemia/malignancy
  Aplastic anemia
    (acquired Fanconi anemia)
  Congenital thrombocytopenia
  Acute poststreptococcal
    glomerulonephritis
  Hyperthyroidism
  Type 2B von Willebrand
    disease
  HIT

Consider:
  HIV testing
  Liver function tests
  Monospot
  Radiography

Identify:
  Leukemia/malignancy
  Infectious mononucleosis
  HIV and other infections
  Metabolic/storage disease
  Hypertension
  Thrombosis
  Histiocytosis
  Osteopetrosis

Ultrasound
CT BUN
Creatinine

Identify:
  Renal vein
  thrombosis

Consider:
  Hematology
    consultation
  Bone marrow
    examination

Identify:
  Fanconi anemia
  Thrombocytopenia
    with absent radii
  Wiskott-Aldrich
    syndrome
  Cyanotic congenital
    heart disease
  MVH9-syndromes

E

F G

(Cont’d from p 613) (Cont’d from p 613) (Cont’d from p 613)

Patient with THROMBOCYTOPENIA
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Neutropenia
Ann-Christine Nyquist, MD, MSPH, Rachelle Nuss, MD,  

and Peter A. Lane, MD

DEFINITION

Neutropenia is an absolute decrease in the number of circu-
lating neutrophils in the blood. The absolute neutrophil count 
is determined by multiplying the total white blood cell count 
by the percentage of neutrophils plus bands. Neutropenia  
is mild if the absolute neutrophil count is between 1000  
and 1500/mL3, moderate if it is between 500 and 1000/mL3, 
and severe if it is less than 500/mL3. For children 2 weeks to 
1 year of age, the lower limit of normal is 1000/mL3 rather 
than 1500/mL3. In general, the severity of neutropenia cor-
relates with risk for bacterial infection. The most common 
bacterial and fungal infections are cellulitis, skin abscesses, 
pneumonia, and septicemia.

CAUSATIVE FACTORS

Most cases of childhood neutropenia are self-limited  
and associated with a viral illness or drug therapy. Influ-
enza, hepatitis, rubella, adenovirus, enterovirus, measles 
(rubeola), mumps, Epstein–Barr virus, and cytomegalo-
virus have been associated with neutropenia.

 A. In the patient’s history, ask about previous and current 
infections; include bacterial and viral infections. A fam-
ily history of recurrent infection or unexplained child-
hood deaths suggests a congenitally acquired immuno-
deficiency. Risk factors for human immunodeficiency 
virus infection should be determined, but all patients 
should have HIV antibody testing. Fever, weight loss, 
and bone pain suggest leukemia. Similar symptoms 
and rash may indicate collagen vascular disease.

 B. In the physical examination, note the nutritional status 
of the child; marasmus and vitamin B12, folate, and 
copper deficiencies are associated with neutropenia. 
Fanconi anemia, osteopetrosis, dyskeratosis congenita, 
and aminoacidurias may have physical stigmata and 
may also have associated neutropenia. Children with 
neutropenia may be at risk for pyogenic bacterial infec-
tion with endogenous skin flora such as Staphylococcus 

aureus and gram-negative rods (especially Pseudomo-
nas aeruginosa). The skin should be examined for signs 
of cellulitis or abscess formation. Note gingivostomati-
tis, perirectal cellulitis, otitis media, and signs of pneu-
monia and septicemia. Lymphadenopathy, hepatomeg-
aly, or splenomegaly suggests an underlying malignant 
disease or immunodeficiency. Arthritis suggests a  
collagen vascular disease.

 C. A moderately or severely ill child has one or more 
of the following findings: (1) abnormal nutrition, 
growth, and development; (2) severe, chronic, or  
recurrent infection; (3) unexplained hepatospleno-
megaly or lymphadenopathy; (4) signs of collagen 
vascular disease; (5) immature white blood cells,  
anemia, or thrombocytopenia; or (6) a family history 
of neutropenia or recurrent infection.

 D. If the child remains well, another complete blood cell 
count (CBC) can be obtained in 6 to 8 weeks. If in the 
interim the child has signs of moderate or severe ill-
ness, a CBC should be obtained sooner. A normal 
neutrophil count during a febrile illness suggests a  
benign cause of the neutropenia.

 E. Otherwise healthy children with isolated, transient 
neutropenia discovered during a minor acute illness  
or routine preoperative screening are at little risk for 
serious infectious complications. Once a normal count 
is obtained, no further counts are indicated.

 F. Chronic neutropenia may be benign, cyclic, severe, or 
associated with metabolic or immune diseases. In an 
otherwise well child, obtaining biweekly blood counts 
for 4 to 6 weeks is indicated to determine whether cyclic 
neutropenia occurs. Most individuals with cyclic neutro-
penia become neutropenic every 12 to 21 days, and the 
count remains low for 3 to 10 days, during which time 
they may have fever, stomatitis, pharyngitis, and cervical 
adenopathy. If this 4- to 6-week evaluation does not re-
veal cycling or the child’s condition becomes worrisome, 
consult a hematologist to exclude a more serious cause 
of the neutropenia. Children with severe congenital 
neutropenia generally respond to treatment with granu-
locyte colony-stimulating factor.
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Patient with NEUTROPENIA

History

Physical examination

A CBC with differential and
platelet count

Moderate or severeMild

B

C Assess degree of illness

E Neutropenia
resolves

Follow-up:
Consider:

Biweekly CBC with
differential and platelets
for 6 wk

D Repeat CBC with differential 
and platelet count in 6–8 wk

F Chronic neutropenia

Reassess degree of illness

Mild Moderate or severe

Consult:
Hematologist

Identify:
Chronic idiopathic neutropenia
Cyclic neutropenia

Consult:
Hematologist

Consider:
Bone marrow
Immune evaluation:

Immunoglobulins
Lymphocyte subsets and function
Neutrophil antibody

Steroid challenge
Antinuclear antibodies
HIV tests

Identify:
Collagen vascular disorders
Immune disorders
Infection
Malignancy
Metabolic disease
Shwachman syndrome
Severe congenital neutropenia
(Kostmann syndrome)
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Human Immunodeficiency Virus 
Infection

Elizabeth J. McFarland, MD

Human immunodeficiency virus (HIV) is a cytopathic hu-
man retrovirus that primarily infects CD41 helper T lym-
phocytes, leading to the loss in number and function of 
these and other cells critical to the immune system. HIV is 
transmitted by percutaneous or mucous membrane expo-
sure to blood, semen, cervical secretions, and human milk. 
Infants are infected by maternal transmission. Older chil-
dren and adolescents are infected through sexual transmis-
sion and injecting drug use. Progression of HIV infection 
leads to acquired immune deficiency syndrome (AIDS). 
HIV infection is diagnosed by blood tests to detect HIV-
specific antibody or viral nucleic acid. An AIDS diagnosis 
is determined by the occurrence of specific opportunistic 
infections or specific malignancies. For adolescents and 
adults older than 13 years, severe immunosuppression 
with a CD4 T-lymphocyte count less than 200 cells/mm3 or 
percentage of less than 14 also meets criteria for an AIDS 
diagnosis. Table 1 lists the AIDS-defining conditions.

	A.	 Consider HIV in children with signs and symptoms 
suggesting immunodeficiency or chronic disease.  
Diagnosis of an AIDS-defining condition (see Table 1) 
should prompt HIV testing if another specific reason 
for immunodeficiency is not known. The presence of 
diagnoses listed in Table 2 would be an indication to 
consider HIV testing. In the history, inquire about 
symptoms of early disease, such as frequent upper or 
lower respiratory infections, sinusitis, otitis media, 
chronic cough or wheezing, recurrent/chronic paroti-
tis, rashes, eczema, extensive warts, recurrent fevers, 
and night sweats. Failure to thrive and developmental 
delay are common, particularly during the first years of 
life. Ask about evidence of more advanced disease: 
recurrent invasive bacterial infections (bacteremia, 
pneumonia, urinary tract infections), recurrent shin-
gles (herpes zoster), Candida infections (mucous 
membranes, skin, and nails), chronic diarrhea, and 
hepatitis. Consider organ-specific disease, particularly 
congestive heart failure secondary to cardiomyopathy; 
edema, hematuria, or proteinuria caused by nephrop-
athy; and bruising caused by thrombocytopenia. Ado-
lescents are at risk for HIV infection through sexual 
activity without barrier protection and parenteral ex-
posure (unclean needles). Acute infection is frequently 
(40%–90%) associated with acute retroviral syndrome 
with typical viral syndrome symptoms of fever, sore 
throat, myalgia, arthralgias, headache, diarrhea, nau-
sea, and vomiting. Features that are more particular to 
acute HIV may include lymphadenopathy, rash, oral 
ulcers, weight loss, aseptic meningitis, and thrush. A 
sizable proportion of individuals with acute HIV infec-
tion will seek medical care for their illness, but diagno-
sis is made only if the provider has a high index of 

suspicion. Infants born to HIV-infected women have a 
13% to 39% risk for HIV infection if there is no inter-
vention. If the woman and infant receive effective an-
tiretroviral prophylaxis, in conjunction with scheduled 
C-section when indicated, the risk for mother-to-child 
transmission is less than 1%. The Centers for Disease 
Control and Prevention recommends routine HIV 
testing with right of refusal for all pregnant women 
irrespective of known risk factors. Women who do not 
have documented HIV test results at the time of labor 
and delivery should be offered rapid HIV testing and 
antiretroviral prophylaxis provided to the woman and 
infant if the result is positive, pending confirmation. 
Infected infants rarely have symptoms in the newborn 
period. All HIV-exposed infants require sequential 
diagnostic testing to determine their infection status.

	B.	 For infected infants, the findings of physical examina-
tion are usually normal in the first weeks to months of 
life. Hepatosplenomegaly or lymphadenopathy may 
rarely be observed in the newborn period. Without 
treatment, 30% of infants will develop signs during the 
first year of life. Look for failure to thrive and develop-
mental delay or loss of milestones. In the central nervous 
system, signs include increased tone, spasticity, encepha-
lopathy (irritability, apathetic, weak, disoriented), and 
microcephaly. Identify cardiomyopathy (gallop rhythm, 
tachypnea, tachycardia, lung crackles, hepatomegaly, 
and decreased peripheral pulses) and pneumonia (tachy-
pnea, retractions, grunting, lung crackles). Children 
identified after infancy may have adenopathy, spleno-
megaly, hepatomegaly, salivary gland enlargement  
(parotitis), wheezing (caused by lymphocytic interstitial 
pneumonia), failure to thrive, wasting, and signs of  
nephropathy (proteinuria, hypertension). Recurrent in-
vasive bacterial infections include pneumonia, bone or 
joint infection (painful limb, joint swelling, limitation of 
motion), and meningitis (lethargy, altered mental status, 
meningismus). Also look for Candida rashes, extensive 
warts and molluscum, vesicular lesions of herpes zoster, 
petechiae, and purpura. Acute retroviral syndrome pre-
sents with fever, lymphadenopathy, pharyngitis, macular- 
papular rash, oral ulcers, hepatosplenomegaly, white oral 
plaques (thrush), aseptic meningitis (photophobia, men-
ingismus), and other neurologic manifestations (facial 
palsy, peripheral neuropathy, brachial neuritis, cognitive 
impairment or psychosis).

	C1.	HIV antibody testing is the standard for diagnosis 
in patients older than 18 months (after placentally 
transferred maternal antibodies are no longer detect-
able) with symptoms of established HIV infection. 
The two-part test is performed by an initial enzyme-
linked immunosorbent assay (ELISA) or one of  
several rapid antibody tests. These ELISA and rapid 
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assays are highly sensitive, and false-positive results 
occur rarely. Therefore, a positive initial result  
must be confirmed with an alternative assay, usually a 
Western blot, to detect antibody to specific HIV  
proteins. A second separate specimen should be  
obtained to preclude the possibility of laboratory error 
or contamination before a final diagnosis of infection. 
Nucleic acid testing to identify HIV DNA in blood 
cells or HIV RNA in plasma is used to assist in diagno-
sis of HIV infection during acute infection or in the 
infant born to an HIV-infected woman. Patients with 
very advanced disease may lack specific antibody pro-
duction, in which case testing for viral nucleic acid 
may be necessary to make the diagnosis.

	C2.	If acute infection is suspected, both HIV nucleic acid 
and antibody testing are needed to determine whether 
the infection is acute. In the first weeks to months  
after infection, HIV antibody by ELISA and Western 
blots may be negative or indeterminant. However, 
HIV nucleic acid testing will be positive by 2 to  
3 weeks after exposure. HIV antibody test results are 
positive in most people by 6 weeks after infection and 
in virtually all by 3 months.

	C3.	Diagnosis in HIV-exposed infants is complicated by 
placental transfer of maternal antibodies against 
HIV, which may persist as long as 18 months; there-
fore, HIV antibody tests indicate exposure but are 
not diagnostic of infection. However, HIV nucleic 
acids are demonstrated in almost all infants by 2 to  
4 weeks of age and in essentially all by 1 to 4 months 
of age. Viral nucleic acid testing is performed at 
birth (optional) and age 2, 4, and 16 weeks. Criteria 
for early diagnosis of infection or exclusion of infec-
tion are shown in Table 3. Most experts recommend 
that infants with negative virologic tests have HIV 
antibody testing at age 6 to 18 months to confirm 
absence of infection after loss of maternal antibody 
(seroreverter).

	D.	 Discussion of negative results of HIV diagnostic test-
ing provides an excellent opportunity for counseling 
adolescents about reducing their risk for HIV infec-
tion. Typically, this includes an open discussion of 
safer sexual practices and a demonstration of the use 
of condoms. If there has been a specific exposure, re-
peat HIV antibody testing after 6 weeks and 3 months 
is indicated to confirm absence of infection.

Infant or child or adolescent with suspected HIV INFECTION OR EXPOSURE TO HIV

Presenting with signs/
symptoms of immunodeficiency

Adolescent/child with
signs/symptoms of acute
HIV infection

Infant born to an
HIV infected woman

HIV antibody
If <18 mo or severe disease,
also HIV RNA or DNA test

Nonreactive

Pursue other
diagnosis

Confirm loss of
maternal antibody
by HIV antibody
testing at age 6–18 mo

Risk reduction counseling
If exposure, follow-up testing
at 6 wk and 3 mo after

HIV infected

Reactive
Confirm on
second sample

Positive on
>2 samples

Negative
at 4 wk and 4 mo

Both nonreactive Any positive
Confirm on
second sample

HIV RNA or DNA test
and HIV antibody

HIV RNA or DNA at
age of 2 wk, 4 wk, 4 mo

A History

B

D

C1 C2 C3

Physical examination

(Cont’d on p 623)
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All Ages
Candidiasis, esophageal or pulmonary
Coccidioidomycosis, disseminated
Cryptococcosis, extrapulmonary
Cryptosporidiosis or isosporiasis with diarrhea persisting .1 month
Cytomegalovirus disease with onset at age .1 month (at site other than 

liver, spleen, nodes)
Encephalopathy
Herpes simplex virus: oral lesion persisting .1 month, or bronchitis, 

pneumonitis, esophagitis at age .1 month
Histoplasmosis, disseminated or extrapulmonary
Kaposi sarcoma
Lymphoma (Burkitt; immunoblastic, or primary, of brain)
Mycobacterium tuberculosis, disseminated or extrapulmonary
Mycobacterium infection, other species, disseminated
Pneumocystis jiroveci pneumonia
Progressive multifocal leukoencephalopathy
Salmonella (nontyphoid) septicemia, recurrent
Toxoplasmosis of the brain with onset at age .1 month
Wasting syndrome

Age ,13 years
Serious bacterial infections, multiple or recurrent (two within 2-year  

period)

Age .13 years
Cervical cancer, invasive
Mycobacterium tuberculosis, pulmonary
Pneumonia, recurrent

Table 1. 	Centers	for	Disease	Control	and	Prevention	
Surveillance	Case	Definition	of	Acquired	
Immune	Deficiency	Syndrome:	Diagnoses	
Indicative	of	Acquired	Immune	Deficiency	
Syndrome	in	Children,	Adolescents,		
and	Adults

Adapted from Centers for Disease Control and Prevention. 1994 revised classification 
system for human immunodeficiency virus infection in children less than 13 years 
of age. MMWR Recomm Rep 1994;43(RR-12):8; and Centers for Disease Control 
and Prevention. Revised surveillance case definitions for HIV infection among 
adults, adolescents, and children aged ,18 months and for HIV infection and 
AIDS among children 18 months to ,13 years—United States, 2008. MMWR 
2008; 57(RR-10):9.

	E.	 Assess the degree and risk for disease progression using 
CD41 T-lymphocyte count and percentage (Table 4), 
clinical classification (see Tables 1 and 2), and quantita-
tive plasma HIV RNA. CD4 T-lymphocyte count in 
healthy infants and young children (age ,5 years) are 
greater than in adults; therefore, age-adjusted counts 
must be used. Low CD4 T-lymphocyte parameters pre-
dict a greater risk for HIV morbidity and mortality. 
Greater HIV RNA levels are associated with increased 
rate of CD4 T-cell decline and, in children, also predict 
HIV morbidity and mortality independent of CD4  
T-cell parameters. Assess organ system dysfunction 
with laboratory tests for anemia, neutropenia, thrombo-
cytopenia, hepatitis, and nephropathy. Serum immuno-
globulin G (IgG), IgM, and IgA are often increased but 
may decline below normal with disease progression. 
Evaluate for common coinfections including hepatitis B 
and C viruses. Determine the risk for reactivation of 
latent infections with skin testing for Mycobacterium 
tuberculosis (5-mm induration is positive), serology for 
toxoplasmosis, cytomegalovirus, varicella zoster virus, 
and testing for sexually transmitted infections for  
behaviorally infected adolescents.

	 F.	 Patients with severe immunosuppression based on 
specific CD4 T-lymphocyte cutoffs should initiate 
prophylaxis for selected opportunistic infections once 
active infection is excluded (Table 5). As for all chil-
dren, ingestion of raw meat, eggs, seafood, and soil 
should be avoided, and careful hand washing should 
follow contact with animals, especially reptiles or ani-
mals with diarrhea.

	G.	 Begin education, counseling, and motivational inter-
viewing to prepare patients to adhere to lifelong 
therapy because essentially all patients will eventually 
require antiretroviral treatment. Individuals must 
have high rates of adherence to treatment to prevent 
induction of resistant virus.

	H.	 HIV treatment management (deciding when to initiate 
HIV-specific treatment, selecting antiretroviral drugs, 
monitoring efficacy and toxicity, selecting second-line 
therapy for treatment failure) is complex. HIV expert 
consultation is recommended for all patients and is  
associated with better outcomes. Timing for initiation 
of antiretroviral treatment is currently based on patient 
age, clinical stage, age-adjusted CD4 T-lymphocyte 
parameters, and plasma HIV RNA (see Table 6 
for 2010 recommendations). Published guidelines on  
antiretroviral treatment can be found online (http://
aidsinfo.nih.gov). These guidelines are updated regu-
larly, so current references should be consulted.

	 I.	 Standard treatment for HIV is a combination of three 
antiretroviral drugs with at least two having different 
mechanisms of action. Combination treatment is re-
quired to achieve potent viral suppression and to 
prevent outgrowth of virus resistant to the drugs. 
The initial regimen will include two nucleoside  
reverse transcriptase inhibitors (NRTI) plus either a 
non-nucleoside reverse transcriptase inhibitor 
(NNRTI) or a protease inhibitor (PI). Currently, 
seven NRTIs, four NNRTIs, and nine PIs have FDA 
approval; many have approved pediatric dosing and 
formulations (Table 7). For patients who need subse-
quent regimens after treatment failure, drugs with 
other mechanisms of action (inhibition of virus entry 
to the cell; inhibition of viral nucleic acid integra-
tion) have been developed; pediatric studies of safety 
and dosing for these drugs are under way. The goal 
of treatment is consistent suppression of plasma  
virus below the limit of detection. Plasma HIV RNA 
is measured at 4 to 8 weeks after starting a regimen, 
and then both HIV RNA and CD4 T-cell parameters 
are tested every 3 to 4 months. Treatment failure is 
defined as plasma HIV RNA copies/ml that have not 
decreased by at least 1 og10 at 8 to 12 weeks or are 
more than 400 cp/ml at 6 months after starting treat-
ment. Patients with treatment failure are evaluated 
for problems with adherence to treatment, pharma-
cokinetics, and viral resistance. An alternative treat-
ment regimen is determined based on findings of the 
evaluation.

	 J.	 Antiretroviral treatment may result in drug toxicity. 
The adverse effects that are either common and dose 
limiting or rare but severe for particular drugs or 
classes of drugs are listed in Table 7.
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Consult HIV specialist
for HIV treatment management
Determine if treatment is indicated (Table 6)

Initiate treatmentDefer treatment

Measure HIV RNA at 1 mo after
treatment and CD4 parameters and
HIV RNA every 3–4 months
Monitor for treatment failure

Monitor CD4 parameters, HIV RNA, and
clinical stage every 3–4 months

H

I

Monitor for drug toxicity (Table 7)J

Immunize per recommendationsK

Monitor and treat co-morbiditiesL

Assess for disease progression
Clinical stage (Tables 1 and 2)
Immunologic classification (Table 4)
Quantify plasma HIV RNA
Evaluate co-morbidities (HBsAg, 
  Hep C Ab, TB skin test, toxoplasma
  serology, CMV serology)
Evaluate organ systems (CBC,
  differential, platelet count, AST, 
  ALT, BUN, creatinine, quantitative IgG,
  IgM, IgA, urinalysis

E

CD4 count <200 or <15%
Initiate appropriate prophylaxis
for opportunistic infection

F

Begin HIV education and adherence counselingG

CD4 count >200 or 15%

Infant or child or adolescent with laboratory proven HIV INFECTION

(Cont’d from p 621)

	 K.	 Immunization for HIV-infected children should include 
hepatitis B, diphtheria-tetanus-acellular pertussis, inacti-
vated polio, Haemophilus influenzae type b, and conju-
gated pneumococcal vaccine given on the standard 
schedule. In general, live virus vaccines should be 
avoided; however, two doses of MMR (measles, mumps, 
and rubella) and VZV (varicella zoster virus) vaccines are 
recommended for children who are not CDC stage C or 
immune category 3. Pneumovax after age 2 years and  
a second dose after 3 to 5 years, as well as annual influ-
enza vaccines, are recommended. Responses to vaccines 
are improved when administered after starting effective 
antiretroviral treatment, when plasma HIV RNA is low 
and CD4 T-lymphocyte numbers have recovered.

	 L.	 Monitor and treat comorbid conditions. Rates of men-
tal health disorders (attention-deficit disorder, depres-
sion, behavioral disorders) occur at a high rate among 
children and adolescents infected and affected with 
HIV. Dietary counseling is provided to reduce the risk 
for metabolic disorders associated with HIV and/or 
antiretroviral treatment (hypertriglyceridemia, abnor-
mal cholesterol, glucose intolerance, low bone miner-
alization), as well as failure to thrive or wasting with 
advanced HIV disease. Children with HIV, even on 
antiretroviral treatment, remain at greater risk for in-
vasive bacterial infections, herpes zoster, nephropa-
thy, progressive cervical cancer, and certain other 
malignancies.
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Children Younger than 18 Months and Born to an HIV-Infected 
Mother

Definitively Infected

Positive results on two separate determinations on blood or tissue  
(excluding cord blood) for one or more of the following HIV detec-
tion tests: HIV nucleic acid detection (DNA or RNA); p24 antigen 
test with neutralization (age1 month); HIV isolation by culture

Definitively Uninfected

At least two negative HIV nucleic acid (DNA or RNA) detection tests 
from separate specimens, both obtained at age .1 month and one 
obtained at age .4 months

or
At least two negative HIV antibody tests from separate specimens  

obtained at age .6 months
and
No other laboratory (prior positive nucleic acid tests) or clinical  

evidence of HIV infection/AIDS (see Table 1)
Presumptively Uninfected

Two negative HIV nucleic acid detection (DNA or RNA) tests from  
separate specimens, both obtained at age .2 weeks and one 
obtained at age .4 weeks

or
One negative HIV nucleic acid detection test obtained at age  

.8 weeks
or
One negative HIV antibody test obtained at age .6 months
and
No other laboratory (prior positive nucleic acid tests) or clinical  

evidence of HIV infection/AIDS (see Table 1)

Table 3. 	Criteria	for	Human	Immunodeficiency	Virus	
Diagnosis	for	Infant	Born	to	Human	
Immunodeficiency	Virus–Infected	Woman

Adapted from Centers for Disease Control and Prevention. Revised surveillance 
case definitions for HIV infection among adults, adolescents, and children  
aged ,18 months and for HIV infection and AIDS among children aged 
18 months to ,13 years—United States, 2008. MMWR Recomm Rep 
2008;57(RR-10):1-9.

AIDS, acquired immune deficiency syndrome; HIV, human immunodeficiency 
virus.

Category N: Not Symptomatic
No signs or symptoms or only one of the conditions listed in category A

Category A: Mildly Symptomatic
Having two or more of the following conditions and none of those listed 

in category B:
Lymphadenopathy
Hepatomegaly
Splenomegaly
Dermatitis
Parotitis
Recurrent or persistent upper respiratory infection, sinusitis, or  

otitis media

Category B: Moderately Symptomatic
Having symptoms attributed to human immunodeficiency virus infec-

tion other than those in category A or C
Examples:

Anemia, neutropenia, thrombocytopenia
Bacterial meningitis, pneumonia, sepsis (single episode)
Candidiasis, oropharyngeal, persisting .2 months
Cardiomyopathy
Cytomegalovirus infection with onset at age ,1 month
Diarrhea, recurrent or chronic
Hepatitis
Herpes simplex virus recurrent stomatitis (more than two episodes in 

1-year period) or bronchitis, pneumonitis, esophagitis with onset at 
age ,1 month

Herpes zoster, two or more episodes or more than one dermatome
Leiomyosarcoma
Lymphoid interstitial pneumonia
Nephropathy
Nocardiosis
Fever lasting .1 month
Toxoplasmosis with onset at age ,1 month
Varicella, complicated

Category C: Severely Symptomatic
Children with any acquired immune deficiency syndrome–defining  

condition (see Table 1)

Table 2. 	Centers	for	Disease	Control	and	Prevention	
Clinical	Categories	of	Children	with	Human	
Immunodeficiency	Virus	Infection

Adapted from Centers for Disease Control and Prevention. 1994 revised classifica-
tion system for human immunodeficiency virus infection in children less than 
13 years of age. MMWR Recomm Rep 1994;43(RR-12):8.

Age	of	Child

Immunologic	Category ,12	months 1–5	years 6–12	years

	1.	 No evidence of suppression 1500 cells/ml (25%) 1000 cells/ml (25%) 500 cells/ml (25%)
	2.	 Evidence of moderate suppression 750–1499 cells/ml (15%–24%) 500–999 cells/ml (15%–24%) 200–499 cells/ml (15%–24%)
	3.	 Evidence of severe suppression ,750 cells/ml (,15%) ,500 cells/ml (,15%) ,200 cells/ml (,15%)

Table 4. 	Immunologic	Categories	Based	on	Age-Specific	CD4	Lymphocyte	Counts	and	Percentages	of	Total	
Lymphocytes

Adapted from Centers for Disease Control and Prevention. 1994 revised classification system for human immunodeficiency virus infection in children less than 13 years of 
age. MMWR Recomm Rep 1994;43(RR-12):4.
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Pathogen Indication First	Choice	Preventative	Regimen

Pneumocystis pneumonia HIV indeterminant age ,12 months*
HIV-infected age:

,12 months with any CD4 count
1–5 years with CD4 ,500 cells/ml or ,15%
.6 years with CD4 ,200 cells/ml or ,15%

TMP-SMX, 150/750 mg/m2 body surface area per day 
(maximum: 320/1600 mg) orally divided into two 
doses daily and administered three times weekly on 
consecutive or alternate days or undivided single 
doses three times weekly on consecutive days†

Mycobacterium avium complex HIV-infected age:
,1 year with CD4 ,750 cells/ml
1–2 years with CD4 ,500 cells/ml
2–5 years with CD4 ,75 cells/ml
.6 years with CD4 ,50 cells/ml 

Clarithromycin, 7.5 mg/kg (maximum: 500 mg) orally 
two times daily or azithromycin 20 mg/kg (maxi-
mum: 1200 mg) orally weekly†

Toxoplasmosis gondii HIV-infected with IgG antibody to Toxoplasma
,6 years with CD4 ,15%
.6 years with CD4 ,100 cells/ml

TMP-SMX 150/750 mg/m2 body surface area daily 
orally in two divided doses†

Table 5. Prophylaxis	to	Prevent	the	First	Episode	of	Selected	Opportunistic	Pathogens

Adapted from Centers for Disease Control and Prevention. Guidelines for the prevention and treatment of opportunistic infections among HIV-exposed and HIV-infected 
children. MMWR Recomm Rep 2009;58(RR-11):127, ,http://www.aidsinfo.nih.gov/.;[accessed 05.05.2011].

TMP-SMX5Trimethoprim-sulfamethoxazole
*Prophylaxis not indicated for exposed infants with testing consistent with presumed uninfected.
†Alternative treatments found in Centers for Disease Control and Prevention. Guidelines for the prevention and treatment of opportunistic infections among HIV-exposed 

and HIV-infected children. MMWR Recomm Rep 2009;58(RR-11):1-168.

Age Criteria Recommendation

,12 months Regardless of clinical symptoms, immune status, or viral load Treat
1 to ,5 years Clinical category B or C

CD4 ,25%
Clinical category A or N and CD4 25% 

with:
• HIV RNA .100,000 cp/ml
• HIV RNA ,100,000 cp/ml

Treat
Treat

Treat
Consider or defer, re-evaluate  

every 3–4 months
.5 to ,13 years Clinical category B or C

CD4 ,350 cells/m3

Clinical category A or N and CD4 350 cells/mmm with:
• HIV RNA 100,000 cp/ml
• HIV RNA ,100,000 cp/ml

Treat
Treat

Treat
Consider or defer, re-evaluate  

every 3–4 months
.13 years AIDS-defining illness or HIV-associated nephropathy, HBV 

coinfection when treatment of HBV is indicated
CD4 ,350 cells/m3

CD4 350–500 cells/m3

CD4 .500 cells/m3

Treat

Treat
Recommended*
Consider

Table 6. 	Guidelines	for	Indications	to	Start	Antiretroviral	Therapy	for	Human	Immunodeficiency	Virus–Infected	
Children

Adapted from Panel on Antiretroviral Therapy and Medical Management of HIV-infected Children. Guidelines for the use of antiretroviral agents in pediatric HIV infection. 
,http://aidsinfo.nih.gov/contentFiles/PediatricGuidelines.pdf.; [accessed 05.05.10] ; and Panel on Antiretroviral Guidelines for Adults and Adolescents. Guidelines 
for the use of antiretroviral agents in HIV-1-infected adults and adolescents. Department of Health and Human Services. ,http://www.Aidsinfo.nih.gov/ContentFiles/
AdultandAdolescentGL.pdf.; 2011 [accessed 05.05.10], p. 22.

*The advisory panel was divided on the strength of this recommendation: 55% voted for strong recommendations, and 45% voted for moderate recommendation.
AIDS, acquired immune deficiency syndrome; HBV, hepatitis B virus; HIV, human immunodeficiency virus.
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Drug	Name* Adverse	Effects†

Nucleoside Reverse Transcriptase Inhibitor Class (NRTI)
Abacavir (ABC) Hypersensitivity reaction (can be fatal), do not rechallenge
Didanosine (ddI) Pancreatitis, peripheral neuropathy
Emtricitabine (FTC) Minimal toxicity
Lamivudine (3TC) Minimal toxicity
Stavudine (d4T) Lipodystrophy, peripheral neuropathy
Tenofovir (TDF)‡ Bone demineralization, renal insufficiency (rare)
Zidovudine (ZDV) Anemia, neutropenia, myopathy
All in class Lactic acidosis (rare but potentially fatal)

Nonnucleoside Reverse Transcriptase Inhibitor Class (NNRTI)§

Delavirdine (DLV)‡ Increased transaminases
Efavirenz (EFV) Central nervous system symptoms, concern for teratogenicity in first trimester
Etravirine (ERV)‡ Nausea, rash
Nevirapine (NVP) Rash, hepatitis (may be associated with hypersensitivity)
All in class Rash (rarely Stevens–Johnson syndrome)

Protease Inhibitor Class (PI)§

All in class Gastrointestinal (GI) intolerance, transaminase increase, dyslipidemia, lipodystrophy, risk for  
bleeding in patients with hemophilia

Atazanavir (ATV)¶ Elevated indirect bilirubin, atrio-ventricular heart block
Darunavir (DRV)¶ Rash (cross-reaction with sulfonamides)
Fosamprenavir (FPV)¶ Rash, oral paresthesia, increased creatinine kinase
Indinavir (IDV)‡ Nephrolithiasis, elevated indirect bilirubin
Lopinavir/ritonavir (LPV/r) GI intolerance
Nelfinavir (NFV) Diarrhea
Ritonavir (RTV) Circumoral paraesthesias, GI intolerance
Saquinavir hard gel (SQV)‡¶ GI intolerance
Tipranavir (TPV)¶ Rash (cross-reaction with sulfonamides), possible association with intracranial hemorrhage

Integrase Inhibitor Class
Raltegravir (RAL)‡ GI intolerance, headache, increased creatinine kinase level, myopathy

Entry Inhibitors Class
Enfuvirtide (T-20) Injection-site reactions, increase rate of bacterial pneumonia, hypersensitivity
Maraviroc (MVC)‡§ Cough, fever, upper respiratory infections, dizziness, hepatic toxicity, cardiac events

Table 7. Antiretroviral	Medications	for	Human	Immunodeficiency	Virus	Infection	and	Associated	Adverse	Effects

Adapted from Panel on Antiretroviral Therapy and Medical Management of HIV-infected Children. Guidelines for the use of antiretroviral agents in pediatric HIV infection. 
,www.aidsinfo.nih.gov.; [accessed 05.05.10].

*Several of the individual drugs are available as fixed drug combinations at dose appropriate for adults and older adolescents. Adverse effects are those of the individual 
components.

†Adverse effects listed are either common and dose limiting or rare but severe. The frequency of the events among treated children has not always been determined. 
Additional adverse events may occur.

‡No pediatric formulation or dosing recommendations.
§The PIs and NNRTIs are metabolized by the cytochrome P450 system. Potentially significant drug interactions with multiple agents are possible. See the product label for 

contraindicated concurrent medication dose adjustments.
¶Usually given with low-dose ritonavir to take advantage of drug interaction that will boost pharmacokinetics parameters of the primary PI.
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Kawasaki Disease
Marsha S. Anderson, MD, and Mary P. Glodé, MD

Kawasaki disease, a self-limited acute febrile illness caused 
by a systemic vasculitis, is the leading cause of pediatric 
acquired heart disease in the United States. Kawasaki dis-
ease is a clinical diagnosis, and no confirmatory laboratory 
test is available. Kawasaki disease is characterized by fever 
for at least 4 days with four of the following five signs in the 
absence of another compatible known disease or infection: 
(1) bilateral nonexudative, conjunctival injection; (2) oral 
changes including chapped, dry, red, and/or fissured lips, 
diffuse injection of the oral mucosa and pharynx, or straw-
berry tongue; (3) changes of peripheral extremities, such as 
edema, erythema, or induration of hands and feet; (4) poly-
morphous erythematous rash (usually morbilliform, macu-
lopapular, scarlatiniform, or erythema multiforme-like); 
and (5) lymphadenopathy, often cervical, with enlargement 
of a node to more than 1.5 cm in diameter. Patients with 
fever for more than 5 days and fewer than four diagnostic 
features can be diagnosed as having Kawasaki disease when 
coronary artery disease is detected by echocardiogram or 
coronary angiography. Presumptive diagnosis of Kawasaki 
disease and initiation of therapy do not require waiting  
for 4 to 5 days of fever. Additional findings that may be 
observed include irritability, arthritis or arthralgia, vomiting, 
diarrhea, abdominal pain, hepatitis, obstructive jaundice, 
hydrops of the gallbladder, aseptic meningitis, urethritis, 
and cardiac disease. Most children have at least some des-
quamation of the palms and soles 10 to 20 days after onset 
of fever. Some children do not experience development of 
four or more of the major clinical signs described earlier, 
and this has been termed incomplete Kawasaki disease. 
Evaluation of these children is complicated, and a diagnos-
tic algorithm has been developed to aid in the evaluation of 
children with suspected Kawasaki disease (see Newburger 
JW 2004).

The median age of onset of Kawasaki disease is  
2 years; most patients are younger than 5 years. Infants 
younger than 6 months who have Kawasaki disease may 
not meet the case definition. These patients appear to be 
at increased risk for severe disease and coronary artery 
aneurysms.

	A.	 A complete history is essential to help sort through the 
possibilities on the differential diagnosis. Include the fol-
lowing in the history: recent medications or immuniza-
tions (drug reaction, Stevens–Johnson syndrome, MMR 
[measles, mumps, and rubella] reaction), recent travel 
(measles, tick-borne illness), recent animal exposure 
(leptospirosis), ill contacts (viral illness, especially adeno-
virus), joint swelling or pain (juvenile idiopathic arthritis, 
other collagen vascular disease). Laboratory evaluation 
may show leukocytosis, thrombocytosis (approximately 
2–3 weeks after onset), high sedimentation rate, high  
C-reactive protein, high transaminases, low albumin,  
and sterile pyuria. Identify Streptococcus pyogenes phar-
yngitis. Other laboratory studies to consider in the evalu-
ation depending on the clinical presentation include 
lumbar puncture, sinus computed tomographic (CT) 
scan, chest radiograph, urine culture, anti-DNAse B, and 
anti-streptolysin antibody.

	B.	 Tachycardia out of proportion to the level of fever is seen 
in many patients with Kawasaki disease and may reflect 
underlying myocarditis. A gallop may also be present. 
Patients with very severe illness may have unstable vital 
signs (hypotension and shock), myocarditis, or signs of 
congestive heart failure, and may need intensive care 
management. Consultation with someone with experi-
ence in treating Kawasaki disease is recommended for all 
cases if possible.

(Continued on page 630)
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Patient with KAWASAKI DISEASE
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(Cont’d on p 631) (Cont’d on p 631)
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	C.	 As soon as the diagnosis is established, treat with intra-
venous immunoglobulin (IVIG; 2 g/kg) given over 10 
to 12 hours as a single dose. Studies have shown IVIG 
given in the first 10 days of illness substantially de-
creases risk for development of coronary artery lesions. 
No studies have evaluated risk reduction using IVIG 
after the 10th day of illness, but it is still recommended 
as treatment if the patient is symptomatic and/or has 
signs of ongoing inflammation. The most common  
adverse effects of IVIG include fever, chills, and head-
aches. A hemolytic reaction or anaphylaxis is rare.  
Immunoglobulin preparations have been screened for 
hepatitis and human immunodeficiency viruses. MMR 
and varicella vaccines should not be given within  
11 months of treatment with IVIG (patients may not 
develop good immune responses because IVIG  
contains antibody to these antigens).

	D.	 At the time of diagnosis and treatment with IVIG, high-
dose oral aspirin (80–100 mg/kg/day in four divided 
doses) should be initiated and continued until the  
patient has been afebrile for 3 to 5 days. At this point, 
the dose and frequency of the aspirin can be reduced to 
3 to 5 mg/kg/day given orally once a day. Signs of aspirin 
toxicity are only occasionally seen at high doses, but be 
alert for the signs such as vomiting, hyperpnea, leth-
argy, and liver function alterations. In patients without 
development of coronary artery abnormalities, low-
dose aspirin is continued until the 6- to 8-week follow-
up echocardiogram has been obtained and has been 
declared normal. In patients with coronary artery find-
ings, the decision on when to stop the aspirin will be 
made by the cardiologist (some patients take aspirin 
indefinitely). Use of aspirin during varicella or influenza 
infections has been associated with Reye syndrome. 
Therefore, it is important that the patient and family 
receive influenza vaccines before discharge (seasonally) 
if they have not previously received them this season. 
The patient should receive trivalent inactivated (inject-
able) influenza vaccine; the live attenuated vaccine  
(intranasal) is contraindicated in patients taking aspirin. 
If the patient receiving aspirin is exposed or has symp-
toms of varicella infection or influenza, the aspirin 
should be stopped immediately and the cardiologist 
contacted for advice on an alternative agent to use.  
Dipyridamole is one such alternative antiplatelet drug, 
but there are others, and cardiologists may have per-
sonal preferences or recommendations based on the 
presence or absence of coronary artery disease.

	E.	 Cardiac complications include pericardial effusion, 
myocarditis with arrhythmias or congestive heart fail-
ure, coronary artery aneurysms, late coronary artery 
occlusion with myocardial infarction, acute and 
chronic valvulitis, and aneurysms of the aorta and 

other noncoronary arteries. Patients who experience 
development of giant coronary aneurysms (8 mm) 
are at high risk for myocardial ischemia/infarction. 
Deaths are most frequent between days 20 and 40 of 
the illness. A small number of patients continue to 
have fever and lack of resolution of signs and symp-
toms after treatment with IVIG. Patients who do not 
become afebrile within 36 hours after the immuno-
globulin infusion finishes are termed IVIG resistant. 
These patients need to be treated either with a second 
dose of IVIG or with one of the newer agents under 
study. Consultation with an expert on Kawasaki  
disease is recommended.
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Lyme Disease
Julie-Ann Crewalk, MD, and Roberta L. DeBiasi, MD

Lyme disease is a multisystem inflammatory disorder 
caused by infection with the spirochete, Borrelia burg-
dorferi. The disease is transmitted by the bite of an 
Ixodes tick (I. scapularis or I. pacificus, I. rincinus in 
Europe,  I. persulacatus in Asia). Transmission has been 
confirmed on at least three continents. Inoculation from 
the Ixodes tick may lead to isolated Lyme disease, as well 
as possible coinfection with Anaplasma phaygocytophil-
ium or Babesia microti.

	A.	 History: When obtaining the patient’s history, ask about 
potential exposure to ticks and recognized tick bites,  
as well as rashes or an influenza-like illness (without 
respiratory symptoms). Ticks are found not only in 
wooded areas, but also in grasses, shrubs, and bushes 
surrounding the yard. Generalized symptoms of fever, 
malaise, fatigue, conjunctivitis, sore throat, arthralgias, 
nausea, vomiting, stiff neck, and headache are often 
noted in early Lyme disease and may accompany the 
initial rash.

	B.	 Physical Examination: Be observant for skin lesions. 
When erythema migrans rash is present (approximately 
50% of cases), it initially manifests 1 to 32 days after the 
tick bite. This skin lesion begins as an erythematous 
papule and expands circumferentially to a large circular 
or oval erythematous lesion, with our without partial 
central clearing (“bull’s-eye” lesion), that may reach a 
diameter of 60 cm. The lesion may resemble cellulitis, 
the center may vesiculate or ulcerate, and secondary 
lesions may develop. The lesion is typically present for 
approximately 4 to 6 weeks. Additional physical signs 
that may be present include lymphadenopathy, mild 
meningismus, ocular findings (conjunctivitis, iritis, ker-
atitis), bradycardia, splenomegaly, arthritis, and less 

commonly, hepatomegaly (anicteric hepatitis) or testic-
ular swelling.

	C.	 Assess the Pattern of Disease: Lyme disease has early- 
and late-stage manifestations. Early localized disease is 
often limited to isolated erythema migrans rash, with or 
without fever, headache, and/or myalgia. Early dissemi-
nated disease occurs in about 15% of patients, most 
commonly manifesting as multiple erythema migrans 
lesions, with or without fever, headache, myalgia, and/
or meningismus. Secondary erythema migrans lesions 
develop within several weeks of infection, consisting of 
smaller annular lesions in comparison with the initial 
primary lesion. Other potential manifestations of early 
disseminated disease include central nervous system 
abnormalities (aseptic meningitis, facial nerve palsy, 
radiculopathy, cerebellar ataxia, transverse myelitis) or 
rarely cardiac abnormalities (heart block or myocardi-
tis). Late disease presents months after initial infection, 
usually as recurrent arthritis of the large joints, such  
as the knees, and rarely as neurologic disease (encepha-
litis, polyneuritis).

	D.	 Serologic Testing: Early localized disease is primarily a 
clinical diagnosis. Serologic testing is commonly nega-
tive during early localized disease, as a minimum of 3 to 
4 weeks are required to develop a reliably detectable 
serologic response. Serologic testing for Lyme disease is 
indicated for suspected early disseminated and late 
Lyme disease. A two-step testing approach is recom-
mended, consisting of an initial quantitative screening 
test (EIA or IFA) for serum antibodies (sensitive but  
not specific). Equivocal or positive results should be  
followed by confirmatory testing by Western immuno-
blot IgG and IgM (specific but potentially overly sensi-
tive in absence of screening ELISA).

(Continued on page 634)
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	E.	 Localized Erythema Migrans: Treatment of early local-
ized and disseminated disease effectively prevents pro-
gression to manifestations of late disease. All symptoms 
and signs should resolve promptly during treatment of 
early disease.

	F.	 Cardiac manifestations of early disseminated disease 
usually develop 3 to 21 weeks after the bite, most com-
monly as various stages of atrioventricular block, but 
also as myocarditis and left ventricular dysfunction. 
Carditis is rare in children.

	G.	 Neurologic manifestations can be present initially but 
more often develop 4 to 6 weeks after the tick bite. 
The most frequent manifestations are meningitis and 
cranial nerve palsies, as well as peripheral radiculo-
neuropathies. Less common are transverse myelitis, 
Guillain-Barré syndrome, cerebellar ataxia, encephali-
tis, and pseudotumor cerebri (seen primarily in  
children). Neuro-ophthalmologic findings can include 

neuroretinitis and optic neuritis. Neurologic abnor-
malities may progress in untreated patients during 
months to years into chronic syndromes. Bell’s palsy is 
the most common cranial neuropathy and can occur 
either as an isolated neurologic manifestation or in 
conjunction with aseptic meningitis.

	H.	 Arthritis usually develops months after the tick bite. 
The pattern of joint involvement may be variable and 
can be monoarticular, oligoarticular, migratory, or  
additive. Monoarticular or pauciarticular involve-
ment of the knee is the most common presentation. 
Other joints may include shoulder, elbow, temporo-
mandibular joint, ankle, wrist, and hip. Joints are 
characteristically warm and swollen, but rarely  
erythematous. Waxing and waning symptoms are 
common. Without treatment, the arthritis usually 
lasts several weeks, often remits and recurs, and can 
become debilitating.

(Continued on page 636)
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	 I.	 Treatment:

	1.	 Early localized disease (erythema migrans, arthral-
gias, headaches, and other early manifestations) 
should be treated with oral doxycycline or tetracy-
cline (for children $8 years old) or amoxicillin (for 
children ,8 years old) for 14 to 21 days. Cefuroxime 
is an acceptable alternative for patients allergic to 
amoxicillin (Table 1). The macrolides are not recom-
mended as first-line therapy because they were 
found to be less effective than other antimicrobials. 
First-generation cephalosporins should not be used 
for treatment.

	2.	 Treatment of patients with early disseminated disease 
is based on the presenting clinical manifestation:

	a.	 Multiple erythema migrans can be treated with 
the same oral regimens as described above, but 
for 21 days.

	b.	 Patients with isolated facial nerve palsy (in ab-
sence of aseptic meningitis) can be treated orally 
for 21 to 28 days. Treatment prevents progression 
of neurologic disease; however, it will not affect 
time or likelihood of resolution of the cranial 
nerve palsy. Steroids are not indicated for treat-
ment of Bell’s palsy caused by Lyme disease.  
Intravenous antimicrobial therapy is indicated for 
treatment of aseptic meningitis and other neuro-
logic manifestations of Lyme disease.

	c.	 Carditis should be treated with intravenous 
ceftriaxone or penicillin G for 14 to 28 days.

	3.	 Late disease:

	a.	 Patients with arthritis in absence of neurologic 
disease can be treated orally for 28 days. One 
third of patients with arthritis will have persis-
tent symptoms/signs at conclusion of therapy 
that almost always resolves within an additional 
month. However, some patients may require  
a second course of oral therapy. Refractory  
or recurrent arthritis should be treated with 
intravenous therapy. NSAID treatment in con-
junction with antimicrobial therapy is often  
utilized.

	b.	 Treatment of neurologic disease (with excep-
tion of isolated cranial nerve palsy), should be 
completed with intravenous ceftriaxone or 
penicillin G for 21 to 28 days.

	c.	 Although unusual in the pediatric population, a 
small subset of patients may report ongoing 
symptoms including headache, fatigue, and 
myalgia persisting longer than 6 months after 
completion of standard therapy for any stage of 
Lyme disease. This entity, termed post-Lyme 
syndrome, is an area of active study but does 
not represent active or chronic infection. Pro-
longed antimicrobial therapy is not indicated 
in these patients. Advise all patients to take  
appropriate precautions for preventing subse-
quent tick bites, such as protective clothing, 
use of insect repellents, and daily inspection 
for attached ticks.

Table 1. Drugs	Used	in	the	Treatment	of	Lyme	Disease

Drugs/Antibiotics Dosage Duration

Amoxicillin 50 mg/kg/day PO divided tid
(maximum: 500 mg per dose)

Cefuroxime axetil 30 mg/kg/day PO divided bid  
(maximum 1 gm per day)

Early localized: 21 days

Early disseminated: 
Multiple EM: 21 days
Facial Palsy: 21–28 days
Late arthritis: 28 days

Doxycycline $8 years of age: 100 mg per dose bid 
,8 years of age: 4 mg/kg/day PO divided bid Early localized: 14–21 days
(maximum: 100 mg per dose) Early disseminated: 21–28 days

Ceftriaxone 75–100 mg/kg/day IV once daily
(maximum: 2 g per day)

Cefotaxime 150 mg/kg/day IV divided every 8 hrs Early (carditis/meningitis): 14–28 days
(maximum: 2 g per dose)

Penicillin G 300,000 U/kg/day IV divided every 4 hrs Late (persistent arthritis,  
encephalitis): 14–28 days

(maximum: 20 million units per day)

*Erythromycin ethyl succinate 50 mg/kg/day PO divided q6h Early localized: 14–21 days
(maximum: 500 mg per dose)

*Azithromycin 10 mg/kg/day PO once daily Early localized: 7–10 days
(maximum: 500 mg per dose)

*Not first line treatment due to lower response rate.
IV, intravenously; PO, orally.
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Meningitis
Donna Curtis, MD, MPH, and Ann-Christine Nyquist, MD, MSPH

Meningitis is an inflammation of the meninges, the mem-
branes that surround the brain and spinal cord. Related 
conditions include encephalitis, inflammation of the brain, 
and meningoencephalitis, which is inflammation of both 
the meninges and the brain.

Infectious causes of meningitis include viruses and 
bacteria, and fungi and parasites (rare causes of meningi-
tis). The epidemiology of meningitis depends on many 
things, but the age of the patient and the time of year  
often dictate treatment decisions before a pathogen is 
known. For the purposes of this chapter, epidemiology, 
diagnosis, and management are discussed in the context of 
developed countries. Among viruses, enteroviruses and 
herpes simplex virus (HSV) are the most common causes 
of viral meningitis in infants. In older children, enterovi-
ruses continue to dominate, other viruses include HSV, 
arboviruses, influenza, Epstein–Barr virus, and human 
immunodeficiency virus. The most common causes of 
bacterial meningitis also vary by age of the child. Among 
infants, newborn to 4 to 6 weeks, group B streptococcus 
and Enterobacteriaceae, particularly Escherichia coli, are 
the most common causes of bacterial meningitis. The 
pathogens in this age group reflect exposure to vaginal 
and perineal flora of the mother. There is no definite time 
period distinguishing causes of bacterial meningitis in 
various age ranges, but after about 1 month of age, Strep-
tococcus pneumoniae and Neisseria meningitidis become 
more common, and they are the predominant organisms 
after approximately 3 months of age. Other bacteria  
to consider based on maternal history, exposures, and  
immune status include, but are not limited to, Listeria 
monocytogenes, enterococci, Staphylococcus aureus, Citro-
bacter, Salmonella, Haemophilus influenzae (type a, non-
typeable, type b), Mycoplasma, Mycobacterium tuberculo-
sis, Streptococcus anginosus, and anaerobes. The frequency 
of H. influenzae type b infection has decreased dramatically 
with immunization; however, in areas of the world where 
conjugate H. influenzae type b vaccine is not adminis-
tered, this organism remains a common cause of meningi-
tis. Invasive H. influenzae type a infections are reported as 
a rare cause of meningitis. As the use of conjugate pneu-
mococcal vaccine increases, the frequency of pneumococ-
cal meningitis will decrease and the relative proportion of 
meningococcal meningitis will increase. In Lyme-endemic 
areas, Lyme meningitis should also be considered. Fungal 
meningitis is rare and is typically restricted to particular 
patient groups. For example, cryptococcal meningitis 
should be considered in patients with human immunode-
ficiency virus (HIV) or other immunodeficiency, and  
Candidal meningitis can occur in premature infants  
in neonatal intensive care units (NICUs), patients with 
ventricular shunts, or immunodeficient patients. Parasitic 
meningitis is also rare but can include amoebic meningi-
tis in patients who are immunocompromised or with  
exposure to freshwater.

Morbidity and mortality for bacterial meningitis depends 
on the age of the patient and the bacteria, but can be sig-
nificant. The mortality rate for bacterial meningitis is 10% to 
20% in the neonatal period and 3% to 10% in infants and 
children. Morbidity includes sensorineural hearing loss 
(most common sequelae), intellectual delay, obstructive 
hydrocephalus, or seizure disorder. Viral meningitis gener-
ally has much less morbidity and mortality; however, notable 
exceptions include herpes simplex meningoencephalitis, 
neonatal enteroviral sepsis, influenza necrotizing encephali-
tis, and enterovirus 71 meningoencephalitis.

	A.	 The patient’s history should include details of fever, 
irritability, and other new symptoms noted by the care-
giver. Look for alterations in the mental status and 
normal level of activity, including playfulness, irritabil-
ity, feeding and sleeping patterns, responsiveness, and 
seizures. A full review of systems should be elicited with 
particular attention to recent respiratory symptoms 
(cough, congestion, coryza, sore throat, earache, fast or 
difficult breathing, chest indrawing [retractions]), treat-
ment with antibiotics, and gastrointestinal symptoms 
(vomiting, diarrhea, abdominal distention, abdominal 
pain, blood in stools). Pertinent aspects of history  
include maternal prenatal labs and group B streptococ-
cus status for infants, any known sick contacts, vaccina-
tion history, underlying medical conditions (especially 
exposure to HIV, other known immunodeficiency or 
immunosuppressive medications, sickle cell disease, 
heart disease with single-ventricle physiology), contact 
with animals, travel history, family history of immune 
disorders, and any indwelling foreign bodies (ventricu-
lar shunt, central venous catheters).

	B.	 A complete physical examination should be performed 
with particular attention to mental status, neurologic 
examination, and cardiovascular examination. The neu-
rologic examination should evaluate for nuchal rigidity, 
including Brudzinski and Kernig signs, a bulging fonta-
nelle in infants, papilledema, and focal neurologic signs 
such as cranial nerve abnormalities (3, 4, and 6 can 
indicate increased intracranial pressure), weakness, or 
asymmetric reflexes. In Brudzinski sign, the knees flex 
in response to rapid flexion of the neck. Kernig sign  
is resistance to extension of the leg when the hips  
are flexed. In infants with a fontanelle, the baseline 
head circumference should be measured and the fon-
tanelle width can also be measured and followed daily 
to monitor for development of complications such as 
subdural effusion or hydrocephalus. Cardiovascular 
examination should concentrate on signs of shock  
such as tachycardia, low blood pressure, delayed capil-
lary refill, or weak pulses. Other notable findings could 
include respiratory distress, seizures, petechiae and/
or purpura, other skin rash, and bone or joint  
infections.
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	C.	 The diagnosis of meningitis is based on signs of inflam-
mation in the cerebrospinal fluid (CSF); therefore, a 
lumbar puncture (LP) should be performed unless clini-
cally contraindicated. Contraindications to performing a 
LP include: concern for increased intracranial pressure 
(refer to section D) or respiratory or cardiovascular insta-
bility. Antibiotics should not be delayed if a LP is not 
performed before stabilization or further testing. CSF 
should be sent for cell count, glucose, protein, bacterial 
culture, and possibly for viral studies based on clinical 
presentation. Common CSF viral studies include HSV 
polymerase chain reaction (PCR) and enterovirus PCR. 
Other studies may be sent on the CSF based on history 
and physical, for example, mycobacterial culture, fungal 
culture, West Nile virus IgG/IgM, viral culture, and cryp-
tococcal antigen. CSF laboratory parameters can vary 
based on age. After the neonatal period, a normal CSF 
should have no more than 10 white blood cells (WBCs) 
per cubic millimeter, a glucose level greater than 50% of 
the serum concentration, a protein level less than 45 mg/
dl, and a negative Gram stain. Sterilization of the CSF can 
occur within 1 hour of parenteral administration of antibi-
otics for meningococcal infection and within 4 hours for 
pneumococcal infection. CSF cell counts greater than 
500/mm3 are suggestive but not diagnostic of bacterial 
infection because 45% of patients with enteroviral men-
ingitis have CSF counts greater than 500/mm3. A major-
ity of patients with enteroviral meningitis also demon-
strate polymorphonuclear leukocyte predominance in 

the CSF. CSF parameters can also be normal early on in 
infection, so treatment should be initiated if there is a 
clinical suspicion of meningitis even with normal CSF 
cell count and chemistries. In this case, if culture or 
PCRs are negative, the LP can be repeated in 24 to  
48 hours. There is no definite cutoff for WBCs to distin-
guish between viral and bacterial meningitis; however, in 
general, the higher the WBCs, the more likely the cause 
is bacterial. Additional studies that can aid in diagnosis of 
meningitis include throat and rectal PCRs for enterovi-
rus, surface cultures (or PCRs) for HSV, and serum  
PCR for viruses. Other laboratory abnormalities may in-
clude disseminated intravascular coagulation (seen with 
disseminated HSV, neonatal enterovirus, bacteremia 
suggesting pneumococcal or meningococcal infection), 
elevated liver function tests (HSV or neonatal enterovi-
rus), and hyponatremia (syndrome of inappropriate 
antidiuretic hormone secretion [SIADH] from bacterial 
meningitis).

	D.	 When there is clinical concern for increased intracranial 
pressure (papilledema, bulging fontanelle, cardiovascular 
instability), a computed tomography (CT) scan or mag-
netic resonance imaging (MRI) of the head should be 
obtained before performing a LP. Performing either im-
aging test with contrast will allow visualization of abscess, 
and on an MRI, inflammation of the meninges or brain 
will occur with meningitis, encephalitis, or both. Find-
ings of temporal lobe involvement in patients with sei-
zures suggest herpes central nervous system infection.

Patient with MENINGITIS

A History

B

C

D

Physical examination

Lumbar puncture
CSF: cell count, glucose, protein, Gram stain, culture
Consider: herpes simplex virus PCR,
      enteroviral PCR, viral culture
Blood: culture, CBC with differential and platelets,
      electrolytes, BUN, creatinine, glucose,
      liver function tests

Consider:
Cranial CT or MRI

(Cont’d on p 641)
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	E.	 Assess the degree of illness. Very severely ill patients 
have signs of severe dehydration, shock, respiratory dis-
tress, disseminated intravascular coagulation, electrolyte 
abnormalities, hypoglycemia, markedly altered mental 
status, prolonged seizures, or focal neurologic signs.

	F.	 For the initial 24 to 48 hours, patients with bacterial 
meningitis should be monitored for hemodynamic stabil-
ity, neurologic status, urine output, electrolyte levels, 
glucose concentration, and calcium concentration. Main-
tain the patient’s hydration in the normal range. Correct 
significant dehydration and avoid overhydration.

	G.	 Initial empiric antibiotic therapy is typically based on 
the age of the patient (Table 1). Neonates to approxi-
mately 4 to 6 weeks should be started on ampicillin and 
cefotaxime or an aminoglycoside (typically gentami-
cin). The ampicillin will cover group B streptococcus, 
listeria, and enterococci. Doses should be maximized 
for the age and weight. If gentamicin is used, levels 
should be followed closely to avoid additional potential 
effects on hearing or renal function. Infants in the 
NICU or any infant with a central line should be 
treated with vancomycin given the risk for central line 
infection. Older infants (i.e., .4–6 weeks) should be 
empirically started on vancomycin and cefotaxime (or 
ceftriaxone). The switch to vancomycin is based on  
the risk for resistant Streptococcus pneumoniae. If a 
resistant pneumococcus is isolated, or if there is no 
clinical improvement in 24 to 48 hours, adding  
rifampin (20 mg/kg per day in two doses) is indicated. 
Vancomycin levels should be followed closely to ensure 
adequate serum concentrations and monitor for toxic-
ity. Serum creatinine should be followed closely for 
either vancomycin or gentamicin to monitor for renal 
toxicity. Acyclovir should be added to the empiric treat-
ment regimen if there is any clinical concern for HSV 
meningitis. Once a pathogen has been identified, the 
antibiotic regimen should be tailored to the recom-
mended treatment regimen for that pathogen. Treat-
ment duration is typically pathogen specific and can 
change based on whether there are any clinical compli-
cations. In general, for a non-complicated meningitis 

treat gram-negative enterics for 21 days, group B strep-
tococcus for 14 to 21 days, S. pneumoniae for 10 to 
14 days, H. influenzae for 7 to 10 days, and N. menin-
gitidis for 7 days.

	H.	 Begin therapy with acyclovir when herpes infection is 
suspected or identified. Under 6 months of age, a dos-
age of 20 mg/kg intravenously (IV) every 8 hours can 
be used. After 6 months of age, the standard dosage of 
10 mg/kg IV every 8 hours (or better, 1500 mg/m2 per 
24 hours divided every 8 hours) should be used.  
In certain severe infections, the 20 mg/kg IV every  
8 hours dosage is used for older children. Ensure  
the adult maximum dosage is not exceeded. Typical 
length of treatment for HSV meningitis/encephalitis is 
21 days IV.

	 I.	 Neurologic sequelae of bacterial meningitis is related 
to the inflammation of the body’s immune response  
to the pathogen. Many studies have tried to evaluate 
the effects of steroids on neurologic outcomes; and  
although results are mixed, many experts recommend 
using steroids in addition to antibiotics concurrently 
with the antibiotics or very soon after. The potential 
benefits include decreased sensorineural hearing loss 
and improvement in other neurologic sequelae. This 
has been shown in Haemophilus type b meningitis, and 
there is some data for Streptococcus pneumoniae men-
ingitis in adults. The concern for using dexamethasone 
is based on decreased CSF concentrations of vancomy-
cin and other medications caused by decreased inflam-
mation of the meninges, because the inflammation of 
the meninges allows for better passage of antibiotics 
across the blood–brain barrier. Another concern is that 
the anti-inflammatory effects may mask clinical condi-
tions that fail to respond to standard empiric antibiotics 
such as resistant Streptococcus pneumoniae, mycobac-
teria, or fungal infections. Of note, it is not uncommon 
for the patient to have another fever once the dexa-
methasone is stopped; however, this does not necessarily 
represent treatment failure and the patient must be 
evaluated clinically. The recommended dosage for dexa-
methasone is 0.15 mg/kg IV every 6 hours for 4 days.

Drug IV	Dose

Acyclovir 1500 mg/m2/24 hr (30 mg/kg 24 hr) 
divided every 8h

Ampicillin sodium 50–75 mg/kg every 6h
Cefotaxime (Claforan) 50–75 mg/kg every 6h
Ceftriaxone (Rocephin) 100 mg/kg daily
Dexamethasone 0.15 mg/kg every 6h IV 3 4 days
Gentamicin 2.5 mg/kg every 8h (infants ,7 days, 

every 12h)
Vancomycin (Vancocin) 15 mg/kg every 6h (infants .30 days)

15 mg/kg every 8h (infants 7–30 days)
15 mg/kg every 12h (infants ,7 days)

Table 1. Therapy	for	Meningitis

(Continued on page 642)
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Patient with MENINGITIS

E

F

G

I

J

Assess degree of illness

Severe Very severe

Hospitalize

Viral
infection

Viral or
bacterial
infection

Bacterial
infection

Observe
without
antibiotics

Discharge
when stable

Treat:
Acyclovir
pending
culture
results

Suspected
herpes
simplex

Treat:
IV antibiotics
pending culture

Consider:
Steroids

Assess culture results

Bacterial culture-negative
case without prior antibiotics
                     or
Viral study-positive
case with prior antibiotics

Observe

Bacterial culture-positive
                   or
Bacterial culture-negative
case with prior antibiotics
and negative viral study

Treat:
Continue
antibiotics

Good response Poor response
(Cont’d on p 643)

Hospitalize
in ICU

Treat:
IV antibiotics

Consider:
Steroids

Monitor
Supportive care

Good response
Good response

Stabilize:
Respiratory support
Circulatory support

Hospitalize in ICU

Monitor
Supportive care

Consider:
DIC screen
Chest radiography

Treat:
IV antibiotics

Consider:
Steroids

F

G

I

H

Treat:
Discontinue
antibiotics

Monitor
Supportive care

Monitor
Supportive care

(Cont’d from p 639)
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	J.	 Patients should improve within 24 to 48 hours after 
initiation of antibiotic therapy. Indications of a poor 
response include persistent opisthotonos, seizures, 
coma or altered mental status, and signs suggesting 
central nervous system complication (focal neurologic 
signs, enlarging head circumference, ataxia, persistent 
seizures, prolonged coma, altered mental status).  
Patients can have prolonged fevers, particularly with 
Haemophilus influenzae meningitis (10%–15%); how-
ever, other causes of prolonged fevers such as phlebi-
tis, soft-tissue infection, urinary tract infection, and 
bone joint infection must be evaluated. Drug fever 
must be considered.

	K.	Consider repeating LP in 24 to 36 hours to document an 
adequate therapeutic response in all neonates, infections 
with nonsusceptible S. pneumoniae and gram-negative 
enteric bacilli, immunocompromised patients, recurrent 
meningitis, and failure to respond to therapy. Routine 
LP at the end of therapy is unnecessary; however,  

consider repeating LP in the patient with persistent fe-
ver. A repeat LP is also often recommended in neonates 
with gram-negative bacilli. The repeat LP will document 
end-of-therapy CSF parameters in the event that the 
infant returns for treatment and requires a repeat LP.

	L.	 Signs of central nervous system complications include 
focal neurologic findings, prolonged seizures, persistent 
alterations in mental status, enlarging head circumfer-
ences, and ataxia. A CT or MRI scan will identify signifi-
cant central nervous system disease: subdural effusion or 
empyema, cerebral edema, cerebral abscess, cerebral 
infarction, or hydrocephalus. Small subdural effusions 
are common and should not be drained. Aspirate an  
effusion or empyema if it is large and associated with 
ventricular displacement, focal neurologic signs, signs of 
increased intracranial pressure, or deterioration in the 
patient’s condition. Patients with meningitis should have 
a hearing screen and be followed closely for develop-
mental abnormalities.
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Patient with MENINGITIS

J Poor response or infection with nonsusceptible
S. pneumoniae or gram-negative enteric bacilli
or immunocompromised patient
(Cont’d from p 641)

Assess for complications/sequelae
Consider:

Repeat lumbar puncture

Repeat lumbar puncture
to rule out resistant
organisms

CT scan

Consult:
Neurologist and/or
      Neurosurgeon

Identify:
Herpes simplex encephalitis
Subdural effusion/empyema
Cerebral abscess
Cerebral infarction
Hydrocephalus
Cerebral edema

Identify:
Relapse
Resistant infection

Electrolyte abnormality

Urine and serum osmolalities
Urine specific gravity

Decreased 
serum Na

Increased 
serum Na

Signs of CNS
abnormality

Identify:
Syndrome of
inappropriate
antidiuretic
hormone
secretion

Identify:
Diabetes insipidus

Sensorineural
deafness

LK
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Common Illness  
after International Travel

Roopal Patel, MD, DTMH, and Judith C. Shlay, MD, MSPH   

Each year, more than 50 million people from the industri-
alized countries visit the developing world, including more 
than 2 million children. Up to 8% of returning travelers are 
ill enough to seek medical care while either abroad or on 
returning home.

	A.	 When a child presents with a medical condition, it is im-
portant to know the areas where the family has traveled, 
because the differential diagnosis will vary depending  
on the location(s) visited. Using information from the 
GeoSentinel surveillance network, a system of specialized 
travel and tropical medicine clinics on six continents,  
region-specific diagnoses have been elucidated. In addi-
tion, it is important to determine details of the child’s 
travels: exposure to freshwater, contact with animals,  
mingling with local people, and receipt of travel immuni-
zations and malaria chemoprophylaxis.

When a traveler presents with a medical condition, 
the evaluation should focus on the following questions:

• What infections are possible given the places visited?
• Which of these infections is more probable given the 

patient’s clinical findings?
• Which of these infections is life-threatening, treatable, 

or transmissible?

The three most common symptoms reported after 
travel are diarrhea, fever (with or without systemic 
illness), and dermatologic conditions.

DIARRHEA

	B.	 Traveler’s diarrhea (TD), the sudden onset of three or 
more unformed stools in 24 hours, is a common com-
plaint during or shortly after travel to a developing coun-
try. TD is usually acquired from drinking contaminated 
water and ingesting contaminated food, specifically 
through exposure to unboiled water or raw foods,  
but exposure history may be limited. Determine dura-
tion of symptoms, severity of symptoms, and whether 
diarrhea is associated with fever, vomiting, or blood  
in stools. Assess fluid intake and output. Most TD is  
self-limited, but persistent symptoms can occur in a 
small percentage of travelers. Diarrhea with onset more 
than 1 month after travel is unlikely to be due to expo-
sure during travel.

Physical examination should include assessment of 
hydrations status, especially in infants and young chil-
dren, with appropriate fluid administration if necessary 
(see p. 220).

	C.	 Acute TD is defined as lasting less than 2 weeks; infec-
tious agents are the predominant cause. Worldwide, 

enterotoxigenic Escherichia coli, which causes a secre-
tory diarrhea, is the most common bacterial pathogen 
isolated. Campylobacter jejuni, Salmonella spp., Shigella 
spp., and enteroinvasive E. coli are less common causes 
of TD but are invasive pathogens that can cause more 
severe disease. Fever, bloody stools, or leukocytes seen 
on stool microscopy indicate probable invasive inflam-
matory enteropathy; however, a secretory diarrhea may 
predominate early in the course of illness. Viral patho-
gens such as rotavirus, which can cause significant mor-
bidity in children, calicivirus (Norwalk and Norwalk-like 
viruses), and enteroviruses account for 5% to 10% of 
acute TD.

	D.	 Persistent diarrhea is present if symptoms persist for 
longer than 2 weeks. Giardia lamblia is the most com-
monly identified intestinal parasite and presents with 
acute, watery diarrhea with abdominal pain and in 
protracted courses with foul-smelling stools and flatu-
lence. Other enteric protozoa include Entamoeba 
histolytica, Cryptosporidium parvum, and Cyclospora 
cayetanensis. E. histolytica, although a rarer cause of 
persistent diarrhea, can cause severe invasive disease 
that can be complicated by liver abscess. Parasitic 
infections are more common in long-term travelers. 
Some travelers with prolonged diarrhea will no longer 
have an infectious cause but will have developed a 
postinfectious irritable bowel syndrome or a malab-
sorption syndrome.

	E.	 A pathogen is identified in only 40% to 60% of patients 
with TD, and culture may not be necessary in mild, 
acute, secretory diarrhea. Collect a stool specimen for 
culture for enteric pathogens and microscopic exami-
nation for ova and parasites and leukocytes if there is 
evidence of invasive diarrhea, for persistent diarrhea, if 
the diarrhea was unresponsive to empirical therapy, or 
if the patient is immunocompromised. Antigen detec-
tion assays for Giardia are available.

	F.	 Acute, noninflammatory mild diarrhea can be treated 
empirically with fluids and antibiotic administration. 
Widespread antibiotic resistance has developed among 
many enteric pathogens; therefore, antibiotics that are 
no longer recommended are the sulfonamides, neomy-
cin, ampicillin, doxycycline, tetracycline, trimethoprim 
alone, and trimethoprim-sulfamethoxazole. Azithromy-
cin is considered the first-line antibiotic therapy in 
children and will cover TD acquired in all destinations, 
including potential fluoroquinolone-resistant Campylo-
bacter found in Southeast Asia. Duration of treatment 
is usually 3 days for acute diarrhea. Fluoroquinolones 
are first line in adults. Although there is some concern 
that fluoroquinolones, such as ciprofloxacin, are associ-
ated with transient musculoskeletal adverse effects in 
children, increasing evidence supports the pediatric use 
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of ciprofloxacin, particularly for short-course treatment. 
Rifaximin, a semisynthetic antibiotic, is an alternative 
for afebrile, nondysenteric TD and is approved for chil-
dren older than 12 for the treatment of toxigenic E. coli. 
Antimotility agents, although effective in adults with 
TD, are not recommended in children younger than  
2 years and should be used with caution in children 
between 2 and 12 years of age.

	G.	 Metronidazole (5- to 10-day course) or tinidazole 
(single dose) are the drugs of choice for Giardia. 
Furazolidone and quinacrine are alternatives avail-
able outside of the United States. Treatment for 
symptomatic E. histolytica includes metronidazole or 

tinidazole, followed by a luminal amebicide such as 
iodoquinol and paromomycin.

	H.	 Even if infectious causes for persistent diarrhea 
are not found, a single course of empiric treatment 
with azithromycin and/or metronidazole is war-
ranted. Avoid repeated courses of empiric treatment. 
Dietary changes, include limiting lactose and fruc-
tose, may alleviate symptoms. Consider evaluation 
for noninfectious causes including postinfectious 
malabsorption, irritable bowel syndrome, and, if 
bloody stools are present, inflammatory bowel dis-
ease. Persistent diarrhea is often self-limited and will 
resolve over time.

Patient with COMMON ILLNESS AFTER INTERNATIONAL TRAVEL

Skin conditionFever Diarrhea

A

History and PE

(Cont’d on p 649) (Cont’d on p 653)

Assess degree of hydration
(p 220)

Persistent diarrhea
>2 weeks

Acute diarrhea
<2 weeks

Cx not
taken or
negative

Cx + for
bacterial
pathogen

B

Consider
empiric
Abx

F Abx based on sensitivities
See Acute diarrhea (p 220)

Parasite + All tests –

Tx for
giardia
etc.

G H Avoid repeated
empiric treatment
Consider non-
infectious etiologies

DC

Diagnostics
Consider stool cx
Microscopic exam
Antigen detection test

E
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FEVER

	 I.	 A febrile illness, with or without systemic symptoms, is 
a frequent presentation in a patient who has recently 
traveled internationally. Although potentially serious 
tropical infections such as malaria and dengue need 
prompt diagnosis and treatment, clinicians should not 
overlook common childhood illnesses including acute 
viral or bacterial infections.

Elicitation of travel history will help to narrow the 
differential diagnosis of fever. For example, malaria is 
the most frequently reported cause of fever in travelers 
returning from sub-Saharan Africa, whereas dengue is 
more commonly reported after travel to Southeast Asia. 
A careful review of the duration of travel, timing of 
symptom(s) onset related to dates of travel, and known 
incubation periods of key infectious diseases may help 
rule out certain causative factors. Exposure history, such 

as insect bites, whether the patient was visiting friends 
and family, or ingestion of raw foods may provide further 
clues to the cause of the febrile illness.

Perform a complete physical examination with a 
specific focus on vital signs, appearance (toxic or non-
toxic), weight loss, pallor, rashes, including insect bites, 
and eschars, abdominal tenderness, hepatosplenomeg-
aly, and lymphadenopathy.

Preliminary laboratory tests should identify the 
more common and potentially serious and treatable 
infections. Thick and thin smears should always be col-
lected for immediate malaria testing. Blood cultures 
should also be sent, although empiric antibiotics may 
be needed before availability of results if the patient  
is very ill or clinical suspicion for a specific bacterial 
infection is high. Results of the complete blood cell 
count may help support preliminary diagnosis while 
other test results are pending.

(Continued on page 650)
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(Cont’d on p 651)

History and PE

Initial diagnostics
  Blood smear for microscopy
  Blood Cx
  Complete blood count

Assess degree of illness and
stabilize acutely ill patients

Fever

Patient with COMMON ILLNESS AFTER INTERNATIONAL TRAVEL
(Cont’d from p 647)

I
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	J.	 Malaria infections in humans are primarily caused 
by four Plasmodium species (P. falciparum, P. vivax, 
P. malariae, and P. ovale). The parasite is transmitted 
by an infective female Anopheles mosquito and trans-
mission occurs worldwide in developing countries. 
Malaria in travelers, especially caused by P. falciparum, 
can cause severe and life-threatening disease, which 
can be prevented by appropriate chemoprophylaxis 
and prompt recognition by clinicians on return from 
travel. However, even with proper preventative mea-
sures, malaria can occur and a history of chemoprophy-
laxis should not exclude an evaluation for malaria. 
There are approximately 1500 imported cases reported 
annually in the United States, of which about two 
thirds are due to P. falciparum and one third due to 
P. vivax.

Most travelers (95%) become symptomatic within 
30 days after return from travel. The incubation period 
depends on the species of Plasmodium and can be as 
short as 6 days, or for cases of P. vivax and P. ovale, up 
to years after the exposure. Fever is the predominant 
symptom, but sweats, rigors, gastrointestinal symp-
toms, headache, and/or malaise are often present. 
Early symptoms in children may mimic other common 
pediatric febrile illnesses, which may lead to a delay  
in diagnosis and treatment. Severe malaria presents 
with seizures, coma, renal failure, shock, or respiratory 
distress.

The gold standard for malaria diagnosis is the  
microscopic examination for parasites of thick and 
thin blood smears. The thick smear can detect even 
low levels of parasite, whereas the thin smear is used 
for species determination and parasitemia quantifica-
tion. If the smears are negative, repeat blood smears 
should be taken 12 to 24 hours later. Three sets of 
negative smears taken 12 to 24 hours apart effectively 
exclude malaria as the cause of the fever. Supporting 
laboratory findings include thrombocytopenia with-
out leukocytosis and, in cases of P. falciparum, 
increase of bilirubin and aminotransferases.

Patients with severe malaria, malaria caused by  
P. falciparum, or an unidentified species should be 
admitted to the hospital for initial treatment and 
monitoring of complications. P. falciparum resistance 
to chloroquine is widespread and increasing for  
P. vivax; therefore, treatment will depend on the 
drug susceptibility of the infecting parasites as deter-
mined by the geographic area where the infection 
was acquired (Table 1). Severe malaria should be 
treated with parenteral antimalarial therapy, and ex-
change transfusion should be strongly considered if 
the parasite density is more than 10% or if complica-
tions such as cerebral malaria, acute respiratory dis-
tress syndrome, or renal insufficiency exist.

	K.	 Typhoid fever is a potentially severe, systemic illness 
caused by the bacterium Salmonella enterica. Travel-
ers to endemic areas, including South Asia, Central 
and South America, Africa, and the Caribbean are 
exposed to the bacteria by the ingestion of contami-
nated food and beverages. Although immunization 
for typhoid fever is recommended for travelers, dem-
onstrated effectiveness ranges from 50% to 80% for 

both oral Ty21a and intramuscular Vi capsular poly-
saccharide vaccines.

Incubation period is usually 7 to 14 (range, 
3–60) days. Fever and malaise present early, followed 
by headache, abdominal pain, and diarrhea (more 
common in children, whereas constipation is more 
typical in adults). The fever increases in the second 
week of illness and “rose spots,” a blanching erythema-
tous maculopapular rash, can occur, but are reported in 
only 5% to 30% of cases. Other physical findings in-
clude a relative bradycardia, hepatosplenomegaly, and 
splenomegaly. Mental status changes can also occur. 
Severe typhoid with complications, which occur in 
10% to 15% of cases, includes gastrointestinal bleed-
ing, perforation, and typhoid encephalopathy accom-
panied by shock. Young children may present with a 
mild, febrile disease with sustained or intermittent 
bacteremia.

Isolation of Salmonella typhi from blood is diag-
nostic, with the highest sensitivity (60%–80%) in the  
first week of the disease. Multidrug-resistant isolates 
are common, especially in travelers returning from 
South Asia. Antibiotic choice should be based on sever-
ity of disease and susceptibility of the organism, but 
possible first-line options include third-generation 
cephalosporin, azithromycin, or a fluoroquinolone.  
Retreatment may be required if relapse of enteric  
fever occurs (up to 10% of patients).

	L.	 The probable incubation period of the illness and 
travel destinations should be considered to focus the 
differential if initial tests are negative and suspicion for 
more common diseases is low (Table 2). Associated 
findings, such as hemorrhage, respiratory symptoms, 
eosinophilia, or rash, may also help narrow the differ-
ential. Further diagnostics, especially specific serologic 
assays, should be undertaken, and consultation with a 
travel medicine specialist may be warranted. Exotic 
travel-related diagnoses such as Ebola virus, rabies, 
Japanese encephalitis, plague, tularemia, yellow fever, 
among others, are quite rare; none of these infections 
is found in 17,353 returning travelers studied in 2006 
from the GeoSentinel Surveillance.

	M.	Dengue, an arboviral infection that is transmitted by 
the Aedes aegypti mosquito, is seen most commonly 
in travelers from Asia and the Americas, with only a 
small proportion from Africa. After a typical incuba-
tion period of 4 to 7 days (range, 3–14 days), patients 
may experience a range of symptoms from a mild 
acute febrile illness to dengue hemorrhagic fever 
(DHF) or shock syndrome. DHF and dengue shock 
syndrome are not common among travelers because 
they occur primarily in patients who had a prior infec-
tion by a different dengue serotype. Dengue presents 
more classically in older children with sudden-onset 
fever, headache, retro-orbital pain, and myalgias, and 
in 50% of patients, a macular or maculopapular rash 
that appears at the end of the fever. Infants and young 
children may present with an undifferentiated fever, 
with or without the rash. Laboratory findings include 
thrombocytopenia, leukopenia with lymphopenia, 
mild-to-moderate increases in hepatic aminotransfer-
ases, and hyponatremia.
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Diagnosis of dengue is mainly clinical but can be 
confirmed by a fourfold increase in serum antibody in 
acute and convalescent serum. Diagnosis by viral cul-
ture or polymerase chain reaction tests is possible but 
limited by the sensitivity of the test.

Treatment is supportive and symptomatic because no 
specific therapeutic agents exist for dengue. For mild 
dengue, use antipyretics, bed rest, and fluid replacement. 
DHF may be heralded by decreasing platelet counts,  
especially at time of defervescence, and platelet counts 
should be monitored. Fresh frozen plasma should be  
administered if signs of disseminated intravascular coagu-
lation are present, and prompt administration of intrave-
nous fluids is indicated for DHF and signs of shock.

Rickettsial infections such as African tick typhus 
(Rickettsia africae), scrub typhus (Orientia tsutsuga-
mushi), and Mediterranean tick typhus (R. conorii), 
are transmitted by arthropods and are more common 
after exposures to grassy areas such as on safari in 
sub-Saharan Africa. Symptoms of fever, headache, 
and myalgia are acute after an incubation period of  
7 to 10 days (range, 3–21 days), and on physical  
examination a painless eschar at the inoculation site 
helps support the diagnosis. Other signs include rash, 
thrombocytopenia, leucopenia, and lymphadenopa-
thy. Treatment should be given based on clinical 
suspicion while serologic confirmation of diagnosis is 
pending. Tetracyclines are the drug of choice even 
for children younger than 8 years, because effective 
treatment outweighs minimal risk for dental staining 
from one course of treatment.

Reports of leptospirosis, caused by growth in eco-
tourism and adventure sports, have increased in  
returning travelers and should be considered in older 

children with a history of exposure to freshwater 
(swimming, rafting, hiking). Symptoms include fever, 
headache, myalgia, and rash. Conjunctival suffusion 
occurs in less than half of the cases, and severe  
disease with jaundice and renal dysfunction (Weil 
syndrome), hemorrhagic pneumonitis, or circulatory 
collapse occurs in approximately 10% of patients. 
Diagnosis is made by isolation of spirochetes from 
blood or urine (low sensitivity) or by serologic diag-
nosis. The treatment of choice for hospitalized  
patients is intravenous penicillin. For milder disease, 
doxycycline can be used in children older than  
8 years and ceftriaxone in younger patients.

Tuberculosis should be considered in pediatric 
patients who present with fever lasting longer than  
2 weeks, in whom symptoms commence more than  
2 weeks (up to months) after travel, patients with cen-
tral nervous system findings, and especially, if patient 
had exposure to friends or family rather than short-
term tourist destinations. A tuberculin skin test should 
be placed and radiographs considered (see p. 664).

Chikungunya virus, transmitted by the Aedes mos-
quito, is endemic to areas of Africa and Asia. The  
illness presents with acute onset of joint pain, followed 
by myalgia, fever, and rash with recovery usually within 
weeks. Clinical diagnosis is made first because confir-
mation requires demonstrating increase in antibodies 
using acute and convalescent serum. Chikungunya can 
present similarly to dengue; however, chikungunya in-
fections are shorter in duration, and include a terminal 
maculopapular rash, arthralgia or arthritis, and con-
junctival involvement. Hemorrhagic phenomena rarely 
occur with chikungunya infections. Treatment is sup-
portive with antipyretics, analgesics, and fluids.

(Cont’d from p 649)
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DERMATOLOGIC	CONDITIONS

	N.	 Skin conditions are common among persons who re-
cently traveled. Most patients report that the skin le-
sions began while abroad. In the history, determine the 
duration of symptoms, relation to travel period, and 
possible exposures such as to freshwater or seawater, 
animals, or bites by insects or arthropods. The location 
of the lesions, their pattern (maculopapular, nodular, 
ulcerative, or linear), and the presence or absence of 
associated symptoms (such as pain, pruritus, fever, or 
other systemic symptoms) are useful in establishing the 
diagnosis. With symptoms of fever and rash, consider 
chikungunya virus, dengue, and rickettsial infections 
(see earlier). When the skin condition is the predomi-
nant presenting symptom, characterize on physical ex-
amination whether it is papular, nodular, an ulcer, or 
linear in nature. The most common dermatologic disor-
ders reported by the GeoSentinel network included 
cutaneous larva migrans (9.8%), insect bites (8.2%), 
skin abscesses (7.7%), superinfected insect bites (6.8%), 
and allergic rash (5.5%). Other infections include den-
gue (3.4%) and leishmaniasis (3.3%).

	O.	 Pruritic papules:

• Insect bites (bedbugs, fleas, scabies) generally occur 
in clusters or linear distributions. Bedbugs and fleas 
usually require only symptomatic therapy. For sca-
bies, first-line treatment is either topical permethrin 
5% cream or oral ivermectin. Close contacts need to 
be treated, and clothing and linen should be washed 
and dried or bagged for several days.

• Seabather’s eruption is confined to skin covered by a 
bathing suit and associated with saltwater exposure. 
It is caused by larval forms of sea anemones and  
jellyfish. Treatment is usually with topical antihista-
mines and corticosteroids.

• Cercarial or Schistosomal dermatitis affects exposed 
skin and is caused by penetration of the skin by schis-
tosomal cercariae in freshwater, resulting in an intense 
inflammatory response that is more rapid and severe if 
repeat exposures occur. Lesions usually resolve within 
a week. Treatment is symptomatic.

• “Hot tub” folliculitis is a diffuse folliculitis caused by 
Pseudomonas aeruginosa that contaminates swimming 
pools, hot tubs, whirlpools, or water slides. An itchy 
maculopapular eruption develops within 48 hours  
of exposure, especially in areas covered by bathing  
garments. Treatment is symptomatic.

	P.	 Subcutaneous swelling and nodules:

• Common causes of fixed, painful subcutaneous 
swelling include myiasis, tungiasis, and furuncles. 

Myiasis is the invasion of the skin by the larvae 
of Diptera (flies) including the tumbu fly in Africa 
and the botfly in Latin America. Lesions resemble 
boils but have a central opening through which  
serosanguineous material oozes and where the lar-
vae may emerge. Removal of the larvae is curative. 
Tungiasis (i.e., jiggers) develops after a female 
sand fly invades the skin, often around the toenail 
or soles of the feet, and is seen in travelers return-
ing from Africa, South America, or India. Treat-
ment is removal of the flea.

• Many parasites and other pathogens can cause nodules. 
Examples include echinococcosis, dirofilariasis, cysti-
cercosis, coenurosis, and toxocariasis. Most occur in 
long-term travelers or immigrants and are rare in short-
term travelers. Biopsy of accessible nodules is needed 
for diagnosis. Treatment is directed to the type of  
organism identified.

	Q.	 Ulcers:

• Ecthyma (pyoderma) is the most frequent ulcer 
among travelers. It is a shallow, painful, purulent ulcer 
that results from skin trauma or bites that become 
secondarily infected, usually with Staphylococcus au-
reus or group A streptococci. Treatment consists of 
wound care and provision of antibiotics directed at 
the potential organisms.

• Cutaneous leishmaniasis presents with painless ulcers 
that typically enlarge slowly with a granulomatous or 
crusted base and raised margins. Leishmaniasis is 
spread by the bite of a female sandfly; it is diagnosed 
by finding amastigotes in tissue or on smears. Other 
manifestations include mucocutaneous and visceral, 
reflecting the tissue location of the infected macro-
phage. The drug of choice is either sodium stibogluco-
nate or meglumine antimonate. Alternatives include 
pentamidine or paromomycins. Treatment duration 
may vary based on symptoms, host immune status, 
species, and the area of the world where the infection 
was acquired.

	R.	 Linear and migratory lesions:

• Cutaneous larva migrans is the most frequent serpigi-
nous lesion among travelers. It results from migration 
of animal hookworms in superficial tissues and is due to 
contact with contaminated soil/sand with dog/cat feces. 
It is most common on the foot or buttock. Indications 
for treatment are to relieve cutaneous symptoms and to 
prevent bacterial superinfections. Options include thia-
bendazole (topical), ivermectin (systemic), or albenda-
zole (systemic). Antihistamines can be helpful in con-
trolling pruritus.
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Table 1. Pediatric	Treatment	Regimens	for	Uncomplicated	and	Severe	Malaria

Drug	Options Pediatric	Dosage

Treatment for Plasmodium falciparum Acquired in Chloroquine-Resistant Areas or Species not Known—Uncomplicated Malaria
Quinine sulfate 1 clindamycin (,8 years) or 

doxycycline, tetracycline (.8 years) (all oral) 
or

Quinine: 8.3-mg base/kg (5 10 mg salt/kg) orally (not to exceed the adult dose of 650 mg) 
three times daily for 3 days (infections acquired outside Southeast Asia) to 7 days  
(infections acquired in Southeast Asia)

Clindamycin: 20-mg base/kg/day divided three times daily for 7 days
Doxycycline: 2.2 mg/kg orally (not to exceed the adult dose of 100 mg) every 12 hours for 

7 days
Tetracycline: 25 mg/kg/day orally (not to exceed the adult dose of 250 mg) divided four 

times daily for 7 days
Artemether-lumefantrine (oral)  

or
1 tablet 5 20 mg artemether and 120 mg lumefantrine
A 3-day treatment schedule with a total of six oral doses is recommended for both adult and 

pediatric patients based on weight; the patient should receive the initial dose, followed 
by the second dose 8 hours later, then 1 dose PO bid for the following 2 days
5–,15 kg: 1 tablet per dose
15–,25 kg: 2 tablets per dose
25–,35 kg: 3 tablets per dose
$35 kg: 4 tablets per dose

Atovaquone-Proguanil (oral)  
or

Pediatric tablet 5 62.5 mg atovaquone/25 mg proguanil
Adult tablet 5 250 mg atovaquone/100 mg proguanil

5–8 kg: 2 pediatric tablets per day for 3 days
.8–10 kg: 3 pediatric tablets per day for 3 days
.10–20 kg: 1 adult tablet per day for 3 days
.20–30 kg: 2 adult tablets per day for 3 days
.30–40 kg: 3 adult tablets per day for 3 days
.40 kg: 4 adult tablets per day for 3 days

Mefloquine (oral) or 13.7-mg base/kg (5 15 mg salt/kg) as initial dose, followed by 9.1-mg base/kg 
(5 10 mg salt/kg) given 6–12 hours after initial dose

Total dose 5 25 mg salt/kg (not to exceed the adult dose of 1250 mg salt)

Treatment for P. falciparum Acquired in Chloroquine-Sensitive Areas—Uncomplicated Malaria
Chloroquine phosphate (oral) 10-mg base/kg immediately, followed by

5-mg base/kg at 6, 24, and 48 hours
Total dose: 25-mg base/kg (not to exceed the adult dose of 1500-mg base)

Hydroxychloroquine sulfate (oral) 10-mg base/kg immediately, followed by
5-mg base/kg at 6, 24, and 48 h
Total dose: 25-mg base/kg (not to exceed the adult dose of 1550-mg base)

Treatment of P. vivax Acquired in Chloroquine-Resistant Areas (See Later for Prevention of Relapse after Treatment)
Atovaquone-Proguanil As above
Oral quinine sulfate 1 doxycycline, tetracycline 

(.8 years)
As above

Mefloquine As above

Treatment of all Plasmodium Other Than Chloroquine-Resistant P. Falciparum and P. Vivax

Chloroquine phosphate As above
Hydroxychloroquine As above

Prevention of Relapse After Treatment for P. Vivax and P. Ovale

Primaquine (if not G6PD deficient) 0.5-mg base/kg orally (not to exceed the adult dose of 30-mg base) per day for 14 days

Continued
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CDC, Centers for Disease Control and Prevention; G6PD, glucose 6-phosphate dehydrogenase; IV, intravenously; PO, orally.

Table 1. Pediatric	Treatment	Regimens	for	Uncomplicated	and	Severe	Malaria—cont’d

Drug	Options Pediatric	Dosage

Severe Malaria or Unable to Take Oral Medications
Intravenous quinidine gluconate plus clindamycin 

(,8 years) or doxycycline, tetracycline (.8 years)
Quinidine: 6.25-mg base/kg (5 10 mg salt/kg) loading dose IV over 1–2 hours, then 

0.0125-mg base/kg/min (5 0.02 mg salt/kg/min) continuous infusion for at least 24 hours
Alternative regimen exist (see package insert)
Once parasite density ,1% and patient can take oral medication, complete treatment with 

oral quinine, dose as above
Clindamycin: 10-mg base/kg loading dose IV followed by 5-mg base/kg IV every 8 h; 

switch to oral clindamycin as soon as patient can take oral medication; treatment course 
is 7 days

Doxycycline: IV only if patient is not able to take oral medication; for children ,45 kg, 
give 2.2 mg/kg IV every 12 hours and then switch to oral doxycycline as soon as patient 
can take oral medication; for children .45 kg, start with 100 mg IV every 12 hours; 
treatment course is 7 days

Tetracycline: IV dose same as oral, use until able to take oral medications
Investigational new drug (contact CDC for information): artesunate followed by one of  

the following: atovaquone-proguanil, doxycycline (clindamycin in pregnant women), or 
mefloquine

Table 2. Incubation	Period	of	Infections	That	May	Cause	Fever	in	Pediatric	Travelers

Incubation	Period Diseases

,14 days Malaria, dengue, typhoid, chikungunya, rickettsial infections, leptospirosis, salmonellosis, shigellosis, acute hepatitis, 
influenza, yellow fever,* East African trypanosomiasis, meningococcemia, enteroviruses, rabies,* bacterial and viral 
pneumonia, parvovirus B19, acute histoplasmosis,* acute coccidioidomycosis,* measles, varicella, arboviral encepha-
litis, bacterial or viral meningitis, acute human immunodeficiency virus infection,* viral hemorrhagic infections*

14 days to 6 weeks Malaria, typhoid, tuberculosis, acute schistosomiasis, hepatitis A, hepatitis E,* amebic liver abscess, leptospirosis
.6 weeks Malaria, tuberculosis, visceral leishmaniasis,* lymphatic filariasis, onchocerciasis, schistosomiasis, amebic liver abscess, 

rabies,* African trypanosomiasis, typhoid fever

*Rare causes in pediatric travelers.
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Management of Common Illnesses 
in Developing Countries at  
First-Level Health Facilities

Roopal Patel, MD, DTMH, and Eric A. F. Simoes, MBBS, DCH, MD

According to the World Health Organization (WHO) and 
UNICEF, almost 10 million deaths per year occur in chil-
dren younger than 5 years, mostly in developing countries. 
One third of the deaths occur during the first month of life 
mainly because of prematurity and low birth weight, neona-
tal infections (sepsis and pneumonia), birth asphyxia, and 
birth trauma. After the neonatal period, the most common 
causes of death are pneumonia (19%), diarrhea (17%),  
malaria (8%), and measles (4%). Human immunodeficiency 
virus/acquired immune deficiency syndrome (HIV/AIDS) 
accounts for only 3% of deaths overall but may be an under-
lying condition leading to other causes of death, and preva-
lence in children varies by region across resource-limited 
settings. Malnutrition is an underlying factor in 35% to 50% 
of deaths. Poverty, unsafe water, poor sanitation, and limited 
access to medical care contribute to high rates of death in 
young children in developing countries. Effective prevention 
and treatment strategies such as vaccines, antibiotics, and 
oral rehydration exist for the most common illnesses seen in 
developing countries. However, the fundamental challenge 
is to deliver these services in the context of poverty, limited 
access to medical care, and the underdeveloped medical  
infrastructure seen in many developing countries.

The Integrated Management of Childhood Illness (IMCI) 
is a strategy developed in the 1990s by WHO and other in-
stitutions to provide evidence-based and effective prevention 
and treatment measures for the most common childhood 
illnesses in resource-limited settings. In developing coun-
tries, patients often seek initial medical care at first-level 
health facilities such as health posts or health centers.  
Primary health facilities are usually staffed by health care 
workers with limited medical training. IMCI guidelines 

therefore rely on simple clinical symptoms and signs to allow 
the health worker to assess a child’s symptoms, classify  
the illness, and guide management, including determining 
which children need referral to higher levels of care. IMCI 
focuses on pneumonia, diarrhea, malaria, measles, malnutri-
tion, immunization, and treatment of the infant younger than 
60 days. Since the 1990s, several revisions have been made 
to the IMCI guidelines based on research and field tests, 
including recommendations for use in high HIV transmis-
sion settings, inclusion of dengue, care for child develop-
ment, and a new guideline for the young infant that extends 
from birth to 60 days of age. This chapter uses the IMCI  
approach to outline the management of the most common 
illnesses in children younger than 5, excluding the first  
60 days of age, at primary level health facilities.

	A.	 Important first steps in the assessment of a sick child at 
the first-level health facility begin with an assessment for 
general danger signs to determine whether immediate 
referral to a higher level of care is needed. The health 
worker should inquire about seizures, determine 
whether the child is lethargic or unconscious, if they 
vomit everything, and whether they are able to drink. 
These findings are indicative of very severe disease such 
as cerebral or other forms of severe malaria, severe  
hypoxemic pneumonia, meningitis, severe dehydration, 
or shock caused by other serious illnesses (e.g., sepsis 
and dengue shock syndrome). A child with one or more 
of these signs should be considered seriously ill, and  
after the administration of prereferral treatment, re-
ferred urgently to a higher level of care for further 
evaluation, diagnosis, and treatment.

(Continued on page 658)
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	B.	 Next, the health worker asks the caretaker about the 
presence of four main presenting symptoms: cough or 
difficulty breathing, diarrhea, fever, and ear problems. 
For each symptom, the IMCI algorithm uses a limited 
number of clinical signs, based on evidence of their 
sensitivity and specificity, to detect and then classify 
the severity of disease. Every child (even those with 
general danger signs) is assessed for the presence or 
absence of these symptoms.

Pneumonia, or acute lower respiratory tract infec-
tion, is the single most important cause of mortality in 
children younger than 5 years in developing countries. 
A child with cough or difficulty breathing should be 
evaluated for: (1) respiratory rate, (2) lower chest wall 
in-drawing, and (3) stridor. Increases to greater than 
age-specific respiratory rates have been shown to have 
a good sensitivity and specificity for detecting pneumo-
nia in children. For infants 2 to 11 months of age, fast 
breathing is defined as 50 or more breaths per minute, 
and for 1 to 5 years of age, it is more than 40 breaths per 
minute. Lower chest wall in-drawing, noted in the  
absence of agitation, nose blockage, or active breast-
feeding, indicates severe pneumonia. The presence of 
stridor, a sign of upper airway obstruction such as 
croup, requires urgent referral. Infants and children are 
classified as having severe pneumonia or very severe 
disease (danger signs, lower chest wall in-drawing, stri-
dor), pneumonia (fast breathing alone), or upper respi-
ratory tract infections (cough or difficult breathing 
without significant findings). Although several patho-
gens may cause pneumonia, the best evidence suggests 
that respiratory syncytial virus, Haemophilus influenzae 
type b (Hib), and Streptococcus pneumoniae are the 
leading causes in developing countries. Pulmonary  
tuberculosis (TB) presenting as pneumonia is increas-
ingly common in young children in areas of high HIV 
transmission. Overlap of TB and pneumonia symptoms 
may initially lead to antibiotic treatment for cases of 
pulmonary TB, but health workers should be trained to 
refer patients who return without response to treat-
ment, with chronic cough, or other signs of worsening.

A sick child with watery or bloody diarrhea is as-
sessed to identify acute watery diarrhea, dysentery 
(bloody diarrhea), or persistent diarrhea (.14 days), 
and to classify hydration status. Bacterial pathogens are 
more common than viral pathogens in developing coun-
tries. The most common bacterial causes of diarrhea  
are Escherichia coli, Shigella spp., Campylobacter spp., 
Salmonella, and Vibrio spp. In countries where mortality 
caused by diarrhea is decreasing, viral pathogens such as 
rotavirus and noroviruses may have increased impor-
tance as causative agents of diarrhea. Parasitic causative 
agents, such as Giardia lamblia, Cryptosporidium par-
vum, Cyclospora cayetanensis, and, rarely in this age 
group, Entamoeba histolytica, are less common than 
bacterial and viral agents in developing countries. How-
ever, the former three are increasingly being recognized 
as important causes of diarrhea and persistent diarrhea in 
HIV-positive infants and children. Persistent diarrhea 
accounts for 10% to 15% of all diarrhea cases seen at 
first-level facilities, but accounts for up to 50% of deaths 
caused by diarrhea.

Health care workers should ask how long the diar-
rhea has lasted and if there is blood in the stool. Assess-
ment for dehydration should include the degree of 
lethargy or restlessness, sunken eyes, reaction when 
offered a drink, and elasticity of skin. There may be 
overlap of findings that are actually caused by severe 
malnutrition rather than diarrhea (sunken eyes). The 
degree of dehydration (Table 1) and classification of 
acute, persistent, or bloody diarrhea will then deter-
mine the treatment.

Fever is often the main reason a child presents to 
the health facility. A fever may be caused by a minor 
viral illness or an upper respiratory infection, but of 
immediate concern is the need to identify children 
with potentially life-threatening conditions, such as 
malaria, measles, meningitis/sepsis, or dengue. The 
guidelines use a temperature greater than 37.5° C axil-
lary or 38° C rectal to define a fever; in the absence of 
a thermometer, feeling “hot” by history or examination 
is acceptable to enter into the algorithm. The duration 
of fever should also be determined. To identify other 
possible conditions, a child with fever should also be 
assessed for a stiff neck, upper respiratory tract symp-
toms, rash or history of rash, and other accompanying 
symptoms.

Malaria transmission is widespread in tropical and 
some subtropical countries, and causes an estimated 
250 to 500 million cases each year. Four species of Plas-
modium cause human malaria (P. falciparum, P. vivax, 
P. malariae, and P. ovale); P. falciparum predominates 
in Africa (except North Africa), and P. vivax is more 
often found in Central America, Asia, and North Africa. 
Uncomplicated malaria usually presents with fever, 
sweats, rigors, gastrointestinal symptoms, headache, 
and/or malaise. Early symptoms in children may mimic 
other common pediatric febrile illnesses, and severe 
malaria may commence with fever but then quickly 
lead to respiratory distress, shock, impaired conscious-
ness, and/or seizures. The gold standard for diagnosis is 
microscopic detection of parasites on a stained periph-
eral blood smear. The availability of rapid diagnostic 
tests for malaria, decreasing malaria transmission, and 

Table 1. 	Classification	of	Dehydration	Based	
on	Clinical	Signs

Degree	of	Dehydration Findings

Severe dehydration Two of the following signs:
Lethargic or unconscious
Sunken eyes
Not able to drink or drinks poorly 

(weak and requires help)
Skin pinch test is very slow  

(.2 seconds)
Some dehydration Two of the following signs:

Restless or irritable
Sunken eyes
Drinks eagerly, thirsty
Skin pinch test is slow (,2 sec-

onds, skin stays up even briefly 
after pinch)

No dehydration Not enough signs to classify as  
severe or some dehydration
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increasing resistance of antimalarials with the need to 
use more expensive drugs such as Artemisinin-based 
combination treatments has led to a shift away from 
presumptive treatment for malaria. WHO now recom-
mends prompt parasitologic confirmation of malaria 
infection before treatment. As a result, developing 
countries are expanding the use of rapid diagnostic tests 
and microscopy at primary health facilities. Treatment 
based solely on clinical suspicion should be reserved for 
settings where diagnostics are not available.

The classification of fever includes severe febrile 
disease, defined as fever in combination with any dan-
ger sign or stiff neck; urgent referral with pretreatment 
is required. These children may have severe malaria, 
severe pneumonia, or other life-threatening infections 
such as bacterial sepsis or meningitis. S. pneumoniae, 
Hib, and meningococcus are the leading causes of 
meningitis and serious bacterial infections in the devel-
oping world; however, the burden of these infections is 
expected to decrease with the anticipated increased 
coverage of Hib and pneumococcal vaccines in develop-
ing countries. Salmonella typhi and Staphylococcus 
aureus are also important pathogens that cause menin-
gitis or sepsis, especially in high HIV prevalence settings.

According to WHO estimates, there are 30 million 
cases of measles annually. Measles is an acute, viral illness 
characterized initially by fever, cough, coryza, conjuncti-
vitis, and pinpoint blue and white spots in the buccal 
mucosa called Koplik spots. An erythematous rash then 
appears that typically starts at the hairline and forehead, 
then moves downward to involve the rest of the body. 
Other symptoms include anorexia, stomatitis, and gener-
alized lymphadenopathy. Measles virus has a prolonged 
immunomodulatory effect (decreases both T and B lym-
phocytes), predisposing patients to secondary viral and 

bacterial infections, as well as reactivation of TB. Com-
plications of measles can be severe and include otitis 
media, pneumonia, croup, diarrhea, and xerophthalmia, 
which can rapidly progress to keratomalacia, especially in 
the context of vitamin A deficiency. Complications can 
occur up to 3 months after the initial illness. Vitamin A 
deficiency is a major public health problem in Africa and 
South East Asia and is a significant cause of preventable 
blindness in children and a risk factor for severe measles. 
Administration of vitamin A as part of the treatment of 
measles has been associated with improved outcomes in 
children in developing countries. An effective measles 
vaccine is available as part of routine global immuniza-
tion programs for children, and there have been recent 
efforts to improve vaccination coverage in young chil-
dren in developing countries. According to IMCI, severe 
measles is fever and rash in addition to runny nose, con-
junctivitis, or cough, and with any danger sign, severe 
stomatitis, or eye ulceration. A child with less severe 
measles, no danger signs, and only minor eye and mouth 
complications does not require urgent referral.

The next step in the IMCI algorithm is to assess for 
ear problems. Ear problems, such as chronic ear infec-
tions, are potentially preventable causes of deafness in 
developing countries. Furthermore, an ear infection 
could be a complication of measles and chronic ear 
drainage may be an indication of underlying HIV dis-
ease in areas of high transmission. If otoscopy is not 
available, the assessment includes determination of 
whether there is a history of ear pain or ear drainage 
and examining the child for signs of mastoiditis, specifi-
cally for tenderness and swelling behind the ear. The 
health care worker should distinguish mastoiditis, which 
would need referral, from acute and chronic ear infec-
tions, which may be managed in the outpatient setting.

Child with COMMON ILLNESS IN DEVELOPING COUNTRY AT FIRST-LEVEL FACILITY

Main symptoms:
  Cough/difficulty breathing
  Diarrhea
  Fever
  Ear problems

B

(Cont’d from p 657)
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	C.	 After assessing danger signs and the four main symp-
toms (cough or difficult breathing, diarrhea, fever, and 
ear problems), nutritional status is assessed for all chil-
dren. All children younger than 2 years have their feed-
ing assessed and any feeding problems remedied. 
Malnutrition in developing countries is most often due 
to inadequate diet and affects an estimated 55 million 
children. Poverty, food insecurity and conflict, poor 
sanitation, maternal undernutrition, and chronic infec-
tions all contribute to malnutrition. Among children in 
developing countries throughout the world, repeated 
episodes of infection, together with mild but continued 
deficits in dietary intake, result in a process of subopti-
mal growth. The usual outcome of this process is that 
the child becomes stunted, and has height and conse-
quently also weight below that of adequately nourished 
children of the same age. Stunting generally begins in 
infancy and develops in the first 2 years of life; after 
this age, stunting reflects past malnutrition. Therefore, 
although a nutrition intervention such as a program of 
sustained supplementation can improve linear growth 
among the very young, it will have little effect for chil-
dren older than 2 to 3 years. By contrast, infections, 
such as dysentery or persistent diarrhea, and acute  
severe food deprivation generally result in wasting, a 
condition some authors call acute malnutrition. This 
form of malnutrition can be seen as an acute disease, 
which develops relatively rapidly, and may respond 
well to acute treatment. Severe acute malnutrition can 
be seen as a medical emergency because the immedi-
ate mortality is high.

The conventional assessment of nutritional status 
depends on the interpretation of several indicators 
(weight-for-age, height-for-age, and weight-for-height, 
collectively called anthropometry). Because IMCI is 
designed for use in settings where length boards are 
not generally available, indicators that do not require 
the measurement of length or height are used. The 
clinical assessment for malnutrition also includes ex-
amination for signs of severe physical wasting, seen 
often in the extremities, buttocks and rib cage, and 
edema of feet. Pallor of the palms is a nonspecific mea-
sure of anemia.

For severe malnutrition, IMCI uses edema of both 
feet to diagnose kwashiorkor and visible severe wasting 
to diagnose marasmus, both detected by visual inspec-
tion by a trained observer. These indicators are associ-
ated with an increased short-term risk for death, and  
intervention has been shown to avert some of these 
deaths. For these children, urgent referral to the hospital 
is needed.

For moderate acute malnutrition, the usual indica-
tor is low weight-for-height. Because height or length 
measurements will not be available in most settings, 
ICMI uses very low weight-for-age as the indicator for 
protein-energy malnutrition. These children need a 
careful feeding assessment, and any feeding problems 
need to be remedied by nutritional counseling. These 
very low weight-for-age children have their weight gain 
monitored in a follow-up visit.

Severely malnourished children should also be as-
sessed for HIV infection and accompanying serious 
bacterial infection, which can occur in up to 60% of 
cases. Anemia may be a result of malnutrition, iron defi-
ciency, chronic infections including intestinal parasites, 
or malaria. In areas endemic with hookworm, ascaris, or 
other intestinal parasites, routine, presumptive adminis-
tration of mebendazole is often recommended.

For all children, the immunization status should 
then be reviewed. In most cases, vaccination updates 
can be given at the same health care visit. Obvious ex-
ceptions may include those requiring immediate referral 
for serious conditions.

	D.	 Depending on the burden of other infectious diseases in 
a country, the health care worker may need to consider 
other diagnoses. For example, an estimated 2.3 million 
children are living with HIV/AIDS worldwide, most in 
developing countries, particularly sub-Saharan Africa. 
More than half of children with HIV/AIDS who are not 
started on antiretroviral therapy die before 2 years of age 
from opportunistic infections and common diseases tar-
geted by IMCI. Therefore, IMCI guidelines have been 
tailored for areas of high HIV transmission to include an 
assessment aimed at identification of HIV-exposed or 
HIV-infected children. If the results of the initial assess-
ment identify a child with possible pneumonia, persistent 
diarrhea, chronic ear discharge, malnutrition, or if the 
mother is known to be HIV positive, then the health care 
workers should assess for other signs of HIV infection 
such as persistent skin and mouth conditions, oral thrush, 
generalized lymphadenopathy, or history of repeated  
infections such as pneumonia or diarrhea that were not 
responsive to standard treatment. TB and Pneumocystis 
carinii, infections found in children with moderate and 
severe HIV disease, may initially be confused with bacte-
rial pneumonia; however, severity or recurrence of symp-
toms should prompt referral for further evaluation. Chil-
dren with suspected HIV infection should be referred to 
appropriate facilities for further care, including counsel-
ing and testing, if HIV services are not available at the 
primary care level.

Dengue, an arboviral infection that is transmitted by 
the Aedes aegypti mosquito, is not included in the stan-
dard IMCI guidelines but is a potentially serious cause of 
childhood fever and rash in areas such as tropical Asia, 
Latin America, and the Caribbean. There are four sero-
types of the virus that cause infection, and the risk for 
severe disease is greatly increased during secondary  
infections, in part because immunity is serotype specific. 
Primary infection, which is often asymptomatic or a  
mild febrile illness, occurs more commonly in children 
younger than 5; severe forms of dengue such as dengue 
hemorrhagic fever and dengue shock syndrome may  
occur in older children who are not covered under IMCI 
guidelines. Major signs with highest sensitivity and spec-
ificity for severe dengue requiring urgent referral are 
shock, altered sensorium, and bleeding. Some countries 
with endemic dengue have also instituted separate algo-
rithms for the diagnosis and management of dengue to 
cover all at-risk age groups.

(Continued on page 662)
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	E.	 Children with severe disease with or without danger 
signs should be referred to secondary or tertiary levels of 
care where a specific diagnosis can be made and appro-
priate treatment given. Prereferral treatment for spe-
cific conditions is warranted because delays in reaching 
referral facilities may lead to increased morbidity and 
mortality of disease (Table 2). For example, for severe 
febrile illness in areas of high malaria transmission, 
IMCI guidelines recommend giving a dose of injectable 
quinine. Artemisinins act more rapidly than other classes 
of antimalarial drugs to clear parasites, and national 
treatment guidelines may recommend injectable arte-
mether or rectal artesunate as preferred alternatives  
to quinine. Antibiotics are also recommended because 
at the primary health level, serious bacterial infection 
cannot be differentiated from severe malaria. Intramus-
cular administration of ampicillin and gentamicin, chlor-
amphenicol, or ceftriaxone should be given, which pro-
vide appropriate coverage for the most common causes 
of serious bacterial infections. Antibiotic administration 
is also warranted in the case of referral of severe measles 
because of the risk for bacterial superinfection. In most 
settings, district and referral hospitals have diagnostic 
capabilities to confirm a diagnosis and provide directed 
rather than presumptive treatment.

	F.	 Treatment for less severe conditions is given on an 
outpatient basis and should also include clear follow-
up instructions. For pneumonia, oral amoxicillin or 
cotrimoxazole for 5 days offers appropriate coverage 
for S. pneumoniae or H. influenzae. However, if a 
cough is present for more than 3 weeks or if there is 
recurrent wheezing, the patient should be referred for 
assessment of possible TB or asthma.

Antibiotics are not routinely used for acute or per-
sistent diarrhea; however, ciprofloxacin is given in cases 
of dysentery, specifically targeting Shigella. Manage-
ment of diarrhea includes addressing dehydration with 
oral rehydration solutions and encouraging continued 
feeding and breast-feeding. IMCI guidelines include 
specific rehydration instructions depending on weight 
and degree of response to rehydration.

In the face of increasing resistance, Artemisinin-
based combination treatments are recommended as first-
line agents for uncomplicated malaria. In settings with-
out diagnostics to confirm malaria in suspected fever 
cases, antimalarials should only be given for fever in the 
absence of other symptoms such as upper respiratory 
tract symptoms, measles, or other obvious cause of fever.

Measles without severe complications should be 
treated with vitamin A, and if eye findings are present, 
with tetracycline eye ointment. Gentian violet may also 
be applied to stomatitis.

Acute ear infections can be managed in the outpa-
tient setting with oral antibiotics (usually same as used 
for pneumonia) and drainage from chronic ear infec-
tions can be cleaned, although antibiotics are not rec-
ommended in this setting.

Moderate malnutrition can be effectively managed in 
the outpatient setting with the use of nutrient-rich sup-
plemental foods. Home-based treatment with ready-to-
use therapeutic food has been show to be effective even 
in cases of stabilized severe malnutrition.

Anemia may be treated with iron, mebendazole if the 
child is older than 1 year and has not received treatment 
within 6 months, and an antimalarial in high transmission 
areas may be considered. Response to treatment should 
be assessed in regular follow-up and the child referred if 
the pallor does not resolve within 2 months.

	G.	 Home management is appropriate for mild illnesses such 
as upper respiratory infections, mild diarrhea without 
dehydration, or simple measles, after vitamin A adminis-
tration. Successful home treatment depends on how well 
the caretaker understands the instructions given by the 
health care worker, and IMCI training includes modules 
on giving appropriate treatment advice.

	H.	 Counseling of caretakers is an essential component 
contributing to the effectiveness of the IMCI strat-
egy. For any ill child who is sent home, counseling 
about appropriate feeding and rehydration during ill-
ness and for follow-up care should be given. In prac-
tice, the following tasks are performed: (1) assessing 
the child’s feeding; (2) identifying feeding problems; 
(3) counseling the mother about feeding problems; 
(4) advising the mother to increase fluid during ill-
ness; and (5) advising the mother when to return for 
follow-up visits, when to return immediately for fur-
ther care, and when to return for immunizations.

Health workers also provide counseling about dis-
ease prevention, nutrition, and immunizations. The 
impact of the nutrition counseling component of IMCI 
has been studied in randomized, controlled trials and 
has been shown to result in improved weight gain in 
children contributing to the prevention of malnutri-
tion. IMCI counseling also contains a holistic approach 
to disease prevention and emphasizes counseling 
mothers about their own health.
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Table 2. Conditions	Requiring	Urgent	Referral	with	Recommended	Prereferral	Treatment

Classification	of	Illness Prereferral	Treatment

For all children before referral: Prevent low blood sugar by giving breast milk or sugar water.
Seizure Administer diazepam rectally, repeat dose if seizure continues

Oxygen
Severe pneumonia or very severe disease First dose of appropriate antibiotic

Recommendations: ampicillin and gentamicin (IM)
Chloramphenicol (IM)
Ceftriaxone (IM)
If able to take oral medications, can consider cotrimoxazole, amoxicillin

Severe febrile illness First dose of intramuscular quinine or artemether
First dose of antibiotics (as above)
Antipyretic

Severe complicated measles First dose of antibiotics (as above)
Vitamin A
Tetracycline eye ointment for eye findings

Severe dehydration If facility can give intravenous fluid, start Ringer lactate solution (normal saline if not  
available); otherwise, refer as soon as possible

ORS as soon as patient able to drink
If delays in referral anticipated, consider nasogastric tube for ORS administration

Severe persistent diarrhea Treat dehydration if present before referral
Mastoiditis First dose of antibiotics (as above)
Severe malnutrition First dose of antibiotics (as above) if signs of severe febrile disease also present

Vitamin A

IM, intramuscularly; ORS, oral rehydration solution.
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Tuberculosis
John W. Ogle, MD

Tuberculosis (TB) is a disease caused by Mycobacterium 
tuberculosis and other closely related mycobacterial species 
(M. bovis, M. africanum). M. tuberculosis produces either 
latent infection or active tuberculous disease. Latent infec-
tion is the presence of a positive skin test with no sign or 
symptom of active TB and a normal chest radiograph. Active 
TB can involve almost any organ system but most commonly 
infects the lungs, pleura, central nervous system, lymphatic 
system, kidneys, bladder, bones, and joints.

	A.	 Ask about exposures to active TB and any risk factors for 
development of active TB. In childhood TB, the disease 
is usually contracted from an adult with active TB. Detail 
any close contact with persons at high risk for TB, includ-
ing foreign-born persons from high-prevalence areas, the 
homeless, the incarcerated, human immunodeficiency 
virus (HIV)–positive individuals, intravenous drug users, 
nursing home residents, and the medically underserved. 
Risk factors for progression of infection to active TB  
include young age (,4 years), recent infection with TB 
(,2 years), HIV infection, diabetes mellitus, prolonged 
corticosteroid therapy, other immunosuppressive therapy, 
leukemia, lymphoma, other cancers, end-stage renal dis-
ease, chronic malabsorption syndromes, and low body 
weight (10% or more less than ideal).

Symptoms of pulmonary TB include a prolonged or 
productive cough, hemoptysis, and chest pain. Symp-
toms of TB meningitis include changes in mental sta-
tus, irritability, difficulty feeding, decreased respon-
siveness, and seizures. Systemic symptoms of active TB 
include fever, chills, night sweats, weight loss, and easy 
fatigability. Many children with active TB have subtle 
symptoms or are asymptomatic.

	B.	 TB is often a slowly progressive disease, and many 
children with active TB have normal examinations. On 
physical examination, look, listen, and feel for findings 
that suggest meningitis (irritability, lethargy, unrespon-
siveness, full fontanelle, nuchal rigidity, presence of 
Kernig and Brudzinski signs) or pneumonia (tachy-
pnea, retractions, nasal flaring, crackles). Examine for 
signs of adenitis or soft-tissue abscess (swelling, red-
ness, or induration) or bone or joint infection (refusal 
to use limb, swollen joint, limitation of joint motion).

	C.	 The Mantoux method of tuberculin skin testing (referred 
to as PPD or TST) is the preferred method of testing for 
TB infection in children. A PPD test can be performed 
during the same visit that immunizations are given, and a 
previous immunization with bacille Calmette–Guérin 
(BCG) is not a contraindication to placement of a PPD. 
The test involves the intradermal administration of  
0.1 ml of 5 tuberculin units of purified protein derivative 
on the volar surface of the forearm to produce a wheal 6  
to 10 mm in diameter. The test should be read at 48 to 
72 hours, measuring only the induration in millimeters. 
Measure with a ruler perpendicular to the long axis of the 

arm. A skin test response is typically positive 2 to  
12 weeks after infection. Table 1 details interpretation of 
the skin test. Results are interpreted regardless of prior 
BCG vaccination.

Measurement of g-interferon released from white 
blood cells stimulated by M. tuberculosis antigens 
forms the basis of a new diagnostic test for TB. In adult 
patients, these tests have equal sensitivity and greater 
specificity than Mantoux testing. These tests are not 
yet FDA approved in children.

	D.	 Children who are PPD positive with a normal chest radio-
graph, with no symptoms or signs of active TB, have latent 
TB infection. Treat with isoniazid, 10 to 15 mg/kg/day,  
for 9 months. Breast-fed and malnourished children war-
rant supplemental vitamin B6 (Pyridoxine) therapy, 1 to 
2 mg/kg/day (25 mg maximum), to prevent peripheral 
neuropathy. Treat children younger than 4 years with close 
exposure to a case of active TB with isoniazid, even if the 
child is PPD negative and the chest radiograph is normal, 
for 10 to 12 weeks after the last exposure; then repeat the 
PPD test. A newborn exposed to TB should have a chest 
radiograph, a PPD test; consider a lumbar puncture.  
If findings of TB are not present, treat with isoniazid for  
3 to 4 months; then repeat the PPD test. Some experts 
treat these neonates with 9 months of isoniazid. If the 
contact case has isoniazid-resistant, rifampin-sensitive TB, 
treat with rifampin. Treatment of latent TB infection pro-
vides substantial protection against development of subse-
quent active TB.

	E.	 The diagnostic tests for active TB are directed at 
confirming the diagnosis, obtaining a specimen for cul-
ture and sensitivities, and detailing the extent of disease. 
Always obtain a chest radiograph, even in those without 
pulmonary symptoms. A culture is important to confirm 
the diagnosis of TB and to guide TB therapy. Specimens 
can be obtained from sputum, early-morning gastric as-
pirates (useful in infants and young children who cannot 
produce sputum), bronchoalveolar lavage fluid, pleural 
fluid, pus, urine, cerebrospinal fluid, or a biopsy speci-
men. TB in children can be confirmed microbiologically 
in only 30% to 40% of cases. The decision to hospitalize 
a child for diagnostic testing balances the risks and costs 
of obtaining specimens along with the seriousness of the 
disease and the likelihood of alternate diagnoses.

	F.	 The treatment of active TB is complicated by the long 
duration of therapy, difficulties with compliance of pa-
tients, emergence of multidrug resistance, and coexist-
ing diseases such as HIV infection. Therapy of active 
TB is directly observed therapy with isoniazid, rifampin, 
and pyrazinamide. Those patients with both HIV infec-
tion and TB should ideally be treated by experts in both 
HIV and TB care. For all patients, if the TB strain  
is resistant to any of the first-line TB drugs, or if the 
patient remains symptomatic after 3 months, consult a 
TB medical expert. Because we cannot test visual acuity 
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Consider:

Possibility of drug resistance

in young children, ethambutol has been avoided in the 
past. Because there is no evidence that ethambutol in 
the doses used causes visual problems in young chil-
dren, many experts use ethambutol in young children 
when four-drug therapy is indicated.

Children with latent TB and most children with 
active TB are not contagious. Children with cavitary 
TB, laryngeal TB, intubated patients, patients with 
positive smears for acid fast bacilli, and some immune-
suppressed patients may pose contagious risk.
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	G.	 Consider the use of corticosteroids for 6 to 8 weeks when 
there is severe morbidity from inflammation. Corticoste-
roids are indicated for children with tuberculous menin-
gitis because steroids have been shown to lower mortality 
and long-term neurologic sequelae. Indications in addi-
tion to meningitis may include pleural and pericardial 
effusions, severe miliary disease, and intrinsic or extrinsic 
bronchial obstruction and atelectasis.

	H.	 Tuberculous meningitis has a high mortality rate and is 
associated with severe neurologic sequelae in survi-
vors. Increased intracranial pressure must be carefully 
managed, and the use of corticosteroids is indicated. 
Initial antibiotic therapy should include four drugs. 
Rifampin, streptomycin, and ethambutol penetrate 
into cerebrospinal fluid well only when meninges are 
inflamed. Isoniazid and pyrazinamide have good cere-
brospinal fluid penetration.
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Table 1. Definitions	of	Positive	Tuberculin	Skin	Test:	Results	in	Infants,	Children,	and	Adolescents

Induration 5 mm
Children in close contact with known or suspected contagious people with tuberculosis disease
Children suspected to have tuberculosis disease:

• Findings on chest radiograph consistent with active or previous tuberculosis disease
• Clinical evidence of tuberculosis disease*

Children receiving immunosuppressive therapy† or with immunosuppressive conditions, including HIV infection

Induration 10 mm
Children at increased risk for disseminated tuberculosis disease:

• Children younger than 4 years
• Children with other medical conditions, including Hodgkin disease, lymphoma, diabetes mellitus, chronic renal failure, or malnutrition

Children with increased exposure to tuberculosis disease:
• Children born in high-prevalence regions of the world
• Children frequently exposed to adults who are HIV infected, homeless, users of illicit drugs, residents of nursing homes, incarcerated or  

institutionalized, or migrant farm workers
• Children who travel to high-prevalence regions of the world

Induration 15 mm
Children 4 years of age or older without any risk factors

From American Academy of Pediatrics. Tuberculosis. In: Pickering LK, editor. Red book: 2009 report of the committee on infectious diseases. 28th ed. Elk Grove 
Village, IL: American Academy of Pediatrics; 2009. p. 681. By permission.

These definitions apply regardless of previous bacilli Calmette–Guérin (BCG) immunization; erythema at tuberculin skin test (TST) site does not indicate a positive test  
result. Tests should be read at 48 to 72 hours after placement.

*Evidence by physical examination or laboratory assessment that would include tuberculosis in the working differential diagnosis (e.g., meningitis).
†Including immunosuppressive doses of corticosteroids.
HIV, human immunodeficiency virus.
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Patient with TUBERCULOSIS or exposure to TUBERCULOSIS

Assess degree of illness
(Cont’d from p 665)

Moderate

Hospitalize
Chest radiography
Obtain specimens
Consider:

Isolation

LP normal

Bone/joint
Genitourinary
Gastrointestinal
Peritoneal
Extensive pulmonary
Pericardial

Disseminated
(miliary)
Lumbar Puncture (LP)

Surgical consultation
to drain abscess

Identify:
Any abscess

LP abnormal
Identify:

MeningitisAssess pattern of disease

E

Treat:
Isoniazid, rifampin, pyrazinamide,
and ethambutol or streptomycin
until susceptibilities known

Evaluate household and family contacts
Consider:

Corticosteroids

Treat:
Meningitis requires longer treatment;
Evaluate household and family
contacts

Follow-up:
Contact the local public health department
Assess adverse reactions
Monitor clinical and radiographic improvement

F

H

G

Severe

Stabilize
Hospitalize in ICU
Chest radiography
Obtain specimens
Consider:

Isolation

Treat:
Corticosteroids, isoniazid,
rifampin, pyrazinamide, and
ethambutol or streptomycin
until susceptibilities known

Consider:
CT scan
Neurosurgery consultation

Lumbar puncture (LP)

E
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Evaluation for a Genetic Disease
Gunter H. Scharer, MD

Before birth and throughout life, genetic factors can 
cause or contribute to problems of growth, development, 
cognition, behavior, and general well-being. Knowledge 
of genetic disorders (single-gene defects), genomic im-
balances (copy number variations), and abnormalities in 
gene regulation and gene interaction (epigenetics) plays 
an ever bigger role in modern medicine. Based on the 
correct diagnosis, potential complications can be recog-
nized earlier and treated more effectively, adverse effects 
of existing and new treatments can be minimized, sup-
portive therapies are optimized, and the prognosis for the 
individual may be predicted more accurately.

Although correct numbers vary, it is estimated that 
between 30% and 50% of all admissions to pediatric 
hospitals occur because of congenital malformations 
present at birth, or less obvious genetic causes including 
the contributions of an underlying genetic disorder to 
the patient’s clinical presentation. Although our under-
standing of genetics and genetic disease mechanisms 
does increase rapidly, it will remain incomplete for the 
foreseeable future. Therefore, we have to rely not only 
on the results of an increasing number of diagnostic 
tools, but on the traditional clinical expertise of a dys-
morphologist and the critical observations of the bedside 
clinician–researcher.

The more classic genetic diseases (major chromosome 
abnormalities, Mendelian or single-gene disorders) often 
have a recognizable pattern of prenatal/postnatal growth 
retardation (including abnormal head size), motor/cognitive 
delays, muscular hypotonia/hypertonia, and other unique 
physical features (dysmorphisms). Recognition of specific 
patterns of multiple birth defects (congenital anomalies) 
may aid in the diagnosis of the genetic syndrome; however, 
the majority of birth defects are caused by “multifactorial” 
interaction of genes and environmental factors.

These patterns are often missing in the more nonspe-
cific presentations of global developmental delays, intel-
lectual disabilities, behavioral problems, mental illness, 
and chronic disease typically encountered in pediatric 
medicine and increasingly in the adult medical practice 
as well. A carefully obtained family history can yield clues 
to a possible genetic/metabolic causative factor in some 
patients, but in the majority of cases, the clinical sus-
picion has to be followed up by screening tests or func-
tional studies (Table 1).

The spectrum of diagnostic genetic testing has expanded 
rapidly in the first decade of the 21st century, especially 
since the completion of the Human Genome Project, with 
the availability of automated DNA sequencing assays, and 
the easy access to online genetic databases. More recently, 
emerging molecular tools for detection of genomic imbal-
ances (array-based comparative genomic hybridization 
[aCGH] microarrays) have resulted in new insights in ge-
netic processes and identification of new candidate genes 

linked to previously only clinically described syndromes. In 
the near future, the technologies for whole-genome se-
quencing will become available on a clinical basis. Because 
of the multitude of test options and the associated signifi-
cant cost to the health care system, it is more important than 
ever to consult a clinical geneticist or metabolic specialist 
before embarking on an extended journey in the vastness of 
genetic tests. The issue is at times complicated by the am-
biguous results of genetic testing. More often than not the 
findings of genetic testing do not allow the physician to ar-
rive at a genetic diagnosis with the desired certainty. In 
general, genetic testing should not be used to rule out a 
genetic cause, but rather to confirm a diagnostic hypothesis. 
The still limited number of well-defined genes compared 
with known cDNAs, the few proven genotype–phenotype 
correlations, and the presence of genetic variation and novel 
mutations make the interpretation of test results often chal-
lenging even to the experienced geneticist. In addition, it is 
most important to understand that an inherited genetic dis-
order, once identified by a positive test result, may not 
manifest itself in the patient in the same way as the affected 
sibling, parents, or relative who carries the same mutation.

Still, even extended genetic testing is justified in cases 
where anticipated results do impact on the patient’s medi-
cal management and clinical outcome, that is, expanded 
newborn screening or adverse reaction to pharmacologic 
treatment. Prenatal testing for known or suspected genetic 
disorders, assessing the individual risk for future disease or 
dependency, on the other hand, may require a more bal-
anced approach involving the patient or parents, the pri-
mary care physician, a geneticist, other medical specialists, 
and possibly an expert in ethics. Society as a whole is 
needed to provide guidelines and consensus criteria for 
genetic testing, and has to protect the individual from dis-
crimination based on the person’s genetic profile.

	A.	 Begin by obtaining a comprehensive medical history 
with one focus being the perinatal history, including any 
teratogenic exposures, maternal illness, fetal growth/
movement, and neonatal presentation (Apgar scores). 
Be aware that conditions with prenatal manifestation 
can cause altered Dubowitz and Apgar scores. The gen-
eral health history and feeding history can provide clues 
to disorders presenting with impaired growth, altered 
immune status, and metabolic deficiencies (see Inborn 
Errors of Metabolism in the Neonate, p. 684). Specifi-
cally, assess the progression of any neurodevelopmental 
abnormality, that is, improvement of early hypotonia is 
seen in Prader–Willi syndrome, whereas developmental 
regression or slowing, or increases in severity of neuro-
logic symptoms can indicate a more severe and possibly 
degenerative genetic/metabolic disorder. A skin rash, 
birthmarks, abnormal hair, or delayed tooth eruption 
can aid as well in making a rapid diagnosis or raising 
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suspicion for a genetic disorder. More important than 
ever is the need for obtaining a behavioral history of the 
patient in the context of the social environment at home 
and at school (attention-deficit disorder, autism spec-
trum disorder). Finally, a genetic pedigree (at least two 
to three generations) is essential for identifying inher-
ited traits, predispositions, and known/suspected inher-
ited diseases within a family. In evaluating a child with 
growth, developmental, and/or behavioral problems, 
ask about family history of miscarriages, birth defects, 
cognitive/learning disabilities, any neurodevelopmental 
deficits, and early childhood death. Ask about preva-
lence of cancer, diabetes, heart disease, mental illness, 
asthma/allergies, or other chronic conditions. In some 
cases, the presenting complaint is the parent’s concern 
that a child may have or develop a condition that is 
present in other family members. The question of pos-
sible consanguinity of the parents should not be omit-
ted, but carefully addressed. Remember, a negative  
or unremarkable family history does not exclude the 
possibility of a genetic disorder in the patient.

	B.	 Perform a careful physical examination. Although a 
complete dysmorphology evaluation should be reserved 

to the experienced geneticist, every physician should be 
able to recognize asymmetries and to assess growth  
parameters correctly. Abnormal growth velocity or  
head size can point toward an easily identifiable diagno-
sis (e.g., achondroplasia), may need rapid intervention 
(e.g., macrocephaly caused by hydrocephalus), or can be 
familial traits that require simply careful monitoring. 
Other objective measurements to be considered include 
eye distance, arm span, and finger/hand length or penile 
length (e.g., in a male patient with hypoplastic genitalia). 
In general, careful attention to details is needed, be-
cause simple observations such as the nature of a birth-
mark (e.g., café-au-lait spots) may provide a clue to the 
patient’s diagnosis (e.g., neurofibromatosis); see Birth 
Defects and Dysmorphic Features chapter (p. 674) for 
physical examination of a child. Presence of an organo-
megaly (e.g., liver, spleen) may indicate a possible  
metabolic disorder (e.g., storage disorder), especially if 
increase in size is progressive and associated with neuro-
logic abnormalities in the patient. Hypertonia in the 
neonatal period and hypotonia after age 1 year, progres-
sive ataxia, or a movement disorder is often linked to a 
genetic or metabolic disorder. Typically limited to the 

Patient with a suspected GENETIC DISEASE
 

Patient with a complex clinical presentation and
unexplained etiology or negative work-up

Assess patient’s clinical presentation for presence of
multiple congenital anomalies or dysmorphic features

Present
(see birth
defects, p 674)

Absent

A Medical history
Family history
Social history

Consider:
  Diagnostic screening test(s)
  (Table 1)

B Physical examination

(Cont’d on p 673)

Table 1. Tests	to	Be	Considered	in	Genetic	Screening	and	Evaluation

DNA microarray study, oligo-aCGH or SNP array (blood, other tissue)
Consider five-cell screen karyotype (blood, skin, other tissue)
Imaging (e.g., MRI, CT scan, bone films)
Functional studies (e.g., EEG, ECG/echocardiography)
DNA analysis for specific gene or genetic pathway (blood, other tissue)
Biochemical assays: metabolites

Blood: comprehensive metabolic panel, CPK, cholesterol, uric acid, ketones, acylcarnitine profile, amino acids, carnitine,  
lactate/pyruvate, ammonia very long chain fatty acids, serum transferrin by IEF, copper/ceruloplasmin

Urine: organic acids, amino acids, mucopolysaccharides, oligosaccharides
CSF: glucose, protein, lactate, amino acids, neurotransmitters

Biochemical assays: enzymes (blood, skin, liver, muscle)
Histology (e.g., blood [smear], muscle, other tissues)
Parental studies (e.g., confirm carrier status, verify DNA microarray results)

CPK, creatine phosphokinase; CSF, cerebrospinal fluid; CT, computed tomography; ECG, electrocardiography; EEG, electroencephalography; 
IEF, isoelectric focusing; MRI, magnetic resonance imaging; oligo-aCGH, oligonucleotide array-based comparative genomic hybridization; 
SNP, single nucleotide polymorphism.
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specialist, a careful eye examination is important for 
patients with suspected genetic/metabolic conditions; 
however, an abnormal light reflex, an iris colobomas, or 
heterochromia should be easily recognizable. For pa-
tients with deficits in coordination and hypotonia, a 
simple run up and down the clinical hallway can result 
in a genetic diagnosis. Finally, and if possible, do exam-
ine the child and the parents, especially in regard to 
behavioral problems, because these interactions are vital 
for assessment of appropriate parental response.

	C.	 If the clinical evaluation (medical history and physical 
examination) and/or the family history provide obvious 
clues to the presence of a detectable or known genetic 
disorder in the patient, then confirmatory/diagnostic 
testing should be considered or the patient referred to 
the clinical geneticist. An increasing number of genetic 
reference laboratories can be found on the Internet, 
and information on sample collection and shipping con-
ditions is often readily available online. It is recom-
mended to contact the reference laboratory to ask for 
minimum sample requirements, especially in very 
young children and infants, because these patients  
often undergo multiple laboratory studies and total 
blood draw volume may be limited. Remember, whole-
blood transfusion or organ transplantation can intro-
duce donor DNA and can interfere with genetic testing. 
It is advisable to contact a clinical geneticist before 
pursuing genetic testing, because his/her expertise can 
be invaluable in minimizing unnecessary genetic testing, 
and to arrange for follow-up of genetic test results or 
genetic counseling for the family. Parents often may be 
interested in having carrier testing or predictive genetic 
testing performed on their children. The American  
Society of Human Genetics and the American Academy 
of Pediatrics suggest that such testing be deferred until 
the individual can give consent, unless there is a possibil-
ity of identifying a condition for which treatment or 
monitoring should begin already in childhood. Always 
consider the risk for discovery of nonpaternity when 
genetic testing is offered to family members of an indi-
vidual with a genetic condition.

	D.	 The presence of specific or recognizable neurologic 
abnormalities (e.g., developmental regression, progres-
sive ataxia or muscle weakness, neonatal onset epi-
lepsy) is a matter of grave concern. Although screening 
tests and functional studies may aid in establishing the 
correct diagnosis, contacting (or consulting) a neurolo-
gist and a clinical geneticist or metabolic expert should 

have priority. Before regression of developmental mile-
stones becomes obvious, there is often a period of  
developmental slowing. It may be difficult to distin-
guish irreversible regression from the loss of develop-
mental milestones because of severe and poorly con-
trolled seizures or high-dose multiple anticonvulsant 
medications. The differential diagnosis of developmen-
tal regression is limited to specific groups of genetic/
metabolic disorders (e.g., Rett syndrome, lysosomal 
storage disorders, energy metabolism deficiencies); 
malignancy and environmental factors need to be con-
sidered as well (e.g., poisoning, accidental exposure to 
toxins, and increased intracranial pressure because of 
trauma or infection). Screening tests for developmen-
tal regression can include a brain MRI/CT scan, a  
spinal tap, complete blood cell count (CBC)/compre-
hensive metabolic panel, a metabolic workup (serum 
amino acids, acylcarnitine profile, lactate/pyruvate  
ratio, very long chain fatty acids, lysosomal enzymes, 
and urine organic acids, urine mucopolysaccharides/
oligosaccharides), and DNA testing for all forms of 
Rett syndrome, especially if acquired microcephaly 
and epilepsy is present. Specific neurologic signs (e.g., 
hypotonia) are often found in combination with devel-
opmental delays or dysmorphic features. In these 
cases, screening tests can be as simple as a serum  
creatine phosphokinase level or more inclusive, for 
example, oligonucleotide aCGH (oligo-aCGH).

	E.	 The most commonly encountered patient suspicious 
for an underlying genetic disorder is the individual 
with global developmental delays and/or behavioral 
anomalies, with nonspecific neurologic signs, absent 
dysmorphic features, and often normal growth. In this 
case, a formal developmental and/or behavioral evalu-
ation often yields the initial diagnostic clues. Contact-
ing a clinical geneticist or pursuing genetic screening 
tests can equally be considered. DNA microarrays 
(oligo-aCGH) have emerged as the most powerful 
tools, because many of the patients owe their clinical 
presentation to an underlying genomic imbalance  
(microdeletion/duplication). Still, a DNA test for Frag-
ile X syndrome in male patients needs to be included 
in the workup, as well as mutation analysis in the PTEN 
gene for patients with isolated macrocephaly. Interest-
ingly, the same screening tests are recommended  
for patients with autism spectrum disorder, plus meta-
bolic screening tests (Bratton–Marshal test and 7- and 
8-dehydrocholesterol in serum).
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Patient with a suspected GENETIC DISEASE
 

Patient with a complex clinical presentation and
unexplained etiology or negative work-up

Assess patient’s growth and development

Consider endocrine/
genetics evaluation

Consult neurology/
metabolic specialist

Consider developmental evaluation
Consider genetic screening tests

Assess patient for isolated growth delay, for specific neurologic signs
(i.e., regression), motor vs. cognitive delays, and/or patterns of unusual behavior

Present:
Consider gene test, or
referral to geneticist

Absent

(Cont’d form p 671)

Abnormal/delay

Isolated growth delays Neurologic signs Abnormal development/ behavior

Age appropriate

Monitor patient’s growth
and development

C

D E

Assess patient for presence of specific signs suggestive of
a known genetic disorder (includes isolated birth defect),
cognitive or behavioral probems, or positive family history
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Birth Defects  
and Dysmorphic Features

Anne Chun-Hui Tsai, MD, MSc, FAAP, FACMG

Birth defects or congenital anomalies are structural de-
fects present at birth as the result of abnormal tissue dif-
ferentiation or abnormal tissue and organ interaction dur-
ing embryonic and fetal development. The incidence rate 
is 3% to 5% in liveborn infants and 15% to 20% in still-
births. About one third of pediatric inpatients are hospital-
ized because of congenital abnormalities. Dysmorphology 
is a word coined by Dr. David W. Smith in 1966 to describe 
the study of human congenital defects—abnormalities of 
body structure that originate before birth. Dysmorphic 
anomalies can occur in any part of the body, and most arise 
during the first 3 months of intrauterine life. Some dys-
morphic features may be of no clinical significance, 
whereas others may indicate increased risk for problems 
with growth, development, and health that can be pre-
dicted and managed. There may also be issues of recur-
rence risk.

Classification of birth defects or dysmorphic features 
can be made in different ways. By severity and the degree 
of involvement, these may include major versus minor 
anomalies and isolated versus multiple anomalies. Based 
on pathogenesis, these may include malformation, defor-
mation, disruption, and dysplasia. Based on causative fac-
tors, multiple birth defects may be identified as sequence, 
syndrome, and association. Understanding such terms is 
helpful in approaching clinical dysmorphology. Terminol-
ogy is discussed as follows.

Malformations may result from somatic cell mutation, 
aberrant cell migration, deficient or excess abundant cell 
divisions, and failure of tissue-specific cell interactions. In 
the absence of compelling evidence that exposure to a 
drug, toxin, or other exogenous element caused the mal-
formation, there is usually slightly increased risk for recur-
rence for other family members. Prenatal diagnosis and 
occasionally prenatal management may be available for 
certain major malformations.

Deformations result from mechanical forces that cause 
unusual pressure on the developing fetus. Examples include 
fetal positioning, torticollis, and plagiocephaly. The sources 
of the mechanical forces can be extrinsic to the fetus (e.g., 
uterine anomaly, multiple pregnancies) or intrinsic (e.g., 
severe abdominal distention from urogenital anomalies 
causing a prune belly). Insufficient amniotic fluid allows 
compression of the fetus by the uterine wall.

Oligohydramnios can result from fetal renal hypoplasia 
or maternal fluid leak from infection or idiopathic reasons. 
If there is no intrinsic abnormality of the fetus that led to the 
deformation, the prognosis is usually excellent, and the dis-
torted tissues usually normalize over time with growth.

Disruption results when extrinsic agents cause un-
scheduled cell death during development. Causes of dis-
ruption include processes that interfere with cellular me-
tabolism (e.g., drugs), mechanical events (e.g., amniotic 

bands), vascular accidents (jejunal atresia and some unilat-
eral limb reduction), and intrauterine viral infections (e.g., 
rubella, cytomegalovirus). The actual destruction of tissue 
is localized, and the adjacent structures are often unaf-
fected. Recurrence risk is low.

Dysplasia results from the abnormal organization of 
cells into tissue. Alterations in one general tissue type can 
have widespread effects. The classic example is achondro-
plasia, which is caused by fibroblast growth factor receptor 
3 mutations. Even though the dysplastic effect is of single 
origin, the resulting clinical anomalies are multiple. For 
example, individuals with achondroplasia present with mul-
tiple anomalies secondary to the bone dysplasia, including 
macrocephaly, midface hypoplasia, short stature, and spinal 
stenosis. Dysmorphic features caused by dysplasia may  
not be obvious at birth, but affect tends to be progressive 
over time.

In assessing a child with birth defects, the physician 
may be perplexed and unsure how to proceed. The diagno-
sis process is not mysterious, and the main diagnostic 
“tools” needed are familiar to practicing pediatricians: the 
ability to take a complete history, perform a meticulous 
physical examination, and discriminate between the nor-
mal (in all its variability) and truly abnormal. Only the 
emphasis is changed.

	A.	 In the patient’s history, ask about prenatal gestational, 
perinatal, medical, developmental, and family events. 
Specific elements of each category are listed in Table 1.

	B.	 In the physical examination, particular attention should 
be paid to the detection of minor structural anomalies 
and spectrum variants because these may be valuable 
diagnostic clues. In many cases, the physical growth of 
various parts of the body is diagnostically significant, 
and careful measurements of these structures should 
be taken. Excellent compendia showing techniques for 
performing such measurements and providing normal 
growth grids for comparison and interpretation are 
available. Table 2 summarizes the tips for dysmorpho-
logic examinations.

	C.	 Reviewing past records of the patient is essential to 
gather information that may have been previously un-
available to the family and to verify accuracy of the in-
formation the family has reported. Genetic diseases are 
less common and often complicated; therefore, a fam-
ily can be confused by the diagnosis. It is also impor-
tant to verify how the diagnosis was made, such as by 
molecular testing or by clinical criteria. Information 
about diagnosis or clinical presentation might have 
been altered in transmission, and information that was 
correctly transmitted needs to be re-evaluated in light 
of increased knowledge about genetics and teratology, 
as well as current information about the family. It is 
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individual. The cause of isolated anomaly is believed 
to be multifactorial inherence, defined as the interac-
tion between multiple genes and environmental fac-
tors with the recurrence risk range of 2% to 5%. 
Certain isolated major anomalies can cause early 
death or long-term disability and may have increased 
risk for recurrence. Adequate management and pre-
natal diagnosis can be offered if diagnosed promptly. 
A syndrome is defined as a cluster of findings that 
form a pattern that is recognizable. A syndromic 
cause usually indicates an increased recurrence risk 
and more of a genetic component in the pathogene-
sis. A genetic evaluation is required for children with 
multiple anomalies. Identifying a syndromic diagnosis 
helps to better understand the cause and prognosis. 
Isolated congenital defects can be subdivided into 
major and minor categories, as described in detail 
later.

important to always obtain written permission from  
the individual. Documentation may be sought from 
hospital medical records departments, physicians, cor-
oners’ records, or other institutions. For an adopted 
individual, medical information is often available  
on biologic relatives from the appropriate private 
agency or state facility. Records that are most helpful in 
the records include reports of autopsy and surgical 
procedures, discharge summaries, and laboratory in-
vestigations such as chromosome studies. Family pho-
tographs are helpful when trying to assess physical 
characteristics or judge whether another family mem-
ber was affected.

	D.	 Assess the pattern of involvement and severity of the 
anomalies. Determine whether it is an isolated anom-
aly or is associated with other anomalies that suggest  
a syndromic cause. Most congenital anomalies are  
isolated—that is, present in an otherwise well-formed 

A History

B

C

Child with BIRTH DEFECTS OR DYSMORPHIC FEATURES

Physical examination

Review records

(Cont’d on p 677)

Assess pattern of involvement and severity of anomaliesD

Table 1. Elements	of	a	Dysmorphologic	History

Prenatal History Family History
• Maternal illness (e.g., hypertension, seizure disorder, and diabetes)
• Complications (e.g., bleeding, high fever, rash)
• Onset and quality of fetal movement
• Presence of oligohydramnios or polyhydramnios
• Fetal presentation: vertex or breech
• Fetal ultrasound abnormalities
• Teratogenic exposures to alcohol, tobacco, and toxic chemicals

Pedigree is the main component of family history. Pearls of taking pedi-
grees include the following:
• Give simple instructions to the patient regarding information desired.
• Use clearly defined symbols with a key for interpretation.
• Identify the informant, the historian, and the date of the interview.
• Start in the middle of page for expansion.
• Ascertain the ages of living persons and dates and causes of death for 

deceased family members.
• Obtain the maiden name of woman in the family (particularly helpful 

for X-linked conditions).
• Obtain data from both sides of family.
• Ask about spontaneous abortions, stillbirths, infertility, children  

relinquished for adoption, and deceased individuals. (Such details are 
essential for understanding conditions that are lethal or are associated 
with reproductive losses.)

• Ask for details such as place of birth, size of towns, and the presence of 
consanguinity. (These help to define recessive conditions and suspect 
certain disease more frequent in particular ethnic backgrounds.)

• In the course of taking the family history, one may find information 
that is not relevant in elucidating the cause of the patients’ problem 
but indicate a risk for other important health concerns. Such  
information should be appropriately followed and addressed.

Perinatal History
• Birth height, weight, and head circumference
• Delivery difficulties
• Apgar scores
• Hospital course
• Physical maturity at birth

Medical History
• Hospitalization
• Trauma and accidents
• Hearing and vision
• Feeding, diet, and bowel movement
• Sleeping pattern
• Behavior concerns
• Medications
• Review of systems

Developmental History
• Major milestones
• Pattern of growth and development throughout life
• Height, weight, head size
• Record of psychodevelopmental evaluation
• Denver developmental assessment
• Individual Education Program (IEP)-school assessment of development
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	E.	 A minor anomaly is found in less than 4% of the gen-
eral population and usually has only cosmetic signifi-
cance. Examples include frontal bossing, toe syndac-
tyly, tapering fingers, and pre-auricular pit. Table 3 lists 
other common minor anomalies. Some of the minor 
abnormalities may run through the family as an autoso-
mal dominant trait. However, they may be helpful  
diagnostic clues particularly when more than two occur 
together. Down syndrome is a typical example of diag-
nosing a condition based on a group of the minor 
anomalies without knowing any major anomaly; the 
pattern of flat nasal bridge, Brushfield spots, epicanthal 
folds, small, round, posteriorly rotated ears, and  
single palmar creases is recognizable as Down syn-
drome. Likewise, both anteverted nostrils and two and 
three toe syndactyly can be minor anomalies with no 
significance; however, when they occur together and 
are associated with developmental delay, Smith–
Lemli–Opitz syndrome should be considered. As the 
number of minor anomalies increases, the chance for 
the occurrence of a major malformation increases.  
Table 4 summarizes the incidence and the chance of 
occurrence of major anomalies.

	F.	 Major anomalies are arbitrarily defined as anomalies 
that, unless corrected, result in impairment of body func-
tion or shortening of life span. Examples include heart 
defect, abnormal brain, cleft lip and palate, and limb re-
duction defect. Examinations of major malformations 

can be accomplished through ultrasound studies of the 
brain, heart, and kidney, radiographs of the skeletal 
structure, and cranial computed tomographic/magnetic 
resonance imaging (CT/MRI) scan for brain structure 
and myelination. In evaluating a patient who has a major 
malformation, aggressive search for other anomalies 
should be performed. About one third of such patients 
will have other anomalies and be considered as having a 
malformation syndrome. For instance, individuals with 
midline cleft palate can have up to a 56% chance to have 
a syndromic cause. A genetic consult is usually recom-
mended in the event of a major malformation unless 
such anomaly can be determined absolutely to be iso-
lated. An isolated major anomaly is usually of multifacto-
rial inheritance but could be caused by chromosomal 
anomalies and single-gene disorders such as seen in spe-
cific brain malformations such as dandy walker malfor-
mation and lissencephaly. To this end, microarray analy-
sis and gene specific molecular analysis is crucial.

Using the most obvious, frequent, or rarest pivotal 
abnormalities can help in syndrome recognition and 
diagnosis. Upon diagnosis, “gene review” (http://www.
genetests.org) can be a useful resource for each spe-
cific genetic syndrome. Each topic was written by in-
vited authors who are most recognized in that field. 
Each topic covers medical management, genetic infor-
mation, counseling and anticipatory guidance for a 
specific condition.

Table 2. Elements	of	Dysmorphology	Examination

Visual Assessment
Before touching the patient, observe the overall presentation.
• Is the individual behaving in an age-appropriate manner?
• Does the individual have peculiar movements, facial expressions, or limitations in movement?
• All examinations should be done with the patient disrobed, although this may be done in a progressive fashion.

Measurement
• Head circumference, height, and weight
• Measurements (should be compared with published standards for age, sex, and if possible, racial origin)

• Inner canthal distance
• Interpupillary distance
• Ear length
• Hand length
• Middle finger length
• Foot length
• Penis length
• Specific ratios of body portions with respect to different diseases, such as upper/lower segment ratio and arm span/height ratio in Marfan  

syndrome
• Family comparisons are essential

• Finding similar values outside the normal range is usually reassuring (e.g., a child with a large head may have many normal family members 
with macrocephaly).

• However, similar findings in child and parent could also indicate a genetic disease (e.g., parent and child with macrocephaly caused by  
dominant gene for neurofibromatosis).

• The child’s features should be analyzed over time by examining earlier photographs

Extended Family
• If the diagnosis is unclear, examination of other affected or potentially affected family members may help.
• Clinical criteria for Marfan syndrome, neurofibromatosis, and tuberous sclerosis include positive family history as one criterion.

• For example, if a child is suspected of having tuberous sclerosis, the family cannot be adequately counseled regarding recurrence risks unless 
the parents have been examined.

Important findings should be documented:
• By diagrams, clinical photographs, or videotape, particularly when the pattern of movement is a distinguishing feature.

(Continued on page 678)
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(Cont’d from p 675)

Child with BIRTH DEFECTS OR DYSMORPHIC FEATURES

F Major anomalies

Consider:
Ultrasound
Radiologic studies
CT
MRI

Refer for genetic evaluation

Assess for possible syndromes

E

Isolated anomaly Multiple anomalies

Minor anomalies

Without developmental
delay or significant
family history

With developmental
delay or significant
family history

Assess family history and
associated conditions

Major anomaly Minor anomaly

Consult genetics

Counseling:
Reassurance

Hydrocephalus Identify:
Lissencephaly
Retinal anomalies
Myopathy
Severe DD

Identify:
Hypothalamic hamartoma
Polydactyly
Genital anomalies
Renal atresia
Severe DD

Identify:
Small jaw
Heart defect
Cleft palate
Polydactyly
Severe DD

Walker-Warburg syndrome

Congenital heart defects
Pulmonic stenosis

Supravalvular aortic stenosis

Coarctation or aorta

Tetralogy of Fallot

Identify:
Low-set ears
Lymphedema
Web neck
Pectus excavatum
Ptosis

Identify:
Colic
DD
Elfin facies
Cocktail personality

Identify:
Short stature
Peripheral edema
Wide-spread nipples
Web neck

Identify:
Cleft palate
High nasal bridge
Lateral nasal build
Tapering fingers

Noonan syndrome

Williams syndrome

Turner syndrome

Velocardiofacial
syndrome (VCFS)

Pallister-Hall syndrome

Hydrolethalus syndrome

(Cont’d on p 679)
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Table 3. 	Examples	of	Minor	Anomalies	and	Common	
Syndromes	That	Can	Present	with	Each

Minor	Anomaly Common	Syndrome	Associated

Scalp defect Trisomy 13, 4p deletion
Confluent eyebrow  

(synophrys) 
Cornelia de Lange syndrome

Ptosis Saethre–Chotzen syndrome, Noonan 
syndrome

Preauricular tags Goldenhar syndrome, Townes–Brocks 
syndrome

Cleft uvula 22q deletion syndrome
Inverted nipples Weaver syndrome, Congenital disor-

ders of glycosylation (CDG)
Extra nipples Simpson–Golabi–Behmel syndrome
Tapering fingers Velocardiofacial syndrome, Cohen  

syndrome
Fifth finger clinodactyly Down, fetal alcohol, and Russell–Silver 

syndromes
Fingernail hyperconvexity Turner syndrome
Deep-set eyes Smith–Magenis syndrome
Lacy/stellate irides Williams syndrome

Table 4. 	Incidence	and	Association	of	Major	
and	Minor	Anomalies

Number	of	Minor	
Malformations

Incidence	in	General	
Population

Chance	of	Major	
Malformation	(%)

0 1.4
1 Up to 13% 3
2 1% 11
3 1/2000 90
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Child with BIRTH DEFECTS OR DYSMORPHIC FEATURES

Assess for possible syndromes
(Cont’d from p 677)

Radial ray anomaly Identify:
Vertebral
Anal
TE fistula
Cardiac
Renal anomalies

Identify:
Cardiac defect
Asymmetric limb defect

Identify:
Characteristic facies
Pancytopenia
DD

Identify:
Craniosynostosis

VATER/VACTERL association

Holt-Oram syndrome

Fanconi pancytopenia syndrome

Baller-Gerold syndrome

Robin sequence Identify:
Brachial defects
Eyelid coloboma
Abnormal ears
Deafness

Identify:
Brachial defects
Abnormal ears
Radial aplasia

Identify:
Lax joints
Marfanoid habitus
Midface hypoplasia
Retinal detachment
Arthritis

Identify:
Cleft palate
Broad nasal bridge
Tapering fingers
Congenital heart disease

Treacher Collins syndrome

Nager syndrome

Stickler syndrome

Velo-cardio-facial syndrome
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Down Syndrome
Karen L. Kelminson, MD, Ellen Roy Elias, MD,  

and Edward Goldson, MD

Down syndrome is the most common chromosomal abnor-
mality. It results from the presence of extra genetic mate-
rial from chromosome 21. This extra chromosomal mate-
rial can come about in three ways: (1) trisomy 21, which 
occurs in 95% of children with Down syndrome; (2) trans-
location between chromosome 21 and another acrocentric 
chromosome, which occurs in 3% to 4% of children with 
Down syndrome; and (3) mosaicism, the presence of both 
normal and trisomy 21 cell lines, which occurs in the re-
maining 1% to 2% of children. The prevalence rate of 
Down syndrome is 1 per 770 live births. It is important to 
recognize the considerable range in the phenotypic charac-
teristics, associated conditions, and degree of intellectual 
and cognitive disability, with mosaicism at the mildest end 
of the spectrum.

	A.	 Initial Counseling: The primary counseling visit with 
the parents of a child diagnosed with Down syndrome 
occurs before or soon after the infant’s delivery.  
Although it is important in this initial meeting not to 
overwhelm parents with information, the provider 
should clarify misunderstandings or misinformation 
regarding Down syndrome. The provider should also 
begin to prepare the family for issues and problems 
that may occur, especially during the child’s first months 

and years. It may be necessary to meet with the family 
on several occasions early on to adequately answer 
questions and address concerns. During these meet-
ings, the provider should explain how the diagnosis of 
Down syndrome is made using karyotype information 
and other studies. It is important to review the risk for 
recurrences in subsequent pregnancies; the recurrence 
risk for trisomy 21 is 1 in 100, plus the risk of maternal 
age. The provider should inquire about other family 
members with Down syndrome or other developmen-
tal disabilities. Families with translocations or mosa-
icism should be referred for genetic counseling to dis-
cuss the mechanism of occurrence and recurrence risk 
in these cases.

	B.	 Associated Conditions: Medical services should ad-
dress the early identification and treatment of a wide 
range of conditions associated with Down syndrome 
(Figure 1). These conditions include congenital heart 
disease (44%); gastrointestinal anomalies (5%), includ-
ing atresias and Hirschsprung disease; atlantoaxial  
instability or subluxation (15%); eye disease, such as 
cataracts, strabismus, nystagmus, and visual impair-
ment (60%); ear disease and hearing impairment 
(75%); hypothyroidism (15%); celiac disease (5%–10%); 
and leukemia (,1%).

(Continued on page 682)
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Associated medical conditions

Yes

Cardiac
  Congenital
    heart disease

Chest radiograph
ECG
Echocardiogram

Consult:
  Cardiology

Gastrointestinal
  Atresia
  Hirschsprung disease
  Constipation
  GERD
  Celiac disease

Radiology studies Consult:
  Gastroenterology
  Surgery

Musculoskeletal
  Hypotonia
  Hip dysplasia
  Atlantoaxial subluxation

Radiology studies Consult:
  Orthopedics
  Physical therapy

Endocrine Thyroid function tests
Birth, 6 mo, annual

Consult:
  Endocrinology

Otolaryngology
  Otitis media
  Sinusitis
  Sensorineural-
    hearing loss

Pneumococcal vaccine
Annual hearing screen
Close follow-up

Consult:
  ENT
  Audiology

Ophthalmology
  Cataracts
  Strabismus
  Nystagmus
  Refractive errors

Vision screening Consult:
  Ophthalmology

Figure	1.	 Associated medical conditions. 
GERD, gastroesophageal reflux disease.

Child with DOWN SYNDROME

Initial diagnosis

(Cont’d on p 683)

Initiate early counseling
  • Clarify misinformation
  • Explain diagnosis
  • Review recurrence risk
  • Refer for Genetic Counseling

Identify associated conditions
  • See Figure 1 (below)

A B
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	C.	 The Newborn Period: After birth, the infant with 
Down syndrome should have a karyotype sent, an 
echocardiogram performed to assess for cardiac anom-
alies, a newborn screen including thyroid function 
panel, a complete blood cell count (CBC), and a new-
born hearing evaluation. Surgical issues caused by 
cardiac, gastrointestinal, or other anomalies should be 
immediately addressed. The provider should complete 
a physical examination, noting the features of Down 
syndrome, which may include hypotonia, brachyce-
phalic head, epicanthic folds, flat nasal bridge, upward 
slanting palpebral fissures, mottled spots on the iris 
(Brushfield spots), large-appearing tongue, small ears, 
excess skin at the nape of the neck, single transverse 
palmar crease, wide space between the first and second 
toes, and short fifth fingers with clinodactyly (curving 
of the finger). A thorough cardiac examination should 
be done, noting the presence of cyanosis, murmurs, 
and signs of congestive heart failure. The provider 
should assess for abdominal distention, which could be 
an indication of abnormalities of the intestinal tract. 
During infancy, feeding problems should be assessed, 
and growth should be carefully monitored using Down 
syndrome–specific growth charts. Vision testing and 
ophthalmology referral should be performed if the  
infant has evidence of eye abnormalities, including 
congenital cataracts. Children with Down syndrome 
should be referred for physical, occupational, and 
speech therapies early on. An emphasis on improving 
developmental processes can optimize outcomes of 
these children.

	D.	 Childhood: Throughout childhood, the primary care pro-
vider is charged with providing preventive care and coor-
dinating the services given by medical subspecialists, 
surgeons, and other health care professionals. Children 
with Down syndrome require health maintenance  
appropriate for all children including immunizations, 
growth, and nutrition. Growth should continue to be 
monitored on Down syndrome–specific growth charts. 
Special attention must be given to obesity prevention, 
because children with Down syndrome are at high risk for 
becoming overweight. At each visit the provider should 
emphasize diet and exercise to maintain a healthy weight. 
Children with Down syndrome should have annual hear-
ing and vision screening, together with yearly thyroid 
function tests. Between age 3 and 5 years, children with 
Down syndrome are recommended to have cervical spine 
radiographs to assess for atlantoaxial instability or sublux-
ation. A change of more than 5 mm in the atlantodens 
space between flexion and extension on lateral C-spine 
films suggests abnormality and magnetic resonance imag-
ing of the cervical spine should be obtained. Careful ex-
amination of the deep tendon reflexes should be per-
formed at each visit to identify findings of atlantoaxial 
instability to suggest need for imaging. In addition, signs 
of leukemia or lymphoma should be noted, especially  
toward the end of the first decade of life. These signs in-
clude pallor, easy bruising or bleeding, lymphadenopathy, 
and organomegaly. Next, the provider should review the 
child’s behavior and, if needed, develop a plan for behav-
ior management, socialization, and recreational skills. 

Families should be presented with options for preschool 
programs for children with developmental disabilities. In 
early childhood, the provider should begin the discussion 
of appropriate school placement. Once the child is in 
school, it is important to assess options to promote the 
development of prevocational skills.

	E.	 Adolescence: Preventive health care measures as de-
scribed earlier with the emphasis on obesity prevention 
should be continued in adolescents with Down syn-
drome. Yearly hearing and vision screening, annual 
thyroid function tests, and attention on physical exami-
nation to signs of atlantoaxial abnormalities and leuke-
mia should be continued in this group. The provider 
should continue to discuss education with emphasis on 
the appropriateness of school placement and vocational 
training within the curriculum. Behavior and mental 
health issues in the adolescent with Down syndrome 
should be identified. Depression and signs of early- 
onset Alzheimer disease may present in late adoles-
cence. As adolescents mature, it is also important to 
discuss psychosocial development and sexuality with 
patients and their families. In teenage girls, the pro-
vider should address menstrual hygiene and manage-
ment. Although fertility is reduced in patients with 
Down syndrome, it is still important, as for all teenagers 
with disabilities, to review sexual education and birth 
control options. In late adolescence and early adult-
hood, it is important to discuss group homes, workshop 
settings, and other community-supported employment 
opportunities. At this time the provider should address 
transition of medical care to an adult setting.

	F.	 Identify Family Needs and Support Services: At each 
visit the provider should inquire about the needs of the 
family and help identify resources for support, including 
other family members, friends, and clergy. Families 
should be provided with resources available to parents 
of children with Down syndrome, including community-
based Down syndrome support groups. The benefits of 
participation in these communities should be reviewed 
often. The provider should implement a long-term plan-
ning process that anticipates issues such as financial 
planning, future guardianship, family relationships, and 
eventual transition to adulthood. It is important to fre-
quently review financial support options, including Title 
V programs and high-risk insurance programs supple-
mented by the state. Families may consider Supplemen-
tal Social Security income benefits. The provider should 
advocate for the family when the patient has difficulty 
accessing needed health services because of obstacles 
with their health insurance plan.

	G.	 Develop a Care Plan: The provider should work 
with the family and patient to develop a care plan that 
includes information about the patient’s diagnoses, 
prescription medications, referrals to and recommen-
dations from subspecialists, required health mainte-
nance needs including immunizations and screening 
tests, and follow-up plans. The care plan should be 
reviewed and updated at each health maintenance 
visit. Periodic multidisciplinary staffing is often re-
quired to monitor the care plan and to make necessary 
adjustments.
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Primary Care Services Identify
family needs
and support
services

Assess medical needs
and family needs

Newborn period Childhood Adolescence

F

C D

Initiate care planG

E

Child with DOWN SYNDROME
(Cont’d from p 681)
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Inborn Errors of Metabolism  
in the Neonate

Renata C. Gallagher, MD, PhD, and Carol L. Greene, MD

Although each individual inborn error of metabolism (IEM) 
is rare, taken as a group they are an important cause of 
neonatal morbidity and mortality. Prompt identification of 
a possible inborn error, and the institution of appropriate 
treatment, may prevent severe neurologic injury or death 
for some infants. Even when the affected neonate does not 
survive, the identification of an inborn error, genetic coun-
seling regarding the possibility of another affected child, 
and testing in a subsequent pregnancy, if available, may 
greatly aid the family.

	A.	 In the neonatal period, IEM can present with nonspe-
cific signs, initially suggestive of neonatal sepsis. The 
most common symptoms in neonates are poor feeding, 
lethargy, and irritability. These may be followed by 
progressive neurologic symptoms, including seizures 
and obtundation. Physical examination findings sug-
gestive of an inborn error include altered mental sta-
tus, hypertonia or hypotonia, hyperreflexia, apnea, and 
tachypnea. Tachypnea may result from respiratory 
compensation in metabolic acidosis, or from hyperam-
monemia, which stimulates respiration, causing a pri-
mary respiratory alkalosis. Other suggestive findings 
include hepatomegaly, jaundice, and unusual odors 
(e.g., maple syrup in maple syrup urine disease, sweaty 
feet in isovaleric acidemia). Unusual physical findings 
that may provide specific diagnostic clues include mac-
rocephaly and cataracts. Positive findings on family 
history may be a clue to the presence of an inborn  
error. It is important to ask specifically about parental 
consanguinity, as well as a family history of mental  
retardation, seizures, recurrent emesis or altered men-
tal status, and early death (especially neonatal deaths 
or sudden infant death syndrome).

	B.	 Standard laboratory evaluations, once performed, 
should be reviewed for signs of an inborn error. These 
laboratory tests include electrolytes, glucose, a blood 
gas, a complete blood cell count (CBC), liver function 
tests, and a urinalysis. The anion gap should be reviewed 
or calculated if not provided. A profound anion gap aci-
dosis in a newborn is strongly suggestive of either an 
organic acidemia or a congenital lactic acidosis. Marked 
acidosis in a very young infant is unlikely to be a physi-
ologic response. The presence of hypoglycemia may in-
dicate an inborn error. Anemia, neutropenia, and throm-
bocytopenia could indicate sepsis or bone marrow 
suppression caused by an organic acidemia. A CBC with 
an increased white blood cell count suggestive of infec-
tion does not rule out an inborn error, because inborn 
errors can co-occur with infection. A primary respiratory 
alkalosis is suggestive of a urea cycle defect. Increased 
aspartate aminotransferase (AST), alanine transaminase 
(ALT), and/or bilirubin may be signs of an inborn error. 
Newborns do not make ketones with poor feeding, but 

they can be elevated in organic acidurias; the presence 
of urine ketones in an ill neonate strongly suggests an 
inborn error. The presence of one or more of the earlier 
abnormal findings may warrant further testing for an 
inborn error.

	C.	 Initial laboratory testing may have included other rou-
tine chemistries that are helpful in assessing the likeli-
hood of an inborn error. These include lactate, ammo-
nia, creatine kinase, coagulation studies, and urine for 
reducing substances. If these were not obtained, and 
there are concerning history, physical, or laboratory 
findings as discussed earlier, these should be ordered. 
A total plasma homocysteine should be obtained if the 
infant has seizures or thrombosis. An ammonia level 
should be ordered if there is unexplained altered men-
tal status, vomiting, progressive neurologic symptoms, 
a marked metabolic acidosis, or a primary respiratory 
alkalosis. Blood for an ammonia level should be  
obtained from a free-flowing sample, placed on ice  
immediately, and processed rapidly to minimize false 
elevations; heelstick ammonia is unacceptable. Hyper-
ammonemia in the neonate is a medical emergency. A 
markedly increased ammonia level in a neonate may 
result in irreversible brain injury or death. Levels can 
increase to the thousands within hours. It is critical to 
contact a specialist in management of IEMs as soon  
as a high ammonia level is identified. Increased AST, 
increased ALT, coagulopathy, cholestasis, increased 
creatine kinase, cardiac dysfunction, and/or an abnor-
mal brain MRI image may be signs of an inborn error. 
Positive urine-reducing substances may indicate glu-
cose, galactose, fructose, or other compounds, includ-
ing drugs; therefore, it is important to obtain the urine 
sample for reducing substances before antibiotic treat-
ment is administered. Urine-reducing substances may 
be negative in classic galactosemia if the child is not 
receiving galactose at the time of the test. This is also 
true in hereditary fructose intolerance if the child is 
not taking fructose. The clinical history and pattern of 
laboratory abnormalities may point to one or more pos-
sible inborn errors requiring further specialized bio-
chemical testing for diagnosis (see later). If the routine 
chemistry laboratories are not concerning for an inborn 
error, but suspicion remains, obtain plasma (2–3 ml in a 
lithium or sodium heparin [green top] tube) and urine, 
and freeze for possible later biochemical analysis. 
These samples are best obtained before full resuscita-
tion but should be taken at a later time if there is a 
concern for a possible inborn error.

	D.	 Hyperammonemia and/or severe metabolic acidosis 
require obtaining the results of specialized biochemical 
laboratories rapidly, within 12 to 24 hours, if possible. 
Determining which are the appropriate biochemical 
laboratory studies to be ordered, and having them run 



685

as quickly as possible, requires consultation with a clini-
cian experienced in the diagnosis and management of 
inborn errors, and contact with the biochemical genet-
ics laboratory. A diagnosis can often be made within 
hours if there is a local biochemical laboratory. This  
allows rapid institution of the most appropriate therapy. 
High ammonia levels in a neonate may be caused by 
disorders of protein or fat metabolism. These are diag-
nosed through plasma amino acids, urine organic acids, 
and an acylcarnitine profile. Orotic acid is increased in 
certain urea cycle defects and should be ordered if 
there is hyperammonemia. Urine amino acids will iden-
tify specific or generalized renal transport defects and 
should be abnormal in homocystinurias. If the neonate 
has seizures or apnea, the listed CSF studies should be 
performed, in addition to the standard testing for glu-
cose, cell count, and protein. It is important that, con-
current with the corresponding CSF studies, plasma 

glucose and plasma amino acids be obtained for evalu-
ation of glucose transporter defect and glycine enceph-
alopathy, respectively. CSF for neurotransmitters and 
for pyridoxal-phosphate require special tubes and han-
dling; the testing laboratory should be contacted for 
information regarding these before the lumbar punc-
ture. Newborn screening for some inborn errors is done 
in most states. The state newborn screening laboratory 
should be contacted if the results have not yet been 
reported or are unavailable. If the screen is abnormal, 
this may aid in diagnosis. A “normal” newborn screen 
does not rule out an inborn error, and diagnostic testing 
should always be ordered if there is a clinical concern. 
If there is reasonable suspicion for an inborn error 
based on the clinical presentation and routine labora-
tory studies, the listed biochemical laboratories should 
be performed. Other laboratory tests may be recom-
mended by the consulting specialist(s).

Neonate with a suspected INBORN ERROR OF METABOLISM

Findings concerning for possible IEM

No Yes

Continue standard evaluation
and management
Re-evaluate later

Additional routine laboratories
(if not already performed):
  Lactate, ammonia, coagulation studies,
  creatinine kinase, total plasma homocysteine,
  urine for reducing substances
  Consider echo, ECG, brain MRI
Elevated ammonia is an emergency, 
contact a specialist immediately

A

C

Findings concerning for possible IEM

No Yes

Continue standard evaluation
and management
Re-evaluate later
Freeze blood and urine

Order biochemical laboratories:
  Plasma amino acids, urine organic acids,
  plasma acylcarnitine profile, plasma total
  and free carnitine, urine amino acids,
  urine orotic acid (if ammonia elevated);
  galactose-1-phosphate and urine
  succinylacetone (if liver involvement);
  CSF glucose, amino acids, lactate, 
  neurotransmitters, and pyridoxal-phosphate
  (if seizures)

(Cont’d on p 687)

D

BHistory
Physical examination

Laboratory evaluation:
  Electrolytes
  Glucose
  CBC with differential
  Blood gas
  AST/ALT/total and direct bilirubin
  Urinalysis
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	E.	 Withholding potentially toxic precursors (protein, fat, 
galactose, fructose) to limit exogenous intoxication is 
critical if there is a high suspicion for an inborn error. 
Limitation of endogenous intoxication is facilitated  
by treatment with intravenous glucose, which will  
help decrease breakdown of endogenous protein and 
fat for energy. This treatment will also supply needed 
energy in disorders associated with reduced fasting 
tolerance such as fatty acid oxidation disorders, glyco-
gen storage diseases, and gluconeogenesis defects. 
Only a few neonates (those with severe primary lactic 
acidosis because of pyruvate dehydrogenase deficiency 
or a mitochondrial respiratory chain defect) will be-
come worse with intravenous glucose. Glucose should 
be given at 8 to 12 mg/kg/min. Protein should be held 
for 12 to 24 hours if there is a possible protein metabo-
lism disorder (aminoacidopathy, organic acidemia,  
or urea cycle defect), but should not be withheld for  
a prolonged period or the infant will break down  
endogenous protein, worsening the clinical course. Fat 
should be withheld until a disorder of fat metabolism  
is ruled out. The infant should be switched to a  
soy formula if galactosemia is a possibility. Fructose is 
a component of some formulas and should be withheld 
if symptoms developed after the institution of a fruc-
tose-containing formula, or if there are other clinical 
and laboratory findings suggestive of this disorder.  
Vitamin cofactors are recommended in specific situa-
tions, such as vitamin B12 for possible B12-responsive 
methylmalonic acidemia or thiamine for possible thia-
mine-responsive maple syrup urine disease. Intrave-
nous carnitine is recommended for a suspected organic 
acidemia and may be lifesaving in primary carnitine 
deficiency. It should be used with caution in possible 
long-chain fatty acid oxidation disorders, because long-
chain acylcarnitines may be arrhythmogenic. The rec-
ommended dose should be determined in consultation 
with a specialist. Other specific treatments include 
pyridoxine for possible pyridoxine-dependent epilepsy, 
and pharmacologic therapy for a possible urea cycle 
defect. Management of an inborn error should be  

directed by a specialist experienced in the evaluation 
and treatment of these disorders.

	F.	 If ammonia levels are greater than can be brought 
down by pharmacologic therapy, if there is marked 
acidosis, or if there is hyperleucinemia (in maple syrup 
urine disease), dialysis may be indicated. This requires 
a coordinated effort by the neonatal intensive care unit 
(NICU), surgery, nephrology, and metabolic teams. 
Early transfer may be indicated if dialysis is not avail-
able at the local hospital.

	G.	 If support is withdrawn because of a poor prognosis, or 
the failure of medical therapy, and no diagnosis has 
been established, consideration should be given to 
rapidly obtaining and freezing skeletal and cardiac 
muscle, liver, kidney, and brain in a metabolic autopsy. 
This may also include biochemical testing on blood, 
bile, and urine, if not performed before death. It is also 
recommended that skin be obtained for fibroblast  
culture, and that DNA be made and held for possible 
DNA sequencing in the event that a specific diagnosis 
is suggested by other studies.
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Neonate with a SUSPECTED INBORN ERROR OF METABOLISM
(Cont’d from p 685)

Supportive care as indicated: e.g., antibiotics,
bicarbonate, pressors, coagulation factors

Give glucose at 8–12 mg/kg/minute in most
cases

If ammonia is elevated, or if there is a
possible protein or fat metabolism disorder:
STOP enteral and IV protein and fat

If liver dysfunction and/or strongly positive
urine reducing substances: stop galactose
(and fructose if neonate was receiving this)
containing formulas and medications–list
as allergies

Other treatment such as vitamin cofactors
and carnitine may be indicated, other tests
may be indicated

Consultation with a specialist is critical to
facilitate testing and direct management

Positive response to treatment

Yes No

Yes No

Continue treatment
Await biochemical
laboratory results

Initiate chronic management
when diagnosis identified and
patient is stable

Possible dialysis for hyperammonemia,
severe acidosis, high plasma leucine
Patient responsive to dialysis

F

Withdrawal of support
Consider metabolic autopsy
Make and hold DNA

G

Suspicion for IEM high

No Yes

Provide glucose and supportive care.
Await biochemical laboratory results

Treat for suspected IEME
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Inborn Errors of Metabolism  
in the Acutely Ill Child

Renata C. Gallagher, MD, PhD, and Carol L. Greene, MD

An acute presentation of an inborn error of metabolism 
may occur at any age. Although this chapter refers to a 
child, the algorithm may be applied to adults as well. An 
affected individual may have been previously healthy, 
though recurrent episodes of emesis, altered mental sta-
tus, or other symptoms such as hypoglycemia or acidosis 
increase the likelihood of an inborn error, as does the pres-
ence of neurologic symptoms such as seizures, hypotonia, 
or developmental delay. For certain disorders, individuals 
presenting after the neonatal period may have milder bio-
chemical defects with some residual enzyme activity, and 
may respond fairly well to acute and chronic management. 
Delay in diagnosis and treatment can result in irreversible 
neurologic damage and death. High suspicion for an in-
born error is more likely to result in an accurate diagnosis, 
allowing early institution of the appropriate treatment and 
the best chance for an optimal outcome.

Inborn errors are due to defects in enzymes or transport 
proteins that result in blocks of biochemical pathways. 
There are multiple classes of inborn errors including lyso-
somal storage disorders, glycogen storage disorders, disor-
ders of mitochondrial energy metabolism, neurotransmitter 
disorders, and disorders of protein, fat, and carbohydrate 
metabolism. Symptoms vary and include organomegaly, 
developmental delay, developmental regression, seizures, 
organ dysfunction, and acute metabolic decompensation 
with acidosis, hyperammonemia, and/or hypoglycemia. The 
inborn errors that are most likely to manifest as acute illness 
are the disorders of protein, fat, or carbohydrate metabo-
lism, including glycogen storage disorders. In these disor-
ders, symptoms are generally due to intoxication (e.g., from 
increased ammonia in urea cycle disorders) or reduced fast-
ing tolerance (e.g., from hypoglycemia in fatty acid oxidation 
disorders). Inborn errors of metabolism may cause altered 
mental status, acidosis, or hypoglycemia. Because symptoms 
may be provoked by intercurrent illness, the diagnosis of an 
inborn error may be missed if the symptoms are attributed 
to infection alone; laboratory findings may be mistakenly 
attributed to dehydration or asphyxia. An inborn error 
should be considered when the clinical symptoms or labora-
tory abnormalities are greater than expected for the clinical 
history. Inborn errors should be considered in children with 
preexisting neurologic symptoms, progressive neurologic 
symptoms, unexplained altered mental status or emesis, and 
in those who require disproportionate intervention for con-
trol of acidosis or who exhibit marked hypoglycemia. It is 
important to note that the absence of acidosis or hypoglyce-
mia does not rule out an inborn error. These abnormalities 
may be late findings in some disorders and are not typical in 
individuals with urea cycle defects or maple syrup urine 
disease, in which symptoms of altered mental status, ataxia, 
or emesis are due to hyperammonemia and hyperleucin-
emia, respectively.

	A.	 The child’s medical history may reveal previous epi-
sodes of emesis, altered mental status, ataxia, or dehy-
dration. A history of failure to thrive, macrocephaly or 
microcephaly, seizures, developmental delay, or re-
gression should increase the suspicion for an inborn 
error. The dietary history is important and may reveal 
a recent dietary change. Changes that may provoke 
symptoms in an affected individual include the intro-
duction of lactose, which contains galactose (e.g., 
switch from lactose-free soy formula to cow’s milk for-
mula); introduction of fructose from juices, fruits, or 
certain formulas; or introduction of increased protein 
because of a switch from breast milk, which is low in 
protein, to infant formula or milk. Clarification of the 
duration of fasting before the onset of symptoms is also 
important. This may identify an increased duration of 
fasting because of a longer period of sleep with increas-
ing age and/or decreased intake in illness. A history of 
abuse, neglect, or nonaccidental trauma may accom-
pany inborn errors because affected children may have 
feeding difficulties or irritability and parenting may  
be difficult. It is also important to be aware that the 
organic acid disorder glutaric aciduria type 1 is a mimic 
of nonaccidental trauma. Children with apparent  
nonaccidental trauma should be evaluated for this  
disorder, particularly if the skeletal survey is negative. 
Physical examination findings suggestive of an inborn 
error include altered mental status, hypertonia or  
hypotonia, hyper-reflexia, apnea, and tachypnea. 
Tachypnea may result from respiratory compensation 
in metabolic acidosis or from hyperammonemia, which 
stimulates respiration, causing a primary respiratory 
alkalosis. Other suggestive findings include hepato-
megaly, jaundice, and unusual odors (e.g., maple syrup 
in maple syrup urine disease, sweaty feet in isovaleric 
acidemia). Unusual physical findings that may provide 
specific diagnostic clues include macrocephaly and 
cataracts. Positive findings on family history may be a 
clue to the presence of an inborn error. It is important 
to ask specifically about parental consanguinity, as well 
as a family history of mental retardation, seizures, re-
current emesis or altered mental status, and early 
death (especially neonatal deaths or sudden infant 
death syndrome).

	B.	 Standard laboratory evaluations, once performed, 
should be reviewed for signs of an inborn error. These 
laboratories include electrolytes, glucose, a blood gas, 
a complete blood cell count (CBC), liver function tests, 
and a urinalysis. The anion gap should be reviewed or 
calculated if not provided. An anion gap acidosis is sug-
gestive of an inborn error. The presence of hypoglyce-
mia may indicate an inborn error. A CBC with an in-
creased white blood cell count suggestive of infection 
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Child with a suspected INBORN ERROR OF METABOLISM

Findings concerning for possible IEM

No Yes

Continue standard evaluation
and management
Re-evaluate later

Additional routine laboratories
(if not already performed):
  Lactate, ammonia, coagulation studies,
  creatinine kinase, total plasma homocysteine,
  urine for reducing substances
  Consider echo, ECG, brain MRI, amylase and lipase
Elevated ammonia is an emergency, 
contact a specialist immediately

(Cont’d on p 691)

A

C

BHistory
Physical examination

Laboratory evaluation:
  Electrolytes
  Glucose
  CBC with differential
  Blood gas
  AST/ALT/total and direct bilirubin
  Urinalysis

does not rule out an inborn error, because inborn  
errors can co-occur with infection. Anemia, neutrope-
nia, and/or thrombocytopenia may reflect marrow sup-
pression, which may be seen in multiple classes of  
inborn errors. An increased mean corpuscular volume 
(MCV) may be seen in disorders of B12 metabolism, as 
well as other inborn errors. A primary respiratory alka-
losis is suggestive of a urea cycle defect. Increased  
aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), and/or bilirubin may be signs of an 
inborn error. The presence of urine ketones in an indi-
vidual with hypoglycemia does not exclude an inborn 
error because patients with disorders of fatty acid oxi-
dation may make some ketones in response to fasting. 
Insufficient ketone production for the degree of hypo-
glycemia may indicate an inborn error (though hyper-
insulinism is also associated with low ketones). The 
presence of one or more of the earlier abnormal find-
ings may warrant further testing for an inborn error.

	C.	 Initial laboratory testing may have included other rou-
tine chemistries that are helpful in assessing the likeli-
hood of an inborn error. These include lactate, ammo-
nia, creatine kinase, coagulation studies, and urine for 
reducing substances. If these were not obtained, and 
there are concerning history, physical, or laboratory 
findings as discussed earlier, these should be ordered. 
A total plasma homocysteine should be obtained if the 
individual has seizures or thrombosis. An ammonia 
level should be ordered if there is unexplained altered 
mental status, vomiting, progressive neurologic symp-
toms, a marked metabolic acidosis, or a primary respi-
ratory alkalosis. Blood for an ammonia level should be 
obtained from a free-flowing sample, placed on ice  

immediately, and processed rapidly to minimize false 
elevations; heelstick ammonia is unacceptable. Hyper-
ammonemia is a medical emergency. A markedly 
increased ammonia level may result in irreversible 
brain injury or death. It is critical to contact a specialist 
in management of inborn errors of metabolism as soon 
as a high ammonia level is identified. Increased AST, 
increased ALT, coagulopathy, cholestasis, increased 
creatine kinase, cardiac dysfunction, and/or an abnor-
mal brain MRI may be signs of an inborn error. A high 
lactate level in a patient with good peripheral perfusion 
and normal blood pressure is suggestive of a primary 
lactic acidosis. Some disorders are associated with  
pancreatitis, therefore amylase and lipase should be 
considered. Positive urine-reducing substances may in-
dicate glucose, galactose, fructose, or other compounds, 
including drugs; therefore, it is important to obtain the 
urine sample for reducing substances before antibiotic 
treatment is administered. Urine-reducing substances 
may be negative in classic galactosemia if the individual 
is not receiving galactose at the time of the test. This is 
also true in hereditary fructose intolerance if the indi-
vidual is not taking fructose. The clinical history and 
pattern of laboratory abnormalities may point to one or 
more possible inborn errors requiring further special-
ized biochemical testing for diagnosis (see later). If the 
routine chemistry laboratories are not concerning for  
an inborn error but suspicion remains, obtain plasma 
(2–3 ml in a lithium or sodium heparin [green top] 
tube) and urine, and freeze for possible later biochemi-
cal analysis. These samples are best obtained before full 
resuscitation, but should be taken at a later time if there 
is a concern for a possible inborn error.
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	D.	 If there is unexplained marked hyperammonemia, the 
results of specialized biochemical laboratories should be 
obtained rapidly, within 24 hours, if possible. This is also 
recommended for unexplained severe metabolic acido-
sis if there are other findings suggestive of an inborn 
error. Determining which are the appropriate biochem-
ical laboratory studies to be ordered, and having them 
run as quickly as possible, requires consultation with a 
clinician experienced in the diagnosis and management 
of inborn errors and contact with the biochemical genet-
ics laboratory. A diagnosis can often be made within 
hours if there is a local biochemical laboratory. This al-
lows rapid institution of the most appropriate therapy. 
High ammonia levels may be associated with liver fail-
ure, the use of valproate, or may be caused by inborn 
errors of protein or fat metabolism. Mitochondrial en-
ergy metabolism disorders may also be associated with 
hyperammonemia. Please note that the presence of liver 
failure or valproate use does not exclude an underlying 
urea cycle disorder, and testing for urea cycle disorders 
may be indicated. Inborn errors of protein or fat me-
tabolism are diagnosed through plasma amino acids, 
urine organic acids, and an acylcarnitine profile. Orotic 
acid is increased in certain urea cycle defects and should 
be ordered, particularly if there is hyperammonemia. 
Urine amino acids will identify specific or generalized 
renal transport defects and should be abnormal in  
homocystinurias. If the individual has seizures, the listed 
cerebrospinal fluid (CSF) studies should be considered 
in addition to the standard testing for glucose, cell 
count, and protein. It is important that, concurrent  
with the corresponding CSF studies, plasma glucose  
and plasma amino acids be obtained for evaluation for 
glucose transporter defect and for glycine encephalopa-
thy, respectively. CSF for neurotransmitters and for 
pyridoxal-phosphate requires special tubes and han-
dling; the testing laboratory should be contacted for  
information regarding these before the lumbar punc-
ture. Newborn screening for some inborn errors is done 
in most states. The newborn screen results should be 
reviewed if possible, if there is a concern for an inborn 
error. The screen is not fully sensitive for all disorders, 
and results close to the cutoff values may suggest an 
underlying diagnosis. A “normal” newborn screen does 
not rule out an inborn error, and diagnostic testing 
should always be ordered if there is a clinical concern. If 
there is a reasonable suspicion for an inborn error based 
on the clinical presentation and routine laboratory stud-
ies, the listed biochemical laboratories should be per-
formed. Other laboratories may be recommended by 
the consulting specialist(s).

	E.	 Withholding potentially toxic precursors (protein, fat, 
galactose, fructose) to limit exogenous intoxication is 
critical if there is a high suspicion for an inborn error. 
Limitation of endogenous intoxication is facilitated by 
treatment with intravenous glucose, which will help 
decrease breakdown of endogenous protein and fat for 

energy. This treatment will also supply needed energy 
in disorders associated with reduced fasting tolerance 
such as fatty acid oxidation disorders, glycogen storage 
diseases, and gluconeogenesis defects. Only a few indi-
viduals (those with severe primary lactic acidosis 
caused by pyruvate dehydrogenase deficiency or a mi-
tochondrial respiratory chain defect) will become 
worse with intravenous glucose. Glucose should be 
given at 6 to 10 mg/kg/min. Protein should be held for 
12 to 24 hours if there is a possible protein metabolism 
disorder (aminoacidopathy, organic acidemia, or urea 
cycle defect) but should not be withheld for a pro-
longed period or the individual will break down endog-
enous protein, worsening the clinical course. Fat 
should be withheld until a disorder of fat metabolism is 
ruled out. A young child or infant should be switched 
to a soy formula if galactosemia is a possibility. Fruc-
tose is a component of some formulas and should be 
withheld if symptoms developed after the institution  
of a fructose-containing formula, juice, or fruit, or if 
there are other clinical and laboratory findings sugges-
tive of this disorder. Vitamin cofactors are recom-
mended in specific situations such as vitamin B12 for 
possible B12-responsive methylmalonic acidemia, or 
thiamine for possible thiamine-responsive maple syrup 
urine disease. Intravenous carnitine is recommended 
for a suspected organic acidemia and may be lifesaving 
in primary carnitine deficiency. It should be used  
with caution in possible long-chain fatty acid oxidation 
disorders, because long-chain acylcarnitines may be 
arrhythmogenic. The recommended dose should be 
determined in consultation with a specialist. Other 
specific treatments include pyridoxine for possible 
pyridoxine-dependent epilepsy, and pharmacologic 
therapy for a possible urea cycle defect. Management 
of an inborn error should be directed by a specialist 
experienced in the evaluation and treatment of these 
disorders.

	F.	 If ammonia levels are greater than can be brought 
down by pharmacologic therapy, if there is marked 
acidosis, or if there is marked hyperleucinemia (in 
maple syrup urine disease), dialysis may be indicated. 
This requires a coordinated effort by the intensive care 
unit, surgery, nephrology, and metabolic teams. Early 
transfer may be indicated if dialysis is not available at 
the local hospital.

	G.	 If support is withdrawn because of a poor prognosis, or 
the failure of medical therapy, and no diagnosis has 
been established, consideration should be given to 
rapidly obtaining and freezing skeletal and cardiac 
muscle, liver, kidney, and brain in a metabolic autopsy. 
This may also include biochemical testing on blood, 
bile, and urine, if not performed before death. It is also 
recommended that skin be obtained for fibroblast cul-
ture, and that DNA be made and held for possible 
DNA sequencing in the event that a specific diagnosis 
is suggested by other studies.
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Supportive care as indicated: e.g., antibiotics,
bicarbonate, pressors, coagulation factors

Give glucose at 6–10 mg/kg/minute in most
cases

If ammonia is elevated, or if there is a
possible protein or fat metabolism disorder:
STOP enteral and IV protein and fat

If liver dysfunction and/or strongly positive
urine reducing substances: stop galactose
(and fructose if neonate was receiving this)
containing formulas and medications–list
as allergies

Other treatment such as vitamin cofactors
and carnitine may be indicated, other tests
may be indicated

Consultation with a specialist is critical to
facilitate testing and direct management

Positive response to treatment

Yes No

Yes No

Continue treatment
Await biochemical
laboratory results

Initiate chronic management
when diagnosis identified and
patient is stable

Possible dialysis for hyperammonemia,
severe acidosis, very high plasma leucine
Patient responsive to dialysis

F

Withdrawal of support
Consider metabolic autopsy
Make and hold DNA

G

Child with a suspected INBORN ERROR OF METABOLISM
(Cont’d from p 689)

Findings concerning for possible IEM

No Yes

Continue standard evaluation
and management
Re-evaluate later
Freeze blood and urine

Order biochemical laboratories:
  Plasma amino acids, urine organic acids,
  plasma acylcarnitine profile, plasma total
  and free carnitine, urine amino acids,
  urine orotic acid; galactose-1-phosphate
  and urine succinylacetone (if liver involvement);
  CSF glucose, amino acids, lactate, 
  neurotransmitters, pyridoxal-phosphate, and 5-methyltetrahydrofolate
  (if seizures)

D

Suspicion for IEM high

No Yes

Provide glucose and supportive care.
Await biochemical laboratory results

Treat for suspected IEME
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Evaluation of Musculoskeletal 
Disorders and Overuse Syndromes

Greg Gutierrez, MD, and Simon J. Hambidge, MD, PhD

	A.	 History: In the patient’s history, determine whether the 
injury is chronic (over 4–6 weeks) or acute.

For an acute injury, this history should give the 
provider a mental picture of the mechanism of injury. 
It should detail the immediate and delayed symptoms, 
focusing on the position of the body and injured site 
during and after the injury. The velocity of the patient 
(or projectile) and what impacted the site (e.g., ground, 
another person, ball) is important in assessing the  
severity of the injury. Ask whether the patient heard or 
felt a “pop.” Was there swelling of a joint, and if so, how 
soon after the injury? Was the child or adolescent able 
to move the extremity or bear weight on an injured 
lower extremity? Has the patient sustained a similar 
injury in the past?

Immediate swelling, hearing a “pop” (especially in 
the knee), and inability to move the injured site or 
bear weight indicate more severe injury and should 
prompt referral. Referral options include the emer-
gency department, a musculoskeletal specialist such as 
a sports medicine physician, and an orthopedist when 
surgical intervention may be needed. Many minor 
musculoskeletal injuries can be managed in the  
primary care setting with appropriate attention to  
rehabilitation and return to play precautions (see 
Evaluation of the Active Athlete, p. 702).

For a chronic injury, ask about systemic factors, as 
well as those pertaining to the specific area of muscu-
loskeletal involvement. Note any precipitating factors, 
such as trauma, systemic illness, infections, activity 
change, and overuse. Assess predisposing conditions, 
such as malignancy, immunodeficiency, hemoglobin-
opathy, and steroid use. The duration of symptoms and 
their change over time are important, especially the 
way they vary with activities. Overuse syndromes may 
be painful only with activity. Changes in gait or a limp 
may not be painful to the patient and may be noticed 
only by family members (see section D).

	B.	 Physical Examination: The physical examination should 
be performed with the child or adolescent sitting,  
reclining, and walking or running as appropriate.

Observation: If there is a deformity, determine 
what is causing it: a displaced fracture, a foreign 
body, a large hematoma, an abscess or other fluid col-
lection, or a tumor. Skin that is red and warm may be 
indicative of cellulitis. Pale, cool skin may indicate 
neurovascular compromise. Lacerations and other 
breaks in the skin should be assessed for depth. 
Breaks in the skin associated with a nearby fracture 
should be considered an open fracture and the  
patient referred to an orthopedist. Rashes and  
pigment changes should be noted.

Palpation: The provider should attempt to local-
ize the pain to specific anatomic structures: bone, 
muscle, joint, ligament, tendon, and other soft tis-
sue. Palpate deformities for consistency, pain, and 
temperature. Palpate towards the injury from all  
directions.

Range of Motion: Joints above and below the injury 
should be moved through full range of motion both 
actively (by the patient) and passively (by the exam-
iner). Note any limits in range of motion, as this will 
guide progress during rehabilitation. Also assess 
strength of the injured extremity against resistance 
(from the examiner) in all ranges of motion.

Neurovascular: In addition to movement, assess  
for specific functions (such as hand grip) and ability  
to sense light touch. Ensure that distal pulses and cap-
illary refill are normal.

The physical examination for systemic disease 
should screen for muscle weakness, abnormal neuro-
logic reflexes, jaundice, enlarged liver or spleen, 
lymphadenopathy, rashes, heart murmurs, and mul-
tiple bruises or fractures. Spasticity, hyper-reflexia, 
and clonus accompany cerebral palsy and other 
causes of upper motor neuron lesions, such as head 
trauma or spinal cord tumors. Unilateral bone pain at 
night may suggest malignancy, as opposed to growing 
pains, which are more commonly bilateral. Early-
onset knee effusions (,12 hours) occur with intra-
articular injury such as anterior cruciate ligament 
rupture. Signs of nonaccidental trauma include  
unusual bruising (especially age-inappropriate bruis-
ing), unexplained burns, and multiple fractures,  
especially of different ages.

	C.	 Imaging: Plain radiographs are often indicated as ad-
junct to the initial evaluation after a careful history 
and physical examination, and will often be sufficient 
for diagnostic purposes. At times, additional imaging 
modalities may be needed, usually in consultation 
with a musculoskeletal specialist. Magnetic resonance 
imaging (MRI) allows visualization of both bone  
and soft tissue, especially the cartilage of the knee 
and tumors. Ultrasonography is useful for evaluating 
instability of the newborn hip and for cystic lesions. 
MRI or a nuclear bone scan may be indicated for 
stress fractures or to evaluate the entire body for mul-
tifocal sites of bony change. Computed tomographic 
scanning can provide good bony detail but should be 
used sparingly because of the greatly increased expo-
sure to ionizing radiation. Other useful tests in evalu-
ating musculoskeletal disorders may include blood 
cultures, synovial fluid analysis, electromyography, 
and nerve conduction studies.

(Continued on page 696)
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Patient with a MUSCULOSKELETAL DISORDER

Open wound associated with fracture?

Signs of
systemic disease?

Assess
pattern

Overuse
injury?

Immediate
joint swelling?

(Cont’d on p 697) (Cont’d on p 697)

Consult:
     Orthopedist

Treat:
     Surgical débridement

No Yes

Pattern of abnormality
Precipitating factors
Predisposing conditions

History

Signs of systemic disease
Vascular
Neurologic
Skin
Muscle, tendon
Joint, ligament
Bone

Physical examination Radiography and
special studies

Yes No

Identify:
     Malignancy
     Hemoglobinopathy
     Osteogenesis imperfecta
     Juvenile idiopathic arthritis (p 712)
     Lyme disease
     Collagen vascular disorder

Chronic Acute

A

B C
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	D.	 Overuse Syndromes: See Tables 1 and 2 and Figures 1 
and 2 for specific syndromes. Overuse syndromes have 
become more common in children and adolescents  
as sport specialization and year-round training has  
become available. The common mechanism of overuse 
injuries is repetitive microtrauma to tissue, where the 
ability of the tissue to repair itself is outpaced by rep-
etition of the insult.

In the patient’s history, in addition to the earlier 
questions, it is important to determine when the symp-
toms first started, and what makes the pain better or 
worse. Is there pain at night, and if so, is it unilateral or 
bilateral? Has the pattern of pain changed over time? 
Are there associated systemic symptoms? The pain 
from overuse syndromes progresses from pain after 
activity to pain with activity, which begins to affect 
performance, and finally to pain at rest. Poor perfor-
mance, fatigue, and vague pain may be the first signs of 
overuse problems that adults may need to be aware of 
in younger children.

The young skeleton is more vulnerable to overuse 
injury than the adult. Growth plates in young bone are 
weaker than surrounding bone and tendon attach-
ments, and can be exposed to either traction or com-
pression forces. These forces can cause a tendonitis, 
bursitis, muscle strain, or growth plate injury, such as 
an apophysitis or stress fracture.

Skeletal growth spurts cause inflexibility and  
tightness of muscle and tendon around joints, expos-
ing them to increased traction forces throughout  
the muscle-tendon unit and its bony attachment. In 
“Little League Shoulder” repetitive throwing causes 
excessive traction forces on the proximal humeral 
growth plate growth, resulting in a stress fracture 
through the growth plate.

Growth plates at the end of bones such as the dis-
tal radius, distal femur, and proximal tibia are exposed  
to compressive forces. Irreversible damage to the 
growing cells in growth plates can cause growth distur-
bances such as the “gymnast’s wrist.” A gymnast land-
ing on outstretched hands exposes the distal radius 
growth plate to repetitive compressive forces, which 
can result in early closure of the growth plate. The 
shortened radius changes the mechanics of the wrist 
and can lead to chronic wrist pain and arthritic 
changes.

Growth plate injury on radiograph often appears as a 
widened physis; images of the noninjured extremity may 
be needed for comparison. A long period of rest from 
weeks to months, rehabilitation, and adjustments of 
modifiable factors are the basis of treatment. Modifiable 
risk factors include improper technique, training errors, 
poorly fitting equipment (especially shoes), muscle weak-
ness, and imbalance. Children with overuse injuries may 
need to have rehabilitation guided by a physical thera-
pist. Return to play decisions should be guided by a team 
including a physical therapist, a musculoskeletal (MSK) 
physician, parents, coach, and the child.

	E.	 Chronic Pain with No Overuse History: Chronic pain 
in the absence of a clear overuse history may be indica-
tive of serious disease. Red flags include fevers and 
night sweats (malignancy, juvenile idiopathic arthritis), 
nightly unilateral bone pain (neoplasm, osteomyelitis), 
groin pain (hip joint disease), and difficulty breathing 
or chest pain (exercise-induced asthma, pneumotho-
rax, chest mass, cardiac or pulmonary disease). Screen-
ing studies to consider with such symptoms include 
complete blood cell count (CBC), erythrocyte sedi-
mentation rate (ESR), C-reactive protein (CRP), and 
plain radiographs or MRI.

(Continued on page 698)
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Patient with a MUSCULOSKELETAL DISORDER Algorithm

Tenderness over bone?

Treatment plan:
     Rest
     Physical therapy
     Slow, guided return to activity
     Ice and NSAIDs as needed

Obtain x-rays to
look for physeal injuries

(widening, sclerosis)

Consider MRI

Refer to MSK specialist
or orthopedist

Yes No

Abnormal

Normal

Consider adjustments to
mechanics (boot orthotics,

bracing, changes in throwing,
running, and equipment use)

Lower
extremity?

Identify and
treat

See Tables 1 and 2
and Figures 1 and 2

Chronic Acute

Yes No

Yes No YesNo

Assess involvementIdentify:
     Limp (p 284)
     Gait abnormality (p 276)
     Foot problem (p 272)

Identify:
     Severe ligament injury
     Intra-articular fracture

Identify:
     Strains

Identify:
     Sprains

Identify:
     Fractures
     Osteomyelitis
         (p 714)

Identify:
     Septic arthritis (p 718)
     Nonseptic arthritis
     Traumatic arthritis
     Congenital hip
         dislocation

Joint MuscleBone Ligament

(Cont’d from p 695) (Cont’d from p 695)

Patient with a MUSCULOSKELETAL DISORDER

D E
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Table 1. Upper	Extremity	Overuse	Syndromes

History Examination	Findings
X-ray	(anteroposterior,	

outlet,	axillary) Treatment

Shoulder
Rotator cuff injury Slow onset

Deep shoulder pain
Hurts at night
Pain increased with use

Hawkins sign
Neer sign
Supraspinatus sign

Normal bony anatomy Rest, ice, NSAIDs
PT

Little League  
shoulder

Repetitive throwing
Proximal arm pain

Pain over lateral shoulder Widening of proximal  
humeral growth plate

Comparison views needed

Rest, ice, NSAIDs
PT

Glenohumeral  
instability

Subluxation or dislocation
Joint laxity in other joints

Apprehension test
Sulcus sign

Hill–Sachs or Bankart lesions 
with dislocations

PT, surgical consult

Distal clavicle  
Osteolysis

Pain on top of shoulder, 
young adult

Weight-lifting history

Acromioclavicular (AC) 
joint pain

Osteolysis of distal clavicle Rest, ice

Labral injury/Superior 
Labrum from Anterior 
to Posterior (SLAP) 

Painful “clunks or catching” O’Brien sign Normal bony anatomy
MRI with contrast to  

diagnosis

Surgical consultation

Elbow
Panner disease Repetitive throwing Tender lateral epicondyle AVN of capitellum Rest, ice, NSAIDs

PT
Lateral epicondylitis 

(tennis elbow)
Lateral elbow hurts with 

gripping, throwing, 
opening jars or doors

Pain increased with resisted 
hand and finger  
extension

Normal bony anatomy Rest, ice, NSAIDs
PT

Osteochondritis  
desiccans

Chronic elbow pain Bony tenderness Distal humerus, intra-articular 
areas of OCD

Surgical consultation

Medial epicondylitis Medial symptoms similar to 
lateral epicondylitis

Pain increased with resisted 
wrist flexion

Normal bony anatomy Rest, ice, NSAIDs
PT

Little League elbow 
(medial  
apophysitis)

Repetitive throwing Medial elbow tenderness Widening of medial apophysis Rest for up to 2 months

MCL strain Repetitive throwing or 
acute valgus mechanism

1 Valgus stress test Normal bony anatomy Rest, ice, NSAIDs
PT

Olecranon apophysitis Overuse of triceps muscle, 
pain increased with 
pushing

Resisted extension of elbow 
increases pain

Pain at olecranon tip

Possible widening of  
apophysis

Rest, ice, NSAIDs
PT

Olecranon  
impingement

Hyperextension injury or 
repetitive hyperextension 
of elbow

Pain increased with  
hyperextension of elbow

Normal bony anatomy Rest, ice, NSAIDs
PT
Elbow bracing to prevent 

hyperextension
Triceps tendonitis Repetitive pushing or  

elbow extension
Triceps tendon tenderness 

at insertion on olecranon
Pain with resisted elbow  

extension

Normal bony anatomy Rest, ice, NSAIDs
PT

Hand/Wrist
Distal radius physeal 

stress injury  
(gymnast’s wrist)

Repetitive landing on hands Pain over distal radius Widening of distal radial 
growth plate

Prolonged rest, ice, 
NSAIDs

PT
deQuervain  

tenosynovitis
Pain in “snuff box” area of 

wrist with use of thumb
1 Finkelstein maneuver Normal bony anatomy Rest, ice, NSAIDs

PT, thumb spica brace
Wrist flexor/extensor 

tendonitis
Wrist pain with use or 

movement
Pain on tendons with  

resisted flexion/extension
Normal bony anatomy Rest, ice, NSAIDs

PT

AVN, avascular necrosis; MCL, medial collateral ligament; NSAID, nonsteroidal anti-inflammatory drugs; OCD, osteochondritis desiccans; PT, physical therapy.
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Table 2. Lower	Extremity	Overuse	Syndromes

History Exam	Findings
X-ray	(anteroposterior,	

outlet,	axillary) Treatment

Knee Overuse Syndromes
Patellofemoral pain  

syndrome
Anterior knee pain, dull 

radiation to popliteal 
area; slow onset, hurts 
with bending, going 
up/downstairs, after 
sitting long periods; 
can ache at night;  
occurs during period 
of rapid growth

Poor quad tone; tight 
quads, hams, ITB, and 
adductors; very tender 
patellofemoral joint; 
pain can be diffuse with 
joint line tenderness

Sunrise view usually shows 
laterally tilted patellae, 
otherwise normal bony 
anatomy

Ice, PT evaluation,* 
NSAIDs, consider tem-
porary bracing with 
neoprene sleeve or 
hinged brace

Sinding–Larsen–Johansson
• Patellar apophysitis at 

origin of patellar  
tendon 

Anterior knee pain; Hx 
of knee overuse activ-
ity like running, jump-
ing; occurs during pe-
riod of rapid growth

Tight thigh musculature 
like in patellofemoral 
pain syndrome. Tender 
at inferior pole of  
patella

Apophysis of inferior pole 
of patella may have 
some irregularity

Ice, PT evaluation, NSAIDs, 
consider temporary brac-
ing with neoprene sleeve 
or hinged brace

Consider patellar tendon 
band

Runner’s knee
• ITB tendonitis

Pain on lateral knee just 
below joint line; can 
come and go with ac-
tivity; dull to sharp 
bony ache; Hx of 
overuse of knee

Tight ITB (1 Ober sign); 
may be tender at inser-
tion of ITB on lateral 
tibial prominence 
(Gerdy tubercle)

Severe cases may mimic a 
medial meniscus injury

If no improvement with 
usual therapy, an MRI 
can be performed to r/o 
meniscal injury

PT evaluation, NSAIDs

Osgood–Schlatter disease
• Tibial tuberosity 

apophysitis

Anterior knee pain at 
tibial tubercle; Hx of 
knee overuse; occurs 
during period of 
rapid growth

Tight thigh musculature like 
in patellofemoral pain 
syndrome; tender on  
tibial tubercle—insertion 
point of patellar tendon

Apophysis of tibial  
tubercle may have  
some irregularity

Acute severe injury may 
show avulsion

Ice, PT evaluation, 
NSAIDs, consider  
patellar tendon band

Leg Overuse Syndrome
Shin splints

• Medial tibial syndrome
Pain up and down front 

of leg; increased with 
running

Tenderness up and down 
medial border of tibia; 
point tenderness could 
be stress fx

No bony abnormality; X-
rays should be done to 
rule out stress Fx if  
clinically suspicious

Ice, PT evaluation, 
NSAIDs

Foot and Ankle Overuse Syndromes
Sever disease

• Calcaneal apophysitis
Heel pain hurts with  

activity, better with 
rest; can be bilateral; 
associated with lots of 
running and jumping

Tender heel at insertion of 
Achilles’ tendon; tight 
calf musculature;  
associated with flat feet, 
pronated heels

Possible irregularities of 
apophysis at calcaneus

Ice, PT evaluation, 
NSAIDs, calf stretches, 
arch support, supportive 
footwear

Achilles tendonitis Similar to Sever disease
Pain in heel and  

lower leg

Tender Achilles tendon; 
tight calf muscles

X-ray films usually not 
necessary

Ice, PT evaluation, 
NSAIDs, calf stretches, 
arch support, supportive 
footwear, heel lift

Plantar fasciitis Pain on bottom of foot, 
especially with first 
steps in the morning; 
overuse Hx; poor foot 
support in shoes

With ankle maximally dor-
siflexed, the plantar fas-
cia will be tight and very 
tender when palpated 
Associated with tight calf 
muscles, flat feet, high 
arches, pronated heels

X-ray films usually not 
necessary

Ice, PT evaluation, 
NSAIDs, calf stretches, 
arch support, supportive 
footwear

Peroneal tendonitis Pain on lateral ankle; 
overuse Hx; can be 
associated with ankle 
sprains; subluxing  
peroneal tendons can 
“pop or snap”

Pain behind lateral malleo-
lus up the peroneal ten-
dons; pain with resisted 
foot eversion

X-ray films usually normal 
but may show bone ab-
normalities from old in-
juries

Ice, PT evaluation, 
NSAIDs

Base of fifth metatarsal 
apophysitis

Overuse Hx; pain on 
lateral side of foot, 
increased with run-
ning and jumping

Pain at base of the fifth meta-
tarsal where peroneus bre-
vis inserts; pain increased 
with resisted eversion

X-rays should be done to 
look for stress (Jones) 
Fx in the metaphysis

Rest, ice, PT evaluation, 
NSAIDs

Midfoot pain syndromes
• Midfoot sprain
• Tarsal stress Fx

Overuse Hx, especially 
long-distance  
running 

Pain in midfoot when 
twisting forefoot with 
one hand and holding 
calcaneus steady with 
the other May have  
direct tenderness over 
tarsal with stress Fx

X-ray to rule out stress  
Fx of tarsals, especially 
navicular Consider CT 
or MRI

Rest, PT evaluation, arch 
support, supportive 
footwear

Continued
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Table 2. Lower	Extremity	Overuse	Syndromes—cont’d

History Exam	Findings
X-ray	(anteroposterior,	

outlet,	axillary) Treatment

Forefoot pain syndromes
• Metatarsalgia
• Turf toe
• Metatarsal stress Fx

Overuse Hx, especially 
long-distance running

Running with cutting 
may cause turf toe

Pain in fore foot on  
metatarsals with stress 
Fx; first MTP tender-
ness with turf toe

Pain on metatarsal head 
with metatarsalgias 

X-rays to look for stress Fx 
of metatarsals. Consider 
CT or MRI

Rest, PT evaluation, arch 
support, supportive 
footwear, metatarsal pad

Pelvic Overuse Syndromes
Iliac apophysitis Overuse Hx, especially 

running
Tenderness on iliac crest X-ray films usually normal PT evaluation, ice, 

NSAIDs
ITB tendonitis

• Pain over lateral  
epicondyle of knee

• Greater trochanteric 
bursitis

Pain starts at distal ITB 
insertion lateral to 
patella; more severe 
cases involve the  
entire ITB fascial 
plane along the  
lateral thigh and the 
greater trochanter on 
the outside of the hip

Pain lateral to patella
1 Ober sign of hip

Normal bony anatomy Ice, NSAIDs, PT evalua-
tion

Iliopsoas tendonitis
• Snapping hip

Hx of deep snapping in 
groin; overuse in 
dancers, runners

Patients may reproduce 
snap: while standing, 
have patient forward 
flex hip and rotate out 
to side

Normal hip and pelvic 
bony anatomy

NSAIDs, PT evaluation

• Adductor tendonitis Overuse Hx of lower  
extremity involving 
adduction: running, 
cutting, skating

Increased tenderness at 
area of strain with  
adductor stretching—
”doing the splits”

Normal anatomy; acute  
injuries should have  
x-rays to rule out  
avulsion Fx

NSAIDs, PT evaluation

*PT evaluation should include treatment of acute pain and dysfunction, evaluation of mechanics, prescription of appropriate stretches, balance and strength exercises, 
equipment/shoe wear evaluation, and a maintenance program.

Fx, fracture; Hx, history; ITB, iliotibial band; NSAIDs, nonsteroidal anti-inflammatory drugs; PT, physical therapy.

Figure	1.	 Upperextremityoverusesyndromes.MCL,medialcollateralligament;SLAP,
SuperiorLabrumfromAnteriortoPosterior.

SHOULDER OVERUSE SYNDROMES
• Distal clavicle osteolysis
• Glenohumeral instability
• Rotator cuff injury
• Labral injury/SLAP
• Little League shoulder
  Proximal humerus
  physeal stress injury

ELBOW OVERUSE SYNDROMES
Lateral
• Tennis elbow
• Panner’s disease
• Osteochondritis dessecans
Medial
• Epicondylitis (golfer’s elbow)
• Apophysitis
• Little Leaguer’s elbow
  (medial apophysitis)
• MCL strain
Posterior
• Olecranon apophysitis
• Olecranon impingement
• Triceps tendonitis

HAND/WRIST
OVERUSE SYNDROMES
• Distal radius physeal stress injury
• Wrist flexor/extensor tendonitis
• deQuervain’s tendonitis
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Figure	2.	 Lowerextremityoverusesyndromes.ITB,iliotibialband.

PELVIC OVERUSE SYNDROMES
• Iliac apophysitis
• Iliopsoas tendonitis (Snapping hip)
• ITB tendonitis
• Adductor tendonitis
• Pelvic apophyseal avulsion
  fractures in active athletes

KNEE OVERUSE SYNDROMES
• Patello-femoral pain syndrome
• Sinding-Larsen-Johansson
 • Patellar apophysitis
• Runner’s knee
 • ITB tendonitis
• Osgood-Schlatter disease
 • Tibial tubercle apophysitis

LEG OVERUSE SYNDROMES
• Stress fractures
• Shin splints
 • Medial or anterior tibia
   muscle insertion injury
   

FOOT/ANKLE
OVERUSE SYNDROMES
• Sever’s disease
 • Calcaneal apophysitis
• Achilles tendonitis
• Plantar fasciitis
• Peroneal tendonitis
• Stess fractures
• Mid-foot sprain
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Evaluation of the Active Athlete
K. Brooke Pengel, MD

More than 30 million children and adolescents are in-
volved in organized sports in the United States. Most 
states mandate that these athletes have a preparticipation 
sports examination (PPE) before the season. The PPE is 
not necessarily the same as a comprehensive health main-
tenance visit, where a variety of topics are covered that 
may not be specifically related to the sports participation.

The primary goal of the PPE is to maximize safe par-
ticipation for the athlete. Identification of conditions that 
could lead to further injury from athletic activity is of para-
mount importance. Additional objectives are to diagnose 
previously undetected medical conditions that require 
treatment before and during participation; to identify and 
rehabilitate previously sustained musculoskeletal injuries; 
to remove unnecessary restrictions on participation; to 
counsel athletes as to appropriate sports in which to par-
ticipate; and to identify and counsel athletes regarding 
risk-taking behaviors, such as smoking, substance abuse, 
and sexuality-related problems.

There have been recent attempts to standardize the 
components of the PPE. The American Academy of Pedi-
atrics, together with the American Academy of Family 
Physicians, The American College of Sports Medicine, the 
American Orthopaedic Society for Sports Medicine, and 
the American Osteopathic Academy of Sports Medicine, 
developed a consensus statement regarding a standardized 
approach to the PPE. The recommendations are detailed 
in the fourth edition of the Preparticipation Physical 
Evaluation monograph published in 2010.

	A.	 A detailed, accurate history is one of the most impor-
tant aspects of the PPE, because the history alone  
can identify many of the problems that the athlete  
may face. The use of the standardized form from the 
PPE monograph is a reliable method of obtaining a 
comprehensive history. Free PPE forms can be down-
loaded from http://ppesportsevaluation.org/body.html 
(accessed May 7, 2011). Input should be obtained from 
both the athlete and the parent to increase the reliabil-
ity of the history. In the patient’s history, ask about 
cardiovascular disease for the family (history of sudden 
death in relatives younger than 50 years) and the par-
ticipant (dizziness, syncope, chest pain, palpitations, 
shortness of breath, or fatigue with exercise; Table 1). 
Question the athlete regarding bleeding disorders, 

previous heat illness, asthma, previous seizures, head-
aches, head trauma, eye injuries, and current medica-
tions. Note past spinal and musculoskeletal injuries 
and their treatment.

	B.	 The physical examination should include both a general 
evaluation and a specific musculoskeletal evaluation. 
Measure height, weight, and blood pressure. Assess  
vision. Blood pressure needs to be assessed using an 
appropriately sized cuff to avoid false readings. Abnor-
mal readings should be repeated. A pressure greater 
than 140/85 mm Hg requires further evaluation. The 
physical examination should be approached systemati-
cally, and the use of the PPE physical examination form 
for the monograph can aid in assuring a comprehensive 
examination. Cardiovascular screening includes evalua-
tion of the blood pressure, assessment of pulses, and 
auscultation of the heart. Pulmonary examination in-
cludes auscultation to evaluate for wheezing, prolonged 
expiratory phase, or significant coughing or wheezing 
after forced expiration. The gastroenterology examina-
tion is used to detect abdominal tenderness and en-
larged organs. Dermatologic screening can be done 
throughout the examination to evaluate for signs of 
contagious infections. A musculoskeletal evaluation 
should be performed based on current symptoms, as 
well as prior injuries, and should focus on joint mobility, 
strength, and signs of injury.

	C.	 Absolute disqualifying conditions include carditis, hy-
pertrophic cardiomyopathy, a single coronary artery, 
and current fever. Other conditions require additional 
evaluation before athletic participation (Table 2). 
These include heart murmurs and dysrhythmias, struc-
tural heart defects, diarrhea, bleeding disorders, poorly 
controlled seizures, obesity and other eating disorders, 
organ transplants, sickle cell disease, malignant dis-
ease, and C1-2 spinal instability. Blood pressure greater 
than 130/75 mm Hg in patients younger than 12 years 
or 140/85 mm Hg in patients 12 years and older needs 
further evaluation. Patients with previous eye injuries, 
one functional eye, or one functional kidney should 
seek consultation before participating in contact sports 
(Table 3). Musculoskeletal abnormalities should be 
individually assessed. Patients with well-controlled 
asthma or diabetes mellitus should not be excluded 
from athletic participation.



703

C

EVALUATION OF THE ACTIVE ATHLETE

Type of assessment

Preparticipation

No Yes

NoYes

Approve for
participation

Identify and evaluate:
  Cardiac conditions: heart murmurs,
  dysrhythmias, structural alterations
  Neurology: seizures
  Hematology: bleeding disorders,
  sickle cell disease
  Oncology: malignancy
  Endocrine: uncontrolled diabetes
  Autoimmune disorders
  Renal disease
  Eating disorders
  Eye abnormalities/disease

Disqualify from participation

Identify:
  Cardiac conditions
    Carditis
    Cardiomyopathy
    Idiopathic hypertrophic
    subaortic stenosis (IHSS)
    Coronary artery
    abnormalities

Findings suggest need for further
evaluation and possible consultation

Disqualifying cardiac
conditions identified?

Postinjury
(Cont’d on p 705)

A History

B Physical examination

Table 1. American	Heart	Association	Recommendations	to	Identify	Risk	for	Sudden	Cardiac	Death	in	Athletes

Screening Review of Systems
Does the athlete experience chest pain, shortness of breath, or abnormal heartbeats during exercise?
Has the athlete ever experienced syncope or near syncope during or after exercise?
Is there a recent history of unexplained exercise intolerance (a change in the ability to normally keep up with peers)?

Screening History
Does the athlete have any history of heart murmur or hypertension or any cardiac conditions?
Has the athlete ever had any cardiac testing including electrocardiogram or echocardiogram?
Is there a family history of sudden or unexplained death in relative younger than age 50?
Is there anyone in the family younger than age 50 with heart disease?
Is there anyone in the family with known heart conditions, including hypertrophic cardiomyopathy, Marfan syndrome, long QT, or other  

arrhythmogenic disorders?

Screening Physical Examination
Take sitting blood pressure.
Auscultate heart in two positions (supine and seated/standing).
Check femoral pulses.
Evaluate for physical signs of Marfan syndrome

Adapted from with permission from: Rice SG, American Academy of Pediatrics Council on Sports Medicine and Fitness. Medical conditions affecting sports participation. 
Pediatrics 2008; 121(4):841-848.
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	D.	 Injuries may be either acute (from a single event) or 
chronic (from overuse). Acute injuries involving the 
head and neck require immediate evaluation and ap-
propriate treatment. Patterns of extremity injuries are 
related to the age of the child and to the specific sport. 
The injuries can occur to soft tissues (tendon, muscle, 
and ligament) and bone.

	E.	 Concussions are the most common type of head trauma 
in sports. The management of sport-related concussion is 
one of the most controversial issues in sports medicine. 
Most sports medicine physicians rely heavily on the rec-
ommendations from the third conference regarding 
Concussion in Sport (published in 2009). The recom-
mendations emphasize the importance of individualized 
management and a graduated return to play protocol  
after concussion. Young athletes are treated more con-
servatively because the immature brain is thought to be 
different in terms of healing. The previous grading sys-
tem for concussion has fallen out of favor because the 
severity of a concussion can only be determined in retro-
spect once the total burden of the injury on the athlete 
can be determined. The cornerstone of concussion man-
agement involves reducing both physical and cognitive 
demands in order to facilitate recovery and to avoid fur-
ther injury. Input from a multi-disciplinary team that  
includes the medical provider, parent, school, and ath-
letic trainer/coach is valuable to evaluate the progress of 
the recovery. Return to play is based on the complete 
resolution of symptoms and the ability to progress 
through a graded protocol of activity successfully.

	F.	 A stinger or burner, also known as transient brachial 
plexopathy, results from a blow to the head or shoulder 
and is felt as pain or tingling radiating down the arm that 
may be accompanied by a sensory deficit or motor weak-
ness. Symptoms are always unilateral and can last from  
a few minutes to several days. A detailed cervical spine 
and neurologic examination is important in the manage-
ment of this condition. Play can be resumed when all  
the sensory symptoms have cleared and the athlete has 
full range of motion, strength, and function. Recurrent 
injuries require a full cervical spine evaluation.

	G.	 When a suspected soft-tissue injury occurs, assess the 
degree of soft-tissue injury. Mild injuries have diffuse, 

poorly localized pain without effusion or hemarthrosis. 
Moderate injuries have small and slowly developing 
effusions, minimal ecchymosis or swelling, no gross 
deformity, and pain and tenderness specific to the site 
of injury. Severe injuries are characterized by defor-
mity, rapid onset of hemarthrosis or effusion, ligament 
laxity, or lack of joint motion. Gross deformity, point 
tenderness, and painful motion indicate a fracture. 
Treat acute soft-tissue injuries with rest, ice, elevation, 
and mild compression. A thorough evaluation should 
be performed before return to the activity. Patients 
with mild injuries may resume play when the injured 
part is fully functional without pain. A rehabilitation 
program should be implemented as soon as the acute 
symptoms allow. This includes active range-of-motion 
exercise, muscle strengthening, and stretching activi-
ties. Moderate or severe injuries may require addi-
tional evaluation and specialized treatment.

	H.	 Overuse injuries that occur from repetitive motion ac-
tivities are becoming increasingly prevalent in young 
athletes. Overuse injuries that involve soft tissue include 
tendinitis and bursitis. These usually improve with rest 
and changes in activity. Bone injury occurs as stress frac-
tures in long bones and as compression or tension inju-
ries to epiphyseal plates. The history often includes 
changes in the intensity or duration of an activity and 
pain during or shortly after use. Focal tenderness is usu-
ally present. Radiographic studies can be normal early. In 
later stages, the radiographs may show periosteal reac-
tion with or without a definite fracture line. Tumor and 
infection should be ruled out. A bone scan will be abnor-
mal sooner than the radiograph. Magnetic resonance 
imaging has been shown to be a reliable method for early 
diagnosis and offers the advantage of no extra radiation 
after plain radiographs have been used for screening. 
Specific overuse injuries are discussed in the chapters on 
the Evaluation of Musculoskeletal Disorders and Over-
use Syndromes. Table 4 lists the common sports-
related stress fractures. Treatment in general is aimed at 
reducing the activity level below the pain threshold, 
modifying the training program to increase activities 
gradually, and returning the athlete to play when symp-
tom free at full performance.

(Continued on page 706)
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Treat:
  Rest and reduce
  activity level below
  pain threshold

Treat:
  Rest
  Rehabilitation
    Strengthening
    Stretching

Progressive return to play
when asymptomatic at
full performance

Progressive return to play
when asymptomatic at
full performance

D

G

E

H

EVALUATION OF THE ACTIVE ATHLETE
  

Postinjury assessment
(Cont’d from p 703)

Determine type and severity of injury

Acute

Soft tissue

Identify:
  Tendon injury
  Ligament injury
  Cartilage injury

Identify:
  Fractures
  Contusions

Assess degree of injury

Mild

Return to
play when
asymptomatic

Concussion F Stingers/burners

Return to play when
cervical spine motion
is full and athlete 
has full strength and
function

Assess severity
and neuro exam

Normal

Follow guidelines Imaging
Consult sports
medicine/rehab
specialist

Abnormal

Moderate/
severe

Consult:
  Orthopedics

Head and/or neck Bone Soft tissue Bone

Identify:
  Tennis elbow
  Achilles tendinitis
  Patella tendinitis
       (jumper’s knee)
  Anterior knee pain
  Rotator cuff overuse
  Shin splints

Identify:
  Stress fractures
  Osgood-Schlatter
  syndrome
  Pitcher’s elbow
  Gymnast’s wrist
  Osteocondritis
  dissecans
  Sever’s
  Little League shoulder
  Sindig-Larsen-Johanssen
       (inferior patellar pain)
  Pelvic apophysitis

Chronic overuse
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Table 2. Medical	Conditions	and	Sports	Participation

Condition May	Participate

Atlantoaxial instability (instability of the joint between cervical vertebrae 1 and 2)
Explanation: Athlete (particularly if he or she has Down Syndrome or juvenile rheumatoid arthritis with 

cervical involvement) needs evaluation to assess risk of spinal cord injury during sports participation,  
especially when using a trampoline. 

Qualified yes

Bleeding disorder
Explanation: Athlete needs evaluation

Qualified yes

Cardiovascular disease
Carditis (inflammation of the heart)

Explanation: Carditis may result in sudden death with exertion.
Hypertension (high blood pressure)

Explanation: Those with severe hypertension (..99th percentile for age plus 5 mm Hg) should avoid 
heavy weight and power lifting, bodybuilding, strength training, and high-static component sports  
(Figure 5-1). Those with sustained hypertension (.95th percentile for age) need evaluation. The 
National High Blood Pressure Education Program working group report defined prehypertension  
and stage 1 and stage 2 hypertension.

Congenital heart disease (structural heart defects present at birth)
Explanation: Consultation with a cardiologist is recommended. Those with mild forms may participate 

fully in most cases; those with moderate or severe forms or who have undergone surgery need  
evaluation. The 36th Bethesda Conference defined mild, moderate, and severe disease for common 
cardiac lesions.

Dysrhythmia (irregular heart rhythm)
Long QT syndrome
Malignant ventricular arrhythmias
Symptomatic Wolff-Parkinson-White syndrome
Advanced heart block
Family history of sudden death or previous sudden cardiac event
Implantation of a cardioverter-defibrillator

Explanation: Consultation with a cardiology is advised. Those with symptoms (chest pain, syncope, near 
syncope, dizziness, shortness of breath, or other symptoms of possible dysrhythmia) or evidence of 
mitral regurgitation (leaking) on physical examination need evaluation. All others may participate 
fully.

Heart murmur
Explanation: If the murmur is innocent (does not indicate heart disease), full participation is permitted. 

Otherwise, the athlete needs evaluation (see congenital heart disease, structural heart disease  
[especially hypertrophic cardiomyopathy and mitral valve prolapse]).

Structural/acquired heart disease
Hypertrophic cardiomyopathy
Coronary artery anomalies
Arrhythmogenic right ventricular cardiomyopathy
Acute rheumatic fever with carditis
Ehlers-Danlos syndrome, vascular form
Marfan syndrome
Mitral valve prolapse
Anthracycline use

Explanation: Consultation with a cardiologist is recommended. The 36th Bethesda Conference provided 
detailed recommendations. Most of these conditions carry a significant risk of sudden cardiac death 
associated with intense physical exercise. Hypertrophic cardiomyopathy requires a thorough workup 
and repeated evaluations, because disease may change manifestations during later adolescence.  
Marfan syndrome with an aortic aneurysm can also cause sudden death during intense physical  
exercise. An athlete who has ever received chemotherapy with anthracyclines may be at increased 
risk for cardiac problems because of the cardiotoxic effects of the medications, and resistance  
training in this population should be approached with caution; strength training that avoids  
isometric contractions may be permitted. Athlete needs evaluation.

Vasculitis/vascular disease
Kawasaki disease (coronary artery vasculitis)
Pulmonary hypertension

Explanation: Consultation with a cardiologist is recommended. Athlete needs individual evaluation to 
assess risk on the basis of activity of disease, pathologic changes, and medical regimen.

No

Qualified yes

Qualified yes

Qualified yes

Qualified yes

Qualified no
Qualified no
Qualified no
Qualified no
Qualified no
Qualified yes
Qualified yes
Qualified yes

Qualified yes

Cerebral palsy
 Explanation: Athlete needs evaluation to assess functional capacity to perform sports specific activity.

Qualified yes

Diabetes mellitus
Explanation: All sports can be played with proper attention to diet, blood glucose concentration, hydration, 

and insulin therapy. Blood glucose concentration should be monitored before exercise, every 30 minutes 
during continuous exercise, 15 minutes after completion of exercise, and at bedtime. 

Yes
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Diarrhea, Infectious
Explanation: Unless symptoms are mild and the athlete is fully hydrated no participation is permitted, 

because diarrhea may increase risk for dehydration and heat illness. See fever. 

Qualified no

Eating disorders
Explanation: Athlete with an eating disorder needs medical and psychiatric assessment before participation. 

Qualified yes

Eyes
Functionally one-eyed athlete
Loss of an eye
Detached retina or family history of retinal detachment at a young age
High myopia
Connective tissue disorder, such as Marfan or Stickler syndromes
Previous intraocular eye surgery or serious eye injury

Explanation: A functionally one-eyed athlete is defined as having a best-corrected visual acuity of less 
than 20/40 in the eye with worse acuity. Such an athlete would suffer significant disability if the better 
eye were seriously injured, as would an athlete with loss of an eye. Specifically boxing and full-contact 
martial arts are not recommended for functionally one-eyed athletes because eye protection is imprac-
tical and-or not permitted. Some athletes who previously have undergone intraocular eye surgery or 
had a serious eye injury may have an increased risk of injury because of weakened eye tissue. Availability 
of eye guards approved by the American Society for Testing and Materials and other protective  
equipment may allow participation in most sports, but this must be judged on an individual basis.

Conjunctivitis, infectious
Explanation: An athlete with active infectious conjunctivitis should be excluded from swimming

Qualified yes

Qualified no

Fever
Explanation: Fever can increase cardiopulmonary effort, reduce maximum exercise capacity, make heat  

illness more likely, and increase orthostatic hypertension during exercise. Fever may rarely accompany 
myocarditis or other conditions that may make exercise dangerous.

No

Gastrointestinal 
Malabsorption syndromes (celiac disease, cystic fibrosis)

Explanation: Athlete needs individual assessment for general malnutrition or specific deficits resulting in 
coagulation or other defects, with appropriate treatment, these defects can be adequately related to 
permit normal activities.

Short bowel syndrome or other disorders requiring specialized nutritional support including parenteral or 
enteral nutrition.
Explanation: Athlete needs individual assessment for collision, contact, or limited contact sports.  

Presence of a control or peripheral indwelling venous catheter may require special considerations  
for activities and emergency preparedness for unexpected trauma to the device(s). 

Qualified yes

Heat illness, history of
Explanation: Because of the likelihood of recurrence, the athlete needs individual assessment to determine 

the presence of predisposing conditions and to develop a prevention strategy, which includes sufficient  
acclimation, conditioning, hydration, and salt intake as well as other effective measures to improve heat 
tolerance and reduce heat injury risk.

Qualified yes

Hepatitis, infectious (primarily hepatitis C)
Explanation: All athletes should have received Hep B Vaccination prior to participation. Because of the 

apparent minimal risk to others, all sports may be played that the athlete’s state of health allows. In all 
athletes, skin lesions should be covered properly and athletic personnel should use universal precautions 
when handling blood or body fluid with visible blood.

Yes

Human immunodeficiency virus infection
Explanation: Because of the apparent minimal risk to others, all sports may be played that the athlete’s state 

of health allows (especially if the viral load is undetectable or very low). In all athletes, skin lesions should 
be covered properly, and athletic personnel should use universal precautions when handling blood or 
body fluids with visible blood. However, certain sports (such as wrestling or boxing) may create a situation 
that may favor viral transmission (likely bleeding plus-skin breaks). If a viral load is detectable these  
athletes should be advised to avoid such high contact sports. 

Yes

Kidney, absence of one
Explanation: Athlete needs individual assessment for contact, collision, and limited contact sports. Protective 

equipment may reduce risk of injury to the remaining kidney efficiently to allow participation in most 
sports, providing such equipment remains in place during activity.

Qualified yes

Liver, enlarged
Explanation: If the liver is acutely enlarged, participation should be avoided because of risk of rupture. 

If the liver is chronically enlarged, individual assessment is needed before collision, contact, or limited-
contact sports are played. Patients with chronic liver disease may have changes in liver function that  
may affect stamina, mental status, coagulation, or nutritional status.

Qualified yes

Malignant neoplasm
Explanation: Athlete needs individual assessment

Qualified yes

Musculoskeletal disorders
Explanation: Athlete needs individual assessment

Qualified yes

(Continued)
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Neurologic disorders
History of serious head or spine trauma or abnormality including craniotomy, epidural bleeding, subdural 

hematoma, intracranial hemorrhage, second impact syndrome, vascular malformation, and neck fracture.
Explanation: Athlete needs individual assessment for collision, contact, or limited contact sports.

History of simple concussion (mild traumatic brain injury), multiple simple concussions, and or complex 
concussion.
Explanation: Athlete needs individual assessment. Research supports a conservative approach to concus-

sion management, including no athletic participation while symptomatic or when deficits in judgment 
or cognition are detected; followed by a graduated, sequential return to full activity.

Myopathic
Explanation: Athlete needs individual assessment

Recurrent headaches
 Explanation: Athlete needs individual assessment

Recurrent plexopathy (burner or stinger) and cervical cord neuropraxia with persistent defects
Explanation: Athlete needs individual assessment for collision, contact or limited contact sports, regaining 

normal strength is an important benchmark for return to play.
Seizure disorder, well controlled

Explanation: Risk of seizure during participation is minimal.
Seizure disorder, poorly controlled

Explanation: Athlete needs individual assessment for collision, contact, or limited contact sports. The 
following noncontact sports should be avoided: archery, riflery, swimming, wright or power lifting, 
strength training, or sports involving weights, in these sports occurrence of a seizure during the activity 
may pose a risk to self or others.

Qualified yes

Qualified yes

Qualified yes

Yes

Qualified yes

Yes

Qualified yes

Obesity
Explanation: Because of the increased risk of heat illness, the obese athlete particularly needs careful accli-

matization, sufficient hydration, and potential activity and recovery modifications during competition and 
training.

Yes

Organ transplant recipient (end those taking immunosuppressive medications)
Explanation: Athlete needs individual assessment for contact, collision, and limited contact sports. In 

addition to the potential risk of infections, some medications: (eg, prednisone) may increase tendency for 
bruising.

Qualified yes

Ovary, absence of one
Explanation: Risk of severe injury to the remaining ovary is minimal.

Yes

Pregnancy/postpartum
Explanation: Athlete needs individual assessment. As pregnancy progresses, modifications to usual exercise 

routines will become necessary. Activities with a high risk of falling or abnormal trauma should be 
avoided. Scuba diving and activities 

Qualified yes

Respiratory conditions
Pulmonary compromise, including cystic fibrosis

Explanation: Athlete needs individual assessment, but generally, all sports may be played if oxygenation 
remains satisfactory during a graded exercise test. Athletes with cystic fibrosis need acclimatization and 
good hydration to reduce the risk of heat illness.

Asthma
Explanation: With proper medication and education, only athletes with the most severe asthma will need 

to modify their participation. For those using inhalers, recommend having a written action plan and  
using a peak flow meter daily. Athletes with asthma may encounter risks when scuba diving.

Acute upper respiratory infection
Explanation: Upper respiratory obstruction may affect pulmonary function. Athlete needs individual 

assessment for all but mild disease. See fever.

Qualified yes

Yes

Qualified yes

Rheumatologic disease
Juvenile rheumatoid arthritis

Explanation: Athletes with system or polyarticular juvenile rheumatoid arthritis and history of cervical 
spine involvement need radiograph of vertebrae C1-C2 to assess risk of spinal cord injury. Athletes  
with systemic or HLA B27 associated arthritis require cardiovascular assessment for possible cardio 
complications during exercise. For those with micrognathia (open bite and exposed teeth), mouth 
guards are helpful if uveitis is present, the risk of eye damage from trauma is increased, ophthalmologic 
assessment is recommended and if visually impaired, guidelines for functionally one eye athletes should 
be followed. 

Juvenile dermatomyositis (JDM), idiopathic myositis
Systemic lupus erythernatosis (SLE)
Raynaud phenomenon

Explanation: Athlete with JDM or SLE with cardiac involvement requires cardiology assessment before 
participation. Athletes on system corticosteroids are at higher risk of osteoporotic fractures and avascular 
necrosis, which should be assessed before clearance; those on immunosuppressive medication are at 
higher risk of serious infection. Sports activity should be avoided when myositis is active. Rhabdomyolysis 
during intensive exercise may cause renal injury in athletes with idiopathic myositis and other myopathies. 
Because of photosensitivity with JDM and SLE, sun protection is necessary during outdoor activity. With 
Raynaud phenomenon exposure to the cold presents risks to hands and feet.

Qualified yes

Qualified yes
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Sickle cell disease
Explanation: Athlete needs individual assessment. In general, if status of the illness permits, all sports may 

be played; however, any sport or activity that entails overexertion, overheating, dehydration, and chilling 
should be avoided. Participation at high altitude, especially when not acclimatized, also poses risk of sickle 
cell crisis.

Qualified yes

Sickle cell traits
Explanation: Athletes with sickle cell trait generally do not have an increased risk of sudden death or other 

medical problems during athletic participation under normal environmental conditions. However, when 
high exertion activity is performed under extreme conditions of heat and humidity or increased altitude, 
such catastrophic complications have occurred rarely. Athletes with sickle cell trait, like all athletes, 
should be progressively acclimatized to the environment and to the intensity and duration of activities  
and should be sufficiently hydrated to reduce the risk of exertional heat illness and/or rhabdomyolysis.  
According to NIH management guidelines, sickle cell trait is not a contraindication to participation in 
competitive athletics and there is no requirement for screening prior to participation. More research is 
needed to fully assess potential risks and benefits of screening athletes for sickle cell trait.

Yes

Skin infections
Herpes simplex, molluscum contagiosum, verrucae (warts), staphylococcal and streptococcal infection  

(furuncle [boils], carbuncle, impetigo, methicillin-resistant Staphylococcus aureus [cellulitis, abscess,  
necrotizing fasciitis]), scabies, tinea
Explanation: During contagious period, participation in gymnastics with mats, martial arts; wrestling; or 

other collision, contact or limited-contact sports is not allowed. 

Qualified yes

Spleen, enlarged
Explanation: If the spleen is acutely enlarged, participation should be avoided out of risk of rupture if the 

spleen is chronically enlarged individual assessment is needed before collision, contact, or limited contact 
sports are played.

Qualified yes

Testicle, undescended or absence of one
Explanation: Certain sports may require a protective cup.

Yes

bThis table is designed for use by medical and nonmedical personnel. “Needs evaluation” means that a physician with appropriate knowledge and experience should assess 
the safety of a given sport for an athlete with the listed medical condition. Unless otherwise noted, this need for special consideration is because of the severity of the 
disease, the risk of injury for the specific sports listed in Box 5-1, or both.

aAdapted with permission from: Rice SG, American Academy of Pediatrics Council on Sports Medicine and Fitness. Medical conditions affecting sports participation. 
Pediatrics. 2008; 121(4):841-848
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Table 4. Sports-Specific	Stress	Fractures

Sport Injury

Running Tibia, navicular, fibula, hip/femur
Marching Second metatarsal
Golfing Rib
Bowling Ulna
Weight lifting Ribs, clavicle, ulna
Gymnastics Foot, acromion, distal radius, spine  

(pars interarticularis)
Basketball Fibula, foot (fifth metatarsal, navicular),  

proximal tibia
Football Metatarsals
Dancing Metatarsals
Rowing Rib

From Beaty JH, editor. The medical care of athletes. Orthopaedic Knowledge 
Update. Rosemont, IL: American Academy of Orthopaedic Surgeons; 1998.

Table 3. Classification	of	Sports	by	Contact

Adapted with permission from: Rice SG, American Academy of Pediatrics Council 
on Sports Medicine and Fitness. Medical conditions affecting sports participation. 
Pediatrics 2008;121(4):841-8.

Contact	or	Collision Limited	Contact Noncontact

Basketball
Boxingb

Cheerleading
Diving
Extreme sportsd

Field hockey
Football, tackle
Gymnastics
Ice hockeye

Lacrosse
Martial artsf

Rodeo
Rugby
Ski jumping
Skiing, downhill
Snow boarding
Soccer
Team handball
Ultimate Frisbee
Water polo
Wrestling

Adventure racinga

Baseball
Bicycling
Canoeing or kayaking 

(white water)
Fencing
Field events

High jump
Pole vault

Floor hockey
Football, flag or touch
Handball
Horseback riding
Martial arts
Racquetball
Skating

Ice
In-line
Roller

Skiing
Cross-country
Water

Skateboarding
Softball
Squash
Volleyball
Windsurfing or surfing

Badminton
Body buildingd

Bowling
Canoeing or  

kayaking  
(flat water)

Crew or rowing
Curling
Dance
Field events

Discus
Javelin
Shot put

Golf
Orienteeringg

Power liftingc

Race walking
Riflery
Rope jumping
Running
Sailing
Scuba diving
Swimming
Table tennis
Tennis
Track

aAdventure racing is defined as a combination of 2 or more disciplines, including 
orienteering and navigation, cross-country running, mountain biking, paddling, 
and climbing and rope skills.

bThe American Academy of Pediatrics opposes participation in boxing for children, 
adolscents, and young adults.

cThe American Academy of Pediatrics recommends limiting bodybuilding and 
power lifting until the adolescent achieves sexual maturity rating 5 (Tanner 
stage V).

dExtreme sports has been added since the previous statement was published.
eThe American Academy of Pediatrics recommends limitng the amount of body 

checking allowed for hockey players 15 years and younger to reduce injuries.
fMartial arts can be subclassified as judo, karate, kung fu, and tae kwon do. Some 

forms are contact sports and others are limited-contact sports.
gOrienteering is a race (contest) in which competitors use a map and a compas to 

find their way through unfamiliar territory.
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Juvenile Idiopathic Arthritis
Jennifer B. Soep, MD

Juvenile idiopathic arthritis (JIA) is diagnosed in children 
with pain, swelling, warmth, tenderness, and/or decreased 
range of motion in one or more joints, lasting for longer than 
6 weeks. History, physical examination, and laboratory 
screening assist in sorting children into one of five primary 
forms of JIA: oligoarticular, polyarticular, systemic, enthesitis 
associated, and psoriatic arthritis. JIA is a diagnosis of exclu-
sion; therefore, it is necessary to rule out other possible 
causative factors including orthopedic, oncologic, and infec-
tious agents. There is no diagnostic test for JIA, and normal 
laboratory tests do not exclude this diagnosis.

	A.	 The oligoarticular form includes children with arthritis 
involving four or fewer joints. Arthritis is usually in an 
asymmetric pattern. Asymptomatic uveitis is most fre-
quently associated with this type of JIA, particularly in 
patients who are antinuclear antibody (ANA) positive.

	B.	 The polyarticular form is defined as arthritis involving 
five or more joints, usually in a symmetric distribution. 
Polyarticular JIA is further divided into rheumatoid 
factor (RF)-negative and RF-positive disease. The lat-
ter is associated with more chronic, erosive arthritis 
and the presence of rheumatoid nodules.

	C.	 Systemic JIA is characterized by arthritis, an evanes-
cent, salmon pink, macular rash, spiking fever (daily or 
twice-daily fever to 39° C with rapid decrease to 
normal or subnormal temperatures), hepatospleno-
megaly, lymphadenopathy, pericarditis, cervical spine 
involvement, and significantly increased markers of 
inflammation.

	D.	 Enthesitis-associated arthritis most commonly occurs 
in male individuals older than 10 years. Patients often 
have lower extremity, large-joint arthritis, enthesitis 
(inflammation of tendinous insertions), and sacroiliitis. 
Carriage of HLA-B27 antigen is associated with this 
subtype. Nail or skin abnormalities may be the initial 
clinical manifestation of psoriatic arthritis, which is  
often associated with asymmetric joint involvement 
and dactylitis.

	E.	 Physical and occupational therapy are important in the 
management of JIA to focus on range of motion, 
stretching, strengthening, and gait. In addition to exer-
cises, other modalities including heat, water therapy, 
and ultrasound may be used. Splints, orthotics, and 
shoe lifts may also be indicated.

	F.	 Nonsteroidal anti-inflammatory drugs are the mainstay 
of initial therapy. A wide range of agents are available, 
but only a few are approved for use in children, including 
naproxen (10 mg/kg twice daily), ibuprofen (40 mg/kg/
day divided into three to four doses), and meloxicam 
(0.125 mg/kg once daily). Symptomatic improvement 
usually occurs in 1 month, but in some patients, improve-
ment is not seen for 8 to 12 weeks.

	G.	 Patients with oligoarticular disease require routine mon-
itoring by an ophthalmologist to screen for uveitis. If 
present, topical steroids and dilating drops are initial 
treatment. If the uveitis persists, then sub-Tenon steroid 
injections and/or systemic medications such as metho-
trexate, cyclosporine, or infliximab may be indicated.

	H.	 For patients with JIA who do not respond successfully 
to nonsteroidal anti-inflammatory drugs, methotrexate 
(0.5–1 mg/kg/wk PO or SC) is the second-line treat-
ment. A complete blood cell count and liver function 
tests should be obtained every 2 to 3 months to moni-
tor for bone marrow suppression and hepatotoxicity. 
Other potential side effects include nausea, vomiting, 
hair loss, and stomatitis.

	 I.	 Systemic steroids are usually reserved for patients with 
severe forms of arthritis or systemic manifestations. 
When treating arthritis, low doses of prednisone (,5 mg 
daily) are generally effective. High doses of oral predni-
sone (2 mg/kg/day) or intravenous methylprednisolone 
(30 mg/kg with a maximum of 1 g) may be necessary for 
the initial management of systemic JIA, followed by a 
slow taper. Local steroid joint injections, using a long-
acting steroid such as triamcinolone hexacetonide, may 
be helpful in patients who have arthritis in one or a few 
joints.

	J.	 Biologic agents have been developed to manage more 
severe forms of arthritis. Medications that inhibit tumor 
necrosis factor (etanercept, infliximab, and adalim-
umab) are generally quite effective at controlling the 
arthritis and preventing cartilage and bone damage that 
may be associated with chronic joint inflammation. 
Anakinra, an interleukin-1 receptor antagonist, is par-
ticularly effective in patients with systemic JIA. Tha-
lidomide is also used in patients with recalcitrant sys-
temic JIA and requires special oversight by the Food 
and Drug Administration. Newer biologic agents, in-
cluding rituximab and abatacept, have demonstrated 
preliminary efficacy in patients who have not responded 
successfully to other treatments.
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Osteomyelitis
Sean T. O’Leary, MD, Jason Child, PharmD, and Sarah Parker, MD

Osteomyelitis is inflammation of bone and is most com-
monly caused by a bacterial infection. It is one of the most 
common invasive bacterial infections in children and is 
one of the most frequent reasons for prolonged antibiotic 
administration. It is commonly divided into acute and 
chronic forms. In children, acute osteomyelitis is primarily 
hematogenous in origin (AHO); this chapter focuses on 
this form. Other forms of osteomyelitis, including alternate 
forms of bacterial introduction (including trauma, postsur-
gical and contiguous spread), chronic osteomyelitis, recur-
rent osteomyelitis, and osteomyelitis in special hosts (neo-
nates, immunocompromised, sickle cell disease, unusual 
exposures) are more complicated, and consultation with 
orthopedic and infectious disease specialists should be 
considered.

AHO is primarily a disease of young children because of 
the increased vascular supply needed for bony growth; 
about half of all cases occur in children younger than 5. In 
children younger than 18 months, a transphyseal vessel  
is usually present, providing a connection between the 
metaphysis, which is usually the first site of infection, and 
the epiphysis. As a result, these children are at risk not  
only for epiphyseal spread, but spread to the contiguous 
joint space. The long bones are most commonly involved 
(femur . tibia . humerus). The pelvis is involved in 9% 
and presents a unique clinical challenge. Multifocal osteo-
myelitis is uncommon except in neonates.

The bacteria most commonly involved is somewhat age 
dependent: Staphylococcus aureus predominates in all age 
groups, but in children younger than 3 years old, Kingella 
kingae is an increasingly recognized cause, and in some 
studies predominates. The rapid emergence of commu-
nity-acquired, methicillin-resistant Staphylococcus aureus 
(CA-MRSA) as a common pathogen in the United States 
and elsewhere has significantly changed the approach to 
empiric management of AHO. Streptococcus pyogenes 
and Streptococcus pneumoniae are also common patho-
gens. Since the introduction of the conjugate Haemophilus 
influenzae type b vaccine (Hib), osteomyelitis secondary to 
this organism is quite rare.

	A.	 Typically, in AHO, symptoms have been present for 
less than 2 weeks and include fever, pain at the site of 
the infection, and a tendency to avoid use of the af-
fected extremity. Less commonly, there is anorexia, 
generalized malaise, or vomiting. Often, children ap-
pear otherwise quite well, though shock in association 
with osteomyelitis is also described. On physical ex-
amination, the most common findings are localized 
swelling, tenderness, warmth, and erythema. Range of 
motion of adjacent joints is usually not exquisitely pain-
ful in AHO and, if present, should raise suspicion for 
septic arthritis (see p. 718).

	B.	 Standard markers of inflammation (white blood cell 
count [WBC], C-reactive protein [CRP], and erythrocyte 

sedimentation rate [ESR]) are usually increased in AHO. 
The CRP is almost always increased, whereas the ESR 
can lag 1 to 3 days. The CRP also tends to decline first  
in response to effective therapy. A blood culture will  
be positive in as many as 60% of cases. Plain films of  
the affected area often show soft-tissue swelling early, 
but usually do not show bony changes until at least 7 days 
into the course of the disease. In certain circumstances, 
further imaging such as technetium bone scan or mag-
netic resonance imaging (MRI) may be considered. 
Bone scan is particularly useful if the site of infection  
is poorly localized or if multifocal osteomyelitis is a  
concern. MRI is particularly useful for pelvic, vertebral, 
and small bone osteomyelitis, and additionally evaluates 
for adjacent muscle involvement (myositis). These con-
siderations must be weighed against the potential disad-
vantages, though, which include cost and the need for 
sedation in younger children.

	C.	 If a blood culture is positive shortly after presentation, 
this may obviate the need for a bone aspirate unless 
there is an abscess identified or if the child is younger 
than 18 months, and thus rupture into the epiphysis or 
contiguous joint is imminent. However, in the current 
era of CA-MRSA, identification of a micro-organism is 
of utmost importance in guiding therapy. A bone aspi-
rate will yield a positive culture in about 90% of pa-
tients with AHO, assuming there was no pretreatment 
with antibiotics. However, pretreatment should not 
preclude attempts at isolating an organism, because 
cultures are often still positive. Pus, if available, should 
be sent to the microbiology laboratory in lieu of swabs, 
which have a lower microbiologic yield. Pathology is 
useful in differentiating acute from chronic osteomy-
elitis and can give clues to unusual organisms or alter-
native diagnoses.

	D.	 Empiric antibiotic coverage while awaiting culture 
results is dependent on several factors: the degree  
of illness of the patient, the age of the patient, and  
the rate of MRSA isolates in the community. There  
is significant variation on recommendations for em-
piric coverage and, indeed, several approaches are 
reasonable. Because S. aureus is the most common 
pathogen across age groups, initial empiric coverage 
should include effective antistaphylococcal antibiotic. 
In children younger than 3 years, empiric coverage 
for Kingella spp. is also indicated. In critically ill 
patients, broad coverage including vancomycin and a 
third-generation cephalosporin is warranted while 
awaiting results of cultures. The decision on whether 
to use an agent effective against CA-MRSA should 
take into account the frequency with which such in-
fections are seen in a community. Many experts rec-
ommend such coverage if the percentage of MRSA is 
greater than 10% to 15%. Vancomycin and clindamy-
cin are generally considered the drugs of choice. 
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Patient with OSTEOMYELITIS

Hospitalize

A History and physical exam
suggestive of osteomyelitis

B Laboratory evaluations:
  CBC, ESR, CRP,
  blood culture,
  plain film of affected area
  Other labs/radiology as
  indicated per text

Bone aspirate or surgical drainage.
Send Gram stains, cultures and
pathology.

Empiric intravenous
antibiotics

Ill appearing:
  Vancomycin + 3rd
  generation cephalosporin

(Cont’d on p 717)

Well appearing:
  Cefazolin or Nafcillin
  Clindamycin
  Vancomycin
  Kingella coverage if <3 years

C

D

However, rates of clindamycin resistance vary 
throughout the country from 10% to 50%. These an-
tibiotics do not have activity against Kingella spp., and 
Kingella should be covered in those younger than 
3 years. Empiric therapy with vancomycin without a 

specimen or if cultures are negative is problematic 
because there is no equivalent oral alternative. Anaer-
obes are unusual in AHO, except when associated 
with Lemierre syndrome. See Table 1 for a summary 
of antibiotic choices and doses.
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	E.	 Indicators of improvement include resolution of 
fever, clinical progress, and decreasing inflammatory 
markers. Lack of these features usually indicates  
a complication, such as abscess, or inadequate anti-
biotic coverage; repeat imaging, surgical interven-
tion, and/or change in empiric therapy should be 
considered. In uncomplicated osteomyelitis with 
early signs of improvement, transition to oral therapy  
is reasonable when fever is gone, there is clinical  
improvement, and a decrease inflammatory parame-
ters is observed, which usually takes 3 to 7 days.

	F.	 See Table 1 for oral antibiotic choices. If the patient 
was persistently bacteremic, bony involvement is exten-
sive, an abscess could not be débrided, or the organism 
is unusual, prolonged IV therapy is indicated. In addi-
tion, persistent bacteremia or multifocality indicates 

that an endovascular focus of infection should be  
considered.

	G.	Follow-up of a patient with osteomyelitis includes 
physical examination, interim history, follow-up radio-
graphs, and laboratory evaluations both to follow infec-
tion and for antibiotic adverse effects (see Table 1). The 
examination and clinical signs should progressively im-
prove. The CRP typically returns to normal within 7 to 
10 days of appropriate therapy, and the ESR within 3 to 
4 weeks; if this does not occur, or condition worsens, 
repeat imaging looking for abscess/sequestra and/or 
surgical intervention for débridement and pathology 
may be indicated. The recommended total duration of 
therapy for AHO is 4 to 6 weeks, but it should be 
guided by clinical scenario, clinical improvement, and 
normalized inflammatory markers.

Table 1. Antibiotics	for	Pediatric	Osteomyelitis

Nafcillin	(IV)
Dicloxacillin	

(PO) Cefazolin	(IV)
Cephalexin	

(PO)
Cefotaxime	

(IV)
Ceftriaxone	

(IV)
Vancomycin	

(IV)
Clindamycin	

(IV	or	PO)

Dose, mg/kg/day 150–200  
divided q6

100  
divided q6

100 divided q6 100  
divided q6

150 divided 
q6–8

100 divided 
q12–24

60 divided q6 40 divided 
q6–8

Dose, maximum 
single (mg)

2000 500 2000 1000 2000 2000 2000 1200 (div) and 
600 (po)

Adverse effect
Diarrhea,  

including  
Clostridium 
difficile colitis

1 1 1 1 1 1 1 1

Bone marrow 
suppression

1 1 1 1 1 1 1 1

Rash 1 1 1 1 1 1 1 1
Stevens–Johnson 

syndrome
1 1 1 1 1 1 1 1

Drug fever 1 1 1 1 1 1 1 1
Nephrotoxicity 1
Interstitial  

nephritis
1 1 1 1 1 1

Increased  
transaminases

1 1

Laboratory tests*
CBC, ESR, CRP BUN, Cr, UA 

micro
BUN, Cr, UA 

micro
BUN, Cr, UA 

micro
BUN, Cr, 

UA micro
BUN, Cr, UA 

micro
BUN, Cr, UA 

micro, 
LFTs

BUN, Cr, UA 
micro, 
vanc peak, 
trough†

LFTs

Organism
MSSA 1 1 1 1 ‡ ‡ 1 1
MRSA 1 1§
Streptococcus 

pyogenes 
(group A 
strep)

1 1 1 1 1 1 1 1

Streptococcus 
pneumoniae

1 1 1 1 1 1 1 1

Kingella kingae 1/2 1 1 1 1 1

*All patients on antibiotics for osteomyelitis should be followed with a weekly complete blood cell count (CBC), erythrocyte sedimentation rate (ESR), and C-reactive protein 
(CRP). The laboratory tests listed are additional labs specific to the antibiotic.

†Although cefotaxime and ceftriaxone are often listed as having activity against methicillin-sensitive Staphylococcus aureus (MRSA), in general, antistaphylococcal penicillins (such 
as nafcillin) or first-generation cephalosporins (such as cefazolin) are the preferred therapy.

‡The use of clindamycin for methicillin-resistant Staphylococcus aureus (MRSA) depends on local susceptibility patterns and, if available, susceptibility testing. In general, if the 
local susceptibility pattern shows less than 10% resistance of MRSA to clindamycin, it is reasonable to use it as empiric therapy. It is important that the microbiology laboratory 
perform a “D-test” for inducible clindamycin resistance. Other possible oral alternatives include trimethoprim sulfamethoxazole, linezolid, and levofloxacin plus rifampin. The 
taste of clindamycin is not well tolerated and can be covered with chocolate syrup.

§For vancomycin levels, trough is drawn as it is associated with toxicity. Higher peaks theoretically should correlate with higher bone levels. If dosing has been established, levels do 
not necessarily need to be checked unless serum creatinine changes or therapy is prolonged.

BUN, blood urea nitrogen; Cr, creatine; IV, intravenously; LFT, liver function test; PO, orally; UA, urinalysis.
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E2 E1

E

F

G

Patient with OSTEOMYELITIS
 

(Cont’d from p 715)

Assess response in 48–72 hours

Not improved
Reconsider biopsy if not done
Repeat imaging
Consider surgical approach
Reassess diagnosis

G2

G1

Labs or exam
worsen/stop improving

Improved
Adjust antibiotics per
culture results
If culture negative,
continue same or
equivalent coverage

When criteria met (see text),
change to oral antibiotics
and discharge

Weekly follow-up:
  Assess clinically and with
  laboratory examinations

Consistent improvement:
  4–6 weeks minimum and until
  maximal clinical improvement
  and ESR/CRP normal
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Septic Arthritis
Sean T. O’Leary, MD, Jason Child, PharmD,  

and Sarah Parker, MD

Septic arthritis is microbial invasion of the joint space with 
a subsequent inflammatory response, and is most com-
monly caused by a bacterial infection. Acute septic arthri-
tis is a medical, and often surgical, emergency. In children 
younger than 18 months, septic arthritis is often secondary 
to osteomyelitis, which has eroded through the boney  
cortex. Pediatric acute septic arthritis is primarily hema-
togenous in origin (AHO); this chapter focuses on this 
form. Other forms of septic arthritis, including alternate 
forms of bacterial introduction (including trauma and 
postsurgical), chronic septic arthritis, septic arthritis with 
unusual pathogens (fungal, mycobacterial), and septic  
arthritis in special hosts (neonates, immunocompromised, 
sickle cell disease, unusual exposures) are more compli-
cated, and consultation with orthopedic and infectious 
disease specialists should be considered.

Septic arthritis is primarily a disease of children, with 
more than half of cases occurring before age 20, and the 
peak incidence before age 3. Boys are affected twice as 
commonly as girls. The most commonly affected joints are 
in the lower extremity, the knee being most common, fol-
lowed by the hip and ankle. The bacteria most commonly 
involved is somewhat age dependent: Staphylococcus 
aureus predominates in all age groups, but in children 
younger than 3 years old, Kingella kingae is an increasingly 
recognized cause, and in some studies predominates.  
The rapid emergence of community-acquired methicillin-
resistant Staphylococcus aureus (CA-MRSA) as a common 
pathogen in the United States and elsewhere has signifi-
cantly changed the approach to empiric management of 
septic arthritis. Streptococcus pyogenes and Streptococcus 
pneumoniae are also common pathogens. Neisseria menin-
gitis, Neisseria gonorrhoea, and Salmonella spp. are less 
common. Since the introduction of the conjugate Hae-
mophilus influenzae type b vaccine (Hib), septic arthritis 
secondary to this organism is quite rare.

	A.	 In septic arthritis, pain in the affected joint occurs early 
in the course. Usually fever is present, and there is a 
tendency to avoid use of the affected extremity. Less 
commonly, there is anorexia, generalized malaise, or 
vomiting. On physical examination, the most common 
findings are localized swelling, tenderness, warmth, and 
erythema. Range of motion of the affected joint is usu-
ally decreased and often exquisitely painful. Diagnosis 
of septic arthritis of the hip requires a high index of 
suspicion, because swelling and erythema are usually 
not present. Signs and symptoms of a septic hip joint in 
younger children are often nonspecific.

	B.	 Standard markers of inflammation (white blood cell 
[WBC] count, C-reactive protein [CRP], and erythro-
cyte sedimentation rate [ESR]) are markedly increased 
in greater than 90% of cases of septic arthritis. The 
CRP is almost always increased initially, whereas  
the ESR can lag 1 to 3 days. The CRP also tends to 
decline first in response to effective therapy. A blood 
culture will be positive in as many as 40% of cases. 
Plain films of the affected area often show soft-tissue 
swelling and widening of the joint space early, and oc-
casionally an adjacent osteomyelitis is evident. Adja-
cent osteomyelitis should be assumed in those younger 
than 18 months. If clinically concerning, care should 
not be delayed by further imaging, but in certain cir-
cumstances, further imaging such as ultrasound, tech-
netium bone scan, or magnetic resonance imaging 
(MRI) may be considered. Bone scan may be useful for 
evaluation of deeper joints, such as the hip or sacroiliac 
joint. MRI may be useful in the following circum-
stances: (1) in evaluation of small joints, (2) in identify-
ing periarticular abscesses, and (3) in evaluation for 
potential adjacent osteomyelitis and/or pyomyositis. 
These considerations must be weighed against the  
potential disadvantages, though, which include cost 
and the need for sedation in younger children.

	C.	 Joint aspiration is indicated for all children with possible 
septic arthritis, both for diagnostic purposes and decom-
pression of the affected joint. Fluid should always be sent 
for cell count and culture, even if “clear.” In the current 
era of CA-MRSA, identification of a micro-organism is of 
utmost importance in guiding therapy. A blood culture 
will be positive in about 40% of patients with septic  
arthritis, and synovial fluid will be positive in about 50% 
to 60%, assuming there was no pretreatment with antibi-
otics. However, pretreatment should not preclude  
attempts at isolating an organism, because cultures are 
often still positive. Pus, if available, should be sent to the 
microbiology laboratory in lieu of swabs, which have a 
lower microbiologic yield.

	D.	 The hip joint essentially always requires open surgical 
drainage and irrigation because the joint capsule  
attaches below the ball of the femur. A similarly built 
joint is the shoulder joint, which also is usually surgi-
cally drained. Another indication for surgery on any 
joint is symptoms longer than 4 days or lack of  
improvement after aspiration and 24 hours of antibiot-
ics. Synovial fluid should be sent for cultures and cell 
counts, and if surgery is performed, consideration 
should be given to a synovial biopsy. Pathology is  
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C

Patient with SEPTIC ARTHRITIS

Hospitalize

(Cont’d on p 721)

Aspiration of joint
Send Gram stains, cultures,
cell count, and pathology
Orthopedics consult

D

D1 D2

Clinical picture/labs and results to
aspiration suggestive of septic arthritis

Yes No

If hip or shoulder or
symptoms present >four
days, to OR for I and D.
Repeat cultures, counts, and
synovial biopsy for pathology

Treat as clinically
indicated, consider other
etiologies including
osteomyelitis

A History and physical exam
suggestive of septic arthritis

B Laboratory evaluations:
  CBC, ESR, CRP, blood culture,
  +/– Lyme titer, plain film of
  affected area
  Consider ultrasound if hip
  affected joint

useful in differentiating acute from chronic septic  
arthritis and can give clues to unusual organisms or 
alternative diagnoses. The cell count is useful in help-
ing distinguish septic arthritis from other causes. The 
WBC count in septic arthritis is usually greater than 
50,000 cells per mL with a predominance of neutro-
phils. Rarely, other conditions such as Lyme arthritis 
or systemic-onset juvenile arthritis may have WBC 
counts greater than 50,000. Transient synovitis (or  
viral arthritis) typically has a WBC count of 5000 to 

15,000, and is almost always less than 50,000. Unusual 
pathogens, such as Mycobacteria spp. and Brucella 
spp., generally have cell counts less than 100,000.  
Alternative diagnoses for septic arthritis include tran-
sient synovitis, reactive arthritis, osteomyelitis with 
sympathetic joint effusion, hemarthrosis, traumatic 
effusion, arthritis of acute rheumatic fever, juvenile 
idiopathic arthritis (all types), tumors, slipped capital 
femoral epiphysis, and avascular necrosis of the femo-
ral head (Legg–Calve–Perthes disease).
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	E.	 Empiric antibiotic coverage while awaiting culture re-
sults is dependent on several factors: the degree of ill-
ness of the patient, the age of the patient, and the rate 
of MRSA isolates in the community. There is signifi-
cant variation on recommendations for empiric cover-
age, and indeed, several approaches are reasonable. 
Because S. aureus is the most common pathogen 
across age groups, initial empiric coverage should  
include effective antistaphylococcal antibiotic. The  
decision whether to use an agent effective against  
CA-MRSA should take into account the frequency 
with which such infections are seen in a community. 
Many experts recommend such coverage if the per-
centage of MRSA is greater than 10% to 15%. Vanco-
mycin and clindamycin are generally considered the 
drugs of choice. However, rates of clindamycin resis-
tance vary throughout the country from 10% to 50%. 
These antibiotics do not have activity against Kingella 
spp., and Kingella should be covered in those younger 
than 3 years. In critically ill patients, broad coverage 
including vancomycin and a third-generation cephalo-
sporin is warranted while awaiting results of cultures. 
Empiric therapy with vancomycin without a specimen 
or if cultures are negative is problematic because there 
is no equivalent oral alternative. Anaerobes are un-
usual in septic arthritis, except when associated with 
Lemierre syndrome. Empiric therapy for other patho-
gens based on exposure history may be warranted; for 
example, N. gonorrhoeae should be considered in the 
sexually active adolescent, and Salmonella spp. consid-
ered in those with reptiles as pets. There is no role for 
intra-articular instillation of antibiotics because this 
can produce chemical irritation and inflammation. See  
Table 1 in Osteomyelitis chapter (p. 714) for a summary 
of antibiotic choices and doses. A Gram stain of synovial 
fluid may help broaden therapy but should never be 
relied on to narrow therapy. Recent studies have sug-
gested benefit from corticosteroids (0.15 mg/kg/dose  
intravenously every 6 hours for 4 days), in addition to 
antibiotics, in the treatment of uncomplicated pediat-
ric septic arthritis.

	F.	 Indicators of improvement include resolution of 
fever, clinical progress, and decreasing inflammatory 
markers. Lack of these features usually indicates a com-
plication, such as adjacent osteomyelitis, myositis, ab-
scess formation, incomplete surgical drainage, or inade-
quate antibiotic coverage; repeat imaging, surgical 
intervention, and/or change in empiric therapy should be 
considered. In uncomplicated septic arthritis with early 
signs of improvement, transition to oral therapy is rea-
sonable when fever is gone and there is clinical improve-
ment and a decrease inflammatory parameters, which 
usually takes 3 to 7 days. See Table 1 in Osteomyelitis 
chapter (p. 714) for oral antibiotic choices. If the patient 
was persistently bacteremic, there is adjacent osteomy-
elitis, the organism is unusual, or there is concern with 
compliance, prolonged IV therapy is indicated. In addi-
tion, persistent bacteremia or multifocality indicates that 
an endovascular focus of infection should be considered.

	G.	 Follow up of a patient with septic arthritis includes physi-
cal examination, interim history, follow-up radiographs, 

and laboratory evaluations both to follow infection and 
for antibiotic adverse effects (see Table 1 in Osteomy-
elitis chapter, p. 714). The examination and clinical 
signs should progressively improve. The CRP typically 
returns to normal within 7 to 10 days of appropriate 
therapy, and the ESR within 3 to 4 weeks; if this does 
not occur or condition worsens, repeat imaging looking 
for adjacent osteomyelitis or abscess and/or surgical 
intervention for drainage, débridement, and pathology 
may be indicated. Relapse of symptoms may also  
indicate a complication such as aseptic necrosis. The 
recommended total duration of therapy for uncompli-
cated septic arthritis is 3 to 4 weeks, but should be 
guided by clinical scenario, clinical improvement, and 
normalized inflammatory markers.
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E Empiric intravenous
antibiotics

F

G

G1

F1 F2

Assess response in 48–72 hours

Well appearing:
  S. Aureus coverage: Cefazolin or
  Nafcillin OR, if MRSA >10% in
  community, Clindamycin or
  Vancomycin
  Kingella coverage if <3 years
  Other pathogens based on
  risk factors

Ill appearing:
  Vancomycin + 3rd generation
  cephalosporin, anaerobic
  coverage if Lemierre’s
  suspected

Improving Not improving or worsening

When criteria met (see text),
change to oral and discharge

Consistent improvement:
  3–4 weeks minimum and until
  maximal clinical improvement
  and ESR/CRP normal

Weekly follow-up:
  Assess clinically and with
  laboratory examinations.
  Consider plain films or
  other imaging to assess
  for adjacent osteomyelitis

Verify adequate antibiotic dosing
Consider repeat CRP and further imaging
Consider (repeat) surgical damage

If culture positive and susceptibilities
  available, consider antibiotic change

If culture negative and not improving, consider
  broadening coverage

Patient with SEPTIC ARTHRITIS
 

(Cont’d from p 719)
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Necrotizing Enterocolitis
Pamela A. Zachar, MD

	A.	 Necrotizing enterocolitis (NEC) can be a devastating 
and fatal disease in neonates, but early recognition and 
aggressive management can limit morbidity and mor-
tality. Most infants (90%) who experience development 
of NEC are born prematurely. Age at onset is inversely 
related to gestational age at birth; thus, NEC presents 
in the convalescent stage of a preterm infant’s course 
but usually within 2 or 3 days of birth in a term infant. 
The risk remains high in preterm infants until they 
reach 35 to 36 weeks of age.

	B.	 Proven risk factors for NEC include prematurity, for-
mula feeding, maternal cocaine use, and histamine-2 
receptor blocker therapy. Other factors that have been 
associated with NEC include presence of a patent duc-
tus arteriosus, intrauterine growth retardation, perina-
tal asphyxia, and ethnicity, with black infants being at 
particularly high risk.

	C.	 Many aspects of infant feeding have been investigated 
as risk factors for the development of NEC. Breast-
feeding is the only factor that has been clearly shown 
to reduce the risk for the development of NEC. No 
specific feeding regimen has been proved to prevent 
NEC, but most experts recommend cautious rates of 
feeding advancement in premature infants.

	D.	 Early presenting signs of NEC include abdominal dis-
tension, feeding intolerance with increased gastric re-
siduals, emesis, grossly bloody stools, and, less often, 
diarrhea. Infants may exhibit nonspecific systemic 
symptoms such as lethargy, temperature instability, and 
an increase in apnea and bradycardia. Common physi-
cal examination findings include abdominal distension, 
tenderness, mass, and, in severe cases, discoloration of 
the abdominal wall (erythema or a bluish cast). Severe 
cases may be accompanied by signs of shock, such as 
diminished pulses and perfusion, tachycardia, and hy-
potension. When disseminated intravascular coagula-
tion (DIC) is present, oozing from the umbilical stump 
or puncture sites may occur.

	E.	 Initial laboratory evaluation should include complete 
blood count (CBC) with differential, blood chemistries 
and blood gases, and cultures of blood and urine. Com-
mon findings include leukopenia or leukocytosis and 
thrombocytopenia, glucose instability, metabolic acido-
sis, and electrolyte abnormalities. Other tests such as 
lumbar puncture, stool studies, and coagulation pro-
files may be considered based on the clinical scenario.

	F.	 Radiologic imaging is essential to the diagnosis of NEC. 
Abdominal radiography should include anteroposterior 
and left lateral decubitus or cross-table lateral views, 
because a single view is inadequate to detect the subtle 
signs of perforation (pneumoperitoneum). Early x-ray 
findings may include intestinal dilatation, thickened in-
testinal walls, and air–fluid levels. Other findings more 
specific to NEC include intramural air (pneumatosis 

intestinalis), portal venous air, and pneumoperitoneum. 
A fixed or persistent dilated loop of bowel that remains 
unchanged for 24 to 36 hours often represents a ne-
crotic intestinal loop.

	G.	 NEC may be indolent or fulminant. At presentation, 
patients can be stratified into groups based on the 
modified Bell stages of disease. Stage I (suspected 
NEC) includes infants with mild systemic symptoms, 
nonspecific abdominal symptoms, and radiographs  
either normal or with mild ileus. Stage II (mild-to-
moderate definite NEC) includes infants with mild-to-
moderate systemic symptoms that can include mild 
acidosis and thrombocytopenia, more prominent ab-
dominal distension, and tenderness. In stage II, radio-
graphs show pneumatosis. Stage III (advanced NEC) 
includes infants who are severely ill with respiratory 
failure, signs of shock and/or DIC, and those with evi-
dence of perforation.

	H.	 NEC stage I can represent either the earliest stages of 
a process that would have developed into more serious 
disease without treatment, or it can represent other, 
more benign, clinical entities. Initial treatment should 
be the same regardless of the stage at presentation. 
Differential diagnosis for NEC stage I includes septi-
cemia, slow intestinal motility and simple feeding intol-
erance, milk allergy, and intestinal infections including 
rotavirus.

	 I.	 Initial treatment includes discontinuation of feeding, 
placement of large-bore orogastric or nasogastric tube 
(OG/NG) to suction, and initiation of antibiotic ther-
apy with intravenous antibiotics. Choice of antibiotics 
will depend on the resistance patterns and common 
flora of the nursery, but will most likely include either 
ampicillin or vancomycin and an aminoglycoside or 
cephalosporin (Table 1).

	J.	 In general, radiographs should be repeated every 6 to 
8 hours, and blood gases, blood counts, and electro-
lytes should be followed at least every 12 to 24 hours 
until the condition stabilizes.

	K.	 In a clinically stable infant with NEC stage I, measure-
ment of serial C-reactive protein (CRP) levels can aid 
in the differentiation of true NEC from other entities. 
One recent study demonstrated that following a serum 
CRP level every 12 hours for three measurements was 
a strong marker for absence of NEC when all three 
levels were normal.

	L.	 Consultation with a neonatologist should begin when 
the diagnosis of NEC is strongly suspected. In general, 
when NEC stage II or III is confirmed, consultation 
with pediatric surgery should also be initiated. These 
cases should be managed at a center where pediatric 
surgery is immediately available.

	M.	Very severely ill patients should receive ventilatory 
assistance before respiratory failure ensues. Apnea,  
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Newborn with suspected NECROTIZING ENTEROCOLITIS

Determine modified Bell Stage

CA B History FE + Evaluation:
  CBC with differential
  Glucose, electrolytes, arterial blood gases
  Blood and urine cultures
  Abdominal radiography, anteroposterior
  and lateral
Consider:
  Lumbar puncture
  DIC screen
  Stool bacterial cultures and viral studies

D Physical examination

G

Stage IH

I

J

K

Stage II Stage III

Hold feedings
OG/NG tube to suction
IV antibiotics

Hold feedings
OG/NG tube to suction
IV antibiotics

Repeat x-rays every 6–8h
Repeat laboratory studies
  every 12–24 h
Reassess clinical status
Consider:
  Serial CRP

Consult neonatologist and
  pediatric surgeon
Consider:
  Transfer to tertiary
  care center

Stage II
 

confirmed

Maintain treatment
48–72 h or until
reassured of resolution

I Initiate ventilation for
  respiratory failure
Stabilize circulation
Consider:
  Fresh frozen plasma
  Platelet transfusion

M

Consider:
  Anaerobic coverage
Consider:
  Surgery or placement
  of peritoneal drain

Pneumoperitoneum
or poor response

N

O

L

Repeat x-rays every 6–8h
Repeat laboratory studies
  every 12–24 h
Reassess clinical status

Good response

(Cont’d on p 727) (Cont’d on p 727)

J

respiratory acidosis, and hypoxemia are specific indica-
tors for assisted ventilation. Intestinal capillary leak may 
deplete circulating fluid volume and protein, and DIC 
and gastrointestinal hemorrhage may lead to significant 
blood loss. Maintenance fluids should be provided at 
100% to 150% of baseline with additional crystalloid 
and packed red blood cells as indicated. DIC and sig-
nificant thrombocytopenia should be treated with fresh 
frozen plasma and platelet transfusions.

	N.	 If intestinal perforation is suspected, addition of clinda-
mycin or metronidazole to antibiotic coverage should 
be considered. (Refer to most recent edition of The 
Harriet Lane Handbook for recommended dosing 
based on age and weight.) Although many experts 

recommend coverage for anaerobic pathogens, one 
small, randomized, controlled trial using clindamycin 
showed an increase in bowel strictures.

	O.	 Surgical indications include pneumoperitoneum, pres-
ence of a fixed loop on serial radiographs, and clinical 
deterioration despite maximal medical management. 
Other relative indications include portal venous air, 
abdominal wall erythema, abdominal mass, unremit-
ting metabolic acidosis, and hyperkalemia or severe 
DIC. Paracentesis has been shown to be useful at pre-
dicting presence of bowel necrosis. Primary peritoneal 
drainage may be considered rather than open laparot-
omy, although studies have not conclusively demon-
strated which approach is superior.
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	P.	 Infants diagnosed with NEC stage II or beyond should be 
treated with antibiotics and kept NPO for 7 to 14 days. 
NEC stage I may be treated with shorter courses of anti-
biotics depending on clinical course and rate of resolution 
of symptoms. Parenteral nutrition should be initiated 
promptly by peripheral vein. After 24 hours of antibiotic 
therapy, central line placement should be considered.

	Q.	 Once treatment is complete, enteral feedings can be 
introduced with unfortified breast milk or formula. 
Volume and strength should be increased slowly while 
tapering parenteral nutrition. A contrast study is indi-
cated if signs of intestinal obstruction develop during 
refeeding, because strictures are not an uncommon 
sequela of NEC.
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Newborn with suspected NECROTIZING ENTEROCOLITIS

(Cont’d from p 725) (Cont’d from p 725)

Maintain NPO with IV antibiotics
  for 7–14 d
Parenteral nutrition, central or
  peripheral

P

Introduce feedings slowly
Contrast study if necessary

Q
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Neonatal Herpes Simplex 
Infections
John W. Ogle, MD

Neonatal herpes simplex virus (HSV) infections are un-
common but potentially devastating. No comprehensive 
maternal screening strategy can predict infants at risk, so 
early recognition and treatment are the keys to reducing 
morbidity and mortality.

	A.	 Approximately 70% of neonates with HSV infection 
are born to mothers with no history of genital lesions. 
Most neonatal cases result from primary maternal HSV 
infection at delivery. The mother often lacks a distin-
guishing clinical picture; she may have a nonspecific 
febrile illness or be entirely asymptomatic. The risk for 
HSV infection in infants born to mothers with recur-
rent disease and specific immunoglobulin G antibody 
is no more than one tenth that of infants whose moth-
ers have infection during pregnancy but lack type-
specific antibody. The risk for neonatal infection result-
ing from delivery during an episode of primary maternal 
herpes is estimated to be 33% to 50%, and the risk for 
infection in the setting of recurrent maternal disease is 
probably 3% to 5%.

	B.	 Nonspecific clinical signs (fever, lethargy, irritability, res-
piratory distress, poor feeding, poor tone) are probably 
more common than typical skin lesions. Because initial 
symptoms are rarely diagnostic for HSV, include this 
cause in the differential diagnosis of the sick infant. 
Search for the characteristic papulovesicular lesions, 
which are characteristically grouped 2- to 3-mm vesicles 
on an erythematous base. The lesions may be pustular 
and are often located at sites of minor abrasions (scalp 

electrodes). On the oral mucosa, the vesicles rupture 
and shallow ulcers may be seen.

	C.	 Management of an asymptomatic infant who might 
have been exposed to HSV varies by maternal history. 
If a mother with documented recurrent genital herpes 
has no signs or symptoms at delivery, her infant does 
not require isolation and may simply be observed. An 
infant born to a mother with active lesions at delivery 
requires contact isolation. The infant should room with 
the mother, who must practice good handwashing and 
cover lesions. If the delivery is vaginal, culture speci-
mens should be obtained at 24 to 48 hours (conjunc-
tiva, oral or nasopharynx, and rectal) and the infant 
observed. Allow breast-feeding unless there are lesions 
on the breast. Defer circumcision. In cases of primary 
maternal infection, delivery by cesarean section is pre-
ferred; obtain culture specimens and observe the in-
fant. If delivery is vaginal, consider prophylactic acy-
clovir pending culture results. When the type of 
maternal disease is unknown, guidelines for primary 
infection should be followed.

	D.	 An asymptomatic infant who is not being treated may 
be discharged routinely if reliable follow-up is en-
sured. If prophylactic treatment is given, continue for 
48 hours of negative cultures. Follow-up in both 
groups should include heightened vigilance for new 
rashes or symptoms of HSV until the patient is 4 to  
6 weeks of age. If cultures are positive, further evalu-
ation is needed. Treat for 14 to 21 days and arrange 
close follow-up.
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Patient with NEONATAL HERPES SIMPLEX EXPOSURE OR SUSPECTED INFECTION

Assess symptoms

Asymptomatic
Assess maternal history

Treat:
  IV acyclovir � 48 hours
  pending culture and PCR results
  Ampicillin and aminoglycoside
  � 48 h pending culture results
  Supportive care

Follow-up:
  Heightened vigilance for
  new rashes or symptoms
  of illness for 4–6 wk

Herpes culture results
(Cont’d on p 731)

Treat:
  Consider prophylactic
  acyclovir � 3–5 days
  pending culture results

Symptomatic
Positive or negative
maternal history

Viral culture of conjunctiva,
nasopharynx, rectum
Blood culture (bacterial)
CSF culture (viral and bacterial)
and PCR
Urine culture (viral and bacterial)
Scrape lesion for culture and PCR

Recurrent herpes Primary herpes
with active lesions

Maternal examination
at delivery

No active
lesions

Active
lesions

Cesarean
section

Vaginal
delivery

No newborn
isolation

Contact
isolation

Contact
isolation

Herpes culture at birth

Contact
isolation

A

E

Herpes culture
at 24–48 h
and observe

D

F

History

B Physical examination

C

	E.	 Symptomatic infants with nonspecific signs or charac-
teristic evidence of herpes infection require complete 
evaluation for viral and bacterial sepsis. Include herpes 
cultures of conjunctiva, nasopharynx, rectum, and any 
lesions; blood cultures; and viral and bacterial cultures 
of urine and cerebrospinal fluid. Reserve an aliquot of 
cerebrospinal fluid for herpes polymerase chain reac-
tion (PCR) analysis. Shell-vial centrifugation and im-
munoperoxidase staining of culture specimens may 
provide information in 24 hours; nearly 100% of rou-
tine cultures show positivity by 2 days. Either culture 

or PCR of skin lesions is reliable. Cost and availability 
determines whether culture or PCR is preferable.

	F.	 Anticipate the need for intensive care in symptomatic 
patients. Impaired consciousness, respiratory distress, 
disseminated intravascular coagulation, and prematu-
rity are significantly associated with mortality. Mechan-
ical ventilation, fluid and pressor support, and access to 
advanced diagnostic facilities are often required. Main-
tain contact isolation. Pending cultures, begin therapy 
with antibiotics for presumed bacterial sepsis and initi-
ate intravenous acyclovir (Table 1).
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	G.	 Assess the clinical pattern of HSV infection to guide 
management and aid in prognosis. Infants may have  
localized cutaneous (skin, eye, mucosa) infection, dis-
seminated disease, or central nervous system (CNS; 
meningoencephalitis) disease. Localized skin lesions 
may spread or progress to disseminated disease. CNS 
involvement may be demonstrated by altered conscious-
ness, focal or multifocal seizures, or paresis. Consider 
computed tomography and electroencephalography to 
define the degree of involvement. Disseminated disease 
often includes jaundice, hepatomegaly, shock, and dis-
seminated intravascular coagulation. Pneumonitis cou-
pled with hepatitis suggests HSV. Obtain an ophthalmol-
ogy consultation to identify eye involvement; HSV 
causes keratoconjunctivitis and chorioretinitis.

	H.	 The prognosis for neonates is far better with localized 
mucocutaneous disease than with other forms. Survival 
is the rule; approximately 30% of these children experi-
ence development of neurologic impairment, which 

may not be evident in the neonatal period. Approxi-
mately 15% of survivors have multiple cutaneous re-
currences, a risk factor for subsequent abnormal devel-
opment. Disseminated disease is fatal in 50% to 60%  
of cases, even with antiviral treatment. Meningoen-
cephalitis is fatal in 14% to 18% of cases despite treat-
ment. Nearly two thirds of survivors of CNS or dis-
seminated disease develop abnormally. Because there 
is concern for relapse in the CNS, as well as spread to 
the CNS from cutaneous relapse, some experts admin-
ister long-term (3–6 months) suppressive therapy with 
oral acyclovir.

Table 1. 	Antiviral	Therapy	for	Neonatal	Herpes	
Simplex	Infection

Drug Dosage

Acyclovir 20 mg/kg/dose 24 hours intravenously every 8 hours for 
14–21 days
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Patient with NEONATAL HERPES SIMPLEX EXPOSURE OR SUSPECTED INFECTION
Herpes culture results

(Cont’d from p 729)

Positive

Lumbar puncture, eye examination
if not previously performed

Consider:
  CT
  EEG

Assess clinical pattern

Skin, eye,
mucus membrane
disease

Disseminated
or CNS disease

Negative

Follow-up:
  Heightened vigilance
  for new rashes or
  symptoms of HSV for
  4–6 wk

Treat:
  Acyclovir for
  total of 14 days

Follow-up:
  Assess development
  carefully

Treat:
  Acyclovir for
  total of 21 days

Consider:
  Oral acyclovir
  to suppress
  recurrence

G

H
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Newborn Delivery Room 
Resuscitation

James S. Barry, MD

Neonatal resuscitation is a critical skill necessary to assist 
the newborn’s transition from a fluid-filled intrauterine 
environment dependent on maternal-placental function to 
an independent existence in an air-filled extrauterine envi-
ronment. Usually, this transition is successful; however, 
10% of neonates require support during this time, and at 
least 1 of 100 newborns requires extensive assistance. 
Therefore, it is critical that personnel skilled in the evalu-
ation and resuscitation of the newborn be immediately 
available at birth to prevent injury from a poor or incom-
plete transition. Effective resuscitation requires the pres-
ence of at least one person skilled in all aspects of neonatal 
resuscitation and responsible only for the newborn. At 
least two personnel responsible for the newborn should be 
present at “high-risk” deliveries, with one specifically 
skilled at intubation and drug administration. Other re-
quirements include the immediate presence of the proper 
equipment and supplies, appropriate anticipation, timeli-
ness of the neonatal resuscitation team, and advanced 
preparation of policies and procedures specific to neonatal 
resuscitation.

At delivery, a rapid assessment should include these 
four questions: Is the baby full term? Is the amniotic fluid 
clear of meconium? Is the baby breathing or crying? Is the 
muscle tone good? This rapid assessment assists in deter-
mining whether a newborn receives routine care (oral and 
nasopharyngeal suctioning, proper airway positioning,  
drying, stimulating, and warming) and can remain with 
mother, or whether a more extensive resuscitation is  

required. The initial steps of resuscitation are altered 
when a depressed newborn (ineffective respirations or 
apnea, poor muscle tone, or a heart rate (HR) less than  
100 beats/min) with meconium-stained amniotic fluid 
presents at delivery. Instead of initially drying and stimu-
lating, one should perform endotracheal (ET) intubation 
with direct tracheal suctioning immediately after birth and 
before respirations or stimulation have occurred. The 
rapid assessment and initial resuscitation steps (suctioning, 
positioning, drying, stimulating, and warming) are per-
formed nearly simultaneously with the evaluation of 
breathing, HR, and tone within the first 30 seconds.

	A.	 Assess respirations visually and by auscultation. Provide 
brief tactile stimulation to a gasping or apneic newborn. 
If this brief stimulation does not increase the rate and 
depth of respirations, initiate positive-pressure ventila-
tion with supplemental oxygen (21%–100%) using an  
appropriate-sized mask and bag. Currently, data indi-
cate that resuscitation with an oxygen concentration 
ranging from room air to 100% is acceptable. Continu-
ing to provide tactile stimulation to a newborn without 
effective respirations or whose HR is less than  
100 beats/min is of no benefit and only delays appropri-
ate intervention.

	B.	 Determine HR by palpation of umbilical cord pulsa-
tions or by auscultation. If the HR is less than 100 beats/
min, positive-pressure ventilation is required, even if 
the infant has spontaneous respirations.

(Continued on page 734)
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Is the baby full term?
Is the baby breathing/crying?
Does the baby have good muscle tone?
Is the amniotic fluid clear?

Routine care:
  Provide warmth
  Clear away as necessary
  Dry
  Remove wet linen

Yes

No

A
C

B

D

NEWBORN DELIVERY ROOM RESUSCITATION

No

Is meconium present in amniotic fluid?

Provide warmth
Position*
Suction mouth, then nose
Dry, provide tactile stimulation
Remove wet linens

Is newborn depressed?
  Apnea or ineffective respirations?
  Poor muscle tone?
  Heart rate <100?

Steps:
  Do not stimulate
  Suction trachea
  Provide warmth, position,
  clear airway, dry

No

Provide positive pressure ventilation with
21%–100% oxygen at a rate of 40–60
breaths/minute*

Central cyanosis still present?

No

Observe, slowly withdraw oxygen
Re-evaluate respirations, heart rate, color

Observe
Re-evaluate respirations, heart rate, color

Yes

Yes

Yes

Evaluate respirations, heart rate, and color Effective respirations, heart rate >100,
central cyanosis

Evaluate heart rate

(Cont’d on p 735)

Heart rate <100 or apnea/ineffective respirations Provide free flow oxygen at >5 L/min

Heart rate >100, effective respirations, pink

*Consider intubation at any of these steps.
Time intervals from Birth to A, A to B, and B to C should
be approximately 30 seconds.

E
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and then multiplying by 10 to determine beats per  
minute. Chest compressions can be discontinued when 
the HR is greater than 60 beats/min.

	G.	 Medications are rarely indicated during neonatal resusci-
tation because bradycardia normally improves with  
appropriate ventilation using 100% oxygen. However, if 
the HR is less than 60 beats/min despite 30 seconds of 
positive-pressure ventilation and 30 seconds of positive-
pressure ventilation in coordination with chest compres-
sions (total 60 seconds), epinephrine is indicated. 
Epinephrine should preferably be given intravenously 
through a low-lying umbilical venous catheter or into the 
trachea through an ET tube (see Table 1) and readmin-
istered every 3 to 5 minutes if the HR remains less than 
60 beats/min. If the HR remains less than 100 beats/min, 
consider use of a volume expander if there is evidence of 
acute blood loss or signs of hypovolemia.

	H.	 Secondary medications are rarely indicated. Sodium 
bicarbonate may be considered in a prolonged resusci-
tation after other standard interventions have been 
unsuccessful and only after maintenance of effective 
ventilation. Naloxone, a narcotic antagonist, may be 
considered when respiratory depression is persistent 
after positive-pressure ventilation has restored a nor-
mal HR, acyanotic central color, and there is a history 
of recent (#4 hours), nonchronic, maternal narcotic 
administration. Of note, the effects of naloxone may be 
shorter than the narcotic effects; therefore, the new-
born should be monitored closely for any signs of re-
current narcotic-induced respiratory depression.

	 I.	 Newborns that require positive-pressure ventilation 
or more extensive resuscitation are at risk for deteriora-
tion even if they are seemingly stable after resuscitation. 
Postresuscitation management includes monitoring and 
evaluation of vital signs, oxygen saturation, acid–base 
balance, metabolic derangements, neurologic status, 
and end-organ perfusion. Ongoing ventilatory support, 
intravenous fluids, narcotic antagonists, buffering  
medications, and/or vasoactive agents are sometimes 
necessary. Avoidance of hyperthermia is important for 
newborns, especially those who may have had an epi-
sode of hypoxia and ischemia.

	J.	 Special resuscitation considerations exist for preterm 
newborns. As very-low-birth-weight newborns (less than  
1500 g) are at risk for hypothermia, additional warming 
techniques should be used to maintain normothermia, 
such as increasing the temperature in the delivery room 
and wrapping the newborn in food-grade, heat-resistant 
plastic and placing the newborn under a radiant heat 
source or on a portable warmer. Care should be taken with 
oxygen administration because preterm neonates are at an 
increased risk for oxygen-induced injury. Oxygen satura-
tions, measured via pulse oximetry, should not be greater 
than 95% for prolonged periods (target saturations, 85%–
95%). Preterm newborns may benefit from a continuous 
positive airway pressure (usually at 4–6 cm water) when 
they have spontaneous, but labored breathing and a HR 
greater than 100 beats/min. Preterm newborns are at an 
increased risk for brain injury. To decrease the risk for 
brain injury in the preterm neonate, handle gently, do not 
position in Trendelenburg, avoid excessive airway pressure, 
and do not administer rapid or hypertonic fluid infusions.

	C.	 Assess for central cyanosis. Central cyanosis (lips, 
mucous membranes, trunk) indicates hypoxemia and 
requires the provision of free-flow, blended oxygen deliv-
ered by mask or tubing held cupped to the newborn’s 
face at 5 L/min if the newborn is spontaneously breath-
ing and has a HR greater than 100 beats/min. Positive-
pressure ventilation with blended oxygen is indicated for 
a newborn with persistent central cyanosis despite ad-
ministration of free-flow oxygen, ineffective respirations, 
or with a HR less than 100 beats/min.

	D.	 Ventilation of the lungs is the most effective step in the 
resuscitation of a compromised newborn. Ventilation can 
be performed using a self-inflating bag, a flow-inflating 
bag, or with a T-piece device. Positive-pressure ventila-
tion may be administered through an appropriately sized 
mask or ET tube attached to a resuscitation bag capable 
of delivering 21% to 100% oxygen and equipped with a 
manometer or an appropriate pressure release valve. 
Because fetal lungs are fluid filled, initial breaths may 
require higher pressures than subsequent breaths to in-
flate the lungs. Occasionally, this requires peak inspira-
tory pressures greater than 30 cm water, but care should 
be taken because high lung volumes and airway pres-
sures may cause lung injury, especially in preterm new-
borns. The lowest inflation pressure that achieves an ad-
equate breath should be used. Breaths should be 
delivered at a rate of 40 to 60 breaths/min to produce 
symmetric breath sounds and nonexcessive chest wall 
excursion. Intubation may be necessary for ineffective 
bag mask ventilation, prolonged positive-pressure venti-
lation without clinical improvement, administration of 
ET epinephrine, in cases of known or suspected con-
genital diaphragmatic hernia, in extremely preterm new-
borns, or for tracheal suctioning in depressed newborns 
with meconium-stained amniotic fluid.

	E.	 ET tube placement should be confirmed by the pres-
ence of chest wall movement, audible breath sounds 
generated bilaterally, the presence of condensation 
within the ET tube, and the detection of exhaled car-
bon dioxide. In newborns with poor cardiac output, 
insufficient exhaled CO2 levels may not be reliably de-
tected with colorimetric or capnograph devices despite 
correct tracheal positioning of the ET tube.

	F.	 Effectiveness of resuscitation is determined by assess-
ing improvement in breathing, HR, color, and muscle 
tone. Most neonates improve with adequate lung infla-
tion and ventilation. If ventilation is not effective, one 
should check that the mask seal is adequate, that the 
airway is not obstructed by secretions or incorrect posi-
tioning, and that adequate pressure is being provided. 
Uncommonly, chest compressions and epinephrine/
volume administration may be necessary to improve 
cardiac output, to increase tissue perfusion, and to re-
store acid–base balance. Using the two-thumb method 
(preferred) or two-finger method, chest compressions 
(90 compressions per minute, ratio of 3:1 chest com-
pressions to ventilation) are administered if the HR is 
less than 60 beats/min despite 30 seconds of positive-
pressure ventilation. The chest should be compressed 
approximately one third of the anterior-posterior chest 
diameter. At 30-second intervals, the HR should be 
determined by counting the heartbeats in 6 seconds 
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Evaluate heart rate

HR >60

HR >60

HR >60

HR <60

HR <60

Consider other etiologies:
  Congenital heart disease
  Pulmonary problems such as:
    Pneumothorax
    Congenital diaphragmatic hernia
  Airway malformations

If signs of life are absent for >10 minutes despite
effective resuscitation consider discontinuing
the resuscitation

Support respirations as necessary*
Observe
Re-evaluate heart rate, respirations, color

Provide positive pressure ventilation*
Begin chest compressions at 3:1 ratio
with ventilation

HR <60

HR <60

Continue to provide:
  Positive pressure ventilation*
  Chest compressions
  Administer Epinephrine

Provide positive pressure ventilation*
Continue chest compressions
Administer Epinephrine

Re-evaluate:
  Effectiveness of ventilation, provision through an ET tube*
  ET tube in correct position
  100% oxygen is being provided
  Chest compressions are effective
  Epinephrine administration through the preferred venous route
  Consider hypovolemia and treat with fluid administration

G

F

NEWBORN DELIVERY ROOM RESUSCITATION
(Cont’d from p 733)

*Consider intubation at any of these steps.
Time intervals from Birth to A, A to B, and B to C should
be approximately 30 seconds.

E

	K.	 When determined gestational age, weight, or congeni-
tal anomalies are associated with almost certain death 
or an unacceptably high rate of serious morbidity, non-
initiation of resuscitation may be indicated. Such cases 
may include a confirmed gestational age of less than  
23 weeks, a birth weight of less than 400 g, anenceph-
aly, and chromosomal anomalies such as trisomy 13 and 
18. Prenatal diagnosis aids in family counseling and 

informed decisions that may guide delivery room and 
intensive care unit (ICU) care. In cases of uncertain 
short- and long-term outcomes, parental desires for 
resuscitation should be supported.

	L.	 If no signs of life are present (no HR, no respiratory 
effort), despite 10 minutes of continuous resuscitation, 
ceasing resuscitation is justified because outcomes  
after this period are universally poor.
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Table 1. Medications	and	Fluids	For	Neonatal	Resuscitation

Medication/Fluid Concentration Route Dose Administration Interval

Primary
Epinephrine 1:10,000 ET*

IV (preferred)
ET: 0.3–1 ml/kg
IV: 0.1–0.3 ml/kg

Give rapidly q3–5min

Normal saline or
Ringer lactate

0.9% NaCl IV 10 ml/kg Over 5–10 minutes As needed

O, Rh-negative blood IV 10 ml/kg Over 10 minutes to 4 hours As needed

Secondary
Naloxone 1 mg/ml IV (preferred)

IM
0.1 mg/kg Give rapidly As needed

Sodium Bicarbonate 0.5 mEq/ml
(4.2%)

IV 2 mEq/kg Slowly, no faster than  
1 mEq/kg/min

As needed

*Endotracheal (ET) epinephrine has unpredictable pulmonary absorption and, therefore, unreliable effect.
IM, intramuscularly; IV, intravenously; SC, subcutaneously.

Kattwinkel J, editor. Textbook of neonatal resuscitation. 5th ed. Elk 
Grove Village, IL: American Academy of Pediatrics and American 
Heart Association; 2006.

Saugstad OD. Practical aspects of resuscitating asphyxiated newborn  
infants. Eur J Pediatr 1998;157:s11–6.

Wiswell T. Delivery room management of the meconium-stained  
newborn. J Perinatol 2008;28:s19–26.
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Asthma
Monica J. Federico, MD

Asthma is a chronic inflammatory disease of the airway that 
leads to recurrent episodes of airflow limitation, and respi-
ratory symptoms including cough, shortness of breath and 
chest tightness, wheeze, and airway hyper-responsiveness 
that is at least partially reversible with an inhaled beta- 
agonist. The diagnosis can be made in any child who dis-
plays these symptoms as long as all other possible causes  
of recurrent airflow obstruction have been ruled out. Exac-
erbations of bronchospasm that lead to acute episodes of 
asthma are characterized by wheeze, increased work  
of breathing, and occasionally, hypoxemia. The cause of 
asthma is most likely multifactorial and may be specific to 
each patient. Unfortunately, there is no test to determine 
which children will have significant long-term morbidity 
and airway remodeling  caused by asthma.

The basic concepts of asthma management include:  
(1) diagnosing asthma appropriately and determination of 
asthma severity and achieving control; (2) comprehensive 
pharmacologic therapy that includes medications to prevent 
and reverse underlying airway inflammation, and to relieve 
bronchospasm; (3) environmental measures to control factors 
that precipitate attacks; (4) educating the patient and family 
about the diagnosis and treatment of asthma; (5) fostering  
a partnership between the patient, family, and provider; and 
(6) objective measurement of lung function to assess the  
severity of asthma and to monitor the course of therapy. 

The goals of asthma therapy are to control chronic symp-
toms (including nighttime symptoms), to maintain normal 
activity (no exercise limitation, no school absences), to pre-
vent acute episodes (no emergency department [ED] visits 
or hospitalizations), to maintain normal or nearly normal 
pulmonary function, to maintain normal growth, to avoid 
adverse effects of medications, and to meet the patient’s and 
family’s expectations and satisfaction with their care.

MANAGEMENT OF AN ACUTE ASTHMA 
EPISODE

Acute asthma episodes have a variety of infectious, allergic, 
and nonspecific triggers. The respiratory pathogens most 
often associated with exacerbations in childhood are rhino-
virus, respiratory syncytial virus, influenza virus, parainflu-
enza virus, and Mycoplasma pneumoniae. Bacterial respira-
tory infections such as sinusitis, otitis, and pneumonia may 
trigger asthma in certain individuals. Inhaled allergic trig-
gers include cockroach, animal hair, dander, and dust. 
Nonspecific triggers include airway irritants (smoke, air 
pollution, perfumes, chemicals), weather changes, cold air, 
vigorous exercise, medications (salicylates), gastroesopha-
geal reflux, and emotional stress.

 A. In the patient’s history, document the age of asthma di-
agnosis. You will need to know how many times the child 

has had illnesses with wheezing. Document the severity 
of the illnesses and how many times the child has been 
hospitalized, admitted to intensive care, and/or intu-
bated for asthma or for wheezing with illnesses. Include 
questions about pneumonia or bronchiolitis treated with 
albuterol. Document the last time the child was hospi-
talized. Try to understand whether this is a typical epi-
sode. Ask what medications the child has been taking 
and how often, including daily medications. Try to un-
derstand the baseline asthma control by asking how 
frequently the child has cough, trouble breathing, or 
chest tightness when he or she is not sick. Ask what trig-
gers symptoms or an attack. Finally, determine whether 
the child is atopic. In addition, work through a compre-
hensive differential and include questions about foreign 
body aspiration; pneumonia or infection indicated by 
fevers and chest pain; a mass or lymphadenopathy caus-
ing airway compression as indicated by weight loss, night 
sweats, positional trouble breathing, or poor response to 
bronchodilators; or a different chronic illness as indi-
cated by chronic increased work of breathing and hypox-
emia. Ask about sinusitis, headaches, bad breath, facial 
pain, and fever. Evaluate the family situation; note the 
availability of a telephone and transportation, and the 
family’s ability to manage the child at home including 
their ability to fill the medications.

 B. In the physical examination, take a full set of vital signs 
including oxygen saturation and note signs of respira-
tory distress, including tachypnea, retractions, dys-
pnea, nasal flaring, use of accessory muscles, ability to 
talk, wheezing, prolongation of the expiratory phase, 
forced expiratory phase, and decreased breath sounds. 
Signs of severe respiratory distress include markedly 
decreased or absent breath sounds, cyanosis, and in-
creased pulsus paradoxus (exaggeration of the normal 
variation of cardiac output with the respiratory cycle). 
An altered mental status (lethargy, restlessness, disori-
entation, and air hunger) indicates severe hypoxia.

 C. Treat acute asthma in the office or ED with oxygen to 
keep the oxygen saturation greater than 95%. Begin 
inhaled albuterol combined with ipratropium bromide 
either by nebulizer or metered-dose inhaler with 
spacer. Nebulized treatments with a mask work best 
for young children (albuterol dosing: 0.15 mg/kg mini-
mum dose 2.5 mg). Older children using a metered-
dose inhaler with a valved holding chamber may re-
quire 4 to 10 puffs per treatment. Nebulized treatments 
may also be preferable in older children who have 
more severe respiratory distress. Repeat inhaled treat-
ments every 20 minutes for up to 3 treatments. For 
further dosing recommendations and alternative 
agents, please refer to the 2007 National Asthma Edu-
cation and Prevention Program guidelines listed in the 
references.
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Patient with ACUTE ASTHMA

ED or office
Treat:
  Oxygen
  Inhaled albuterol

Assess response to albuterol (Table 1)

Good response
Normal SpO2

1. Determine asthma
    severity: persistent vs.
    intermittent using
    baseline symptoms

    
    
    (Cont’d on p 741)

A

A

E Incomplete
response

F Poor response
Severe distress

G

History B Physical examination
including SpO2 and peak flow
or pulmonary function testing

C

D

Observe

(Cont’d on p 741)

(Cont’d on p 741)Treat:
  Albuterol/atrovent
  for 3 back to back
  treatments and dose
  oral corticosteroids

 D. Assess the response to the initial inhaled albuterol 
treatment according to clinical signs of respiratory dis-
tress and oxygen saturation (Table 1).

 E. If there is a good response without clinical signs of res-
piratory distress, observe the child for at least an hour 
before discharge home. Home medications should be 
resumed and inhaled albuterol can be administered 
every 3 to 4 hours if necessary. Consider a 5-day course 
of oral corticosteroids if this therapy was required in 
the past or if the initial degree of respiratory distress 
was significant. The recommended prednisone dose is 
2 mg/kg per day with a maximum dose of 80 mg/kg/day 
for acute exacerbations.

 F. When the response to inhaled albuterol is incomplete 
with signs of continued moderate respiratory distress, 
continue administering nebulized albuterol every  
20 minutes for a total of three doses and begin corti-
costeroids. The recommended prednisone dose is  
2 mg/kg per day with a maximum dose of 80 mg/kg/day 
for 5 days for an acute exacerbation. Assess the re-
sponse to another hour of therapy. When there is a 
good response, observe the child for at least an hour 
before discharge home. Hospitalize patients who 
worsen despite therapy or who continue to have an 
incomplete response after 2 to 3 hours of therapy. 
Consider the use of adjunct therapies including con-

tinuous nebulization with a beta-agonist in patients 
with an incomplete response to bronchodilators be-
fore admission. Give patients admitted to the ward 
frequent or continuous nebulized treatments with  
albuterol (for dosing please  refer to the 2007 guide-
lines). The frequency of the treatments can be de-
creased with improvement. Inhaled ipratropium may 
help. Continue a course of systemic corticosteroids 
given every 12 hours for 5 days. The maximum rec-
ommended dosage is 80 mg/day. The patient should 
be weaned to the outpatient doses of pharmacologic 
therapies before discharge.

 G. When the response to inhaled albuterol is poor 
with signs of continued severe or very severe respira-
tory distress, administer continuous albuterol nebuli-
zations. Consider injectable terbutaline or epineph-
rine if there is poor air exchange or a poor response to 
inhaled agents. These injected medications tend to 
produce more adverse effects (tachycardia, headache, 
tremor) than inhaled agents. Other therapies to con-
sider in a child with impending respiratory failure in-
clude intravenous magnesium given over 30 minutes 
(see the 2007 guidelines for dosing). Some small stud-
ies indicate that heliox may be helpful with the hypox-
emia. Noninvasive ventilation may also help prevent 
intubation.
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 I. Consider a chest radiograph if the examination is asym-
metrical or the response to bronchodilators is incomplete. 
Obtain an arterial blood gas (ABG) analysis when the re-
sponse is poor. Assess the severity of respiratory distress by 
clinical criteria, ABGs, pulse oximetry, and peak expiratory 
flow rate (Table 4). If the Pco2 is greater 40 mm Hg and 
there is poor air exchange, very severe distress, or low  
oxygen saturation despite oxygen therapy, admit to the 
pediatric intensive care unit. If the Pco2 is no more than 
35 mm Hg and there is good air exchange, admit to the 
ward. Be cautious, because a Pco2 of 35 to 50 mm Hg may 
indicate impending respiratory failure. Patients with a 
Pco2 greater 50 mm Hg are at high risk for respiratory 
failure requiring mechanical ventilation.

 J. Other comorbid illnesses including viral illnesses, 
pneumonia, sinusitis, otitis media, gastroesophageal 
reflux disease, and allergies or eczema.

 H. Regarding asthma education, provide written instruc-
tions including a plan for daily medications and for 
escalation of care in the setting of worsening distress 
or symptoms (asthma action plan), and arrange a  
follow-up plan to include a telephone contact in  
24 to 48 hours and a revisit in 1 week with the pri-
mary care provider. A known asthmatic patient can 
usually resume previous asthma medications in addi-
tion to the oral corticosteroid. Begin maintenance 
anti-inflammatory therapy if the patient has had two 
or more ED or office visits for acute attacks in the 
previous 6 months or three or more in the previous 
year, or if the history is consistent with persistent 
asthma (see Chronic Asthma Management section 
later in this chapter). Finally, notify the primary care 
physician treating the asthma of the visit and any 
changes in therapy.

(Continued on page 742)
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HOSPITALIZED ASTHMA

Response to therapy

Good Poor

1. Wean therapy as tolerated.
    Discharge when on room air
      and every 4 hour albuterol
      treatments

2. Start inhaled corticosteroids
    if persistent

3. Asthma education

4. Follow up in 2–4 days with
    primary care

5. Consider referral
    to specialist

1. Escalate therapy
    • IV magnesium
    • SQ terbutaline or epinephrine
    • Consider noninvasive
      ventilation
    • Intubate only if
      absolutely necessary
2. Wean therapy as
    tolerated then follow
    good response
    algorithm

H

Treat:
  Continuous albuterol
Consider:
  Adjunct therapy

Assess response and
respiratory distress

Good
 

response

Poor response
with distress

Moderate/severe
distress

Very severe
distress

Hospitalize Consider ABG
Admit to Intensive Care
Consult Pulmonary

Treat:
  3 back to back
  albuterol/atrovent neb with
  oral corticosteroids
Consider:
  Adjunct therapy

2. Start inhaled corticosteroids
    if persistent

3. Asthma education and
    asthma action plan creation

4. Follow up in 2–4 days with
    primary care

5. Discharge when on room
    air and stable for 2–3 hours

6. Treat other comorbid illnesses

H

J

I

J

J

I

Patient with ACUTE ASTHMA

(Cont’d from p 739) (Cont’d from p 739)

(Cont’d from p 739)
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MANAGEMENT OF CHRONIC ASTHMA

Once the diagnosis of asthma has been made, asthma se-
verity should be determined. A child who has daytime 
symptoms two or more times a week, or nighttime symp-
toms two or more times a month, or uses albuterol two or 
more times a week, or any exercise limitation, or has ab-
normal lung function testing showing airway obstruction, 
or asthma exacerbations requiring systemic corticosteroids 
two or more times in a year has persistent asthma. If he or 
she has fewer symptoms, then the severity is classified as 
intermittent asthma. Children with persistent asthma need 
to be on a daily medication to control airway inflammation. 
Severity should be determined when the child is not on a 
daily controller medication such as inhaled corticosteroids 
or a leukotriene receptor antagonist. The specific criteria  
for asthma severity for children ages 0–4, 5–11, and older 
than 12 years can be found in the 2007 National Asthma 
Education and Prevention Program Guidelines (see refer-
ences at the end of the chapter). The management of 
chronic asthma is as follows:

 A. When taking the history, document the age at diagno-
sis. Ask about the frequency and severity of symptoms 
such as cough, wheeze, chest tightness, exercise limita-
tion, or shortness of breath. Determine the number of 
total exacerbations and how many the child has had in 
the last year that required systemic corticosteroids. 
The provider also needs to determine the history  
of hospitalizations and ED visits. Document any  
admissions to the intensive care unit and intubations. 
Determine what triggers an attack and whether the 
child has an allergy symptoms or a history of eczema. 
Ask medicine he or she is taking, the dose, how often, 
and what route (inhaler, home nebulizer, oral)? Ask 
about comorbid illnesses such as allergies, sinusitis, 
and gastroesophageal reflux disease. Evaluate the fam-
ily situation; note the availability of a telephone and 
transportation, and the family’s ability to manage the 
child at home.

 B. In the physical examination, note signs of respiratory 
distress, including tachypnea, retractions, dyspnea,  
nasal flaring, use of accessory muscles, inability to talk, 
wheezing, prolongation of the expiratory phase, forced 
expiratory phase, and decreased breath sounds. Signs of 
severe respiratory distress include markedly decreased 
or absent breath sounds, cyanosis, and increased pulsus 
paradoxus (exaggeration of the normal variation of car-
diac output with the respiratory cycle).

 C. Educate the family and child (to the extent appropri-
ate) about prevention, environmental controls with an 
emphasis on avoidance of allergens and other triggers 
(e.g., smoke, air pollution, chemicals), minimizing ex-
posure to respiratory viruses, use of influenza vaccine, 
and allergy therapy when appropriate. Review the 
medications and how to use the medication delivery 
device. When the child with moderate or severe asthma 
is old enough to be taught the correct technique of do-

ing accurate peak flow measurements, use peak flows 
to guide treatment. Develop with the family a plan for 
the home management of acute asthma episodes 
(asthma action plan). The plan should include informa-
tion about how to evaluate and treat these episodes,  
as well as when to call for telephone advice and come 
to the ED. Provide written guidelines for administer-
ing treatments. For example, 4 puffs of albuterol may 
be repeated every 20 minutes for up to 1 hour. If there 
is a good response, continue with the beta-agonist  
every 3 to 4 hours and resume the usual medications. 
When the response remains incomplete after the three 
doses of albuterol or worsens at any time, call to have 
the child seen at either the office or the ED. It may  
be advisable to begin an oral steroid (prednisone,  
1–2 mg/kg with a maximum dose of 60 mg per day for 
the treatment of outpatient exacerbations) at this point.

 D. The approach to the management of asthma can be 
classified into three phases: achieving control, ongoing 
maintenance, and quick relief.

 1. The goals of achieving control are to reduce signs and 
symptoms of the chronic disease so that the child can 
sleep through the night, stay in school, and be as ac-
tive as he or she wants to be. When a child is on the 
appropriate therapy, and well controlled, he or she 
should have symptoms consistent with intermittent 
asthma. The first choice for a controller medication in 
all patients with asthma is a low-dose inhaled cortico-
steroid. Controller medication dosing increases ac-
cording to symptoms as shown in Figure 1.

Response to the medication should be reassessed 
within 4 to 6 weeks. After evaluating for compliance 
with the medication and environmental triggers, 
medications doses can be stepped up to achieve  
control. Ongoing pharmacologic management of per-
sistent asthma uses a stepwise approach to incremen-
tally change the potency of anti-inflammatory agents 
or to add complementary agents to control symptoms 
and restore functional and physiologic outcomes. If 
the child requires doses greater than medium dose to 
control her asthma, then the provider should con-
sider referring the child to a specialist. Consider re-
ferral to an asthma specialist (pediatric allergist or 
pulmonologist) for the following reasons: concern 
about another diagnosis because of atypical signs or 
symptoms; inadequate response to therapy resulting 
in repeated steroid bursts, repeated ED visits, or re-
peated hospitalizations; life-threatening episodes; 
mechanical ventilation; or desire to improve educa-
tion of the patient and family.

 2. Ongoing maintenance: Once the child’s asthma is 
well controlled, the child should be seen every 3 to 
6 months. Lung function should be re-evaluated at 
least every year or with any clinical changes.

 3. Quick relief should be used to control an acute in-
crease in symptoms. See the algorithm for the manage-
ment of an acute asthma episode for further direction.

(Continued on page 745)
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Intermittent
asthma

Asthma education

Follow regularly
to evaluate for
asthma control

Persistent
asthma

Patient with CHRONIC ASTHMA

Diagnose asthma in any child with recurrent
symptoms of airway obstruction (e.g., cough,
wheeze, shortness of breath) that is at least
partially reversible with a bronchodilator and
other possible etiologies have been ruled out.

Determine asthma severity
Intermittent vs. Persistent
Persistent Asthma Criteria:
1. Daytime symptoms more than 2 days per week 
OR
2. Awakening at night from asthma more than two
    nights per month 
OR
3. Albuterol use more than 2 days a week OR
4. Any limitation of activities, despite pretreatment
    for exercise induced asthma OR
5. More than two steroid bursts in one year OR
6. FEV1 <80% predicted OR FEV1/FVC below 0.85
    in children under 18 years (for older children, please refer to
    http://www.healthteamworks.org/guidelines/asthma.html.)

A History

B

C Asthma educationC

D

D

Follow regularly
to evaluate
asthma control

D

Physical examination

and

Therapy: inhaled beta-
agonist as needed

and

Therapy: Controller medication per
      Figure 1 and inhaled beta-agonist
      as needed
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Figure 1. Asthmastepwiseapproach.Thisguidelineisdesignedtoassisttheclinicianinthemanagementof
asthma.Thisguidelineisnotintendedtoreplacetheclinician’sjudgmentorestablishaprotocolforallpatientswith
aparticularcondition.Adapted from the National Asthma Education and Prevention Program 3 fortheColorado
ClinicalGuidelinesCollaborative,whichisnowHealthTeamWorks:http://www.healthteamworks.org/guidelines/
asthma.html.

ASTHMA STEPWISE APPROACH

Step up as indicated although address possible poor
adherence to medication.  Reassess in 2 to 6 weeks.

Step down if well controlled and re-assess in 3 months.
If very stable then assess control every 3 to 6 months.

All LABAs and combination agents containing LABAs have a black box warning.

Persistent asthma: Daily medication

Short-acting
beta-agonist (e.g.,

albuterol prn)
 

If used more than
2 days per week
(other than for

exercise)
consider

inadequate control
and the need to

step up treatment.

Step 1
(all ages)

Intermittent
asthma

All ages
 

Preferred:
Low-dose inhaled

steroid
 

Alternative:
Leukotriene blocker

or cromolyn

Age 0–4 yrs
 

Consider referral
(especially if

diagnosis is in
doubt)

Step 2
Age 12+ yrs

 
Preferred:

Low-dose inhaled
steroid +

long-acting
beta-agonist or
medium-dose
inhaled steroid

 
Alternative:
Low-dose

inhaled steroid +
leukotriene blocker

Age 5–11 yrs
  

Low-dose inhaled
steroid +

long-acting
beta-agonist
or leukotriene

blocker or
medium-dose
inhaled steroid

Age 0–4 yrs
 

Medium dose
inhaled steroid +

referral

Step 3
Age 12+ yrs

 
Preferred:

Medium-dose
inhaled steroid +

long-acting
beta-agonist

 
Alternative:

Medium-dose
inhaled steroid +

leukotriene blocker

Age 5–11 yrs
 

Same as 12+ yrs

Age 0–4 yrs
 

Medium-dose
inhaled steroid

+
either long-acting
beta-agonist or

leukotriene
blocker

Step 4
Age 12+ yrs

 
High-dose inhaled

steroid +
long-acting

beta-agonist
and

Consider
omaluzimab if

allergies

Age 5–11 yrs
 

Preferred:
High-dose inhaled

steroid +
long-acting

beta-agonist
 

Alternative:
High-dose

inhaled steroid +
leukotriene blocker

Age 0–4 yrs
 

High-dose inhaled
steroid

+
either long-acting
beta-agonist or

leukotriene blocker

Step 5

All ages Steps 4 through 6: Consult with asthma specialist

Consider immunotherapy if allergic asthma

Age 12+ yrs
 

High-dose inhaled
steroid +

long-acting
beta-agonist

and
Consider

omaluzimab if
allergies

Age 5–11 yrs
 

Preferred:
High-dose inhaled

steroid +
long-acting

beta-agonist
 

Alternative:
High-dose

inhaled steroid +
leukotriene blocker

+
oral steroid

Age 0–4 yrs
 

High-dose inhaled
steroid

+
either long-acting
beta-agonist or

leukotriene blocker
+

oral steroid

Step 6

Table 1. Response to Therapy

Good Response Incomplete Response Poor Response

No wheezing, good air wheezing, exchange Mild-to-moderate wheezing, good air exchange Severe poor air exchange
No accessory muscle use Moderate accessory muscle use Severe accessory muscle
Minimal or no dyspnea Moderate dyspnea Severe dyspnea
Decreased HR and RR Increased HR and RR Increased HR and RR
Pulsus paradoxus ,10 mm Hg Pulsus paradoxus 10–15 mm Hg Pulsus paradoxus .15 mm Hg
PEFR .70% baseline PEFR 40%–70% baseline PEFR ,40% baseline
Oxygen saturation .95% Oxygen saturation 90%–95% Oxygen saturation ,90%

HR, heart rate; PEFR, peak expiratory flow rate; RR, respiratory rate.
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Bronchiolitis
Lalit Bajaj, MD, MPH

Bronchiolitis is a clinical syndrome of infants and young 
children characterized by wheezing, retractions, and tachy-
pnea. Inflammation of the bronchioles or small airways 
produces exudate, edema, necrosis, and bronchospasm, 
which results in air trapping, atelectasis, and ventilation-
perfusion mismatch. The most common infectious agent 
causing bronchiolitis is respiratory syncytial virus. Other 
pathogens include human metapneumovirus, parainflu-
enza virus, influenza virus, rhinovirus, adenovirus, bocavi-
rus, and Mycoplasma pneumoniae.

	A.	 In the patient’s history, ask when the cold and cough 
began. Is there fast breathing? Is it difficult for your 
child to breathe? Does the chest move in (chest in-
drawing) when your child breathes? Has your child 
stopped breathing or turned blue? Is your child too 
weak to eat or play? Has your child been vomiting? 
Has your child wheezed at other times? Does your 
child have asthma or heart or lung disease? Was your 
child born prematurely? Ask about access to a  
telephone and transportation.

	B.	 In the physical examination, look and listen. Count the 
respirations for 1 minute. In patients with bronchiol-
itis, the respiratory rate correlates well with oxygen-
ation. Respiratory rates greater than 70 per minute are 
concerning for poor oxygenation and ventilation. Risk 
for respiratory failure is also greater at rates more than 
70 per minute. Look for retractions, cyanosis, pallor, 
and nasal flaring. Listen for grunting, wheezing, hoarse-
ness, stridor, prolonged expiratory phase (the normal 
inspiration-to-expiration ratio is 1:2), poor air exchange, 
and rales (may be caused by atelectasis or pneumonia). 
Note signs of cardiac disease. Note signs of dehydra-
tion. With use of a pneumatic otoscope, note tympanic 
membrane color, landmarks, and mobility.

	C.	 Pulse oximetry is a noninvasive technique to determine 
oxygen saturation. Patients with signs of moderate-to-
severe respiratory distress should be studied (Table 1). 
Infants should be monitored before, during, and after 
feedings. Oxygen saturation less than 90% at sea level 
or 88% at 5000 feet indicates a need for supplemental 
oxygen therapy. Continuous pulse oximetry is not rec-
ommended for stable patients older than 3 months 
because small changes in oxygen saturation do not have 
clinical relevance but may result in frequent oxygen 
supplementation changes.

	D.	 Obtain chest films in patients with severe disease to 
identify pneumonia or atelectasis. Patients with mild-
to-moderate disease and who fit the diagnosis of bron-
chiolitis do not require chest radiograph (CXR). The 
radiologic findings of bronchiolitis include hyperexpan-
sion with flattened diaphragm, peribronchial thicken-
ing, and patchy atelectasis with or without perihilar 
infiltrate. Lobar pneumonia on radiography may indi-
cate a mixed viral-bacterial infection, although CXR 

has not been shown to be a reliable test to distinguish 
viral from bacterial disease.

	E.	 There is no clinical value in obtaining specimens for 
identifying viral pathogens in children without severe 
respiratory distress or in those not at high risk because 
of an underlying condition. In severe disease, identifi-
cation of respiratory syncytial virus may influence 
treatment decisions. Rapid viral diagnostic techniques 
are available. These include immunofluorescent stain-
ing and enzyme-linked immunosorbent assay (ELISA). 
These are performed with use of nasopharyngeal se-
cretions that can be obtained by aspiration with either 
a DeLee tube or a small feeding tube attached to a 
syringe.

	F.	 The many noninfectious causes of airway obstruction and 
wheezing include asthma, foreign body aspiration, tra-
cheoesophageal fistula, neuromuscular disorders, gastro-
esophageal reflux, structural airway defects (tracheo-
bronchomalacia, tracheal or bronchial stenosis), and 
extrinsic compression of the airway such as by vascular 
rings and slings, and malformation of the lungs (seques-
trations, bronchogenic cysts, and teratomas). Children 
with chronic lung diseases, such as cystic fibrosis, bron-
chopulmonary dysplasia, and bronchiectasis, may have 
wheezing without infection.

	G.	 Home measures include encouraging the child to drink 
liquids and to eat normally. Educate parents to return 
if their child develops fast breathing, chest indrawing 
(retractions), blue color (cyanosis), or fever, or be-
comes too weak to eat or drink.

	H.	 Data assessing the effectiveness of albuterol and other 
b2-agonists in treatment of bronchiolitis are conflict-
ing, and there has not been any consistent inpatient or 
outpatient benefit shown. Less than half of children 
with viral bronchiolitis seem to respond to this ther-
apy. Some patients clearly do worse (more tachypnea, 
hypoxia), so patients with mild-to-moderate bronchi-
olitis should not routinely be given albuterol. Some 
studies show racemic epinephrine to be more effec-
tive than albuterol in bronchiolitis. It is important to 
assess each child individually for signs of improve-
ment, such as decreased wheezing, decreased retrac-
tions, better air exchange, decrease in respiratory rate, 
increased oxygen saturation, and a more comfortable 
appearance. There are little data to support the use  
of nebulized bronchodilators past the initial phase  
of treatment (i.e., one to two doses). Corticosteroids 
have not been shown to be effective. Mist tents pro-
vide no benefit and impede interaction with and eval-
uation of the patient. Do not routinely administer  
antibiotics to children with bronchiolitis.

	 I.	 Apnea may be a presenting sign of bronchiolitis. It usu-
ally occurs early in the course of the infection. Infants 
younger than 3 months who were born prematurely are 
at the greatest risk. The mechanism of the apnea is 
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Patient with BRONCHIOLITIS

Assess degree of illness

Mild
• Alert, active, feeding well
• None to minimal retractions
• RR normal to <50

Discharge if feeding well
and in minimal distress

Supportive care 1st choice: Racemic epi neb
Alternate choice: albuterol neb

1st choice: Racemic epi
Alternate choice: albuterol

Hospitalize/ICU

Apnea

Consider
CXR

Consider
viral testing

Consider
other causes

If positive response, may
continue, but limited data
on any efficacy past 1 or
2 doses

Moderate
• Alert, consoles
  Feeding decreased
• Minimal to moderate
  retractions
• RR 50–70

Severe
• Fussy, difficult to
  console
• Moderate to severe
  retractions
• RR >70

A History

B

J

G H

I

D

E

F

Physical examination

C Consider pulse oximetry

unclear, although it appears to correlate with the  
degree of hypoxia in some infants. The presence of 
secretions triggering a laryngeal chemoreflex has been 
hypothesized as a cause. In other infants, it appears 
before other clinical symptoms or signs of disease. Re-
current or prolonged apnea may occur without obvious 
signs of respiratory distress but still require intubation 
and assisted ventilation for 24 to 48 hours.

	J.	 Children may be discharged from the hospital when 
respiratory distress has resolved. Consider discharge 
with home oxygen when oxygen saturations remain low 
but the patient is afebrile, eating well, and appropri-
ately active. A follow-up visit should be scheduled 24 to 
48 hours after discharge. Parents should be taught to 
call the physician immediately if signs of respiratory 
distress (fast breathing or chest indrawing) return.
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Table 1. Degree	of	Illness	in	Bronchiolitis

Mild Moderate Severe Very	Severe

Respiratory rate below thresholds  
(60 ,2 months: 50, 2–12 months; 
40, .12 months)

and
Good air exchange
and
Minimal or no retractions
and
No signs of dehydration

Respiratory rate elevated above 
thresholds

or
Moderate retractions
or
Prolonged expiratory phase with 

decreased air exchange

High-risk patients*
or
Respiratory rate .70/min
or 
Marked retractions 
or
Minimal (poor) air exchange 
or
Grunting respirations 
or
Oxygen saturation ,94% at sea level 

or ,90% at 5000 feet
or
Signs of dehydration or systemic  

toxicity

Apnea or respiratory arrest
or
Cyanosis with oxygen
or
Inability to maintain Pao2 

.50 mm Hg with Fio2 

.80%
or
Inability to maintain Pco2 

,55 mm Hg
or
Signs of shock

*High-risk patients are premature infants younger than 12 weeks (postnatal) and children with congenital heart disease, bronchopulmonary dysplasia, other chronic lung 
disease, neuromuscular condition, or immunodeficiency disorder.
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Bronchopulmonary Dysplasia  
in the Premature Infant

Christopher D. Baker, MD, and Vivek Balasubramaniam, MD

Bronchopulmonary dysplasia (BPD) in preterm infants 
was first described in 1967 in infants with severe respira-
tory distress at birth requiring mechanical ventilation and 
high inspiratory oxygen levels. Now BPD is defined as a 
need for supplemental oxygen with signs of respiratory 
distress and an abnormal chest radiograph at 28 days of life 
or 36 weeks of postconceptional age. Associated symptoms 
are signs of respiratory insufficiency, including tachypnea, 
increased work of breathing, cough, audible wheeze, rhon-
chi, rales, expiratory grunting, and increased anterior- 
posterior diameter of the chest. The incidence rate of this 
complication is about 30% in infants who weighed 1000 g 
or less at birth. The cause of BPD is multifactorial. Prena-
tal factors include chorioamnionitis, fetal infections, smok-
ing, drug use, as well as genetic factors that are not fully 
understood. In the immediate postnatal period, trauma 
from mechanical ventilation, hyperoxia, infection, and air-
way inflammation contribute to the development of BPD. 
Together, these factors cumulate in impaired lung alveolar 
and vascular growth, which leads to decreased lung func-
tion later in life.

	A.	 Perform a complete physical assessment of respiratory 
status before initial hospital discharge and at each 
clinic visit. Note respiratory rate, presence of supra-
sternal and intercostal retractions, character of lung 
auscultation, and presence of expiratory grunting.

	B.	 Before hospital discharge, obtain a baseline chest ra-
diograph and screen for hypoventilation by blood gas 
assessment. Assess baseline oxygen saturation in room 
air and with required supplemental oxygen.

	C.	 Assess the degree of illness to differentiate between 
mild, moderate, and severe BPD on the basis of clini-
cal criteria in Table 1. Significant respiratory distress, 
persistent hypoxemia, or retention of carbon dioxide 
suggest poorly compensated or chronic respiratory 
failure. The infant may benefit from mechanical venti-
lation via tracheostomy until they recover from BPD. 
This decision should be made in consultation with a 
pediatric pulmonologist.

	D.	 Outpatient management of the infant with BPD begins 
with the planning of the nursery discharge. This should 
begin well in advance of the intended day of release to 
allow time for teaching and arrangement of necessary 
equipment and services. Selection of a primary care 
provider and consultation with a pediatric pulmonolo-
gist are strongly recommended before hospital dis-
charge. Infants who cannot maintain consistent oxygen 
saturations of 92% or greater while they are awake, 
feeding, and sleeping will require continuous supple-
mental oxygen by nasal cannula. Decisions about home 
cardiorespiratory monitoring depend on the presence 
of apnea and bradycardia spells and the degree of  

oxygen desaturation in room air. Infants who continue 
to exhibit spontaneously resolving episodes of brady-
cardia are safe for hospital discharge but should be 
released on a cardiorespiratory monitor. Before pre-
scribing supplemental oxygen at home, the physician 
should make sure that the child remains stable on 
room air without apnea, bradycardia, or marked de-
saturation (,85%).

	E.	 Primary care services for these patients cannot be sepa-
rated from specifics of management related to their 
prematurity and BPD. Well-child visits should initially 
take place every 2 weeks after hospital discharge to assess 
nutritional progress and growth, assess respiratory status, 
review development, discuss family dynamics in caring 
for a child with chronic disease, and coordinate services 
and subspecialty visits. Both growth and development 
should be “corrected” for prematurity until 2 years of 
age. When the child is sufficiently stable, visits can  
be monthly and eventually spaced out to the frequency 
of regular well-child visits suggested by the American 
Academy of Pediatrics. Nutrition is a critical concern for 
these infants. Infants with BPD have increased calorie 
demands proportional to the severity of underlying lung 
disease. In addition, in some infants, a diminished intake 
because of fatigue, oral motor incoordination, or nipple 
aversion may also complicate matters. Breast-fed infants 
may require continued use of pumped milk fortified to 
24 calories per ounce. Formula-fed babies should take at 
a minimum 22-calorie preterm transitional formulas, 
such as EnfaCare and NeoSure. These can be mixed to 
24 calories per ounce, if additional calories are needed. 
Infants may be sensitive to large fluid loads and require 
restricted intake of higher caloric density feeds. Ensure 
an adequate intake (usually 110–130 calories/kg/day)  
to allow growth along a consistent percentile as  
the minimum acceptable rate of growth. At 1 year of  
age, consider nutritional supplements such as Pedia Sure. 
Growth can also be impaired by inadequate oxygenation 
(see section F) and gastroesophageal reflux. Gastro-
esophageal reflux, if present, should be aggressively  
managed with positioning and reduction of acid produc-
tion, at a minimum, with ranitidine, 2 to 3 mg/kg  
PO twice a day, or omeprazole, 1 mg/kg once or twice  
a day. Infants who remain symptomatic during acid 
blockade should undergo formal swallow evaluation. In 
addition, the practitioner should consider the efficacy  
of gastrostomy tube placement with Nissen fundoplica-
tion. Reflux and silent aspiration may contribute to pro-
longed respiratory difficulties and impair recovery from 
neonatal lung injury.

	F.	 There is no urgency to wean an infant with BPD from 
supplemental oxygen. Respiratory symptoms will be 
lessened and growth enhanced with oxygen. Oxygen 



751

Treat:
  Respiratory care
  Supplemental oxygen
  Implement oxygen
  weaning strategy
Consider:
  Diuretics
  Bronchodilators
  Steroids

Patient with BRONCHOPULMONARY DYSPLASIA

Determine BPD severity (Table 1)

A

A

C

Nursery discharge planning
  Assess home/social issues
  Review home oxygen/monitoring needs
  Complete teaching
  Schedule outpatient appointments

D

Primary care services
  Monitor growth and development
  Monitor nutritional needs
  Monitor for anemia
  Immunizations
  Frequent visits
  Review availability of services

E F

History B Chest radiograph
Pulse oximetry
Blood gas assessmentPhysical examination

(Cont’d on p 753) (Cont’d on p 753)

(Cont’d on p 753)

saturations should be kept greater than 92%. If satura-
tions are 98% or greater on the usual oxygen flow rate, 
the amount of cannula flow can be slowly decreased. 
Wean oxygen gradually over a period of several weeks 
by increasing the time off while the child is awake. 
Discontinue supplemental oxygen during sleep only 
after a nighttime oximetry study in room air demon-
strates oxygen saturations greater 92% for more than 
90% of the time. During the weaning phase, parents 
should closely monitor the child’s color, respiratory 
rate, work of breathing, and quality of feeding. They 
should watch for increased fatigue and irritability.  
Office visits should be frequent during oxygen weaning 
to assess weight gain and to evaluate for the symptoms 
described. Stop cardiorespiratory monitors when there 
are no further apnea or bradycardia spells. Infants with 
more severe disease may require diuretic therapy for 

accumulated lung water. The drug of choice is hydro-
chlorothiazide at 1 to 2 mg/kg once or twice a day.  
Furosemide at 1 to 2 mg/kg per dose can also be used, 
but it causes calcium wasting in the urine and increases 
the risk for osteopenia and nephrocalcinosis. Assess se-
rum electrolytes periodically in infants receiving diuret-
ics. Care should be taken to balance the goal of diuretic 
therapy with adequate weight gain. Consider the use of 
other medications, such as inhaled steroids (fluticasone, 
44 mg/puff, or beclomethasone, 42 mg/puff, usually  
2 puffs twice a day), systemic prednisone (1 mg/kg daily 
or every other day), and inhaled bronchodilators such as 
albuterol (1.25–2.5 mg by nebulizer or 2 puffs two to 
three times a day by HFA metered-dose inhaler) or  
ipratropium bromide (250–500 mg). Infants requiring 
diuretic or steroid therapy should be followed by a spe-
cialist in pediatric pulmonology.
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	G.	 The final cornerstone of respiratory management is 
prevention of intercurrent respiratory infections with 
the hope of avoiding rehospitalization. More than half 
of these infants are readmitted to the hospital within 
the first year of nursery discharge. Use influenza vac-
cine in infants older than 6 months and respiratory 
syncytial virus prophylaxis with palivizumab according 
to American Academy of Pediatrics guidelines.

	H.	 Reactive airways disease is not uncommon in this 
population and should be managed as described on the 
algorithm in the Asthma chapter (see p. 738). As chil-
dren get older, if significant symptoms persist or reac-
tive airways disease is a problem, perform pulmonary 
function testing and refer for a pulmonary subspecialty 
consultation. Although most children are asymptom-
atic with normal levels of activity by school age, abnor-
malities may be uncovered by spirometry and/or car-
diopulmonary exercise testing.

	 I.	 Cardiac complications associated with BPD include 
both systemic and pulmonary hypertension. Systemic 
hypertension is usually high renin in origin and should 
be treated with captopril at a dose titrated between 0.1 
and 0.5 mg/kg (maximum: 6 mg/kg/day) two to three 
times per day. After several months with good blood 
pressure control, the drug can usually be slowly weaned 
because most of these infants become normotensive 
over time. Infants with severe disease should be moni-
tored for the development of pulmonary hypertension. 
Screening for pulmonary hypertension and an estimate 
of its severity can be obtained using echocardiography. 
This should be performed every 3 to 6 months in  
all infants with BPD who demonstrate a prolonged 

oxygen requirement. Although oxygen therapy is the 
treatment of choice, patients with pulmonary hyper-
tension should be followed by a pediatric pulmonolo-
gist or cardiologist as other medications may be  
indicated.

	J.	 Preterm survivors with BPD may be at increased risk 
for neurodevelopmental conditions compared with 
comparable preterm infants without BPD. Monitor 
their developmental progress carefully and refer when 
progress is delayed and of concern.

	K.	 Stridor is not a common symptom in infants with BPD 
but merits evaluation if it is present. Prolonged intubation 
for ventilator therapy can result in subglottic stenosis. If 
obstructive airway symptoms are clinically important, 
consult a pulmonary specialist for a bronchoscopy.

Table 1. Definition	of	Bronchopulmonary	Dysplasia:	Diagnostic	Criteria

Gestational	Age ,32	wk 32	wk

Time point of assessment 36 weeks PMA or discharge to home, whichever comes 
first

.28 days but ,56 days postnatal age or discharge to home, 
whichever comes first

Treatment with oxygen .21% for at least 28 d plus
Mild BPD Breathing room air at 36 wk PMA or discharge, which-

ever comes first
Need* for ,30% oxygen at 56 days postnatal age or dis-

charge, whichever comes first
Severe BPD Need* for .30% oxygen and/or positive pressure (PPV 

or NCPAP) at 36 weeks PMA or discharge, which-
ever comes first

Need* for 30% oxygen and/or positive (PPV or NCPAP) 
at 56 days postnatal age or discharge, whichever comes 
first

From Jobe AH, Bancalari E. Bronchopulmonary dysplasia. Am J Respir Crit Care Med 2001;163:1723–9.

*A physiologic test confirming the oxygen requirement at the assessment time point remains to be defined. This assessment may include a pulse oximetry saturation range.
BPD, bronchopulmonary dysplasia; NCPAP, nasal continuous positive airway pressure; PMA, postmenstrual age; PPV, positive-pressure ventilation.
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Treat:
  Bronchodilators
  Corticosteroids
  Antibiotics

Follow-up:
  Frequent visits
  Assess respiratory rate and work
  of breathing
  Pulse oximetry to monitor
  oxygen requirement

Patient with BRONCHOPULMONARY DYSPLASIA

Identify and treat associated conditions:
Cardiac
  Systemic hypertension
  Pulmonary hypertension
Gastroesophageal reflux (p 584)
Aspiration
Poor feeding, failure to thrive
Neurodevelopment
Sensory concerns (vision, hearing)
Other respiratory conditions

I

Prevention of intercurrent illness
  Avoid exposures
  Good hygiene
  Influenza vaccine
  Palivizumab

G

Identify acute respiratory infections
and episodes of reactive airway
disease (asthma, p 738)

Consider:
  Chest radiograph
  Pulse oximetry
  Pulmonology consultation
  Spirometry

H

J

K
(Cont’d from p 751)

(Cont’d from p 751)

(Cont’d from p 751)
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Pneumonia
Jeffrey S. Wagener, MD

Pneumonia in children typically presents with tachypnea 
(rapid breathing), fever, and cough. Viral infections are the 
most frequent cause of childhood pneumonia, particularly 
in preschool ages; however, bacterial infection and other 
causes should be considered (Table 1). The care provider 
can usually diagnose the cause and determine the appro
priate therapy based on the history and physical examina
tion, with occasional laboratory assistance.

	A.	 History includes duration and degree of symptoms, as 
well as potential exposure to causative agents. Assess for 
rapid breathing, fever, and cough. Most pneumonias 
have a rapid onset unless they represent exacerbations 
of another underlying chronic condition (i.e., cystic  
fibrosis, tuberculosis, immune deficiency). Importantly, 
bacterial pneumonia can represent a complication of a 
prior viral infection, presenting as a child with a viral 
upper respiratory infection for 1 to 3 days suddenly 
developing worsening symptoms with fever and respira
tory distress. Higher fevers (39° C) are more sugges
tive of bacterial pneumonias. Cough is not always pre s
ent, but if productive of sputum is more indicative  
of a bacterial infection. A “staccato” cough in infants  
suggests Chlamydia infection, and a paroxysmal cough 
should always raise concern for pertussis. Other symp
toms of pneumonia include poor feeding, lethargy,  
irritability, risk for aspiration, and occasionally skin  
rash. History of exposures to other people with similar 
infections, either at home or in school, helps define 
cause. Finally, immunization and chronic medication 
history, as well as information on conditions at home, 
such as exposure to tobacco smoke, may aid with the 
diagnosis.

	B.	 Individuals at high risk for having a bacterial pneumo
nia include young infants; patients with chronic ill
nesses such as cystic fibrosis, malnutrition, or sickle cell 
anemia; or patients who are immunocompromised.

	C.	 Physical examination includes both systemic and lung
specific signs of infection. Tachypnea can be defined 
as a respiratory rate more than two standard deviations 
above normal for age (Table 2). In infants, a high re
spiratory rate often indicates low oxygen, as does cya
nosis in any age child. Work of breathing, assessed by 
high respiratory rate and the presence of nasal flaring 
and suprasternal and intercostal retractions, is a strong 
indicator of more severe disease. The child’s activity 
level also reflects disease severity, and lethargy or poor 
fluid intake is a particularly concerning sign. Lung 

examination should include observation (signs of in
creased work of breathing, hyperinflation, or asymme
try), percussion (particularly looking for complications 
such as a pleural effusion), and auscultation (crackles 
are suggestive of bacterial pneumonia, whereas wheez
ing is more indicative of viral). Localized, decreased 
breath sounds suggest a complication such as effusion, 
consolidation, or foreign body aspiration and always 
necessitate further evaluation. Finally, other body sys
tems should be examined for helpful diagnostic clues 
including conjunctivitis, otitis media, rhinitis, pharyn
gitis, cervical adenopathy, cardiac murmur, hepato
splenomegaly, arthritis, digital clubbing, and skin in
fections or rash.

	D.	 Laboratory tests are usually not necessary for the diag
nosis of communityacquired pneumonias because most 
children can be diagnosed using a good history and  
examination (Table 3). However, additional information 
may need to be obtained to evaluate for complications 
or to aid with specific therapy. Oxygen saturation (mea
sured conveniently with a pulse oximeter) is normally 
95% or above at sea level (93% at 5000 feet). Values 
less than 88% to 90% indicate more severe pneumonia 
and the need for supplemental oxygen. Arterial or capil
lary blood gases can be used to measure carbon dioxide 
levels in children with an increased work of breathing.  
A white blood cell (WBC) count with differential,  
Creactive protein (CRP) level, and blood culture can  
be helpful in separating bacterial from viral disease. 
Sputum cultures are difficult to obtain in children; how
ever, rapid diagnostic tests for some bacteria (group A 
streptococcus) and many viruses (respiratory syncytial 
virus, influenza, etc.) can be obtained from throat or 
nasal swabs. A chest radiograph (both anteroposterior 
and lateral) is necessary when a complicated pneumonia 
is suspected and also helps to separate viral and bacterial 
disease. Diffuse disease with hyperinflation, with or 
without areas of atelectasis, is typical of viral disease, 
whereas lobar consolidation and/or pleural effusion are 
most indicative of bacterial pneumonia. If an effusion is 
suspected, obtaining a lateral decubitus chest radio
graph (with the child lying on the side of the effusion) 
will help determine whether the fluid is free flowing and 
can be easily sampled. Obtaining a cell count with dif
ferential and a culture with smear from this fluid is  
extremely valuable for determining therapy. Chest com
puted tomographic (CT) scanning is rarely, if ever, 
needed in uncomplicated pneumonia.

(Continued on page 756)
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Patient with suspected PNEUMONIA

High risk

No

Fever
>39.0° C

No

No

Yes

Respiratory
distress*

Yes

Laboratory
Chest radiograph
C-reactive protein (CRP)
WBC with differential

Plus

Pleural effusion

Lobar infiltrate
or WBC >15,000
or Increased CRP
or Band neutrophils >1,000

Yes

No Yes

A History

C Physical examination

B

D

E

Most likely viral
Recommend:
  Monitor for change
  (fever, respiratory
  distress, lethargy).
Consider:
  Hospitalization based
  on respiratory distress
  or SaO2 <90%.

F Complicated pneumonia
  Admit to hospital, use IV
  antibiotics, and evaluate
  effusion (thoracentesis)
  Consider:
    Chest tube drainage or
    VATS if respiratory
    distress or not improving
    (increased oxygen
    resrequirement, inability
    to feed, etc.)

G Most likely bacterial
Recommend:
  Treat with antibiotics
  Monitor for change.
Consider:
  Hospitalization based on
  respiratory distress or
  SaO2 <90%.

F

*Respiratory distress is indicated by an abnormal respiratory rate, increased work of breathing, intercostal and 
suprasternal retractions, use of accessory muscles of breathing, nasal flaring, grunting, and change in mental status. 
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	E.	 Respiratory distress is indicated by an abnormal respi
ratory rate, increased work of breathing, intercostal 
and suprasternal retractions, use of accessory muscle, 
nasal flaring, grunting, and change in mental status.

	F.	 Therapy can be separated by age groups and should be 
based first on the degree of illness, assessed primarily 
by the work of breathing, and second on the possible 
cause (Table 4). Infants younger than 3 weeks should 
always be admitted to the hospital and treated with 
intravenous (IV) antibiotics because of the risk for sep
sis. Children 3 weeks to 4 months old with possible 

Table 3. 	Separating	Viral	from	Bacterial	Pneumonia	
in	Childhood

Symptom	or	Sign Viral Bacterial

Tachypnea 11 111
Fever 1 111
Cough 11 11
Lethargy 1 111
Work of breathing 1 11
Crackles 1 (Diffuse) 111 (Localized)
Wheezing 111 1
Grunting respirations 1 11
Conjunctivitis 1 11
Otitis media 11 111
Hypoxia 11 11
Abnormal chest radiograph Diffuse Localized

Hyperinflation 111 2
Atelectasis 11 6
Consolidation 6 111
Pleural effusion 2 1111

Table 2. Respiratory	Rates	in	Children

Age Normal Abnormal

Birth 30 .60
2 years 25 .40
10 years 20 .30
18 years 15 .25

Table 1. Common	Causes	of	Pneumonia	in	Childhood

Age	Group Viral Bacterial Other

Birth to 3 weeks Cytomegalovirus Group B streptococci, gramnegative bacteria, 
Listeria monocytogenes

Congenital anomalies

3 weeks to ,4 months RSV, Parainfluenza viruses Chlamydia trachomatis, Streptococcus 
pneumoniae, Bordetella pertussis, and 
Staphylococcus aureus (complicating viral 
infections)

Congenital anomalies, milk  
aspiration

4 months to 4 years RSV, parainfluenza viruses,  
influenza A and B, metapneu
movirus, adenovirus,  
rhinovirus

Streptococcus pneumoniae, Haemophilus 
influenzae, Mycoplasma pneumoniae, 
group A streptococcus, and Staphylococcus 
aureus (complicating viral infections)

Cystic fibrosis, foreign body  
aspiration, hypersensitivity, 
chronic aspiration

4 to 21 years Influenza, adenovirus, rhinovirus, 
metapneumovirus

Mycoplasma pneumoniae, Streptococcus 
pneumoniae, group A streptococcus, 
Chlamydia pneumoniae, and Staphylococ-
cus aureus (complicating viral infections)

Asthma, cystic fibrosis,  
hypersensitivity, aspiration, 
Mycobacterium tuberculosis

RSV, respiratory syncytial virus.

pneumonia should always be evaluated for fever, low 
oxygen saturation, and possible bacterial infection, 
usually requiring hospitalization and close observation. 
Outpatient management is not recommended for these 
children if a bacterial pneumonia is suspected (high 
fever or low oxygen saturation). For children older 
than 4 months with suspected viral pneumonia (low
grade fever, mild or no increased work of breathing, 
diffuse lung disease, and able to take fluids well), no 
therapy other than adequate fluids, observation, and 
possibly antipyretics for fever are needed. Children 
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older than 4 months with suspected noncomplicated 
bacterial pneumonia (higher fever but only mild in
creased work of breathing, localized lung disease 
[crackles], and able to take fluids well) can be treated 
with oral antibiotics and watched at home for adequate 
fluid intake and improving symptoms. Importantly, 
children with respiratory distress (moderate to severe 
increased work of breathing), poor fluid intake, exces
sive irritability, or lethargy should be admitted to the 
hospital for care and monitoring, unrelated to the 
cause of the pneumonia. Only children with a sus
pected bacterial pneumonia, and select patients with 
influenza infection, require antibiotics (Table 5). 

Table  4. Antibiotic	Choices	by	Age	Group

Age	Group Oral Intravenous

Birth to 3 weeks Not recommended 
(admit to hospital)

Ampicillin plus cefotaxime 
(or aminoglycoside) 
plus MRSA coverage

3 weeks to  
,4 months

Generally not  
recommended

Macrolide (if mild)

Ampicillin or cefotaxime
Macrolide (if afebrile)

4 months to  
4 years

Amoxicillin (high 
dose), or Augmen
tin, or cefuroxime, 
or macrolide

Ampicillin or cefuroxime 
or cefotaxime

Add clindamycin or 
MRSA coverage if  
complicated pneumonia

4 to 21 years Macrolide or amoxicil
lin (high dose) or 
Augmentin

Macrolide plus ampicillin, 
cefuroxime, or  
cefotaxime

Add clindamycin or 
MRSA coverage if  
complicated pneumonia

MRSA, methicillinresistant Staphylococcus aureus.

Patients with uncomplicated pneumonia do not need 
followup chest radiographs if they have full resolution 
of respiratory symptoms.

	G.	 Complicated pneumonias always need antibiotic ther
apy, and these patients usually need to be cared for in 
the hospital, particularly if they have low oxygen satu
ration or moderatetosevere increased work of breath
ing. Pleural effusions should be cultured and always 
drained if the child is in respiratory distress. Obtaining 
the culture early, before antibiotic therapy if possible, 
provides the best opportunity to identify the bacterial 
causative agent. Videoassisted thoracoscopic surgery 
can be helpful if the fluid does not layer on the lateral 
decubitus chest radiograph, but generally is not needed 
if the effusion is drained early in the course of the 
pneumonia. Patients with complicated pneumonias 
need close followup and should not be discharged 
from the hospital until they are clinically improving, 
are taking adequate nutrition, can complete a mini
mum 14 days of antibiotics, have an improving chest 
radiograph, and are assured close followup. Long
term followup for patients with complicated pneumo
nia, including a chest radiograph several months later, 
is valuable for detecting patients at risk for recurrent 
problems.

Prevention of some pneumonias can be achieved 
through routine immunization for Bordetella pertus-
sis, Haemophilus influenza type b, some strains of 
Streptococcus pneumoniae, and seasonal influenza. 
Children at risk for Streptococcus pneumoniae infec
tions should receive additional vaccination after age 2. 
In addition, premature infants should be considered 
for passive immunity with palivizumab. Spread of in
fection can be reduced by proper isolation including 
good hand washing and avoiding contact with infected 
patients.
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Table 5. Antibiotic	Doses	for	Treating	Bacterial	Pneumonia

Antibiotic Dosage Comment

Oral
Amoxicillin (high dose) 75–90 mg/kg/24 hours divided every 12 hours; maximum:  

2–3 g/24 hours 
First choice for community acquired or 

aspiration pneumonia
Amoxicillin with clavulanate 

(Augmentin)
,40 kg: 80–90 mg (amoxicillin component)/kg/24 hours of the 

extra strength concentration of 600 mg/5 ml
.40 kg: 250–500 mg every 8 hours or 875 mg every 12 hours; 

maximum: 2 g/24 hours

Provides added coverage of  
MSSA

Cefuroxime 30 mg/kg/24 hours in two divided doses; maximum: 1 g/24 hours Secondgeneration cephalosporin
Clindamycin 10–30 mg/kg/24 hours in 3–4 divided doses; maximum:  

1.8 g/24 hours 
For anaerobic and grampositive bacteria

Doxycycline 2–5 mg/kg/24 hours in 1–2 divided doses; maximum:  
200 mg/24 hours 

Use only in patients .8 years old

Linezolid #11 years old: 10 mg/kg every 8 hours
12 years old: 600 mg every 12 hours

For MRSA

Macrolides For mycoplasma and chlamydia infections
Azithromycin 12 mg/kg/24 hours once daily; maximum: 500 mg/24 hours
Clarithromycin 15 mg/kg/24 hours divided every 12 hours; maximum: 1 g/24 hours
Erythromycin 30–50 mg/kg/24 hours in four divided doses every 6 hours;  

maximum: 4 g/24 hours
Quinolones 

Levofloxacin

Ciprofloxacin

,5 years old: 10 mg/kg twice a day
.5 years old: 10 mg/kg every 24 hours; maximum 

750 mg/24 hours
20–40 mg/kg/24 hours in two divided doses; maximum: 2 g/24 hours

For suspected Pseudomonas aeruginosa 
infection or if 18 years old

Trimethoprim (TMP) with 
sulfamethoxazole

6–10 mg TMP/kg/24 hours in divided doses every 12 hours
Serious infections: 15–20 mg TMP/kg/24 hours in divided doses 

every 6 hours

For mild to moderate Staphylococcus 
aureus infection

Oral Antiviral

Oseltamivir #15 kg: 30 mg twice daily
.15 to #23 kg: 45 mg twice daily
.23 to #40 kg: 60 mg twice daily
.40 kg: 75 mg twice daily 

For some influenza infections

Intravenous

Aminoglycosides Monitor levels

Gentamicin Neonates: 3.5 mg/kg every 24 hours
Children: 2.5 mg/kg every 8 hours

For infant sepsis

Tobramycin ,7 days old: 2.5 mg/kg every 12 hours
7 days to one year old: 2.5 mg/kg every 8 hours
.1 year old: 10 mg/kg every 24 hours

For Pseudomonas aeruginosa

Ampicillin 100–200 mg/kg/24 hours in four to six divided doses; maximum: 
8–12 g/24 hours

First choice for community acquired and 
aspiration pneumonia

Ampicillin with sulbactam 100–400 mg ampicillin/kg/24 hours divided every 6 hours;  
maximum: 12 g ampicillin/24 hours 

Provides added coverage for MSSA

Azithromycin or erythromycin Azithromycin: same as oral
Erythromycin: 20–40 mg/kg/24 hours divided every 6 hours, 

maximum: 4 g/24 hours

For mycoplasma and chlamydia infections

Cefuroxime 75–150 mg/kg/24 hours divided every 8 hours; maximum:  
6 g/24 hours

Secondgeneration cephalosporin

Cefotaxime 100–200 mg/kg/24 hours in three to four divided doses;  
maximum: 12 g/24 hours

Thirdgeneration cephalosporin

Ceftazidime 30–50 mg/kg/dose every 8 hours; maximum: 6 g/24 hours For suspected Pseudomonas aeruginosa
Ceftriaxone 50–100 mg/kg/24 hours in one to two divided doses; maximum:  

4 g/24 hours
Thirdgeneration cephalosporin

Clindamycin 25–40 mg/kg/24 hours divided every 6–8 hours; maximum:  
4.8 g/24 hours 

For anaerobes and grampositive stains

Meropenem 60–120 mg/kg/24 hours divided every 8 hours; maximum:  
6 g/24 hours

Broad spectrum coverage

Nafcillin 100–200 mg/kg/24 hours in divided doses every 4–6 hours;  
maximum: 12 g/24 hours

For MSSA

Vancomycin 10–15 mg/kg every 6–8 hours; maximum: 2 g/24 hours Monitor levels
For MRSA

MRSA, methicillinresistant Staphylococcus aureus; MSSA, methicillinsensitive Staphylococcus aureus.
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Sleep Disordered Breathing  
in Children

Naveen Kanathur, MBBS, and Ann C. Halbower, MD

Obstructive sleep apnea syndrome (OSA) is a common 
disorder in the pediatric population. The spectrum of 
sleep disordered breathing includes simple snoring, upper 
airway resistance syndrome, and OSA.

EPIDEMIOLOGY

Based on a recent review of multiple studies, prevalence 
rate of parent-reported snoring by any definition is believed 
to be around 7.45%, and estimated prevalence rate of OSA 
by diagnostic studies between 1% and 4%. OSA is more 
common between ages 2 and 8 years and tends to be more 
common in boys, in heavier children, and among African 
Americans.

PATHOPHYSIOLOGY

During sleep, neuromuscular tone allows patency of the 
pharynx for breathing, but factors such as decreased neuro-
muscular tone, altered ventilatory drive, and mechanical 
obstruction from adenotonsillar hypertrophy, craniofacial, 
or soft-tissue abnormalities leads to a tendency toward  
upper airway collapse. This results in partial or complete 
reduction in airflow on a recurrent basis and is accompa-
nied with gas-exchange abnormalities (oxygen desaturation, 
hypercapnia) and arousals (sleep fragmentation).

Consequences of untreated OSA in children include  
failure to thrive and neuropsychological and behavioral prob-
lems such as inattention, aggression, restlessness, depression, 
and cardiovascular problems (systemic and pulmonary  
hypertension, and increased inflammatory markers of cardio-
vascular risk). OSA is believed to play a significant role in the 
increase of insulin resistance in obese children. Significant 
improvements in lipid profile and C-reactive protein have 
been seen after treatment of OSA in both nonobese and 
obese children.

	A.	 In the patient’s history, ask about snoring, restless 
sleep, unusual sleep positions, mouth breathing,  
paradoxical breathing, nocturnal enuresis, daytime 
hyperactivity, or sleepiness. See Table 1 for daytime 
and nighttime clinical features of sleep disordered 
breathing. See Table 2 for risk factors of sleep disor-
dered breathing in children.

	B.	 In the physical examination, look for tonsillar hypertro-
phy, crowded oropharynx, craniofacial abnormalities, 
dental malocclusion, nasal obstruction, adenoid face, 
obesity, Down syndrome, and Prader–Willi syndrome.

	C.	 In making the diagnosis, clinical history or question-
naires are not sufficient to differentiate OSA from  

habitual snoring. A normal nocturnal oximetry study 
does not rule out significant sleep disordered breathing. 
Laboratory-based polysomnogram (PSG; sleep study)  
is the gold standard. A PSG includes information on 
airflow at the nose and mouth, work of breathing by 
chest and abdominal movements, blood gas values, 
arousals from sleep, cardiac rhythm, and body move-
ments. Respiratory events recorded by PSG include 
obstructive or hypopnea events (complete or partial 
airflow reduction, respectively), central apnea (lack of 
airflow during lack of breathing effort), and arousals 
from sleep that can be caused by respiratory events. 
The apnea–hypopnea index (AHI) is the number of 
events scored per hour. The International Classification 
of Sleep Disorders (ICSD-2) criteria require PSG doc-
umentation of at least one event per hour of sleep for a 
diagnosis of pediatric OSA. The differential diagnosis 
for persistent sleepiness includes narcolepsy, delayed 
sleep phase syndrome, and drug use. Gas exchange 
abnormalities stem from multiple diagnoses including 
central hypoventilation and may require follow-up with 
a pulmonologist.

	D.	 In treatment of mild OSA, intranasal steroids alone and 
in combination with leukotriene antagonists have been 
shown to reduce the severity of mild OSA (AHI ,5) 
and the magnitude of adenoid hypertrophy, and should 
be considered as an initial option in mild OSA.

	E.	 Tonsillectomy and adenoidectomy (T&A) involves 
removal of adenoids and tonsils and is the recom-
mended initial treatment in pediatric OSA. The suc-
cess rate of T&A in published literature is highly 
variable. A recent meta-analysis of 23 studies involv-
ing 1079 patients (mean age, 6.5 years) when “cure” 
defined as an AHI less than 1 suggested that the 
treatment success rate with T&A was only 66.3%. 
The failure rate is greater in high-risk groups such as 
patients with morbid obesity, high preoperative AHI, 
Down syndrome, craniofacial syndromes, and neuro-
muscular disorders. Children younger than 3 years 
are at a greater risk for postoperative complications 
after T&A and require close observation after the 
surgery. Children sent for T&A without prior PSG 
may require a postoperative PSG to determine cure, 
especially those in high-risk groups or with persistent 
symptoms.

	F.	 For children with persistent OSA (AHI .5) after T&A, 
continuous positive airway pressure therapy (CPAP) is an 
option. CPAP is an FDA-approved therapy for children 
older than 2 years, but studies have shown that it is effec-
tive even in younger children and infants. Surgical proce-
dures such as inferior turbinate reduction and septoplasty 
attempt to decrease nasal obstruction and may help  
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children with residual OSA after T&A. Similarly, rapid 
maxillary expanders increase nasal cavity volume and  
decrease nasal resistance, and should be considered in 
children with high arched palates or crowded dentition. 

Child with suspected SLEEP DISORDERED BREATHING

Polysomnogram

AHI <1
Normal or
primary
snoring

AHI <1
Obstructive hypoventilation
chronic airflow limitation
with few gas exchange
abnormalities

No intervention Recommend:
  Nasal steroids
  Leukotriene antagonists

Close follow-up

Persistent SDB

AHI 1–2

SDB resolved

AHI >2
Or chronic airflow
limitation with gas
exchange
abnormalities

Yes No

Follow-up PSG

Persistent OSA

Close follow-up

Recommend:
  Tonsillectomy and
  adenoidectomy

Persistent symptoms:
  Obesity
  Genetic syndrome
  High preoperative AHI
  Craniofacial abnormalities

OSA, AHI >1

A History

B

E

Recommend:
  Continuous positive airway pressure (CPAP) therapy
Consider:
  Rapid maxillary expanders or oral appliances
  Septoplasty
  Maxillo-mandibular surgery
  Tongue base procedures
  Uvulopalatal surgery
  Tracheostomy

F

D

Physical exam

C

Major surgical interventions such as mandibular distrac-
tion, maxillomandibular advancement, and tracheotomy 
may be necessary in life-threatening OSA or in patients 
with craniofacial anomalies.



762

References

American Academy of Sleep Medicine. The AASM Manual for the 
Scoring of Sleep & Associated Events. Darien, IL: American 
Academy of Sleep Medicine; 2007.

Friedman M, Wilson M, Lin HC, Chang HW. Updated systematic review 
of tonsillectomy and adenoidectomy for treatment of pediatric obstruc-
tive sleep apnea/hypopnea syndrome. Otolaryngol Head Neck Surg 
2009;140(6):800–8.

Gozal D, Capdevila OS, Kheirandish-Gozal L. Metabolic alterations and 
systemic inflammation in obstructive sleep apnea among nonobese 
and obese prepubertal children. Am J Respir Crit Care Med 
2008;177:1142–9.

Halbower AC, Ishman SL, McGinley BM. Childhood obstructive sleep-
disordered breathing. Chest 2007;132:2030–41.

Hoban T, Chervin R. Sleep-related breathing disorders of childhood: 
description and clinical picture, diagnosis and treatment approaches. 
Sleep Med Clin 2007;2(3):445–62.

Kheirandish-Gozal L, Gozal D. Intranasal budesonide treatment for 
children with mild obstructive sleep apnea syndrome. Pediatrics 
2008;122:e149–55.

Lumeng J, Chervin R. Epidemiology of pediatric obstructive sleep apnea. 
Proc Am Thorac Soc 2007;5:242–52.

Table 1. Clinical	Features	of	Sleep	Disordered	Breathing	in	Children

Nighttime Daytime

Snoring/noisy breathing: worse during upper respiratory infection or allergic rhinitis Grogginess in morning
Mouth breathing Headache, dry mouth, or sore throat on awakening
Neck hypertension during sleep Behavioral changes: hyperactive behavior (young children ,8 years)
Restless sleeper Learning, attention, and executive function deficits
Excessive perspiration Daytime sleepiness
Witnessed apneas (less frequent than in adults) Mouth breathing during wakefulness
Nocturnal enuresis
Sleepwalking, sleep talking, and night terrors

Table 2. 	Risk	Factors	of	Sleep	Disordered	Breathing	
in	Children

Age 2–8 years: peak adenotonsillar hypertrophy relative to the upper 
airway size

Chronic nasal obstruction
Craniofacial abnormalities
Prader–Willi syndrome
Obesity
Hypothyroidism
Down syndrome
Pierre–Robin syndrome
Sickle cell disease
Cleft palate after surgery
Choanal atresia
Brainstem disorders: Chiari malformation, syringobulbia



CliniCal Presentation and evaluation  
of aCute versus ChroniC renal disease

Proteinuria

the undesCended testis

Renal and URologic 
disoRdeRs



764

Clinical Presentation and Evaluation 
of Acute versus Chronic Renal 

Disease
Nimisha Amin, MD, and Joshua J. Zaritsky, MD, PhD

When a patient is newly diagnosed with renal failure,  
many clues may help the physician determine whether the 
onset is acute or chronic. This distinction is important to 
make, for both diagnostic and therapeutic reasons. Both 
situations warrant supportive care and possibly renal re-
placement therapy, but hydration, removal of inciting 
agents, aggressive immunosuppression, or plasmapheresis 
may greatly improve the course of certain causes of acute 
renal failure. This chapter focuses on important compo-
nents of the history, physical, laboratory evaluation, and 
relevant imaging studies that can help differentiate acute 
from chronic renal failure (see Table 1).

	A.	 History: The physical manifestations of both acute and 
chronic renal failure may include generalized fatigue, 
lack of appetite and nausea (with or without vomiting), 
pallor, decreasing urine output, or edema. A progres-
sive worsening of these symptoms over a period of 
weeks to months often suggests chronic renal failure, 
whereas acute renal failure will often manifest in a 
matter of days. The intensity of these symptoms may 
also be less striking in the setting of chronic renal fail-
ure, as the body has had time to acclimate to worsening 
uremia. Specific extrarenal symptoms may also point 
toward an acute onset, such as severe and persistent 
vomiting and/or diarrhea (dehydration-induced acute 
tubular necrosis), bloody diarrhea (hemolytic uremic 
syndrome), hemoptysis (Wegener’s granulomatosis or 
Goodpasture’s syndrome), and rash or joint pain (lupus 
nephritis).

A recent history of infection, exposures, or medica-
tion use may also be related to an acute onset of renal 
failure. Postinfectious glomerulonephritis is a poten-
tial, but infrequent, cause of acute renal failure, associ-
ated with tea-colored urine and hypertension. Sweet-
smelling toxins such as toluene (from glue and paint 
thinner) or ethylene glycol (found in antifreeze) are 
known to cause acute renal failure and serve as attrac-
tive hazards for small children. A substance abuse his-
tory should be obtained in adolescent patients, because 
amphetamines, “ecstasy,” and heroin can also induce 
renal failure. In pediatrics, medication-induced acute 
renal failure often occurs in the setting of multiple re-
nal insults, such as dehydration, sepsis, or the concur-
rent use of multiple nephrotoxic medications.

Pertinent aspects of the past medical history may  
provide insight into chronic causes of renal failure. A 
history of low birth weight is associated with reduced 
renal mass and an increased incidence of chronic renal 
failure. Recurrent nonspecific febrile illnesses or re-
current urinary tract infections throughout childhood 

may suggest undiagnosed reflux nephropathy. Patients 
with long-term enuresis or significant delays in toilet 
training may have a concentration defect, as seen in 
nephronophthisis or multicystic dysplastic kidneys. 
Certain prolonged infections, such as human immuno-
deficiency virus (HIV), may also cause chronic renal 
failure. Failed hearing screens or a confirmed hearing 
loss may correlate with Alport syndrome. Finally, de-
velopmental delay or poor school performance is often 
seen in conjunction with chronic renal failure.

Family history should include inquiry about any 
family member with chronic renal disease, congenital 
hearing loss, autoimmune disorders, or need for renal 
replacement therapy (dialysis or kidney transplant). 
Detailed questioning is important here, because many 
patients may not consider a family member with a kid-
ney transplant to have renal disease “anymore.”

	B.	 Physical Examination: Interesting physical findings can 
be found on the patient with both acute and chronic  
renal failure. Documentation of height and growth per-
centile is crucial in making this distinction. Chronic renal 
failure impairs growth by a variety of mechanisms. Short 
stature may be the only clue on physical examination to 
suggest a chronic cause of renal failure. Blood pressure is 
important to note for management purposes but can be 
significantly elevated in both circumstances. However, 
hypertensive retinopathy on funduscopic examination  
or a displaced point of maximal impact (PMI) on cardiac 
examination (suggestive of dilated cardiomyopathy) may 
suggest long-term hypertension consistent with chronic 
renal failure. Signs of fluid overload, such as peripheral 
edema, diminished breath sounds, or rales, can be  
appreciated in both acute and renal failure. Cardiac  
murmurs (often secondary to anemia) may be present in 
both situations as well. Careful palpation of the abdomen 
is also important in any case of renal failure, specifically 
looking for a mass, which could represent enlarged  
kidneys from cystic disease, hydronephrosis, or tumor. 
Certain skin findings may be more consistent with acute 
renal failure (such as pallor and petechiae in hemolytic 
uremic syndrome) or chronic renal failure (such as heavy 
bruising from uremia-induced platelet dysfunction). 
Rashes and joint pain/swelling may be suggestive of  
lupus nephritis, which can cause acute or chronic  
renal failure. Finally, bony abnormalities such as genu 
varum/valgum or the windswept deformity may be  
secondary to renal osteodystrophy, as seen with chronic 
renal failure.

	C.	 Laboratory Workup: In both acute and chronic renal fail-
ure, one expects to see an increased blood urea nitrogen 
(BUN) and creatinine. If the BUN/creatinine ratio is 
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Patient with suspected ACUTE OR CHRONIC RENAL DISEASE

A History

Physical examination

Laboratory Evaluation
Basic metabolic panel
BUN/Cr ratio
CBC
Parathyroid hormone levels
Urinalysis

Imaging
    Renal Ultrasound

B

C

D

See Table 1 for Acute versus Chronic Renal Disease Characteristics

greater than 20, a prerenal cause (such as dehydration) 
may be the cause of acute renal failure. Metabolic distur-
bances found in either form of renal failure include  
hyperkalemia, metabolic acidosis (with or without an an-
ion gap), hypocalcemia, and hyperphosphatemia. The 
latter two abnormalities tend to be more pronounced in 
chronic renal failure. Anemia is another finding that can 
be seen in both circumstances, but again tends to be 
much more significant (with hemoglobin levels ,8 g/dL) 
and better compensated (for lack of tachycardia or short-
ness of breath) in chronic renal failure. Parathyroid hor-
mone levels, which very roughly correlate with the degree 
of renal osteodystrophy, will be increased only in chronic 
renal failure. Urinalyses tend to be bland in chronic dis-
ease, whereas acute renal failure secondary to a poten-
tially treatable glomerulonephritis may demonstrate pro-
teinuria, hematuria, or both. If a significant amount of 
protein or blood is found in the urine, the algorithms 
provided in the Hematuria and Proteinuria chapters 
should be followed for a more comprehensive evaluation.

	D.	Imaging: Renal ultrasound is the most useful imaging 
modality in differentiating between acute and chronic 
renal failure. Kidneys that are small, shrunken, dysplas-
tic, or cystic suggest chronic renal failure, whereas 
normal- or large-sized kidneys, usually with abnormal 
corticomedullary differentiation, are usually more  
reflective of an acute process. If there is a history of 
recurrent urinary tract infections, a voiding cystoure-
throgram (VCUG) may confirm vesicoureteral reflux. 
In addition, a dimercaptosuccinic acid (DMSA) scan 
may also reveal areas of renal scarring from previous 
episodes of pyelonephritis. In any patient with renal 
failure and hypertension, an echocardiogram is also 
useful, because the presence of left ventricular hyper-
trophy suggests long-standing hypertension and, thus, 
chronic renal failure.

More invasive testing, such as a renal biopsy, is 
most frequently performed when the aforementioned 
workup is suggestive of acute renal failure and ultra-
sound reveals normal-sized kidneys.
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Table 1. 	Important	Aspects	in	the	Evaluation	of	Renal	Failure	and	Association	of	Each	
Item	with	Acute	versus	Chronic	Onset

Acute Chronic

History
Onset of symptoms Days Months
Constitutional symptoms 1 1 (6 Less intense)
Extrarenal symptoms 1 2
Preceding infection 1 (PIGN) 2 (Unless acute on chronic)
Toxins/medications 1 2
Low birth weight 2 1
Recurrent urinary tract infections/fevers 2 1
Chronic enuresis 2 1
Hearing loss/developmental delay 2 1
Family history 2 1

Physical Examination
Short stature 2 1
Hypertension 1 1
Hypertensive retinopathy 2 1
Displaced PMI 2 1
Rales 1 1
Peripheral edema 1 1
Abdominal mass 2 1
Skin findings 1 (Petechiae, pallor) 1 (Bruising)
Joint pain/tenderness 1 1
Bony deformities 2 1

Laboratory Workup
Increased BUN 1 1
Increased creatinine 1 1
Hyperkalemia 1 1
Metabolic acidosis 1 1
Hypocalcemia 1 11
Hyperphosphatemia 1 11
Hyperparathyroidism 2 1
Anemia 1 11
Urinalysis Protein/blood Bland

Imaging
Renal ultrasound Normal size Shrunken, cystic, dysplastic
VCUG 2 1 In reflux nephropathy
DMSA scan 2 1 In reflux nephropathy
Echocardiogram 2 Left ventricular hypertrophy

BUN, blood urea nitrogen; DMSA, dimercaptosuccinic acid; PIGN, postinfectious glomerulonephritis; PMI, point of maximal impact; 
VCUG, voiding cystourethrogram.
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Proteinuria
Nimisha Amin, MD, and Joshua J. Zaritsky, MD, PhD

Proteinuria can be a common finding within a general  
pediatric practice. The purpose of this chapter is to review 
the definition, common causes, evaluation, and manage-
ment of proteinuria, with particular emphasis placed on 
nephrotic syndrome. This chapter also provides guidelines 
as to when a referral to a pediatric nephrologist is  
warranted.

DEFINITION

Urine dipstick analysis, which largely measures urinary  
albumin, is the most common method for initial detection 
of proteinuria. True proteinuria is defined as 11 protein-
uria when the specific gravity (SG) of the urine sample is 
#1.015, or 21 proteinuria when the SG of the sample is 
.1.015. Typically, these findings need to be present in two 
of three specimens, obtained at least 1 week apart. Pro-
teinuria can also be defined on the basis of a spot urinary 
protein/creatinine (Cr) ratio, which measures all forms of 
urinary protein. Normal values for this ratio are less than 
0.5 for children age 6 months to 2 years, and less than  
0.2 for all children older than 2 years.

The gold standard for detection and quantification of 
proteinuria is a 24-hour urine collection for protein and 
Cr. Less than 4 mg/m2/hr protein is considered normal, 
whereas 4 to 40 mg/m2/hr defines proteinuria, and greater 
than 40 mg/m2/hour is usually present during nephrotic 
syndrome (see later). Cr measurements should also be 
evaluated. A 24-hour urine Cr that is less than normal is 
suggestive of an inaccurate collection with an insufficient 
volume of urine. This results in a falsely decreased amount 
of urinary protein that has been quantified for the 24-hour 
period. Normal 24-hour Cr measurements are as follows: 
8 to 10 mg/kg/day for newborns, 10 to 12 mg/kg/day for 
children, 12 to 15 mg/kg/day for female adults, and 15 to 
20 mg/kg/day for male adults.

Within the discussion of proteinuria, nephrotic syndrome 
deserves special consideration, because it is the most fre-
quent clinical manifestation of symptomatic isolated pro-
teinuria in a young child. The syndrome itself is defined by 
the presence of significant proteinuria, hypoalbuminemia, 
edema, and hypercholesterolemia. See later in this chapter 
for further details about cause and management.

CAUSATIVE FACTORS

Proteinuria occurs secondary to increased permeability of 
the glomerular basement membrane or renal tubule to 
serum proteins. This can occur on a transient basis, often 
related to exercise, fever, infection, dehydration, or con-
gestive heart failure. Proteinuria can also be detected on 
urinalysis during a urinary tract infection.

Benign orthostatic proteinuria refers to a process in 
which there is increased urinary protein excretion in the 
upright position only. This can be detected by a 24-hour 
split urinary collection (separating daytime voids from 
nighttime voids), which typically reveals the majority of 
urinary protein isolated to the daytime collection. Of note, 
if the total 24-hour urinary protein (regardless of allocation 
between daytime and nighttime voids) exceeds 1 g, consul-
tation with a pediatric nephrologist is warranted. Other-
wise, orthostatic proteinuria is considered a benign pro-
cess in which no further evaluation is needed.

The most common glomerular causes of isolated  
proteinuria include minimal change disease, focal and  
segmental glomerulosclerosis, and membranous nephrop-
athy. Minimal change disease is the most common cause of 
nephrotic syndrome is children age 1 to 6 years. Focal and 
segmental glomerulosclerosis and membranous nephropa-
thy can be asymptomatic initially or present similar to 
minimal change disease. Diagnosis of these latter two  
conditions must be made via renal biopsy. Both can be  
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idiopathic in nature, but have been seen in the setting of 
infection, namely, hepatitis B, hepatitis C, and human  
immune deficiency virus (HIV).

Genetic causes for isolated proteinuria can manifest  
at any time between infancy and adulthood, and are also 
glomerular in origin. Causes of congenital nephrotic syn-
drome include Finnish type congenital nephrotic syn-
drome, diffuse mesangial sclerosis, Pierson syndrome, or 
Galloway syndrome. There are also a wide variety of  
genetic mutations responsible for later-onset focal and 
segmental glomerulosclerosis.

Proteinuria in conjunction with significant hematuria 
(as defined as greater than 20 RBC/high-power field [hpf] 
on urinalysis) should be cause for alarm, because it may  
be reflective of malignant renal pathology. Further evalua-
tion of proteinuria with hematuria should be performed 

promptly, using guidelines here as well as in the Hematuria 
chapter. A number of glomerulonephritides are responsible 
for proteinuria with hematuria, including postinfectious 
glomerulonephritis, membranoproliferative glomerulone-
phritis, IgA nephropathy, Henoch-Schönlein purpura, or 
systemic lupus erythematosus.

Finally, renal tubular dysfunction can also cause pro-
teinuria. Recall that tubular proteinuria may not be de-
tected on routine dipstick analysis (which largely measures 
urinary albumin), but can be measured by way of urinary 
b2-microglobulin, retinol binding protein, or a urinary 
protein/Cr ratio. Examples of such tubular disorders in-
clude interstitial nephritis, tubular injury (by way of acute 
tubular necrosis, nephrotoxic medications, or heavy metal 
toxicity), or Fanconi syndrome (as seen in cystinosis, Lowe 
syndrome, a1-antitrypsin deficiency, etc).
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given as a single dose every morning, for 1 month is the 
mainstay of treatment (maximum dose: 60 mg/day). Of note, 
it is recommended that documentation of a recent negative 
tuberculin skin test (TST) be obtained before initiating 
therapy.

After treatment has begun, remission can be expected 
in 70% of patients within 2 weeks and 95% of patients 
within 1 month. Assuming that remission has been achieved 
during the initial month of therapy, dosing is subsequently 
weaned to 2 mg/kg every other day for 1 month, followed 
by discontinuation of treatment. If remission is not 
achieved within the first month, 2 mg/kg/day should be 
continued for 1 additional month and then weaned.  
Six months after prednisone has been discontinued,  
approximately 44% of patients will not have relapsed, 22% 
will have had one relapse, 31% will have had two or more 
relapses, and 3% will become steroid nonresponders. If 
the patient remains nephrotic after 2 consecutive months 
of therapy, begins to relapse during the taper period, or 
frequently relapses after withdrawal of treatment, referral 
to a pediatric nephrologist is indicated.

Although the majority of patients with minimal change 
disease can be managed as outpatients, hospital admission 
for intravenous albumin (and furosemide) administration 
is necessary under certain circumstances, including  
patients with the following:

 1. Serum albumin level ,2 g/dL
 2. Severe symptomatic edema (scrotal/labial or edema 

with skin breakdown)
 3. Nausea/vomiting and an inability to tolerate oral 

prednisone
 4. Atypical findings such as hypertension, increased 

BUN/Cr, pulmonary edema, or enlarged heart on 
chest radiograph.

Inpatient management should always be performed in 
consultation with a pediatric nephrologist.

One other management aspect of minimal change dis-
ease is close monitoring for known complications, includ-
ing thrombosis (secondary to loss of anticoagulant proteins 
in the urine) and spontaneous bacterial peritonitis (usually 
secondary to encapsulated organisms, i.e., Streptococcus 
pneumoniae).

Indications for referral to a pediatric nephrologist for 
proteinuria include hypertension, presence of concomitant 
hematuria (.20 RBC/hpf), increased BUN/Cr, findings 
consistent with pathology beyond minimal change syn-
drome on laboratory workup, lack of response to predni-
sone after 2 months, relapse during weaning of predni-
sone, frequent relapses after withdrawal of treatment (two 
or more relapses in 6 months), or need for hospitalization. 
Renal biopsy will likely be performed in many of these 
circumstances, followed by initiation of additional immu-
nosuppression pending biopsy results.

EVALUATION

 A. The evaluation of proteinuria begins with the history 
and physical. Inquiry about clinical manifestations of 
fever, edema, frothy urine, abdominal symptoms, med-
ical history (including exposures), and family history of 
renal disease should be performed.

 B. Physical examination should be comprehensive, paying 
close attention to blood pressure, evaluation of edema 
(peripheral, periorbital, labial/scrotal or ascites), auscul-
tation of the lungs (for diminished breath sounds con-
sistent with a pleural effusion), and abdominal examina-
tion (looking for ascites or rebound/guarding).

 C. Urinary studies evaluating proteinuria include urinaly-
sis, urine culture, urine protein/Cr ratio, and 24-hour 
urine protein collection, as noted earlier. These studies 
are often performed before obtaining blood work, de-
pending on acuity of the patient’s clinical presentation. 
Important blood tests to obtain in the evaluation of 
persistent and pathologic proteinuria include electro-
lytes, albumin, blood urea nitrogen (BUN)/Cr, com-
plete blood cell count (CBC), and cholesterol. Addi-
tional studies such as C3, C4, antinuclear antibody 
(ANA), hepatitis serologies, and HIV testing should be 
considered especially when minimal change disease 
appears unlikely.

In patients who present with nephrotic syndrome, 
a chest radiograph will typically demonstrate evidence 
of intravascular fluid depletion (somewhat dark lung 
fields) and a small, elongated heart. Pleural effusions 
are also a common and expected finding with nephrotic 
syndrome. The presence of pulmonary edema or an 
enlarged heart are worrisome and unexpected findings, 
in which case, great caution is needed before moving 
forward with treatment.

Renal ultrasound is usually the only imaging modal-
ity needed during evaluation of proteinuria. Ultrasound 
is often normal in the setting of isolated proteinuria  
but may provide insightful information about renal  
size, echogenicity, or evidence of hydronephrosis re-
lated to vesicoureteral reflux. Renal biopsy is reserved 
for complex cases, after consultation with a pediatric 
nephrologist. It is rarely performed in the straightfor-
ward case of nephrotic syndrome in a child age 1 to  
6 years, because minimal change disease is the most 
likely diagnosis.

MANAGEMENT

Given the high incidence of minimal change disease in pe-
diatric patients with nephrotic syndrome, and its high pro-
pensity for steroid responsiveness, it is entirely appropriate 
for the general practitioner to initiate treatment of a routine 
case of minimal change disease. Prednisone, 2 mg/kg/day 
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The Undescended Testis
Garrett Pohlman, MD, and Jeffrey B. Campbell, MD

The undescended testis (UDT) is one of the most common 
congenital anomalies of the male genitalia, affecting  
approximately 30% of premature infants and 2% to 5% of 
those born at term. The incidence rate declines to approxi-
mately 1% by 1 year of age. This has been attributed to the 
postnatal testosterone surge that occurs during the first few 
months of life. The majority of undescended testes are uni-
lateral, with the right more commonly affected than the left. 
Although most undescended testes are palpable, approxi-
mately 20% are nonpalpable. In such cases, the testis may 
be intra-abdominal, atrophic, or absent.

	A.	 The physical examination is of paramount importance 
in the evaluation of the child with a UDT. The examina-
tion should be performed in a warm, nonthreatening 
environment with the child supine. A UDT can often 
be identified by sweeping the second and third fingers 
from just above the inguinal canal onto the scrotum. 
The examiner will often feel a “pop” as the testis springs 
back to its original position. A helpful technique is to 
use soapy water on the fingertips or a water-based lubri-
cant on the skin to reduce friction. If unable to identify 
the testis, ectopic locations (suprapubic, lateral or infe-
rior to the scrotum, contralateral hemiscrotum) should 
be carefully examined.

	B.	 A child with a UDT should be re-evaluated around 
6 months of age, as approximately two thirds of unde-
scended testes will descend during the first few months 
of life. Should the testis remain undescended, referral 
to a pediatric urologist is indicated.

	C.	 Patients with nonpalpable testes (bilateral) warrant spe-
cial consideration, because this finding may be associ-
ated with a disorder of sexual differentiation (DSD). In 
such cases, a karyotype should be obtained, with further 
evaluation and management to be determined in consul-
tation with a pediatric urologist.

Radiographic imaging is usually not indicated in 
the evaluation of a UDT, given its low overall accuracy 
and impact on management.

	D.	 Surgical correction should be performed at 6 to 
12 months of age in an effort to minimize the progres-
sive, deleterious effect of cryptorchidism on sper-
matogenesis. This is of particular importance in those 
patients with undescended testes (bilateral). Men with 
a history of a UDT surgically corrected in a timely 

fashion have a similar paternity rate to those with fully 
descended testes (89% and 93%, respectively), whereas 
men with a history of undescended testes (bilateral) 
have a significantly lower paternity rate (65%). A UDT 
also conveys an increased risk for the development of 
testicular cancer (approximately fourfold increase). 
Surgical correction reduces the risk for malignancy 
and places the testis within the scrotum, facilitating 
routine testicular self-examination.

An inguinal or scrotal orchiopexy is performed for 
a palpable UDT. In such cases, an indirect inguinal 
hernia is often identified and ligated. In patients with a 
nonpalpable testis, diagnostic laparoscopy is typically 
performed. Findings include an intra-abdominal testis, 
an atrophic testis, and an absent/vanishing testis (ap-
proximately 50%, 30%, and 20%, respectively). In such 
cases, a laparoscopic orchiopexy or orchiectomy is 
typically performed.

	E.	 Care must be taken to differentiate a UDT from a 
retractile testis. A careful history and physical exami-
nation are of paramount importance in making this 
distinction. A retractile testis is a fully descended testis 
that intermittently ascends from the scrotum because 
of an overactive cremasteric reflex. This is a normal 
finding in young boys and does not convey an in-
creased risk for infertility or testicular carcinoma. 
There is often a history of fully descended testes on 
previous examinations, and parents often report hav-
ing seen both testes within the scrotum when in a 
warm, relaxing environment such as a bath. The ex-
amination should be performed in a warm, nonthreat-
ening environment with the child supine. The scrotum 
is observed for the presence of testes, which often 
retract on palpation. A retractile testis can be manipu-
lated into the dependent portion of the scrotum, 
where it remains on fatigue of the cremasteric fibers. 
An UDT will immediately return to its original posi-
tion on release. Although a retractile testis does not 
require surgical intervention, it should be re-evaluated 
annually during childhood, as approximately one third 
of retractile testes will ascend (i.e., become a UDT). 
Secondary ascent is a rare phenomenon thought to be 
due to failure of the spermatic cord to elongate as the 
child grows. In such cases, referral to a pediatric 
urologist is indicated.
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Abatacept, 712
Abdominal abscess, 196t
Abdominal pain

acute, 200, 200t, 201f, 202, 203f, 203t
childhood functional, 204
chronic, 204-206, 205f, 207f
cyclic, 42-43

Abdominal striae, 24
Abdominal trauma, 428-430, 429f, 429t, 431f
ABO incompatibility, 288
Abscess

abdominal, 196t
dental, 98
orbital, 390, 391f
periapical, 94-95
peritonsillar, 150-151, 152t, 153f
retropharyngeal, 150, 152t

Absence seizures, 364t-367t
Abuse

physical, 468-469, 469f, 470, 471f
psychological distress caused by, 470
sexual, 472-474, 473f, 475f

Academic Performance Rating Scale, 511t
Acetaminophen, 326t, 480t
Acetazolamide, 368t-369t
Acetylsalicylic acid, 544, 544t
Achilles tendonitis, 699t-700t
Achondroplasia, 674
Acid blockade, 231
Acne, 106, 572-573, 573f, 573t
Acquired immunodeficiency syndrome.  

See Human immunodeficiency virus
Action tremor, 344t
Activated charcoal, 481
Activated partial thromboplastin time,  

602-603
Acute, excessive crying, 18, 19f, 20t, 21t
Acute abdominal pain, 200, 200t, 201f, 202, 

203f, 203t
Acute airway obstruction, 406t
Acute bacterial sinusitis, 140-142, 142t
Acute bloody diarrhea, 220, 222, 222t
Acute diarrhea, 220-225, 221f, 221t, 222t, 223f, 

223t, 224t
Acute facial swelling, 94
Acute fever

in infants
3 to 36 months of age, 178-182, 179f, 

180t, 181f, 182t
younger than 3 months of age, 174-176, 

175f, 176t, 177f
Acute homogeneous osteomyelitis, 714-716
Acute liver failure, 586
Acute myopathic disease, 376-377
Acute otitis media

causative factors of, 124
clinical approach to, 124-126, 125f, 127f
definition of, 124
diagnosis of, 124
mastoiditis secondary to, 132
pain associated with, 125
pathogenesis of, 124
treatment of, 125-126, 126t
tympanic membrane, signs of, 124

Acute otitis media (Continued)
tympanocentesis, evaluation of, 126
unresponsiveness, 126

Acute ovarian torsion, 202
Acute pancreatitis, 202, 242, 592, 592t, 593f
Acute pharyngitis

algorithms for, 151f, 153f
causative agents, 150
group A streptococcus as cause of. See 

Group A streptococcus
Acute poisoning, 478-481, 479f, 479t, 480t, 481f
Acute renal disease, 764-765, 765f, 766t
Acute rheumatic fever, 150, 542-544, 544t, 545f
Acute scrotum, 264
Acute weakness, 374-377, 375f, 377f
Acyclovir

bacteremia treated with, 176t
herpes simplex infections treated with,  

730t
Adapalene, 572
Adderall, 512t
Adductor tendonitis, 699t-700t
Adenoidectomy, 130
Adenosine, 90, 92t
Aditus ad antrum, 132
Adolescent(s)

depression in, 518-521, 519f, 521f, 522t
Down syndrome in, 682
girls

amenorrhea in, 42, 42t, 43f, 45f
breast lump in, 50-52, 51f, 53f
breast pain in, 46-48, 47f
nipple discharge in, 54-56, 55f, 57f
polycystic ovary syndrome in, 44

sexually transmitted infections in, 62-65, 62t, 
64t, 65t

Adrenocorticotropic hormone, 170
Agammaglobulinemia, 190t
ß2-agonists, 744t
AIDS-defining condition, 620, 622t. See also 

Human immunodeficiency virus
Airway

assessment of, 414
obstruction of, 406t

Akathisia, 329t, 347
Alagille syndrome, 236t
Alanine aminotransferase, 26, 234
Albuterol

anaphylaxis treated with, 10t
asthma treated with, 739-740, 744t
bronchiolitis treated with, 746

Alcoholics Anonymous, 502
Allergic conjunctivitis, 384-385
Allergic contact dermatitis, 108
Allergic rhinitis, 141-142, 141f
“Alpha coma,” 321
Alport syndrome, 259
Alveolar bone fractures, 453
Ambiguous genitalia, 156, 157f, 158, 159f 
Ambulatory blood pressure monitoring, 84
Amenorrhea

differential diagnosis of, 42t
history-taking, 42-43
laboratory tests for, 43
physical examination of, 43, 43t
primary, 42

American Academy of Pediatrics, 483
Americans with Disabilities Act, 528
Amitriptyline, 327t
Amlodipine, 88t
Amoxicillin

acute bacterial sinusitis treated with, 141
acute otitis media treated with, 125, 126t
bacteremia treated with, 182t
group A streptococcus pharyngitis treated 

with, 152
Lyme disease treated with, 636t
pneumonia treated with, 758t
sinusitis treated with, 142t

Amoxicillin-clavulanate
acute otitis media treated with, 126t
bacteremia treated with, 182t
cervical lymphadenitis treated  

with, 148t
periorbital cellulitis treated with, 382t
sinusitis treated with, 142t

Amphetamines, 512t
Ampicillin

bacteremia treated with, 176t
meningitis treated with, 640t
neonatal sepsis treated with, 302t
pneumonia treated with, 758t
respiratory distress syndrome treated with, 

297t
Ampicillin-sulbactam, 96
Amputations, 455
Anal fissures, 208
Anaphylaxis, 8-9, 9f
Anemia

hemolytic, 596, 597f
macrocytic, 600, 601f
microcytic, 598, 599f
normocytic, 600, 601f
treatment of, 662

Angioedema, 404
Angiotensin receptor blockers, 88t
Angiotensin-converting enzyme  

inhibitors, 88t
Animal bites, 460-461
Anion gap acidosis, 688-689
Ankle overuse syndromes, 699t-700t, 701f
Annular lesions, 106
Anterior cruciate ligament injuries, 281,  

444-445
Anterior drawer test, 444-445
Anterior talofibular ligament, 444-445
Anthropometry/anthropometrics, 42, 43t,  

660
Antiarrhythmic drugs, 91, 92t
Antibiotic-associated diarrhea, 96, 228
Antibiotics. See also specific antibiotic

acne treated with, 572-573, 573t
acute otitis media treated with, 125-126,  

126t
bacteremia treated with, 176, 176t, 182t
cervical lymphadenitis treated with, 148t
conjunctivitis treated with, 386
Lyme disease treated with, 636t
meningitis treated with, 640, 640t, 642
neonatal sepsis treated with, 302, 302t
odontogenic infections treated with, 96
osteomyelitis treated with, 716t
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otitis media with effusion treated with, 130
periorbital cellulitis treated with, 382t
pneumonia treated with, 757t, 758t
septic arthritis treated with, 720
urinary tract infection treated with, 256t

Anticholinergics
asthma treated with, 744t
toxic syndrome caused by, 480

Anticonvulsants, 327t, 360, 368t-369t
Antidepressants, 327t, 520
Antidiarrheal agents, 225
Antidotes, 480t
Antiemetics, 326t
Antiepileptics, 326t, 370-371, 372t
Antihistamines, 141-142
Antihypertensives, 86, 88t
Antiretroviral therapy, 622, 625t, 626t
Anti-Saccharomyces cerevisiae antibodies, 

578-579
Antisecretory agents, 584
a1-Antitrypsin deficiency, 236t, 291
Aortic regurgitation, 79, 81t
Aortic stenosis, 36, 79, 80t, 268-269, 679f
Aplastic crises, 610
Apnea, 746-747
Apnea–hypopnea index, 760
Apophysitis, 274
Appendicitis, 202
Areolar discharge, 54
Artemether-lumefantrine, 653-654t
Arterial blood gases, 740
Arthritis

juvenile idiopathic, 712, 713f
septic, 718-720, 719f, 721f

Aspartate aminotransferase, 26, 234
Asperger syndrome, 514
Aspiration, 396
Assisted ventilation, 296
Asthma

acute episodes of, 738-740
albuterol for, 739-740, 744t
algorithms for, 739f, 741f, 743f
arterial blood gas analysis in, 740
chronic, 742, 743f
comorbidities with, 740
definition of, 738
laboratory tests, 740
management of, 738-740, 742
medications for, 744t
patient instructions regarding, 739
response to therapy, 744
sports participation and, 706t-709t
stepwise approach to, 744f

Asymmetric facies, 306-307
Ataxia, 329t, 332t, 334-335, 335f, 336t
Ataxia telangiectasia, 192t, 334
Athletes

concussions in, 704
disqualifying medical conditions for, 702
evaluation of, 702-704, 703f, 703t, 705f, 

706t-709t
female athlete triad, 446
medical conditions that affect, 706t-709t
overuse injuries in, 704
preparticipation sports examination,  

702-704, 703f, 703t, 705f, 706t-709t
soft-tissue injuries in, 704
sport classification, 710t
sudden cardiac death risks in, 703t

Atomoxetine, 352t-353t, 508, 512t
Atopic dermatitis, 108, 109b
Atovaquone-Proguanil, 653t-654t
Atrial septal defect, 80t
Atrioventricular block, 74, 76, 90

Attention-deficit/hyperactivity disorder
algorithm for, 507f, 509f, 511f
behavior rating scales used in assessment 

of, 511t
comorbidities of, 508
diagnostic criteria for, 506-510, 510t
follow-up visits for, 510
genetic influences, 506
history-taking, 506
hyperactive-impulsive, 506-510
impairment areas in, 508
inattentive, 506-510
laboratory tests, 507
medications for, 508, 512t
nonpharmacologic interventions for,  

508-509
pathophysiology of, 508
prevalence of, 506
stimulant medications for, 508
Tourette syndrome and, 348

Atypical lymphocytes, 22
Autism spectrum disorders, 514, 515f, 516t
Autoimmune-mediated blistering disorders, 

118-119
Avulsed tooth, 452
Avulsion fractures, 272
Axillary lump, 50
Axillary nerve injury, 440
Azelaic acid, 572
Azelastine, 143t
Azithromycin

acute otitis media treated with, 125, 126t
cervical lymphadenitis treated with, 148t
group A streptococcus pharyngitis treated 

with, 152
Lyme disease treated with, 636t
sinusitis treated with, 142t
traveler’s diarrhea treated with, 646-647

B

Baclofen, 352t-353t
Bacteremia

acute fever caused by, 178
antibiotics for, 176, 176t, 182t
complications of, 178
in infants, 176t, 178

Bacterial impetigo, 116
Bacterial pneumonia, 756t
Bacterial tracheitis, 406, 408t
Bacterial vaginosis, 62t, 64t
Bag mask ventilation, 416
Balanitis, 254
Balanoposthitis, 254, 263
Ballismus, 336-337
Bartonella henselae, 148, 194-195
Basic life support, 414, 415f, 416
Basilar migraines, 334
B-cell disorders, 190t, 192t
Beau’s lines, 120
Bed wetting, 70, 71f
Behavior rating scales, 511t
Behavioral insomnia of childhood, 532
Behçet syndrome, 252 
Bell palsy, 306-307, 376
Benign epilepsy of childhood, 364t-367t
Benign infantile neonatal convulsions, 294
Benign nocturnal myoclonus, 362t-363t
Benign orthostatic proteinuria, 768
Benign paroxysmal vertigo, 362t-363t
Benzathine penicillin G, 543, 544t
Benzodiazepines

acute poisoning treated with, 480t
seizures treated with, 368t-369t
status epilepticus treated with, 372t

Benzoyl peroxide, 572
Beta-blockers, 88t
Bile acid synthesis defects, 291
Birth defects

algorithms for, 675f, 677f, 679f
classification of, 674
definition of, 674
deformations, 674
disruption, 674
dysplasia, 674
history-taking evaluations, 674, 675t
incidence of, 674
major anomalies, 676, 678t
malformations, 674
minor anomalies, 674, 676, 678t
physical examination of, 674

Bisacodyl, 218t
Bites, 458-459, 460-461, 461f, 652
Bitolterol, 744t
Bladder capacity, 70
Bleeding

dysfunctional uterine, 60
upper gastrointestinal, 230-232, 231f, 232t, 233f
vaginal, 58-60, 59f, 61f
variceal, 232

Bleeding disorders, 602-604, 603f, 605f
Blisters, 118
Blood pressure

ambulatory monitoring of, 84
elevated. See Hypertension
obesity-related elevations in, 26

Bloody diarrhea, acute, 220, 222, 222t, 658
Bloody stools, 208-210, 209f, 210t, 211f, 212t, 

213f
Body mass index, 24-28, 162, 486
Body surface area, 466
Bordetella pertussis, 38
Borrelia burgdorferi, 186, 632-636
Boys

precocious puberty in, 166, 166t, 167f
pubertal development in, 160f

Brachial plexopathy, 704
Bradyarrhythmias, 74-76, 74t, 75f, 77f
Bradycardia, 74-76, 74t, 75f
Brain injury, 418-419
Breast cysts, 52
Breast lump, 50-52, 51f, 53f
Breast pain, 46-48, 47f, 49f
Breastfeeding

bloody stools in infants receiving, 208
cleft lip infants, 565
failure to thrive evaluations, 12, 16

Breast-feeding jaundice, 289
Breath holding, 38, 362t-363t
Bronchiectasis, 402
Bronchiolitis, 746-747, 747f, 748t
Bronchodilators, 10t
Bronchopulmonary dysplasia, 750-752, 751f, 

752t, 753f
Bronchospasm, 90
Brucellosis, 196t
Brudzinski sign, 178-179, 638
Bruton agammaglobulinemia, 190t
Bullae, 106, 116, 118
Bullous drug eruptions, 118
Bullous pemphigoid, 118-119
BUN/creatinine ratio, 764-765
Bunion, 272
Bunionette, 272
Burns, 466

algorithm for, 467f
definition of, 466
first-degree, 466
hand, 456
immersion, 470
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pathophysiology of, 466
second-degree, 466
third-degree, 466

C

Café-au-lait spots, 112-113
Caffeine, 326t
Calcaneal apophysitis, 446, 699t-700t
Calcipotriene, 114
Calcium channel blockers, 88t
Caloric intake inadequacies, 12
Campylobacter jejuni, 223t
Candida albicans, 108, 121, 250
Candidiasis

chronic mucocutaneous, 192t
vaginal, 62t, 64t

Capillary malformations, 574
Captopril, 88t
Carbamates, 480t
Carbamazepine, 327t
Carbidopa-levodopa, 340
Carbohydrate malabsorption, 228
Carbon monoxide poisoning, 34
Cardiff Breast Pain Chart, 46
Cardiogenic shock, 32, 34
Cardiopulmonary resuscitation, 416
Cardiovascular disorders

bradyarrhythmias, 74-76, 74t, 75f, 77f
heart murmurs. See Heart murmurs
hypertension. See Hypertension
supraventricular tachycardia, 90-91, 90t, 

91f, 92t
Caries, dental

algorithm for, 101f
collaborative efforts against, 100
early childhood oral assessments, 101-102
facial swelling secondary to, 94
fluoride varnish for, 102
mutans streptococci associated with, 100
pathophysiology of, 100
prevalence of, 100
primary healthcare provider’s role in, 100-101
risk assessments, 100, 102t

Caries-Risk Assessment Tool, 100, 102t
Carotid bruit, 81t
Carpal bone fractures, 454
Cat bites, 460-461
Cat-scratch disease, 144, 148, 196t
Cefazolin, 716t
Cefdinir

acute otitis media treated with, 126t
periorbital cellulitis treated with, 382t
sinusitis treated with, 142t

Cefotaxime
bacteremia treated with, 176t, 182t
croup treated with, 408t
Lyme disease treated with, 636t
meningitis treated with, 640t
neonatal sepsis treated with, 302t
osteomyelitis treated with, 716t
periorbital cellulitis treated with, 382t
pneumonia treated with, 758t

Cefpodoxime
acute otitis media treated with, 126t
periorbital cellulitis treated with, 382t
sinusitis treated with, 142t

Ceftriaxone
acute otitis media treated with, 126t
bacteremia treated with, 176t, 182t
croup treated with, 408t
Lyme disease treated with, 636t
meningitis treated with, 640t
osteomyelitis treated with, 716t

pelvic inflammatory disease treated with, 64t
periorbital cellulitis treated with, 382t
pneumonia treated with, 758t

Cefuroxime
acute otitis media treated with, 126t
bacteremia treated with, 182t
Lyme disease treated with, 636t
pneumonia treated with, 758t
sinusitis treated with, 142t

Celiac disease, 228
Cellulitis

facial, 94-95
orbital, 390, 391f

Central cyanosis, 734
Central nervous system

brain injury, 418-419
disorders of, 20t, 21t
infections of, 374
spinal cord injury without radiographic 

abnormality, 422-424
Central precocious puberty, 166, 166t, 168-170
Cephalexin

cervical lymphadenitis treated with, 148t
osteomyelitis treated with, 716t

Cephalosporins. See also specific drug
group A streptococcus pharyngitis treated 

with, 152
neonatal sepsis treated with, 302, 302t

Cercarial dermatitis, 652
Cerebellar function assessments, 308
Cerebellar tremors, 342
Cerebral palsy, 560, 561f, 562, 563f, 706t-709t
Cerebrospinal fluid pleocytosis, 175
Cerebrovascular accident, 610
Cervical lymphadenitis/adenopathy, 144-148, 

145f, 146t, 147f, 148t, 149f
Cervical spine injury, 422-424, 424t
Cervicitis, 62, 64t
Cetirizine, 143t
Chalazion, 384
Chédiak–Higashi syndrome, 192t
Chelation, 483
Chemical burns, 450
Chest compressions, 414, 416
Chest pain, 268-270, 269f, 271f
Chest radiography

respiratory distress syndrome evaluations, 
296

syncope evaluations, 36
Chest trauma, 426, 427f
Chest wall pain, 46
Chikungunya virus, 651
Child abuse

physical abuse, 468-469, 469f, 470, 471f
psychological distress caused by, 470
sexual abuse, 472-474, 473f, 475f

Childhood Functional Abdominal Pain, 204
Chlamydial conjunctivitis, 384
Chloroquine phosphate, 653t-654t
Cholecystitis, 236
Choledochal cysts, 236
Cholestatic diseases, 290t
Cholinergic toxic syndrome, 480
Chorea, 329t, 336-337, 337f, 338t-339t, 544t
Chronic abdominal pain, 204-206, 205f, 207f
Chronic cough, 400-402, 401f
Chronic granulomatous gene disease, 192t
Chronic liver disease, 236t
Chronic lung disease, 554, 556
Chronic mucocutaneous candidiasis, 192t
Chronic pityriasis lichenoides, 114
Chronic renal disease, 764-765, 765f, 766t
Chronic sinusitis, 140, 142t
Chronotropic therapy, 76

Cimetidine, 10t, 586t
Ciprofloxacin, 582t
Circulation, 414
Circulatory support, 4
Clarithromycin

cervical lymphadenitis treated with, 148t
sinusitis treated with, 142t

Clavicle fracture, 436
Cleft lip, 564-566, 564t, 565f, 566t, 567f
Cleft palate, 564-566, 564t, 565f, 566t, 567f
Clindamycin

acute otitis media treated with, 126t
bacteremia treated with, 182t
bacterial vaginosis treated with, 64t
odontogenic infections treated with, 96
osteomyelitis treated with, 714-715, 716t
periorbital cellulitis treated with, 382t
pneumonia treated with, 758t
sinusitis treated with, 142t

Clinical decision making
history-taking, 2
management phase of, 4
phases of, 2-4
physical examination for, 2
schematic diagram of, 3f

Clinodactyly, 682
Clonazepam, 352t-353t
Clonic seizures, 292
Clonidine, 88t, 352t-353t
Clorazepate, 368t-369t
Clostridium difficile, 210, 223t
Clotrimazole, 64t
Cluster headache, 324
Coagulation, 230
Coarctation of the aorta, 79, 80t, 679f
Coenzyme Q10, 327t
Cognitive-behavioral therapy, 520
Colic, 18
Colitis, 208
Collateral ligament injuries, 281-282
Coma, 320-321, 321f, 321t, 371
Combined hormonal contraceptives, 488
Common variable immunogammaglobulinemia, 

190t
Community-acquired methicillin-resistant 

Staphylococcus aureus, 714-716, 718-720
Complement disorders, 191
Complete blood count with differential, 2
Complete heart block, 76
Complex partial seizures, 364t-367t
Compression/ventilation ratio, 416
Compression-only cardiopulmonary  

resuscitation, 416
Concussion, 418, 704
Condyloma acuminata, 112
Congenital adrenal hyperplasia, 158, 158t, 166
Congenital bullous ichthyosiform erythroderma. 

See Epidermolytic hyperkeratosis
Congenital heart disease, 706t-709t
Congestive heart failure, 76
Conjunctival foreign bodies, 448
Conjunctivitis, 384-386, 385f, 387f
Conners Rating Scales, 511t
Constipation

algorithm for, 217f
clinical presentation of, 244
differential diagnosis of, 216t
encopresis secondary to, 68, 228
functional, 214-216
incidence of, 214
laxatives for, 216, 218t
management of, 216
medications for, 218t
referrals for, 216
treatment of, 218t

Burns (Continued) Ceftriaxone (Continued)
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Constitutional delayed puberty, 44, 160-161, 
162

Contact dermatitis, 108
Continuous murmurs, 79, 79f, 81t
Contraception/contraceptives

adverse effects of, 490t
algorithm for, 487f, 489f
combined hormonal, 488, 490t
compliance rates, 488
counseling before, 486
emergency, 486, 488-489, 491t
evaluations before receiving, 486
implants, 490t
intrauterine device, 488, 490t
intrauterine system, 488
oral. See Oral contraceptives
pregnancy risks, 487t
venous thromboembolism risks, 488

Conus medullaris lesions, 377
Conversion disorder, 344
Conversion reaction, 362t-363t
Coombs test, 596
Corneal abrasion, 448
Coronary artery disease, 36
Corticosteroids. See also specific drug

anaphylaxis treated with, 8-9, 10t
atopic dermatitis treated with, 109b
Crohn disease treated with, 582t
croup treated with, 404
guttate psoriasis treated with, 114
inflammatory bowel disease treated with, 

580, 582t
juvenile idiopathic arthritis treated with, 712
lichen planus treated with, 114
rhinitis treated with, 143t
spinal cord injury treated with, 424
tuberculosis treated with, 666
ulcerative colitis treated with, 582t

Cough
chronic, 400-402, 401f
evaluation of, 394, 395f

Cranial nerve testing, 306-307, 307t, 323, 330
Craniosynostoses, 316
C-reactive protein, 300, 714, 716
Crigler–Najjar syndrome, 288-289
Crohn disease, 578-580, 578t, 579f, 581f, 582t
Crossed adductor reflex, 309t
Crossed extensor reflex, 309t
Croup, 404, 408t
Cruciate ligament injuries, 281
Crush injuries, 454-455
Crying, 18, 19f, 20t, 21t
Cryptosporidium, 223t
Cutaneous larva migrans, 652
Cutaneous leishmaniasis, 652
Cyanide, 34, 480t
Cyanosis, 538-540
Cyanotic heart disease, 538-540, 539f, 540t
Cyclic abdominal pain, 42-43
Cyclic neutropenia, 192t, 616
Cyclical mastalgia, 48
Cyproheptadine, 327t
Cystitis, 250
Cytomegalovirus, 196t
Cyst(s)

breast, 52
choledochal, 236
skin, 106

Cystic fibrosis, 228, 236t, 291, 410-411

D

Dacryocystitis, 382
Danazol, 48
Darier sign, 116

Daytime sleepiness, 534
De Quervain tenosynovitis, 698t
Decongestants, 141-142
Decorticate posturing, 320
Deep brain stimulation surgery, 350
Deep vein thromboses, 606
Deformations, 674
Degree of illness, 4
Dehydration

diarrhea as cause of, 220-225, 221t, 224t, 658
hospitalization for, 224
oral rehydration solutions for, 220, 224-225, 

224t
rapid intervention for, 224
severity of, 221t, 658t
treatment of, 663t

Delayed puberty, 44, 160-161, 160f, 161f
Delayed sleep onset, 532
Demyelinating disease, 374
Dengue, 650-651, 660
Dengue hemorrhagic fever, 650-651, 660
Dens invaginatus, 98
Dens-in-dente, 98
Dental abscesses, 98
Dental caries

algorithm for, 101f
collaborative efforts against, 100
early childhood oral assessments, 101-102
facial swelling secondary to, 94
fluoride varnish for, 102
mutans streptococci associated with, 100
pathophysiology of, 100
prevalence of, 100
primary healthcare provider’s role in, 100-101
risk assessments, 100, 102t

Dental disorders
caries. See Dental caries
facial swelling, 94-95, 94t, 96-98, 97f, 99f
odontogenic infections, 94-95, 94t, 96-98, 

97f, 99f
Dental trauma, 452-453, 453f
Depo-medroxyprogesterone acetate, 490t
Depression, 518-521, 519f, 521f, 522t
Dermatitis, 108, 109b, 109f, 250, 652
Dermatitis herpetiformis, 118-119
Dermatologic disorders. See also Skin lesions

dermatitis, 108, 109b, 109f
erythematous maculopapular lesions,  

110-111, 111f
in international travelers, 652, 653f
nail disorders, 120-121, 121f
papulosquamous disorders, 114, 115f
reactive erythemas, 110-111, 111f
vesiculobullous disorders, 116, 117f,  

118-119, 119f
Desloratadine, 143t
Developing countries, illnesses in

algorithms for, 657f, 659f, 661f, 663f
assessment of, 656
deaths from, 656
ear disorders, 659
fever, 658
Integrated Management of Childhood  

Illness, 656-662
measles, 659
nutritional assessments, 660
pneumonia, 658
symptoms associated with, 658-659

Developmental delay, 524, 525f, 526, 527f
Dexamethasone

anaphylaxis treated with, 10t
croup treated with, 408t
meningitis treated with, 640, 640t

Dexamethasone suppression test, 44
Dexedrine, 512t

Diabetes insipidus
nephrogenic, 30
polydipsia associated with, 30

Diabetes mellitus, 706t-709t
Diagnostic peritoneal lavage, 428
Diaper dermatitis, 108, 250, 255-256
Diarrhea

acute, 220-225, 221f, 221t, 222t, 223f, 223t, 
224t

antidiarrheal agents for, 225
bloody, 220, 222, 222t, 658
classification of, 220
dehydration caused by, 220-225, 221t, 224t, 

658
infectious causes of, 220
noninflammatory, 220
osmotic, 220, 226-227
persistent, 226-228
secretory, 220, 228
sports participation and, 706t-709t
toddler’s, 228
traveler’s, 223t, 646-647, 647f

Diastolic murmurs, 79, 79f, 81t
Diazepam, 356, 368t-369t, 372t
Dicloxacillin

cervical lymphadenitis treated with, 148t
osteomyelitis treated with, 716t

Dietary fat, 48
Diffuse pulmonary infiltrates, 402
DiGeorge syndrome, 190t, 564
Digoxin, 91, 92t
Dihydroergotamine, 326t
Dihydrotestosterone, 156
Dimercaptosuccinic acid, 765
Diphenhydramine

anaphylaxis treated with, 10t
headaches treated with, 326t
rhinitis treated with, 143t

Direct current cardioversion, 90-91
Dissociative shock, 32, 34
Distal clavicle osteolysis, 698t
Distributive shock, 32, 34
Ditropan. See Oxybutynin
Diuretics

chronic lung disease treated with, 556
hypertension treated with, 88t

Diurnal enuresis, 70, 71f
DNA microarrays, 672
Dobutamine, 35t
Dolichocephaly, 316
Doose syndrome, 364t-367t
Dopamine, 35t
Double depression, 518
Down syndrome

in adolescents, 682
algorithm for, 681f, 683f
care plan for, 682
in children, 682
conditions associated with, 680, 681f
definition of, 680-682
description of, 676
family needs, 682
health screenings in, 682
in newborns, 682
parental counseling, 680
prevalence of, 680-682
support services for, 682

Doxycycline
acne treated with, 572-573, 573t
Lyme disease treated with, 636t
pelvic inflammatory disease treated with, 64t
pneumonia treated with, 758t

Drug eruptions
bullous, 118
maculopapular, 110-111
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Ductal ectasia, 56
Dysentery, 662
Dysfunctional uterine bleeding, 60
Dyshidrotic eczema, 118
Dysmorphologic features

algorithms for, 675f, 677f, 679f
classification of, 674
definition of, 674
dysplasia as cause of, 674
history-taking evaluations, 674, 675t
physical examination of, 674, 676t

Dysplasia, 674
Dysraphism, 308
Dysrhythmias, 706t-709t
Dysthymic disorder, 519, 522t
Dystonia, 329t, 340-341, 341f, 342t
Dysuria

algorithm for, 251f
causes of, 250-252, 252t
definition of, 250
evaluation of, 251f, 252-256, 253f
foreign bodies as cause of, 250-251
infectious causes of, 250
laboratory evaluations, 255
physical examination of, 254-255
systemic causes of, 252t
treatment of, 255-256, 256t
urinalysis of, 255t

Dysuria-hematuria syndrome, 252

E

E. coli O157:H7, 222
Ear disorders

acute otitis media. See Acute otitis media
in developing countries, 659
otitis media with effusion. See Otitis media 

with effusion
Early childhood oral assessments, 101-102
Eating disorders

algorithm for, 495f, 497f
anorexia nervosa, 492-498, 493f, 493t
bulimia nervosa, 492-498, 493f, 493t
evaluation of, 492
hospitalization for, 496, 498
laboratory tests, 492
management of, 494, 496
medical stabilization for, 496
not otherwise specified, 492-498
psychiatric day treatment programs, 494
psychiatric evaluation, 496
severity of, 496t

Ebstein anomaly, 540t
Ecthyma, 652
Ectrodactyly-ectodermal dysplasia-clefting 

syndrome, 566t
Eczema

dyshidrotic, 118
nummular, 108

Eczematous dermatitis, 108
Edema

angioedema, 404
penile, 263
pulmonary, 396

Elbow
overuse syndromes of, 698t, 700f
traumatic injuries of, 436-437, 438f

Electrocardiogram
bradyarrhythmia evaluations, 74
supraventricular tachycardia evaluations, 90
syncope evaluations, 36
Wolff–Parkinson–White syndrome findings, 91

Electroencephalography
neurologic disorder evaluations, 310
seizure evaluations, 359

Electrolyte abnormalities, 294
Electromyography–nerve conduction velocity 

testing, 310
Eletriptan, 326t
Elevated liver tests, 234, 235f, 236, 236t, 237f
Elliptocytes, 596
Emergency contraception, 486, 488-489, 491t
Enalapril, 88t
Encopresis, 68, 69f, 228, 508
Endotracheal tube, 734
Enema, 218t
Entamoeba histolytica, 578-579, 646
Enteric fever, 196t
Enteroaggregative E. coli, 223t
Enterobius vermicularis, 250
Enterocolitis, 227
Enterohepatic recirculation, 289
Enteroinvasive E. coli, 223t
Enterotoxigenic E. coli, 223t
Enthesitis-associated arthritis, 712
Enuresis, 70, 71f, 508
Environmental Protection Agency, 482-483
Epicondylar fracture, 436-437
Epidermolysis bullosa, 116, 120
Epidermolytic hyperkeratosis, 116
Epididymitis, 64-65, 65t, 264
Epididymo-orchitis, 264-266
Epidural space diseases, 377
Epiglottitis, 404, 406, 406t, 407f
Epinephrine

anaphylaxis treated with, 8, 10t
asthma treated with, 744t
neonatal resuscitation uses of, 736t
shock treated with, 35t

Epistaxis, 136, 137f, 138, 138t, 139f 
Epstein-Barr virus, 196t
Erosion, 232
Erosive esophagitis, 586t
Eruptions, 110, 111, 111f 
Erythema infectiosum, 110
Erythema migrans, 634
Erythema multiforme, 110
Erythematous maculopapular lesions,  

110-111, 111f
Erythromycin, 572-573, 573t

cervical lymphadenitis treated with, 148t
group A streptococcus pharyngitis treated 

with, 152
Lyme disease treated with, 636t

Esmolol, 88t
Esophageal pH monitoring, 584
Estradiol, 168
Estrogen, 58
Ethylene glycol, 480t
Eustachian tube dysfunction, 128
Excessive daytime sleepiness, 534

F

Facial bone fractures, 453
Facial nerve palsy, 636
Facial swelling, 94-95, 94t, 96-98, 97f, 99f
Factor XIII deficiency, 602-604
Failure to thrive, 12-16, 13f, 15f, 17f
Familial essential tremor, 342-343
Familial Leydig cell hyperplasia, 166
Family therapy, 520
Famotidine, 586t
Fanconi syndrome, 769
Fasting glucose, 26
Fat malabsorption, 227
Fatigability, 318
Fatty acid oxidation defect, 236t
Febrile seizures, 354-356, 355f, 357f, 364t-367t
Fecaliths, 202

Felbamate, 368t-369t
Female athlete triad, 446
Femoral anteversion, 278
Fever

classification of, 659
dengue hemorrhagic, 650-651
in developing country children, 658
in infants

3 to 36 months of age, 178-182, 179f, 
180t, 181f, 182t

younger than 3 months of age, 174-176, 
175f, 176t, 177f

in international travelers, 648-651, 649f, 
651f, 654t

pharyngoconjunctival, 184
red eyes and rash presenting with, 184, 185f, 

186, 187f
sports participation and, 706t-709t
of unknown origin, 194-196, 195f, 196t, 197f

Fexofenadine, 143t
Fibroadenoma, 50, 52
Fibulocalcaneal ligament, 444-445
Fifth disease. See Erythema infectiosum
Filaggrin, 108
Finger-to-nose testing, 330
First heart sound, 78
First-degree heart block, 76
Flat warts, 112, 112t
Flatfeet, 272-273
Fluconazole, 64t
Flunisolide, 143t
Fluoride varnish, 102
Fluoxetine, 352t-353t, 520
Fluticasone propionate, 143t
Focal seizures, 364t-367t
Focused abdominal sonography in trauma,  

428
Follicle-stimulating hormone, 44, 160-161
Folliculitis, 106, 652
Fomepizole, 480t
Food poisoning, 220
Foot overuse syndromes, 699t-700t, 701f
Foot pain, 272-273, 273f, 274-275, 275f
Foot progression angle, 278f
Forearm fractures, 438
Foreign bodies

acute, excessive crying caused by, 20t, 21t
conjunctival, 448
corneal, 448
dysuria caused by, 250-251
upper gastrointestinal bleeding caused by, 

232
vulvovaginitis caused by, 248
wheeze caused by, 410

Formula feeding, 12, 16
Fosphenytoin, 372t
Foster care, 558-559, 559f
4p-syndrome, 566t
Fourth heart sound, 78
Fractures

avulsion, 272
carpal bone, 454
clavicle, 436
epicondylar, 436-437
forearm, 438
humeral, 436
knee, 280
lower extremity, 444
metatarsal, 272
orbital, 450
phalangeal, 454
scaphoid, 438, 454
stress, 272, 446, 710t
tooth, 452

Freiberg infraction, 274
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Friction blisters, 118
Friedreich ataxia, 334
Frostbite, 462-464, 462t, 463f
Fryns syndrome, 566t
Functional constipation, 214-216
Functional gastrointestinal disorders, 204-206
Functional hypothalamic amenorrhea, 42-45
Furosemide, 88t
Fussiness, 18

G

Gabapentin, 368t-369t
Gait abnormalities, 276, 276f, 277f, 278f, 279f
Galactorrhea, 56
Galeazzi fracture, 438
Gallbladder hydrops, 236
Gamma-linolenic acid, 48
Gastric lavage, 478
Gastroesophageal reflux, 362t-363t, 556, 562, 

584, 585f, 586t, 587f
Gastroesophageal reflux disease, 584-585
Gaze palsies, 320
Generalized lymphadenopathy, 22, 23f
Generalized seizures, 320
Generalized tonic-clonic seizures, 364t-367t
Genetic diseases

Down syndrome. See Down syndrome
evaluation for, 670-672, 671f, 671t, 673f
history-taking for, 670-671
physical examination of, 671-672
testing for, 670-672, 671t

Genitalia, ambiguous, 156, 157f, 158
Genitourinary trauma, 432-433, 433f, 434
Gentamicin

bacteremia treated with, 176t
meningitis treated with, 640t
neonatal sepsis treated with, 302t
pneumonia treated with, 758t
respiratory distress syndrome treated with, 

297t
Giant fibroadenoma, 50
Giardia, 223t
Giardia lamblia, 646
Gilbert syndrome, 234, 288-289
Girls

adolescent. See Adolescent(s), girls
precocious puberty in, 168-170, 168t, 169f, 

171f
pubertal development in, 160f
Turner syndrome in, 162
virilization of, 170

Glasgow Coma Scale, 321t, 418, 420t 
Glenohumeral instability, 698t
Globe rupture, 450
Glomerulonephritides, 259
Glucagon, 10t
Glucose, 690
Glucose-6-phosphate dehydrogenase defi-

ciency, 288, 596
Glucosuria, 30
Glycerin suppository, 218t
Glycogen storage disease, 236t
Gonadal dysgenesis, 44
Gonadotropic-releasing hormone

pulsatile secretion of, 166, 168-170
testing of, for maturity determinations, 166

Gonococcal conjunctivitis, 384
Grasp reflex, 309t
Greenstick fractures, 438
Group A streptococcus. See also 

Streptococcus spp.
acute fever caused by, 174-176
complications of, 150-152
diagnosis of, 150

early-onset infections caused by, 300
pharyngitis caused by, 150-152, 150t, 252, 

542-544
treatment of, 150
vulvovaginitis caused by, 250

Growth deficiency, 12-16, 13f, 15f, 17f
Growth hormone deficiency, 162, 164
Guanfacine, 352t-353t, 508
Guttate psoriasis, 114, 115f
Gymnast’s wrist, 696, 698t

H

Habit-tic dystrophy of nails, 120
Haemophilus influenzae type b, 404, 658
Hallux valgus deformity, 272
Haloperidol, 352t-353t
Hand injuries, 454-455, 455f, 456, 456f, 457f
Hand overuse syndromes, 698t, 700f
Head

shape abnormalities, 316, 317f
size abnormalities, 314, 315f
traumatic injuries of, 418-419, 419f, 420t, 469

Headaches
algorithm for, 323f, 325f
alternative treatments for, 324-325
cluster, 324
definition of, 322-325
laboratory testing for, 323
lifestyle interventions for, 325
lumbar puncture evaluations, 323
migraine, 322-325, 362t-363t
neuroimaging of, 323
prophylactic treatments for, 327t
tension-type, 322-325
treatment of, 324-325, 326t
triggers of, 322

Healthy People 2020, 568
Hearing tests, 130
Heart block, 74, 74t, 76, 90
Heart murmurs

characteristics of, 78
continuous, 79, 79f, 81t
diastolic, 79, 79f, 81t
grading of, 78t
history-taking, 78
holosystolic, 79, 79f, 80t
innocent, 81t, 82, 83f
physical examination of, 78
sports participation and, 706t-709t
systolic, 78-79, 79f, 80t
systolic ejection, 78-79, 79f, 80t

Heart rate, 74t
Heart sounds, 78
Heat illness, 706t-709t
Heinz body test, 596
Helicobacter pylori, 232
Hemangiomas, 574
Hematochezia, 208-210
Hematuria

benign familial, 259
causes of, 258-259, 258t
definition of, 258
description of, 258
evaluation of, 259-260, 261f
hypercalciuria and, 259
microscopic, 433
referral to, 260

Hemiplegic migraine, 375
Hemoccult testing, 226
Hemochromatosis, 236t
Hemoglobin replacement, 4
Hemoglobinopathies, 398
Hemolytic anemia, 596, 597f

Hemolytic-uremic syndrome, 208, 210, 222
Hemoperitoneum, 428
Hemophagocytic lymphohistiocytosis, 236t
Hemophagocytic syndrome, 196t
Hemorrhagic stroke, 374
Hemostatic disorders, 604
Henoch–Schönlein purpura, 210
Heparin, 606-607
Hepatitis, 234, 706t-709t

A, 588, 589t, 590, 591f
B, 588, 589t, 590, 591f
C, 588, 589t, 590, 591f
D, 588, 589t, 591f
E, 588-590, 589t, 591f

Herald patch, 114, 115f 
Hereditary hemorrhagic telangiectasia, 136, 

138
Herpes simplex infections, 176t, 384, 728-730, 

729f, 730t, 731f
Herpetic whitlow, 121
Hidrotic ectodermal dysplasia, 120
High-altitude pulmonary edema, 396
High-density lipoprotein, 26
High-frequency oscillatory ventilation, 298
Hip rotation, 279f
Hirschberg test, 380, 388
Hirschsprung disease, 210, 214-215
Histamine2-receptor antagonists, 586t
Histoplasmosis, 196t
History-taking

abdominal trauma evaluation, 428
acute, excessive crying evaluation, 18
acute abdominal pain evaluation, 200
acute diarrhea evaluation, 220
acute fever evaluation, 174, 178
acute pancreatitis evaluation, 592
acute weakness evaluation, 374
amenorrhea evaluation, 42-43
asthma evaluation, 738, 742
athlete evaluation, 702
attention-deficit/hyperactivity disorder 

evaluation, 506
birth defects evaluation, 674, 675t
bites evaluation, 460
bleeding disorder evaluation, 602
bloody stools evaluation, 208
bradyarrhythmia evaluation, 74
breast lump evaluation, 50
breast pain evaluation, 46
bronchiolitis evaluation, 746
bronchopulmonary dysplasia evaluation, 750
cervical lymphadenitis/adenopathy  

evaluation, 144
cervicitis evaluation, 62
chest pain evaluation, 268
chronic cough evaluation, 400
clinical decision making based on, 2
conjunctivitis evaluation, 384
constipation evaluation, 214
cough evaluation, 394
Crohn disease evaluation, 578
cyanotic heart disease evaluation, 538
dysmorphologic features evaluation, 674, 

675t
elevated liver tests evaluation, 234
epistaxis evaluation, 136
facial swelling evaluation, 96-98
failure to thrive evaluation, 12
febrile seizure evaluation, 354 
fever evaluation, 648
fever of unknown origin evaluation, 194
foot pain evaluation, 272, 273f
gastroesophageal reflux evaluation, 584
generalized lymphadenopathy  

evaluation, 22
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genetic disease evaluation, 670-671
group A streptococcus pharyngitis  

evaluation, 150-151
hand injuries evaluation, 454
headache evaluation, 322
heart murmur evaluation, 78
hypertension evaluation, 84, 85f
immunodeficiency disorders evaluation, 

188-189
inborn errors of metabolism evaluation,  

688
Kawasaki disease evaluation, 628
knee pain evaluation, 280
lead poisoning evaluation, 482
Lyme disease evaluation, 632
mastoiditis evaluation, 134
mental status abnormalities evaluation,  

320
microcytic anemia evaluation, 598
movement disorder, 331t
nail disorder evaluation, 120
nasal congestion evaluation, 140
neonatal hyperbilirubinemia evaluation, 288
neonatal sepsis evaluation, 300
neurologic disorders evaluation, 306
neutropenia evaluation, 616
nipple discharge evaluation, 54
obesity evaluation, 24
ocular injury evaluation, 448
orbital abscess evaluation, 390
orbital cellulitis evaluation, 390
overuse syndromes evaluation, 694
pelvic inflammatory disease evaluation, 63
periorbital cellulitis evaluation, 382
persistent diarrhea evaluation, 226
physical abuse evaluation, 468
pneumonia evaluation, 754
precocious puberty evaluation, 166, 168
premature infant evaluation, 554
renal disease evaluation, 764
seizure evaluation, 358
short stature evaluation, 162
sickle cell disease evaluation, 608
skin lesion evaluation, 106
sleep disturbances evaluation, 530
status epilepticus evaluation, 370
stridor evaluation, 404
supraventricular tachycardia evaluation, 90
syncope evaluation, 36
thrombocytopenia evaluation, 612
tics evaluation, 346-347, 347t
traveler’s diarrhea evaluation, 646
ulcerative colitis evaluation, 578
upper gastrointestinal bleeding evaluation, 

230
vision evaluation, 380
vomiting evaluation, 238, 242
vulvovaginitis evaluation, 62
wheeze evaluation, 410

Histrelin, 166t
HMG-CoA reductase inhibitors, 26
Hodgkin lymphoma, 148
Holosystolic murmurs, 79, 79f, 80t
Hordeolum, 384
Hormonal contraception, 48
Hospitalization

for anaphylaxis, 9
for croup, 404-405, 406
for failure to thrive, 16
for fever of unknown origin, 196
for pelvic inflammatory disease, 64t
for physical child abuse, 470
of severally ill patients, 4 
for stridor, 404-405, 406

“Hot tub” folliculitis, 652
H1-receptor antihistamine, 8-9, 10t
H2-receptor antihistamine, 8-9, 10t
Human immunodeficiency virus

algorithm for, 622f, 623f
antibody testing for, 620-621
antiretroviral therapy for, 622, 625t, 626t
CD4 lymphocyte counts, 624t
comorbidity monitoring, 623
deaths caused by, 656
definition of, 620-623
description of, 188-191
diagnosis of, 620, 621, 624t
disease progression assessments, 622
global incidence of, 660
immunizations in children with, 623
infants of mothers with, 620
opportunistic infections, 625t
physical examination of, 620
signs and symptoms of, 620, 622t
sports participation and, 706t-709t
testing for, 620-621
treatment of, 622

Humeral fractures, 436
Hyaline membrane disease. See Respiratory 

distress
Hydralazine, 86, 88t
Hydrocephalus, 679f
Hydrochlorothiazide, 88t
Hydrotherapy, 464
Hydroxocobalamin, 480t
Hydroxychloroquine sulfate, 653t-654t
17-Hydroxyprogesterone, 170
Hydroxyzine

anaphylaxis treated with, 10t
rhinitis treated with, 143t

Hyperammonemia, 684-685, 690
Hyperandrogenemia, 44
Hyperbilirubinemia, neonatal, 288-291, 289f, 

290t, 291f
Hypercalciuria, 259
Hyper-IgE syndrome, 192t
Hyperleucinemia, 690
Hypermetabolic state, 14
Hypernatremia, 30
Hyperoxia test, 538
Hyperprolactinemia, 56
Hypertension

antihypertensives for, 86, 88t
definition of, 84-88
diagnostic evaluation of, 84, 85f, 86, 89f
history-taking for, 84, 85f
nonpharmacologic treatment of, 86, 87f
obesity and, 26
pharmacologic treatment of, 86, 87f, 88t
physical examination of, 84, 85f
referrals for, 86
risk factors for, 84-88
secondary, 84-88
severity of, 84, 84t
sports participation and, 706t-709t
treatment of, 86, 87f, 88t

Hypertonia, 318, 671-672
Hyperventilation, 38, 320
Hypoalbuminemia, 228
Hypoglycemia, 294, 478
Hypoplastic left-heart syndrome, 539
Hypoproteinemia, 396
Hypospadias, 262
Hypothyroidism, 56
Hypotonia, 318
Hypovolemic shock, 32, 34
Hypoxemia, 396-398, 397f
Hypoxic-ischemic encephalopathy,  

292-294

I

Ibuprofen, 326t
Idiopathic acute crying episode, 18
Idiopathic thrombocytopenic purpura, 612, 

614
Iliac apophysitis, 699t-700t
Iliotibial band syndrome, 283, 446
Iliotibial band tendonitis, 699t-700t
Illness, degree of, 4
Immersion burns, 470
Immunodeficiency disorders

acquired, 188-191
B-cell disorders, 190t, 192t
chronic diarrhea secondary to, 228
complement disorders, 191
history-taking evaluations, 188-189
human immunodeficiency virus. See Human 

immunodeficiency virus
laboratory evaluations, 191
neutrophil disorders, 190-191, 192t
primary, 188-191
T-cell disorders, 190t, 192t

Immunoglobulin deficiency, 190t
Immunologic reactions, 20t, 21t
Impedance-pH monitoring, 584
Impetigo, 116
Inborn errors of metabolism

acute presentation of, 688
in acutely ill child, 688-690, 689f, 691f
algorithm for, 691f
clinical manifestations of, 688-690
diagnosis of, 690
elevated liver tests and, 236t
endogenous intoxication limitations, 686
exogenous intoxication prevention, 690
history-taking evaluations, 688
hyperammonemia, 684-685
laboratory tests for, 688-689
neonatal cholestasis caused by, 291
neonatal seizures caused by, 294
in neonate, 684-686, 685f, 687f
pathogenesis of, 688-690
screening for, 684-685
withdrawal of support for, 690

Incontinentia pigmenti, 116
Indirect inguinal hernia, 264
Individualized Education Program, 528, 552
Individuals with Disabilities Education Act, 

524, 528
Indomethacin, 297t
Infantile masturbation, 344-345
Infantile spasms, 364t-367t
Infantile syncope, 362t-363t
Infant(s)

acute, excessive crying in, 18, 19f, 20t, 21t
bloody stools in, 210t
elevated liver tests in, 234, 235f, 236, 236t, 

237f
failure to thrive in, 12-16, 13f, 15f, 17f
fever in, 174-176, 175f, 176t, 177f, 178-182, 

179f, 180t, 181f, 182t
growth deficiency in, 12-16, 13f, 15f, 17f
premature. See Premature infant
reflexes in, 309t
3 to 36 months of age, 178-182, 179f, 180t, 

181f, 182t
vomiting by, 238-240, 239f, 241f
weight gain in, 16
younger than 3 months of age, 174-176, 

175f, 176t, 177f
Infection. See also specific infection

acute, excessive crying caused by, 20t, 21t
breast lump caused by, 50
dysuria caused by, 250
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frequent, 188-191, 189f, 190t, 191f, 192t
neonatal, 300
odontogenic, 94-95, 94t, 96-98, 97f, 99f
recurrent, 188-191, 189f, 190t, 191f, 192t

Infectious mononucleosis, 110
Infective endocarditis, 196t
Inflammatory bowel diseases, 196t, 578-580, 

578t, 579f, 581f, 582t
Infliximab, 582t
Informed consent, 520
Ingrown nails, 121
Innocent heart murmurs, 81t, 82, 83f
Inotropic agents

anaphylaxis treated with, 10t
shock treated with, 35t

Insect bites, 110, 652
Insomnia, 532
Integrated Management of Childhood Illness, 

656-662
Intention tremor, 342
Internal tibial torsion, 278
International travel illnesses

Chikungunya virus, 651
dengue, 650-651, 660
dermatologic conditions, 652, 653f
diarrhea, 646-647, 647f
fever, 648-651, 649f, 651f, 654t
incidence of, 646
leptospirosis, 651
malaria, 196t, 650, 653t-654t, 658-659
Rickettsial infections, 651
tuberculosis, 651
typhoid fever, 650

Interpersonal psychotherapy for adolescents, 520
Intestinal malrotation, 202
Intestinal obstructions, 430
Intra-abdominal trauma, 428-430, 429f, 429t, 431f
Intraductal papillomas, 52, 56
Intrauterine device, 488
Intravenous immunoglobulin

Kawasaki disease treated with, 630
neonatal sepsis treated with, 302t

Intravenous pyelography, 432-433
Intussusception, 202, 210
Ipratropium, 10t, 744t

with albuterol, 744t
Iron deficiency, 598
Irritable bowel syndrome, 228
Irritant diaper dermatitis, 256
Ischemic stroke, 374
Iselin disease, 274
Isoniazid, 480t
Isoproterenol, 76
Isotretinoin, 573

J

Jaundice
breast-feeding, 289
cholestatic, 290
mild, 288-291
physiologic, 288

Jones criteria, for acute rheumatic fever, 544t
Juvenile idiopathic arthritis, 712, 713f
Juvenile myoclonic epilepsy, 364t-367t
Juvenile polyp, 210
Juvenile rheumatoid arthritis, 196t
Juvenile xanthogranulomas, 112-113

K

Kallmann syndrome, 43, 160-161
Kawasaki disease, 186, 196t, 236, 628-630, 

629f, 631f

Keratosis pilaris, 112
Kernig sign, 178-179, 638
Ketamine, 372t
Ketoconazole, 166t
Ketorolac, 326t
Kidney trauma, 432-433, 434
Kiesselbach plexus, 136-138
Klippel-Trénaunay syndrome, 574
Knee contusions, 280
Knee fractures, 280
Knee overuse syndromes, 699t-700t, 701f
Knee pain, 280-283, 446
Knock-knees, 276
KOH preparation, 106, 120
Köhler disease, 274
Koilonychia, 120
Koplik spots, 184, 659

L

Labial adhesions, 248-249, 251
Laboratory tests

abdominal trauma evaluation, 428
acute pancreatitis, 592
amenorrhea evaluation, 43
attention-deficit/hyperactivity disorder 

evaluation, 507
bloody stools evaluation, 208
cervical lymphadenitis/adenopathy  

evaluation, 144
Crohn disease evaluation, 578-579
epistaxis evaluation, 136
failure to thrive evaluation, 16
febrile seizure evaluation, 354
fever evaluation, 648
fever of unknown origin evaluation, 194-195
genitourinary trauma evaluation, 432
hemolytic anemia evaluation, 596
inborn errors of metabolism evaluation, 684, 

688-689
macrocytic anemia evaluation, 600
microcytic anemia evaluation, 598
nail disorder evaluation, 120
neonatal hyperbilirubinemia evaluation, 288
neonatal seizures evaluation, 292-293
neonatal sepsis evaluation, 300
normocytic anemia evaluation, 600
osteomyelitis evaluation, 714
periorbital cellulitis evaluation, 382
persistent diarrhea evaluation, 226
pneumonia evaluation, 754
renal disease evaluation, 764-765
seizure evaluation, 358
septic arthritis evaluation, 718
shock evaluation, 32
status epilepticus evaluation, 370
thrombocytopenia evaluation, 612
ulcerative colitis evaluation, 578
upper gastrointestinal bleeding evaluation, 

230
Lacerations

algorithm for, 459f
antibiotic prophylaxis for, 459
evaluation of, 458
hand, 454
lip, 452
renal, 434
tetanus immunizations, 458, 459t
tongue, 452
upper extremity, 440
wound cleansing, 458
wound closure, 458

Lachman test, 444-445
Lactulose, 218t
Lamotrigine, 368t-369t

Lansoprazole, 586t
Late-onset hypogammaglobulinemia, 190t
Lateral collateral ligament injuries, 281-282, 

444-445
Lateral epicondylitis, 698t
Laxatives, for constipation, 216, 218t
Laxity, 318
Lead poisoning, 482-483, 483f, 484f
Left ventricular outflow tract obstruction, 539
Leg length inequalities, 284
Leg overuse syndromes, 699t-700t, 701f
Legal consent, 558
Legg–Calvé–Perthes disease, 282, 284, 446, 

718-719
Lennox–Gastaut syndrome, 364t-367t
Leptospirosis, 186, 651
Leukocyte adhesion disorder, 192t
Leukotriene receptor antagonists, 141-142, 143t
Leuprorelin, 166t, 168t
Levalbuterol, 744t
Levetiracetam, 327t, 352t-353t, 368t-369t, 372t
Levocetirizine, 143t
Levofloxacin, 64t
Leydig cell hyperplasia, 166
Lichen planus, 114
Lichen sclerosis, 248
Lidocaine, 372t
Limp, 284, 285f
Linear IgA bullous dermatosis, 118-119
Linear lesions, 106
Linezolid, 758t
Lip

cleft, 564-566, 564t, 565f, 566t, 567f
lacerations of, 452

Little area, 136-138
Little League elbow, 698t
Little League shoulder, 696, 698t
Liver disease, chronic, 236t
Liver failure, acute, 234
Liver tests

elevated, 234, 235f, 236, 236t, 237f
substance abuse evaluations, 500

Loratadine, 143t
Lorazepam, 368t-369t, 372t
Losartan, 88t
Low-density lipoprotein, 26
Lower extremity

overuse syndromes of, 446, 699t-700t
traumatic injuries of, 442, 443f, 444-445, 

445f, 446, 447f
Lubricants, for atopic dermatitis, 109b
Ludwig angina, 94-95
Lumbar puncture, 175, 180, 310, 323, 639, 642
Luteinizing hormone

ambiguous genitalia and, 156
delayed puberty and, 160-161

Lyme disease, 186, 196t
algorithm for, 633f, 635f, 637f
arthritis associated with, 634
definition of, 632-636
evaluation of, 632
neurologic manifestations of, 634
treatment of, 636

Lymphadenopathy, 614
cervical, 144-148, 145f, 146t, 147f, 148t, 149f
definition of, 144-148
differential diagnosis of, 146, 146t
generalized, 22, 23f

Lymphocytic pleocytosis, 377

M

Macrocytic anemia, 600, 601f
Macroencephaly, 314, 315f
Macule, 106
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Maculopapular drug eruptions, 110-111
Magnesium citrate, 218t
Magnesium hydroxide, 218t
Magnesium sulfate, 327t
Magnetic resonance imaging

headache evaluations, 323
macroencephaly evaluations, 314
mental status abnormalities evaluation, 

320-321
microencephaly evaluations, 314
neonatal seizure evaluations, 293
neurologic disorder evaluations, 310
septic arthritis evaluations, 718
tone abnormalities evaluated with, 318

Major depressive disorder, 518-521, 522t
Malaria, 196t, 650, 653t-654t, 658-659
Male precocious puberty, 166, 166t, 167f
Malformations, 674
Malnutrition, 16, 660, 662, 663t
Mantoux method, 664
Maple syrup urine disease, 686
Mastalgia, 46-48
Mastocytosis, 116
Mastoid air cells, 132
Mastoidectomy, 133
Mastoiditis

acute otitis media and, 132
causative factors, 132
clinical approach to, 134, 135f
clinical manifestations of, 133
complications of, 133
definition of, 132
diagnosis of, 133
pathogenesis of, 132
risk factors for, 132
treatment of, 133

Masturbation, 344-345, 362t-363t
Mayer-Rokitansky-Küster-Hauser syndrome, 

44-45
McBurney point, 202
McCune–Albright syndrome, 58, 166, 168
McGill Pain Questionnaire, 46
McMurray’s test, 282
Mean corpuscular volume, 688-689
Measles, 184, 659, 663t
Meatal stenosis, 251, 262
Meckel diverticulum, 210
Medial collateral ligament injuries, 281-282, 

444-445, 698t
Medial epicondylitis, 698t
Medial tibial syndrome, 446, 699t-700t
Mediastinal masses, 402
Mefloquine, 653t-654t
Menarche, 42
Meningitis, 180

algorithm for, 641f, 643f
antibiotics for, 640, 640t, 642
bacterial, 638-642
central nervous system complications of, 642
cerebrospinal fluid tests for, 639
definition of, 638
diagnosis of, 639
infectious causes of, 294, 638
lumbar puncture for, 639, 642
tuberculous, 666
viral causes of, 638

Meniscal injuries, 282, 444-445
Menstrual problems, 58-60, 59f, 61f
Mental status abnormalities, 320-321, 321f, 

321t
Mesalamine, 580, 582t
Metadate ER, 512t
Metatarsal fractures, 272
Metatarsalgia, 699t-700t
Metatarsus adductus, 276

Methanol, 480t
Methemoglobinemia, 34, 480t
Methicillin-resistant Staphylococcus aureus, 

186, 714-716, 718-720
Methotrexate, 712
Methylin, 512t
Methylphenidate, 512t
Methylprednisolone

anaphylaxis treated with, 10t
asthma treated with, 744t
croup treated with, 408t
inflammatory bowel disease treated with, 

580
spinal cord injury treated with, 424

Metoclopramide, 326t
Metoprolol, 327t
Metronidazole

Crohn disease treated with, 582t
inflammatory bowel disease treated with, 

582t
pelvic inflammatory disease treated with, 64t
traveler’s diarrhea treated with, 647
trichomoniasis treated with, 64t
ulcerative colitis treated with, 582t
vaginitis treated with, 64t

Miconazole, 64t
Microcytic anemia, 598, 599f
Microencephaly, 314, 315f
Micronutrient deficiencies, 228
Microscopic hematuria, 433
Midazolam, 368t-369t, 372t
Midfoot sprain, 699t-700t
Mifepristone, 474
Migraine headache, 322-325, 362t-363t
Miliaria crystallina, 118
Miliaria rubra, 118
Milk protein intolerance, 227
Milrinone, 35t
Mineral oil, 218t
Minimal change disease, 770
Minocycline, 573t
Miosis, 450
Mitochondrial energy metabolism disorders, 690
Mitochondropathy, 236t
Mitral regurgitation, 79, 80t
Mitral stenosis, 81t
Mixed venous oxygen saturation, 32
Molluscum contagiosum lesions, 112
Mometasone, 143t
Mongolian spots, 112-113
Monospot test, 22
Monteggia fracture, 438
Montelukast, 143t
Montgomery tubercles, 54
Morgan–Dennie lines, 140
Moro reflex, 309t
Motor function assessments, 307-308
Movement disorders

algorithm for, 331f
ataxia, 329t, 332t, 334-335, 335f, 336t
chorea, 329t, 336-337, 337f, 338t-339t
description of, 328-331
diagnosis of, 330-331, 334-335
dystonia, 329t, 340-341, 341f, 342t
finger-to-nose testing of, 330
gait examinations, 330
history-taking, 331t
motor examination, 330
neurologic examination for, 332t
psychogenic, 344-345, 344t
questions for categorizing, 331t
rapid alternating movements evaluation, 330
self-stimulatory behavior, 344-345
stereotypies, 329t, 345
tremor, 329t, 342-343, 343f, 344t

types of, 329t, 331
video protocol for, 330-331, 333t

Mucha–Habermann disease, 114
Mucopurulent cervicitis, 62, 64t
Müllerian dysgenesis, 44-45
Multifactorial inheritance, 675
Murmurs. See Heart murmurs
Muscle tone abnormalities, 318, 319f
Musculoskeletal disorders, 694, 695f, 696, 697f
Mutans streptococci, 100
Mycobacterium avium complex, 148, 625t
Mycobacterium tuberculosis, 664-666
Mydriasis, 450
Myelopathy, 377
Myiasis, 652
Myocarditis, 36
Myoclonic seizures, 292
Myoclonus, 308, 329t
Myringotomy, 126

N

Nafarelin, 166t
Nafcillin

bacteremia treated with, 176t
croup treated with, 408t
osteomyelitis treated with, 716t
periorbital cellulitis treated with, 382t

Nail disorders, 120-121, 121f
Naloxone, 736t
Naproxen, 426t
Naratriptan, 426t
Narcotics Anonymous, 502
Narcotic-sedative-hypnotic toxic syndrome, 

480
Nasal congestion

definition of, 140-142
history-taking, 140
physical examination of, 140

Nasogastric tube, 231
Nasolacrimal duct obstruction, 384, 386
Neck injury, 422-424, 423f, 425f
Necrotizing enterocolitis, 724-726, 725f, 727f
Neisseria gonorrhoeae, 264-266
Neisseria meningitidis, 638
Neonates

cholestasis in, 290-291
delivery room resuscitation of, 732-735, 

733f, 735f, 736t
Down syndrome in, 682
herpes simplex infections in, 728-730, 729f, 

730t, 731f
hyperbilirubinemia in, 288-291, 289f, 290t, 

291f
inborn errors of metabolism in, 684-686, 

685f, 687f
necrotizing enterocolitis in, 724-725, 725f, 

726, 727f
pustular disorders in, 106
respiratory distress syndrome in, 296-298, 

297f, 297t, 298t
resuscitation of, 732, 733f, 734-735, 735f, 

736t
seizures in, 292-294, 293f, 364t-367t
sepsis in, 300-302, 301f, 302t, 303f

Nephrogenic diabetes insipidus, 30
Nephrotic syndrome, 768, 770
Neurocardiogenic syncope, 36-38
Neurofibromatosis, 112-113
Neurologic disorders

evaluation of, 306-308, 307f, 307t, 309t, 310
head size and shape abnormalities, 314, 

315f, 316, 317f
headaches. See Headaches
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movement disorders. See Movement 
disorders

seizures. See Seizures
status epilepticus, 358, 360, 370-371, 371f, 

372t
tics. See Tics
tone abnormalities, 318, 319f
Tourette syndrome. See Tourette syndrome

Neuromuscular junction disease, 376
Neuropathy, 376
Neutropenia, 616, 617f
Neutrophil disorders, 190-191, 192t
Nevi, 112-113
Nevus sebaceous, 112-113
Nezelof syndrome, 190t
Nicardipine, 88t
Night terrors, 362t-363t
Nightmares, 362t-363t, 534
Nikolsky sign, 184, 186
Nipple

discharge from, 54, 55f, 56, 57f
trauma to, 50

Nissen fundoplication, 585
Nizatidine, 586t
Nocturnal enuresis, 70, 71f
Nodule, 106
Nonalcoholic fatty liver disease, 236
Nonblistering, nonerythematous skin lesions, 

112-113, 112t, 113f
Noncyclical mastalgia, 48
Nonepileptic paroxysmal events, 360
Nonepileptic seizures, 362t-363t
Nonerosive esophagitis, 586t
Noninflammatory diarrhea, 220
Nonnucleoside reverse transcriptase inhibitor, 

622, 626t
Nonparalytic strabismus, 388
Nonpenetrating sexual abuse, 472-473
Nonprogressive facial swelling, 94
Nonretentive encopresis, 68
Nonspecific colitis, 208
Nonsteroidal anti-inflammatory drugs, 712
Nontyphoid salmonellosis, 223t
Norepinephrine, 35t
Normocomplementemic glomerulonephritides, 

259
Normocytic anemia, 600, 601f
Nortriptyline, 327t
Nucleoside reverse transcriptase inhibitor, 622, 

626t
Nummular eczema, 108
Nutcracker syndrome, 259
Nutritionist, 13
Nystatin, 64t

O

Obesity
alanine aminotransferase levels in, 26
algorithms for, 25f, 27f, 29f
aspartate aminotransferase levels in, 26
blood pressure elevations in, 26
body mass index, 24-28
comorbidity screenings, 24
definition of, 24-28
history-taking, 24
hypertension risks, 84-88
low-density lipoprotein levels, 26
obstructive sleep apnea associated with, 26
polycystic ovary syndrome and, 44
sports participation and, 706t-709t
treatment of, 28

Obstructive shock, 32, 34
Obstructive sleep apnea, 26, 760-761

Obstructive uropathy, 252
Occupational therapist, 13
Octreotide, 231, 592
Ocular injury, 448, 449f, 450
Ocular motility evaluations, 380
Odontogenic infections, 94-95, 94t, 96-98, 97f, 

99f
Olanzapine, 352t-353t
Olecranon apophysitis, 698t
Olecranon impingement, 698t
Oligoarticular juvenile arthritis, 712
Oligohydramnios, 674
Olopatadine, 143t
Omeprazole, 586t
Onychomycosis, 120
Ophthalmia neonatorum, 384, 386
Opportunistic infections, 625t
Opsoclonus-myoclonus-ataxia syndrome,  

334
Oral contraceptives

acne vulgaris treated with, 573
cyclical mastalgia treated with, 48
description of, 488, 490t
dysfunctional uterine bleeding treated  

with, 60
Oral health assessments, 100-102
Oral rehydration solutions, 220, 224-225,  

224t
Oral trauma, 452-453, 453f
Orbital abscess, 390, 391f
Orbital cellulitis, 390, 391f
Orbital compartment syndrome, 450
Orbital fractures, 450
Orchiopexy, 770
Orchitis, 264-266
Organophosphates, 480t
Orotic acid, 684-685
Orthostatic syncope, 38
Oseltamivir, 758t
Osgood-Schlatter disease, 282, 446,  

699t-700t
Osmotic diarrhea, 220, 226-227
Osteochondritis dissecans, 274, 283, 698t
Osteomyelitis, 714-716, 715f, 716t
Otitis media with effusion

adenoidectomy for, 130
antibiotics for, 130
clinical approach to, 129, 131f
clinical manifestations of, 128-129
complications of, 129
definition of, 128
developmental delay risks, 128
diagnosis of, 128-129
epidemiology of, 128
hearing tests in patients with, 130
management of, 130
otolaryngologist referral for, 129
pathogenesis of, 128
signs and symptoms of, 128
surgery for, 130
tympanic membrane findings in, 128-129
“watchful waiting” approach to, 129-130

Otoscopy, 124, 129
Outflow tract obstruction, 79
Ovarian insufficiency, 44
Ovarian torsion, acute, 202
Overdose, 478-481, 479f, 479t, 480t, 481f
Overuse syndromes, 446, 694, 695f, 696, 697f, 

698t, 699t-700t, 704
Overweight, 24-28
Ovotesticular disorder of sexual differentiation, 

158
Ovulation, 58
Oxacillin, 382t, 408t
Oxybutynin, 70

P

P wave, 74
Pachyonychia congenita, 120
Pain

abdominal. See Abdominal pain
acute otitis media, 125
breast, 46-48, 47f, 49f
chest, 268-270, 269f, 271f
chest wall, 46
foot, 272-273, 273f, 274-275, 275f
knee, 280-283
scrotal, 264-266, 265f

Palmar reflex, 309t
Pancolitis, 579
Pancreatitis, acute, 202, 242, 592, 592t, 593f
Panner disease, 698t
Pantoprazole, 586t
Papular urticaria, 110, 118
Papule, 106, 110, 652
Papulosquamous disorders, 114, 115f
Papulovesicular dermatitis, 108
Paracentesis, 725
Parachute reaction, 309t
Paralytic strabismus, 388
Paranasal sinusitis, 142t
Parasites/parasitic infections, 22, 652
Parasomnias, 534
Paronychia, 121
Paroxysmal coughing, 38
Paroxysmal dyskinesias, 329t
Partial seizures, 364t-367t
Parulis, 94-95
Pastia’s sign, 110
Patellar dislocations, 282
Patellar tendonitis, 283
Patellofemoral pain syndrome, 282-283, 446, 

699t-700t
Patent ductus arteriosus, 81t, 298
PEG 3350, 218t
Pelvic inflammatory disease, 62-64, 64t
Pelvic magnetic resonance imaging, 43, 44-45
Pelvic osteomyelitis, 196t
Pelvic overuse syndromes, 699t-700t, 701f
Pelvic trauma, 432-433
Pemphigus, 118-119
Penicillin G, 636t
Penicillin VK, 544t
Penile raphe, 262
Penis

angulation of, 263
disorders of, 262-263, 263f
edema of, 263
torsion of, 263

Pentobarbital, 372t
Perfusion, 4
Periapical abscess, 94-95
Pericardiocentesis, 34
Pericarditis, 36
Periorbital cellulitis, 382, 382t
Peripheral precocious puberty, 166, 166t, 

168-170
Peritonsillar abscess, 150-151, 152t, 153f
Peroneal tendonitis, 699t-700t
Persistent diarrhea, 226-228
Persistent pulmonary hypertension, 298
Pervasive developmental disorder not  

otherwise specified, 514
Pes planus, 272-273
Phalangeal fractures, 454
Pharyngoconjunctival fever, 184
Phenobarbital, 294, 368t-369t, 372t
Phenothiazines, 480t
Phenytoin, 294, 368t-369t, 372t
Phimosis, 262

Neurologic disorders (Continued)
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Phosphate enema, 218t
Phototherapy, 290
Physical abuse, 468-469, 469f, 470, 471f
Physical examination

abdominal trauma evaluation, 428
acute, excessive crying evaluation, 18
acute abdominal pain evaluation, 200
acute diarrhea evaluation, 220-221
acute fever evaluation, 174, 178-179
acute pancreatitis evaluation, 592
acute poisoning evaluation, 478
ambiguous genitalia evaluation, 156
amenorrhea evaluation, 43, 43t
asthma evaluation, 738, 742
athlete evaluation, 702
bites evaluation, 460
bleeding disorder evaluation, 602
bloody stools evaluation, 208
bradyarrhythmia evaluation, 74
breast lump evaluation, 50
breast pain evaluation, 46
bronchiolitis evaluation, 746
bronchopulmonary dysplasia evaluation, 750
cervical lymphadenitis/adenopathy  

evaluation, 144
cervicitis evaluation, 62
chest pain evaluation, 268
chronic cough evaluation, 400
clinical decision making based on, 2
conjunctivitis evaluation, 384
constipation evaluation, 214
cough evaluation, 394
Crohn disease evaluation, 578
cyanotic heart disease evaluation, 538
dysmorphologic features evaluation, 674, 676t
elevated liver tests evaluation, 234
epistaxis evaluation, 136
facial swelling evaluation, 96-98
failure to thrive evaluation, 12
febrile seizure evaluation, 354
fever evaluation, 194, 648
gastroesophageal reflux evaluation, 584
generalized lymphadenopathy  

evaluation, 22
genetic disease evaluation, 671-672
group A streptococcus pharyngitis  

evaluation, 150-151
hand injuries evaluation, 454
headache evaluation, 322-323
heart murmur evaluation, 78
hemolytic anemia evaluation, 596
human immunodeficiency virus evaluation, 

620
hypertension evaluation, 84, 85f
hypoxemia evaluation, 396
immunodeficiency disorders evaluation, 

188-189
knee pain evaluation, 280
lower extremity trauma evaluation, 442
Lyme disease evaluation, 632
macrocytic anemia evaluation, 600
mastoiditis evaluation, 134
mental status abnormalities evaluation, 320
microcytic anemia evaluation, 598
nail disorder evaluation, 120
nasal congestion evaluation, 140
neonatal hyperbilirubinemia evaluation, 288
neonatal sepsis evaluation, 300
neurologic disorders evaluation, 306-308
neutropenia evaluation, 616
nipple discharge evaluation, 54
normocytic anemia evaluation, 600
obesity evaluation, 24
ocular injury evaluation, 448
orbital abscess evaluation, 390

orbital cellulitis evaluation, 390
overuse syndromes evaluation, 694
pelvic inflammatory disease evaluation, 63
periorbital cellulitis evaluation, 382
persistent diarrhea evaluation, 226
physical abuse evaluation, 468
pneumonia evaluation, 754
precocious puberty evaluation, 166, 168
premature infant evaluation, 554
renal disease evaluation, 764
respiratory distress syndrome evaluation, 296
seizure evaluation, 358
short stature evaluation, 162
sickle cell disease evaluation, 608
skin lesion evaluation, 106
sleep disturbances evaluation, 530
status epilepticus evaluation, 370
stridor evaluation, 404
supraventricular tachycardia evaluation, 90
syncope evaluation, 36
thrombocytopenia evaluation, 612
tics evaluation, 346-347
traveler’s diarrhea evaluation, 646
ulcerative colitis evaluation, 578
undescended testis evaluation, 770
upper gastrointestinal bleeding evaluation, 230
vision evaluation, 380
vomiting evaluation, 238, 242
vulvovaginitis evaluation, 62
wheeze evaluation, 410

Physiologic phimosis, 262
Physiologic tremor, 342-343
Physostigmine, 480
Pierre Robin sequence, 398, 564, 566, 679f
Pimozide, 352t-353t
Pirbuterol, 744t
Pitting, of nails, 120
Pityriasis alba, 112
Pityriasis lichenoides, 114
Pityriasis rosea, 114
Plagiocephaly, 316
Plantar fasciitis, 274, 699t-700t
Plantar reflex, 309t
Plaque (dental), 101
Plaque (skin lesion), 106
Plasma volume, 8
Plasminogen activator inhibitor-1, 604
Plasmodium spp., 650, 653t-654t, 658-659
Pleural effusions, 757
PLEVA, 114
Plexopathy, 376
Pneumatic otoscopy, 124, 129
Pneumocystis pneumonia, 625t
Pneumonia

algorithms for, 755f
antibiotics for, 757t, 758t
bacterial, 756t
causes of, 756t
clinical presentation of, 754-757
in developing countries, 658, 663t
history-taking for, 754
laboratory tests for, 754
physical examination of, 754
Pneumocystis, 625t
prevention of, 757
treatment of, 756-757, 757t
viral, 756t

Pneumothorax, 396
Point of maximal impact, 764
Poisoning

acute, 478-481, 479f, 479t, 480t, 481f
carbon monoxide, 34
food, 220
lead, 482-483, 483f, 484f

Polyarticular juvenile arthritis, 712
Polycystic ovarian syndrome, 44, 60
Polycythemia, 288
Polydipsia, 30, 31f
Polyethylene glycol electrolyte solution, 218t
Polyps, juvenile, 210
Polyuria, 30, 31f
Pompholyx, 118
Port-wine stains, 574
Positive-pressure ventilation, 734
Postcircumcision preputial adhesions, 262
Posterior cruciate ligament injuries, 281, 444-445
Posterior urethral valves, 252
Post-Lyme syndrome, 636
Postrotational nystagmus, 309t
Poststreptococcal glomerulonephritis, 150
Post-traumatic seizures, 419
Postural reactions, 309t
Potassium hydroxide preparation, 106, 120
Prader–Willi syndrome, 24, 670-671
Precocious puberty

in boys, 166, 166t, 167f
central, 166, 166t, 168-170
definition of, 166
description of, 58
in girls, 168-170, 168t, 169f, 171f
peripheral, 166, 166t, 168-170

Prednisolone, 744t
Prednisone

anaphylaxis treated with, 10t
asthma treated with, 744t
inflammatory bowel disease treated with, 

580, 582t
Pregnancy

amenorrhea secondary to, 42
contraception, 487t
nipple discharge during, 54
sexual abuse as cause of, 474
teenage, 486

Prehypertension, 84, 84t
Premature infants

ambulatory care of, 554-556, 555f, 557f
aspiration in, 396
bronchopulmonary dysplasia in, 750-752, 

751f, 752t, 753f
Premature ovarian failure, 60
Preparticipation sports examination, 702-704, 

703f, 703t, 705f, 706t-709t
Prepuce anomalies, 262
Preputial adhesions, 262
Prevotella spp., 95
Prickly heat, 118
Primary hypothyroidism, 162
Primary pulmonary hypertension, 36
Primary sclerosing cholangitis, 236t
Primrose oil, 48
Probiotics, 225
Processus vaginalis, 264
Prochlorperazine, 326t
Progesterone, 58
Prolactin, 44, 56
Promethazine, 326t
Propionibacterium acnes, 572
Propofol, 372t
Propranolol

headaches treated with, 327t
hypertension treated with, 88t
supraventricular tachycardia treated with, 

91, 92t
Prostaglandin E1, 540
Protease inhibitors, 622, 626t
Proteinuria, 768-769, 770, 771f
Proton pump inhibitors, 231, 584, 586t
Proximal femoral epiphysis, 284
Psoriasis, 114

Physical examination (Continued)
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Psychogenic movements, 329t, 344-345, 344t
Psychosocial stressors, 12
PTEN gene, 672
Puberty

in boys, 160f
delayed, 44, 160-161, 160f, 161f
estrogen production in, 58
in girls, 160f
menarche onset after, 42
precocious. See Precocious puberty
Tanner staging of, 160, 168
timeline for, 42-43

Pulmonary atresia, 540t
Pulmonary disease, 396-398, 397f
Pulmonary edema, 396
Pulmonary infiltrates, 402
Pulmonary masses, 402
Pulmonary outflow obstruction, 539
Pulmonary regurgitation, 79, 81t
Pulmonary stenosis, 79, 80t, 679f
Pulpitis, 94
Pulse oximetry, 538, 746
Purified protein derivative test, 148, 664
Purine-nucleoside phosphorylase deficiency, 190t
Pustule, 106
Pyelonephritis, 252

Q

Q fever, 196t
QRS complexes, 74
Quinine sulfate, 653t-654t

R

Rabeprazole, 586t
Rabies prophylaxis, 460
Radial ray anomaly, 679f
Radiculopathy, 376
Rage attacks, 362t-363t
Ranitidine, 10t, 586t
Rapid antigen detection test, 151, 152t, 542-543
Rash

fever and red eyes presenting with, 184, 
185f, 186, 187f

in infectious mononucleosis, 110
in scarlet fever, 110

RAST, 140
Reactive airways disease, 752
Reactive arthritis, 252
Reactive erythemas, 110-111, 111f
Recurrent infections, 188-191, 189f, 190t, 

191f, 192t
Red blood cell distribution width, 598
Red eyes, fever and rash presenting with, 184, 

185f, 186, 187f
Red reflex, 380
5-a-reductase deficiency, 156
Refeeding syndrome, 496
Reflexes, 309t
Renal disease, 764-765, 765f, 766t
Renal trauma, 432-433, 434
Renal ultrasound, 770
Respiratory distress, 296-298, 297f, 297t, 298t, 

396-398, 397f, 404, 406t
Respiratory rate, 756t
Respiratory viral infection, 124
Restless leg syndrome, 329t, 532
Resuscitation

compression-only cardiopulmonary, 416
neonatal, 732-735, 733f, 735f, 736t

Retentive encopresis, 68
Reticular dysgenesis, 192t
Retinoids, 572

Retropharyngeal abscess, 150, 152t
Rett syndrome, 672
Reye syndrome, 242, 244
Rheumatic fever, 542-544, 544t, 545f
Rheumatoid arthritis, juvenile, 196t
Rhinitis

allergic, 141-142, 141f
definition of, 140-142
treatment of, 140-142, 143t

Rhinitis medicamentosa, 142t
Rhinosinusitis, 140-142, 142t
Rhythmic movement disorders, 534
Riboflavin, 327t
Rickettsial infections, 651
Risperidone, 352t-353t
Ritalin, 512t
Rituximab, 712
Rizatriptan, 326t
Roberts syndrome, 566t
Rocky Mountain spotted fever, 186
Ropinirole, 352t-353t
Rotator cuff injury, 698t
RU-486, 474
Rubeola, 184
Rubral tremor, 342
Runner’s knee, 699t-700t

S

Salicylates, 544t
Salmonella spp.

S. enterica, 650
S. typhi, 194, 223t, 650

Scabies, 106
Scald burns, 456
Scaphoid fractures, 438, 454
Scarlet fever, 110
School learning problems, 528, 529f
Screening tests, 2
Scrotal swelling/pain, 264-266, 265f
Seabather’s eruption, 652
Seborrheic dermatitis, 108
Second heart sound, 78
Secondary hypertension, 84-88
Second-degree heart block, 74, 76
Secretory diarrhea, 220, 228
Seizures

algorithm for, 359f, 361f
anticonvulsants for, 360, 368t-369t
definition of, 358-360
electroencephalography evaluations, 359
febrile, 354-356, 355f, 357f, 364t-367t
management of, 360
neonatal, 292-294, 293f, 364t-367t
nonepileptic paroxysmal events versus, 360
post-traumatic, 419
recurrence of, 360
sports participation and, 706t-709t

Selective norepinephrine reuptake inhibitors, 
512t

Selective serotonin reuptake inhibitors, 520
Self-stimulatory behavior, 344-345
Sengstaken–Blakemore tube, 231
Senna, 218t
Sensory function, 308
Sepsis, neonatal, 300-302, 301f, 302t, 303f
Septic arthritis, 718-720, 719f, 721f
Septic shock, 32, 34
Sertraline, 352t-353t
Sever disease, 446, 699t-700t
Severally ill patients, 4 
Severe combined immunodeficiency, 192t
Sexual abuse, 472-474, 473f, 475f
Sexual history, 64

Sexually transmitted infections
in adolescents, 62-65, 62t, 64t, 65t
cervicitis, 62, 64t
description of, 474
epididymitis, 64-65, 65t
pelvic inflammatory disease, 62-64, 64t
urethritis, 64-65, 65t
vulvovaginitis, 62, 62t, 64t

Shigella, 223t
Shin splints, 446, 699t-700t
Shock

algorithm for, 33f
cardiogenic, 32, 34
classification of, 32
definition of, 32
diagnosis of, 32
dissociative, 32, 34
distributive, 32, 34
historical descriptions of, 32
hypovolemic, 32, 34
laboratory tests for, 32
management of, 34, 35f, 35t
obstructive, 32, 34
septic, 32, 34
severity of, 32

Short stature, 162, 163f, 164, 165f
Shoulder

dislocation of, 440
overuse syndromes of, 698t, 700f
traumatic injuries of, 436

Shuddering, 362t-363t
Sickle cell disease, 398, 608-610, 609f, 609t, 

611f, 706t-709t
Simple partial seizures, 364-367t
Sinding-Larsen-Johansson syndrome, 282, 

699t-700t
Sinus bradycardia, 74, 74t, 76
Sinusitis, 196t

acute bacterial, 140-142, 142t
chronic, 140, 142t
subacute bacterial, 140

Skeletal growth, 696
Skin lesions

erythematous maculopapular, 110-111, 111f
evaluation of, 106, 107f
nonblistering, nonerythematous, 112-113, 

112t, 113f
Skin xanthomas, 24
Sleep disordered breathing, 760-761, 761f, 

762t
Sleep disturbances

algorithm for, 531f
behavioral insomnia of childhood, 532
circadian disorders, 532
history-taking, 530
insomnia, 532
in obesity, 26
parasomnias, 534
physical examination of, 530
prevalence of, 530-534
restless legs syndrome, 532
rhythmic movement disorders, 534

Sleep hygiene, 530
Sleep walking, 362t-363t
Slipped capital femoral epiphysis, 282
Smegma, 262
Smith–Lemli–Opitz syndrome, 676
Snapping hip, 699t-700t
Snoring, 26
Sodium bicarbonate, 736t
Sodium nitroprusside, 88t
Soiling, 68, 69f
Solitary mastocytoma, 116
Sorbitol, 218t
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Space-occupying pulmonary lesions, 396
Special health care needs patients

advocate for, 552
cerebral palsy, 560-562, 561f, 563f
cleft lip, 564-566, 564t, 565f, 566t, 567f
cleft palate, 564-566, 564t, 565f, 566t, 567f
family support, 550
long-term planning, 550
monitoring of, 552
nutritional considerations, 548
primary care for, 548-552, 549f, 551f, 553f
respiratory status of, 548
transitioning of, to adult medical care,  

568-569, 569f
Spherocytes, 596
Spinal cord injury without radiographic  

abnormality, 422-424
Spironolactone

hypertension treated with, 88t
precocious puberty treated with, 166t

Splenic sequestration, 610
Splenomegaly, 614, 706t-709t
Sports, 710t
Spot lesions, 101
Sprains, 444-445
Stabilization

in anaphylaxis, 8
elements of, 4

Staphylococcal scalded skin syndrome, 184, 
186

Staphylococcus aureus, 50, 108, 121
methicillin-resistant, 186, 714-716, 718-720

Staring spells, 362t-363t
Statins, 26
Status epilepticus, 358, 360, 370-371, 371f, 

372t
Stereotypies, 329t, 345, 347
Steroid hormone biosynthesis, 158f
Stevens–Johnson syndrome, 110, 118, 186, 252
Stickler syndrome, 566t
Still’s murmur, 81t, 82
Stimulants, 218t, 508
Stinger, 704
Stool samples, 226
Stool softeners, 68
Stool(s)

bloody, 208-210, 209f, 210t, 211f, 212t, 213f
impaction of

encopresis secondary to, 68
enuresis secondary to, 70

withholding behaviors, 214
Strabismus, 388, 389f
Streptococcus spp. See also Group A 

streptococcus
odontogenic infections caused by, 95
S. pneumoniae, 124, 638, 640
S. pyogenes, 108
S. viridans, 95

Stress fractures, 272, 446, 710t
Stridor, 752

causative factors for, 404, 406
definition of, 404
history-taking for, 404
hospitalization for, 404-405, 406
medications for, 408t
physical examination of, 404

Stroke
hemorrhagic, 374
ischemic, 374

ST-T segment wave, 36
Sturge–Weber syndrome, 574
Subacute bacterial sinusitis, 140
Subaortic stenosis, 268-269
Subareolar masses, 52

Subconjunctival hemorrhage, 450
Substance abuse, 500-502, 501f, 501t, 503f
Sucking blister, 118
Sudden cardiac death, 703t
Suicidal ideation, 518-521
Suicidality, 520, 522t
Sulfasalazine, 582t
Sumatriptan, 326t
Supraventricular tachycardia, 90-91, 90t,  

91f, 92t
Surfactant replacement therapy, 298
Sutures, 459t
Sweat duct blockage, 118
“Swinging flashlight” assessment, 306-307
Sydenham chorea, 336-337
Sympathomimetic agents, 10t
Synchronous intermittent mandatory  

ventilation, 296
Syncope

algorithms for, 37f, 39f
causative factors, 36-38
definition of, 36
history-taking, 36
neurocardiogenic, 36-38
orthostatic, 38
physical examination of, 36
vasovagal, 38

Syndrome, 675. See also specific syndrome
Systemic juvenile idiopathic arthritis, 712
Systemic venous oxygen saturation, 32
Systolic ejection murmurs, 78-79, 79f, 80t
Systolic murmurs, 78-79, 79f, 80t

T

Tachycardia, supraventricular, 90-91, 90t,  
91f, 92t

Tamoxifen, 48
Tanner staging of puberty, 160, 168
Tardive dyskinesia, 329t
Tazarotene, 114, 572
T-cell disorders, 190t, 192t
Teenage pregnancy, 486
Temper tantrums, 362t-363t
Tension-type headaches, 322-325
Terbutaline, 744t
Testis

torsion of, 264
undescended, 770, 772, 773f

Testolactone, 166t, 168t
Testosterone, 156
Tetanus immunizations, 458, 459t
Tetrabenazine, 352t-353t
Tetracycline, 573t
Tetralogy of Fallot, 540t, 679f
Thalassemia, 398
Thalidomide, 712
Thiopental, 372t
Third heart sound, 78
Thrombocytopenia, 612-614, 613f, 615f, 604
Thrombotic thrombocytopenic purpura, 612
Thymic hypoplasia, 190t
Thyroglossal duct cyst, 144
Thyroid deficiency, 162
Thyroid-stimulating hormone, 44, 162
Thyroxine, 44, 162
Tiagabine, 368t-369t
Tibial torsion, 278
Tibial tuberosity apophysitis, 699t-700t
Tibiofemoral angle, 276f
Tics

algorithm for, 347f, 349f
comorbidities, 348, 349t
definition of, 346-350

differential diagnosis of, 348t
DSM-IV-TR diagnostic criteria for, 347, 348t
history-taking, 346-347, 347t
motor, 346-350, 347t
neurologic examination for, 347
nonpharmacologic treatment of, 350t
pathophysiology of, 348
pharmacologic treatment of, 352t-353t
treatment of, 350
vocal, 347t

Tinidazole, 64t
Tissue oxygenation, 4
Tissue transglutaminase, 226, 228
Titubation, 342
Tobramycin, 758t
Todd paresis, 358
Toddlers

failure to thrive evaluations, 12
weight gain in, 16

Toddler’s diarrhea, 228
Todd’s paralysis, 374-375
Tone abnormalities, 318, 319f
Tongue lacerations, 452
Tonic neck reflex, 309t
Tonic seizures, 292
Tonsillectomy and adenoidectomy, 760
Topiramate, 327t, 352t-353t, 368t-369t
TORCH infections, 290t, 291, 314
Tourette syndrome. See also Tics

algorithm for, 347f, 349f
attention deficit hyperactivity disorder with, 

348
comorbidities, 348, 349t
definition of, 362t-363t
DSM-IV-TR diagnostic criteria for, 347, 348t
history-taking, 346-347

Toxic epidermal necrolysis, 118, 186
Toxic megacolon, 579
Toxic shock syndrome, 186
Toxic synovitis, 284
Toxicologic screening, 500
Toxins, 480-481
Toxoplasmosis gondii, 625t
Tracheal lesions, 398
Trachyonychia, 120
Transient hypogammaglobulinemia of infancy, 

190t
Transmalleolar axis, 278
Transposition of the great arteries, 539, 540t
Trauma

abdominal, 428-430, 429f, 429t, 431f
acute, excessive crying caused by, 20t
basic life support for, 414, 415f, 416
chest, 426, 427f
dental, 452-453, 453f
genitourinary, 432-433, 433f, 434
head injuries, 418-419, 419f, 420t
lower extremity, 442, 443f, 444-445, 445f, 

446, 447f
neck injury, 422, 423f, 424, 425f
oral, 452-453, 453f
upper extremity, 436-440, 437f, 438f, 439f

Traumatic brain injury, 418-419
Traumatic hyphema, 450
Traveler’s diarrhea, 223t, 646-647, 647f
Tremor, 329t, 342-343, 343f, 344t
Tretinoin, 572
Triamcinolone acetonide, 143t
Triceps tendinitis, 698t
Trichomoniasis, 62t, 64t
Tricuspid atresia, 540t
Tricuspid regurgitation, 79, 80t
Tricyclic antidepressants, 480t

Tics (Continued)
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Trigonocephaly, 316
Trimethoprim with sulfamethoxazole, 758t
Triptans, 326t
Trisomy 13, 566t
Truncus arteriosus, 540t
Tuberculin skin test, 558, 664, 666t
Tuberculosis

algorithms for, 665f, 667f
corticosteroids for, 666
definition of, 664-666
description of, 196t
diagnostic tests for, 664
in international travelers, 651
latent, 665
purified protein derivative test, 148, 664
symptoms of, 664
treatment of, 664-665

Tuberculous meningitis, 666
Tularemia, 196t
Tumors, 374
Tungiasis, 652
Turf toe, 699t-700t
Turner syndrome, 43, 162
22q11.2 deletion syndrome, 564, 566, 566t
Tympanic membrane

in acute otitis media, 124
in otitis media with effusion, 128-129

Tympanocentesis, 126
Tympanometry, 129
Type 2 diabetes, 26
Tyrosinemia, 236t
Tzanck preparation, 116

U

Ulcer disease, 202
Ulcerative colitis, 578-580, 578t, 579f, 581f, 

582t
Ulcers, 232
Ultrasonography, 200
Undescended testis, 770, 772, 773f
UNICEF, 656
Upper airway obstructive lesions, 398
Upper extremity

overuse syndromes of, 698t
traumatic injuries of, 436-440, 437f, 438f, 

439f
Upper gastrointestinal bleeding, 230-232, 231f, 

232t, 233f
Upper intestinal endoscopy, 232
Urethra

meatus
anomaly of, 262-263
stenosis of, 251, 262

minor trauma to, 250-251
trauma to, 432-433

Urethral stricture, 251
Urethritis, 64-65, 65t
Urgency incontinence, 70
Urinalysis, 2, 255t
Urinary protein/creatinine ratio, 768
Urinary tract infection

antibiotics for, 256t
bacteria associated with, 256t
dysuria caused by, 250
risk factors for, 250

Urine collection, 255t
Urticaria, 110, 118
Urticaria pigmentosa, 116

V

Vagal maneuvers, for supraventricular  
tachycardia, 90

Vaginal bleeding, 58-60, 59f, 61f
Vaginitis, 62, 62t, 64t, 248-249, 249f, 250
Valgus angulation, 276
Valproate sodium, 326t, 368t-369t, 372t
Valproic acid, 327t
van der Woude syndrome, 566t
Vancomycin

bacteremia treated with, 182t
meningitis treated with, 640, 640t
osteomyelitis treated with, 716t
pneumonia treated with, 758t

Variceal bleeding, 232
Vascular birthmarks, 574, 575f
Vaso-occlusive disease, 610
Vasopressin, 30, 35t
Vasopressors, 35t
Vasovagal syncope, 38
Venous hum, 81t, 82
Venous thromboembolism, 488, 606-607,  

607f
Ventilation, 734
Ventilation/perfusion mismatch, 396-398
Ventricular septal defect, 79, 80t
Verapamil, 327, 91, 92t
Verruca vulgaris, 112
Vertebral osteomyelitis, 196t
Vesicles, 106, 110, 118
Vesiculobullous disorders, 116, 117f, 118-119, 

119f
Vibrio cholerae, 223t
Vigabatrin, 368t-369t
Viral pneumonia, 756t
Virilization, 44
Vision evaluation, 380, 381f
Vitamin A deficiency, 659
Vitamin K, 234
Vitiligo, 112
Voiding cystourethrogram, 70

Voiding dysfunction, 251
Vomiting

characteristics of, 242-244
general causes of, 242t
after infancy, 242-244, 242t, 243f, 244t,  

245f
during infancy, 238-240, 239f, 241f
severity of, 244t
stages of, 238
warning signs of, 586t

von Willebrand disease, 602-604
von Willebrand factor, 604
Vulvovaginitis, 62, 62t, 64t, 248-249, 249f, 

250

W

Warfarin, 480t
Warts, 112, 112t
“Watchful waiting,” 129
Water deprivation test, 30
Weakness

acute, 374-377, 375f, 377f
bilateral, 374-375, 376-377
definition of, 318
unilateral, 376

Weight loss, 44
Well-child care, 559
West syndrome, 364t-367t
Wheal, 106
Wheeze, 410-411, 411f
White coat hypertension, 26
Whole-bowel irrigation, 478
Wilson disease, 236t
Wiskott–Aldrich syndrome, 192t, 208, 612
Wolff–Parkinson–White syndrome, 90-91
Wood’s lamp examination, 112
Wounds

bite, 460
laceration, 458, 459

Wright stain, 116
Wrist

overuse syndromes of, 698t, 700f
traumatic injuries of, 438

X

Xanthogranulomas, 112-113
X-linked hypophosphatemia, 98

Z

Zinc sulfate, 16
Ziprasidone, 352t-353t
Zolmitriptan, 326t
Zonisamide, 368t-369t



Acronyms and Their Definitions
A1AT alpha-1 antitrypsin
AA Alcoholics Anonymous; amino acids
AAP American Academy of Pediatrics
ABCs airway, breathing, and circulation
ABG arterial blood gas
ABPA allergic bronchopulmonary aspergillosis
Abx antibiotics
ACE angiotensin-converting enzyme
ACE-I angiotensin-converting enzyme inhibitor
ACL anterior cruciate ligament
ACTH adrenocorticotropic hormone
ADEM acute disseminated encephalomyelitis
ADHD attention-deficit/hyperactivity disorder
AED automated external defibrillator
AFP a-fetoprotein
AHI apnea-hypopnea index
AIDS acquired immunodeficiency syndrome
ALT alanine aminotransferase
ANA antinuclear antibody
AOM acute otitis media
AP anteroposterior
aPTT activated partial thromboplastin time
ARDS acute respiratory distress syndrome
ASD autism spectrum disorder
ASO antistreptolysin O
AST aspartate aminotransferase
AV arteriovenous; atrioventricular
AXR abdominal x-ray
BAL blood alcohol level; bronchoalveolar lavage
BC blood culture
BEARS bedtime problems, excessive daytime sleep-

iness, awakenings at night, regularity and 
duration of sleep, and sleep-disordered 
breathing

BFNC benign familial neonatal convulsion
BINC benign infantile neonatal convulsion
BMI body mass index
BMP basic metabolic panel
BP blood pressure
BPD bronchopulmonary dysplasia
BS bag specimen
BUN blood urea nitrogen
C and S culture and sensitivity
CAH congenital adrenal hyperplasia
CBC complete blood cell count
CC clean catch
CF cystic fibrosis
CHD cyanotic heart disease
CHF congestive heart failure
CK creatine kinase
CL/CP cleft lip and/or cleft palate
CMP comprehensive metabolic panel
CMV cytomegalovirus
CN cranial nerve
CNS central nervous system
CPAP continuous positive airway pressure
CPP central precocious puberty
CPR cardiopulmonary resuscitation
CPS child protective services
CRP C-reactive protein

CSF cerebrospinal fluid
CSHCN children with special health care needs
CSVT cerebral sinovenous thrombosis
CT computed tomography
CTA computed tomography angiography
CTV computed tomography venography
c/w consistent with
Cx culture
CXR chest x-ray
DA ductus arteriosus
D/C discharge
DD developmental delay
DDAVP 1-deamino-8-d-arginine vasopressin
DFA direct fluorescent antibody
DH dermatitis herpetiformis
DHE dihydroergotamine
DHEA-S dehydroepiandrosterone sulfate
DHT dihydrotestosterone
DI diabetes insipidus
DIC disseminated intravascular coagulation
DKA diabetic ketoacidosis
DM diabetes mellitus
DNA deoxyribonucleic acid
dRVVT dilute Russell viper venom time
DSD disorder of sexual differentiation
dsDNA double-stranded DNA
DSM-IV-TR Diagnostic and Statistical Manual of Mental 

Disorders, 4th Edition, Text Revision
DTP diphtheria-tetanus-pertussis vaccine
DUB dysfunctional uterine bleeding
DVT deep venous thrombosis
DWI diffusion-weighted imaging
E2 estradiol
EACA e-aminocaproic acid
EB epidermolysis bullosa
EBV Epstein-Barr virus
EC ejection click
ECG electrocardiogram
ECMO extracorporeal membrane oxygenation
ED emergency department
EEG electroencephalogram
ELISA enzyme-linked immunosorbent assay
EMS emergency medical services
ENT ear, nose, and throat
ESR erythrocyte sedimentation rate
ET endotracheal
FAST focused abdominal sonography in trauma
FFP fresh frozen plasma
FSH follicle-stimulating hormone
FTT failure to thrive
F/U follow-up
G6PD glucose 6-phosphate dehydrogenase
GAS group A streptococcus
GBS group B streptococcus
GCS Glasgow Coma Scale
GER gastroesophageal reflux
GERD gastroesophageal reflux disease
GGT g-glutamyl transferase
GH growth hormone
GnRH gonadotropin-releasing hormone



GU genitourinary
H2RA histamine2 receptor antagonist
HAV hepatitis A virus
HBeAg hepatitis B e antigen
HBsAg hepatitis B surface antigen
HCG human chorionic gonadotropin
HCT hematocrit
HCV hepatitis C virus
HDL high-density lipoprotein
HEV hepatitis E virus
HFOV high-frequency oscillatory ventilation
HIDA hepato-iminodiacetic acid
HIT heparin-induced thrombocytopenia
HIV human immunodefeciency virus
HMG 3-hydroxy-3-methylglutaryl
HPF high-power field
HR heart rate
HSP Henoch-Schönlein purpura
HSV herpes simplex virus
HTN hypertension
HUS hemolytic-uremic syndrome
I&D incision and drainage
IBD inflammatory bowel disease
ICP intracranial pressure
ICU intensive care unit
IEM inborn error of metabolism
IEP individualized educational plan
IGF insulin-like growth factor
INR international normalized ratio
IO intraosseous
IP inpatient
ITB iliotibial band
ITP idiopathic thrombocytopenic purpura
IUP intrauterine pregnancy
IV intravenous
IVIG intravenous immunoglobulin
JIA juvenile idiopathic arthritis
JRA juvenile rheumatoid arthritis
KOH potassium hydroxide
LCL lateral collateral ligament
LCP Legg–Calvé–Perthe disease
LDH lactate dehydrogenase
LDL low-density lipoprotein
LFT liver function test
LH luteinizing hormone
LMWH low-molecular-weight heparin
LP lumbar puncture
LTRA leukotriene receptor antagonist
LUQ left upper quadrant
LVH left ventricular hypertrophy
MAO monoamine oxidase
MCKD multicystic kidney disease
MCL medial collateral ligament
MCV mean corpuscular volume
MIBG metaiodobenzylguanidine
MRA magnetic resonance angiography
MRI magnetic resonance imaging
MRSA methicillin-resistant Staphylococcus aureus
MRV magnetic resonance venography
MS mental status
MSK musculoskeletal

MSW medical social worker
mTBI mild traumatic brain injury
MVC motor vehicle collision
NA Narcotics Anonymous
NAFLD nonalcoholic fatty liver disease
NAT nonaccidental trauma
NCS nerve conduction study
NCV nerve conduction velocity
NG nasogastric; nasogastric tube
NGT nasogastric tube
NJ nasojejunal
NM neuromuscular
NMDA N-methyl-d-aspartate
NO nitric oxide
NOS not otherwise specified
NS normal saline
NSAID nonsteroidal anti-inflammatory drug
OA organic acid
OCB oligoclonal bands
OCD obsessive-compulsive disorder; osteochon-

dritis dissecans
OG orogastric
17-OHP 17-hydroxyprogesterone
OM otitis media
OMA opsoclonus-myoclonus-ataxia
OME otitis media with effusion
OMV outer membrane vesicles
OP outpatient
OR operating room
ORS oral rehydration solution
OS opening snap
OSA obstructive sleep apnea
OT occupational therapy
PAC premature atrial contraction
PALS pediatric advanced life support
PAS periodic acid–Schiff
PCD primary ciliary dyskinesia
PCKD polycystic kidney disease
PCL posterior cruciate ligament
PCOS polycystic ovary syndrome
PCP primary care physician
PCR polymerase chain reaction
PD persistent diarrhea
PDA patent ductus arteriosus
PE physical examination; pulmonary embolus
PED paroxysmal exertion-induced dyskinesia
PET pneumatic equalization tube; positron 

emission tomography
PFA platelet function analyzer
PFPS patellofemoral pain syndrome
PGE1 prostaglandin E1
PI protein intolerance
PID pelvic inflammatory disease
PKD paroxysmal kinesigenic dyskinesia
PKND paroxysmal non-kinesigenic dyskinesia
PPD purified protein derivative
PPHN persistent pulmonary hypertension
PPI proton-pump inhibitor
PPP peripheral precocious puberty
PSG polysomnogram
PT physical therapy; prothrombin time



PTA peritonsillar abscess
PTT partial thromboplastin time
RADT rapid antigen detection test
RBC red blood cell
RDS respiratory distress syndrome
RF rheumatoid factor
RICE rest, ice, compression, and elevation
RLQ right lower quadrant
RMSF Rocky Mountain spotted fever
R/O rule out
RODP rapid-onset dystonia parkinsonism
ROS review of systems
RS Rett syndrome
RSD reflex sympathetic dystrophy
RST rapid strep test
RSV respiratory syncytial virus
RTA renal tubular acidosis
RUQ right upper quadrant
SBFT small bowel follow-through
SBP systolic blood pressure
SC subcutaneous
SCFE slipped capital femoral epiphysis
SDB sleep disordered breathing
SG specific gravity
SGOT serum glutamic-oxaloacetic transaminase
SGPT serum glutamate pyruvate transaminase
SJS Stevens-Johnson syndrome
SLE systemic lupus erythematosus
SMA spinal muscular atrophy
SMR sexual maturity rating
SNRI serotonin-norepinephrine reuptake 

inhibitor
SPA suprapubic aspiration
SSRI selective serotonin reuptake inhibitor
SSSS staphylococcal scalded skin syndrome
STD sexually transmitted disease
STI sexually transmitted infection
SVR systemic vascular resistance

T testosterone
T4 thyroxine
TB tuberculosis
TBI traumatic brain injury
TE tracheoesophageal
TEF tracheoesophageal fistula
TFT thyroid function test
TM tympanic membrane
TNF tumor necrosis factor
TORCH toxoplasmosis, other infections, rubella, 

cytomegalovirus, and herpes
TPN total parenteral nutrition
TSH thyroid-stimulating hormone
TT thrombin time
TTG tissue transglutaminase
TTP thrombotic thrombocytopenic purpura
Tx treatment
UA urinalysis
UC urine culture
UFH unfractioned heparin
UGI upper gastrointestinal (study)
UP urticaria pigmentosa
URI upper respiratory infection
US ultrasound
UTI urinary tract infection
VATS video-assisted thoracoscopic surgery
VCA viral capsid antigen
VCUG voiding cystourethrogram
VDRL venereal disease research laboratory
VMA/HVA vanillylmandelic acid/homovanillic acid
VPA valproic acid
V/Q ventilation-perfusion (scan)
VWD von Willebrand disease
VWF von Willebrand factor
VZV varicella zoster virus
WBC white blood cell
WIC women, infant, and children
XR x-ray
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