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Learning Disabilities and School Failure
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Objectives After completing this article, readers should be able to:

1. Articulate a systematic medical approach to the child who has school failure or
suspected learning disability.

2. Compare and contrast learning disability from other related conditions that may affect
a child’s school function.

3. Identify key historic factors recognized during developmental surveillance for children
who have learning disabilities.

4. List key school and community resources for advising parents about the evaluation,
treatment, and prognosis of a child who has a learning disability.

5. Outline a medical home management plan for children who have learning disabilities.

Case Study
During a health supervision visit for a 7-year-old boy, the pediatrician asks the boy’s mother if
she has any concerns about his development and school progress this year. She reports, with a deep
sigh, that he is doing well with friends and at home, but he is doing poorly with his school
performance. He is having difficulty in his reading and cannot complete many of the school
assignments. While at home, he avoids his homework, often arguing with her about completing
it and leaving to go play video games. She has not yet discussed her concerns with his teacher. She
expresses relief about being asked about this and welcomes the pediatrician’s advice about what
to do next.

Introduction
Close to 3 million children from the ages of 6 to 11 years are affected by learning disabilities
(LDs). (1) The category of specific LD includes disabilities in mathematics and written
expression, but the most common form of specific LD is reading disability (RD) or
dyslexia, which is the primary focus of research and of this review. RD accounts for 80% of
cases of LD and occurs in an estimated 5% to 10% of the general pediatric population, with
the most recent population surveys placing the figure at 6.5%. (1)(2) Males who have RD
outnumber similarly affected females. Within specific medical populations, such as in
children who have neurofibromatosis type 1, the frequency of RD can be 50% or more.

These estimated frequencies are much greater than those of other well-known devel-
opmental disorders, such as intellectual disability and autism, which occur in about 1% of
children. In fact, RD rivals other common pediatric disorders in frequency, such as asthma,
which is estimated to occur in about 10% of the general pediatric population.

As with most medical disorders, different children may experience different degrees of
impairment. Functioning is modulated by the presence or absence of environmental
supports. For example, a child who has RD in early elementary school may be able to
compensate adequately with a strong memory for individual words, but if the disorder
remains unrecognized, as the school curriculum shifts from “learning to read” to “using
reading to learn,” the student may begin to experience early symptoms of academic
impairment, such as an unexpected drop in grades. If the disorder is not addressed at an
early stage, the student is at increased risk of resorting to protective mechanisms to

*Division of Developmental Medicine and the Center for Child Development, Assistant Professor of Pediatrics, Vanderbilt
University School of Medicine, Nashville, TN.
†Director, Center for Development and Learning, Kennedy Krieger Institute; Associate Professor of Pediatrics, Johns Hopkins
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minimize the damage to self-esteem caused by repeated
failures and humiliations, such as dropping out of school.

In a recent survey in United States public schools,
school failure, defined as grade retention (repeat of
grade), occurred in 10% of kindergarten through eighth-
grade students at least once. (3) The provision of special
education services in United States public schools has
grown from 3.7 million (5% of students) in the 1976 to
1977 school year, shortly after the Individuals with Dis-
abilities Education Act (IDEA) was first passed, to
6.7 million (9% of students) in the 2006 to 2007 school
year. The most common disability qualifying a student
for services was RD, with the percentage of students
receiving services under this diagnosis increasing from 2%
in 1975 to 5% in 2007. Grade retention continues to be
employed by some schools, even in the face of growing
consensus that it does not improve and, in fact, may harm
a student’s outcome.

Another presentation of school failure is expulsion,
which occurred for only 0.2% of children in 2006, but
with marked disparities along racial, socioeconomic sta-
tus, and sex-based divisions. (3) Dropping out of school
is a third sign of school failure. The United States De-
partment of Education defines the dropout rate as the
percent of 16 to 24 year olds who are not enrolled in
school and do not yet have a high school diploma or a
General Equivalency Diploma (GED). The GED is a set
of subject tests that, when passed, certify that the taker
has American or Canadian high-school level skills. The
status dropout rate has decreased from 14% in 1980 to
9% in 2007, but this decline still likely represents a net
increase in total number of dropouts, based on the
overall increase in student enrollment since 1970 (up
12% to 19% for the 18- to 24-year-old age range). (3)

In this article, we present a model for conceptualizing
learning problems, using a framework to guide the clini-
cian in deciding how to identify, assess, and manage an
undetected LD in a child who is at risk for increasing
school problems that could eventually result in school
failure.

Definition
LD represents a disability based on a discrepancy be-
tween a person’s overall intellectual ability and actual
academic performance. It is currently defined formally in
the IDEA as “a disorder in one or more of the basic
psychological processes involved in understanding or in
using language, spoken or written, that may manifest
itself in an imperfect ability to listen, think, speak, read,
write, spell, or do mathematical calculations” and “in-
cludes such conditions as perceptual disabilities, brain

injury, minimal brain dysfunction, dyslexia, and develop-
mental aphasia.” (4) The definition specifically excludes
children who have learning problems resulting from pri-
mary visual, hearing, or motor disabilities; intellectual
disability; and environmental, cultural, or economic dis-
advantage. The American Psychiatric Association (APA)
created a working definition for LD in The Diagnostic
and Statistical Manual of Mental Disorders Fourth Edi-
tion Text Revision as “when the individual’s achieve-
ment on individually administered, standardized tests in
reading, mathematics, or written expression is substan-
tially below that expected for age, schooling, and level of
intelligence. The learning problems significantly inter-
fere with academic achievement or activities of daily
living that require reading, mathematical, or writing
skills.” (5) The APA subdivides LD into RD, mathemat-
ics disorder, disorder of written expression, and learning
disorders not otherwise specified. Although a research
definition does not exist for LD, the definition for RD,
often referred to as dyslexia, is “difficulties with accurate
and/or fluent word recognition and by poor spelling and
decoding abilities” that “typically result from a deficit in
the phonological component of language.” (6) The core
concept of the definition of dyslexia is that it is unex-
pected because “it occurs in spite of the individual having
received appropriate reading instruction and having oth-
erwise average to above-average overall cognitive abili-
ties.” (7)

With the reauthorization in 2004 of IDEA, there was
a conceptual and regulatory shift away from policies that
resulted in waiting until a child had received testing to
document a discrepancy between achievement and over-
all intelligence before providing special services. The new
regulations encourage school districts to provide addi-
tional support for struggling students, even before a
diagnosis is established, through a process called Re-
sponse to Intervention (RTI).

An important distinction for a clinician to understand
is that, in the United States, LD is not the same as
intellectual disability (formerly mental retardation), a
diagnosis defined by deficient performance (at or below
two standard deviations from the mean) on measures of
both intellectual skill and functional skills in self-help and
adaptive behavior. In contrast, children who have LD
perform overall within the normal range of intelligence
and adaptive functioning but show isolated specific aca-
demic skills deficits. It should be noted that in the United
Kingdom, the term LD is used in place of intellectual
disability, without a clear distinction between these dis-
abilities.

School failure sometimes is defined as retention in a
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grade, but it may be even a more severe failure when a
student is expelled or drops out. These two situations
may not typically be considered as being closely related to
LD, but within populations that have other behavioral
problems, there is a significantly increased risk of concur-
rent academically impairing learning difficulties. We pro-
pose an approach for earlier detection of school prob-
lems, with recognition before a child progresses to school
failure.

Pathogenesis
Significant evidence points toward both genetic and neu-
roanatomic bases for both LD and RD. Family and twin
studies suggest that 50% of the problems in performance
can be accounted for by heritable factors, with environ-
mental influences greater in children who have lower IQ
scores. Genetic linkage analyses suggest loci on chromo-
somes 2, 3, 6, 15, and 18, with four candidate suscepti-
bility genes (DYX1C1, KIAA0319, DCDC2, ROBO1)
identified. (8) These genes are involved in neuronal
migration and axon growth. Identified anatomic abnor-
malities include ectopias in cortical layer 1, focal micro-
gyria, and defects in the thalamus and cerebellum. Dif-
ferences have also been described in the temporal,
parietal, and occipital brain regions. Abnormal circuitry
may account for the sensory, motor, perceptual, and
cognitive problems seen in LD, including the phono-
logic deficits, motor deficits, and problems in auditory
discrimination, borne out in recent functional magnetic
resonance imaging studies. (9)

Clinical Aspects
LD is considered to cause relatively low morbidity
because the presentation is often more subtle than in
other developmental disorders, such as intellectual dis-
ability or autism, leaving the problem undetected until
school entry or later. For example, a child who has RD

may compensate for a limited abil-
ity to use the alphabetic principle to
decode words by rote memoriza-
tion of a large number of sight
words. A child who has strong gen-
eral cognitive ability, as can be the
case in RD, may be able to employ
this strategy successfully well into
upper elementary school or even
later. Symptoms of academic dis-
tress (Table 1) might not be appar-
ent until the coping strategies begin
to be outstripped by increasing
school demands for reading and

writing in middle school and beyond, often manifesting as
academic underachievement, school failure, or classroom
behavior problems.

Earlier signs of LD may assist in earlier identification.
Through the use of developmental surveillance at routine
health supervision visits, the pediatrician may recognize
significant risk factors, such as a prior medical history of
prematurity or family history of LD and educational
difficulties. (10) A history of preschool developmental
problems can also indicate that the child is at increased
risk for LD. The child who has a preschool speech and
language disorder may later experience educational dif-
ficulties in areas such as comprehension of language-
based instruction or the phonemic processes used in the
development of early word reading or decoding. Diffi-
culty with recognition and drawing of shapes in the
preschool period may portend problems in letter recog-
nition or writing. Such language and visual motor diffi-
culties may also be associated with problems with the
sound/symbol associations needed for reading. Perfor-
mance of formal developmental screening at the 30-
month visit may identify these related preschool prob-
lems; performance at the 48-month visit may identify
specific problems in early decoding, writing, and sound/
symbol association.

Using the Medical Model for Approaching
School Difficulties
As a starting point for outlining a medical model to
approach school failure in children, we can use the anal-
ogy of a medical approach to respiratory distress or
failure. Presented with a child already in respiratory ar-
rest, a practitioner may not immediately know the cause
but he or she does know two facts:

● Respiratory failure is a final common physiologic path-
way for a large number of conditions, but the differen-

Table 1. Signs and Symptoms of Learning
Disability and School Failure
Increased Learning Effort School Distress School Failure

“School is boring” Frequent failing grades Retention
School anxiety Frequent absences Expulsion
Class clown behavior Social disengagement Dropping out
Spending a much longer time

completing homework
than classmates

Frequent detention
Suspensions
Aggression and

bullying behaviors
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tial diagnosis can be narrowed by taking a focused
history.

● Any interventions initiated at this point have a much
higher chance of success if warning signs of respiratory
distress are identified and treated before progressing to
failure.

Similarly, a medical practitioner presented with a child
already in school failure does not immediately know the
cause but he or she does know two facts:

● School failure is a final common pathway for a large
number of conditions, but the differential diagnosis
can be narrowed by taking a focused history.

● Any interventions initiated at this point have a much
higher chance of success if warning signs of “school
distress” are identified and treated before progressing
to failure.

Thus, the proposed framework includes recognizing
signs and symptoms that can improve the early identifi-
cation of “increased effort of learning” and “school
distress” before it progresses to failure.

Early Recognition
It has been observed that successful intervention is much
more difficult once a student has progressed to one of the
signs of school failure. However, earlier detection of
“increased effort of learning” and “school distress” may
be more amenable to treatment and are noted frequently
in any pediatric practice if the clinician purposely elicits
the information from patients and families. For example,
in 2006, 7% of children (1 in 14) had been suspended
from school at least once during the year. (11) In some
students, signs of school distress can present as internal-
izing behaviors resulting in frequent absences or social
disengagement; other students may present with exter-
nalizing symptoms such as “acting out” (ie, negative
attention seeking at school) leading to frequent deten-
tions or aggressive behavior that may eventually result in
suspension or expulsion. Aggressive behavior toward
vulnerable students (bullying) is particularly in the spot-
light due to increased awareness of recent acts of homi-
cide and suicide occurring in schools. In the 2005 to
2006 school year, 78% of public schools experienced one
or more violent incidents; 17% of these were reported as
serious violent incidents. (11)

Other, more subtle and perhaps earlier signs of school
distress may indicate increased effort of learning. The
most straightforward example of this distress is the stu-
dent who diligently puts in several hours each night on
homework and still underperforms in school. This is a

common history obtained from children found to have
RD. Another strategy that students may use to divert
attention from academic underachievement is playing
the class clown, which results in interruptions of instruc-
tion, especially when that student feels put on the spot.
Some children present a cavalier or disdainful attitude
toward school, describing it as “boring.” Children using
any of these strategies may, in fact, be experiencing
significant anxiety that can further impair cognitive func-
tion (eg, memory deficits) and executive functioning (eg,
inability to plan ahead to organize one’s time). Pediatri-
cians alert to the various presentations of school distress
are more likely to identify children at risk in the early
school years.

History
The next step in the evaluation of the child who has
school failure or suspected LD is to obtain a focused
history that includes the following elements: past school
history and current school day routines, developmental
milestones, social history, pregnancy-to-birth history,
past medical history, and family history of similar con-
cerns.

SCHOOL HISTORY. A detailed chronologic school his-
tory should include whether the child attended child
care, preschool, or prekindergarten as well as a chrono-
logic summary of schools attended from kindergarten
forward. Was the child ever asked to leave (expelled)
from one or more of these settings and for what behav-
iors? Was school entry postponed because of immaturity?
How successful was each school year, ie, was there a
change in performance across years? Was the child re-
tained in any grade? A large number of different schools
attended may simply reflect family circumstances but can
sometimes be a hint of problems that resulted in the child
being placed in a different setting. Have teachers (past or
present) expressed concerns about the student’s school
performance? How is the child performing this year
compared with previous years? How easy or difficult is it
to complete homework? How many hours are spent on
homework each night? Is homework a source of family
conflict? Is homework interfering with the child’s oppor-
tunities to participate in favorite extracurricular activities?
What are the child’s interests, extracurricular activities,
and areas of strength? Does the child enjoy reading for
pleasure? Are there sleep problems affecting learning or
resulting from school problems?

Details about the current classroom setting are rele-
vant, including how many students are in the child’s
classroom and how many teachers or aides are routinely
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in the classroom. Does the student have a one-to-one
aide and a 504 plan or an Individualized Education
Program (IEP) (12)(13) in place? The 504 plan is part of
a United States federal law passed in 1973 (the Rehabil-
itation Act) that extended civil rights to individuals who
have disabilities. The Act allows for reasonable accom-
modations such as a special study area, as necessary, for
students who have disabilities. The IEP process is man-
dated by the recently reauthorized (2004) IDEA, which
is enacted to provide every United States child with a free
and appropriate education that meets the unique needs
across the lifespan (birth to 21 years) of the individual
who has a qualifying disability and prepares that person
for future educational, employment, and independence
opportunities.

HISTORY OF PREVIOUS EVALUATIONS. Knowledge of
previous evaluations may provide important insights. For
example, has the child been seen previously by a profes-
sional specifically for an assessment of development or a
learning-related evaluation (eg, IQ testing, academic
testing)? Was the child ever evaluated in the state Early
Intervention or Special Educational Preschool programs?
If the child ever had a 504 plan or an IEP in school, what
services were received and for how long? When was the
most recent re-evaluation? Has the child ever been
treated for speech, language, or learning difficulties with
special therapy or classroom placement? Has the child
received tutoring? Reviewing copies of relevant past eval-
uations can often offer an additional perspective on the
child’s past development that may not be elicited in
discussions with the family.

CHILD’S SCHOOL DAY SCHEDULE. It also is important
to obtain a history of the child’s schedule for a school
day, including what time the child wakes up, any medi-
cations taken, how easy it is for the child to get out of
bed, whether he or she requires excessive supervision
while dressing and getting ready for school, and how
efficient this process is. For example, are mornings always
“down to the wire” on getting out the door on time?
Other questions to consider are: What time does the
school day start? How many hours are spent in school?
Where does the child go after school and what are his or
her activities? Are they structured activities or free play?
When does homework get started? How many hours and
how much supervision is necessary on a routine basis?
What time does he or she go to bed? Does the child
generally fall asleep easily and stay asleep through the
night? Is the child’s diet or appetite affected by school
problems? Is it easy or difficult to get the child to eat a

balanced diet? Such information should provide impor-
tant insight as to the time and location of difficulties that
are occurring.

DEVELOPMENTAL MILESTONES. The pediatrician
should ask about several milestones for each develop-
mental area: gross motor, fine motor (including dressing
and feeding), language, and toilet training. The goal is to
learn whether milestones occurred on time and whether
there was isolated difficulty in one area compared with
others.

SOCIAL HISTORY. Other important elements in the
history include how difficult it is for this child to make
and keep a friend, to hold a conversation, or to ask to join
a group of children at play. How does the child do in
social settings that are not at home or at school, such as at
religious services or in restaurants? How does the child
get along with siblings, parents, and other adults? What
does the child like to do when playing?

PREGNANCY-TO-BIRTH HISTORY. A history of prior
pregnancy losses can suggest a possible genetic disorder
that may be related to the school distress. Problems
during the gestation or delivery may suggest possible
environmental impacts that may be related to the school
distress.

PAST MEDICAL HISTORY. It is important to rule out a
past history of seizures, tics, or sensory deficits such as
impairment of hearing or vision. Sometimes a poorly
controlled chronic disease (eg, asthma, diabetes, cardiac,
or kidney disease) can affect attendance as well as the
child’s ability to concentrate. The medication list is im-
portant to obtain because some medications can have a
negative impact on cognition (eg, phenobarbital).

FAMILY HISTORY. The clinician should inquire about
parents, grandparents, uncles, aunts, cousins, and sib-
lings. Is there a history of anyone on either side of the
family having difficulties similar to the patient? Did any-
one in the family have difficulty learning to read, or spell,
or learn a foreign language?

Physical Examination
Although no physical examination finding is pathogno-
monic for LD, some findings can help to corroborate the
diagnostic decision or give information about cause. Part
of the focused physical examination should include close
scrutiny of the skin for any stigmata associated with
neurocutaneous disorders. In particular, children who
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have neurofibromatosis type 1 and numerous café-au-lait
macules have approximately a 50% prevalence of LD or
attention-deficit/hyperactivity disorder (ADHD). The
neurologic system should be carefully examined for any
evidence of asymmetry of strength or tone and for intact-
ness of cranial nerve function.

Subtle motor signs (often called neurologic “soft
signs”) may help the clinician understand the school
concerns within the context of other neurologic or de-
velopmental impairments. Neurologic soft signs alone
are a low-yield examination item, but marked findings
may be a clue to immaturity of motor control that could
significantly impair handwriting. Marked findings can
also be a useful biomarker for ADHD because motor
control circuitry is closely associated with circuitry con-
trolling emotional, cognitive, and attentional responses.

Subtle motor findings that are visible by direct obser-
vation are the inability of the individual to isolate move-
ments to one part of the body. For example, stressed gaits
can be used to discern the ability to isolate the feet from
the hands. In this maneuver, the clinician asks the child
to walk on the outside edges of his or her feet for 10 steps
and observes whether the child isolates the movement to
the feet or if the motor movement “overflows” that
boundary, resulting in unusual posturing of the hands or
mouth. Children older than 9 years of age generally can
accomplish the isolation.

Similarly, the ability to isolate one side of the body
from the other can be evaluated with patterned finger
tapping (successive finger apposition to the thumb)
or patterned hand patting (alternating pronating/
supinating hand position) on one hand and then the
other. Children older than 13 years of age can typically
isolate patterned finger apposition to one side without
noticeable “overflow.” Children older than 9 years of age
are typically able to isolate patterned hand patting to the
left or right hand without noticeable “overflow” of the
movement to the opposite hand.

Diagnostic Testing
Blood, urine, and imaging studies generally are not indi-
cated or diagnostically useful in the evaluation of school
distress and LDs. Notable exceptions include neurologic
findings suggesting a focal lesion, skin findings suggest-
ing a neurocutaneous syndrome, and physical findings or
past medical history suggestive of disorders such as syn-
dromes or nutritional disorders that have a genetic or
metabolic cause. Hearing and vision screening should be
documented or performed.

Diagnosis
Confirming the diagnosis of an LD in a child presenting
with school distress generally necessitates collaborative
work between the physician and a team of related non-
medical professionals, which may include psychologists,
educators, audiologists, and speech-language and occu-
pational therapists. The physician’s role in this process
includes ruling out hearing and vision impairments and
establishing that the learning lags are not due to limited
access to appropriate instruction (assessed using the
school history). In addition, the pediatrician can assist in
the diagnosis and management of related developmental
or behavioral disorders, including ADHD and autism
spectrum disorders, as well as identify psychosocial con-
tributions to the child’s difficulties. The Centers for
Disease Control and Prevention have estimated that 4%
of children ages 6 to 12 years have LD, and another 4%
are affected by both LD and ADHD. (1) If further
specialty medical assistance is required, the pediatrician
can consult specialists in neurodevelopmental disabilities
or developmental and behavioral pediatrics.

Domain-specific academic and cognitive testing is the
formal diagnostic process used to determine the presence
and extent of an LD. In some situations, it is appropriate
for this testing to take place through the school district as
part of the IEP process. In other situations, parents may
prefer to seek private psychological services for this test-
ing. Such an evaluation tests a child’s cognitive abilities,
including the areas of language processing, memory,
attention, and nonverbal reasoning, as well as specific
academic achievement in core areas, including reading,
mathematics, and written expression. Table 2 lists com-
monly used evaluation tests.

In general, this type of psychoeducational testing is
beyond the scope of a general pediatric practice, al-
though some clinicians who have additional experience
in this area (eg, pediatricians who may be board certified
in neurodevelopmental disabilities or developmental and
behavioral pediatrics) may feel comfortable administer-
ing and interpreting some measures in the office. In
either case, it is helpful for primary care physicians to
become familiar with local resources in the schools and in
the community where this testing can be obtained. When
LD is suspected, the clinician should guide the family to
these resources and assist in the referral process.

The usual criteria for diagnosing RD are poor word
recognition and decoding skills demonstrated through
specific testing. Some evaluations also assess spelling,
reading fluency, and reading comprehension; others di-
rectly test the deficits in phonologic processing that
underlie RD, which are found in children who have
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difficulty learning the correspondence between oral
sounds and the written symbols (letters and letter com-
binations) on a page of text.

In the past, academic testing was compared with
the student’s estimated potential, as measured by an
IQ test, with LD diagnosed when significant dis-

crepancy was demonstrated be-
tween IQ and reading scores. This
approach was problematic because
children whose IQ scores were
below average would not meet
such discrepancy criteria and chil-
dren who had extraordinarily high
IQ scores could be considered to
have LD in spite of reading scores
solidly within the range of age
expected norms.

More recently, the RTI has been
adopted as a valid standard approach
to diagnosis of LD. (14)(15) RTI is
a process of assessment followed by
remedial instruction in the child’s
area of deficits for a period of time
before reassessing. The assessment-
instruction-assessment process com-
prises three tiers of increasingly in-
tensive educational supports and
instruction. RTI can help distin-
guish a lack of adequate instruction
from an LD by showing whether
improvement occurs with mini-
mally increased intensity of instruc-
tion or requires repeated cycles of
RTI, resulting in a highly specific
and individualized instructional
program for the child.

Management
The pediatric clinician can play a
critical role not only in identifying
the child who has LD but also in
ongoing management. (16) Such
help may take the form of advocacy
through assurance of proper ser-
vices received both after the initial
evaluation as well as on an on-
going basis throughout the school
years. When a child has been con-
firmed as having LD, the clinician
should implement the medical
home model for chronic condition

management, providing accessible, continuous, compre-
hensive, family-centered, coordinated, compassionate,
and culturally effective care. The medical and neuro-
developmental underpinnings of LD, its effects on func-
tional and mental health outcomes, and its chronic life-
long nature suggest a critical role for the primary care

Table 2. Commonly Used Tests for Evaluation
of Suspected Learning Disabilities

Area of Learning Measurement Skill Tested

Academic Achievement
Woodcock-Johnson-III Academic fluency
Wide Range Achievement Test Word reading

Sentence comprehension
Spelling
Math computation

Adaptive Behavior
Adaptive Behavior Assessment

System-II
Global assessment of competence

Vineland Adaptive Behavior Scale-II Global adaptive behavior
Attention
Conners Rating Scales, Third Edition ADHD Index

Inattention
Hyperactivity/impulsivity
Learning problems/executive

functioning
Aggression
Peer relations

ADHD Rating Scale-IV (formerly
DuPaul scale)

Inattention
Hyperactivity/impulsivity

NICHQ Vanderbilt Parent and Teacher
Assessment Scales

Inattention
Hyperactivity
Oppositional defiant disorder
Conduct disorder
Anxiety/depression
Performance (academic, relationships)

General Cognition
Wechsler Intelligence Scales for

Children—Fourth Edition (WISC-IV)
Full-scale intelligence
Verbal comprehension
Perceptual reasoning
Working memory
Processing speed

General Behavior
Achenbach Child Behavior Checklist

(CBCL)
Total problems
Externalizing
Internalizing
Attention problems

Language
Clinical Evaluation of Language

Fundamentals (4th Ed.) (CELF)
Expressive language
Receptive language

Visual Motor
Beery Test of Visual Motor

Integration (5th Ed)
Visual motor total score

ADHD�Attention-deficit/hyperactivity disorder, NICHCQ�National Initiative for Children’s Health
Care Quality
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clinician. Upon diagnosis, the physician should review
the child’s initial psychoeducational evaluation with the
family to assure that he or she is receiving appropriate
educational remediation, accommodations, modifica-
tions, and therapies.

As with other neurodevelopmental conditions, ongo-
ing developmental surveillance during the annual school-
age health supervision visit is important for the child who
has LD. The pediatrician or pediatric nurse practitioner
should inquire about every child’s academic performance
and school behavior. For those who have LD, the family
should be encouraged to bring the child’s report card as
well as the IEP for review by the clinician. When a child’s
progress or behaviors are of concern to the parent or the
pediatric clinician, further contact with the school or
teacher is indicated. For those children in whom associ-
ated behavior problems may be observed, investigation
for related disorders, such as ADHD, adjustment disor-
der, or anxiety disorder, should be considered.

Education of families is also critically important to
help them access appropriate treatment. At a minimum,
families should leave the physician’s office understanding
that RD is not due to a primary visual deficit and that
letter reversals, a common finding in typically developing
7 year olds, is not diagnostic of RD. (17) Although
optometric training is commonly used in children who
have LD, it is considered an alternative treatment, with
ongoing controversy of its efficacy existing between the
fields of optometry and medicine. Other myths and the
use of alternative treatments also may require discussion.
Common misconceptions include regarding the child as
lazy or as not trying hard enough. Another misconcep-
tion is perpetuated when a family is told that repeating a
grade could help the student “catch up.” In these situa-
tions, families can be redirected to more accurate sources
of information, including the American Academy of Pe-
diatrics pamphlet “Learning Disabilities: What Parents
Need to Know.” (18) Further information and support
can be offered through referral to parent and LD advo-
cacy organizations, such as the National Center for
Learning Disabilities (www.ncld.org), the Learning Dis-
abilities Association of America (www.ldanatl.org),
LDOnline (www.ldonline.org), the International Dys-
lexia Association (www.interdys.org), the National Dis-
semination Center for Children with Disabilities (www.
nichcy.org), and the Parent Advocacy Coalition for Ed-
ucational Rights Center (www.pacer.org).

Prognosis
The prognosis for children who have LD can range from
academic and social success to ongoing vocational and

personal-social problems in adulthood. Affected children
are at increased risk for poor academic performance, not
completing high school, and exhibiting behaviors that, in
some cases, may escalate and lead to expulsion. For a
clinician presented with a child in the midst of school
failure, the long-term effects on the student’s self-esteem
and behavior may overwhelm concerns about academic
failure.

Longitudinal tracking of children who have RD re-
veals persistent reading problems into young adulthood.
(19)(20) However, with proper parent, school, and
community support, children who have LD can reach
high levels of achievement. University support services
and accommodations are available in the United States
for those who have LD, as required under Section 504 of
the Rehabilitation Act and the Americans with Disabili-
ties Act. (13) The adolescent beginning a college educa-
tion should seek such assistance.

The child who has LD can be gifted at other cognitive
and creative talents that can be nurtured and developed,
with self-esteem and a sense of accomplishment main-
tained in spite of an academically impairing LD. On the
other hand, long-term adult outcomes also include fre-

Summary
• Based on strong research evidence, LD is a highly

prevalent, biologically based disorder in children.
(2)(8)

• Based on some research evidence as well as
consensus, children manifesting school problems and
suspected of having LD should undergo a
comprehensive medical evaluation, including history
review and physical examination, for identification
of relevant risk factors for LD. (7)

• Based primarily on consensus due to lack of relevant
clinical studies, a child showing increased effort of
learning, school distress, or school failure should be
suspected of having LD.

• Based primarily on consensus due to lack of relevant
clinical studies, the child who has school problems
and is suspected of having LD should be referred by
the pediatrician for a comprehensive
psychoeducational evaluation. (17)

• Based on some research evidence as well as
consensus, all children should have annual
developmental surveillance as well as formal
developmental screening at ages 30 and 48 months
for early identification of risk factors for LD. (10)

• Based primarily on consensus due to lack of relevant
clinical studies, the pediatric clinician should play an
advocacy role for children who have LD and their
families from initial diagnosis into young adulthood.
(21)
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quent unemployment or employment at less than a living
wage, restricted educational and work opportunities, and
poverty. It is estimated that lifelong wage earnings for a
person without a high school diploma or GED can be
$1 million less than for a college graduate. (3) It is
incumbent, therefore, on the pediatric clinician to per-
form annual developmental surveillance of the child who
has LD. Monitoring of his or her progress better assures
that the child receives proper educational services, treat-
ment of associated developmental or behavior problems,
and family and community support.
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PIR Quiz
Quiz also available online at http://pedsinreview.aappublications.org.

1. You diagnose a reading disorder in a 9-year-old boy. His mother requests an evaluation for medical issues
that may explain his difficulty with reading. Of the following, the evaluation is most likely to include:

A. Close examination of the skin.
B. Complete blood count.
C. Electroencephalography.
D. Genetic linkage analysis.
E. Magnetic resonance imaging of the brain.

2. A 7-year-old girl who is a good reader has had mild delays in her mathematical skills identified, and she is
beginning to receive extra assistance in math in school. The school staff will provide this assistance for
several months and then reassess her math skills. In addition, her parents note that she is inattentive while
doing her homework, but her teacher does not have concerns that she is inattentive in the classroom. The
parents ask your opinion of the proposed actions. Of the following, your best response is that this girl
should:

A. Continue with this educational plan.
B. Not receive extra assistance because she may be stigmatized in the classroom.
C. Receive focused evaluation of her language-based skills.
D. Receive a full evaluation for attention-deficit/hyperactivity disorder (ADHD).
E. Receive a full psychoeducational evaluation before interventions are put in place.

3. A 6-year-old girl frequently reverses her letters. Her brother has a reading disorder and ADHD. The girl’s
teacher notes that the girl is doing well academically and is reading and writing at grade level. Her parents
ask for your guidance for further evaluation. Your best response is to:

A. Indicate that no intervention is needed.
B. Recommend full psychoeducational evaluation.
C. Recommend tutoring in writing.
D. Refer her for an occupational therapy evaluation.
E. Refer her for optometric evaluation.

4. A 15-year-old boy has a reading disability. His parents would like him to go to college and ask you what
to expect as he transitions to adulthood. Your best response is that:

A. He is at high risk for severe mental illness.
B. He should not enroll in university or college classes.
C. He will likely have ongoing struggles with reading-related tasks.
D. He will outgrow his disability without intervention.
E. His reading skills will improve, but he is at high risk for other learning disabilities.

5. An 8-year-old boy has had a reading disorder diagnosed. His mother asks you why this occurred. Your best
answer is that learning disabilities are:

A. Caused by inadequate educational services.
B. Caused by lack of environmental stimulation.
C. Caused by vision impairments.
D. Neurobiologic disorders.
E. Related to dietary insufficiencies.
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Objectives After completing this article, readers should be able to:

1. Describe the developmental stages of aggressive behavior in children.
2. Know how to provide parents with support and resources in caring for a child who dis-

plays aggressive behavior.
3. Delineate the prognosis for children who have aggressive behaviors.

Introduction
Pediatricians see children and adolescents who have a variety of behavioral or mental health
concerns, and one of the most challenging is aggression. Aggressive behavior may
represent a normal developmental stage or indicate a serious, ongoing mental health
disorder that poses a safety concern. In this article, we discuss the definitions, risk factors,
related psychiatric disorders, assessment, intervention, and outcomes of aggressive behav-
iors in children and adolescents.

Definitions
Classified as a disruptive behavior, aggressive behavior stands out in the eyes of the parent
and clinician. Aggressive behavior can be either impulsive (reacting to a trigger) or
proactive (premeditated). Temper tantrums, physical aggression such as hitting or biting
other children, stealing other children’s possessions, and defiance of authority are distress-
ing to families and school personnel. Often, it is in the school or child care setting that the
behaviors become troublesome; the behaviors may interfere with family or peer relation-
ships and school performance. Approximately 3% to 7% of children and adolescents
manifest aggressive signs. During the course of normal development, families may expe-
rience periods when a child exhibits temper tantrums during toddler years or rebellion
during adolescent years. These behaviors, when limited in time, are considered normal
developmental occurrences. When they form a pattern over time, they are considered
psychiatric disorders.

Oppositional defiant disorder (ODD) (Table) is defined in the American Psychiatric
Association’s Diagnostic and Statistical Manual of Mental Disorders Fourth Edition (DSM-
IV) (1) as including ongoing symptoms of “negativistic, defiant, disobedient, and hostile
behaviors toward authority figures.” Affected children tend to break the rules at school,
lose their tempers easily, blame others for their errors, pick on other children, argue with
authority figures and adults, and display excessive anger.

When children who have ODD become more persistently angry and heighten their
behavioral outbursts, they are described as having conduct disorder (CD), which is defined
in the DSM-IV as “a repetitive and persistent pattern of behavior in which the basic rights
of others or major age appropriate social rules are violated.” Behaviors include displays of
significant aggression toward others, hurting animals, intentional destruction of property,
school truancy, stealing, and running away from home. Children who have CD are more
likely to be suspended from school or have police involvement. The young child who
demonstrates ODD as a preschooler may develop CD as he or she enters middle school.
Some children exhibit signs of both disobedience and anger, components of both ODD
and CD. The overall prevalence of CD in the United States ranges from 6% to 16% for
males and from 2% to 9% for females.

*Assistant Professor of Pediatrics, Section of Child Development, Pediatric Psychologist, Children’s Hospital of Wisconsin,
Milwaukee, WI.
†Professor of Pediatrics, Section of Emergency Medicine, Medical College of Wisconsin, Medical Director, Emergency
Department, Children’s Hospital of Wisconsin, Milwaukee, WI.
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Antisocial personality disorder (ASPD) is defined by
DSM-IV as “a pervasive pattern of disregard for, and
violation of, the rights of others that begins in childhood
or early adolescence and continues into adulthood.”
Symptoms include poor school performance, truancy,
poor self-esteem, low frustration tolerance, persistent
lying or stealing, frequent fighting, and an apparent lack
of remorse or empathy. Young adults who have ASPD
may have had a history of childhood CD.

Risk Factors
Neglect

Kotch and associates (2) conducted a large prospective
study examining the association between early childhood
neglect (birth to 2 y) and later childhood aggression at
ages 4, 6, and 8 years and found that child neglect in the
first 2 postnatal years may be a more important precursor
of childhood aggression than later neglect or physical
abuse at any age. The researchers noted that neglect, the
most common form of child maltreatment, may have
profound and long-lasting effects on a child’s develop-
ment. Other researchers have failed to find an effect of
both maltreatment and neglect together, yet found that
childhood neglect predicted aggression in early adoles-
cence.

Psychological Maltreatment
Aggressive behaviors in childhood may result from psy-
chological maltreatment that destroys a child’s sense of
self and personal safety. Psychological maltreatment, a
repeated pattern of damaging interactions between par-

ent and child, includes interactions such as belittling,
rejecting, denying emotional attachment, and modeling
of inappropriate behaviors. In addition, witnessing inti-
mate partner violence is another form of psychological
maltreatment that may lead to aggressive behavior in
children and adolescents.

Parental Discipline
A family history of aggressive behavior, including a his-
tory of incarceration, places children at increased risk.
Parental use of physical discipline provides children with
a model for using aggressive behavior as a solution to
conflict. This example can lead to future aggressive be-
havior in the child. For example, research has shown that
the use of physical discipline by caregivers is associated
with teacher reports of aggressive behaviors in third-
grade students.

Media
Exposure to violence in the media has been shown to
contribute to aggressive behaviors in youth, and media
violence adds to the cumulative risk for antisocial behav-
ior. Huesmann and colleagues (3) conducted a longitu-
dinal study, following middle-school children into young
adulthood. They found that even after controlling for
socioeconomic status, academic skills, and aggression,
violent television viewing during childhood predicted
adolescent and adult aggression. In a hallmark study by
Boxer and associates, (4) childhood and adolescent vio-
lent media preferences contributed significantly to self,
teacher, and parent or guardian reports of violence and

Table. Diagnostic Features of Aggressive Behavior in Children and
Adolescents

Oppositional Defiant Disorder
(ODD) Conduct Disorder (CD)

Antisocial Personality
Disorder (ASPD)

Onset Usually before age 8 y, no later
than early adolescence

Child onset before age 10 y
Adolescent onset after age 10 y but

rarely after age 16 y

Adulthood

Symptoms Trouble with authority Significant aggression toward others Disregard for others
Breaks school rules Animal cruelty Criminal offenses
Always seems angry Destruction of property Substance abuse
Argumentative Theft Poor school performance
Easily annoyed Setting fires
Noncompliant Serious violation of rules

Law breaking
Substance abuse
Poor school performance

Duration of Symptoms
for Diagnosis

For at least 6 mo 3� incidents within the last 12 mo
with at least one in the past 6 mo

Pervasive pattern since
age 15 y

psychosocial aggressive behavior
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general aggression in the young person. The high-school
students were asked to recall their media preferences
when they were 7 or 8 years of age as well as their current
media preferences. Media included television shows,
movies, video games, and music videos. Violent media
preferences (past and present) significantly correlated
with reports of violent behavior and aggression in these
students. Considering the developmental processes of
childhood, the same researchers found, in a meta-analysis
of aggression and media studies, that media violence has
short- and long-term effects in shaping the development
of the human brain, which can become “wired” for
aggression. (5) They noted that “the theoretical premise
is that the same processes operate when children are
exposed to media violence as when they are exposed on
the street, in their home, or among their peers.”

Lead Exposure
Although the prevalence of lead exposure is decreasing,
an estimated 25% of children younger than age 2 years
still are exposed. The physiology of lead neurotoxicity is
unknown, but decreases in IQ, increases in aggressive
symptoms, and decreases in balance and hearing all are
associated with even low levels of exposure to lead.
Aggressive behavior reported by teachers has been linked
to elevated blood lead levels. A higher number of youth
living in juvenile detention centers have had exposure to
lead compared with the general population.

Related Psychiatric Disorders
Often children who display significantly disruptive be-
havior have symptoms of other disorders, particularly
among those who have CD. A relationship between
aggressive behaviors and attention-deficit/hyperactivity
disorder (ADHD) has been described by many research-
ers. In a multi-informant short-term longitudinal study
conducted during early childhood, a positive association
was shown between ADHD symptoms and both rela-
tional and physical aggression. (6) ODD and CD very
frequently occur in concert with ADHD and learning
difficulties. Most commonly, symptoms of ADHD and
CD tend to be comorbid, at least among boys. An
estimated 65% to 90% of boys who have conduct prob-
lems also have ADHD.

Mood disturbances such as depression also may be
associated with CD, and youth may exhibit rage or
outbursts during depressive periods. Adolescents exhib-
iting depression in concert with CD may have difficulty
with authority figures and with substance abuse. Depres-
sion in children who have CD also is associated with
increased risk for suicidal ideation. The comorbidity of

depression and conduct problems is more common
among girls than boys, especially during the adolescent
years.

Children who manifest disruptive behaviors also are at
risk for anxiety, although the association between CD
and anxiety disorders is less consistent than that between
CD and other disorders. Children who have anxiety
disorders may perceive an event as threatening and react
aggressively. Treatment of a child’s anxiety may improve
the aggression. Pediatricians also should consider that
aggressive behaviors and ODD may occur in children
who have bipolar disorder, temper dysregulation disor-
der with dysphoria, and autism spectrum disorder.

Decreased IQ, language deficits, and impaired execu-
tive functioning are associated with CD and ODD and
may influence the clinical course through academic un-
derachievement, which may be reflected in poor grades,
retention, dropping out of school, or deficits in specific
skill areas (eg, reading). Children who have CD also
commonly experience disturbances in their social func-
tioning, marked by poor interpersonal relations, dimin-
ished social skills, and higher levels of peer rejection.
Patients who have language deficits, including children
who have autism, may display aggressive behavior when
struggling to express themselves.

Assessment
It is not merely the presence of aggression that differen-
tiates between “normal” and “abnormal” behavior be-
cause aggressive behavior can be symptomatic of a nor-
mal developmental stage (eg, temper tantrums in toddler
years, rebellion in adolescence). The disruptive behaviors
associated with normal developmental stages usually are
short-lived, and normal aggressive behavior should not
cause significant and persistent dysfunction. For some
children, however, these behaviors persist over time or
even escalate. In addition, the behaviors may occur at a
greater frequency or with greater intensity than would be
expected. Accurate assessment of a child who exhibits
aggressive or disruptive behavior requires determination
of the frequency, intensity, and chronicity of the behav-
ior within the context of the developmental stage. The
impact of the behavior on the child’s functioning and
those around him or her also should be examined.

A thorough evaluation of a child’s aggressive behavior
is essential to diagnose and intervene appropriately and
effectively. Such an evaluation requires knowledge of
normal child development; an understanding of the
child’s and parents’ temperaments; and acquisition of
information regarding the characteristics, prevalence,
and impact of the disruptive behaviors. The evaluation

psychosocial aggressive behavior

Pediatrics in Review Vol.32 No.8 August 2011 327
 at Health Internetwork on August 6, 2011http://pedsinreview.aappublications.org/Downloaded from 

http://pedsinreview.aappublications.org/


should include multiple sources of information, includ-
ing parent interview, teacher interview, child interview,
and the use of standardized rating scales.

The most common conditions to consider when as-
sessing a child displaying aggressive behavior include
ODD, CD, and ADHD. Given the relationship between
disruptive behavior disorders and other conditions, it is
important to assess for comorbid mood disorders. The
possibilities of developmentally “normal” behavior or an
acute stress reaction to a significant psychosocial stressor
also should be kept considered.

Parent Interview
The parent interview should include gathering informa-
tion regarding the child’s temperament as an infant and
young child because disruptive behaviors often begin
early in life. An assessment of the child’s developmental
history and current status is important for identifying any
delays in language, cognition, or other areas that could
affect a child’s behavior. For example, language delays
often are associated with behavior problems in children
who have normal cognitive abilities. Understanding of a
child’s developmental level of functioning compared
with his or her chronologic age helps to determine
appropriate behavioral expectations that, in turn, aids in
deciding whether a child’s aggressive behavior is out of
the norm for his or her development.

Parents should be asked to provide specific informa-
tion about the child’s disturbing behavior, such as when
the behavior started and if there were any psychosocial
stressors (eg, divorce, homelessness, death in the family,
community violence, illness in the family) at that time
that could be affecting the child’s behavior. In addition,
information should be gathered about the frequency of
the concerning behavior, its intensity, any changes over
time, situations in which the behavior occurs, and possi-
ble exacerbating factors. Discussing parenting styles,
strategies for dealing with disturbing behavior and with
stress, and the family’s beliefs about appropriate and
inappropriate behavior can be helpful.

Teacher Interview
Information sought during the teacher interview is sim-
ilar to that gathered during the parent interview. Teach-
ers should be asked about the onset of the abnormal
behavior as well as its frequency, intensity, changes over
time, situations in which it occurs, and potential exacer-
bating factors. Because parents and teachers are likely to
see different aspects of the child, it is important to obtain
information from both sources to form a comprehensive

picture of the child. Information about the child’s aca-
demic performance also should be obtained.

Child Interview
The child should be interviewed when possible, although
what is obtained from this contact varies with his or her
developmental level. With younger children, the inter-
view provides an opportunity to observe the child’s be-
havior with someone other than a parent. A diagnosis
should not be based on a child’s behavior in the evalua-
tion; many children do not act out during a medical
appointment. However, disruptive behavior during the
evaluation suggests that the behavior is a significant issue
in other settings. Older children and adolescents may be
asked directly about their perceptions of the issue as well
as about family and social functioning. Children showing
significant aggressive behaviors may be particularly diffi-
cult to interview. Often they are reluctant to talk about
their behavior and may be hostile. Because children
younger than 10 years may not be reliable in their self-
reports of behavior, diagnosis should not be based solely
on their reports. However, their reports of internalizing
symptoms, such as anxiety and depression, are more
reliable and likely to be more valid than parent and
teacher reports of these symptoms.

Standardized Rating Scales
Older children, the child’s parents, and the teacher
should be asked to complete standardized rating scales in
addition to providing information during the interviews.
Rating scales allow for a comparison of the child’s behav-
ior with that of other children the same age. “Broad”
rating scales often are administered first that assess for
symptoms associated with a variety of disorders, such as
depression, anxiety, aggression, withdrawal, inattention,
hyperactivity, and delinquent behavior. The Youth Self
Report, Child Behavior Checklist (Parent Report Form)
and Teacher’s Report Form, the Behavior Assessment
System for Children, and Conners’ Parent and Teacher
Rating Scales – Revised are used commonly in primary
care settings.

Of note, although rating scales can be helpful and
informative, they are based on the opinions of others.
Therefore, they should not be used in isolation for diag-
nosis. Rather, they should be used in combination with
other sources of data (eg, interview data, academic
grades) and interpreted in the context of the information
obtained from other sources. Rating scales do provide an
opportunity to gather information from people who have
spent significant time with the child and to quantify their
opinions.

psychosocial aggressive behavior

328 Pediatrics in Review Vol.32 No.8 August 2011

 at Health Internetwork on August 6, 2011http://pedsinreview.aappublications.org/Downloaded from 

http://pedsinreview.aappublications.org/


Next Steps in the Assessment Process
Once all of the information is obtained, the next step is to
determine if the behavior is significant and in need of
treatment. Factors that necessitate treatment include
symptoms that have been troublesome for some time,
that are evident in more than one situation, that are
relatively severe, and that are likely to impede the child’s
functioning. Providing advice and related reading mate-
rial may be sufficient for addressing mild behaviors. In
more severe cases, the pediatrician must decide whether
to treat the behavior personally or refer the child and
family to a mental health professional. This decision is
likely to be based not only on the severity and intensity of
the child’s behavior but also on whether the pediatrician
has the clinical training, expertise, interest, and time for
treatment. Another consideration is the availability of
psychologists and psychiatrists who work with children in
the community. Physical threats, family safety, involve-
ment with the legal system, and school expulsion are
indications for referral.

Regardless of whether the pediatrician treats the be-
havior directly or refers, he or she may wish to or be
asked to provide parents with resources that can increase
their understanding of the child’s behavior and appropri-
ate treatment. Book resources to consider for parents
include Your Defiant Child: Eight Steps to Better Behavior
by Russell Barkley, PhD, and Christine Benton; The
Explosive Child by Ross Greene, PhD; and The Kazdin
Method for Parenting the Defiant Child by Alan Kazdin,
PhD. Pediatricians also can obtain materials and hand-
outs for parents through the Connected Kids: Safe,
Strong, Secure primary care violence prevention program
sponsored by the American Academy of Pediatrics (AAP)
(www.aap.org/connectedkids). Parent-oriented web-
sites include www.healthychildren.org and www.
actagainstviolence.apa.org, which are sponsored by the
AAP and the American Psychological Association, re-
spectively.

Intervention
Evidence-based interventions are available for address-
ing disruptive behavior problems in children. Research
indicates that parent management training and cogni-
tive behavior therapy, usually in the form of problem-
solving skills training, are the most effective. (7) In
addition, research has shown that the two interventions
used together are more effective across a wider range of
variables at home and with peers than either technique
alone.

Parent Management Training
The basis of parent management training is teaching
parents techniques and strategies to alter their children’s
behavior and change the consequences of that behavior.
Strategies include positive reinforcement (eg, social
praise, tokens/points) for desired behavior; differential
attention (ie, attending to desired or positive behaviors
and actively ignoring mild inappropriate behaviors); ef-
fective instruction-giving, using appropriate conse-
quences (ie, mild punishment); and consistency across
caregivers, situations, and settings.

Although parent training emphasizes both presenting
and taking away positives to encourage positive behavior
and decrease inappropriate behaviors, emphasis is placed
first on training parents to increase the positive attention
and incentives they provide their children to encourage
appropriate or desired behaviors. Without this founda-
tion, most punishment methods lose their effectiveness.
For example, time-out for inappropriate behaviors works
by removing the child from opportunities to receive
positive reinforcement, but this technique is possible
only if the child first experiences a large amount of
positive reinforcement. It is also important that the con-
sequences for misbehavior be reasonable and develop-
mentally appropriate as well as applied consistently.
Overly harsh consequences and inconsistency are ineffec-
tive means of reducing deviant behaviors.

For older children, a token/point system (response/
cost system) may be incorporated into the training. In
these systems, tokens/points are earned for appropriate
behavior and lost or taken away for inappropriate behav-
iors. The tokens/points are accumulated and traded in
regularly for tangible rewards/reinforcers. Older chil-
dren should be incorporated as participants in this aspect
of the behavior training. Their role can include assisting
in identifying and negotiating with parents about the
behaviors to be targeted as well as identifying the
rewards/reinforcers they consider motivating.

Cognitive Problem-solving Skills Training
Aggressive behavior is not simply the reaction to envi-
ronmental events. Rather, it is the interpretation, percep-
tion, and processing of the event that results in the
aggressive response. Thus, cognitive processes, such as
perceptions and attributions, often play a large role in the
genesis of aggressive behavior. Children showing disrup-
tive behavior focus more on aggressive stimuli, overat-
tribute hostile intent, are deficient in social problem-
solving skills, and often lack behavioral self-awareness.
Training programs that focus on cognitive problem-
solving skills address these issues by teaching children a
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step-by-step approach to solving interpersonal problems
by revealing the cognitive processes that underlie social
behavior. Appropriate behaviors also are developed
through modeling, role-playing, and reinforcement (eg,
verbal praise).

Medication
When behavioral interventions are insufficient or the
aggressive behavior is severe, the clinician may consider
the use of psychotropic drugs as an adjunct to behavioral
therapy. Selection of medication should begin with in-
sight into the biologic conditions that predispose the
individual to aggression. In addition to the child’s his-
tory, family history can be very helpful in determining the
causes of a child’s disordered behavior. ADHD with
impulsivity, anxiety, and affective instability, including
bipolar disorder, are underlying psychiatric diagnoses
that may be present in aggressive children.

Although stimulants are a reasonable choice to ad-
dress impulsive aggression in children believed to have
underlying ADHD, guanfacine or clonidine may cause
less irritability. Most general pediatricians are comfort-
able prescribing stimulants, and many are becoming fa-
miliar with guanfacine, with the recent advent of its
long-acting form.

When the underlying issue is anxiety, selective sero-
tonin reuptake inhibitors (SSRIs) can be helpful. Cur-
rently, only fluoxetine is approved by the United States
Food and Drug Administration for children. Sertraline,
citalopram, escitalopram, and others often are used off-
label. Due to concerns about increased suicidality in
children and adolescents, most general pediatricians pre-
fer to consult a psychiatrist before prescribing these
medications.

Mood stabilizers such as the antiepileptic drugs val-
proic acid and lamotrigine also can be helpful in treating
aggressive children, as can atypical antipsychotics such as
risperidone and aripiprazole. A psychiatrist should pre-
scribe these medications and follow children who are
taking them. When an aggressive child has a family
history of bipolar disorder or serious substance problems,
it is prudent to enlist a psychiatrist’s support early.

The pediatrician’s role in treating children taking any
of these medications, particularly SSRIs, mood stabiliz-
ers, and antipsychotics, primarily involves familiarity with
drug-drug interactions and possible adverse effects.

Developmental Issues in Intervention
Although the principles and theory behind interventions
for disruptive behaviors are largely the same across the

developmental span, it is important to highlight a few
issues specific to particular developmental stages or ages.

One common behavior issue in infants and toddlers
for which parents and caregivers seek assistance is
biting. At this age, distraction and redirection through a
change in activity or environment are the best means of
discipline for discouraging inappropriate behavior. Any
verbal directives or comments made in response to biting
should be expressed in a neutral tone and kept simple
(eg, “No biting”). The simplicity of what is said is
necessary because of the child’s developmental level, but
a brief response also limits the potential for the child to
receive additional adult attention that he or she could
perceive as rewarding for the behavior. A child should
never be bitten back. Adults caring for the child should
praise appropriate behaviors and monitor for any cues
before biting to prevent and interrup behavior whenever
possible.

Later in the developmental process, pediatricians may
be asked to provide assistance or guidance with the
management of bullying behavior. For parents and
families, the AAP Connected Kids (www.aap.org/
connectedkids/) program offers written materials. The
Centers for Disease Control and Prevention Stop Bully-
ing Now website (www.stopbullyingnow.hrsa.gov) pro-
vides interactive tools for children, families, and teachers.
Many interventions, however, must be undertaken at the
child care, school, or community level. The Olweus
Bullying Prevention Program is recognized as the lead-
ing bullying prevention program. Information on this
program may be found at its website: www.olweus.org.
A close working relationship between the school and
family is associated with improved outcomes in prevent-
ing violence while assisting an aggressive child.

Outcomes
The young child who exhibits aggressive behavior across
various settings is particularly at risk for the eventual
development of CD and is more likely to have persistent
aggressive behaviors into adulthood (as manifested by
ASPD) than the youth who develops aggressive behavior
for the first time during adolescence. Also, children who
manifest aggressive behaviors earlier in life are more likely
to have symptoms of greater severity and participate in
more severe criminal offenses during adolescence and
adulthood. In one study, the most problematic 10% of
youth accounted for more than 50% of the criminal
offenses. (8) Children who display symptoms of both
ADHD and CD are at significant risk for poor outcomes.
They display greater serious antisocial behaviors and are
at greater risk for delinquent behavior and ASPD in
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adulthood than children who have either ADHD or CD
alone. Although the prognosis for aggressive children
and adolescents is guarded, behavioral and pharmaco-
logic interventions may improve outcomes in adulthood.
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Summary
• Based on strong research evidence, child neglect in

infancy is associated with aggressive behavior in
childhood. (2)

• Based on strong research evidence, children who
display aggressive behaviors are more likely to
manifest delinquent activity during adolescence. (6)

HealthyChildren.org Parent Resources From the AAP
The reader is likely to find material to share with parents that is relevant to this article by
visiting this link: http://www.healthychildren.org/English/family-life/family-dynamics/
communication-discipline/Pages/Aggressive-Behavior.aspx.
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PIR Quiz
Quiz also available online at http://pedsinreview.aappublications.org.

6. Which of the following most likely represents developmentally normal aggressive behavior?

A. Biting in a 2-year-old.
B. Frequent fights at age 14 years.
C. Stealing bicycles at age 12 years.
D. Talking back to the teacher by a 10-year-old.
E. Temper tantrums in a 7-year-old.

7. A 2-year-old boy who frequently hits his companions in child care when angered is most likely to be
diagnosed with conduct disorder at age 13 if:

A. He is placed in a foster home for parental neglect.
B. He never is spanked as a toddler.
C. His father leaves traffic tickets unpaid.
D. His parents divorce.
E. His parents withhold rewards for inappropriate behavior.

8. Very frustrated parents bring their 7-year-old son to see you, reporting that they have constant battles.
The father states, “This kid is just always going to say no about everything!” This includes homework,
where it is difficult to get him to start; getting ready to go anywhere; any requests they make of him to
put things away; and when they ask him to stop playing video games. Occasionally, he is perfectly
compliant “when it suits him.” He frequently talks back to his teacher and has been suspended for this. Of
the following, the most likely diagnosis is:

A. Anxiety disorder.
B. Attention-deficit disorder.
C. Conduct disorder.
D. Depression.
E. Oppositional defiant disorder.

9. The 7-year-old boy described in the previous question is best treated with:

A. Fluoxetine.
B. Lamotrigine.
C. Long-acting guanfacine.
D. Parent management training.
E. Risperidone.

10. You are seeing the 13-year-old adopted son of parents who have three other children because he is in
trouble again. This time, he tried to pull a girl into the boy’s bathroom at middle school, for which he
received a 1-week suspension. He has a long history of getting into trouble in school for very oppositional
behavior and walking out of classrooms when he gets angry. He generally does not seem to do what his
parents want him to do. He has been physically threatening to his mother on several occasions and
punched her once. He has stolen small items from school. Everyone who deals with him has the
impression that he is not particularly upset or interested in apologizing for his many transgressions. When
you ask him about being suspended from school, he laughs and says, “Why do you care?” Of the
following, the most likely primary diagnosis is:

A. Anxiety disorder.
B. Attention-deficit disorder.
C. Conduct disorder.
D. Depression.
E. Oppositional defiant disorder.

psychosocial aggressive behavior

332 Pediatrics in Review Vol.32 No.8 August 2011

 at Health Internetwork on August 6, 2011http://pedsinreview.aappublications.org/Downloaded from 

http://pedsinreview.aappublications.org/


Hepatitis: General Principles
Maria Grazia Clemente,

MD, PhD,* Kathleen

Schwarz, MD†

Author Disclosure

Dr Clemente has

disclosed that she is

coinventor of a

diagnostic technique

for detecting F-actin

immunoglobulin

A antibodies. Dr

Schwarz has disclosed

no financial

relationships relevant

to this article. This

commentary does

contain a discussion

of an unapproved/

investigative use of a

commercial

product/device.

Objectives After completing this article, readers should be able to:

1. Describe the procedure and interpretation of the laboratory evaluation of hepatitis.
2. Recognize the signs and symptoms of acute and chronic hepatitis.
3. Describe the immediate and long-term complications of hepatitis.
4. List the multiple causes of hepatitis in an older child.

Introduction
Hepatitis is a term for inflammatory diseases of the liver, grossly subdivided into infectious
and noninfectious, which are characterized by a wide variety of clinical and histologic
manifestations, ranging from mild and self-limited to severe and progressive forms leading
to liver failure, cirrhosis, or hepatocellular carcinoma.

Laboratory Evaluation
The liver typically has a similar response to any inflammatory injury, with some differences.
The injury may be mostly hepatocellular (necrotic) or if it affects primarily the bile ducts
and consequently the bile flow, cholestatic. In spite of injury, liver function is not
necessarily compromised, and signs of liver failure might not appear until most of the
hepatic cells are destroyed in the necrotic process. Disease-specific laboratory tests are
available to diagnose the different causes of hepatitis.

Tests Reflecting Hepatocellular Necrosis
Serum aspartate aminotransferase (AST) and serum alanine aminotransferase (ALT) are
released from necrotic liver cells into the circulation, causing elevated serum concentra-
tions. Usually, serum ALT values are higher than serum AST values unless cirrhosis already
is present. Serum AST and ALT concentrations may rise dramatically with the progression
of acute liver damage and subsequently decline to the normal range through depletion of
their content in the liver. In the case of very slowly progressing chronic liver injury that
results in cirrhosis, ALT and AST also may be in the normal range. Because AST and ALT
can be derived from muscle, the clinician should verify that serum creatine kinase and
aldolase values are within the normal range before assuming that the elevated serum AST
and ALT values are hepatic in origin.

Tests Reflecting Cholestasis
Impaired bile flow due to cholestasis may result in very high serum concentrations of
gamma-glutamyl transferase, serum alkaline phosphatase, and conjugated bilirubin.

Tests Reflecting Liver Failure
An elevated prothrombin time, despite administration of vitamin K, and low serum
albumin concentrations are the most useful indicators of impaired synthetic liver function.
Of note, the total serum protein concentration could be in the normal range in spite of low
albumin values when the gamma globulins are increased substantially and the ratio of
albumin to gamma globulins is inverted. Such an inversion is especially true in the
autoimmune forms of hepatitis, which are characterized by hypergammaglobulinemia.
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Disease-specific Laboratory Tests
Several disease-specific laboratory tests can identify the
cause of hepatitis in some cases or characterize the nature
of liver injury in others. Results of these tests can guide
the selection of the most appropriate treatment. These
tests are described in the sections of this article address-
ing specific diseases.

Diagnostic Procedures
Hepatic ultrasonography is the least invasive procedure
and provides information about any degree of hepato-
megaly, the presence of steatosis, and liver lesions such as
parenchymal cysts or hemangiomas. Percutaneous liver
biopsy is the gold standard for diagnosing almost all liver
diseases. (1) Hepatic histology not only can confirm the
suspected cause of hepatitis, but it provides valuable
information about the degree of inflammation and fibro-
sis, aiding the clinician in deciding the best therapeutic
approach.

Clinical Symptoms
Hepatitis can manifest acutely or chronically. Fatigue and
anorexia are characteristic, and gastrointestinal symp-

toms are common. Liver enlargement is the most com-
mon and often only manifestation of hepatitis on physical
examination, followed by jaundice. When portal hyper-
tension develops, splenomegaly usually is detected as
well. Ascites and esophageal and gastric varices may
occur if hepatitis progresses to cirrhosis and liver failure.

Acute Hepatitis
Flulike illness with fever, malaise, myalgia, arthralgia, and
abdominal pain followed by the appearance of jaundice
are typical symptoms of acute hepatitis. Cholestasis man-
ifests with jaundice, dark urine, and acholic stools. Symp-
toms of acute hepatitis, however, can be milder, and
often jaundice is absent, especially in children younger
than 4 years of age. The most common causes of acute
viral hepatitis are hepatitis A virus (HAV) and hepatitis E
virus (HEV), the latter being an emergent public health
problem, especially in developing countries. Enterovirus
infection should be considered in febrile neonates who
have hepatitis.

Chronic Hepatitis
Hepatitis that lasts more than 6 months is considered
chronic and can progress to cirrhosis, liver failure, and
hepatocellular carcinoma, which is rare in children.
Symptoms can be absent and develop insidiously in most
cases. Determining the cause is important because it is
relevant to the overall prognosis and management as well
as the short- and long-term complications of the disease.
During childhood, for example, liver disease caused by
hepatitis C virus (HCV) often is mild and slowly progres-
sive, but autoimmune hepatitis (AIH) may present with
bleeding due to previously unsuspected cirrhosis and
liver failure.

Complications
Hepatitis may be complicated by serious conditions that
require early recognition and appropriate intervention.
Coagulopathy, esophageal bleeding, and acute encepha-
lopathy are medical emergencies. Other complications,
such as malnutrition, pruritus, and encephalopathy, are
chronic and develop progressively over a longer period
time.

Malnutrition
Nutrition is a major concern in children who have signs
of hepatic dysfunction. A diet that has limited protein
content and poorly absorbed disaccharides such as lactu-
lose, which has significant therapeutic effects in reducing
serum concentrations of ammonia and other potential
cerebral toxins, must be balanced by adequate intake of

Abbreviations

AIH: autoimmune hepatitis
ALT: alanine aminotransferase
ANA: antinuclear antibodies
APS-1: type 1 polyglandular syndrome
ASMA: antismooth muscle antibodies
AST: aspartate aminotransferase
CF: cystic fibrosis
CMV: cytomegalovirus
CYP: cytochrome P450 geue
EBV: Epstein-Barr virus
HAV: hepatitis A virus
HBsAg: hepatitis B surface antigen
HBV: hepatitis B virus
HCV: hepatitis C virus
HDV: hepatitis D virus
HEV: hepatitis E virus
HIV: human immunodeficiency virus
IBD: inflammatory bowel disease
Ig: immunoglobulin
LKM: anti-liver and kidney microsomal antibodies
PCR: polymerase chain reaction
UGT: uridine diphosphate glucuronyl transferase
WD: Wilson disease
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carbohydrates with supplements of zinc and branched-
chain amino acids. Impaired bile flow in children who
have cholestasis causes malabsorption of fat-soluble vita-
mins (vitamins A, D, E, and K) and lipids, necessitating
adequate supplementation.

Cirrhosis
Cirrhosis represents the end stage of various liver diseases
and may result in portal hypertension. The major and
life-threatening complication of cirrhosis is hemorrhage
from esophageal varices. Treatment includes endoscopic
ligation or sclerotherapy. Surgical shunts are effective in
reducing portal hypertension and preventing variceal
bleeding, but liver transplantation is the preferred surgi-
cal solution in the modern era. Another common clinical
problem in children who have end-stage liver disease is
ascites. Ascites generally is treated with dual diuretic
therapy using spironolactone and furosemide. Spontane-
ous infection of ascitic fluid is a serious complication and
should be diagnosed by paracentesis in a febrile child
who has ascites. Infection can be prevented by daily
administration of norfloxacin.

Pruritus
Pruritus is an annoying itch that frequently develops
during hepatic cholestasis. Because its origin has not yet
been clarified, no truly effective treatment is available.
Local use of moisturizing lotions or creams to avoid
excessive dry skin is highly recommended. Some relief
can be achieved with oral intake of medications such as
rifampin (not approved for this indication) and ursode-
oxycholic acid, both of which decrease intrahepatic con-
centrations of bile salts. Oral naltrexone also is effective
but not approved for this indication or for children
younger than 18 years. If itching is severe, surgical man-
agement by partial external biliary diversion may provide
some relief.

Encephalopathy
Encephalopathy develops when increasing serum con-
centrations of ammonia and other potential cerebral
toxins become toxic to the brain. These substances are
produced by normal metabolism but cannot be metabo-
lized properly and excreted because of the liver dysfunc-
tion. The goal of treatment is to reduce the production of
ammonia derived from the intestinal bacteria using either
oral nonabsorbable antibiotics, such as neomycin or ri-
faximin (not approved for this indication or for children
younger than 12 years of age), or lactulose. Encephalop-
athy can be overt, manifesting as seizures and coma in
children who have acute liver failure, or much more

subtle (“minimal hepatic encephalopathy”), manifesting
as poor concentration, forgetfulness, and poor school
performance in the child who has chronic liver failure.

Causes
Hepatitis in an older child is due to multiple causes that
can be subdivided into infectious and noninfectious (Ta-
bles 1 and 2). The latter includes nutritional, autoim-
mune, genetic, and drug-induced hepatitis. General
treatment recommendations for hepatitis of different
causes is summarized in Table 3.

Table 1. Causes of Acute Hepatitis
Infectious

● Hepatitis A, B, C, D (coinfects with hepatitis B), E
● Cytomegalovirus
● Epstein-Barr virus

Noninfectious

● Metabolic/genetic
–Hepatorenal tyrosinemia
–Mitochondrial hepatopathy
–Fatty acid oxidation disorders
–��1-antitrypsin deficiency
–Wilson disease
–Polyglandular syndrome, type 1

● Autoimmune hepatitis
● Drug-induced hepatitis

Table 2. Causes of Chronic
Hepatitis
Infectious

● Hepatitis B, C, D (with hepatitis B)
● Cytomegalovirus
● Epstein-Barr virus

Noninfectious

● Metabolic/genetic
–Hepatorenal tyrosinemia
–Mitochondrial hepatopathy
–Fatty acid oxidation disorders
–��1-antitrypsin deficiency
–Wilson disease
–Cystic fibrosis
–Polyglandular syndrome, type 1

● Autoimmune hepatitis
● Celiac disease
● Drug-induced hepatitis
● Nonalcoholic steatohepatitis
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Infectious Hepatitis
HEPATITIS A. HAV is an RNA virus transmitted pri-

marily through the fecal-oral route. Contaminated un-
cooked food and water are the most common means of
transmission. HAV infection never results in chronic
hepatitis; it causes only acute disease. Clinical symptoms
range from mild and asymptomatic to severe and fulmi-
nant hepatitis, especially when the infection is contracted
as an adult. Measurement of immunoglobulin M (IgM)
and IgG anti-HAV antibodies allow detection of recent
or past exposure to HAV. HAV RNA is detectable by
polymerase chain reaction (PCR) during viremia. Treat-
ment is supportive. HAV vaccine is available for all chil-
dren at age 1 to 18 years and for adults at risk. HAV
vaccine is recommended for all children who have any
chronic liver disease. (2)

HEPATITIS B. Hepatitis B virus (HBV) is a blood-
borne, double-stranded DNA virus that is transmitted by
vertical transmission (maternal-fetal route) in most pedi-
atric cases. Horizontal household transmission accounts
for fewer cases. Diagnosis is made by detection of viral
markers. Hepatitis B surface antigen (HBsAg) is indica-
tive of HBV infection; hepatitis B e antigen and HBV
DNA are markers of active viral replication. IgM anti-HB
core antibody is positive in recent HBV infection, and
the presence of IgM antihepatitis D virus (anti-HDV) is

indicative of HDV coinfection. Anti-HBs IgG is the
hallmark of permanent immunization against HBV that
can occur naturally, especially after an acute HBV infec-
tion; can be induced by treatment of chronic hepatitis; or
can follow successful HBV vaccination of unexposed
individuals.

Maternal screening of all pregnant women for HBV
has allowed prophylaxis for all newborns of HBV-
positive women. Prophylaxis is provided by a combina-
tion of passive (IgG) and active immunization (first dose
of the vaccine) of the newborns in the first 12 hours after
birth, followed by the complete HBV vaccine schedule.
Breastfeeding does not increase the risk of transmission.
(3) HBV infection contracted early in life by vertical
transmission usually results in chronic infection (90% to
95%). When contracted later, only 5% to 10% of infec-
tions progress to chronic hepatitis; 90% to 95% of pa-
tients clear the virus. Treatment for immunoactive HBV
is with interferon or nucleoside analogs.

HEPATITIS C. HCV is a blood-borne RNA virus that
exists in six different major genotypes. Genotype 1 is the
most aggressive and most resistant to antiviral therapy.
A high rate of spontaneous mutations in the viral genome
is the reason for the lack of an effective vaccine. HCV
infection is investigated by measuring anti-HCV anti-
body and is confirmed by the detection of serum HCV
RNA by PCR.

The maternal-fetal route is the principal route of
transmission in infants and children, and injection during
drug abuse is the most common mode of transmission in
adults. The rate of vertical transmission is 4% to 7% if the
mother has viremia. Coinfection of HCV/human immu-
nodeficiency (HIV) increases the rate of transmission
if the mother is not treated effectively for HIV. Screening
of infants born to HCV-infected mothers is recom-
mended by measuring serum anti-HCV antibody at
18 months of age, at which time passively acquired
maternal antibody is no longer present in the infant
serum. (4) For most children, HCV hepatitis is mild and
slowly progressive. Each case should be considered indi-
vidually for determining antiviral treatment. Treatment is
with pegylated interferon plus ribavirin.

HEPATITIS D. HDV depends on HBV to be infective.
Very rare in pediatric patients, HDV is transmitted pri-
marily through blood and sexual contact in HBsAg-
positive individuals, in whom it dramatically worsens the
pre-existing liver disease. Treatment is interferon.

Table 3. Management Principles
According to Cause of Liver
Disease
Hepatitis A virus infection: no specific antiviral

treatment required; passive and active immunization
of household contacts

Hepatitis B virus infection: �-interferon and
lamivudine are the only FDA-approved treatments
for children

Hepatitis C virus infection: pegylated interferon and
ribavirin

Hepatitis E virus infection: supportive
Epstein-Barr virus infection: supportive
Cytomegalovirus: supportive
Autoimmune hepatitis: corticosteroids and azathioprine
Celiac disease: gluten-free diet
Cystic fibrosis: supportive
�-1-antitrypsin deficiency: supportive
Wilson Disease: copper-chelating agents such as

penicillamine or trientine
Drug-induced: drug withdrawal

FDA�United States Food and Drug Administration
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HEPATITIS E. HEV is transmitted by the fecal-oral
route and is a major health problem, especially in devel-
oping countries, where HEV outbreaks have been re-
ported. HEV is endemic in Asia, the Middle East, and
Africa, where it is primarily a self-limiting disease. Travel
to countries that have high endemicity accounts for most
of the sporadic cases detected in the United States and in
other developed countries, where the infection is clini-
cally more severe and has a higher mortality rate. Chronic
HEV infection is rare but possible in immunocompro-
mised patients. IgM and IgG anti-HEV antibodies allow
detection of recent or past exposure. HEV RNA is de-
tectable by PCR during viremia. Treatment is supportive
management only. A recently developed vaccine is not
yet available but is under study for safety and efficacy.

HERPESVIRUSES. Epstein-Barr virus (EBV) and cyto-
megalovirus (CMV) are DNA viruses of the human
herpesvirus family. Transmitted through saliva, EBV is
responsible for human diseases, including infectious
mononucleosis, Burkitt lymphoma, and lymphoprolif-
erative disorders in immunocompromised children.
Hepatitis commonly occurs during acute or chronic EBV
infection, manifesting mostly with hepatomegaly and
elevated serum liver enzymes and, in rare cases, with
acute fulminant liver failure.

CMV is transmitted through blood, secretions, or
transplanted organs. Vertical transmission may result in
severe congenital infection. Acquired infections usually
are asymptomatic but sometimes are responsible for what
is called CMV hepatitis, CMV mononucleosis, or EBV-
negative infectious mononucleosis syndrome, which is
similar to EBV infection. Herpes simplex type 1 virus
may cause acute hepatitis at any age and requires prompt
administration of acyclovir.

A rapid mononucleosis slide test can be used to screen
for EBV infection. In the case of equivocal test results,
IgM and IgG for viral capsid antigen and nuclear anti-
gens can be measured as well as PCR for EBV DNA. IgM
and IgG anti-CMV also are useful in the diagnostic
evaluation for viral hepatitis, as are CMV blood culture
and PCR for CMV DNA.

Antiviral treatment is recommended in the most se-
vere cases. Ganciclovir is used most frequently, although
its efficacy is limited.

Autoimmune Hepatitis
AIH is a type of severe and progressive hepatitis in which
the liver becomes the target organ of autoimmune in-
flammatory reactions. The diagnosis usually is made by
exclusion of other causes of hepatitis and is suggested by

the presence of hypergammaglobulinemia and circulat-
ing autoantibodies. Negative findings for all of the viral
markers in the presence of hypergammaglobulinemia are
highly indicative of AIH. Autoantibodies are IgG, and
their presence in the serum at a high titer is responsible
for the hypergammaglobulinemia. According to the pat-
terns observed by indirect immunofluorescence assay,
three major types of autoantibodies are associated with
AIH: antinuclear antibodies (ANA), antismooth muscle
antibodies (ASMA), and anti-liver and kidney micro-
somal antibodies (LKM). Analysis of the target antigens
by different techniques has revealed that ANA, ASMA,
and LKM have high heterogeneity.

ASMA have been detected frequently in viral hepatitis
as well, where they react with different components
of the intracellular cytoskeleton, but when their concen-
trations are high and directed toward actin filaments
(F-actin), they are highly indicative of AIH. This partic-
ular anti-F-actin antibody has recently been reported in
individuals who primarily have celiac disease. Such anti-
bodies in these patients are primarily IgA compared with
exclusively IgG in AIH. Therefore, ASMA-positive hep-
atitis may arise spontaneously, be triggered by a virus, or
be associated with sensitivity to gluten. Only highly special-
ized laboratories can characterize ASMA fully to assist
the clinician in the differential diagnosis.

LKM target antigens are the enzymes of phase 1
(cytochrome P450 superfamily) and phase 2 (uridine
diphosphate glucuronyl transferase [UGT]) hepatic me-
tabolism involved in the detoxification of endogenous
compounds and xenobiotics. LKM-1 autoantibodies, re-
acting specifically with CYP2D6, are the most commonly
detected LKM autoantibodies and are diagnostic for
type-2 AIH, although they also can appear in the course
of HCV-positive hepatitis. Type 2 AIH not associated
with HCV is classified as type 2A and is treated with
immunosuppression. Type 2 AIH associated with HCV
is classified as type 2B and is treated with antivirals. Less
commonly, type 2 AIH also may present with liver cyto-
sol autoantibody, alone or in combination with LKM-1.
Type 3 AIH is soluble liver antigen antibody-positive and
is treated with immunosuppression. LKM-3 directed
against UGT1 has been described during HDV infection.

Finally, “antibody-negative” AIH is possible. Liver
biopsy shows typical plasma cell infiltrates along with Ig
deposits, and the patient responds to immunosuppres-
sants. However, the classic serum antibodies are not
detectable at the time of presentation and may not occur
later in the course of the disease.

Liver histology typically demonstrates plasma cell in-
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filtrate, and liver biopsy should be performed before initiat-
ing treatment with corticosteroids or immunosuppressants.

Celiac disease, or gluten intolerance, often is accompa-
nied by mild chronic hepatitis. The origin is not known, but
it has been suggested that gluten-induced inflammation of
the small intestinal mucosa generates endogenous toxic
compounds that enter the liver through the portal circula-
tion. Liver inflammation usually responds well to elimina-
tion of gluten from the diet. In a few cases, however, celiac
disease is associated with AIH, and treatment with cortico-
steroids or immunosuppressants is required along with the
gluten-free diet. Because the intestinal symptoms of celiac
disease might not be evident at the time of the liver involve-
ment, celiac serology should be performed in all children
who have otherwise unexplained elevations of serum ami-
notransferases as well as in children in whom AIH is diag-
nosed. Screening for celiac disease is accomplished by mea-
suring serum antiendomysial antibody and tissue
transglutaminase.

AIH also may be an extraintestinal manifestation of
inflammatory bowel disease (IBD). IBD also is associated
with primary sclerosing cholangitis. Symptoms of IBD
usually are already present at the time of the hepatobiliary
disease diagnosis. Treatment is as specified for AIH.

Genetic Hepatitis
Wilson disease (WD) is a genetic disorder of copper
metabolism that typically manifests during childhood
only with abnormal serum aminotransferase values. Hep-
atitis accompanied by low serum ceruloplasmin concen-
trations and high urinary excretion of copper usually
indicates WD. At slitlamp examination of the eyes, the
dark pigment rings encircling the iris of eyes (Kayser-
Fleischer rings) are highly suggestive of WD, but these
occur rarely in childhood. Liver histology may show a
variety of findings, ranging from mild hepatitis with charac-
teristic microsteatosis to fully developed cirrhosis. An ele-
vated concentration of copper in the liver is the gold stan-
dard for diagnosis. The gene for WD is known, but
diagnostic screening for mutations is not recommended
because of the large number of mutations. Treatment is
copper-chelating agents such as trientine or penicillamine
or zinc to prevent absorption of dietary copper.

Cystic fibrosis (CF) is an autosomal recessive disease
caused by mutations of the CFTR gene on chromosome
7, which encodes for cyclic adenosine monophosphate-
regulated chloride channels. Although pulmonary and
pancreatic insufficiency are the most common disease
manifestations, liver involvement due to focal inspissa-
tion of bile, which obstructs the intrahepatic bile ducts, is
common. The most common liver injury in children who

have CF is a cholestatic injury, characterized by eosino-
philic concretions in the intrahepatic bile ducts. CF liver
disease usually manifests initially with serum aminotrans-
ferase values above the normal range, but it progresses
slowly to biliary cirrhosis with portal hypertension and can
be one of the causes of death from the disease. An abnormal
sweat chloride test result is suggestive of CF and usually is
confirmed by genetic analysis for the most common muta-
tions. There is no known therapy for CF liver disease,
although administration of ursodeoxycholic acid reduces
elevated serum aminotransferase concentrations.

Alpha-1-antitrypsin deficiency is an autosomal reces-
sive disease caused by mutation of the protease inhibitor
gene on chromosome 14 encoding for �-1-antitrypsin, a
serine protease inhibitor produced by hepatocytes and
released into the circulation. Liver disease results from
accumulation of the defective �-1-antitrypsin in the liver,
with consequent severe inflammation and sometimes
even cirrhosis.

The absence of the �-1 peak at serum protein electro-
phoresis is strongly suggestive of �-1-antitrypsin defi-
ciency, which usually is confirmed by determining �-1-
antitrypsin phenotypes. PiZ and PiS are the most
common deficiency alleles. The phenotypes usually asso-
ciated with liver disease are ZZ and Z null; occasionally,
patients who have the SZ phenotype can develop liver
disease. Treatment is supportive.

Type 1 polyglandular syndrome (APS-1) is an auto-
somal recessive disorder caused by mutations of the
autoimmune regulator AIRE gene on chromosome 21,
which encodes a transcription factor. Clinical manifesta-
tions appear at different ages during childhood and in-
clude autoimmune diseases affecting parathyroid and
adrenal glands, chronic mucocutaneous candidiasis, and
ectodermal dystrophy. In 20% of children, liver involve-
ment is present as part of the syndrome as AIH or acute
liver failure, which is also one of the causes of death.
Serum liver microsomal autoantibodies reacting with
cytochrome P4501A2 are highly specific for the form of
AIH associated with APS-1 and allow differentiation
from the other forms of LKM-positive hepatitis. Treat-
ment is with immunosuppressants.

The list of causes of acute liver failure associated with
inborn errors of metabolism is long and beyond the
scope of this article. More common metabolic causes
include hepatorenal tyrosinemia, mitochondrial hepa-
topathy, and fatty acid oxidation deficits.

Nutritional Hepatitis
Nonalcoholic steatohepatitis is a complication of fatty
liver, a condition associated with obesity. The condition
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may be clinically silent for many years, but then can
progress insidiously to severe liver damage, resulting in
cirrhosis and liver failure. The histologic picture of the
disease resembles alcoholic hepatitis and usually can be
reversed totally with weight reduction before the devel-
opment of cirrhosis. Treatment is weight reduction or
bariatric surgery in the case of morbid obesity. Vitamin E
therapy may reduce inflammation.

Parenteral nutrition often is complicated by choles-
tatic hepatitis. Treatment is supportive, including aggres-
sive efforts to maximize enteral and minimize parenteral
nutrition.

Drug-induced
Drug-induced hepatitis is subdivided into two major
groups. Drugs can have a direct toxic effect on the liver or
they may induce an immunoallergic AIH. Although the
liver damage in the first category usually is dose-
dependent and there is no specific predisposition, drug-
induced AIH affects only genetically predisposed indi-
viduals, is not dose-dependent, and usually reverses after

drug withdrawal. Acetaminophen causes hepatitis by di-
rect hepatic injury; isoniazid and methyldopa may induce
immunoallergic hepatitis in predisposed individuals.

In the immunoallergic process, the drug-metab-
olizing cytochrome P450 (CYP) enzyme becomes an
autoantigen (CYP2C9, CYP3A4, CYP2E1), triggering
the production of specific LKM autoantibodies. The
history of drug intake is critical in making the diagnosis.
Treatment is withdrawal of the responsible drug. Auto-
immune drug-induced hepatitis that does not respond to
withdrawal may require treatment as for AIH.
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Summary
• Hepatitis has many causes, and because management

differs greatly, depending on the specific diagnosis,
clinicians should perform an organized search to
identify the responsible disease and initiate treatment.

• Before assuming that elevated serum AST and ALT
values are hepatic in origin, it is important to verify
that serum creatine kinase and aldolase values are
within the normal range.

• An elevated prothrombin time despite administration
of vitamin K and low serum albumin concentrations
are the most useful indicators of impaired synthetic
function of the liver.

• Total serum protein concentration can be in the
normal range in spite of a low albumin value when
the gamma globulins are increased significantly and
the ratio of albumin to gamma globulins is inverted.

• Complications of hepatitis can present a medical
emergency, as in the case of coagulopathy,
esophageal bleeding, or acute encephalopathy.

• Based on strong evidence, liver biopsy is the gold
standard for the diagnosis of almost all liver
diseases. (1)

• Based on strong evidence, HAV vaccine is highly
recommended for all children who have any chronic
liver disease. (2)

• Based on strong evidence, breastfeeding does not
increase the risk of HBV transmission. (3)

• Based on strong evidence, infants born to HCV-
infected mothers should be screened by measuring
serum anti-HCV antibody at 18 months of age. (4)
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PIR Quiz
Quiz also available online at: http://pedsinreview.aappublications.org.

11. Which of the following laboratory tests is most likely to yield a positive result in a person who has been
fully immunized against hepatitis B?

A. Anti-HBs IgG.
B. HBeAg.
C. HBsAg.
D. HBV DNA.
E. IgM anti-HB core antigen.

12. Which of the following hepatitis-causing viruses is correctly matched with its primary mode of
transmission in the pediatric population?

A. Hepatitis A and contact with blood.
B. Hepatitis B and fecal-oral transmission.
C. Hepatitis C and vertical transmission.
D. Hepatitis D and fecal-oral transmission.
E. Hepatitis E and vertical transmission.

13. An abnormal result in which of the following laboratory tests is most indicative of cholestasis?

A. Alanine aminotransferase.
B. Albumin.
C. Aspartate aminotransferase.
D. Gamma-glutamyl transferase.
E. Prothrombin time.

14. The pathology report for a liver biopsy performed on a patient who has jaundice and elevated
aminotransferase values reveals eosinophilic concretions in the intrahepatic bile ducts. Which of the
following is the most likely diagnosis?

A. Autoimmune hepatitis.
B. Cystic fibrosis.
C. Hepatitis C infection.
D. Parenteral nutrition-induced cholestasis.
E. Wilson disease.

HealthyChildren.org Parent Resources From the AAP
The reader is likely to find material to share with parents that is relevant to this article by
visiting this link: http://www.healthychildren.org/English/health-issues/conditions/
abdominal/Pages/Hepatitis.aspx.
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Objectives After completing this article, readers should be able to:

1. List the risk factors for severe hyperbilirubinemia.
2. Distinguish between physiologic jaundice and pathologic jaundice of the newborn.
3. Recognize the clinical manifestations of acute bilirubin encephalopathy and the

permanent clinical sequelae of kernicterus.
4. Describe the evaluation of hyperbilirubinemia from birth through 3 months of age.
5. Manage neonatal hyperbilirubinemia, including referral to the neonatal intensive care

unit for exchange transfusion.

Introduction
For centuries, neonatal jaundice (icterus neonatorum) has been observed in newborns. As
early as 1724, Juncker, in the Conspectus Medicinae Theoreticopraticae, began distinguish-
ing between “true jaundice” and “the icteric tinge which may be observed in infants,
immediately after birth.” In 1875, Orth noticed during autopsies the presence of bilirubin
in the basal ganglia of infants who had severe jaundice, which was labeled kernicterus by
Schmorl in 1903. (1) In 1958, however, a nurse in the nursery of the General Hospital in
Rothford, Essex, Great Britain, reported “an apparent fading away of the yellow pigmen-
tation in the skin of the jaundiced babies when they had been a short time in sunlight.” (2)

Icterus neonatorum occurs in approximately two thirds of all newborns in the first
postnatal week. Jaundice results from bilirubin deposition in the skin and mucous
membranes. For most newborns, such deposition is of little consequence, but the potential
remains for kernicterus from high bilirubin concentrations or lower bilirubin concentra-
tions in preterm infants. (3) Although rare, kernicterus is a preventable cause of cerebral
palsy.

Hyperbilirubinemia was treated aggressively in the 1950s to 1970s because of a high
rate of Rh hemolytic disease and kernicterus. However, data from the 1980s and 1990s
showed that pediatricians may have been too aggressive in their approach, almost making
kernicterus a disease of the past. Pediatricians subsequently became less aggressive,
discharging newborns earlier from nurseries before bilirubin concentrations peaked. These
factors helped lead to an increase in kernicterus in the 1990s. (4) Because of these events,
an American Academy of Pediatrics (AAP) Subcommittee on Hyperbilirubinemia estab-
lished guidelines for the approach to neonatal jaundice. (5)

Bilirubin Metabolism
When red blood cells undergo hemolysis, hemoglobin is released. Within the reticuloen-
dothelial system, heme oxygenase degrades heme into biliverdin and carbon monoxide.
Biliverdin reductase reduces biliverdin to unconjugated (indirect) bilirubin. Unconjugated
bilirubin binds to albumin and is transported to the liver. Unconjugated bilirubin can
become unbound if albumin is saturated or if bilirubin is displaced from albumin by
medications (eg, sulfisoxazole, streptomycin, chloramphenicol, ceftriaxone, ibuprofen).
The unbound unconjugated bilirubin can cross the blood-brain barrier and is toxic to the
central nervous system. (5)(6)

Once unconjugated bilirubin reaches the liver, it is conjugated by uridine diphosphate
glucuronosyl transferase (UGT1A1). Hepatic UGT1A1 increases dramatically in the first
few weeks after birth. At 30 to 40 weeks’ gestation, UGT1A1 values are approximately 1%
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of adult values, rising to adult concentrations by
14 weeks of age. (7) Conjugated (direct) bilirubin is
excreted into the intestine via the gallbladder and bile
duct. Bacteria in the intestine can deconjugate bilirubin,
allowing it to be reabsorbed into the blood. The rest of
the bilirubin is excreted with the stool. (5)(6)

Causes of Neonatal Hyperbilirubinemia
Nonpathologic
PHYSIOLOGIC JAUNDICE Physiologic jaundice is an

unconjugated hyperbilirubinemia that occurs after the
first postnatal day and can last up to 1 week. Total serum
bilirubin (TSB) concentrations peak in the first 3 to 5
postnatal days and decline to adult values over the next
several weeks. The TSB concentrations vary greatly in
infants, depending on race, type of feeding, and genetic
factors. (8) Initially, the cord TSB concentration in term
newborns is approximately 1.5 mg/dL (25.7 �mol/L).
The TSB concentration peaks at approximately
5.5 mg/dL (94.1 �mol/L) by the third postnatal day in
white and African American infants. The mean TSB
concentration peaks are higher in Asian infants at approx-
imately 10 mg/dL (171.0 �mol/L). (9) By 96 hours of
age, 95% of infants have TSB concentrations of less than
17 mg/dL (290.8 �mol/L). Therefore, bilirubinemia
above this value is no longer considered physiologic
jaundice.

Physiologic jaundice occurs in infants for a number of
reasons. They have a high rate of bilirubin production
and an impaired ability to extract bilirubin from the
body. Bilirubin production also is increased as a result of
elevated hematocrit and red blood cell volume per body
weight and a shorter life span of the red blood cells (70 to
90 days). (10) Finally, infants have immature hepatic
glucuronosyl transferase, a key enzyme involved in the
conjugation of bilirubin that facilitates excretion from
the body. (5)(10)

BREASTFEEDING/HUMAN MILK JAUNDICE. Early-onset
breastfeeding jaundice is the most common cause of
unconjugated hyperbilirubinemia. (6)(8) Breastfeeding
exaggerates physiologic jaundice in the first postnatal
week because of caloric deprivation, leading to an in-
crease in enterohepatic circulation. Mild dehydration
and delayed passage of meconium also play roles. Suc-
cessful breastfeeding decreases the risk of hyperbiliru-
binemia. Infants need to be fed at least 8 to 12 times in
the first few days after birth to help improve the mother’s
milk supply. The best way to judge successful breastfeed-
ing is to monitor infant urine output, stool output, and
weight. Newborns should have four to six wet diapers

and three to four yellow, seedy stools per day by the
fourth day after birth. Breastfed infants should lose no
more than 10% of their body weight by the third or
fourth postnatal day. Formula supplementation may be
necessary if the infant has significant weight loss, poor
urine output, poor caloric intake, or delayed stooling.
(4)(7) Water and dextrose solutions should not be used
to supplement breastfeeding because they do not prevent
hyperbilirubinemia and may lead to hyponatremia.

Late-onset human milk jaundice usually occurs from
the sixth through the fourteenth day after birth and may
persist for 1 to 3 months. A few theories hypothesize the
cause of human milk jaundice, but the exact mechanism
is not entirely clear. It is believed that human milk
contains beta-glucuronidases and nonesterified fatty ac-
ids that inhibit enzymes that conjugate bilirubin in the
liver. Human milk jaundice is the most likely cause of
unconjugated hyperbilirubinemia in this age group, but
rarely, conjugation defects can occur. If the diagnosis is
in question, breastfeeding can be discontinued for
48 hours to observe whether a decrease in TSB concen-
tration occurs. During this time, the mother should
continue to express milk to maintain her supply and
supplement the infant with formula. TSB concentrations
usually peak between 12 and 20 mg/dL (205.2 and
342.1 �mol/L) and should decrease 3 mg/dL
(51.3 �mol/L) per day. If this decrease occurs, breast-
feeding should be restarted. (6)

PREMATURITY. Although preterm infants develop hy-
perbilirubinemia by the same mechanisms as term in-
fants, it is more common and more severe in preterm
infants and lasts longer. This outcome is related to the
relative immaturity of the red blood cells, hepatic cells,
and gastrointestinal tract. Sick preterm newborns are
more likely to have a delay in initiating enteral nutrition,
resulting in an increase in enterohepatic circulation. De-
spite the prevalence of hyperbilirubinemia in preterm
newborns, kernicterus is extremely uncommon. How-
ever, kernicterus does occur at lower TSB concentra-
tions, even without acute neurologic signs. (11) It is
unclear, however, at what value of bilirubin central ner-
vous system injury occurs. TSB values as low as 10 to
14 mg/dL (171.0 to 239.5 �mol/L) have resulted in
milder forms of bilirubin-induced neurologic dysfunc-
tion (BIND) in preterm infants. (11)(12)

Pathologic
UNCONJUGATED HYPERBILIRUBINEMIA. Pathologic

hyperbilirubinemia in a newborn can be separated into
four categories: increased bilirubin production, defi-
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ciency of hepatic uptake, impaired conjugation of biliru-
bin, and increased enterohepatic circulation (Table 1).
(5) Increased production occurs in infants who have
erythrocyte-enzyme deficiencies, blood group incompat-
ibility, or structural defects in erythrocytes. ABO incom-
patibility may cause anemia in the first-born child, but Rh

incompatibility rarely does. Pediatricians also should
consider glucose-6-phosphate dehydrogenase (G6PD)
deficiency, especially in African American infants. G6PD
deficiency is a sex-linked disorder occurring in 11% to
13% of African American newborns in the United States
and is a significant risk factor for kernicterus. (8)

Multiple conditions can cause hyperbilirubinemia
through impaired bilirubin conjugation. Gilbert syn-
drome is an autosomal recessive condition in which
UGT1A1 activity decreases mildly in hepatocytes, typi-
cally resulting in a benign unconjugated hyperbiliru-
binemia. The likelihood of severe hyperbilirubinemia is
increased if the infant also has G6PD deficiency. In
Crigler-Najjar syndrome type I, severe deficiency of
UGT1A1 results in bilirubin encephalopathy in the first
few days or month after birth. In Crigler-Najjar syn-
drome type II, the incidence of bilirubin encephalopathy
is low. (5)

CONJUGATED HYPERBILIRUBINEMIA. Conjugated hy-
perbilirubinemia is defined by a conjugated bilirubin
concentration greater than 1 mg/dL (17.1 �mol/L)
when the TSB concentration is 5 mg/dL (85.6 �mol/L)
or less. If the TSB concentration is greater than 5 mg/dL
(85.6 �mol/L), conjugated hyperbilirubinemia is de-
fined when the value is 20% or greater of the TSB
concentration. Elevated conjugated hyperbilirubinemia
may be related to a urinary tract infection or sepsis. In an
infant older than 3 weeks of age, total and conjugated
bilirubin should be measured to rule out cholestasis and
biliary atresia, which are associated with elevated conju-
gated bilirubin concentrations. The newborn screen also
should be reviewed because thyroid abnormalities and
galactosemia are additional causes of conjugated hyper-
bilirubinemia.

Kernicterus
The term kernicterus was used originally for staining of
the brainstem nuclei and cerebellum. Acute bilirubin
encephalopathy describes the neurologic changes that
occur in the first postnatal weeks from bilirubin toxicity.
Kernicterus is the chronic or permanent neurologic se-
quela of bilirubin toxicity. (13) The level at which biliru-
bin toxicity occurs is not completely known, and multiple
factors influence whether bilirubin toxicity does occur.
Bilirubin can cross the blood-brain barrier and enter the
brain tissue if it is unconjugated and unbound to albumin
or if there is damage to the blood-brain barrier. Asphyxia,
acidosis, hypoxia, hypoperfusion, hyperosmolarity, and
sepsis can damage the blood-brain barrier, allowing bili-
rubin bound to albumin to enter the brain tissue. Pedi-

Table. Risk Factors for
Hyperbilirubinemia
Increased Bilirubin Production

● Hemolytic disease
–Isoantibodies

ABO
Rh
Minor antibodies

–Enzyme defects
Glucose-6-phosphate deficiency
Pyruvate kinase deficiency

–Structural defects
Spherocytosis
Elliptocytosis

● Birth trauma
–Cephalohematoma
–Excessive bruising

● Polycythemia

Impaired Bilirubin Conjugation

● Gilbert syndrome
● Crigler-Najjar syndrome I and II
● Human milk jaundice

Decreased Bilirubin Excretion

● Biliary obstruction
–Biliary atresia
–Choledochal cyst
–Dubin-Johnson syndrome
–Rotor syndrome

Other/Combination

● Asian ethnicity
● Prematurity
● Metabolic disorder

–Hypothyroidism
–Galactosemia

● Maternal diabetes mellitus
● Infection

–Urinary tract infection
–Sepsis

● Breastfeeding
● Drugs

–Sulfisoxazole
–Streptomycin
–Benzyl alcohol
–Chloramphenicol
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atricians should consider acute bilirubin toxicity in a term
infant if there are no signs of hemolysis and the TSB
concentration is greater than 25 mg/dL (427.6 �mol/
L). If the TSB concentration is above 20 mg/dL (342.1
�mol/L) in a term infant who has hemolysis, the physi-
cian should be concerned. (6)

Acute bilirubin toxicity occurs in three phases during
the first few weeks after birth. Phase 1 occurs during the
first 1 to 2 days and results in poor suck, high-pitched
cry, stupor, hypotonia, and seizures. Phase 2 occurs
during the middle of the first postnatal week and results
in hypertonia of extensor muscles, opisthotonus, retro-
collis, and fever. Phase 3 occurs after the first postnatal
week and presents with hypertonia. If bilirubin concen-
trations are not reduced, long-term morbidity can result
in BIND. Neuronal injury occurs primarily in the basal
ganglia and brainstem nuclei, but the hippocampus and
cerebellum also may be affected. (12) BIND or ker-
nicterus occurs in two phases. The first phase is seen
during the first postnatal year and is characterized by
hypotonia, active deep-tendon reflexes, obligatory tonic
neck reflexes, and delayed motor skills. The second
phase, which occurs after the first postnatal year, results
in choreoathetotic cerebral palsy, ballismus, tremor, up-
ward gaze, dental dysplasia, sensorineural hearing loss,
and cognitive impairment. (6)

Evaluation
The following recommendations are based on informa-
tion from the AAP Subcommittee on Hyperbiliru-
binemia. Evaluation for hyperbilirubinemia should occur
before birth and extend through the first few postnatal
weeks. Hemolytic anemia caused by isoantibodies in the
infant is a major risk factor for severe hyperbilirubinemia
and bilirubin neurotoxicity. (13) ABO incompatibility
may occur if the mother’s blood type is O and the infant’s
blood type is A or B. (13) Mother-infant ABO incom-
patibility occurs in approximately 15% of all pregnancies,
but symptomatic hemolytic disease occurs in only 5% of
these infants. Hyperbilirubinemia in infants who have
symptomatic ABO hemolytic disease usually is detected
within the first 12 to 24 hours after birth. (14) Hence,
ABO and Rh (D) blood types and a screen for unusual
isoimmune antibodies should be evaluated for all preg-
nant women. If such testing is not performed or if the
mother is Rh-negative, the infant’s cord blood should be
evaluated for a direct antibody (Coombs) test, blood
type, and Rh determination. If the newborn is assessed
adequately and the mother’s blood type is not O and is
Rh positive, cord blood does not need to be tested. (13)

After birth, the infant should be assessed for jaundice

at a minimum of every 8 to 12 hours. Jaundice can be
detected on a physical examination, but darker skin
makes for a harder assessment. Jaundice has a cephalo-
caudal progression, but visual assessment has been
shown to predict the TSB concentration unreliably.
Jaundice in an infant is best assessed by a window in
daylight; otherwise, a well-lit room is adequate. The
sclera and mucous membranes are assessed for icterus,
and the color of the skin and subcutaneous tissues can be
revealed by blanching the skin with digital pressure.

For any infants who develop jaundice in the first
24 hours after birth, the clinician should assess whether it
seems excessive for gestational age. If there is any doubt
in the visual evaluation, transcutaneous bilirubin (TcB)
or TSB should be assessed. Newer devices used to detect
TcB have been shown to correlate well with TSB. (15)
Once a TcB or TSB has been measured, the result should
be interpreted based on the nomogram in Figure 1.
Reassessment should be based on the zone in which the
bilirubin falls on the nomogram. It is important to realize
that the nomogram is based on infants of greater than
35 weeks’ gestation who had no evidence of hemolytic
disease. Preterm infants or infants who have risk factors
for bilirubin toxicity are at higher risk of bilirubin toxicity
at lower TSB concentrations. Therefore, the nomogram
may not accurately predict the infant’s risk based solely
on the degree of hyperbilirubinemia in these high-risk
infants. (13)

Sometimes further laboratory evaluation is required
to determine the cause of hyperbilirubinemia. If the
cause is not evident after a thorough history assessing
current risk factors or significant hyperbilirubinemia oc-
curred in siblings, evaluation is appropriate for any infant
who is receiving phototherapy or when the TSB crosses
percentiles on the nomogram. A complete blood count
with smear and direct bilirubin concentration should be
checked in these instances. A reticulocyte count, G6PD
measurement, and end-tidal carbon monoxide (ETCO)
determination (if available) can be considered. (12)
ETCO is a good indicator of ongoing bilirubin produc-
tion. As noted previously, biliverdin and carbon monox-
ide are the byproducts of bilirubin breakdown. Measur-
ing the ETCO allows identification of infants
experiencing increased bilirubin production and possibly
infants who have hemolytic disease. (5) The TSB con-
centration should be rechecked in 4 to 24 hours, depend-
ing on the infant’s age, TSB value, and risk factors. If the
TSB is increasing despite phototherapy or if the infant is
being considered for exchange transfusion, a reticulocyte
count, bilirubin/albumin ratio, G6PD concentration,
and ETCO should be checked. Urinalysis and urine
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culture are appropriate if the infant has an elevated direct
bilirubin value. If indicated by the history and physical
examination, a sepsis evaluation should be completed.
(13)

Although human milk jaundice is a common cause of
prolonged jaundice in breastfed infants, more concern-
ing conditions should be ruled out first. Total and direct
bilirubin should be measured for the infant who develops
jaundice or when jaundice persists after 3 weeks of age. In
addition, the newborn screen should be reviewed specif-
ically to rule out galactosemia and congenital hypothy-
roidism. An elevated direct bilirubin value should
prompt an evaluation for cholestasis. (13)

Because TSB concentrations peak at 3 to 5 days of
age, after many infants have left the nursery, it is impor-
tant to perform a risk assessment on all infants before
they leave the hospital, and appropriate follow-up evalu-
ations should be stressed. Although some controversy
surrounds screening and risk assessment, based on insuf-
ficient evidence, the AAP Subcommittee has recom-
mended assessing TSB or TcB on all newborns before
discharge. (16) The value should be plotted on the
nomogram to assess the risk level. (13) Some authors
suggest checking a TSB on all newborns when the new-

born screen is obtained. Other au-
thors argue that data are insufficient
to justify screening all infants at dis-
charge. (16)

Exclusive breastfeeding, photo-
therapy in a sibling, gestational age
less than 37 weeks, jaundice in the
first 24 hours, hemolytic disease,
East Asian race, cephalohematoma
or significant bruising, and a TSB
or TcB in the high risk zone before
discharge are the most common
clinically relevant risk factors for se-
vere hyperbilirubinemia. Each risk
factor individually has little predic-
tive value, but the greater the num-
ber of risk factors, the greater the
likelihood of the baby developing
severe hyperbilirubinemia. In gen-
eral, a term infant who is fed pre-
dominately formula has a very low
likelihood of developing severe hy-
perbilirubinemia. (13)

The timeframe for following up
with a pediatrician once infants are
discharged from the hospital de-
pends on the baby’s age at the time

of discharge. A newborn discharged at 48 to 72 hours of
age should be evaluated for jaundice, weight gain or loss,
stool patterns, voiding patterns, and adequacy of oral
intake by 120 hours of age. The child should be evalu-
ated at 96 hours of age if discharged between 24 to
48 hours and at 72 hours if discharged before 24 hours of
age. Infants discharged before 48 hours of age may need
a second visit to ensure evaluation during the time when
the TSB peaks. Infants who have more risk factors may
need more frequent follow-up evaluations. Also, if
follow-up cannot be ensured, delaying discharge is ap-
propriate until follow-up is determined or until the infant
is older than 72 to 96 hours of age. One of the most
important measures is educating all parents on the risks
and assessment of hyperbilirubinemia as well as necessary
follow-up evaluations. (13)

Treatment
Helping mothers breastfeed appropriately can decrease
the likelihood of severe hyperbilirubinemia. Mothers
should breastfeed at least 8 to 12 times in the first few
days after birth to aid in bringing in the milk supply.
Mother should be asked about any difficulties and lacta-
tion consultants involved when needed. The stool pat-

Figure 1. Nomogram for designation of risk for hyperbilirubinemia in 2,840 well newborns at
36 or more weeks’ gestational age whose birthweights were 2,000 g or more or 35 or more
weeks’ gestational age whose birthweights were 2,500 g or more, based on the hour-specific
serum bilirubin values. The serum bilirubin was measured before discharge, and the zone in
which the value fell predicted the likelihood of a subsequent bilirubin value exceeding the
95th percentile (high-risk zone). Reproduced with permission from Bhutani VK, Johnson L,
Sivieri EM. Predictive ability of a predischarge hour-specific serum bilirubin for subsequent
significant hyperbilirubinemia in healthy term and near-term newborns. Pediatrics. 1999;103:
6–14. ©© 1999 by the American Academy of Pediatrics.
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terns, voiding patterns, and weight of newborns are good
indicators of whether the baby is receiving adequate
milk. (6)(8)

Phototherapy
Since the discovery of the effects of sunlight on lowering
bilirubin concentrations in 1958 (2), the need for ex-
change transfusions because of severe hyperbilirubinemia
has decreased significantly. (17) Phototherapy works by
converting bilirubin into a water-soluble compound
called lumirubin, which is excreted in the urine or bile
without requiring conjugation in the liver. The two
biggest factors in the conversion of bilirubin to lumiru-
bin are the spectrum of light and the total dose of light
delivered. Bilirubin is a yellow pigment, so it most
strongly absorbs blue light in the 460-nm wavelength.
(5) Also, a phototherapeutic effect is seen only when the
wavelength can penetrate tissue and absorb bilirubin.
Lamps with output in the 460- to 490-nm range are the
most effective in treating hyperbilirubinemia. Multiple
types of phototherapy units are used today that contain
daylight, cool white, blue, or “special blue” fluorescent
tubes or tungsten-halogen lamps. Fiberoptic blankets are
also available that provide light in the blue-green region.
The special blue fluorescent lights are the most effective
and should be used when intensive phototherapy is re-
quired. (5)(17) Ultraviolet light is not used for photo-

therapy. (17) Although sunlight
has been shown to decrease biliru-
bin concentrations, it is not recom-
mended because it is difficult to
determine a timeframe that is safe
to expose a naked infant to sunlight
without getting sunburned. (13)

The total dose delivered, or
spectral irradiance, is affected sig-
nificantly by the distance the infant
is from the light and the surface area
to which he or she is exposed.
Therefore, infants should be placed
as close as possible to the light.
Placing an infant in a bassinet rather
than an incubator allows the light
to be closer to the infant. When
using fluorescent tubes, it is possi-
ble to bring the light source to
within 10 cm of the infant without
overheating him or her. Halogen
lights can burn the infant, so the
manufacturer’s instructions should
be followed to determine the cor-

rect distance between the light source and the baby.
(13)(17) Exposing the infant as much as possible while
covering his or her eyes results in a faster decline in
bilirubin concentrations. It is probably unnecessary to
remove the diaper unless the bilirubin concentrations are
approaching the level requiring an exchange transfusion.
The bassinet should be lined with aluminum foil or white
cloth when nearing the point of an exchange transfusion.
In most instances, it is acceptable to interrupt photother-
apy to feed the infant or for brief parental visits. Contin-
uous phototherapy should be used if exchange transfu-
sion is likely. (13)

While an infant is receiving phototherapy, his or her
temperature and hydration status should be monitored.
Because bilirubin is excreted in the urine and the stool, it
is important to assure good urine output. If the infant is
dehydrated, intravenous fluids should be started, Oral
nutrition is sufficient for the infant who is not dehy-
drated. Supplementing breastfeeding with formula is an
option to reduce enterohepatic circulation and decrease
the TSB faster. (13)

Initiation of phototherapy should be based on the
TSB concentration, age in hours, and risk factors, as
recommended in guidelines from the AAP (Fig. 2). The
TSB value should be used, and the direct bilirubin value
should not be subtracted from the total when determin-
ing when to initiate therapy. There are no guidelines

Figure 2. Guidelines for phototherapy in hospitalized infants of 35 or more weeks’
gestation. Reproduced with permission from Subcommittee on Hyperbilirubinemia.
Pediatrics. 2004;114:297–316. ©© 2004 by the American Academy of Pediatrics.

gastroenterology hyperbilirubinemia

346 Pediatrics in Review Vol.32 No.8 August 2011

 at Health Internetwork on August 6, 2011http://pedsinreview.aappublications.org/Downloaded from 

http://pedsinreview.aappublications.org/


published for infants born earlier than 35 weeks’ gesta-
tion. When using intensive phototherapy, a decrease of
0.5 mg/dL (8.6 �mol/L) per hour can be expected in
the first 4 to 8 hours. When the TSB does not decline or
rises during phototherapy, ongoing hemolysis is likely.

Discontinuation of phototherapy is not standardized.
Therefore, clinical judgment is recommended. (5) Some
authors suggest stopping once the bilirubin decreases
4 to 5 mg/dL (68.4 to 85.5 �mol/L). (5) Others state
that the value should decrease to 13 to 14 mg/dL
(222.4 to 239.5 �mol/L) if the child is readmitted for
hyperbilirubinemia. A common misconception is that
discontinuation of phototherapy results in a rebound
hyperbilirubinemia. Rebound is a rare event in an infant
who weighs more than 1,800 g and has no evidence of
hemolysis. (5) Whether this observation holds true for
smaller infants or those who have evidence of hemolysis is
uncertain. A rebound bilirubin determination is not rec-
ommended, but if an infant is readmitted, a repeat TSB
measurement or clinical follow-up in 24 hours is op-
tional. (13)

Phototherapy is performed safely for millions of in-
fants, but rare adverse effects do occur. The infant who
has cholestatic jaundice with elevated conjugated hyper-
bilirubinemia has the potential for developing bronze

infant syndrome. Affected infants
develop a dark, grayish-brown
color of the skin, serum, and urine.
Generally, the syndrome is of little
clinical significance. The only true
contraindication to phototherapy is
congenital porphyria or a family
history of porphyria. Phototherapy
in these patients could result in se-
vere blistering and photosensitivity.
(17)

Exchange Transfusion
Exchange transfusion was the first
successful treatment for severe hy-
perbilirubinemia. These procedures
should be performed only in a neo-
natal intensive care unit by a trained
physician. An exchange transfusion
for an infant is a medical emer-
gency, and the patient should be
admitted directly to the neonatal
intensive care unit, bypassing the
emergency department. (9) Basi-
cally, the physician rapidly removes
from the circulation bilirubin and

any antibodies that may be contributing to ongoing
hemolysis. The procedure involves taking small aliquots
of the infant’s blood and replacing them with the same
quantity of donor red cells via one to two central cathe-
ters until the infant’s blood volume has been replaced
twice. (5) An infusion of albumin 1 to 4 hours before the
procedure can increase the amount of bilirubin that is
removed. Intravenous gamma globulin is recommended
for infants who have isoimmune hemolytic disease if the
TSB is rising despite phototherapy or the TSB is within
2 to 3 mg/dL (34.2 to 51.3 �mol/L) of the level for an
exchange transfusion in hopes of avoiding an exchange
transfusion. Another dose can be administered in
12 hours, if needed. (13)

Figure 3 shows guidelines for initiating an exchange
transfusion. Exchange transfusion should be started im-
mediately in a jaundiced infant demonstrating signs of
acute bilirubin encephalopathy, even if the TSB value is
falling. Risk factors for severe hyperbilirubinemia and the
albumin/bilirubin ratio should be taken into account
when considering when to start an exchange transfusion.
(13)

Although exchange transfusions are successful in in-
fants who have severe hyperbilirubinemia, there are many
complications, including infection, portal venous throm-

Figure 3. Guidelines for exchange transfusion in infants 35 or more weeks’ gestation.
Reproduced with permission from Subcommittee on Hyperbilirubinemia. Pediatrics.
2004;114:297–316. ©© 2004 by the American Academy of Pediatrics.
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bosis, thrombocytopenia, necrotizing enterocolitis, elec-
trolyte imbalances, graft versus host disease, and even
death. The complication rate is reported to be approxi-
mately 12%. (5) Because of these risk factors, photother-
apy should be maximized to reduce the need for an
exchange transfusion. (13)

Conclusion
Kernicterus, although a rare event, is a preventable cause
of cerebral palsy. Now that infants are being discharged
at earlier ages, it is important to consider screening with
a TcB or TSB before discharge because visual assessment
is not always reliable. It is equally important to arrange
for follow-up evaluation after discharge, ideally within
48 hours, for additional screening. Mothers should be
educated about feeding to ensure that the infants are
receiving adequate caloric intake and monitoring stool
and urine output. Weight can be checked at the
follow-up visit. When evaluating bilirubin concentra-
tions, nomograms can be used to guide initiation of
phototherapy and exchange transfusions. Guidelines and
published nomograms can support clinical judgment and
individualize the approach to the infant who has hyper-
bilirubinemia.
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Summary
• Based on strong research evidence, breastfeeding,

prematurity, significant jaundice in a previous
sibling, and jaundice noted before discharge from
the nursery are the most common risk factors
associated with severe hyperbilirubinemia. (13)

• Based on research evaluating benefit versus harm,
jaundice in the first 24 hours after birth is not
physiologic jaundice and needs further evaluation.

• All newborns should undergo a risk assessment for
hyperbilirubinemia before discharge from the
newborn nursery and have appropriate follow-up
evaluation after discharge.

• Visual assessment of jaundice does not assess the
TSB reliably; clinicians should check either a TSB or
TcB when in doubt.

• The infant’s age in hours is used when evaluating
and managing bilirubin concentrations.

HealthyChildren.org Parent Resources From the AAP
The reader is likely to find material to share with parents that is relevant to this article by
visiting this link: http://www.healthychildren.org/English/ages-stages/baby/Pages/
Jaundice.aspx.
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PIR Quiz
Quiz also available online at: http://pedsinreview.aappublications.org.

15. You are evaluating a 3-day-old term infant who has jaundice. His neonatal course was unremarkable and
he is breastfed exclusively. He has approximately seven wet diapers and three stools per day. Findings on
his physical examination are normal except for jaundice. His bilirubin measures 12 mg/dL (205.2 �mol/L)
and is all unconjugated. Of the following, the most appropriate management is to

A. Admit the baby for phototherapy.
B. Continue breastfeeding.
C. Discontinue breastfeeding for 3 days, then resume.
D. Supplement the human milk with water.
E. Supplement the human milk with cow milk-based formula.

16. A 4-day-old girl is brought to your office for evaluation of jaundice. She was born at 39 weeks’ gestation
and had no complications. Her and her mother’s blood types both are A�. She is breastfeeding well and
has normal stools and urine output. She has significant jaundice on examination but is vigorous and well
hydrated. At what total serum bilirubin value should phototherapy be initiated for this infant?

A. 10 mg/dL (171.0 �mol/L).
B. 12 mg/dL (205.2 �mol/L).
C. 15 mg/dL (256.5 �mol/L).
D. 17 mg/dL (290.8 �mol/L).
E. 20 mg/dL (342.1 �mol/L).

17. Which of the following is most likely to be present during the initial phase of acute bilirubin toxicity?

A. Cerebral palsy.
B. Chorea.
C. Opisthotonus.
D. Retrocollis.
E. Seizures.

18. Which of the following statements regarding the optimal use of phototherapy is true?

A. Infants receiving phototherapy should be placed in an incubator.
B. Infants should wear full clothing during phototherapy to prevent burns.
C. Intravenous fluids are required for all infants receiving phototherapy.
D. The light source should be 30 cm from the infant’s skin.
E. Stopping phototherapy to allow for breastfeeding is acceptable in most cases.
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Searching for Answers: Strategies for
Searching the Clinical Literature
Christine Briccetti, MD,* Peter Rowe, MD*

Case Study
You are evaluating a 5-day-old in-
fant whose newborn screen was re-
ported as positive for primary congen-
ital hypothyroidism. While you await
the results of his thyroid stimulating
hormone (TSH) and thyroid assess-
ment, the family asks you about the
accuracy of the newborn screening.
They want to know how likely it is that
their baby has primary congenital hy-
pothyroidism. How would you get the
information needed to answer their
questions?

Searching the Literature
MEDLINE is the National Library
of Medicine’s database of biomedical
articles. PubMed (www.PubMed.
org) is the free resource that is used
most commonly to search the MED-
LINE database. PubMed Clinical
Queries (found under “PubMed
Tools”) is a feature that can be ac-
cessed from the PubMed home page.
This tool filters out information that
is not likely to be useful clinically.
Although not suited for extensive lit-
erature searches, this procedure is an
excellent method to search for useful
clinical information in a few minutes.

The first step is to decide what
question or information to enter into
the search engine to obtain the most
useful results. One approach is to
phrase the query in the “PICO” for-
mat. (1) PICO is an acronym that
was developed as a strategy to help
break down questions into their most
important subcomponents and trans-
late them into terms that enable ef-
fective searches for related evidence-
based information. The “P” in PICO

stands for patient, population, or
problem. (2) What are the character-
istics of an individual patient that are
important? Is the patient’s sex, age,
condition, or some other factor of
particular importance? The “I”
stands for intervention, which could
include exposure, diagnostic test,
prognostic factor, or treatment. (2)
“C” represents comparison or the al-
ternative to the intervention. (2) For
example, when searching for infor-
mation about a new therapy, the
comparison might be the standard
therapy or no therapy. A diagnostic
test would be compared to the diag-
nostic test that is considered the gold
standard. Finally, the “O” is the out-
come. (2) Depending on the ques-
tion, outcome could represent symp-
toms, adverse effects, mortality, or
accuracy of diagnosis. Splitting a
clinical question into these parts can
aid in identifying the primary con-
cepts to query with a search engine
(Table 1). A clear, structured, and
searchable question developed with
this process for the search in the case
study is: In newborns, how accurate
is a positive newborn screen for con-
genital hypothyroidism compared
with serum TSH in diagnosing con-
genital hypothyroidism?

Study Design
The next step is to determine what
type of study best answers the clinical
question (Table 2). The best type of
study design to evaluate a diagnostic
question is a cohort study, in which
all patients receive both the test be-
ing evaluated and the diagnostic gold
standard. (2) Evidence obtained
from systematic reviews or meta-
analyses of randomized, controlled*Johns Hopkins University, Baltimore, MD.
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trials is considered the highest level
of evidence.

Search Results
The next step is to find search terms
based on the key concepts as identi-
fied in the PICO question. Depend-
ing on the variety and the usefulness
of the articles obtained, the searchers
may include some or all of the key
concepts. Alternative spellings or
terms may be needed to include a
larger number of articles. Some of
the search terms that may be appro-
priate for the question on the accu-
racy of the newborn screen for pri-
mary congenital hypothyroidism are
listed in Table 3.

Combining search terms requires
the use of Boolean operators. All
similar terms are combined with the
Boolean operator “OR” to indicate
that they are synonymous. Key con-
cepts are separated by the Boolean
operator “AND” so that all concepts
are included in the results. For exam-
ple, a search of newborn screening
AND congenital hypothyroidism un-

der the category of diagnostic studies
yields 20 studies and 16 review arti-
cles, including “Screening for con-
genital hypothyroidism: United
States Preventive Services reaffirma-
tion recommendation.” (3) Accord-
ing to this article, 1 in every 25 new-
borns who has a positive screening
result for hypothyroidism ultimately
receives the diagnosis of congenital
hypothyroidism.

Case Progression
You share the information you ob-
tained from your literature search
with the family. At this point, confir-
matory test results have returned for
your patient and you diagnose congen-
ital hypothyroidism. You prescribe
levothyroxine and schedule the family
for an appointment with a pediatric
endocrinologist. You explain to the
parents that compliance with levothy-
roxine is crucial to prevent develop-
mental delay. They ask you what the
chances are that their baby will have
intellectual disability, given optimum
medical treatment.

You design another PICO question
to guide another literature search.
Your “P” is children who have congen-
ital hypothyroidism, “I” is treatment
with levothyroxine and alternative is
no treatment, and “O” is future cog-
nitive ability. Because you are investi-
gating the long-term outcomes of a pa-
tient who has a certain condition, you
investigate cohort studies. In general,
cohort studies follow patients who have
a certain exposure (in this case, treated
hypothyroidism) to a particular out-
come (presence of intellectual impair-
ment). Cohort designs are powerful for
making an association between cause
and effect. At the PubMed Clinical
Queries page, you use the same key
words of newborn screening AND
congenital hypothyroidism but search
under “prognosis.” This time, in ad-
dition to getting the same review ar-
ticles, you find 71 articles specifically
related to prognosis. After limiting
your results to papers published in the
past 5 years in English, your total
number of articles becomes 19. You
find a clinical report from the Amer-
ican Academy of Pediatrics that
states that if treated within 2 weeks
of birth, children who have primary
congenital hypothyroidism have sim-
ilar intelligence, school performance,
and neuropsychological testing re-
sults as their peers. (4)

Conclusion
Although most busy practitioners do
not have the time for exhaustive lit-
erature searches for each clinical
question they encounter, they can
use the few steps outlined in this
article to find answers to questions
that matter most to them and their
patients. Other articles in this series
will give clinicians the skills to evalu-
ate the quality and results of the arti-
cles they find.

Table 1. Example of the PICO Process to Identify
a Research Question

P Patient or Population Newborns
I Intervention or Indicator Newborn screen for congenital hypothyroidism
C Comparison Serum TSH measurement
O Outcome Diagnosis of congenital hypothyroidism or the

“accuracy of the test”

Table 2. Choosing the Type of Research Study (2)

Type of Question Best Type of Study
Diagnosis Cohort study in which patients receive both the test being

evaluated and the diagnostic gold standard
Therapy Double-blind, randomized, controlled trial
Prognosis Longitudinal cohort
Cause Cohort studies (start with patients with and without the

risk factor)
Case-controlled studies (start with patients with and

without the disease)
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C Compared with TSH
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The reader is encouraged to write
possible diagnoses for each case before
turning to the discussion.
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Case 1: Pruritic, Erythematous, Papular, and
Papulovesicular Rash in an 8-year-old

Case 2: Cough With Green Phlegm
in an 8-year-old

Case 3: Polyarthritis, Raynaud Phenomenon,
Hoarseness, Tapering Fingers, and Digital
Ulcers in a 6-year-old

Case 1 Presentation
An 8-year-old boy presents with a
3-week history of red, itchy, raised
lesions that developed vesicles and
black crust. The lesions started on
the neck and inguinal region but be-
came generalized within a few days.
He was diagnosed as having varicella
and sent home with symptomatic
management. A few days later, he
was seen in the ED because of fever
and persistence of the eruption. He
was prescribed oral cephalexin for a
possible secondary infection of the
varicella. He has not improved and is
finally admitted to a regional hospital
for further evaluation.

Physical examination shows a
generalized eruption of erythema-
tous papules, most of which have a
dark crust in the center, as well as a
few papulovesicles on the extremi-
ties, including the palms and soles
(Fig. 1). He has enlarged inguinal

nodes and complains of intense pru-
ritus. The differential diagnosis in-
cludes varicella, herpesvirus infec-
tion, and vasculitis.

Results of laboratory studies in-
clude:

● WBC count: 4.0�103/�L (4.0�
109/L) with normal percentages
and absolute numbers of lympho-
cytes and neutrophils

● Hgb: 12.9 g/dL (129 g/L)
● Platelet count: 349�103/�L (349

�109/L)
● Creatinine: 0.5 mg/dL (44.2

�mol/L)
● BUN: 8 mg/dL (2.9 mmol/L)
● ALT: 9 U/L (normal, 0 to

41 U/L)
● Alkaline phosphatase: 200 U/L

(normal, �300 U/L)
● C-reactive protein: 0.7 mg/dL

(normal, �1 mg/dL)

Figure 1. Eruption consisting of erythematous papules, most of which have a dark
crust in the center, and a few papulovesicles on the right lower extremity.
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● ESR: 22 mm/hr (normal, 0 to
10 mm/hr)

Urinalysis is negative for protein
and erythrocytes and a urine culture
is sterile. Results of bacterial culture
and polymerase chain reaction test-
ing for herpes group viruses from the
skin lesions are negative. Additional
evaluation leads to the diagnosis.

Case 2 Presentation
An 8-year-old boy who has a history
of recurrent pneumonia, CHARGE
association, repaired tetralogy of
Fallot, gastroesophageal reflux dis-
ease, and severe kyphoscoliosis pres-
ents with the production of green
sputum and increasing work of
breathing for 5 days. He is afebrile
but is coughing and has tachypnea
and copious rhinorrhea. His family
denies other symptoms or sick con-
tacts. He has a 5-year history of re-
current pneumonia, which has oc-
curred more frequently over the past
6 months. He has been treated with

multiple courses of oral and paren-
teral antibiotics.

Physical examination reveals a
temperature of 37.0°C, heart rate of
140 beats/min, respiratory rate of 40
breaths/min, blood pressure of
110/74 mm Hg, and pulse oximetry
reading of 94% in room air. He does
not appear toxic and has copious
thick nasal secretions. Auscultation
reveals clear right lung fields and
bronchial breath sounds and rhonchi
on the left, especially over the lower
lobe of the lung. Upper and lower
extremities appear acyanotic with
digital clubbing.

Results of his CBC and metabolic
panel are normal. His C-reactive pro-
tein measures 1.1 mg/dL. Chest ra-
diography reveals a clear right lung
with nearly complete opacification of
the left hemithorax, an unchanged
dextroscoliosis, and no mediastinal
shift. Bronchoscopy demonstrates
normal anatomy with diffuse tra-
cheobronchitis and mucus plugging
of bronchi in the left lung. An addi-
tional imaging study helps establish
the diagnosis.

Case 3 Presentation
A 6-year-old African American girl
who has been suffering from polyar-
thritis for the past 2 years presents
with the recent onset of increasing
fatigue, new-onset Raynaud phe-
nomenon, hoarseness, worsening
arthritis, tapering fingers, digital
ulcers, and tightening of the skin
over her fingers. She has had mini-
mal response to nonsteroidal anti-
inflammatory agents (NSAIDs),
methotrexate, and etanercept in the
treatment of her arthritis. She reports
an episode of fever and pericardial
effusion a few months earlier that
responded to a course of corticoste-
roids.

Physical examination reveals a
tired-appearing, thin girl in no acute

distress. She has tapering fingers with
skin tightening; periorbital telangiec-
tasias; round healing ulcers on her
second finger tip and second, third,
and fourth proximal interphalangeal
(PIP) and metacarpophalangeal
(MCP) joints; and nailfold capillary
changes. She has calcinosis over her
left arm and right knee and tighten-
ing of the skin over her hands and
knees bilaterally. Subcutaneous nod-
ules are apparent over her left elbow
and right knee. She has polyarthritis
involving both knees, hips, wrists,
and PIP and MCP joints.

Laboratory studies reveal:

● Hgb: 10.4 g/dL (104 g/L)
● Antinuclear antibody (ANA) titer:

1:640
● Rheumatoid factor (RF) titer: 34
● Antiribonucleoprotein (RNP) an-

tibody: positive
● Lactate dehydrogenase: 439 U/L

(7.3 �kat/L)
● Creatine kinase: 58 U/L (0.96

�kat/L)
● Aldolase: 12.5 U/L (0.21 �kat/L)
● ESR: 85 mm/hr

Serum complement concentra-
tions, WBC count, platelet count,
complete metabolic panel, and uri-
nalysis findings are within normal
limits. Antidouble-stranded DNA,
anti-Smith, anti-Jo, anti- SSB, anti-
Scl-70, and anti-centromere anti-
body determinations are negative.
Echocardiography shows a resolving
pericardial effusion, and ECG find-
ings are within normal limits. Pulmo-
nary function tests reveal a decrease
in diffusion lung capacity (DLCO).

Case 1 Discussion
Three skin biopsies were sent for his-
topathologic examination. Two bi-
opsies from the knee and one from
the elbow showed similar findings
consistent with a diagnosis of pityri-
asis lichenoides et varioliformis acuta

Frequently Used Abbreviations

ALT: alanine aminotransferase
AST: aspartate aminotransferase
BUN: blood urea nitrogen
CBC: complete blood count
CNS: central nervous system
CSF: cerebrospinal fluid
CT: computed tomography
ECG: electrocardiography
ED: emergency department
EEG: electroencephalography
ESR: erythrocyte sedimentation

rate
GI: gastrointestinal
GU: genitourinary
Hct: hematocrit
Hgb: hemoglobin
MRI: magnetic resonance imaging
WBC: white blood cell
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(PLEVA). The boy was started on an
8-week course of oral erythromycin
and was followed in the dermatology
clinic, where his skin showed consid-
erable improvement (Fig. 2). He has
had no recurrence.

The Condition
PLEVA is an uncommon dermato-
logic condition of unknown cause
that was described initially by Neisser
and Jadassohn in 1894. (1)(2) It can
affect both children and adults and
has been reported to be associated
with infectious triggers, immune
complexes, and lymphoproliferative
processes.

The two clinical forms described
are PLEVA and pityriasis lichenoides
chronica (PLC). This classification is
based on the duration of the episode
and different clinical presentations.
PLEVA is characterized as papular or
vesicular lesions with central necro-
sis, while PLC has thinner papules
with scale that leave behind charac-
teristic white macules. PLC has no
central necrosis or vesicles and is a
more chronic eruption. Some au-
thors argue that PLEVA and PLC
represent a clinicopathologic spec-
trum rather than independent dis-
eases.

PLEVA is characterized clinically
by the acute onset of erythematous
papulovesicles with ulceronecrotic
centers. These lesions can result in
varioliform scars and postinflamma-
tory hypo- or hyperpigmentation.
The eruption is polymorphous and
presents more frequently on the ex-
tremities and flexural areas. Affected
patients complain of pruritus and a
burning sensation. The differential
diagnosis of PLEVA includes vari-
cella, arthropod bites, viral exan-
thems, lymphomatoid papulosis, and
vasculitis.

The histopathologic features of
PLEVA consist of a perivascular and
often wedge-shaped interstitial lym-

phocytic infiltrate with interface der-
matitis features of exocytosis and
basal cell vacuolation. Other findings
include red blood cell extravasation,
variable keratinocyte necrosis, and
overlying parakeratosis, with crust
formation possible.

Management
PLEVA generally is considered a be-
nign process that has a self-limited
course of several weeks. Different
treatments have been described, in-
cluding topical corticosteroids and
topical tacrolimus, which evoke a
good response. Oral antibiotics that
have anti-inflammatory properties,
such as erythromycin, tetracycline,
and azithromycin, administered for
8 weeks also have produced good
responses. For cases of extensive in-
volvement, ultraviolet B photother-
apy is effective in children.

The prognosis of PLEVA is good,
with a more benign course occurring
in children than in adults. A few re-
ports in the literature show progres-
sion to cutaneous T-cell lymphoma,
which is why close monitoring is rec-
ommended.

Lessons for the Clinician

● PLEVA should be considered in
the differential diagnosis of vesicu-
lar, papular, and papulovesicular
eruptions in children.

● For a patient who has vesicular le-
sions and systemic symptoms,
other conditions such as varicella
and herpes infection should be
ruled out.

● A skin biopsy is needed to confirm
the diagnosis of PLEVA and to rule
out other entities.

● Management includes an 8-week

Figure 2. Considerable improvement of the skin after an 8-week course of oral
erythromycin.

index of suspicion

Pediatrics in Review Vol.32 No.8 August 2010 355
 at Health Internetwork on August 6, 2011http://pedsinreview.aappublications.org/Downloaded from 

http://pedsinreview.aappublications.org/


course of anti-inflammatory antibi-
otics, which produces a good re-
sponse. The prognosis in the pedi-
atric population usually is good.

(Alexandra Balma-Mena, MD, Mir-
iam Weinstein, MD, Alana Rosen-
thal, MD, Hospital for Sick Children,
Toronto, Ontario, Canada; Pauline
Henry, MD, University of Toronto,
Toronto, Ontario, Canada; Danny
Gahzarian, MB ChB, PhD, FRCPC,
FCAP, University Health Network,
Toronto, Ontario, Canada)
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2. Jadassohn J. Über ein eigenartiges psori-
asiformes und lichenoides exanthem. Verh
Dtsch Dermatol Ges. 1894;4:524–535

Case 2 Discussion
Noncontrast, high-resolution com-
puted tomography (HRCT) scan of
the chest revealed marked bronchiec-
tatic changes of the entire left lung
(Fig. 3). The boy underwent left
pneumonectomy, and pathologic ex-
amination showed massive bronchi-
ectasis in the upper and lower lobes,
with a very small amount of normal
intervening parenchyma within the
left lung.

The Condition
Bronchiectasis is caused by destruc-
tion of the bronchial wall. Loss of
integrity of the muscular and elastic
layers of the bronchial wall results in
an easily collapsible airway and ob-
structed sections of the bronchial
tree. The first stages of change in-
clude mucosal wall thickening and
mild airway dilation, referred to as
cylindrical bronchiectasis. If the un-
derlying cause can be treated effec-
tively in the early stages, the degree
of bronchiectasis may be controlled.

Once the disease progresses, the
bronchi become tortuous and bal-
looned, a condition known as saccu-
lar bronchiectasis, which is consid-
ered irreversible.

Although cystic fibrosis (CF) is
the most common cause of bronchi-
ectasis in children in the United
States, several other conditions must
be considered. These can be divided
into disorders causing fixed obstruc-
tion, diseases affecting the integrity
of bronchial wall and mucus clear-
ance, and infections.

Airway obstruction compromis-
ing mobilization of secretions from
the tracheobronchial tree can be a
source of bronchiectasis. Airway ob-
struction can result from severe ky-
phoscoliosis; a retained foreign body,
intraluminal tumor, or other mass;
lymphadenopathy; vascular anomaly;
or cardiac pathology that results in
airway impingement.

If mucociliary clearance is com-

promised, even in the absence of air-
way obstruction, bronchiectasis can
result. In patients who have CF, the
tenacity of the secretions and the rel-
atively diminished amount of fluid in
the airway lining makes mobilization
of secretions from the lower airways
difficult. Similarly, diseases in which
muscle strength is compromised,
such as muscular dystrophy or spinal
muscular atrophy, can result in bron-
chiectasis from compromised mobili-
zation of lower airway secretions.
Children who have compromised cil-
iary function, such as occurs in pri-
mary ciliary dyskinesias, generally are
unable to mobilize secretions from
the lower airways and may develop
bronchiectasis.

Infection of the secretions in the
airway distal to either the anatomic
or functional obstruction plays a crit-
ical etiologic role. Hence, disease
states that entail immunodeficiencies
or abnormalities in neutrophil func-

Figure 3. Noncontrast, high-resolution computed tomography scan of the chest
shows diffuse saccular bronchiectasis of the left lung with a mediastinal shift to the
left.
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tion can lead to bronchiectasis.
Among the most frequent causes of
bronchiectasis in children are disor-
ders such as hypogammaglobuline-
mia, abnormalities of the respiratory
burst in neutrophils, complement
deficiencies, selective immunoglobu-
lin deficiencies, and acquired immu-
nodeficiency syndrome.

Regardless of the primary cause,
infection is the final factor in the de-
velopment of bronchiectasis, and the
likelihood of developing bronchiec-
tasis increases with prolonged and
untreated infections. The pathogens
causing bronchiectasis generally are
bacteria such as Pseudomonas aerugi-
nosa, Mycobacterium tuberculosis,
Mycoplasma pneumoniae, or Strepto-
coccus pneumoniae. However, the in-
fection may be viral, most commonly
adenovirus and influenza, or even
fungal.

Allergic bronchopulmonary asper-
gillosis, a hypersensitivity pneumoni-
tis that is associated most commonly
with CF, results in central saccular
bronchiectasis.

In children, it may be difficult to
identify the cause of bronchiectasis,
but every attempt must be made to
do so to allow institution of appro-
priate management.

Clinical Manifestations
Cough and sputum production are
the most common symptoms of
bronchiectasis; dyspnea, rhinosinus-
itis, and hemoptysis are less com-
mon. Affected patients frequently
have received the diagnosis of recur-
rent pneumonia. Physical examina-
tion findings of bronchiectasis in-
clude crackles, wheezing, and
rhonchi; digital clubbing also may be
present.

Diagnosis
Diagnosis relies predominantly on
imaging. Laboratory studies, such as
CBC, quantitative immunoglobu-

lins, and sputum culture, may help
determine the cause but are nondiag-
nostic alone. Chest radiograph may
reveal airway dilation, increased pul-
monary markings with tram tracking
(thickening of the bronchial walls),
and areas of atelectasis. HRCT is the
gold standard for diagnosis and re-
veals detailed anatomy of the bron-
chial tree: lack of airway tapering
with luminal dilation, bronchial wall
thickening, honeycombing, and mu-
cus plugging.

Treatment and Prognosis
Management should focus on identi-
fying and treating the underlying
cause of the bronchiectasis. Estab-
lishing the primary cause is of critical
importance and is undertaken best
under the direction of a pediatric
pulmonologist. Following determi-
nation of the cause, optimal manage-
ment often involves a multidisci-
plinary team, including primary care
physicians, pulmonologists, and re-
spiratory therapists.

Decreasing acute exacerbations
by employing a regimented daily
therapy may slow disease progres-
sion. Mucus clearance may be en-
hanced with hypertonic saline nebu-
lization, inhaled mucolytics, and
chest physiotherapy. Inhaled cortico-
steroids can reduce airway obstruc-
tion. Chronic macrolide therapy also
has been found to be beneficial. In
addition to antimicrobial properties,
macrolides have anti-inflammatory
properties. Aggressive treatment of
pseudomonal and Staphylococcus au-
reus infections is indicated, but anti-
microbial therapy should be targeted
to specific pathogens. Lobectomy is a
last resort in refractory cases.

The efficacy of different treatment
modalities for non-CF-associated
bronchiectasis is largely unknown at
this point and remains an area of
active research. The prognosis for
non-CF bronchiectasis depends on

the cause and the patient’s access to
medical care. Regular access to a
multidisciplinary team facilitates ag-
gressive treatment of exacerbations,
emphasizes prevention, and allows
for teaching self-management as well
as for monitoring and early interven-
tion for comorbid conditions.

Lessons for the Clinician

● Although primarily seen in patients
who have CF, bronchiectasis is a
condition that clinicians may need
to consider when evaluating a child
who has a chronic cough.

● HRCT is vital to making the diag-
nosis.

● Treatment protocols and therapies
are fairly well established for CF
patients but not for non-CF bron-
chiectasis.

● A multidisciplinary approach, in-
cluding the primary care clinician,
pulmonologist, and allied health
clinicians, is crucial for manage-
ment.

(Jillian Miller, MD, Erich Maul, DO,
Kentucky Children’s Hospital, Lex-
ington, KY)

Case 3 Discussion
This young girl’s disease process was
consistent with mixed connective tis-
sue disease (MCTD). MCTD is con-
sidered an overlap syndrome that in-
cludes clinical features of juvenile
rheumatoid arthritis, scleroderma,
systemic lupus erythematous (SLE),
and dermatomyositis (DM) occur-
ring in conjunction with high anti-
body titers to an extractable nuclear
antigen. Children who have MCTD
may progress to SLE-like or
scleroderma-like disease. The tight-
ening of the skin, digital ulcers, Ray-
naud phenomenon, calcinosis,
hoarseness, and decrease in DLCO
suggest that this girl’s condition is
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evolving into systemic scleroderma,
also known as systemic sclerosis.

She was treated with hydroxy-
chloroquine, methotrexate, cyclo-
sporine, pentoxifylline, and cortico-
steroids. She was followed closely
with frequent physical examinations,
swallow studies, pulmonary and car-
diac assessments, and laboratory
evaluations. Currently she has persis-
tent symptoms of decreased joint
mobility, increasing calcinosis, and
increased reflux suggestive of an early
CREST syndrome (calcinosis, Ray-
naud phenomenon, esophageal dys-
motility, sclerodactyly, and telangi-
ectasias) that also is referred to as
limited cutaneous systemic sclero-
derma.

The Condition
MCTD is one of the least common
connective tissue diseases. The mean
age of onset is 11 years, but the con-
dition occurs in children between the
ages of 4 and 16 years and is more
frequent in girls. Common clinical
manifestations include polyarthritis
and Raynaud phenomenon, nailfold
capillary changes, and cutaneous
changes that may be suggestive of
SLE, DM, or scleroderma. Cardio-

pulmonary disease and esophageal
dysmotility are reported infrequently
but may result in significant morbid-
ity. Nephritis is less common and less
severe than that seen in SLE. The
sclerodermatous skin changes are
slow to develop but often become
the most prominent feature of the
disease late in the course.

As with the clinical manifesta-
tions, the laboratory findings of
MCTD and systemic sclerosis evolve
over time. Most patients have posi-
tive ANA, RNP antibody, and RF.

Treatment
The treatment of MCTD is guided
by strategies used in rheumatologic
diseases such as SLE, scleroderma,
and DM. Therapy often is based on
the individual’s disease course and
specific organ involvement. Treat-
ment options include corticoste-
roids, NSAIDs, hydroxychloro-
quine, methotrexate, vasodilators,
and cytotoxic agents. All of these
agents have been used with varying
degrees of success. Overall, most pa-
tients who have MCTD survive into
adulthood after the diagnosis is es-
tablished. Morbidity and mortality
are greatest in those who develop

either renal or pulmonary manifesta-
tions.

Lessons for the Clinician

● MCTD is an evolving disease that
must be monitored closely.

● Not all polyarthritis is juvenile id-
iopathic arthritis; other diagnoses
should be considered when the dis-
ease does not respond to standard
medications.

● Systemic sclerosis is insidious in
onset and often presents diagnostic
challenges, mandating close obser-
vation and follow-up evaluation.

● Rheumatic diseases can have signif-
icant overlap in clinical manifesta-
tions, necessitating careful evalua-
tion to determine that the correct
disease process is being treated.

(Jennifer McGuirl, DO, Department
of Pediatrics, Goryeb Children’s Hos-
pital, Atlantic Health, Morristown,
NJ; Lakshmi Moorthy, MD, Depart-
ment of Pediatrics, UMDNJ/RWJ
Medical School, New Brunswick, NJ)

To view Suggested Reading lists for
these cases, visit www.pedsinreview.
org and click on Index of Suspicion.
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The following Suggested Reading
lists are included online only for the
“Index of Suspicion.”

Case 1 Suggested Reading
Bowers S, Warshaw EM. Pityriasis lichen-

oides and its subtypes. J Am Acad Der-
matol. 2006;55:557–576

Lam J, Pope E. Pediatric pityriasis lichen-
oides and cutaneous T-cell lymphoma.
Curr Opin Pediatr. 2007;19:441–445

Romani J, Puig L, Fernandez-Figueras MT,
de Moragas JM. Pityriasis lichenoides in
children: clinicopathologic review of 22
patients. Pediatr Dermatol. 1998;15:
1–6

Skinner RB, Levy AL. Rapid resolution of
pityriasis lichenoides et varioliformis
acuta with azithromycin. J Am Acad
Dermatol. 2008;58:524–525

Wahie S, Hiscutt E, Natarajan S, Taylor A.
Pityriasis lichenoides: the differences be-
tween children and adults. Br J Derma-
tol. 2007;157:941–945

Case 2 Suggested Readings
Boren EJ, Teuber SS, Gershwin ME. A re-

view of non-cystic fibrosis pediatric
bronchiectasis. Clin Rev Allerg Immu-
nol. 2008;34:260–273

Redding GJ. Bronchiectasis in children.
Pediatr Clin North Am. 2009;56:
157–171

Case 3 Suggested Readings
Mier RJ, Shishov M, Higgins GC, et al.

Pediatric-onset mixed connective tissue
disease. Rheum Dis Clin North Am.
2005;31:483–496

Swart JF, Wulffraat NM. Diagnostic
workup for mixed connective tissue dis-
ease in childhood. Isr Med Assoc J. 2008;
10:650–652
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Stool Passage of a White
Ribbonlike Object in an
Adventurous Eater
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Presentation
A previously healthy 5-year old boy passes white ribbon-
like objects in a bowel movement that are removed in
multiple segments (Fig. 1). The specimens are sent to the
microbiology laboratory, and the patient is seen in the
pediatric infectious diseases clinic. Before the episode, he
had normal appetite with no abdominal pain, diarrhea,
constipation, flatulence, cough, or any other constitu-
tional symptoms. He complains of intermittent perium-
bilical pain after the episode but has no other symptoms.

Further questioning of the patient and family reveals
sophisticated and adventurous eating habits. He has been
eating raw fish for 1 year before presentation, including
salmon and tuna sushi and sashimi. He eats rare beef and
lamb and tries delicacies such as cooked crickets, ants, and
scorpions. He has three cats with fleas and feeds Koi fish in
a pond but has no contact with other animals. During
recent travel to Sierra, California, he swam in a cave pond
but did not drink its water. He also visited Kauai, Hawaii,
2 months ago but did not consume sushi, sashimi, or
Hawaiian delicacies of raw fish there.

Findings on his physical examination are normal, his
weight is at the 25th percentile, and his height is between
the 10th and 25th percentiles. Complete blood cell
count reveals no evidence of anemia. The white blood
cell count is 9.6�103/�L (9.6�109/L) with a normal
differential count, hemoglobin is 13.0 g/dL (130 g/L),
hematocrit is 38.2% (0.38), and platelet count is
258�103/�L (258�109/L). Mean corpuscular volume
is 84.1 fL. Stool cell count only shows a few polymor-
phonuclear cells and eosinophils. Microscopic review of
the “ribbon” reveals the diagnosis.

Figure 1. Multiple white ribbonlike segments measuring ap-
proximately to 3 to 10 in.

*Department of Pediatrics, Division of Pediatric Infectious Diseases, University of Michigan, Ann Arbor, MI.
†Department of Pediatrics, Division of Pediatric Infectious Diseases, UCLA Medical Center, Los Angeles, CA.
‡Department of Pathology and Molecular Medicine, Queen’s University School of Medicine, Kingston, Ontario, Canada.
§Pediatric Infectious Diseases, ‘Specially For Children, Dell Children’s Medical Center of Central Texas, Austin, TX.
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Diagnosis: Diphyllobothriasis
The “ribbon” is identified as the tapeworm Diphylloboth-
rium latum. The proglottids (segment of tapeworm
body containing both male and female reproductive or-
gans) from submitted segments measured 7 to 24 cm in
length (Fig. 1). The gravid proglottids resembled D
latum because they were much wider than long
(6.3 mm�2.5 mm) and had a central rosette uterine
structure (Fig. 2). Microscopic examination of the recov-
ered eggs revealed brownish-yellow, broadly oval eggs
with a visible operculum. No scolex was found with the
segments passed.

Discussion
Diphyllobothriasis is a parasitic infection caused by a fish
tapeworm. D latum is a common cause of human diphyl-
lobothriasis. This parasite may be found as a plerocercoid

(the mature infective stage of certain tapeworms) larva in
the muscular flesh of freshwater fish such as salmon, white-
fish, trout, pike, perch, or char. Fish from North America
(Alaska and the Great Lakes), the lake regions of northern
Europe (Switzerland and cold water lakes in Italy), Fin-
land, and Asia have been implicated in transmission.

The tapeworm D latum has a scolex (knoblike ante-
rior end provided with suckers or hooklike parts that
attach to host) with bothridial grooves (muscular hold-
fast organ) instead of suckers and a long strobila (chain)
with multiple segments or proglottids. The complex
three-host life cycle comprises crustacean (copepod),
intermediate fish host, and humans or mammals as de-
finitive hosts (Fig. 3). The eggs hatch in fresh water and
release a coracidium, which is a free-swimming ciliated
oncosphere (tapeworm embryo), that is ingested by the
crustacean, the first intermediate host. When a fish in-
gests the crustacean infected with a procercoid larva
(a larval stage of certain tapeworms that typically devel-
ops in the body cavity of a copepod), the fish becomes the
second intermediate host, in which the procercoid devel-
ops into the infective plerocercoid. Humans acquire the
tapeworm by ingestion of raw or undercooked infected
fish. The worm matures and produces eggs in 5 to
6 weeks and can grow from 3 to 12 meters in length
during a life span of 25 or more years.

The raw fish in Japanese sushi
and sashimi delicacies represent the
most likely source of D latum for
this patient. Patients infected by
D latum may present with such gas-
trointestinal symptoms as diarrhea,
nausea, abdominal pain or disten-
sion, and constipation as well as
fatigue or they may be asymptom-
atic yet still expell proglottid seg-
ments. A rare complication of
D latum infection is involvement of
the small intestine, leading to vita-
min B12 deficiency and megalo-
blastic anemia, which is seen in Fin-
land but is rarer in other parts of the
world.

Infection has been reported
worldwide in both adults and chil-
dren, but reported pediatric cases of
D latum infection in the United
States literature are rare. A case of
diphyllobothriasis was described in
an 11-year-old child from Hawaii
after eating raw salmon or tuna.

Figure 2. Diphyllobothrium latum gravid proglottid. Note the
central rosette with uterine structure.

Figure 3. Life cycle of Diphyllobothrium latum. Image credit: CDC/Alexander J. da Silva,
PhD/Melanie Moser (PHIL #3388)
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A retrospective investigation by the Centers for Disease
Control and Prevention Parasitic Disease Drug service
after a West coast/Los Angeles diphyllobothriasis out-
break in 1980 to 1981 discovered that raw or partially
cooked salmon consumption had been implicated in the
cases.

Other pediatric cases of D latum infection have been
described in India, Taiwan, Spain, and Korea. All affected
children presented with spontaneous passage of a tape-
worm; some were asymptomatic and others had abdom-
inal pain or cramping. A history of eating raw fish 3
months to 1 year before presentation was elicited. Treat-
ment consisted of a single dose of praziquantel and a
repeat dose for continued passage of proglottids or pos-
itive stool studies or administration of another antipara-
sitic agent, niclosamide.

Diagnosis
The diagnosis of diphyllobothriasis is established by fecal
examination, with the recovery and identification of the
distinctive proglottids or eggs. The proglottids usually
are 11 mm wide by 3 mm long. The eggs of D latum
usually measure approximately 58 to 75 �m by 40 to
50 �m. If the operculum (lid-like covering) of the egg is
difficult to see, tapping the coverslip of the wet prepara-
tion may help it pop open, thereby making it more
visible. Although the length of the adult worm ranges
from 3 to 15 meters and consists of approximately
3,000 to 4,000 proglottids, parts of the tapeworm are
usually passed in chains of segments.

Differential Diagnosis
The differential diagnosis for intestinal worms for this
child is extensive. His preference for rare beef puts him at
risk for Taenia saginata infection, and eating raw fish has
been associated with infections with Diphyllobothrium
and Anisakis, a nematode. Lower in the differential di-
agnosis are Dipylidium caninum infection caused by
infected dog or cat fleas ingestion; Hymenolepis diminuta
from insects infected with rodent droppings; and tape-
worm infections using insects as intermediate hosts,
including Hymenolepis nana, Mesocestoides, and Railliet-
ina. Definitive diagnosis of intestinal worms is estab-
lished by finding proglottids and eggs on microscopic
examination of the stool.

Therapy
The drug of choice for diphyllobothriasis is a single dose
of praziquantel at 5 to 10 mg/kg for children and adults.
Praziquantel disrupts the parasite tegument and causes
tetanic contractures, with loss of adherence to host tis-

sues leading to disintegration or expulsion. Single-dose
niclosamide 50 mg/kg for children younger than 6 years
or 2 g for children older than 6 years and adults is an
alternative. The drug kills the parasite by uncoupling
oxidative phosphorylation. Follow-up stool examina-
tions 1 and 3 months after treatment combined with
continued monitoring for passage of proglottids are nec-
essary to assess treatment. Successful treatment may re-
quire administration of a second dose of praziquantel to
patients who have persistently positive stools or contin-
ued passage of proglottids.

Prevention
To prevent diphyllobothriasis, fish should be well cooked
(for at least 5 minutes) to a temperature of 56.0°C before
consumption. The United States Food and Drug Ad-
ministration recommends blast-freezing fish at �35.0°C
for 15 hours or regular freezing at �20.0°C for 7 days
before serving, especially if the fish is served raw.

Patient Course
After treatment with one dose of praziquantel 190 mg
(10 mg/kg), the boy had no subsequent passing of
worms at 8 months posttreatment. Stool studies 3
months after the last tapeworm passage were also nega-
tive for ova or proglottids.

ACKNOWLEDGMENTS. We thank Dr Larry Ash of
UCLA School of Public Health for his expertise and
helpful comments on the manuscript and Robyn Shi-
mizu in the UCLA microbiology laboratory for her
excellent parasitic diagnostic assistance.

Summary
• Definitive diagnosis of intestinal worm infection is

established by microscopic examination of proglottids
and eggs.

• Raw or partially cooked salmon consumption is linked
with diphyllobothriasis cases in the United States and
worldwide.

• The drug of choice for diphyllobothriasis is a single dose
of praziquantel at 5 to 10 mg/kg for children and adults.

• Follow-up stool examinations 1 and 3 months after
treatment combined with continued monitoring for
passage of proglottids should be performed to assess
treatment success.

• Physicians should be aware of the risk of tapeworm
infection because of the wide availability and consumption
of raw or undercooked fish delicacies, especially with
importation of fish for consumption and global travel.
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