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Pause and Pulse: Radiation Dose in Pediatric Fluoroscopy
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Objectives After completing this article, readers should be able to:

1. Understand the issues and concerns surrounding ionizing radiation in children and the
relative doses associated with different imaging procedures.

2. Recognize the role of the pediatrician in patient and parent preparation, providing
useful clinical information, and collaborating with radiology to obtain the most
appropriate imaging study at an experienced and properly equipped facility.

3. Describe the most important dose-saving measures available in pediatric fluoroscopy.
4. Access the Image Gently online educational materials on pediatric radiation dose

reduction, including the most recent Pause and Pulse fluoroscopy initiative.

Case Study
A mother brings her 9-week-old infant to your office. The child is lethargic and has a history of
bilious vomiting. You suspect a malrotation complicated by a midgut volvulus. You consult the
pediatric radiologist with whom you collaborate and request an upper gastrointestinal (UGI)
examination. The radiologist calls to inform you that the child, indeed, has a malrotation with
mid-gut volvulus. You call the emergency department and expedite her admission to the
hospital for urgent surgery, which later confirms your clinical diagnosis.

Introduction
Medical imaging has revolutionized patient care, expediting management and obviating
unnecessary surgery and more invasive procedures. As in the case study, medical imaging
has the potential to help diagnose potentially life-threatening conditions. Yet, many
imaging techniques, such as radiographs, fluoroscopy, computed tomography (CT) scan,
and nuclear medicine, use ionizing radiation to produce diagnostic images. The medical
community, government agencies, and the news media all have expressed concern about
medical radiation dosing. (1)(2)(3)(4) Rare instances of medical error leading to excessive
radiation and patient injury have been highlighted in the news media, raising overall
attention to medical radiation dose and safety. (5)

This article reviews the challenges that pediatricians and radiologists encounter when
weighing the benefits of medical imaging against the potential risk from medical radiation.

(1)(2)(3)(6)(7) We discuss a worldwide campaign to promote
radiation protection in children, the Image Gently campaign,
(8) and its most recent component, the Pause and Pulse cam-
paign, which focuses on fluoroscopy. The article also provides
pediatricians with information on the relative risk of various
fluoroscopic studies, the inherent difficulties in measuring radi-
ation, and steps that can be taken to facilitate collaboration
between radiology clinicians and pediatric practices to ensure
that appropriate care is taken when performing medical imaging
in children. (9)

An Increasing Source of Radiation to the
United States Population
In the early 1980s, radiation exposure from medical imaging
in the United States accounted for only 15% of annual

*Professor of Radiology, Department of Pediatric Radiology, Lucile Packard Children’s Hospital at Stanford University, Stanford, CA.
†Professor of Diagnostic Imaging and Pediatrics, University of Texas Houston Medical School, Houston, TX.
‡Staff Radiologist, Cincinnati Children’s Hospital Medical Center, Cincinnati, OH.
§Medical Director, Vanderbilt University Medical Center, Diagnostic Imaging, Monroe Carell Jr. Children’s Hospital at Vanderbilt,
Nashville, TN.

Abbreviations

ALARA: as low as reasonably achievable
CT: computed tomography
ED: effective dose
mGy: milligray
MR: magnetic resonance
MRI: magnetic resonance imaging
mSv: millisievert
SBFT: small bowel follow-through
UGI: upper gastrointestinal
VCUG: voiding cystourethrography
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exposure, with the remainder arising as “background
radiation” from the sun, rocks, and other natural sources.
However, the National Council of Radiation Protection
and Measurement indicates that medical imaging now
accounts for approximately 50% of radiation exposure
in the population. (3) Exponential increased use of CT
scan, an imaging modality with relatively higher radia-
tion doses than most traditional radiographic studies,
accounts for most of this change. The United States
Food and Drug Administration has identified CT scan
and fluoroscopy, particularly the use of fluoroscopy
associated with interventional radiology procedures, as
warranting particular attention. (4) The findings of
increasing radiation dose to children is of special concern
because children’s tissues are more radiosensitive, their
organs receive a larger effective dose for a given amount
of radiation compared with an adult, and they may have
increased lifetime potential risk to develop cancer as a
result of radiation exposure. (6)(7)

The Complex Topic of Medical Radiation
Medical radiation is a complex topic because exposure
in any individual patient is difficult to measure and risk
is difficult to estimate. Medical experts, including medi-
cal physicists, disagree as to what theory is most appro-
priate for estimating radiation risk in a population. Fur-
ther, no direct evidence suggests that medical radiation
in currently used doses causes cancer. Radiation exposure
is difficult to study because large numbers of patients
would have to be studied over many years. However,
many experts agree that the data taken from the Japanese
survivors of the atomic bomb during World War II
provide the most complete information available. Data
from this well-studied group indicate an incidence of
excess cancers in people exposed to radiation levels sim-
ilar to those achieved in some medical procedures. (2)

The Committee on the Biologic Effects of Ionizing
Radiation VII has suggested that it is prudent to assume
that the risk of cancer has a linear relationship to radia-
tion dose without a threshold level. (1)(6) Therefore, all
radiation is assumed to have a potential risk, even in small
doses, and caution is advised with its use. The medical
benefit should outweigh any potential risk.

In the United States, an individual not exposed to
medical radiation has a baseline risk of developing cancer
of approximately 40%, with the risk of death from cancer
being 20%. (1) The lifetime cancer risk for a single
ionizing radiation exposure of 10 millisievert (mSv) is
conservatively estimated at approximately 1 in 1,000.
(1)(10) The added risk to an individual superimposed
on a baseline lifetime cancer risk, thus, is very small, and

the performance of clinically necessary imaging studies
should not be curtailed based on fears of the potential
future effects of ionizing radiation. (6)(7)(8)

The corollary of this tenet is that all studies that
expose a child to ionizing radiation should be evaluated
carefully for their likely benefit and should be performed
according to the optimization of dose As Low As Rea-
sonably Achievable (ALARA) principle. Potential appro-
priate alternatives, such as ultrasonography or magnetic
resonance imaging (MRI), are not associated with ioniz-
ing radiation. However, other considerations, such as the
urgency of the study, availability of equipment, expertise
in imaging children, and need for sedation or anesthesia,
should be taken into account. (2)(6)(9)

The many ways to discuss radiation dose resulting
from medical imaging adds to the complexity of the
discussion. Skin dose, organ dose, entrance dose, equiv-
alent dose, and effective dose (ED) are different param-
eters that may be measured. In most instances, ED is
used because this measurement can quantify radiation
exposure to the individual. (10) ED expressed in mSv is a
summation of whole body exposure weighted by specific
organ sensitivities and is considered to be the most
accurate representation of radiation dose and population
risk available. ED has the added advantage of enabling
comparison of multiple imaging modalities. (11)(12)
However, calculation of ED is controversial, particu-
larly with regard to more complex technologies such as
multidetector CT scan, and the numbers obtained should
be recognized as only an estimate and not indicative of
individual risk. (11)

Depending on how examinations are performed,
the radiation dose delivered can vary significantly. The
ALARA principle and dose optimization are based on the
premise that the amount of radiation employed should
be the least that is necessary for diagnosis. Figure 1 shows
a bar graph reflecting the approximate ED associated
with the spectrum of radiographic procedures in a
5-year-old child, as performed and estimated recently in
one children’s hospital using current equipment and
techniques. These exposures are compared with the av-
erage yearly background exposure to radiation from nat-
ural sources (approximately 3mSv/y at sea level). The
Table depicts sample pediatric radiographic examina-
tions, their approximate ED for a 5-year-old child, and
their equivalency relative to a two-view chest radiograph.
(6)(13)

Although most of the media and public attention has
been focused on the CT scan and the increased radiation
dose that it imparts, these numbers indicate that other,
more conventional radiographic examinations also may
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be associated with substantial radiation exposure. A re-
view of the Society of Chairs of Children’s Hospitals data
indicates that the average number of fluoroscopic studies
at children’s hospitals in the United States is 4,296
annually, with a maximum of 16,361 in the larger hos-
pitals. Radiation doses to children from fluoroscopic
studies may vary widely because no regulation currently
requires equipment used in pediatric fluoroscopy to em-
ploy specific dose-saving techniques, such as pulsed flu-
oroscopy (an electronic “on-off switch” that lowers radi-
ation dose considerably) or grid removal for small
children. In addition, there is no limit on the length of
time that a fluoroscopic procedure can continue, al-
though in interventional fluoroscopy, some programs
have developed guidelines for informing patients or their
families of radiation used (source: Image Gently Step
Lightly campaign).

Strauss and Kaste (9) have reviewed some of the
challenges encountered when performing pediatric fluo-
roscopic procedures: facilities might not have fluoro-
scopic equipment optimized for children, personnel who
have pediatric radiology experience might be lacking,
dose techniques might not be adjusted for children,
fluoroscopic time might not be limited, and the number
of spot films or overhead radiographs might not be
optimized for children. Because of the need to address
these concerns in diagnostic fluoroscopy, the Image
Gently campaign chose to develop a dedicated campaign
to promote radiation protection for children in fluoros-
copy, termed the Pause and Pulse campaign (Fig. 2).

Figure 1. Effective dose estimates for a 5-year-old child.
Based on institutional data, Hospital for Sick Children,
Toronto, Canada, 2010. Courtesy of Karen Thomas, MD.
AXR�abdominal radiograph, CT�computed tomography scan,
CXR�chest radiograph, DMSA�technetium dimercaptosuc-
cinic acid, GI�gastrointestinal, PET�positron emission to-
mography, VCUG�voiding cystourethrography

Table. Approximate Medical Radiation Doses and Chest Radiograph
Equivalents in a 5-year-old Child

Examination
Approximate Medical
Radiation Doses (mSv)

Chest Radiograph
Equivalents

Three-view ankle 0.0015 1/14th
Two-view chest 0.02 1
Tc-99m radionuclide gastric emptying 0.06 3
Tc-99m radionuclide cryptography 0.18 9
Tc-99m radionuclide bone scan Up to 6.2 310
Fluorodeoxyglucose (18F) positive emission tomography Up to 15 765
Fluoroscopic cystography 0.33 16
Upper gastrointestinal radiographic series Up to 3 150
Contrast enema Up to 7 350
Chest computed tomography scan Up to 3 150
Abdomen computed tomography scan Up to 5 250

Data compiled from references 6, 14, and Slovis T, Frush D. Medical radiation in children. Available at: http://www.pedrad.org/displayemailforms.
cfm?emailformnbr�84449. The fluoroscopic parameters and equipment are not specified. mSv�millisievert
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Image Gently and Pediatric Fluoroscopy
Image Gently is a multidisciplinary alliance launched by
the Society for Pediatric Radiology, American Society of
Radiologic Technologists, American College of Radiol-
ogy, and American Association of Physicists in Medicine.
The goals of the alliance are to promote radiation pro-
tection in children and to provide information and prac-
tical resources for radiologists, technologists, physicists,
clinicians, and families regarding “right sizing” of radia-
tion doses for children as well as choosing appropriate
imaging examinations. (8)

This initiative has had a worldwide impact. More
than 55 national and international societies, including
the American Academy of Pediatrics, have joined the
alliance, and the information on the website, www.
imagegently.com, has been translated into multiple lan-
guages. The first Image Gently educational materials
were related to CT scan radiation in children for medi-
cal professionals and provided information for parents
whose children were undergoing CT scan. This initial
campaign was followed by Step Lightly, (9) which pro-
vided information on interventional radiology in chil-
dren, encouraging team responsibility and streamlined
workflow checklists. (9)(14)

Pause and Pulse, the new educational campaign from
the alliance, is a volunteer collaborative effort designed
to raise awareness of the need for and opportunities to
lower radiation when performing pediatric fluoroscopic
imaging. The term “Pause and Pulse” is a reminder for

referring physicians and radiologists to pause and care-
fully think about the justification and appropriateness of
fluoroscopy to answer the medical question at hand. The
term “pause” has additional significance for the radiolo-
gist and radiologic technologist as a reminder to pause
fluoroscopy intermittently and only view real-time im-
ages when necessary to decrease fluoroscopic time and
dose. The second part of the slogan refers to “pulsed
fluoroscopy,” one of the most important dose-saving
features available on fluoroscopic equipment that, in
some cases, actually can enhance the information derived
from the study while decreasing the dose significantly.
The promotional ad created for this campaign includes
morphing of the Image Gently butterfly to resemble a
heart (Fig. 2), which symbolizes how precious children
are and the need for taking every aspect of their care to
heart. The Image Gently Pause and Pulse fluoroscopy
information and dose reduction initiative can be summa-
rized as follows:

● PAUSE to plan and prepare properly for study
● Activate dose-saving features of equipment
● Obtain no exposures unless necessary
● Depress “last image hold” and “last image grab”

instead of obtaining fluoroscopic spot films
● PULSE at the lowest possible rate
The Image Gently website is a primary source of

information and includes a downloadable radiology pro-
cedure record similar to an immunization card. The
Pause and Pulse fluoroscopy imaging initiative includes
an educational slide presentation and many references
and educational links. Information pages are provided
for parents and patients, pediatricians, radiologic tech-
nologists, radiologists, and physicists on how to ap-
proach and optimize fluoroscopic imaging in children
and keep the radiation dose ALARA.

Fluoroscopy in Children
The availability of endoscopy and CT scan has resulted
in a decline in fluoroscopic procedures, but fluoroscopy
remains an important and frequently used procedure
in pediatric patients. Approximately 35% of pediatric
fluoroscopic studies are voiding cystourethrography
(VCUG), 30% are UGI studies, and 7% are contrast
enemas, with miscellaneous categories comprising the
remainder. In addition to diagnostic imaging, several
other sources of fluoroscopic radiation include fluoros-
copy for orthopedic and other surgical operations; fluo-
roscopy in the radiology department or operating room
for central line placements; enteric tube placement and
other procedures; and fluoroscopy by other services, such
as gastroenterology and cardiology. Correct use of

Figure 2. Logo for Image Gently pediatric fluoroscopy Pause
and Pulse campaign.
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fluoroscopic equipment to take advantage of dose-
reduction features requires training of radiologists and
nonradiologists who operate the equipment and proper
supervision and teaching of technologists and trainees.
The equipment must be maintained properly and in-
spected regularly under the direction of a qualified phys-
icist. (9)

Fluoroscopic studies entail radiation exposure not
only to the patient but also (to a much lesser extent) the
fluoroscopist, other assisting personnel, and even the
accompanying parent. This effect is especially true in
children, in whom remote fluoroscopic procedures are
not feasible and several persons often are required to
immobilize and position the child. (14)(15)

The amount of radiation received from fluoroscopic
procedures is highly variable and dependent on several
factors, including patient size and desired image detail,
the number of radiographic exposures obtained, and the
length of time of fluoroscopy that, in turn, is dependent
on other factors, including experience of the fluorosco-
pist and cooperativeness of the child. (16) The type of
procedure performed has a great impact on patient dose,
with those examinations requiring long fluoroscopy
times, such as interventional procedures, having the larg-
est doses. Other procedures have variable and potentially
long fluoroscopy times, such as postpyloric feeding tube
placements, particularly if accidental tube removals re-
quire repeated procedures.

Effective radiation dose for pediatric VCUG has been
reported as approximately 0.3 to 3.2 mSv and a UGI
series as 1.2 to 3 mSv (Table). (16) The dose is higher
(up to 6.5 mSv) when UGI is combined with a small
bowel follow-through (SBFT). A pediatric UGI study
typically includes viewing of the duodenum and proxi-
mal jejunum; considerable dose saving can be realized
by not adding an SBFT unless specific viewing of the
entire small bowel, and particularly of the terminal ileum,
is required. A contrast enema is reported to have the
highest ED of the noninterventional fluoroscopic pro-
cedures at approximately 7 mSv (Table), although this
estimate appears to be based on older data and probably
could be reduced with newer equipment and limitation
of nonfluoroscopic radiographic exposures. The wide
variability in reported dose for fluoroscopic studies is
related to variability in equipment and use of dose-saving
capabilities.

Fluoroscopic studies often are useful and can provide
valuable and even lifesaving medical information. As with
any test, reasons to request the study should be clear.
(10) In some situations, ultrasonography or MRI could
provide similar information without exposing a child to

radiation. However, the potential requirement for pro-
longed sedation in MRI should be taken into consider-
ation when assessing risk versus benefit. Following are
some common clinical scenarios that require imaging,
and potential imaging alternatives.

Radionuclide VCUG (0.18 mSv) to evaluate for vesi-
coureteral reflux can be performed instead of a fluoro-
scopic study (average 0.33 mSv if careful dose reduction
techniques are followed). (17) Even with many recent
dose improvements in pediatric fluoroscopy, the radio-
nuclide study still imparts a lower dose. Disadvantages
of the nuclear study include lower sensitivity to minor
reflux, poor demonstration of anatomic detail, and lack
of demonstration of the male urethra. The study also is
not available in some facilities due to lack of expertise
with small children and difficulty in handling radioactive
urine. The nuclear study, if available, is most applicable
for sibling screening for asymptomatic vesicoureteral re-
flux, interval follow-up evaluation of previously docu-
mented reflux, and postoperative studies. (18) Voiding
urethrosonography using a sonographic microbubble
contrast agent instilled into the bladder has gained pop-
ularity in parts of Europe but is not yet in common
practice in the United States. (18) Magnetic resonance
(MR) cystography is also possible but currently is more
difficult and costly. (19)

Ultrasonography in a vomiting infant is especially
useful when pyloric stenosis is the major concern. Ultra-
sonographic imaging of the pylorus is highly sensitive
and specific in confirming or excluding pyloric stenosis.
(20) UGI study rarely is obtained for this indication
currently and actually is often difficult and time-
consuming because the stomach typically is partially filled
with retained material, diluting the ingested contrast.
The fluoroscopist may have to wait a very long time for
the stomach to empty to allow viewing of the pylorus
and proximal small bowel, which may result in a relatively
large radiation dose due to increased fluoroscopy time,
even if other measures for dose reduction are taken. In
the case of bilious emesis, UGI remains the study of
choice for evaluation of malrotation or volvulus. (21)
However, when symptoms are less clear-cut, ultrasonog-
raphy is a good screening tool beyond evaluation of the
pylorus for assessing the relative positions of the superior
mesenteric artery and vein. Ultrasonographic findings
are suggestive of malrotation when abnormal but do not
rule out malrotation when normal. The presence of a
swirl or whirlpool sign indicates small bowel twisted
around the superior mesenteric artery (volvulus). (21)
In addition, ultrasonography may elucidate another
cause for the child’s symptoms, such as thickened or
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obstructed bowel, liver or gallbladder pathology, or a
renal abnormality such as hydronephrosis.

Ultrasonography to evaluate for an intussusception
before obtaining a contrast enema has proven to be
reliable in depicting or ruling out the lesion and some-
times determining another cause for the child’s symp-
toms. (22) The contrast enema does not need to be
obtained with a negative ultrasonographic result be-
cause the sensitivity of this examination for intussuscep-
tion is very high. (23) Accordingly, both unnecessary
radiation and an uncomfortable and unnecessary pro-
cedure for the child are avoided. (22)(23) Ultrasono-
graphic findings may suggest an alternative diagnosis
such as colitis, in which an enema actually is contra-
indicated. Ultrasonographic-guided saline reduction of
intussusception has been described as a safe and effective
alternative to fluoroscopic enema reduction. (23)

MR enterography is becoming an accepted alternative
to UGI, SBFT, and CT enterography because of the lack
of ionizing radiation exposure. (24)(25) Many new,
faster, and more dynamic MR sequences are available
that provide excellent viewing of abdominal organs, in-
cluding the bowel. T1, T2, and postcontrast images give
useful clinical information on the extent of abnormality,
acuity of inflammation, and specific anatomy of the
bowel wall in addition to surrounding structures such as
lymph nodes, abscess, mass, and fistulas.

MR is especially useful in an older, cooperative child who
can drink the large volume of contrast required and who
does not need sedation. Imaging artifacts from bowel peri-
stalsis can be a limitation with MR enterography, and early
mucosal disease may not be appreciated. (25) MR is partic-
ularly indicated for evaluating perianal and perirectal disease
in which motion artifact is not a concern and little patient
preparation is needed. (24)(25) The advantage of a non-
ionizing radiation technique is obvious in a child who has a
chronic disease and may require multiple follow-up studies.
In selected instances, ultrasonography can be an alternative
examination for monitoring and following chronic inflam-
matory bowel disease. (24)

The American College of Radiology publishes appro-
priateness criteria that review the utility of various imag-
ing strategies for pediatric conditions. Discussing the
clinical situation and medical information with the radi-
ologist can help determine whether an alternative test
might be better and if appropriate expertise is available. If
a fluoroscopic study is needed, it is important to inquire
whether the imaging facility uses appropriate fluoro-
scopic equipment, protocols, and techniques for chil-
dren, and whether the radiologists and technologists

performing and interpreting these pediatric studies are
experienced in pediatric fluoroscopy.

Dose Reduction in Pediatric Fluoroscopy
ALARA is a longstanding guiding principle in optimization
of radiation dose. Although dose reduction is the goal, it is
equally important that adequate image quality be main-
tained. (26) Many components are required for a successful
and efficient fluoroscopic study, including careful patient
preparation. A clear understanding of the child’s past his-
tory and prior surgical procedures as well as current con-
cerns and questions to be answered by the study are essen-
tial, and it is important for the pediatrician to provide as
much of this information to the radiologist as possible.

Accurate preparatory information and realistic expecta-
tions should be provided to the parents. One or both
parents often are present in the examination room for
fluoroscopic examinations. A cooperative and helpful pa-
tient and parent can greatly shorten the study and decrease
radiation exposure. Well-trained personnel are key, in-
cluding child life specialists and technologists experienced
in handling and, if necessary, safely restraining children.
(9)(14) In addition, personnel and parents should have
appropriate lead-protective gear that might include aprons,
thyroid shields, and glasses. The child also can be protected
by appropriate placement of lead shielding in vulnerable
areas such as the lower abdomen and pelvis.

Correct operation of the fluoroscopy equipment by
properly trained operators reduces the fluoroscopic radi-
ation time and optimizes fluoroscope parameters to de-
crease radiation output and radiation dose to patients
and staff. (9) Attention to these details is important
because the selection of fluoroscopy settings by the op-
erator is not regulated and there is no legal limit on the
radiation dose delivered during a fluoroscopic study. In
normal fluoroscopic mode, the legal upper limit of tube
output is 87 milligray (mGy)/min air kerma exposure,
measured 30 cm in front of the image receptor of the
fluoroscope. Although an audible tone is emitted when
the fluoroscope is used at a high-output setting (double
the maximum normal exposure), nothing prevents pro-
longed fluoroscopy in this mode. A timer during fluoros-
copy alerts the fluoroscopist that 5 minutes of fluoros-
copy time has elapsed, but fluoroscopy can continue,
and the 5-minute time interval of actual fluoroscopy can
be repeated without limit. Typical pediatric fluoroscopy
doses are significantly below the upper limits allowed and
vary with the size of the child and parameters selected.
Optimized low-dose pulsed nongrid fluoroscopy pro-
duces doses ranging from approximately 0.2 to 5 mGy/
min (6 to 7.5 frames-per-second pulsing) with 5 to
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15 mGy/min for nongrid continuous fluoroscopy and
30 to 60 mGy/min for continuous fluoroscopy with the
grid present. (17)(27)

Historically, fluoroscopy was performed in the continu-
ous mode. Whenever the fluoroscopy pedal was depressed,
a continuous radiograph beam was produced. With grid-
controlled pulsed fluoroscopy, available on most modern
fluoroscopic equipment, when the fluoroscopic foot pedal
is depressed, the radiograph beam is pulsed on and off at a
selected pulse rate, with resultant decrease in radiation dose
by a factor of 4.6 to 7.5. (15)(17) Different pulse rates can
be selected, depending on the study being performed and
the need for more or less rapid updating of the image.
Studies that require viewing of specifically timed motion,
such as diaphragmatic motion and video swallow examina-
tions, may require higher pulse rates or even short runs of
continuous fluoroscopy. However, upper and lower gastro-
intestinal and VCUG studies typically are performed at
frame rates less than 10 pulses per second, depending on
the degree of motion that is present. (17)(26) These pulse
rates can be changed by the operator on the fluoroscopy
tower to meet the requirements of the various portions of
the examination.

In addition to pulsed fluoroscopy and use of re-
duced pulse rates, the armamentarium of dose-reduction
methods available to the radiologist includes intermit-
tent use of fluoroscopy, reduced pulse width (which
also improves viewing of moving objects), appropriate
high voltage and beam current, appropriate beam filtra-
tion, increased source-to-skin distance, decreased image
intensifier/patient distance, judicious use of the antiscatter
grid, proper field of view, appropriate collimation, use of
lowest magnification needed, and use of last image hold and
fluoroscopy store. (15)(17)

The last image hold feature allows retention of the
last fluoroscopic image on the monitor after the operator
has released the foot pedal. Previously, an image was only
available on the monitor during active fluoroscopy.
Image hold allows the operator to study the most recent
fluoroscopic image as long as necessary without further
irradiation.

The fluoroscopy store feature allows the operator to
“grab” or store fluoroscopic images (Fig. 3). Because the
image is already obtained on the fluoroscope, there is no
additional radiation dose in the saved images, which allows
information such as full esophageal distensibility, peristalsis,
and progression of the barium column to be saved as part of
documentation of the imaging findings. Previously, only
fully exposed radiographic images could be stored or saved.
Although the exposed spot images provide greater detail,
they should be used judiciously when specific detail is

necessary because one such exposed image is approximately
ten times greater in dose than regular fluoroscopy viewing.
In addition, images saved or “grabbed” during the course
of fluoroscopy incur no additional dose to the patient.

Figure 3. A. Fluoroscopic camera exposure oblique view of
the normal filled bladder during voiding cystourethrography.
B. Similar fluoroscopic image “grab and save” without addi-
tional radiation exposure. The image in B is noisier and has less
detail (eg, of bone).

Summary
• Fluoroscopy is an integral part of diagnostic medical

imaging that can help answer pediatricians’ clinical
questions.

• The Image Gently Pause and Pulse campaign is an
education and awareness campaign to promote
understanding of unique considerations when
imaging children using fluoroscopy.

• The pediatrician can:
–Ensure that the correct study is being requested for
the clinical problem; consultation with an
experienced pediatric radiologist is helpful.

–Document important clinical information and the
specific question to be answered on the imaging
request.

–Inquire whether the imaging facility has suitable
fluoroscopic equipment for children, makes use of
fluoroscopic dose-saving measures, and has a
knowledgeable and experienced fluoroscopic team
to perform and interpret the study.

–Help to prepare the parents and child for the study.
The clinician who understands the issues related to
radiation risk is in the best position to determine if
the imaging is justified for the clinical question
and can ensure the safest optimized examination by
working with the radiologist.

• The general principles presented in this article
relevant to fluoroscopy can be applied to other
imaging techniques and, to some extent, to all
pediatric procedures.
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Religion and Spirituality in Pediatrics
Ferdinand D. Yates, Jr, MD, MA*

Introduction
Even a brief tour of a hospital corri-
dor will likely reveal examples of
the interface of the practice of
medicine and the employment of
religion and spirituality (RS). Yet,
within the medical domain, RS and
the practice of medicine coexist in
uneasy tension. In the care of the
pediatric patient, RS issues may pre-
sent relative to the patient, the pa-
tient’s family, or the pediatrician.
The consideration of RS, from the
perspective of the physician, is often
along the theme of the Right of Con-
science, a topic that is outside the
scope of this article. This discussion
considers the appearance of RS from
the viewpoint of the patient and the
patient’s family and reflects on the
effect of RS in two different medical
treatment scenarios: 1) where there
appears to be minimal exposure or
effect and 2) where there is identifi-
able interaction (often, but not nec-
essarily, occurring at the bedside).
This article reviews some of the
medical objections to RS and en-
courages the pediatrician to ap-
proach these concerns with profes-
sional care and compassion.

Terminology is especially impor-
tant in this discussion. This article
envisions “religion” as participation
with the beliefs and worship patterns
of a particular organized faith prac-
tice (typically as a faith community)
and “spirituality” as the dynamic and
personal experiential process (typi-
cally as an individual experience) that
often evolves out of the faith prac-
tice. (1) Throughout this discussion,
the term RS is used as the depiction

of this dichotomy because the com-
bined concept may be more useful in
explaining the broadness of represen-
tation of both religion and spiritual-
ity as they interface the practice of
pediatrics.

Effect of Religion and
Spirituality May
Not Be Apparent
RS application to the care of the pe-
diatric patient, typically offered by
the family that has the appropriate
responsibility for care of the child,
may present in a variety of circum-
stances. Prayer, sacraments, and reli-
gious relics at the bedside are exam-
ples of RS expression, and these
elements may complement standard
medical care and create no conflict
with the medically appropriate treat-
ment plan. Such particular expres-
sions are of obvious importance to
the family and may be of equal im-
portance to the patient who is old
enough to appreciate and desire this
form of RS care. Although members
of the medical team may not under-
stand or share in the particular belief
or perhaps even experience signifi-
cant discomfort in witnessing or al-
lowing these practices, there is no
contraindication to their use in tan-
dem with the traditional medical
plan or implementation of a medical
treatment. Such practices should not
only be allowed (if for no other
reason than the acknowledgment
of personal autonomy), but they also
should be encouraged because they
may promote important bonding
between patient and family. Conju-
gal time spent in this type of relation-
ship may produce long-lasting effects
and benefits as the family experiences
the process of the medical illness,
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especially if the patient does not re-
cover. Armbruster and associates (2)
observed that most pediatric resi-
dents and attending physicians be-
lieved that RS had health implica-
tions, strengthened the therapeutic
relationship, and provided support
for patients and families. In addition,
professional organizations such as
The American Association of Medi-
cal Colleges have stated that medical
students should be taught to “. . . in-
corporate awareness of spirituality,
and culture beliefs and practices, into
the care of patients in a variety of
clinical contexts. . . .” (3)

Prayer is another example of RS
that frequently is a part of an individ-
ual’s illness. In many cases, prayer is
not readily apparent (may not be spe-
cifically witnessed), but on some oc-
casions, the physician may not only
be invited to listen but may be asked
to participate verbally. Even if the
doctor experiences personal disquiet
in this situation, the caring physician
should yield to family autonomy and
can be respectful, even if not partici-
pating.

Considerable research has exam-
ined prayer, and in referencing a
Templeton Foundation study, Mc-
Gee and Caplan observe “. . . there
is no meaningful correlation be-
tween prayer by strangers and pa-
tients’ health.” (4) Some may sug-
gest that the family of a patient is
not a “stranger” and that the study
may not have been blinded for this
research caveat. Other studies have
noted that approximately 50% of pa-
tients would like their doctors to pray
with them (5) and that in a coronary
care unit, patients felt that prayer
was helpful in dealing with the stress
of cardiac surgery. (6) More impor-
tantly, however, it is necessary to re-
alize that not all prayer is directed at
the patient and the patient’s recov-
ery. Individuals who pray for the pa-
tient’s recovery typically also pray for

the accuracy of the physician’s diag-
nostic evaluations and for successful
treatment. They pray also for peace
and restoration of the family in the
event of a prolonged illness or ulti-
mate death of the patient. They pray
with expectation and do not con-
sider the patient’s death to be a fail-
ure of prayer. Furthermore, many
who engage in sincere prayer note
that prayer should not be considered
as some type of “celestial health in-
surance.”

Religion and Spirituality
Directly Affect Medical Care
At times, parents (or the patient)
may use RS as a foundational princi-
ple in selecting treatment options.
Common examples of this type of
medical decision-making are the re-
fusal of blood products by those of
the Jehovah’s Witness community as
well as religious communities who
view the use of vaccination as being
against the tenants of their faith.
(This group is distinct from those
who refuse vaccination for other
reasons, such as a disbelief of the
medical or legal opinions supporting
vaccination.) Pediatric care under
these conditions is occasionally prob-
lematic, and the well-being of the
patient may be in jeopardy. Perhaps
the central question in this context is
whether the physician should have
the authority to overrule the parental
RS considerations. In the social-
medical context in which autonomy
and correctness are concepts to be
recognized, the physician has a re-
sponsibility to respect parental au-
thority, providing that the best med-
ical interest of the child is preserved.
Good communication may forge
common ground in the patient’s care
and may help to avoid conflict over
the patient’s treatment. Through the
employment of this dialogue, we may
envision how the decision-making

process develops itself in the previ-
ously noted clinical situations.

As the attending physician for a
child whose parents are members of
the Jehovah’s Witness community,
proper care for the pediatric patient
(as in any situation) is of utmost im-
portance, and the physician should
be mindful of the best interest of
the patient without engaging in
overbearing paternalism or capitu-
lating to the blind acquiescence of
the family’s autonomy. (7)(8) Per-
haps one of the most important re-
sponses to a potential conflict created
by the introduction of RS principles
into the medical-ethical situation is
the preemptive action of the medical
team in attempting to predict and
advise the parents of how and when
the medical condition would dictate,
for example, a blood transfusion. In
so doing, the Jehovah’s Witness fam-
ily may agree to some alternative
medical plan with which the medical
team can agree and implement.

Because both the medical team
and the parents claim to be acting
in the best interest of the child, it
is understandable how a conflict of
proposed medical care may develop.
Good communication of accurate
medical information should always
be a substantial component of con-
flict resolution (as well as routine
medical care), and judicial fiat and
court order should be used only as
a last resort. In good case manage-
ment, much of this discussion
should take place early in the course
of the disease before a crisis point is
reached.

Another common area of discord
is pediatric vaccination. The author
has commented elsewhere (9) on
the importance and appropriateness
of pediatric vaccinations, and many
of these reasons are well known. One
rare and yet correct suspension of
parental authority would occur in the
face of a widespread outbreak of
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vaccine-preventable disease, when
local health authorities mandate
community-wide vaccination for the
control of an epidemic condition.
Documented medical contraindica-
tion would be a justifiable exclusion
from the directive, but such situa-
tions are exceedingly rare with the
present-day standard of vaccine re-
search and production. In a manner
similar to the Jehovah’s Witness
situation, under the principle of full
medical-ethical disclosure, the prac-
ticing physician should inform par-
ents averse to vaccination (on the
initiation of their professional rela-
tionship) of this unlikely, yet possi-
ble, crisis.

Medical Response to
Religion and Spirituality
In addressing the proper medical
care of the child, it is important to
note that “. . . the most frequently
identified [spiritual] needs were assis-
tance in dealing with feelings of fear-
fulness, anxiousness, or for coping
with pain or other physical symp-
toms.” (1) A child’s development
of a faith foundation is based on in-
nate abilities and characteristics, cul-
ture, life experiences, and relation-
ships. In addition to considering the
child’s perspective, there are proper
reasons to acknowledge the RS of
the child’s caretakers: 1) parents may
regard spiritual and physical health
as equally important, 2) spirituality
enhances coping and quality-of-life
issues, 3) it is important to show
cultural sensitivity to the family,
4) spirituality may enrich the doctor-
patient relationship, and 5) the doc-
tor’s primary goal is to cure disease
and to relieve suffering. (1) Sensitiv-
ity to the RS orientation of the pa-
tient and family may allow a sense of
flourishing that might not occur in a
health-care relationship devoid of
this dimension.

When parents and guardians de-

cline the medical care that the pe-
diatrician has recommended for the
patient, the caring physician must
not forsake his or her role as advo-
cate for the child because the child
is presumed (in most cases) to lack
decision-making capacity. Some situ-
ations may generate substantial dif-
ferences of opinion between the pe-
diatrician and the family and demand
concerted attention and dialogue.
Carr (10) argues that the faith-
science continuum (a concept in which
divergent ideas may develop through
conscious consideration of the vari-
ance of personal preferences) is a
method that facilitates communication
between those caring for the child
(the physician and parents), who may
have strikingly divergent views of the
principles serving as the basis of the
treatment plan.

The most important elements al-
lowing this dialogue to be meaning-
ful are open communication between
the physician and the parent and ac-
curate medical information. In ap-
proaching this type of conflict, Carr
recommends that physicians: 1) place
themselves on the faith-science con-
tinuum to establish some common
ground on which to engage the dis-
cussion, 2) be aware of personal bi-
ases to know where they are on the
continuum, and 3) minimize the
causes of conflict because this action
may defuse the adversarial nature of
the situation. Others have addressed
this conflict and have noticed that
including clergy in the discussion,
focusing on points of agreement,
and highlighting the obligatory care
of the patient are important parts of
conflict resolution. (11)

Even an earnest discussion may
fail to reconcile the conflict of opin-
ion, and the physician may feel un-
able to support the plan. Medical de-
cisions of this nature are allowed
through the rights of parental au-
thority and autonomy, and what is

proposed still must be recognized as
being in the child’s best interest (al-
though best interest is sometimes
difficult to identify). In this scenario,
the doctor has the option of remov-
ing himself or herself from the care of
the patient if other competent medi-
cal care is readily available.

Clearly, many do not feel that
physicians should engage in the dis-
cussion of incorporating RS consid-
erations into medical care. Some
opine that physicians are not quali-
fied or entitled to participate by vir-
tue of medical (nonreligious) train-
ing and that such an intrusion would
be an abuse of power and may man-
ifest itself as covert or overt prosely-
tization. (12) Other barriers may be
that: 1) the physician may opt to use
a biomedical model in which RS is
regarded as being irrelevant, 2) RS is
not taught in medical school, 3) the
physician may deny having a spiritual
orientation, or 4) it may be inap-
propriate to take time to gather a
spiritual health history. (1) In addi-
tion, it has been noted, “There is
evidence that the marginalizing of
[RS] in medicine may be inculcated
early in training.” (2) Furthermore, a
study of medical students in the
first 2 years of training reported that
most believed that the teaching of
spiritual history-taking was not an
appropriate use of medical school
time. (13) Notwithstanding such ob-
servations, it is appropriate to allow
the sensitive and experienced physi-
cian the prerogative of participating
in RS activity with the patient and the
family. Not only do patients often
desire this type of care, (1) but the
RS dialogue may facilitate appropri-
ate and necessary discussions in other
areas of the health-care decision-
making process.

In considering the application of
RS to medical care, pediatricians
may find themselves in an uncom-
fortable and somewhat unpredictable
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position. This situation may be ac-
centuated because many physicians
operate from a position of relative
authority, and RS may be perceived
as a threat to that authority. Pediatri-
cians should make the effort to be
sensitive to and respectful of RS be-
liefs and behaviors, keeping in mind
that their training and expertise are in
caring for and treating the whole pe-
diatric patient and aligning them-
selves with the best interest of the
child.
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Objectives After completing this article, readers should be able to:

1. Provide current definitions of pediatric obesity.
2. Identify strategies for recognition and management of the overweight and obese child

and adolescent in the office setting.
3. Discuss community solutions for pediatric obesity, including those strategies targeting

schools, the built environment, local food availability, and the home.
4. Describe the role of legislation in pediatric obesity, similar to legislative changes

affecting other pediatric issues, such as tobacco control.

Introduction
Pediatric obesity has been viewed as a growing epidemic of the past few decades that
requires intervention, similar to tobacco use and its accrued medical risks that has
prompted multifaceted preventive efforts. Affecting as many as 34% of American children,
(1) obesity can be viewed as a top public health threat due to its associated morbidity and
mortality. (2) The medical consequences of obesity accounted for 40% of the health-care
budget by 2006, with an expected $147 billion in health-care spending alone in 2008. (3)
In 2006, obese adults had estimated medical costs $1,429 higher than those for persons of
normal weight. (3) For children coming to a pediatric integrated health-care delivery
system, expenses were $179 per year higher in obese children versus children who had normal
body mass index (BMI). (4) Using the Medical Expenditure Panel Survey data from 2002 to
2005 for children ages 6 to 19 years, the total additional health expenditure in prescription
drugs, outpatient appointments, and emergency department visits for children who had
elevated BMIs was estimated to be $14.1 billion annually. (5)

Pediatric obesity affects all organ systems, (6) with its medical sequelae paralleling the
increasing prevalence in younger children. Type 2 diabetes is being diagnosed in morbidly
obese 9-year-olds, and bariatric surgery has been performed in children as young as 12
years. Prevention is paramount, and pediatricians need easy tools that help with early
recognition of developing obesity, preventive counseling, and treatment. Bariatric surgery
remains an option, albeit a last resort, because the morbidly obese individuals who suffer
medical complications remain at risk for a shortened lifespan if they do not achieve
significant weight loss. This article discusses trends in epidemiology, recognition, and
treatment of obesity in the primary care office as well as community interventions and
prevention.

Definitions
Obesity occurs when energy intake exceeds energy expenditure. BMI (defined as weight in
kilograms divided by height in meters squared) is an indirect measure of weight status and is
plotted against age- and sex-specific percentiles. In the United States, children and adolescents
are defined as obese if their BMI exceeds the 95th percentile for age and overweight if their
BMI falls within the 85th to 95th percentile range for age.

BMI is easily measured, has pediatric norms available on the Centers for Disease
Control and Prevention (CDC) and World Health Organization (WHO) websites, is easily
calculated by available web programs, and can be used easily for tracking childhood obesity
trends within a population. However, measuring overweight and obesity in children ages
5 to 14 years is challenging because, as noted by the WHO, there is no standard definition
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of childhood obesity applied worldwide (http://www.
who.int/mediacenter/factsheets/fs311/en/index.html).
Comparison of the CDC and WHO data and methodol-
ogy reveals similar graphs, with small variations. (7)

Pragmatically, the pediatrician can use the WHO’s
downloadable growth charts for children from birth
through 23 months, and the CDC website’s download-
able BMI graphs for tracking for children ages 2 years
and up. The electronic medical record can make tracking
of BMI even easier through programs that calculate BMI
automatically and record both the vital signs and BMI
into the health supervision visit record.

However, BMI measurements do not reflect adiposity
accurately because a muscular individual might have the
same BMI as an oversized endomorph (for those in the
United States, imagine Arnold Schwarzenegger in his
competitive bodybuilding years compared with a life-size
cartoon character such as Fred Flintstone). High lean
body mass can elevate weight, leading to a higher BMI
without corresponding high adiposity.

Epidemiology
The prevalence of pediatric obesity has grown in the past
few decades, with increases occurring worldwide in de-
veloped more than in developing countries. Despite an
increase in efforts to recognize and treat pediatric obe-
sity, trends in obesity have not shown a decrease; at best,
there is a plateau in rates. Ogden and associates (8)
showed a prevalence of overweight of more than 33%,
varying by ethnicity. The prevalence of obesity diagnosed
in children ages 6 to 19 years tripled from 2003 to 2006;
in children ages 2 to 5 years, the incidence of obesity rose
from 5% to 12.4%. (9) A study of 11,653 children ages
5 to 17 years in a longitudinal set of eight cross-sectional
surveys, with use of data from the Bogalusa Heart Study
from 1973 to 1994 plus BMI data from routine school
screening in 2008 to 2009, showed a threefold increase
in the prevalence of overweight and obesity from 14.2%
to 48.4%. (10)

Factors Contributing to Increased Childhood
Obesity
Prenatal influences include the food milieu provided by
the placenta, with prenatal nutritional deprivation, ges-
tational diabetes, and high birthweight all positively cor-
related with obesity. In the first year after birth, BMI
increases substantially, and the infant has a large number
of adipose cells. Between 4 and 6 years of age, adipose
cells reach a nadir and subsequently increase sharply in

number in a process termed adipose rebound. The
younger and heavier the child is at the time of adipose
rebound, the more likely he or she is to become an obese
adult. As Ariza and associates state, “. . . the adipose cells
accumulated during this period will forever call out to be
fed.” (11)

Table 1 outlines the correlation between pediatric
obesity and adult obesity by age, as adapted from various
studies. (12)(13)(14)(15) In a retrospective cohort
study of 854 children that included longitudinal data,
Whitaker and colleagues (14) found that 1 to 2 year olds
who had a nonobese parent had an 8% chance of becom-
ing obese adults, whereas 10- to 14-year olds who had at
least one obese parent had a 79% chance of becoming
obese adults. Using the National Longitudinal Study of
Youth 1979 health data on 1,309 children born in 1965
to 1966 and tracked from 1981 to 2002, Wang and
associates (13) found that 80% of male and 92% of
female adolescents whose BMIs were greater than the
95th percentile became obese adults. These results are
similar to the longitudinal findings from the Bogalusa
Heart Study, (12) a cohort of 2,610 adolescents ages
15 to 17 years from 1975 who were followed into their
early 30s by 1993, at which time 86% of boys and 90%
of girls whose BMIs were more than the 95th percen-
tile in adolescence remained obese as adults.

Protective factors for obesity include breastfeeding,
being a part of families who have active lifestyles and
minimal television usage, and having nonobese parents.
(16)(17)(18)

Genes play a role in pediatric obesity but do not
account for the dramatic recent increase in prevalence.
Exogenous influences such as the demise of the family
dinner, with more families eating fast food on the run;
prepackaged foods that have high ratios of saturated fat
(and trans fats until recently) and high-fructose corn
syrup; less accessible and lower intake of fruits and veg-
etables in the average urban family; lack of safe areas to

Table 1. Risks of Adult Obesity
(12)(13)(14)(15)(16)

● 14% chance if obese as an infant
● 25% chance if obese as a preschool age child
● 41% chance if obese at age 7 y
● 75% chance if obese at age 12 y
● 90% chance if obese in adolescence
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play outside; sedentary lifestyles with more hours of
television and video game use; and diminished school
physical activity requirements are among many of the
reasons for the recent trends. Sports for the elite child
athlete are easily accessible, but affordable options for the
recreational athlete, particularly the obese child, may be
lacking.

The media also has contributed to the increase in
childhood obesity, with advertisements to children sig-
nificantly affecting their food preferences. The average
parent often succumbs to a child’s request for the latest
high-calorie, low-nutrient craze in the grocery store.
Feeding trends also have an impact. For example, tod-
dlers who are fed more than they require learn to select
and eat more than they need. In a culture in which
providing food represents providing love and providing
more is better, conspicuous consumption has obvious
consequences. (19)

Risk of Underdiagnosis in the
Pediatric Population
Underdiagnosis of pediatric overweight and obesity re-
mains a concern. In a recent study using electronic
medical records of 711 patients ages 2 to 18 years seen
for well care between June 1999 and October 2007 in a
large medical system in northeastern Ohio, (20) the
prevalence of overweight and obesity was higher than
typical, much more than the 10% seen in other countries.
With overweight defined as BMI of at least the 85th
percentile but less than the 95th percentile and obesity
defined as BMI of at least the 95th percentile or at least
30, 19% of children were overweight, 23% were obese,
and 33% of the obese group (8% of all children) were
morbidly obese. Of note, when the assigned billing In-
ternational Classification of Diseases (ICD)-9 code for
obesity was used as the means to determine whether
obesity was recognized and formally diagnosed, only
10% of overweight patients, 54% of the obese patients,
and 76% of the morbidly obese patients were assessed
accurately.

Among undiagnosed patients whose electronic med-
ical records were reviewed manually (n�195), 10.8%
of overweight patients, 38.2% of obese patients, and 40%
of severely obese patients were given a diagnosis other
than overweight or obesity by ICD-9 code. This trend
may reflect the current lack of reimbursement in Ohio
and other states for treating only obesity; ICD-9 codes
reflecting the medical complications of obesity have bet-
ter reimbursement. In this cohort, girls were more likely

to be diagnosed than boys, as were African American and
Hispanic patients more than white children and adoles-
cents. However, a statistically significant trend was doc-
umented toward an increasing rate of diagnosis during
the study period until 2005, when the percentage of
patients diagnosed per year reached a plateau; this trend
parallels the heightened awareness of the obesity epi-
demic by the public, including parents and medical per-
sonnel. (20)

Heightened awareness does not necessarily translate
into vastly improved response, prevention, and treat-
ment, as suggested by the plateau rather than decrease
in prevalence of obesity in Ohio. Analogous to the chal-
lenges of opposing the tobacco industry with respect to
smoking prevention and cessation, combating obesity
begins with awareness of the problem followed by a
steady progression of multilayered interventions leading
to generational change. Benson and colleagues (20)
found that use of automatic flagging of abnormal
BMIs is insufficient to provide long-term increases in
diagnostic rates; rather, more active strategies are nec-
essary to encourage clinicians to diagnose pediatric
obesity.

Clinician Awareness and Response
Similar to recognizing domestic violence, many primary
care clinicians do not know what to do once they diag-
nose obesity in a pediatric patient. Besides determining
BMI, electronic medical record software can automati-
cally produce a proactive response by suggesting hand-
outs, action steps, and even recipes that are download-
able at the time of a patient encounter if a patient has a
high BMI. However, pediatricians may lack access to
such resources.

Communities also can improve efforts to treat obesity.
For example, the Ohio Business Roundtable declared
pediatric obesity a priority issue and worked with legisla-
tors, vested business partners, health professionals, chil-
dren’s hospitals in the state, and the state chapter of the
American Academy of Pediatrics to pass legislation for
greater physical activity in schools, higher nutritional
standards in school cafeterias, and limited choices in
school vending machines.

Challenges of Obesity
Unfortunately, the term obesity has been used for dis-
crimination and teasing and not for recognizing a disease
requiring treatment. This lack of disease nomenclature
has been a barrier to insurance reimbursement, with
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tertiary prevention paradoxically paid better than pri-
mary prevention; it is relatively easy to have an insur-
ance company pay for an adult coronary bypass in the
United States as opposed to funding treatment for obese
patients who do not have associated comorbidities. Until
2004, even Medicare payment regulations contained
the phrase, “Obesity itself cannot be considered an ill-
ness.” (21) Proponents of the view that obesity is not a
disease argue that one can be overweight yet physically
fit, but that belief should be challenged, as suggested by
the evidence that obese children as young as 10 years of
age develop atherosclerosis, at 9 years of age develop
type 2 diabetes, and at earlier ages develop other comor-
bidities associated with obesity.

Medical Consequences of Pediatric Obesity
Elevated BMI in childhood is associated with multiple
comorbidities in the pediatric age group (Table 2).
Blood pressure elevations can be seen in adolescence and
rarely before that age. Table 3 outlines the simple posi-
tive changes associated with only a small drop in BMI.
(22)(23)(24)(25)(26) Table 4 delineates recommended
laboratory assessment for overweight and obese chil-
dren. (27)(28) Overweight children tend to be taller,
have advanced bone ages, and mature earlier compared
with their nonobese peers. Early puberty correlates with
higher adiposity in adulthood as well as an increase in

truncal fat distribution in women. Adipose cells on the
hips, once formed, last forever, and these cells increase
in size more than number with age. Omental adipose
cells, on the other hand, can increase in number with age.
Central fat distribution, perhaps through an effect on
insulin concentrations, appears to be an important medi-

Table 2. Medical Complications of
Pediatric Obesity
● Hypertension (2.9 times higher in obese children and

adolescents)
● Type 2 diabetes (2.9 time higher in obese children

and adolescents)
● Coronary artery disease
● Hypercholesterolemia (2.1 times higher)
● Other hyperlipidemias
● Left ventricular hypertrophy
● Obstructive sleep apnea
● Increased severity of asthma
● Mechanical stress on joints, slipped capital femoral

epiphysis
● Blount disease (tibia vara)
● Pseudotumor cerebri
● Hepatic steatosis, cholelithiasis
● Gastroesophageal reflux
● Insulin resistance, acanthosis nigricans
● Social stigma, depression, low self-esteem

Table 3. Potential Results of
Reducing BMI (22)(23)(24)(25)(26)

If you reduce BMI by 10% . . .
● Blood pressure decreases by 10 mm Hg (average)
● Triglycerides decrease below 100 mg/dL

(1.13 mmol/L) or by 200 mg/dL (2.3 mmol/L)
(if genetic defect present)

● High-density lipoprotein cholesterol increases by
3 to 5 mg/dL (0.08 to 0.13 mmol/L)

● Low-density lipoprotein cholesterol sometimes
lowers (diet/weight loss combined can lower by
25% to 30% if elevated)

Table 4. Laboratory Evaluation in
the Office Setting (28)

All children

● Serum cholesterol assessment once in childhood if
family history for hypercholesterolemia, once in
adolescence

BMI 85th to 94th percentile

● Fasting lipid panel
● ALT and AST, fasting glucose (Note: complete

metabolic panel contains both studies and may be
less expensive in certain health-care systems)

● Complete blood count to screen for iron deficiency
anemia and other nutritional depletion

BMI >95th percentile

● Fasting lipid panel
● ALT, AST, fasting glucose (complete metabolic panel

as above)
● Abdominal ultrasonography to evaluate for fatty liver
● Other laboratory tests, as dictated by the evaluation

(eg, thyroid enlargement, history suspicious for
Prader-Willi syndrome, headaches consistent with
pseudotumor cerebri)

● Urinalysis to screen for type 2 diabetes

ALT�alanine aminotransferase, AST�aspartate aminotransferase,
BMI�body mass index
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ating variable between lipid concentrations and obesity.
Leptin, produced by adipocytes, is elevated in obese
women, and a raised leptin value is associated with higher
rates of infertility. (29) Early maturation can lead to
lower self-esteem in girls, with a marked increase in
unhealthy dieting behaviors.

Treatment: The Pediatrician’s Role
As noted earlier, the first step in the office setting is to
recognize when overweight or obesity occurs; in simplest
terms, pediatricians need to include in their practice the
tracking of a patient’s BMI with the same rigor applied to
following other growth parameters. The second step is to
react to an increasing BMI with an approach that pro-
motes positive family change without decreasing the
child’s or the parent’s self-esteem. For example, when
confronted with a BMI at the 85th percentile and a
weight percentile that is higher than the height per-
centile, the pediatrician can tell an 8-year-old child,
“You are awesome, and together with your parents, we
are going to keep you healthy and have your weight
stay the same this year, while you keep getting taller!”
Pairing this statement with small, steady changes that
the parent can implement with close medical follow-up
evaluations tends to work better than a remonstrative
approach.

Ideally, a child in the overweight category (BMI 85th
to 95th percentile) should be seen at least quarterly, with
dietitian visits for both child and family to help with
portion sizes, healthier choices, and positive changes in
family behaviors. Children in the obese category (BMI
�95th percentile) should be seen monthly, with steady
change promoted in positive terms. Reimbursement re-
mains a challenge, but improvements may result from
advocacy with groups such as the American Academy
of Pediatrics and the Alliance for a Healthier Genera-
tion, community partnerships such as the Ohio Business
Roundtable, and health-care organizations such as the
Cleveland Clinic.

Interventions in the office setting tend not to work
until the child (and parent) is ready for change; pre-
mature interventions can lead to learned helplessness
(“This diet will never work”) and ongoing dieting at-
tempts and disordered eating (“Maybe this diet will
work”). The result can be long-term weight gain and
physiologic changes supporting the disordered eating
(“Skip the diet or either overeat or undereat accord-
ingly”). In the very young child, the pediatrician requires
parents (and other family members involved in food

preparation and portioning) to modify diet and exercise
willingly to ensure success.

Motivational interviewing can be used to help manage
change, such as asking open-ended questions about how
the child feels about his or her weight: Has she ever been
teased about her weight or bullied, and if so, how did
she feel? What did she do at the time or after? Together,
what do you think you (the child) could do the next
time teasing or bullying happens? How and in which
ways do you want your parents involved? Families can
learn active listening strategies and ways to avoid
weight-related teasing in the home and to advocate for
the child at school.

Family members should be encouraged to cut out
their own weight-related talk and promotion of dieting
with a “talk less, do more” philosophy, as promoted by
Dr Diane Neumark-Sztainer (30)(31) and others. As
she artfully notes, “. . . if the child is not a good reader,
you don’t want to make them feel stupid to help them
read more” (presented in a talk to the Society for Pedi-
atric and Adolescent Gynecology, Las Vegas, Nevada,
April 16–18, 2010).

Similarly, body dissatisfaction should not be used as a
motivator for change in the obese child. Rather, obese
children should be encouraged to feel great about them-
selves, and the pediatrician should play to their strengths,
working to maintain an active and healthy lifestyle. Other
simple solutions include removing television sets from
the bedrooms and limiting television and video game use
from infancy onward. Another simple intervention is
encouraging families to discourage eating in front of the
television or computer to stop the child (and parent)
from eating more than anticipated.

In the office setting, the pediatrician may be asked to
prescribe medications to “treat” obesity, despite a pau-
city of data on drug effectiveness in the pediatric popu-
lation. Metformin has been associated with modest
weight loss of 5 to 10 lb in adolescents who have insulin
resistance. Orlistat, which prevents absorption of fat, has
been associated with some weight loss due to dietary fat
malabsorption, but the associated gastrointestinal dis-
tress has limited its effective use. Sibutramine, which has
been approved for use in adolescents 16 years of age and
older, inhibits reuptake of norepinephrine and serotonin
and has been associated with BMI decreases of more than
5% when used in combination with behavioral therapy.
Diet pills, stimulant medications, and caffeine pills
should not be prescribed because misuse increases the
risks of sudden cardiac death. (32)
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Dieting interventions often have resulted in weight
“yo-yoing,” or a cycle of loss followed by further gain.
Weight Watchers®, a company that offers various food
products and services to help lose weight and main-
tain weight loss, can add value by helping with portion
control as determined by “points,” but adolescents
usually need to be reminded not to put all their
“points” into one meal. Fad diets do not tend to help,
and the Ornish diet, a combination of a specific life-
style and a high-fiber, low-fat vegetarian diet, does
not provide the fat grams necessary for adolescent brain
development.

For a select few highly motivated adolescents or
young adults who require more than 30 lb of weight loss,
the protein-sparing modified fast, which works like a
medically monitored Atkins™ diet with low overall en-
ergy (usually 1,500 to 1,800 kcal/day), protein, and fat
intake, is intended to promote ketosis and breakdown of
fat for energy. Adolescents monitor their urine daily for
ketones, with monthly blood sampling to detect electro-
lyte abnormalities or uric acid elevations due to rapid lysis
of fat cells. Rarely, a patient who needs to be on this diet
may require allopurinol when uric acid concentrations
increase beyond 10 mg/dL (594 �mol/L). The protein-
sparing modified fast diet has been associated with
weight losses of 30 to 50 lb.

Typically, a patient is on the protein-sparing modified
fast diet from fall to Thanksgiving, with a dietitian allow-
ing weight gain of no more than 5 or 10 lb during the
holiday season; resumes the diet from New Year’s day to
spring break; and eats a stable diet as he or she goes off
the strict meal plan. Keys to success include monthly
physician and dietitian visits, positive parental support,
and high motivation by the adolescent.

Bariatric surgery still is an extreme treatment, al-
though a potentially lifesaving one, that is associated with
a significant decrease in the comorbidities of morbid
obesity. (22)(23)(26) Surgical rates in adolescents have
tripled from 2000 to 2003, with better outcomes re-
ported by those surgeons who specialize in pediatric
bariatric surgery and who perform more surgeries per
year. (33) Adolescents being considered for bariatric
surgery require pre- and postoperative medical, dietary,
and psychological assessment and support to ensure
healthy long-term outcomes. Suitable surgical candi-
dates must have achieved abstract thought or the ability
to foresee consequences; have the ability to follow
through with needed medical follow-up; and be fore-
warned that they may need plastic surgery later for excess

skin reduction, which may not be covered by health
insurance in countries such as the United States. Long-
term monitoring of the adolescent patient is imperative
for achieving optimal physical and psychosocial outcomes.

Most successful programs for weight loss in the office
setting are grounded in theories of behavior change, with
a goal of finding the right motivation for the right
constituency. For example, the office pediatrician sets a
goal of small, manageable changes aimed at motivating
the child and parent rather than following what would
personally motivate the pediatrician.

In our institution, key objectives for weight loss
include: 1) preventing obesity as part of every routine
child health supervision visit; 2) enhancing primary
care clinicians’ skills in identifying and treating over-
weight and obese children, including comorbidities;
3) expanding services regionally, working collabora-
tively with schools and community; 4) enhancing care
for the rare teenager who needs bariatric surgery be-
fore, during, and after the operation; and 5) perform-
ing the outcome analyses to measure the impact of the
program.

One Center’s Approach: The Cleveland Clinic
Pediatric Obesity Initiative
To give readers a tangible example of a current pro-
gram that is evolving successfully, we share the experi-
ence of the Cleveland Clinic. This program addresses a
number of the dimensions of the obesity problem and
adds a community perspective. Incorporating lessons
from other institutions, the Cleveland Clinic developed
evidence-based best practices (Fig) for treating obesity.
For an office-based approach, the Cleveland Clinic
looked at the success of the Maine Youth Overweight
Collaborative, which used a 5-2-1-0 behavioral approach
to counseling in 12 pediatric offices. Their “Help ME
Grow!” Project proposes 5-a-day fruits and vegetables,
2 hours or less of television or screen time, 1 hour or
more of exercise, and 0 sugar-sweetened beverages. After
initiation of the program in Maine, BMI assessment
increased from 38% to 94% and BMI screening went
from 0% to 92%. Parents at the intervention sites received
more nutritional and exercise counseling than did non-
intervention parents. Pediatricians reported improve-
ments in their own skills in managing pediatric obesity.
Schools in southern Maine participated in the Maine
Youth Overweight Collaborative, using a resource kit
containing strategies to promote the 5-2-1-0 goals.
Teachers appreciated the tool kit but found difficulty
with implementation.
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Similar to the Maine Youth Overweight Collabora-
tive, the Cleveland Clinic pediatric obesity initiative em-
braces the “5 to GO!” message (Table 5). The “5 to
GO!” message was introduced gradually into the Cleve-
land Clinic workplace as well as into local and statewide
sites. Besides “5 to GO!,” the Stoplight diet (34) also was
introduced, featuring foods associated with the colors
red, yellow, and green. Red light foods (eg, cakes, fried
chicken) mean “stay away,” yellow light foods (eg,
ground beef, dark chocolate, olive oil) mean “proceed
with caution,” and green light foods (eg, salmon, brown
rice, low-fat yogurt) mean “GO!”. “GO!” foods meet
the following nutritional criteria: they contain 100%
whole grain and minimal saturated fat, no trans fat,
minimal added sugars and syrups, and minimal sodium.
In markets and other food services, “GO!” foods are
placed at eye level and labeled as such with caloric/
energy descriptions. In Cleveland, “GO!” foods now are
sold commercially at the national sports team’s arena and
at local stores, “GO!” foods discounts are highlighted,
and easy-to-use recipes are provided at these locales.

A typical behavioral intervention at the Cleveland
Clinic is identifying who is bringing the red foods into
the house; brainstorming about what red foods could
easily be changed to yellow or green; and generating

solutions, such as weekly meal plan-
ning, packing a lunch rather than
relying on the school lunch, or hav-
ing a scavenger hunt for “GO!”
foods in the grocery store.

As noted by Lawrence and asso-
ciates, (35) leading by example
provides a powerful means of be-
havior change. At the start of the
“GO!” foods initiative, fewer than
half of health-care facilities sur-
veyed, including the Cleveland
Clinic, had started shifting away
from high-calorie, low-nutrient-
dense vending machine options or
eliminating fast food. The Cleve-
land Clinic, the second largest em-
ployer in Ohio, now has no trans
fats, no nondiet soda pop, and only
healthy options in its vending ma-
chines and food services on its main
campus, 9 regional hospitals, and
12 family health centers. All em-
ployees receive free use of the fit-
ness facilities, with a $100 gift for
going 10 times a month for 10

months; Curves® and Weight Watchers® are also free
to employees. Over the first year, employees lost
121,000 lb cumulatively, with other incentives for

Figure. Components of a pediatric obesity program: the Cleveland Clinic example.

Table 5. “5 to GO!” Message
0 to 10 Years

5: Eat FIVE fruits and veggies a day.
4: Give and get FOUR compliments a day.
3: Consume THREE dairy a day.*
2: No more than TWO media hours a day.
1: At least ONE hour of exercise a day.
0: NO sugar-sweetened drinks, ever.
GO: Be well, inside and out!

11 Years �

5: Eat FIVE fruits and veggies a day.
4: Consume FOUR dairy a day.
3: Give and get THREE compliments a day.
2: No more than TWO media hours a day.
1: At least ONE hour of exercise a day.
0: NO sugar-sweetened drinks, ever.
GO: Be well, inside and out!

*According to the American Academy of Pediatrics/United States
Department of Agriculture, children up to 10 years of age need only
three servings of dairy per day.
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wellness. Recent advocacy efforts include coverage
of benefits for the offspring of families as well as
continuing kickbacks for ongoing participation in a
weight management group (Fit Youth program, based
on the Epstein model (36)) that consists of 12 weeks
of intervention by a dietitian, exercise physiologist,
psychologist, and pediatrician, with mandatory parental
involvement plus longer-term plans for meeting quar-
terly with support groups. In preliminary analysis, chil-
dren and adolescents have been shown to break the cycle
of gain, with achievable weight maintenance or modest
weight gain. Longer analysis should help determine effi-
cacy over time and the appropriate follow-up necessary to
sustain family changes.

School-based Interventions
Schools also can promote change. In Cleveland, before
efforts to reduce obesity began, schoolchildren could
consume 3,500 kcal daily just through the subsidized
breakfast and school lunch options. Packing a lunch can
decrease caloric intake during the school day. In a
study of 2,774 adolescents in California, Hastert and
Babey (37) found that adolescents who brought lunch
from home 5 days a week ate less fast food, drank less
soda pop, ate less fried potatoes and less high-sugar
foods, and consumed more fruits and vegetables com-
pared with adolescents who never brought lunch to
school.

Local, state, and national efforts, including the Na-
tional School Lunch Program and the Alliance for a
Healthier Generation, have targeted improvements in
school lunch menus. An agreement between the Alliance
for Healthier Generations and the soft drink companies
promoted the following changes: in elementary schools,
soda pop is to be replaced with water and 8 oz nonsugar-
sweetened 100% juice as well as fat-free and low-fat
flavored and regular milk. In middle schools, the same
standards hold, with juice portions increased to 10 oz.
For high schools, 50% of choices are water, with light
juices and sports drinks that contain no more than
100 kcal per container making up the other 50% (http://
healthiergeneration.org).

Does BMI Screening Make a Difference?
BMI screening provides baseline data for evaluating var-
ious interventions in the office, school, or community
setting. Screening itself does not accomplish weight
change; it is the precursor to intervention. Layered inter-

ventions; interventions at multiple sites, including the
home, the medical home, the school, and the commu-
nity; and legislative interventions are likely to promote
the generational change necessary to reverse the trends in
pediatric obesity.

As noted by Homer in a recent supplement to Pedi-
atrics, state-specific data are needed to inform and craft
local solutions, with BMI as a user-friendly tool. (38) In
one of Cleveland’s inner-ring suburbs, the Lakewood
school system analyzed BMI data, finding that the poor-
est children had the highest BMIs, correlating with the
lowest academic achievement (Cleveland Clinic data in
partnership with Lakewood Hospital, 2009). These find-
ings were correlated without implied causality other than
poverty as a barrier to both academic achievement and
healthier food choices. The Lakewood community has
collaborated with the Cleveland Clinic in several efforts:
1) Nutritional analysis of food content in the schools;
2) Promotion of a farmer’s market showcasing local pro-
duce; 3) Establishing “walking school buses” in which
parents walk children through different blocks to pro-
vide a safe and more active route to school in certain
neighborhoods; 4) Acquiring support by the local
police force and school superintendents to ensure safe
places to play; 5) Adding the “Food is Knowledge”
program that targets kindergarten children, teaching
language arts, social studies, math, science, and other
parts of the curriculum by using healthy food as the
medium; and 6) Adding the “Healthy Futures” pro-
gram for 4th to 6th graders that targets healthy life-
style habits, including nutrition and exercise. These
efforts plus Ohio legislation hope to promote genera-
tional change.

Early detection of childhood obesity predicts better out-
comes long term. In a British study, the strongest predictor
for successfully reducing BMI was younger age at time of
diagnosis (specifically elementary school age or younger)
(39). In a German pediatric obesity clinic, children younger
than 12 years of age had a fourfold greater success rate at
BMI reduction than did adolescents. (40) As mentioned,
although BMI screening in the pediatrician’s office is the
natural starting place for office-based interventions, more
needs to be done.

In the Live, Eat, and Play (“LEAP”) primary care
randomized trials, family doctors screened and applied
systemic interventions for children who had high BMIs
in the United Kingdom, with high investment of resources
and only modest results. (41) In the school setting, several
states, including Arkansas, Pennsylvania, and Tennessee,
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have routinely sent the results of BMI screening home to
parents via a confidential report card. In contrast, in the
United Kingdom program, parents could request their
children’s data, but the data were not routinely sent home.
A recent analysis of findings from Arkansas, (42) where the
Governor and State General Assembly mandated BMI
screening in 2003 at year 4, showed:

1) An increase in policies for school personnel con-
cerning the selection of foods for school-sponsored ac-
tivities and prohibiting the sale of junk foods.

2) A policy shift in schools and school districts away
from using physical activity as a punishment and toward
requiring lifetime physical activities to be included in
physical education programs.

3) Increased use of certified physical education teach-
ers in elementary schools.

BMI screening in the pediatrician’s office has been
found to be safe and acceptable, especially if paired with
recommendations and resources that are affordable and
accessible (39)(43)(44) BMI surveillance programs, in
which individual data are used to shape policy but are not
individually reported back to parents, are deemed safer
than BMI screening in the schools in which individual
BMI report cards are shared with families. (45)(46)(47)
Surveillance data provide a means to track population
change without affecting individual students or putting
them at risk for potential bullying, inappropriate dieting,
or other negative sequelae. BMI screening in schools
remains controversial because not every program meets
the American Academy of Pediatrics recommendation
that screening be paired with effective, affordable treat-
ment options. (45)(46)(47) Methods for screening mat-
ter; use of a private room and trained personnel can avoid
the discomfort expressed previously by one third of obese
United States 5th through 8th graders who were publicly
screened. Nonprivate screenings for BMI may increase
weight-related teasing, bullying, and inappropriate diet-
ing behavior, leading to rebound weight gain and low-
ered self-esteem. (47)

The Role of the Urban Corner Store
Food availability affects food choices. Some communities
do not have a readily available large grocery store. In a
study of 833 urban school children in 4th to 6th grades,
Borradale and associates (48) found that children
shopped at corner stores frequently, purchasing energy-
dense, low-nutrient foods and drinks with an average of
more than 1,497 kJ (356.6 kcal) per purchase. More
than 50% of these children were eligible for free or

reduced-price meals. The children spent little money on
these purchases, averaging $1.07�0.93 on an average of
two items, usually consisting of chips, candy, and sugar-
sweetened beverages. Ludwig and colleagues (49) found
that among nearly 550 Massachusetts school children
from diverse ethnic backgrounds, each additional serv-
ing of sugar-sweetened beverages accounted for an
increase in both BMI and prevalence of obesity, ad-
justing for anthropometric, demographic, dietary, and
lifestyle variables. Children now drink 3 cups of soda
pop for every 1 cup of milk, with an increase in
consumption of fast foods by many urban and subur-
ban children. (50)

In areas of New York City, including the Bronx and
Harlem, ethnic and local neighborhood stores have been
found to offer only whole milk; shifting offerings to skim
and low-fat milk represents one small change. (51) An-
other change is offering baked rather than fried chips at
reduced rates in attractive packaging at eye level for
children. One more option is having fresh produce that
is affordable. In Omaha, Nebraska, a neighborhood
food-growing project has resulted in significant food
distribution of their own grown produce. Such urban
gardening projects bring pride to the local children and
affect their food choices.

Children in cities such as Detroit, Michigan, run after
food distribution trucks adorned with pictures and play-
ing music similar to local ice cream trucks, clamoring for
their favorite homegrown fruits and vegetables. (52) In
addition to Cleveland’s Department of Public Health
neighborhood food growing project, the Cleveland Clinic
has its own farmer’s market that has changed urban neigh-
bors’ buying patterns, promoted by coupons for local pro-
duce. The change has been confirmed by simple survey
tools measuring the number of fruits and vegetables con-
sumed and the number of family dinners per week.

The Built Environment and Other Necessary
Community Components
Safe playgrounds, green spaces, bike paths, and “walking
school buses” remain integral contributors to commu-
nity wellness and constitute the “built” environment.
Communities can promote tax incentives for super-
market development in indigent areas, supplementing
healthy food availability with urban gardening projects
that provide direct benefits to self-esteem.

In New York City, child care laws (NYC Department
of Health and Mental Health, Amendment Article 47)
have been enacted to prohibit television and video use for
all children younger than 2 years, with a 60-minute limit
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per day on educational programs for children older than
2 years. (53)(54) New York child care centers are also
required to ensure 60 minutes of physical activity for all
children, to eliminate sugar-sweetened beverages, and to
provide only 1% or skim milk. (53)(54)

Community solutions require an integrated approach,
with emphasis on health promotion efforts; opportuni-
ties for physical activity through the built environment
and mandated in-school activities; use of certified physi-
cal education instructors in schools to ensure a lifetime
wellness approach with necessary skills-building; pro-
vision of appealing and high-quality school meals and
a la carte options; stocking of nutrient-dense, low-
calorie choices in vending machines and in neighbor-
hood stores; and establishment of nutritional standards
for beverages and snacks while removing supersized por-
tions. As articulated succinctly by Sandra Hassink (per-
sonal communication, 2010), “Children can’t learn well
if they are poorly nourished; children can’t learn well if
they are not active and physically fit; and children can’t
learn well if they are bullied.” Models of care must
include models of communication between the school
and the patient’s medical home, with BMI report cards
that are used sensitively as private screening tools to open
doors to needed resources.

To view the Reference list for this article, visit http://
pedsinreview.aappublications.org and click on the arti-
cle title.

Summary
Pediatricians can exert a positive influence to combat

the widespread epidemic of obesity and associated
morbidities through the following actions:

• Promote breastfeeding.
• Plot BMIs and discuss with parents the significance of

the BMI with other growth curve measurements during
office visits from infancy through childhood and
adolescence.

• Schedule frequent visits with children who have
elevated BMIs, emphasizing small, manageable changes
using motivational interviewing techniques. In growing
children, weight maintenance alone may be a good
goal.

• Write a prescription for exercise. Encourage lifetime
physical activity and serve as a role model for active
play in the community. Tips include suggesting family
bowling rather than dinner and a movie, family walks
with conversation during which parents can learn
much from their children (and vice versa), and family
tennis.

• Promote the family dinner as many nights a week as
possible. Keep mealtimes pleasant, with parents setting
out offered foods in healthy portions and the child
having some choice in which foods are served and how
much is served per meal. In food wars, parents tend to
lose; the child who is gaining and growing likely is
meeting his or her needs. Every meal does not have to
be perfect.

• Help families stop the “weighty talk,” that is, calling
attention to the need for dieting.

• Encourage parents, schools, and communities to find
rewards other than food.

• Help families and schools create “tease-free”
environments, especially because weight-related teasing
starts in the home and spreads to the community and
school, with potentially devastating effects on a child’s
self-esteem.

• Teach media literacy to decrease the “pester power” of
children for high-calorie, low nutrient-dense food
choices.

• Join a school health advisory board or other
community collaborative network to be an agent of
change.

• Link with academic medical centers to help with
program design and evaluation that can measure
impact and disseminate evidence-based best practices
and policies.

nutrition obesity

372 Pediatrics in Review Vol.32 No.9 September 2011

 at Health Internetwork on September 2, 2011http://pedsinreview.aappublications.org/Downloaded from 

http://pedsinreview.aappublications.org/


PIR Quiz
Quiz also available online at http://www.pedsinreview.aappublications.org.

1. The prevalence of obesity in children and adolescents in the United States:

A. Has remained stable since 1950.
B. Is lowest among poor children.
C. Is indirectly measurable by tracking BMI trends.
D. Is primarily explained by immigration patterns.
E. Is unrelated to the prevalence of type 2 diabetes mellitus.

2. Office pediatricians in the United States generally:

A. Accurately identify overweight patients.
B. Code correctly for obesity.
C. Ignore obesity.
D. Overdiagnose obesity.
E. Underdiagnose obesity.

3. In general, obese elementary school children:

A. Are happier than their nonobese schoolmates.
B. Are more physically fit than their nonobese schoolmates.
C. Are shorter during childhood than their nonobese schoolmates.
D. Become normal-weight adults.
E. Mature earlier than nonobese children.

4. To be most effective at reducing the prevalence of overweight and obesity among their patients, office
pediatricians should focus on:

A. Eating habits of families with young children.
B. Bariatric surgery.
C. Penalties for overeating.
D. Prescription of weight-loss medications.
E. Rapid weight-loss programs.

5. The most promising interventions aimed at reducing the overall prevalence of overweight and obesity:

A. Are broadly community-based.
B. Depend on public service announcements.
C. Focus on altering adolescent eating behaviors.
D. Rely on the relationship between patients and their personal physicians.
E. Target patients with obesity-related complications.

Parent Resources from the AAP at HealthyChildren.org
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 /
obesity/pages/default.aspx.
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The following references are included online only for the
article “Obesity Prevention and Treatment.”
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Objectives After completing this article, readers should be able to:

1. Describe the epidemiology and transmission of Epstein-Barr virus (EBV) among
children, adolescents, and adults.

2. Describe the pathogenesis and natural course of EBV infection and the spectrum of
clinical diseases in healthy and immunocompromised persons.

3. Interpret serologic test results to diagnose acute and past EBV infections.
4. Describe the appropriate management of infectious mononucleosis and the role of

corticosteroids for treatment of complications.
5. Discuss the relationship of EBV to human malignancies.

Introduction
Epstein-Barr virus infection results in a spectrum of diseases, with the host immune
response playing a key role in shaping the clinical manifestations. Infectious mononucleosis
is the prototype EBV infection and is characterized by fever, sore throat, cervical and
generalized lymphadenopathy, hepatosplenomegaly, and somatic complaints of fatigue
and malaise. This condition generally is a benign, self-limited illness in healthy persons. In
this article, the term “infectious mononucleosis” refers to the disease caused by primary
EBV infection, although other agents can cause “infectious mononucleosis-like” disorders
that are clinically similar to the EBV-associated disease.

Aggressive, nonmalignant EBV-associated proliferations, such as virus-associated
hemophagocytic syndrome, posttransplant lymphoproliferative syndrome (PTLS), lym-
phoid interstitial pneumonitis, and oral hairy leukoplakia, occur in immunocompromised
persons. EBV also contributes to human malignancies, including nasopharyngeal carci-
noma, Burkitt lymphoma, Hodgkin disease, and leiomyosarcoma.

The history of the discovery of EBV as the cause of infectious mononucleosis began
with the first clinical description of a subacute febrile illness by Filatov in 1885 and the
description of “glandular fever” by Pfeifer in 1889. In 1920, Sprunt and Evans described
the finding of atypical lymphocytes and aptly coined the name “infectious mononucleosis”

for this disease. The discovery of EBV also was the first
identification of a human tumor virus. In 1964, Epstein,
Achong, and Barr identified herpesvirus particles in tissues of
jaw sarcomas collected by Burkitt from children in Africa. In
1968, Gertrude and Werner Henle linked this virus with a
single case of infectious mononucleosis and, along with
Niederman, confirmed the epidemiologic association. EBV
was the first virus to be linked to human cancer and became
the first recognized human tumor virus. (For complete in-
formation, see Tselis and Jenson, 2006.)

Epidemiology
EBV is a �-herpesvirus that has a double-stranded DNA
genome of 184-kb pairs in length, encoding nearly 100
proteins. Two distinct types, type 1 and type 2 (also called
type A and type B), share 70% to 85% sequence homology.
EBV-1 is more prevalent worldwide than EBV-2, which is
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found more frequently in Africa. The primary cellular
target of EBV is the B-lymphocyte. EBV-1 induces in
vitro growth transformation of B-cells more efficiently
then EBV-2, but both types result in lifelong infec-
tion, with no identified type-specific differences in dis-
ease. Multiple as well as dual infections with both EBV
types have been documented in immunocompromised
persons.

Because EBV establishes lifelong infection, the prev-
alence of EBV infection increases with age. Greater than
95% of the world’s adult population is seropositive and
chronically infected. No symptoms are recognized from
the persistent, latent EBV infection that follows the
primary infection.

EBV is transmitted primarily by oral contact with
saliva, most commonly by exchange of saliva among
young children directly or through the handling of toys
or by kissing among adolescents, accounting for infec-
tious mononucleosis commonly being called “kissing
disease.” EBV is shed in oral secretions consistently and
at high concentrations for more than 6 months following
acute infection and intermittently at lower concentra-
tions for life. Thus, the risk of transmission is greater
from recent cases, with some risk of transmission from
anyone who has ever been infected. At any given time, as
many as 20% to 30% of healthy adults who were infected
with EBV, even years previously, shed EBV in low con-
centrations in oral secretions. Immunosuppression facil-
itates reactivation of latent EBV, and the proportion
of EBV-infected immunosuppressed persons shedding
virus in oral secretions increases to 60% to 90%. EBV is
found also in male and female genital secretions and can
be transmitted by sexual contact.

The epidemiology of the clinical entity of infectious
mononucleosis is related to age of acquisition of EBV
infection. Although infectious mononucleosis may be
seen at all ages, it is rarely recognizable in children
younger than 4 years of age, when most EBV infections
are asymptomatic. It is rare in adults older than 30 to
40 years of age, when most individuals are already in-
fected with EBV.

In developing countries and among socioeconomi-
cally disadvantaged populations of developed countries,
transmission of EBV occurs almost universally during
infancy and early childhood. In central Africa, almost all
children are infected with EBV by 3 years of age, result-
ing in asymptomatic infection or mild disease that is
indistinguishable from many other childhood infections.
Thus, infectious mononucleosis as a disease is practically
unknown in undeveloped regions of the world.

In contrast, in industrialized countries and among

affluent populations, infection during childhood occurs
less frequently, presumably because of higher standards
of hygiene, with approximately one third of EBV infec-
tions occurring during adolescence and young adult-
hood. Primary EBV infection in adolescents and adults
results in symptoms in more than 50% of infections,
demonstrating the classic infectious mononucleosis triad
of fatigue, pharyngitis, and lymphadenopathy. The inci-
dence of infectious mononucleosis in the United States is
estimated to be 20 to 70 per 100,000 persons annually;
among young adults, the incidence increases to about
100 per 100,000 persons annually.

Pathogenesis
Following acquisition via the oral cavity, EBV initially
infects oral epithelial cells with viral replication, cell lysis,
and release of virions that spread to contiguous struc-
tures, including the salivary glands. Local replication in
oral epithelial and lymphoid cells may be the basis of the
symptoms of pharyngitis. Viremia ensues, with infection
of the primary cellular target of EBV, the B-lymphocytes
in the peripheral blood and the entire lymphoreticular
system, including the liver and spleen. Of note, the
atypical T-lymphocytes in the peripheral blood that are
characteristic of infectious mononucleosis are mature
CD8� T-lymphocytes, which have both suppressor and
cytotoxic functions. These atypical lymphocytes are anti-
genically activated and are part of the immune response
to the EBV-infected B-lymphocytes. The absolute in-
crease in CD8� lymphocytes results in a transient reversal
of the normal 2:1 CD4�/CD8� (helper-suppressor)
T-lymphocyte ratio. This pattern is distinguished from
the reversal of the CD4�/CD8� ratio seen in human
immunodeficiency virus (HIV) infection by the normal
absolute concentrations of CD4� T-lymphocytes.

The host immune response reduces the circulating
EBV burden in the peripheral blood to less than 1 copy/
105 circulating B-lymphocytes, equivalent to less than 10
copies/�g of DNA in whole blood. In immunocompro-
mised persons, the EBV burden usually is much higher
and can be greater than 4,000 copies/�g of DNA.

EBV also infects T-lymphocytes and natural killer
(NK) cells, although at a reduced efficiency of infec-
tion compared with the ease with which EBV infects
B-lymphocytes. EBV appears to infect epithelial cells of
the uterine cervix, although local symptoms have not
been described after sexual transmission. However, EBV
also has been shown to infect smooth muscle cells in
leiomyosarcomas that develop in immunocompromised
people.

Following primary infection, EBV, like all herpes-
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viruses, establishes persistent latent infection for the life
of the host. Latent EBV infection harbors locally in
oropharyngeal epithelial cells and systemically in memory
B-lymphocytes. Latent EBV produces a few viral pro-
teins, primarily the EBV nuclear antigens (EBNAs).
These proteins maintain the virus during the latent state
as multiple circular copies, or episomes, in the nucleus
that are separate from the cell’s chromosomes. EBV
persists because the viral episomes replicate with cell
division and migrate to both daughter cells during mito-
sis. In contradistinction, in cases of Burkitt lymphoma,
EBV integrates into the cell chromosome with a recipro-
cal translocation that involves the MYC allele.

For unclear reasons, some latently infected B-
lymphocytes enter the viral replicative, or lytic, cycle that
begins with EBV early antigens (EAs) production; pro-
ceeds to viral DNA replication followed by structural
glycoprotein production, including the manufacture of
viral capsid antigens (VCAs); and culminates in cell death
with release of mature virions that are shed through
secretions and systemically infect other B-lymphocytes.
Reactivation apparently is asymptomatic.

Clinical Aspects
The incubation period of infectious mononucleosis in
adolescents and adults is 30 to 50 days and may be
shorter in children. Primary EBV infection in young
children usually is asymptomatic or produces symptoms
that do not distinguish EBV as the cause from the many
other febrile infections that occur during childhood.
Among adolescents and adults, the clinical syndrome of
infectious mononucleosis is characteristic. The onset of
illness usually is insidious over 1 to 2 weeks, with non-
specific systemic complaints of malaise, fatigue, and low-
grade fever accompanied by sore throat, lymphadenopa-
thy, and often headache, nausea, abdominal pain, and
myalgias. Complaints of sore throat and fever gradually
increase and prompt medical attention. Sometimes the
presenting complaints can be upper quadrant abdominal
discomfort and tenderness due to rapidly developing
splenomegaly.

The physical examination typically reveals pharyn-
gitis that often is accompanied by moderate-to-marked
tonsillar enlargement, occasionally with exudates that
cannot be distinguished from streptococcal pharyngitis.
Petechiae at the junction of the hard and soft palate are
common. The reticuloendothelial system usually is af-
fected, as evidenced by generalized lymphadenopathy
(90% of cases), splenomegaly (50% of cases), and hepa-
tomegaly (10% of cases). Lymphadenopathy is most
common in the anterior and posterior cervical lymph

nodes, the submandibular lymph nodes, and sometimes
the axillary and inguinal lymph nodes. Epitrochlear
lymphadenopathy traditionally is suggestive of infectious
mononucleosis because this finding is an uncommon
part of generalized lymphadenopathy. Splenomegaly to
2 to 3 cm below the left costal margin is typical, although
massive enlargement is very uncommon.

Rashes occur in 3% to 15% of patients and usually are
maculopapular. Up to 80% of patients in whom infec-
tious mononucleosis is treated with ampicillin experi-
ence an “ampicillin rash,” which occurs less frequently
with amoxicillin and other beta-lactam antibiotics. This
copper-colored, pruritic maculopapular eruption proba-
bly is immune-mediated and requires no specific treat-
ment other than discontinuation of the antibiotic, after
which the eruption resolves. EBV also is associated with
Gianotti-Crosti syndrome, a symmetric rash that has
the appearance of atopic dermatitis. Multiple erythema-
tous papules on the cheeks, extremities, and buttocks
may coalesce into plaques, and the rash persists for 15 to
50 days.

Nonneoplastic EBV-associated proliferative diseases
occur in immunocompromised people, such as HIV-
infected individuals and organ transplant recipients.
Lymphoid interstitial pneumonitis occurs primarily in
children who have acquired immune deficiency syn-
drome (AIDS) and causes mild respiratory distress. Oral
hairy leukoplakia occurs primarily in adults who have
AIDS and is characterized by white patches along the
lateral margins of the tongue. Biopsy of these lesions
reveals extremely high levels of EBV replication.

Diagnosis
The presence of typical clinical symptoms accompanied
by atypical lymphocytosis in the peripheral blood sug-
gests the clinical diagnosis of infectious mononucleosis.
The diagnosis should be confirmed by serologic testing,
either for heterophile antibody or specific EBV anti-
bodies.

The white blood cell count in infectious mononucle-
osis is either normal or reveals mild leukocytosis of 10 to
20�103/�L (10 to 20�109/L), with the lymphocytes
accounting for at least two thirds of the white blood cells.
Atypical lymphocytes often account for 20% to 40% of
the total white blood cells. Atypical lymphocytes appear
larger overall, with larger, eccentrically placed, indented,
and folded nuclei that have a lower nuclear-to-cytoplasm
ratio. Although atypical lymphocytosis may be seen with
many infections causing lymphocytosis, the highest con-
centrations of atypical lymphocytes classically are seen
with EBV infection. Atypical lymphocytosis occurs with
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acquired cytomegalovirus infection (in contrast to con-
genital cytomegalovirus infection), toxoplasmosis, viral
hepatitis, rubella, roseola, mumps, tuberculosis, typhoid,
Mycoplasma infection, and malaria as well as with some
drug reactions.

Mild thrombocytopenia (100 to 200�103/�L [100
to 200�109/L] platelets) occurs in 25% to 50% of
patients and rarely is associated with symptoms. Severe
thrombocytopenia (�20�103/�L [20�109/L] plate-
lets) rarely occurs.

Mild elevation of hepatic transaminases is seen in
approximately 50% of uncomplicated cases, but liver
involvement usually is asymptomatic without jaundice.

Heterophile Antibody Test
Heterophile antibodies are defined by their property to
agglutinate cells from species different from those of the
source serum. The transient heterophile antibodies seen
in infectious mononucleosis, also known as Paul-Bunnell
antibodies, are immunoglobulin M (IgM) antibodies
detected by the Paul-Bunnell-Davidsohn test for sheep
red blood cell agglutination. The heterophile antibodies
of infectious mononucleosis agglutinate sheep but not
guinea pig kidney cells. Horse red blood cells are now
used frequently instead of sheep red blood cells and have
greater sensitivity. Heterophile antibody titers of more
than 1:40, depending on the dilution system used, or of
more than 1:28 after absorption with guinea pig cells, are
considered positive. The absence of agglutination of
guinea pig kidney cells differentiates the EBV hetero-
phile response from the heterophile response of serum
sickness and rheumatic diseases.

Heterophile antibody testing responses using sheep
red blood cells often stay positive for several months after
infectious mononucleosis, and testing with horse red
blood cells can yield positive results for up to 2 years after
infection. The most widely used method for detecting
heterophile antibodies is the qualitative rapid slide test
using horse erythrocytes. This test detects heterophile
antibody in 90% of cases of EBV-associated infectious
mononucleosis that occurs among older children and
adults but in only up to 50% of cases among children
younger than 4 years of age because these children
typically develop lower titers. For this reason, the hetero-
phile test is not recommended for diagnostic testing for
infectious mononucleosis among children younger than
4 years of age.

Approximately 5% to 10% of cases of apparent infec-
tious mononucleosis are not caused by EBV and do not

consistently have a heterophile antibody response. The
false-positive rate is less than 10%, usually resulting from
erroneous interpretation. If the heterophile test result is
negative and an EBV infection is suspected, antibody
testing for specific EBV antibody tests should be under-
taken.

EBV Antibody Tests
Specific antibody tests best confirm EBV infection. These
tests help diagnose acute EBV infection (especially if
the heterophile test result is negative), confirm past in-
fection, and determine susceptibility to future EBV in-
fection. Several distinct EBV antigen systems based on
different EBV genes have been characterized for diag-
nostic purposes (Figure and Table). The nuclear EBNA,
the EA, and the VCA systems are most useful for diag-
nostic purposes. IgM tests for EA and EBNA are not
reliable and are not recommended. The EA antigens
include two morphologic components, diffuse (EA-D)
and restricted (EA-R), each of which comprises two
individual EBV proteins. EA-D and EA-R are distin-
guished on the basis of their distribution (diffuse or
restricted to the cytoplasm) within the cells and by their
differential denaturation during the fixation process. The

Figure. Schematic representation of the development of anti-
bodies to various Epstein-Barr virus antigens in patients who
have infectious mononucleosis. Antibody titers are calculated
as geometric mean values expressed as reciprocals of the
serum dilution. The immunoglobulin M (IgM) response to viral
capsid antigen (VCA) is divided because of the significant
differences noted according to age of the patient. IgG�
immunoglobulin G. Reprinted with permission from Jenson
HB. Epstein-Barr virus. In: Detrick B, Hamilton RG, Folds JD,
eds. Manual of Molecular and Clinical Laboratory Immunol-
ogy. 7th ed. Washington, DC: American Society for Micro-
biology; 2006:637–647.
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late antigens are produced after viral DNA synthesis and
include the VCAs, the structural proteins of the viral
capsid.

Acute EBV infection is uniformly characterized by
rapid IgM and IgG antibody responses to VCA and a
detectable IgG response to EA in most cases. The IgM
response to VCA is transient but can be detected for at
least 4 weeks and occasionally as long as 3 months. The
IgM-VCA test is the single most valuable and specific
serologic test for diagnosing acute EBV infection and
generally is sufficient by itself to confirm the diagnosis.
Rheumatoid factor, if present, may cause a false-positive
IgM-VCA result, thereby necessitating rheumatoid
factor absorption before IgM-VCA testing. The IgG
response to VCA usually peaks late in the acute phase,
declines slightly over several weeks to months, and per-
sists at relatively stable titers for life. Therefore, a positive
IgG-VCA result alone cannot distinguish recent from
remote infection.

Antibodies to EA are transiently detectable in 80%
of patients during the acute phase of infectious mono-
nucleosis, for several months after primary infection, and

possibly intermittently at low titers for many years. Anti-
bodies to EA-R emerge transiently during convalescence
in healthy people and reach very high titers in patients
who have Burkitt lymphoma. Antibodies to EA-D reach
very high titers in patients who have nasopharyngeal
carcinoma. High titers of antibodies to EA-D or EA-R
also may be found in immunocompromised persons who
have high EBV replication.

Antibodies to EBNA develop relatively late after
EBV infection, gradually appear during the 3 to 4
months following acquisition, and remain at consis-
tently detectable but low titers for life. Absence of
antibodies to EBNA when other EBV-specific anti-
bodies are detectable implies recent infection within a
few weeks or months. The presence of antibodies to
EBNA implies infection occurring at least 3 to 4 months
previously, which could be at any time during the life of
the individual.

Virus Culture
Culturing EBV by the transformation assay is tedious and
usually performed only for research studies. Oropharyn-

Table. Correlation of Clinical Status and Serologic Responses to EBV
Infection

Serologic Response

EBV-Specific Antibody

Clinical Status

Heterophile
Antibodies
(Qualitative
Test) IgM-VCA IgG-VCA EA-D EA-R EBNA

Negative reaction � <1:8* <1:10* <1:10* <1:10* <1:2.5*
Susceptible � � � � �† �
Acute primary infection:

infectious mononucleosis
� 1:32 to 1:256 1:160 to 1:640 1:40 to 1:160 �† � to 1:2.5

Recent primary infection:
infectious mononucleosis

�/� � to 1:32 1:320 to 1:1,280 1:40 to 1:160 �† 1:5 to 1:10

Remote infection � � 1:40 to 1:160 �‡ � to 1:40 1:10 to 1:40
Reactivation:

immunosuppressed or
immunocompromised

� � 1:320 to 1:1,280 �‡ 1:80 to 1:320 � to 1:160

Burkitt lymphoma � � 1:320 to 1:1,280 �‡ 1:80 to 1:320 1:10 to 1:80
Nasopharyngeal carcinoma � � 1:320 to 1:1,280 1:40 to 1:160 �§ 1:20 to 1:160

Data obtained from numerous studies. Individual responses outside the characteristic range may occur.
*Or the lowest test dilution.
†In young children and adults who have asymptomatic seroconversion, the antibody response to EA may be primarily to the EA-R component.
‡A minority of individuals have the antibody response to EA, primarily to the EA-D component.
§A minority of individuals have the antibody response to EA, primarily to the EA-R component.
EA-D�diffuse staining component of early antigen, EA-R�cytoplasmic restricted component of early antigen, EBNA�EBV-determined nuclear antigens,
EBV�Epstein-Barr virus, IgG�immunoglobulin G, IgM�immunoglobulin M, VCA�viral capsid antigen, ��negative, ��positive.
Reprinted with permission from Jenson HB. Epstein-Barr virus. In: Detrick B, Hamilton RG, Folds JD, eds. Manual of Molecular and Clinical Laboratory
Immunology. 7th ed. Washington, DC: American Society for Microbiology; 2006:637–647.
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geal or genital secretions, peripheral blood (10 to
30 mL), or tumor specimens are cultivated with human
umbilical cord lymphocytes, which are especially suscep-
tible to EBV infection, and observed for 4 to 6 weeks for
signs of cell transformation. Such transformation can
include proliferation and rapid growth, mitotic figures,
large vacuoles, granular morphology, and cell aggrega-
tion. EBV cultivation with umbilical cord cells immortal-
izes the cord cells, resulting in cell lines that can be
maintained in perpetuity harboring EBV isolated from
the patient.

Differential Diagnosis
Approximately 5% to 10% of cases of apparent infec-
tious mononucleosis are EBV-negative. These infectious
mononucleosis-like illnesses are caused by primary in-
fection by other pathogens such as cytomegalovirus,
Toxoplasma gondii, adenovirus, viral hepatitis, HIV,
and possibly rubella virus. Cytomegalovirus infection is a
particularly common cause of infectious mononucleosis-
like illnesses among adults. Streptococcal pharyngitis
may cause sore throat and cervical lymphadenopathy
that is indistinguishable from that of infectious mono-
nucleosis but is not associated with hepatospleno-
megaly. Because the pharyngeal streptococcal carriage
rate is approximately 5%, failure of a patient diagnosed
with streptococcal pharyngitis to improve within 48 to
72 hours suggests the possibility of infectious mono-
nucleosis and incidental streptococcal carriage. In clinical
practice, the cause of most cases of EBV-negative infec-
tious mononucleosis-like illnesses remains unknown be-
cause of the expense of confirmatory tests and the lack of
clinical imperative to determine the cause of a self-limited
illness.

Patients who have clinical findings of infectious
mononucleosis in the presence of extremely high
(�30�103/�L [30�109/L]) or low (�1�103/�L
[1�109/L]) white blood cell counts combined with
moderate-to-severe thrombocytopenia (�50�103/mL
[50�109/L] platelets) or hemolytic anemia suggests
leukemia and may warrant hematologic consultation and
bone marrow examination to exclude this diagnosis.

Management
Observation over time and symptomatic treatment are
the mainstays of management. Sore throat is managed
with acetaminophen, nonsteroidal anti-inflammatory
drugs, and saltwater gargles as well as other symptomatic
remedies. Bed rest is indicated if there is debilitating
fatigue. Continuation of normal activities or gradated activ-
ities leading toward resumption of normal activities is rec-

ommended. It is customary to advise against participation
in contact sports and any strenuous athletic activities during
the initial 2 to 3 weeks of illness or while splenomegaly is
present to minimize the risk of splenic rupture.

EBV encodes for a viral DNA polymerase, thereby
making it susceptible to acyclovir and its analogs, al-
though the clinical effectiveness of such therapy is mini-
mal. High doses of acyclovir, with or without cortico-
steroids, decrease viral replication and oropharyngeal
shedding during the period of antiviral administration
but do not reduce the severity or duration of illness or
alter the eventual outcome.

Short courses of corticosteroids for fewer than
2 weeks are indicated for a few specific complications
of infectious mononucleosis. There are no controlled
data showing efficacy for these indications and their use
is off-label. Generally accepted indications include incip-
ient upper airway obstruction, thrombocytopenia com-
plicated by bleeding, autoimmune hemolytic anemia,
seizures, and meningitis. A recommended regimen is
prednisone 1 mg/kg per day (maximum of 60 mg/d) or
an equivalent corticosteroid for 7 days, followed by a
tapering regimen over another 7 days. In view of the
potential and unknown hazards of immunosuppression
for a virus infection that can have oncogenic complica-
tions, corticosteroids should not be used routinely in
uncomplicated cases of infectious mononucleosis.

Complications
The most compelling reason for developing an EBV
vaccine is to reduce the risk of EBV-associated malig-
nancies, although complications in otherwise healthy
persons are uncommon. The most feared complication
historically was subcapsular splenic hemorrhage or
splenic rupture, commonly related to trauma, which may
be mild and only rarely fatal. Rupture has been reported
most frequently during the second week of the disease, at
a rate of less than 0.5% in adults. The rate in children is
unknown but is probably much lower.

Tonsillar swelling may be substantial and cause upper
airway obstruction, as indicated by drooling, stridor, and
difficulty breathing. Airway compromise with progres-
sive symptoms occurs in fewer than 5% of cases of infec-
tious mononucleosis and is a common indication for
hospitalization. Airway compromise is managed best by
elevating the head of the bed and providing intravenous
hydration, humidified air, and systemic corticosteroids.
Respiratory distress with actual airway occlusion should
be managed with corticosteroids and tonsilloadenoidec-
tomy, followed by endotracheal intubation for 12 to
24 hours in an intensive care setting.
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Many uncommon and unusual neurologic conditions
have been reported as being associated with infectious
mononucleosis. Headache occurs in about 50% of cases,
but serious neurologic manifestations, such as seizures
and ataxia, occur in only 1% to 5%. An unusual symp-
tom is perceptual distortions of sizes, shapes, and spatial
relationships, known as the “Alice-in-Wonderland syn-
drome” or metamorphopsia. Other neurologic condi-
tions that may occur are meningitis with nuchal rigidity
and mononuclear pleocytosis, facial nerve palsy, trans-
verse myelitis, and encephalitis. Guillain-Barré syndrome
or Reye syndrome may follow acute illness.

Hemolytic anemia, often yielding a positive direct
antiglobulin (Coombs) test result and cold agglutinins
specific for red cell antigen i, occurs in 3% of cases. The
onset typically is within 2 weeks of illness and lasts for
fewer than 4 weeks. Aplastic anemia is a rare complica-
tion that usually presents 3 to 4 weeks after the onset of
illness, followed by recovery in 4 to 8 days, although
some cases do require stem cell transplantation. Mild
thrombocytopenia and neutropenia are common, but
severe thrombocytopenia (�20�103/�L [20�109/L]
platelets) and severe neutropenia (�1�103/�L [1�
109/L] neutrophils) are rare.

Myocarditis or interstitial pneumonia may occur,
both resolving in 3 to 4 weeks. Additional rare compli-
cations include pancreatitis, parotitis, and orchitis.

Fulminant or fatal infectious mononucleosis in
healthy persons is rare but may result from an uncon-
trolled host lymphoproliferative response that usually
demonstrates hemophagocytic lymphohistiocytosis, which
is the phagocytosis by macrophages of erythrocytes, leu-
kocytes, platelets, and their precursors in bone marrow
and other tissues. EBV is considered to be the principal
cause of severe cases of virus-associated hemophagocytic
syndrome, a nonmalignant but serious generalized histi-
ocytic proliferation associated with marked hemophago-
cytosis. Fever, lymphadenopathy, and hepatosplenomeg-
aly are complicated further by pulmonary infiltrates, rash,
cytopenias, and hepatic dysfunction, with a fulminant
course often leading to death. Treatment with etoposide,
which reduces both monocyte and macrophage activity,
and with corticosteroids, both off-label uses, may be
effective.

Immunocompromised Persons
The immune response is essential for controlling EBV
replication during the primary infection as well as during
lifelong latent infection. The decline in T-cell immuno-
surveillance of EBV infection parallels the risk and inci-
dence of EBV-associated proliferations. Increased risk

for EBV-associated malignancies is associated with ac-
quired immunodeficiency syndromes such as HIV infec-
tion and organ transplantation anti-immune therapy,
as well as congenital immunodeficiencies, including
the X-linked lymphoproliferative (XLP) syndrome, com-
mon variable immunodeficiency, ataxia-telangiectasia,
Wiskott-Aldrich syndrome, and Chédiak-Higashi syn-
drome. The tumors associated with EBV are primarily
of B-cell lineage, especially primary central nervous sys-
tem lymphoma, diffuse large-cell B-cell lymphoma, im-
munoblastic B-cell lymphoma, and Hodgkin disease.
The most recent association of EBV with malignancy is
the surprising finding of EBV infection in smooth muscle
cells of leiomyosarcomas in immunocompromised per-
sons, including HIV-infected patients, organ transplant
recipients, and persons who have congenital immuno-
deficiency. EBV is not found in smooth muscle cells of
leiomyomas or leiomyosarcomas that occur in immuno-
competent persons.

The prototype of immune system failure to control
EBV infection is the XLP syndrome (also known as
Duncan syndrome), an X chromosome-linked recessive
disorder of the immune system that is associated with
severe, persistent, and sometimes fatal primary EBV in-
fection. The defective gene in XLP syndrome, known as
SH2D1A, is localized to Xq25. SH2D1A is an adhesion
molecule that is highly expressed in thymocytes and
peripheral blood T-cells and NK cells, with a prevalent
expression on Th1-cells. The absence of SH2D1A leads
to an uncontrolled cytotoxic T-cell immune response to
EBV. Approximately two thirds of affected male patients
die at the time of primary EBV infection of disseminated
and fulminating lymphoproliferation involving multiple
organs. Affected males who survive are at high risk for
developing hypogammaglobulinemia, B-cell lymphoma,
or both. Most affected males die by 10 years of age.

PTLS occurs as a consequence of organ transplant
immunosuppressive regimens, most notably with the
antibody OKT3, which is a potent anti-T-cell agent.
The greatest risk factor is pretransplant EBV sero-
negative status because of the reduced ability of the
immune system to control primary EBV infection. As
expected, the incidence of PTLS is several times higher
among children than adults, who are usually seropositive
for EBV. The incidence of PTLS among adults is about
1% following bone marrow and kidney transplants, 2%
following liver transplants, 5% following cardiac trans-
plants, and 8% following lung transplants. PTLS present-
ing early after transplantation usually is polyclonal and
almost always associated with EBV, with about 50% of
the cases showing bcl-6 mutations. PTLS presenting late
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after transplantation tends to be monoclonal and is asso-
ciated with EBV in only 15% to 30% of cases. The
condition resembles nonHodgkin lymphoma or Hodg-
kin disease and shows a variety of separate chromosomal
abnormalities, including bcl-6, MYC, and RAS mutations.

Nasopharyngeal Carcinoma
Nasopharyngeal carcinoma occurs worldwide but is
10 times more common among males in southern China,
where it is the most common malignant tumor among
adult men. It also is common among whites in North
Africa and Inuits in North America. The carcinoma pres-
ents with signs and symptoms of cervical lymphadenop-
athy, eustachian tube blockage, and nasal obstruction
with epistaxis.

Undifferentiated nasopharyngeal carcinoma is charac-
terized by a high copy number of EBV episomes in every
cell as well as elevated EBV antibody titers, which can be
used both for diagnosis and prognosis. High titers of IgA
antibody to EA and VCA may be detected in asymptom-
atic individuals, and a decrease in titers indicates a favor-
able response to tumor therapy (Table). In contrast,
well-differentiated, keratinizing nasopharyngeal carci-
noma is characterized by a low number of or no EBV
genomes and EBV serologies that are similar to other
EBV-infected persons.

Computed tomography scan and magnetic reso-
nance imaging are helpful in defining masses in the head
and neck. The diagnosis is established by biopsy of the
mass or an involved cervical lymph node. Surgery is
important for staging and diagnosis. Radiation therapy is
effective for control of the primary tumor and regional
nodal metastases. Chemotherapy with 5-fluorouracil,
cisplatin, and methotrexate is effective but not always
curative. The prognosis is good if the tumor is small and
localized.

Burkitt Lymphoma
Endemic (or African) Burkitt lymphoma is the most
common childhood cancer in equatorial East Africa and
New Guinea. The median age at onset is 5 years. Tumors
most often involve the jaw. The endemic regions are
characterized by a high rate of EBV infection early in life
as well as infection by Plasmodium falciparum malaria.
The constant malarial exposure appears to act as a
B-lymphocyte mitogen that contributes to the polyclonal
B-lymphocyte proliferation associated with EBV infec-
tion, impairs the T-lymphocyte control of EBV-infected
B-lymphocytes, and increases the risk for development
of Burkitt lymphoma. Approximately 98% of cases of
endemic Burkitt lymphoma contain the EBV genome

compared with only 20% of cases of nonendemic (or
sporadic or American) Burkitt lymphoma. Individuals
who have EBV-associated Burkitt lymphoma have un-
usually and characteristically high titers of antibody to
VCA and EA that correlate with the risk for developing
tumor (Table).

All cases of Burkitt lymphoma, including those that
are EBV-negative, are monoclonal and demonstrate
chromosomal translocation of the c-myc proto-oncogene
located on the long arm of chromosome 8 to the con-
stant region of the Ig heavy-chain locus on chromosome
14 [t(8;14)], to the � constant light-chain locus on
chromosome 2 [t(2;8)], or to the � constant light-chain
locus on chromosome 22 [t(8;22)]. These translocations
result in the deregulation and constitutive transcription
of the c-myc gene with overproduction of a normal c-myc
product that auto-suppresses c-myc production on the
untranslocated chromosome.

Hodgkin Disease
Several lines of evidence link EBV with some types of
Hodgkin disease. Immunohistochemical studies have
localized EBV to the Reed-Sternberg cells and their
variants, the pathognomonic malignant cells of Hodgkin
disease. The incidence of Hodgkin disease is highest
during childhood in developing countries and during
young adulthood in developed countries. Infection
with EBV increases the risk for Hodgkin disease by
two- to fourfold. The titers of EBV antibodies are con-
sistently elevated preceding the development of Hodg-
kin disease, and only a minority of patients who have
Hodgkin disease is seronegative for EBV. EBV is associ-
ated with more than 50% of cases of mixed cellularity
Hodgkin disease and approximately 25% of cases of the
nodular sclerosing subtype. EBV is rarely associated with
lymphocyte-predominant subtype.

Other Tumors
EBV appears somehow to contribute to other tumors,
including carcinoma of the salivary glands, some T-
lymphocyte lymphomas (including lethal midline),
angioimmunoblastic lymphadenopathy-like lymphoma,
thymomas and thymic carcinomas derived from thymic
epithelial cells, supraglottic laryngeal carcinomas, lym-
phoepithelial tumors of the respiratory tract and gastro-
intestinal tract, and gastric adenocarcinoma.

Prognosis
The prognosis for complete recovery from infectious
mononucleosis is excellent, with symptoms typically last-
ing 2 to 4 weeks, followed by gradual but steady recov-
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ery. Some otherwise unremarkable patients experience
prolonged signs and symptoms and sometimes debilitat-
ing fatigue and malaise that may wax and wane for several
weeks to as long as 6 months. No convincing evidence
links EBV infection or EBV reactivation to chronic fa-
tigue syndrome. Secondary infections with a different
type of EBV (EBV-1 or EBV-2) have been documented
in immunocompromised persons, but symptoms or sec-

ond attacks of infectious mononucleosis caused by EBV
have not been documented.
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Summary
• Classic virology testing, confirmed by molecular

virology, has clarified the epidemiology of EBV and
its association with illness. EBV is a ubiquitous virus
that causes infections, primarily among children and
adolescents, resulting in a spectrum of disease from
asymptomatic infection and self-limited infectious
mononucleosis to lymphoproliferations in
immunocompromised persons and associations with
several malignancies of B-cell and epithelial lineages.

• Diagnosis of EBV infection is established best by
serologic testing.

• Observational studies and expert opinion show that
management of infectious mononucleosis is
primarily supportive, with corticosteroids for selected
complications such as upper airway obstruction.

• EBV is associated with several malignancies of B-cell
lineage as well as epithelial cell carcinomas and,
most recently, leiomyosarcoma.

• At present, the greatest potential benefit for
developing an EBV vaccine is to reduce the risk for
EBV-associated malignancies.

Parent Resources from the AAP at HealthyChildren.org
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/
infections/pages/mononucleosis.aspx.
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PIR Quiz
Quiz also available online at http://www.pedsinreview.aappublications.org.

6. Which of the following statements regarding the epidemiology of EBV is true?

A. Immunocompetent persons who have been infected shed more virus than immunosuppressed persons.
B. Infectious mononucleosis caused by EBV occurs most commonly in infants and toddlers.
C. Most people who become infected with EBV are symptomatic for life.
D. The risk of transmission is highest from persons who have had recent infections.
E. The virus is only transmitted through oral secretions.

7. Which of the following signs and symptoms is the most commonly seen clinical manifestation of infectious
mononucleosis?

A. Diarrhea.
B. Headache.
C. Lymphadenopathy.
D. Rash.
E. Splenomegaly.

8. You are evaluating a 2-year-old girl who has had fever for 10 days, pharyngitis, and cervical
lymphadenopathy. You suspect that she has an infection caused by EBV. Which of the following tests is
most likely to confirm your diagnosis?

A. Complete blood count.
B. Heterophile antibody.
C. IgM early antigen test.
D. IgM viral capsid antigen test.
E. Viral culture.

9. Your testing confirms the diagnosis of EBV infection in the patient cited in question 8. Her mother asks
you how to treat the infection and asks if her daughter is likely to suffer complications. Which of the
following is true with respect to these questions?

A. Acyclovir should be administered for 7 days.
B. At her age, airway compromise will probably occur, so she should be hospitalized for monitoring.
C. She would definitely benefit from a trial of corticosteroids.
D. The mother should treat her daughter’s fever and sore throat with acetaminophen or ibuprofen.
E. Hemolytic anemia is a common complication that she likely will experience.

infectious diseases Epstein-Barr virus

384 Pediatrics in Review Vol.32 No.9 September 2011

 at Health Internetwork on September 2, 2011http://pedsinreview.aappublications.org/Downloaded from 

http://pedsinreview.aappublications.org/


Swelling of the Left Side
of the Neck in an Adolescent
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Presentation
A previously healthy 13-year-old girl presents to the
emergency department with a 2-week history of worsen-
ing sore throat and a 4-day history of left neck swelling,
pain, and fever. Results of evaluation by a prior clinician
at the onset of symptoms included a negative rapid
streptococcal antigen test and a positive heterophile anti-
body test, prompting treatment with oral corticosteroids
for 5 days as an anti-inflammatory medication. The girl
now reports pain with swallowing, decreased oral intake,
and left-sided head tilt for the past 24 hours.

On physical examination, the girl has a temperature
of 38.4°C and appears to be in no acute distress. In
addition, her heart rate is 91 beats/min, respiratory rate
is 20 breaths/min, and blood pressure is 119/69 mm
Hg. She has a warm, very tender, firm, anterior, left-sided
1.5-cm mass at the level of the thyroid gland. The mass
moves when she swallows. Findings on the rest of her
physical examination are normal.

Laboratory investigation reveals a white blood cell
count of 17.2�103/�L (17.2�109/L) with 74% neu-
trophils and 14% lymphocytes, hemoglobin of 13 g/dL
(130 g/L), and platelet count of 423�103/�L
(423�109/L). C-reactive protein (CRP) measurement
is elevated at 1.6 mg/dL (normal, 0.3 to 1.0 mg/dL).
Computed tomography (CT) scan of her neck with
intravenous contrast enhancement suggests the diagno-
sis (Fig. 1).

Figure 1. Axial computed tomography scan of the neck with
intravenous contrast enhancement.

*Department of Pediatrics, Children’s Mercy Hospitals & Clinics and The University of Missouri-Kansas City, Kansas City, MO.
†Department of Radiology, Children’s Mercy Hospitals & Clinics and The University of Missouri-Kansas City, Kansas City, MO.
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Diagnosis: Suppurative Thyroiditis
The patient’s physical and laboratory findings and CT
scan of the neck are consistent with acute suppurative
thyroiditis. The CT scan reveals a multilocular inflam-
matory phlegmon/abscess-in-evolution involving the
superior pole of the left lobe of the thyroid gland (Fig.
2,3). The irregular multilobular area of enhancement in
the left upper lobe of the thyroid measures approximately
1.7 cm anteroposterior by 1.8 cm transverse by 1.8 cm
superior-inferior.

Additional studies reveal an elevated thyroid stimulat-
ing hormone (TSH) value of 10.1 mIU/mL (normal,
0.35 to 5.5 mIU/mL) with a normal free thyroxine
concentration of 1.5 ng/dL (19.3 pmol/L) as well as
negative results on thyroid globulin and peroxidase anti-
body testing.

Discussion
The thyroid gland is a rare site of infection due to its
complete encapsulation, large vascular supply, and high
concentration of iodine. The pathogenesis of suppura-
tive thyroiditis includes descending infection from oral
flora through a congenital pyriform sinus fistula, hema-
togenous seeding, direct extension from an adjacent struc-
ture, and spread through a perforated esophagus.

Recurrent episodes of suppurative thyroiditis may oc-
cur in patients who are found to have a pyriform sinus
fistula connecting the oropharynx to a persistent rem-
nant of the fourth branchial pouch. Resection of the
tract is necessary in this situation. Of note, the fistula
most commonly drains to the left side of the gland, and
children who have suppurative thyroiditis typically have
had a preceding upper respiratory tract infection with
subsequent bacterial infection descending to the thyroid
gland through the pyriform sinus tract.

Symptoms of acute suppurative thyroiditis at presen-
tation include neck mass and pain that develops over
days to weeks. Fever is often present. Among potential
associated symptoms are hoarseness, odynophagia, and
dysphagia. Physical findings include a firm, tender neck
mass that moves with swallowing. Overlying erythema
of the mass may be present. Laboratory testing often
reveals an elevated white blood cell count and elevated
inflammatory markers, including erythrocyte sedimenta-
tion rate and CRP. Thyroid function tests typically yield
normal results, but TSH can be mildly suppressed due to
inflammation in the gland. Although the effect of acute
suppurative thyroiditis on thyroid gland function has
not been well described in the literature, it has been
suggested that the disruption of follicles leads to release
of preformed thyroxine and triiodothyronine, with initial
suppression of TSH and transient thyrotoxicosis. Due to
subsequent feedback inhibition, laboratory evaluation

Figure 3. Coronal computed tomography scan of the neck
with intravenous contrast enhancement shows diminished
enhancement of the left thyroid lobe (arrows).

Figure 2. Axial computed tomography scan of the neck with
intravenous contrast enhancement shows heterogenous di-
minished enhancement of the left thyroid tissue (arrows). A
curvilinear focus of hypodensity is evident in the posterior and
lateral portion of the gland (arrowhead).
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may reveal temporary thyroid dysregulation, so the TSH
value can be low, normal, or elevated.

Differential Diagnosis
The differential diagnosis of a neck mass includes cervical
adenitis, thyroid adenoma, goiter, and subacute thyroid-
itis. Radiologic studies can differentiate acute suppura-
tive thyroiditis from these other causes through location,
relationship to the thyroid gland, and extent of inflam-
mation of the thyroid gland. Ultrasonography often is
the first study performed, delineating the location of
the mass in relation to the thyroid gland as well as
distinguishing a cystic from a solid mass. Ultrasonogra-
phy also is useful in determining the presence of an
abscess cavity. CT scan of the neck may reveal an inflam-
matory process in the thyroid gland and the degree of
extension of the abscess. CT scan can evaluate the neck
anatomy more fully than ultrasonography and can ex-
clude the diagnosis of cervical adenitis or other neck mass
based on the location and relationship to the thyroid
gland. Magnetic resonance imaging (MRI) potentially
may demonstrate the inflammation better, although lit-
erature regarding the use of MRI to evaluate acute
suppurative thyroiditis is limited, and MRI may not be
as readily available as a CT scan. Serum thyroid function
studies also should be obtained for all patients who
present with a thyroid mass.

Management
Culture of the abscess often reveals multiple pathogens,
including normal mouth flora and oral anaerobes, Staph-
ylococcus aureus, and Streptococcus pyogenes.

Treatment typically targets the normal flora of the
mouth, including anaerobes, S aureus, and streptococci.
Clindamycin in conjunction with a second- or third-
generation cephalosporin or ampicillin-sulbactam could
be considered for empiric therapy. Ultrasonographic-
guided drainage may be used both diagnostically and
therapeutically. However, incision and drainage may be
required if the abscess cannot be drained adequately by
needle aspiration or if the patient is not clinically im-
proved within 48 to 72 hours after initiation of definitive
therapy. Antibiotic therapy should be targeted specifi-
cally, based on culture results, and typically is continued
for a total of 10 to 14 days. Antibiotic therapy initially is
administered intravenously. After clinical improvement
is seen and antibiotic susceptibilities are available on the
cultured specimen, therapy can be switched to an appro-
priate oral agent.

Once the suppurative thyroiditis is treated satisfacto-
rily and the inflammation has resolved, evaluation for the

presence of a pyriform sinus tract should be undertaken.
The precise timing for such studies is not clear, but Szabo
and Allen (1) identified the pyriform sinus tract ipsi-
lateral to the thyroid in 36 of 38 cases using barium
swallow 2 months after the acute infection. Ultrasonog-
raphy may reveal air in the tract, and a barium swallow
study commonly reveals extravasation of barium to the
site of the thyroid gland. CT scan or MRI may also reveal
a fistulous tract, but these imaging studies are more
costly. False-negative test results do occur, and repeat
testing should be undertaken if infection recurs.

The fistulous tract must be obliterated to prevent
infection recurrence. Several methods have been de-
scribed, including surgical removal, fibrin glue instilla-
tion, and cauterization with trichloroacetic acid.

Patient Course
The patient underwent fine-needle aspiration of the thy-
roid gland. A complex fluid collection in the superior left
lobe of the thyroid gland was aspirated with ultrasono-
graphic guidance and 1 mL of thick, purulent fluid was
obtained. Culture of the aspirated pus grew Eikenella
corrodens and S viridans. The girl responded well to
clindamycin therapy and was discharged after 72 hours
of parenteral therapy, switching to oral amoxicillin-
clavulanate. Subacute thyroiditis related to viral infection
has been reported, and in this patient, the antecedent
Epstein-Barr virus infection may have precipitated bac-
terial seeding that led to this episode of suppurative

Figure 4. Right anterior oblique image of the upper esophagus
after barium swallow showing a curvilinear collection of
barium (arrows) extending into the left cervical soft tissues
consistent with pyriform sinus fistula.
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thyroiditis. Results of repeat TSH measurement after
discharge were normal, and an upper gastrointestinal
radiographic series with barium swallow did not reveal a
pyriform sinus fistula. However, the girl developed a
recurrence of left-sided neck swelling 5 months later and
was treated with a 10-day course of oral amoxicillin-
clavulanate, after which the swelling resolved. Repeat
esophagraphy obtained 2 months after the recurrence
revealed the presence of a pyriform sinus fistula (Fig. 4),
which was later ablated by otolaryngology.

Summary
Acute suppurative thyroiditis is rare, but clinicians
should maintain a high degree of suspicion for this
diagnosis when a patient presents with an acute, painful
neck mass that moves with swallowing. Characteristic
signs and symptoms include left-sided mass, often ac-
companied by fever, odynophagia, and dysphagia. CT
scan and ultrasonography are useful for diagnosis. Anti-
microbial therapy with broad coverage against oral gram-
positive organisms, gram-negative organisms, and anaer-
obes should be initiated empirically. Antibiotic therapy
can be made more specific based on culture results but
should continue to provide coverage of oral anaerobes.
Evaluation for the presence of a pyriform sinus tract
should be undertaken in a child who has had suppurative
thyroiditis. If a pyriform sinus is discovered, it should be
obliterated to prevent recurrent infection.
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The reader is encouraged to write
possible diagnoses for each case before
turning to the discussion.

The editors and staff of Pediatrics in
Review find themselves in the
fortunate position of having too
many submissions for the Index of
Suspicion column. Our publication
slots for Index of Suspicion are filled
through 2013. Because we do not
think it is fair to delay publication
longer than that, we have decided
not to accept new cases for the
present. We will make an
announcement in Pediatrics in
Review when we resume accepting
new cases. We apologize for having
to take this step, but we wish to be
fair to all authors. We are grateful
for your interest in the journal.
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Case 1: Round Opacity on Chest Radiograph,
Cough, and Fever in a Child

Case 2: Groin Pain and Limp in a 10-year-old
Case 3: Focal Neurologic Signs in the Presence of

Sickle Cell Disease
Case 4: Hypoglycemia and Microphallus

in an Infant
Case 1 Presentation
A 5-year-old previously healthy boy
presents from an outside hospital
for further evaluation because of
abnormal chest radiography find-
ings. He developed fever, cough,
and runny nose 2 weeks ago and
was diagnosed as having influenza A.
Due to persistence of the symp-
toms, chest radiography was ob-
tained that showed a round opacity
in the lower lobe of the left lung
(Fig. 1). Cold agglutinin titers were
positive and he was treated with a
course of azithromycin. His symp-
toms improved in 1 week. Follow-up
radiograph showed persistence of
the opacity without any signs of
resolution. CT scan confirmed the
presence of an ovoid mass (6�5�
4.5 cm) in the posterior aspect of the
left lung base (Fig. 2). The boy is
from a rural area and has no pets and
no significant travel history. He has
not lost weight.

On physical examination, the
well-appearing boy has a tempera-
ture of 37.0°C and normal additional
vital signs. Chest examination reveals
reduced air entry in the left lung base
with dullness to percussion. Findings
on the rest of the examination are
unremarkable.

Laboratory investigations show
Hgb of 9 g/dL (90 g/L), WBC
count of 10.5�103/�L (10.5�
109/L), and platelet count of 853�
103/�L (853�109/L). The ESR is
120 mm/hr and C-reactive protein
is 64 mg/L (6.4 mg/dL). Myco-
plasma immunoglobulin M titers are
positive. Blood culture and purified
protein derivative tuberculin test re-
sults are negative. Serology for his-
toplasmosis and coccidioidomycosis
also is negative. Tumor markers such
as �-human chorionic gonadotropin
and �-fetoprotein are undetectable. A
surgical procedure with further labo-

Figure 1. Chest radiograph showing a
round soft-tissue shadow in the left
lung base.

Figure 2. CT scan of the chest showing a
homogenous soft-tissue mass in the left
lung.
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ratory investigation helps to establish
the diagnosis.

Case 2 Presentation
A 10-year-old boy presents with
groin pain and limp of 7 weeks’ du-
ration. He plays basketball but does
not remember a specific traumatic
injury. He complains of right hip and
knee pain that is worse with activity
or flexion of the extremity. Neither
stretching nor walking improves the
pain. He denies other symptoms but
notes some pain at rest. His past
medical history and family history
contain no findings of note.

On physical examination, the
boy appears well developed and well
nourished, with a weight of 51.8 kg
(95th percentile), height of 144 cm
(55th percentile), and body mass in-
dex (BMI) of 25.0 kg/m2 (�90th
percentile). He has normal vital
signs. He has an antalgic limping
gait, and pain is elicited on flexion of
the right hip and knee as well as
internal rotation of the right hip. No

discrepancies in leg length are appar-
ent. All other findings are normal.

Crutches and avoidance of weight
bearing are prescribed. Radiographs
of the pelvis reveal the likely cause of
his condition. Due to the presumed
diagnosis, the boy is referred ur-
gently to a pediatric orthopedist.
Laboratory investigations, requested
by the orthopedist at the time of
consultation, reveal normal thyroid
and growth hormone (GH) results.

Case 3 Presentation
A 3-year-old girl who has known
sickle cell disease (SCD) presents to
the ED with 2 days of decreased ac-
tivity, excessive drooling, and right-
sided weakness (upper and lower
limbs). She has no history of fever,
pain, rash, trauma, seizurelike activ-
ity, or loss of consciousness.

On physical examination, the well-
developed girl has a temperature of
35.9°C, heart rate of 118 beats/min,
respiratory rate of 22 breaths/min,
blood pressure of 114/51 mm Hg,
and pulse oximetry reading of 97%
in room air. Her weight is 15.9 kg
(50th to 75th percentile) and height
is 95 cm (50th percentile). She is
alert, oriented, and in no acute dis-
tress. Her pupils are equal and reac-
tive with normal extraocular move-
ment. Funduscopic examination shows
clear disc margins and normal vessels.
Her oral cavity is normal without
any lesions. Musculoskeletal exami-
nation shows age-appropriate sym-
metric muscle bulk with normal joints.
Neurologic examination shows right-
sided facial drooping when the girl
smiles but not at rest. Cranial nerves
II through XII are grossly intact. She
demonstrates 4/5 strength in her left
upper and lower extremities, and she
drags her left foot when walking. She
is able to answer simple questions
without any apparent slurred speech.
Deep tendon reflexes are exagger-

ated (3�) and equal bilaterally with a
nonspecific plantar response. Other
physical findings are normal.

Laboratory evaluation reveals Hgb
of 6.1 g/dL (61 g/L); Hct of 19.7%
(0.2); WBC count of 15.3�103/�L
(15.3�109/L) with 16% monocytes,
30% lymphocytes, 41% neutrophils,
and 9% basophils; and platelet count
of 356�103/�L (356�109/L). Re-
sults of coagulation studies and a
complete metabolic panel are within
normal limits. An imaging study re-
veals the diagnosis.

Case 4 Presentation
A 4-week-old boy presents with a
2-day history of fussiness and de-
creased oral intake. His mother states
that he has had no vomiting, ab-
dominal distention, upper respira-
tory tract symptoms, or sick contacts.
His rectal temperature is 34.5°C
and heart rate is 90 to 100 beats/
min. He is transferred immediately to
the ED, where he receives fluid resus-
citation and dextrose infusion for a
blood pressure of 63/20 mm Hg and
capillary glucose value of 25 mg/dL
(1.4 mmol/L), after which his serum
glucose improves to 80 mg/dL
(4.4 mmol/L). Septic evaluation, in-
cluding CSF studies, is obtained, and
broad-spectrum antibiotics and acy-
clovir are started. Persistent hypoten-
sion requires a stress dose of hydro-
cortisone and vasopressors. Due to
hypoventilation, he is intubated and
placed on mechanical ventilation.

The boy was born via vaginal de-
livery at 36 weeks gestation after
an uncomplicated pregnancy. The
neonatal period was complicated by
hypothermia, hypoglycemia requir-
ing intravenous dextrose, and hyper-
bilirubinemia, which resolved spon-
taneously. By 9 days of age, he was
maintaining normal serum glucose
concentrations on oral feedings and
was discharged from the hospital.

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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The only abnormality detected on
physical examination is a stretched
penile length of 2.2 cm (normal
�2.5 cm). Laboratory results, in-
cluding CBC, serum electrolytes,
17-hydroxyprogesterone, and serum
and urine organic acid, are normal.
Blood, urine, and CSF cultures are
negative. Other laboratory results
include:
• Insulinlike growth factor-1:

�25 ng/dL (normal, 25 to
265 ng/dL)

• Free thyroxine (T4), 0.7 ng/dL
(9.0 pmol/L) (normal, 0.9 to
2.6 ng/dL [11.6 to 33.5 pmol/L])

• Thyroid-stimulating hormone
(TSH), 2.45 mIU/mL (2.45 IU/L)
(normal, 0.35 to 6.0 mIU/mL
[0.35 to 6.0 IU/L])

• Follicle-stimulating hormone,
0.6 mIU/mL (0.6 IU/L) (nor-
mal, 1.22 to 5.19 mIU/mL]
1.22 to 5.19 IU/L])

• Luteinizing hormone, �0.1 mIU/
mL (0.1 IU/L) (normal, 4.85
to 10.02 mIU/mL [4.85 to
10.02 IU/L])

• Testosterone, �20 ng/dL (0.7
nmol/L) (normal, 60 to 400 ng/dL
[2.1 to 13.9 nmol/L])
The clinical manifestations, labo-

ratory test results, and an imaging
study lead to the diagnosis.

Case 1 Discussion
Gross examination during open tho-
racotomy revealed a firm mass with-
out necrosis that was tightly adher-
ent to the overlying lung paren-
chyma. The mass was removed, and
histopathology showed the presence
of spindle cells with chronic inflam-
mation, suggesting inflammatory myo-
fibroblastic tumor (IMT) of the
lung. The margins were clear with-
out tumor cells. Immunohistochem-
istry was positive for anaplastic lym-
phoma kinase 1 (ALK1), vimentin,
and smooth muscle actin and was

negative for pancytokeratin and CD
34. This staining pattern also favored
the diagnosis of IMT.

Differential Diagnosis
The differential diagnosis for round
or oval radio-opaque pulmonary
shadows in a chest radiograph is
vast, and the most common cause
encountered in children is bacterial
pneumonia. The term “round pneu-
monia” is used when pneumonia
presents in a nonsegmental, well-
defined, round or ovoid-shaped con-
solidation of the lung. Round pneu-
monias commonly are encountered
in children younger than 8 years of
age due to underdevelopment of
interalveolar communications, such
as pores of Kahn and channels of
Lambert.

Streptococcus pneumoniae is the
most commonly reported organism
causing round pneumonia in chil-
dren. If a round opaque shadow does
not resolve with antibiotics, other
causes must be considered, including
pulmonary sequestration, broncho-
genic cyst, round atelectasis, fungal
infections such as histoplasmosis
and coccidioidomycosis, and true
neoplasms of the lung.

Diagnosis
The radiologic appearance of pul-
monary IMT is nonspecific and can-
not be differentiated from the other
causes of persistent round shadows,
such as congenital malformations
and other malignant tumors. Fine-
needle aspiration is not helpful be-
cause many malignant tumors are
surrounded by reactive connective
tissue. Excision biopsy with histo-
pathologic examination is the pre-
ferred diagnostic approach. The
presence of myofibroblasts (spindle
cells) and inflammatory infiltrates
with lymphocytes and plasma cells
are the hallmarks of IMT. Spindle
cells also are seen in spindle cell sar-

comas such as leiomyosarcoma, fibro-
sarcoma, and rhabdomyosarcoma.
The absence of anaplasia, paucity of
mitotic figures, and intermixture of
plasma cells and histiocytes among
spindle cells differentiates IMT from
the sarcomas. Immunohistochemi-
cally, the spindle cells of IMT show
strong diffuse reactivity with vimen-
tin and actin but negative staining
with desmin and cytokeratin. ALK1
expression by most IMTs, but not by
other spindle cell tumors, appears to
be a more specific marker.

The Condition
IMT is a rare mesenchymal neoplasm
commonly occurring in children and
young adults that initially was de-
scribed in the lungs in 1937. The
other common sites include the ab-
dominal cavity and retroperitoneum.
IMTs are known by various names,
such as plasma cell granuloma, in-
flammatory pseudotumor, fibroxan-
thoma, and xanthogranuloma. The
most common presentation of pul-
monary IMT is incidental detection
of a mass by chest radiography.
Cough, fever, dyspnea, chest pain,
and hemoptysis are some of the rare
presenting symptoms. The lower
lobes of the lungs are more com-
monly involved.

The cause and pathogenesis of
these tumors remain uncertain, and
various theories have been proposed.
Whether they represent a primary
inflammatory process or a low-grade
malignancy with a prominent inflam-
matory response remains unclear.
The current understanding of the
pathophysiology of IMT is an abnor-
mal, vigorous immunologic response
by spindle cells to local tissue injury
caused by infections or noninfectious
processes such as trauma or radiation.

Some of the infectious agents re-
ported frequently with IMT of the
lung are Epstein-Barr virus, human
herpesvirus 8, Histoplasma, myco-
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bacteria, and Mycoplasma. However,
no definite etiologic agent has been
identified consistently. In this pa-
tient, the presence of influenza A
and M pneumoniae with IMT may
be only coincidental because of the
short time interval.

Treatment and Prognosis
The clinical course is usually benign,
and complete surgical excision is
curative for most tumors. There is
no proven role for chemotherapy or
radiotherapy. Both local recurrence
and distant metastasis have been re-
ported in some cases because of
incomplete resection. Hence, long-
term follow-up monitoring is recom-
mended.

Lessons for the Clinician
• Round pneumonias are the most

frequent cause of round or oval-
shaped shadows in pediatric chest
radiographs.

• If the opacity does not resolve
with antibiotics, other causes such
as tumors and congenital malfor-
mations should be considered in
the differential diagnosis.

• Excision biopsy is both diagnostic
and curative for most IMTs.

• Because recurrence has been re-
ported in a few cases of IMT, long-
term follow-up monitoring is rec-
ommended.

(Senthilkumar Sankararaman,
MD, Delecia LaFrance, MD, Melissa
Matthews, MD, Kevin Boykin, MD,
Wanda Wells, MD, Louisiana State
University Health Sciences Center,
Shreveport, LA)

Case 2 Discussion
Pelvic radiographs (Fig. 3 and 4)
indicated approximately 3 mm of
displacement of the femoral head
with relationship to the femoral
neck, consistent with slipped capital

femoral epiphysis (SCFE) and best
seen on the lateral view.

Children who have hip disease
present with a multitude of com-
plaints, including limp, inability to
bear weight, fever, and changes in
behavior as well as hip, groin, or
knee pain. Infectious and musculo-
skeletal disorders may present with
similar early symptoms and can be
differentiated based on age and gen-
der. An awareness of variations in

presentation and developmental
anomalies can aid the physician in
evaluation and management. The
clinical presentation can guide the
differential diagnosis. Plain radio-
graphs of the hips, including antero-
posterior (AP) and frog-leg lateral
views, are used to identify specific
musculoskeletal causes but usually
are negative when the cause is inflam-
matory and infectious.

Differential Diagnosis
Due to his abnormal gait and pain
with internal rotation of the hip,
disorders such as SCFE and Legg-
Calvé-Perthes disease were consid-
ered in the differential diagnosis
for this boy. In a child of this age,
other causes of hip or knee pain in-
clude transient synovitis, septic ar-
thritis, juvenile idiopathic arthritis,
muscle strain, Osgood-Schlatter dis-
ease, and benign or malignant neo-
plasm.

The Condition
SCFE is characterized by displace-
ment of the capital femoral epiphysis
from the femoral neck, occurring
primarily during adolescence when
the rapidly growing physis is suscep-
tible to shear forces, particularly in
obese children. The overall incidence
has been estimated to be 1 to 7 per
100,000 children and adolescents,
with a male-to-female ratio of ap-
proximately 1.5:1. The mean age of
presentation coincides with peak
linear growth during puberty. SCFE
may be bilateral at initial presenta-
tion.

Obesity is a significant risk factor
for SCFE, with some studies show-
ing up to 81% of affected individuals
having BMIs greater than the 95th
percentile for age. Atypical SCFE oc-
curs in children outside the usual age
range (either younger or older), usu-
ally in the presence of alternative risk
factors, such as renal failure, genetic

Figure 3. Anteroposterior hip radio-
graph showing displacement of the fem-
oral head in relation to the femoral neck.

Figure 4. Frog-leg lateral radiographic
view of hip shows displacement of the
femoral head in relation to the femoral
neck.
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disorders (Down and Rubinstein-
Taybi syndromes), radiation therapy,
and endocrine disorders such as hy-
pothyroidism and GH deficiency. As
such, SCFE should be considered in
all children who have these disorders
and present with hip, groin, or knee
pain at any age, and if a child presents
with SCFE outside of adolescence or
without obesity, evaluation should
include ruling out the presence of
one of these factors.

SCFE is classified as either stable
or unstable. In stable SCFE, the child
retains the ability to bear weight with
or without crutches. A patient who
has unstable SCFE is unable to bear
weight, suggesting an acute slip,
which carries a worse prognosis due
to the increased likelihood of avascu-
lar necrosis of the femoral head. The
two most common presenting symp-
toms are gait abnormalities and hip,
thigh, or knee pain. Pain may be in-
termittent or chronic and often is
exacerbated by activity. Altered gait
may be antalgic or Trendelenburg
(lurching) when there is a unilateral
defect, whereas a waddling gait is
typical of bilateral involvement. The
affected leg may be shortened and
externally rotated on examination.

Because SCFE often presents with
referred pain to the medial thigh or
knee, physical examination of the
obese child complaining of knee pain
should always include examination of
the hip. The key physical sign indic-
ative of SCFE is limited internal ro-
tation of the hip. Decreased range of
motion or pain in any direction of
manipulation should prompt radio-
graphic evaluation.

AP and lateral radiographs of
both hips are required to diagnose
SCFE. Mild widening and irregular-
ity of the physis may be apparent on
the AP view. The defect, however,
may be apparent only on lateral pro-
jection, which demonstrates anterior
displacement of the neck from the

femoral head. Children who do not
fit the typical profile for SCFE should
be evaluated for secondary causes
with basic metabolic studies and eval-
uations for renal and endocrine dis-
orders.

Therapy and Prognosis
Treatment is based on stabilizing
the affected leg to avoid further slip-
ping and prevent complications. The
patient should be referred immedi-
ately to a pediatric orthopedic sur-
geon for definitive surgical treat-
ment involving screw fixation to sta-
bilize the epiphysis on the femoral
neck. Hospital admission, bed rest,
and avoidance of weight bearing
with crutches may be necessary un-
til surgery can occur. Postoperative
management typically includes 6 to
8 weeks of limited weight bearing
with crutches, followed by gradual
resumption of normal activities.

Patients who have unilateral SCFE
at presentation are at risk for devel-
oping disease in the contralateral
hip, typically presenting within 18
months of initial diagnosis. Contra-
lateral involvement often is asymp-
tomatic, necessitating close follow-up
examination for at least 2 years, al-
though patients who have a high risk
of contralateral involvement may
undergo pinning of the uninvolved
side empirically.

Common complications of SCFE
are osteonecrosis and chondrolysis.
The incidence of osteonecrosis is
highest in acute and unstable slips
but may not be identified until
months after presentation. Chon-
drolysis, characterized by narrowing
of the joint space and loss of articular
cartilage, also occurs following treat-
ment. The incidence of premature
degenerative joint changes is in-
creased in SCFE because many pa-
tients maintain excess weight and
overstress their hip joints.

This patient underwent emergent

corrective surgical repair. He is do-
ing well without any further compli-
cations. He has continued to meet
with the orthopedic physician and
has had repeat plain radiographs of
his contralateral hip, which show no
evidence of slippage.

Lessons for the Clinician

• The pain of SCFE often is referred
to the knee, necessitating exami-
nation of the hip in a teenager who
presents with knee pain.

• Clinicians should maintain a high
degree of suspicion for SCFE when
an obese adolescent presents with
unilateral knee or hip pain.

• Failure to diagnose SCFE in a
timely manner can affect the prog-
nosis adversely.

(Erin Schaffner, MD, Cathi
Badik, MD, Mary Elizabeth Wrob-
lewski, MD, Department of Pediat-
rics, The University of Toledo College
of Medicine, Toledo, OH)

Case 3 Discussion
Magnetic resonance angiography
(MRA) of the head showed occlu-
sion of the supraclinoid carotid arter-
ies and extensive collateral flow con-
sistent with Moyamoya disease (MD)
(Fig. 5).

Figure 5. Magnetic resonance angiogra-
phy of the brain shows extensive collat-
eral vessels.
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Differential Diagnosis
When a patient who has known SCD
presents with unilateral focal neuro-
logic signs, an ischemic cerebral vas-
cular accident (CVA) is the most
common cause. Although cerebral
infarction is the most common
source of stroke in the first 2 decades
of life among patients who have
SCD, from the fourth decade on,
hemorrhagic stroke frequently is the
cause. Emergent neuroimaging (ei-
ther CT scan or MRI of the brain) is
necessary to rule out hemorrhagic
stroke, and CT scan usually is per-
formed in a symptomatic patient if
MRI is not immediately available.

Other conditions to consider in a
patient who has SCD and focal neu-
rologic findings on physical examina-
tion are sinovenous thrombosis and
reversible posterior leukoencepha-
lopathy. MRA may show stenosis in
numerous cerebral arteries in many
patients who have acute infarctions.
MRA should be performed in these
patients to view abnormal vascula-
ture best. MR venography may be
performed in those who have normal
MRA results to look for evidence of
sinovenous thrombosis. Diffusion-
weighted MRI can distinguish be-
tween infarction and leukoencepha-
lopathy, which carries a better prog-
nosis than a CVA.

The Condition
MD is a chronic condition of the
cerebral vasculature associated with
progressive stenosis of the intracra-
nial internal carotid arteries. The di-
agnosis is made by the characteristic
angiographic appearance of bilateral
stenoses affecting the distal internal
carotid arteries and proximal circle of
Willis vessels, along with the pres-
ence of collateral vessels. Moyamoya
is a Japanese word meaning “puff of
smoke.” Thus, the term was used to
describe the “puff of smoke” angio-
graphic appearance of the vascular

collateral network in affected patients.
This smoky appearance is caused by a
large network of new, fragile vessels
that develop to bypass the stenotic
arteries.

MD is most common in patients
of Asian ethnicity. The age of diag-
nosis has a bimodal distribution, with
the first peak around 5 years of age
and the second at about 40 years of
age. Many conditions, such as SCD,
neurofibromatosis type 1, and Down
syndrome, carry a predisposition to
MD. Patients who have a predispos-
ing condition and develop MD are
said to have Moyamoya syndrome.

The presentation of patients who
have MD usually results either from
ischemia due to occluded vessels or
hemorrhage from ruptured collateral
vessels. Most children present with a
transient ischemic attack or cerebral
infarction. Classic symptoms of stroke,
such as hemiparesis, dysarthria, and
aphasia, are common upon presenta-
tion. This pattern reflects events re-
lated to ischemia of the frontal, pari-
etal, or temporal lobes that are
supplied by the branches of the inter-
nal carotid artery. The symptoms
may be transient or fixed.

In pediatric patients, ischemic
events classically are induced by hy-
perventilation, as when crying or
blowing when playing a wind instru-
ment. Adults present with hemor-
rhage more commonly than chil-
dren. Patients also may present with
the abrupt onset of seizures or head-
aches that are refractory to medical
therapy.

Management and Prognosis
Current intervention for MD at-
tempts to improve cerebral blood
flow and decrease the risk of future
ischemic events. No therapy can alter
the progressive course of the pri-
mary disease. Surgical management
has become the treatment of choice.
Surgical interventions involve either

direct or indirect revascularization
techniques.

Direct techniques use reanasto-
moses from unaffected arteries to im-
prove cerebral blood flow. Branches
of existing arteries that have good
blood flow can be connected distal
to areas of stenosis. Typically, the
external carotids are connected di-
rectly to a cortical artery for revascu-
larization.

Alternatively, indirect methods in-
volve placing well-vascularized brain
tissue supplied by the external ca-
rotid near undervascularized brain
tissue to promote revascularization
in those areas. Medical management
with antiplatelet agents can prevent
further thrombosis of current ste-
notic vasculature and collaterals as
well as embolic events from previ-
ously formed microthromboses.

The prognosis for a patient who
has MD depends on his or her age.
Younger patients and those who are
less functional before surgery have
poorer outcomes.

This patient was hospitalized in
the critical care unit and received red
blood cell apheresis and multiple
packed red blood cell transfusions.
She subsequently underwent a direct
reanastomosis procedure and had an
uncomplicated postoperative course.
After discharge from the hospital,
she began to receive transfusion ther-
apy every 3 weeks and has remained
stroke-free.

Lessons for the Clinician

• Moyamoya disease or syndrome
should be considered in patients
who have recurrent strokes, espe-
cially those of Asian ethnicity or in
those who have conditions known
to be associated with Moyamoya
syndrome.

• MRA can demonstrate underlying
stenotic or occlusive lesions in the
cerebral vasculature.
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• Medical management and surgical
revascularization can decrease the
risk of future stroke.

(Kevin Bielamowicz, MD, Amir
Mian, MD, MS, University of Arkan-
sas for Medical Sciences, Arkansas
Children’s Hospital, Little Rock, AR)

Case 4 Discussion
This patient’s hypoglycemia together
with microphallus suggested GH de-
ficiency and possible adrenocortico-
tropic hormone (ACTH) deficiency
that might have resulted in a low
cortisol value at the time of presenta-
tion. This pattern raised the possibil-
ity of hypopituitarism, prompting
MRI of the brain, which showed a
small hypoplastic anterior pituitary
gland, absent pituitary stalk, and ec-
topic posterior pituitary with small
bilateral optic nerves (Fig. 6). These
MRI findings, along with the labora-
tory evidence of panhypopituitarism
(central hypothyroidism represented
by low free T4 with normal TSH,
gonadotropin and testosterone defi-
ciency, and low cortisol values) were
consistent with a diagnosis of septo-
optic dysplasia (SOD).

This patient’s vasopressor medica-
tions and ventilatory support were

weaned successfully over 2 to 3 days.
He was started on hydrocortisone
1 mg three times a day (13.6 mg/m2

per day) and levothyroxine 25 �g
daily. His hypoglycemia persisted de-
spite frequent feedings and resolved
after starting recombinant GH ther-
apy (0.04 mg/kg per day).

Neonatal Hypoglycemia
With the interruption of placental
blood supply at birth, the newborn
initiates endogenous glucose pro-
duction. This capability is achieved
by a series of adaptations that require:
• An intact hormonal system to

stimulate glucose production
• Adequate glycogen stores
• A flawless enzyme system for gly-

cogen breakdown and gluconeo-
genesis

• A continuous supply of substrates
in the form of fat and amino acids
Any break in this system can lead

to hypoglycemia in the newborn
period. A blood glucose value of
less than 35 mg/dL (1.9 mmol/L)
or serum glucose value of less than
40 mg/dL (2.2 mmol/L), although
controversial, generally is accepted as
indicating hypoglycemia.

Signs and symptoms of neonatal
hypoglycemia can be as subtle as trem-
ors, irritability, jitteriness, high-pitched
cry, hypothermia, temperature insta-
bility, poor suck, refusal to feed, irreg-
ular rapid breathing, and exaggerated
reflexes. More severe symptoms, such
as seizures, listlessness, lethargy, and
hypotonia, usually are due to cerebral
glucopenia.

Neonatal hypoglycemia can be
transient, as seen with birth asphyxia,
sepsis, the infant of diabetic mother,
polycythemia, hypothermia, macro-
somia, or intrauterine growth restric-
tion. However, hypoglycemia can
also be recurrent or persistent (last-
ing beyond the first postnatal week),
as seen in hyperinsulinism, endocrine
deficiencies such as panhypopituita-

rism, isolated GH deficiency, and hy-
pothyroidism, or in hereditary meta-
bolic defects involving carbohydrate,
amino acid, or fatty acid metabolism.

Hyperinsulinism is the most com-
mon cause of persistent hypoglyce-
mia and requires glucose infusion
rates of 10 to 15 mg/kg per minute
to maintain euglycemia. This patient,
however, remained euglycemic at a
glucose infusion rate of 4 mg/kg
per minute (normal, 4 to 8 mg/kg
per minute), which makes underly-
ing hyperinsulinism unlikely.

Whenaneonatehaspersistenthypo-
glycemia, obtaining a “critical sam-
ple” to assess GH, cortisol, ACTH,
insulin, and free fatty acids at the
time of hypoglycemia is essential for
diagnosis. The timing of sampling is
important because a hypoglycemic
state is the best time to assess coun-
terregulatory hormone deficiency,
and prompt replacement therapy
can be lifesaving. In this patient,
the critical sample showed a cortisol
value of 1.3 �g/dL (35.9 nmol/L) at
a serum glucose concentration of
51 mg/dL (2.8 mmol/L). Therefore,
hydrocortisone therapy was started.

About 20% of neonates who have
hypopituitarism have hypoglycemia.
Clues to hypopituitarism as the cause
of neonatal hypoglycemia include
micropenis, which may be the only
abnormal physical finding. Other
possible physical findings in male in-
fants are a hypoplastic scrotal sac and
bilateral undescended testes. How-
ever, these findings are not universal;
they are suggestive of hypogonadism
and should prompt a pituitary evalu-
ation.

The Condition
SOD, or de Morsier syndrome, is the
most common CNS structural lesion
causing hypopituitarism. The inci-
dence is 1 in 10,000 and diagnosis is
based on the presence of at least two
of the following:

Figure 6. MRI of the brain shows ecto-
pic posterior pituitary and small hyp-
oplastic anterior pituitary glands.
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• Optic nerve hypoplasia
• Midline forebrain defects (such as

agenesis of the corpus callosum or
absent septum pellucidum)

• Pituitary hypoplasia with variable
hypopituitarism

One third of patients born with
SOD manifest the complete triad,
62% have hypopituitarism to some
degree, and 60% have absent septum
pellucidum. Associated features can
include cavum septum pellucidum,
cerebellar hypoplasia, schizenceph-
aly, and aplasia of the fornix. Neuro-
logic manifestations, ranging from
focal deficits to global developmental
delay, are common (75% to 80%).

Optic nerve hypoplasia may be
unilateral (12%) or bilateral (88%)
and may be the first presenting fea-
ture, with pituitary hormone deficien-
cies appearing later in life. Affected
children may present with “wander-
ing” or “searching” nystagmus.

GH deficiency is the most com-
mon endocrine defect seen in SOD,
followed by TSH and ACTH defi-
ciency. Sexual precocity or failure to
develop puberty may occur later in
life. Long-term follow-up evaluation
is recommended to monitor the pi-
tuitary deficiencies that may evolve
over time.

Although most cases of SOD still

have no identifiable mutation, a se-
ries of pituitary transcription factors
that regulate development of the
gland and its cellular organization
have been implicated as the genetic
basis for some cases. Examples include
HESX1 (also called Rathke pouch
homeobox), LHX4, SOX2, and
SOX3. This patient was tested for
HESX1 and LHX4 mutations and was
negative for both.

Management
Treatment of SOD is symptomatic.
Hormone replacement therapy is
used for the specific hormone de-
ficiencies. Replacement of cortisol
must be undertaken before starting
any other hormone replacement to
avoid precipitating an adrenal crisis.
The optical problems associated
with SOD generally are not treatable.
Vision, physical, and occupational
therapies may be required. This pa-
tient continues to receive hormone
replacement and is growing well. He
has not had any further episodes of
hypoglycemia.

Lessons for the Clinician

• A male infant who has hypoglyce-
mia and a small phallus should be
presumed to have hypopituitarism
until proven otherwise.

• Obtaining a critical sample is a sim-
ple and reliable diagnostic tech-
nique for evaluating the adequacy of
counterregulatory mechanisms in
the infant who has hypoglycemia.

• CNS imaging, preferably MRI, is a
useful diagnostic tool for evaluating
infants who have prolonged hypo-
glycemia

(Amit Lahoti, MD, Hanaa Zidan,
MD, Children’s Hospital of Michigan,
Detroit, MI)

EDITOR’S NOTE. This case was se-
lected for publication from the 10
finalists in the 2010 Clinical Case
Presentation program for residents
held by the Resident Section of the
American Academy of Pediatrics
(AAP). Choosing which case to pub-
lish involved consideration of the
teaching value and excellence of writ-
ing as well as the content needs of the
journal. Another case will be chosen
from the finalists presented at this
year’s AAP National Conference and
Exhibition and published in 2012.—
DMK

To view Suggested Reading lists
for the cases, visit pedsinreview.
aappublications.org and click on In-
dex of Suspicion.
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In Brief
Scoliosis
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Screening for Idiopathic Scoliosis in
Adolescents. Richards S, Vitale M.
J Bone Joint Surg Am. 2008;90:
195–198

Screening for Adolescent Idiopathic
Scoliosis. Policy Statement. US Pre-
ventive Services Task Force. JAMA.
1993;269:2664–2666

Scoliosis is a lateral curvature of the
spine. Although it can result from a
variety of causes, more than 60% of
all cases are considered idiopathic.
Eighty percent of idiopathic scoliosis
occurs in adolescents, while infantile
scoliosis (ages 0 to 3 y) and juvenile
scoliosis account for 1% and 12% to
21% of cases, respectively. Nonidio-
pathic scoliosis, about one third of
all cases, is associated with underlying
neurologic disorders (cerebral palsy,
myelomeningocele, tethered cord syn-
drome, spinal muscular atrophy, syrin-
gomyelia, muscular dystrophy, Friedrich
ataxia, Riley-Day syndrome), musculo-
skeletal disorders (leg length discrep-
ancy, developmental dysplasia of the
hip, osteogenesis imperfecta, Klippel-
Feil syndrome), and connective tissue

disorders (Marfan syndrome, Ehlers-
Danlos syndrome, homocystinuria).

The primary tasks for the clinician
when scoliosis is diagnosed are to:
1) determine whether the condition is
idiopathic or if there is an underlying
cause and 2) measure the curvature and
ascertain whether it is likely to worsen.
The major factors influencing the pro-
gression of the curve are sex, potential
for future growth, and the magnitude
of the curve at the time of diagnosis.
Mild curvature of the spine (10 to 30
degrees) occurs equally in males and
females, but 80% to 90% of patients
who have curves greater than 30 de-
grees are females. The more potential
for growth, the greater is the risk that
the curvature will worsen. Growth po-
tential can be determined by assessing
Sexual Maturity Rating (SMR) on phys-
ical examination and Risser grading on
radiography. Risser grading is a mea-
surement of the ossification of the iliac
apophysis: 0 is no ossification, grade 1
is up to 25% ossification, grade 2 is 26%
to 50% ossification, grade 3 is 51% to
75% ossification, grade 4 is 76% to
99% ossification, and grade 5 is com-
plete ossification. The lower the SMR
stage and Risser grade, the greater is
the risk that the scoliosis will progress.
The magnitude of the curve is measured
on radiograph by determining the Cobb
angle: an angle derived from the posi-
tions of the most tilted vertebrae above
and below the apex of the curve. The
greater the Cobb angle, the higher is
the risk of progression.

The adverse effects of progressive
scoliosis include cosmetic deformity
with its potential for social and psycho-
logical consequences both during child-
hood and adulthood; the financial costs
of therapy; and although the associa-

tion is controversial before adulthood,
the development of chronic back pain.
With extreme curvatures (possibly �50
degrees, certainly �75 degrees), scoli-
osis can lead to respiratory compromise
as well. Because scoliosis often occurs
without symptoms, the concept of uni-
versal screening during the adolescent
years has been advocated, both through
screening in school and by routine ex-
amination during health supervision
visits. School-based screening was be-
gun in 1984 and endorsed by the Amer-
ican Academy of Orthopaedic Surgeons
(AAOS), with the underlying conviction
that early detection of scoliosis when
the deformity may have gone unnoticed
can lead to nonoperative treatment
that can have a positive impact on
long-term outcome.

The primary screening test is the
physical examination, which includes
visual inspection of the back with the
patient standing upright and the Adams
forward bending test. With this test,
the patient stands with feet together
and knees straight and slowly bends
forward from the waist, as if to touch
the toes, allowing the arms to hang
with palms touching. The examiner,
with eyes level with the back, looks for
asymmetry of one scapula or one side
of the rib cage or the paraspinous
muscles more prominent than the other.
A scoliometer, which is a variation of a
carpenter’s level, is useful for quantify-
ing the degree of chest deformity, both
in the initial evaluation and in follow-
ing progression of the curve. The degree
measurements noted on the scoliom-
eter are not equivalent to the degrees
of the Cobb angle. Many clinicians use
a scoliometer measurement of 6 to 7
degrees or more as an indication for
obtaining radiographs. If scoliosis is
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suspected based on physical examina-
tion findings, a radiograph of the back
should be considered to measure the
degree of curvature (ie, the Cobb angle)
and the Risser grade.

Screening is not without its difficul-
ties. Almost one third of patients who
are identified as having scoliosis by
school screening programs are found on
further investigation to have no abnor-
mality. In 1996, the United States Pre-
ventive Services Task Force (USPSTF)
concluded that evidence was insuffi-
cient to make a recommendation for or
against screening. However, the USPSTF
changed its position in 2004, recom-
mending against routine screening of
asymptomatic adolescents for idiopathic
scoliosis because of the low predictive
value, the relatively small percentage
of children whose curves progress, and
the possibility of screening leading to
unnecessary treatment, including the
use of braces. This change in position
was influenced by a study in the Neth-
erlands that showed no significant re-
duction in the need for scoliosis sur-
gery attributable to screening. Patients
detected by screening were significantly
younger at diagnosis than patients who
were detected otherwise. Further, pa-
tients detected by routine screening had
additional years of concern about their
scoliosis, and although they were more
likely to be treated with bracing, they did
not have better final outcomes.

The USPSTF urges that instead of
routine screening, clinicians should
evaluate scoliosis when it presents as a
symptom or is found incidentally. If
scoliosis screening is undertaken, the
AAOS, Scoliosis Research Society, Pedi-

atric Orthopaedic Society of North
America, and the American Academy
of Pediatrics (AAP) agree that girls
should be screened twice, at ages 10 and
12 years, and boys once at 13 or 14 years.
The AAP Bright Futures recommends ex-
amination of the back at adolescent
health supervision visits, which can in-
clude the forward bend test.

Treatment of scoliosis begins with a
focused history and physical examina-
tion, looking for an underlying cause
of the curvature. In cases of idiopathic
scoliosis, intervention is aimed at pre-
venting, or at least minimizing, cos-
metic deformity, respiratory compromise,
and significant pain. Exercise therapy
has been advocated, but there is no
evidence that it reverses or even slows
the progression of curvature. Bracing
uses mechanical force to straighten
the spine, but whether it can reliably
prevent progression of the curve is
less certain. One of the major issues
with brace therapy is the difficulty that
adolescents have in adhering to the
regimen, with one study showing only
15% compliance and reporting that
most patients wore their braces only
65% of the recommended time. In
general, bracing can be considered for
curves between 20 and 40 degrees in
patients who still have significant
growth potential. With skeletal matu-
ration, as evidenced by a high Risser
grading, such curves should not need
intervention. For curves greater than
40 degrees, surgery using spinal fusion
and any of a variety of instrumentation
techniques is the generally recom-
mended treatment.

Comment: Two controversial ques-
tions for the pediatrician surrounding
scoliosis are whether to screen rou-
tinely, and in a child complaining of
backache who has a curve, how likely
is scoliosis an explanation for the pain.
The problem with routine screening is
that it is poorly predictive of patients
who will ultimately benefit from inter-
vention. Most children identified by
routine screening in early adolescence
either do not have scoliosis or have
curves that require no treatment. These
children will more than likely be irradi-
ated at least once, if not serially, and
will face anxiety over whether they
will become “deformed” or need sur-
gery. The argument for routine screen-
ing becomes more difficult in the ab-
sence of solid evidence that early
bracing really retards curve progression.
If it does not, curves destined to war-
rant surgery will progress despite early
screening.

As for back pain and scoliosis, al-
though long-term follow-up studies
support the association of scoliosis and
chronic back pain in adulthood, the
evidence among pediatric patients is
less clear. When a child or adolescent
who has scoliosis complains of back
pain, consideration should be given to
the possibility of the scoliosis not be-
ing idiopathic, an underlying musculo-
skeletal or neurologic cause producing
the pain, or the back pain being unre-
lated to the scoliosis. Who said practic-
ing medicine is easy?

Henry M. Adam, MD
Editor, In Brief

Parent Resources from the AAP at HealthyChildren.org
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/
orthopedic/pages/scoliosis.aspx.
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Congenital Amegakaryocytic Thrombo-
cytopenia and Thrombocytopenia
With Absent Radii. Geddis AE.
Hematol Oncol Clin North Am.
2009;23:321–331

Thrombocytopenia Absent Radius Syn-
drome. Toriello HV. GeneReviews.
2009. Accessed June 2011 at:
http://www.ncbi.nlm.nih.gov/books/
NBK23758/

Complex Inheritance Pattern Resem-
bling Autosomal Recessive Inheri-
tance Involving a Microdeletion in
Thrombocytopenia-Absent Radius
Syndrome. Klopocki E, Schulze H,
Strau� G, et al. Am J Hum Genet.
2007;80:232–240

Thrombocytopenia-Absent Radius Syn-
drome: A Clinical Genetic Study.
Greenhalgh KL, Howell RT, Bottani A,
et al. J Med Genet. 2002;39:
876–881

Thrombocytopenia With Absent Radius
(TAR). Hall J, Levin J, Kuhn JP,
Van Berkum KA, McKusick VA.
Medicine. 1969;48:411–439

Thrombocytopenia absent radius (TAR)
syndrome (MIM #2740000) is a rare

condition characterized by bilateral ab-
sence of radii, severe thrombocyto-
penia with platelet counts less than
50�103/�L (50�109/L), and the pres-
ence of both thumbs. Associated
multisystem congenital abnormalities
frequently affect the gastrointestinal,
skeletal, genitourinary, and cardiac sys-
tems. TAR syndrome was first described
in 1959 and defined as a syndrome in
1969 by Hall and associates.

The inheritance pattern of TAR is
uncertain. Autosomal recessive inheri-
tance was inferred from reports of
families having several affected chil-
dren born to unaffected parents, but
other reports suggested autosomal
dominance with variable penetrance. In
a study by Klopocki and colleagues,
all 30 individuals born with TAR syn-
drome who were studied manifested a
microdeletion of the 200-kb region at
chromosome band 1q21.1. Analysis re-
vealed that 75% of unaffected parents
in this cohort had the microdeletion,
and the deletion occurred de novo in
25%. Deletion of this segment on chro-
mosome 1q21.1 is necessary but not
sufficient to cause the phenotype, sug-
gesting an additional modifier gene for
disease expression. In individuals born
with bilateral absence of the radius and
the presence of thumbs, the identifica-
tion of this microdeletion is proposed
to be sufficient to verify the diagnosis
of TAR syndrome.

The diagnosis classically is based on
clinical characteristics. Newborns born
with bilateral radial aplasia who have
thumbs should be evaluated for throm-
bocytopenia, and the platelet measure-
ment should be repeated whenever
there is physical evidence of increased
bleeding (eg, bruising, petechiae). More
than 50% of affected infants are symp-

tomatic and have severe thrombocyto-
penia in the first week after birth (10 to
100�103/�L [10 to 100�109/L]). More
than 90% become symptomatic within
the first 4 postnatal months. Platelet
counts improve over the first year and
can recover spontaneously to near-
normal values as the child gets older.
Platelets are normal in size and granu-
larity. Bone marrow examination shows
reduction in the size and number of
megakaryocytes. The hypomegakaryo-
cytic thrombocytopenia is associated
with a dysmegakaryocytopoiesis char-
acterized by a blockage of cellular dif-
ferentiation at an early stage. There is
a lack of response to thrombopoietin
despite normal receptors on the mega-
karyocytes.

Gastroenteritis related to ingestion
of cow milk can precipitate symptom-
atic thrombocytopenia. Transient leu-
kemoid reactions with white blood cell
counts greater than 35�103/�L (35�
109/L) have been reported, as have case
reports of leukemia but not of bone
marrow failure.

The primary conditions that must be
considered in the differential diagnosis
of TAR syndrome are Fanconi anemia
(thrombocytopenia usually presents
later than in TAR syndrome), Holt-Oram
syndrome (thumb often absent), Rob-
erts syndrome (microcephaly and intel-
lectual disability), and RAPADILINO
syndrome (radial hypoplasia, absent
thumbs, other anomalies, diarrhea in
infancy).

Other clinical manifestations of TAR
syndrome include additional skeletal
abnormalities of the upper extremity
(phocomelia, hypoplasia of the ulna or
humerus, club hand, syndactyly, clino-
dactyly). Although lower extremity
anomalies occur in 47% of cases, usu-
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ally these are less severe than the upper
limb anomalies. Cardiac anomalies oc-
cur in 15% to 33% of cases (septal
defects most commonly). Facial anom-
alies occur in 53% of patients (micro-
gnathia, tall and broad forehead, low
and posteriorly rotated ears). Macro-
cephaly is seen in 76% of patients, and
95% have short stature. Problems with
gastroenteritis caused by cow milk in-
tolerance are common in 47% to 62%
of patients, presenting with vomiting,
diarrhea, and failure to thrive. Genito-
urinary anomalies with renal involve-
ment occur in 23%. Learning difficul-
ties are rare.

Platelet transfusion is the mainstay
of treatment for thrombocytopenia. Mor-
tality is due primarily to intracranial
hemorrhage during the neonatal and
early infancy period, with the highest
risk in the immediate perinatal period.
Maintaining platelet counts within safe
ranges for the first 72 to 96 hours after
birth with prophylactic transfusions may
be needed. Leukocyte-reduced platelet
concentrates are recommended to min-
imize the risk of human leukocyte an-
tigen (HLA) alloimmunization. Allo-
immunization also can be delayed by
giving single-donor platelets or by us-
ing a limited number of dedicated HLA-
matched donors.

Because thrombocytopenia usually
resolves spontaneously after the first
postnatal year, bone marrow transplan-
tation is not indicated. Precautions
should be used to avoid trauma, in-
cluding use of a soft helmet. Prolonged
pressure on immunization injection
sites and local pressure with bleeding,
such as with epistaxis, is recommended.
Avoidance of medications that impair
platelet function, such as nonsteroidal
anti-inflammatory drugs, also is impor-
tant. Alternative treatments with inter-
leukin-6 and erythropoietin have been
used to reduce thrombocytopenia.

Orthopedic interventions to maxi-
mize function include prostheses, or-
thotics, adaptive devices, and surgery.
Delaying surgery for repair until a pa-
tient is older and has less risk of throm-
bocytopenia is prudent. Adaptive de-
vices provide independence in feeding,
dressing, and toileting. Referral for ge-
netic counseling for the family and
patient is warranted. The prognosis for
patients born with TAR syndrome is
very good, including a normal life span
if they survive the first year after birth.

Comment: I remember attending a
delivery in which the patient’s father
appeared to have absent radii syn-
drome. Prenatal ultrasonography had

not revealed any problem, but the pre-
cision of ultrasonography at that time
was not very good. The infant’s father
ran over to the warmer to view the
infant as I examined her. His tears of
joy that she appeared to have normal
extremities led to a fairly emotional
experience for all the clinicians in the
delivery room. This case demonstrated
to me both the functional challenges
this man must have faced during his life
with this condition and the uncertainty
of the genetic inheritance. Fortunately,
prenatal testing and more sensitive ul-
trasonography now are available, help-
ing families to gain more information
during the pregnancy.

The potential for multiple organ in-
volvement in TAR syndrome makes it
prudent to examine the extremities
closely in addition to the cardiac, gastro-
intestinal, and genitourinary systems of
affected patients. Pediatricians should
involve genetic counselors to provide
families the best information about in-
heritance patterns. Current research is
investigating the genetic transmission
patterns and new therapies for early
treatment of the thrombocytopenia.

Janet R. Serwint, MD
Consulting Editor, In Brief
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than DG, Ginsburg D, Look AT, Fisher
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Hematology of Infancy and Child-
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Pyruvate Kinase Deficiency and Disor-
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Heritable hematologic disorders are con-
siderably more common than inherited
cancer syndromes, ranging from mild
conditions marked by laboratory abnor-
malities to severe and life-threatening
diseases. Screening patients who have
a positive family history is important to
avoid unnecessary interventions, initi-

ate appropriate treatment if necessary,
and perhaps most importantly, provide
genetic counseling.

Hemoglobinopathies include both
the formation of mutated hemoglobin
and decreased production of the globin
chains. Sickle cell disease is an auto-
somal recessive disorder caused by a
mutation in the �-globin chain. During
periods of low oxygen tension, the red
blood cells (RBCs) are prone to sickling,
leading to vasoocclusion. Some of the
consequences of vasoocclusive crisis in-
clude bone pain, splenic sequestration,
acute chest syndrome, and cerebrovas-
cular accidents. Patients have anemia
and increased RBC turnover from he-
molysis. The long-term complications of
the disease reduce the life expectancy
of affected individuals to the mid-40s.
Sickle cell disease is part of the new-
born screen in many states. Hemoglobin
C and hemoglobin E are less common
hemoglobinopathies that lead to mild
anemia in the homozygous individual.
Compound heterozygotes, S/C or S/E,
have more severe disease, with risk for
vasoocclusive crises.

Thalassemia does not involve a mu-
tated chain but rather decreased pro-
duction of a globin chain. Patients who
have �-thalassemia trait have de-
creased production of �-globin chains,
leading to a mild microcytic anemia.
Different polymorphisms lead to vari-
able production of �-globin. In the
most severe form, homozygous patients
who have no �-globin production have
severe anemia and are transfusion-
dependent. Because there are four genes
for �-globin production, patients born
with �-thalassemia have variable de-
grees of decreased production of the
�-globin chain, depending on how many
genes are affected. Loss of all four
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alleles usually leads to fetal demise dur-
ing pregnancy. For all these diseases,
genetic counseling is vital in educating
families about potential risks for future
children.

Heritable hemolytic diseases include
disorders of the RBC membrane as well
as disorders of glycolysis. Hereditary
spherocytosis, the most common disor-
der of the RBC membrane, is inherited
most often in an autosomal dominant
pattern and causes anemia, jaundice,
reticulocytosis, gallstones, and spleno-
megaly. Patients who have a severe
phenotype may require splenectomy.
As in spherocytosis, the inheritance of
hereditary elliptocytosis is autosomal
dominant. Many patients are asymp-
tomatic and have mild, compensated
hemolysis; patients who have higher
percentages of elliptocytes may have
mild anemia. All should be screened for
gallstones.

Because RBCs lack mitochondria
and depend solely on glycolysis to meet
their requirement for adenosine tri-
phosphate, deficiencies in the glycolysis
pathway lead to chronic hemolysis. De-
pending on the enzyme deficiency, the
hemolysis ranges from mild to severe,
with some patients requiring chronic
transfusion therapy. Patients also may
suffer from hyperhemolytic crises after
exposure to infection or drugs. Pyruvate
kinase is the most common glycolysis
pathway deficiency, but all the enzymes
have been implicated, and all are inher-
ited in an autosomal recessive pattern,
except for X-linked phosphoglycerate
kinase deficiency. As with all patients
who are transfusion-dependent, iron over-
load becomes a major factor in morbidity.

Although enzyme deficiencies of
glycolysis are rare, glucose-6-phosphate
dehydrogenase (G6PD) deficiency is
extremely common, inherited in an X-
linked pattern and affecting more than
500 million people worldwide. The ma-
jor role of G6PD is the production of
the reduced form of nicotinamide ade-
nine dinucleotide phosphate (NADPH),

which is critical for preventing oxida-
tive damage to RBCs. Patients born
with G6PD deficiency rarely have ane-
mia, except when exposed to oxidative
stress, which predisposes the patients
to RBC lysis. Although notoriously un-
predictable, lysis can occur on a mas-
sive scale with exposure to certain
medications, infections, or fava beans,
leading to profound anemia.

The most common inherited bleed-
ing disorders involving factors of the
coagulation cascade are hemophilia
A and B, resulting from deficiencies in
factors VIII and IX, respectively. The
genes for these two factors are located
on the X chromosome, and one third of
patients have a new mutation and no
family history of the disorder. Classi-
cally, patients bleed into joints and
muscles, but 30% of boys present with
bleeding from circumcision. All the other
factor deficiencies are much rarer and
are inherited in an autosomal recessive
pattern. Their bleeding complications
range from mucocutaneous bleeding to
spontaneous intracranial hemorrhage.
von Willebrand disease results from a
defect in von Willebrand factor and has
several distinct disease manifestations.
The most common, type 1, is inherited
as an autosomal dominant disorder with
variable penetrance. Patients primarily
have symptoms of mucocutaneous bleed-
ing: nosebleeds, bruising, heavy men-
strual bleeding, and postoperative or
postpartum hemorrhage.

Inherited platelet defects include
both functional and quantitative disor-
ders. In Glanzmann thrombasthenia, an
autosomal recessive disorder, platelets
lack glycoprotein IIbIIIa, which binds
platelets to fibrinogen, leading to poor
clot formation. Patients have normal
platelet counts but suffer from recur-
rent nosebleeds, gastrointestinal bleed-
ing, and menorrhagia. Excessive bleed-
ing from pregnancy, minor surgery,
tooth extraction, or trauma can be life-
threatening.

Bernard-Soulier syndrome, another

autosomal recessive qualitative platelet
defect, is caused by a deficiency of
glycoprotein Ib, which binds platelets
to von Willebrand factor and thrombin.
As with Glanzmann thrombasthenia,
affected patients have mucocutaneous
bleeding, but they may also have throm-
bocytopenia with characteristic giant
platelets.

Among the more common inherited
quantitative disorders of platelets is
thrombocytopenia with absent radii
syndrome, an autosomal recessive dis-
order characterized by thrombocytope-
nia and bilateral absence of the radii
with presence of the thumbs. In most
patients, the platelet count improves
slowly, reaching normal concentrations
after the first postnatal year. Wiskott-
Aldrich syndrome, another quantitative
platelet disorder, is X-linked and char-
acterized by small platelets, severely
depressed total platelet counts, ec-
zema, and impaired immune function.

Inherited deficiency of any plasma
protein that regulates factors in the
clotting cascade can predispose to
thrombosis. Antithrombin deficiency,
inherited in an autosomal dominant
pattern with variable penetrance, puts
affected patients at risk for venous
thrombosis that can occur spontane-
ously or in relation to pregnancy, oral
contraceptive use, surgery, or trauma.
Forty percent of patients develop pul-
monary embolism. Both heterozygous
protein C and protein S deficiency pre-
dispose to venous thrombosis and pul-
monary embolism, with a more severe
phenotype occurring in patients who
are homozygous.

The extremely common factor V
Leiden mutation results in factor Va
being resistant to degradation by acti-
vated protein C. The incidence of ve-
nous thromboembolism in heterozygote
carriers is low but increases in patients
who are homozygous for the mutation.
Compound heterozygotes for factor V
Leiden and deficiencies of antithrombin,
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protein C, or protein S are at significantly
greater risk of venous thrombosis.

Prothrombin G20210A mutation in-
creases prothrombin biosynthesis by
the liver, leading to a predisposition to
venous thrombosis. Homozygous defi-
ciency in methylenetetrahydrofolate re-
ductase causes hyperhomocysteinemia
and increased risk for arterial and ve-
nous thrombosis. Patients who have a
family history of pulmonary embolism
or recurrent deep venous thrombosis
should be screened when placed at
particular risk for clot formation, as
with prolonged postoperative immobi-
lization or when initiating oral contra-
ceptive use.

Inherited cancer syndromes are
rare, but recognizing children who have
a family history consistent with a her-
itable cancer allows for appropriate
screening, counseling, and ultimately,
decreasing the morbidity and mortality
from the predisposition to malignant
neoplasms.

Li-Fraumeni syndrome, an auto-
somal dominant predisposition to can-
cer caused by a mutation in the p53
gene, should be considered in a family
in which a proband has a sarcoma
diagnosed before the age of 45 years,
a first-degree relative has any cancer
before the age of 45 years, and another
first- or second-degree relative has ei-
ther cancer before the age of 45 years
or a sarcoma at any age. Multiple tumors
are associated with the Li-Fraumeni
phenotype, including soft-tissue sarcoma,
osteosarcoma, adrenocortical carcinoma,
premenopausal breast cancer, leukemia,
and brain tumors. Germline p53 muta-
tions are reported in 50% to 80% of
patients who have adrenocortical car-
cinoma; fewer than 10% of children
who have osteosarcoma or rhabdomyo-
sarcoma; and 1% to 2% of women who
have familial, early-onset, or bilateral
breast cancer. If patients meet the cri-
teria for Li-Fraumeni syndrome, genetic
testing is recommended for mutations
in p53. Screening tests for affected

families include renal ultrasonography
quarterly and annual total body mag-
netic resonance imaging.

Patients who have the heritable
form of retinoblastoma have a germline
mutation in the RB1 gene. They present
at a younger age and have increased
propensity for bilateral tumors and
multiple primary tumors. Some 15% of
patients who have unilateral retinoblas-
toma carry a germline mutation in RB1.
Because of de novo mutation in the
father’s germ cells, 80% of patients
who have RB1 mutations have no fam-
ily history of retinoblastoma. The prob-
ability of being affected is 45% for the
offspring of a parent who has bilateral
retinoblastoma or for the sibling of a
patient who has retinoblastoma if ei-
ther parent was affected; 7.5% for the
child of a parent who has unilateral
retinoblastoma; 6% for the sibling of a
patient who has bilateral retinoblas-
toma and unaffected parents; and 1%
for the sibling of a patient who has
unilateral retinoblastoma with unaf-
fected parents. Patients born with
germline mutations in RB1 are at in-
creased risk for second malignancies,
particularly osteosarcoma and mela-
noma, with exposure to radiation add-
ing to that risk. Screening is guided by
the probability of an RB1 mutation and
the family’s preference.

Multiple endocrine neoplasia (MEN)
disorders encompass three distinct en-
tities inherited in an autosomal domi-
nant pattern. MEN1, caused by muta-
tions in the gene MEN1, involves the
parathyroid gland, pancreatic island
cells, and pituitary gland. Parathyroid
involvement is the most common ini-
tial manifestation, appearing as early as
the second decade. MEN2A affects
young children and is associated with
medullary thyroid carcinomas, parathy-
roid adenomas, and pheochromocyto-
mas. In addition to these tumors, pa-
tients born with MEN2B present in
infancy with skeletal anomalies and
ganglioneuromas of the gastrointesti-

nal tract. MEN2A and MEN2B have been
linked to the RET oncogene, which is
an activating mutation and does not
require loss of the second wild-type
allele. Prophylactic thyroidectomy is
recommended in all affected children
because of the morbidity of medullary
thyroid carcinoma.

Familial adenomatous polyposis, also
known as adenomatous polyposis coli,
is an autosomal dominant predisposi-
tion to forming multiple colonic polyps
due to mutations in the APC gene. In
addition to the risk of colon cancer,
affected carriers are predisposed to
upper gastrointestinal tract malignan-
cies, thyroid cancer, medulloblastoma,
and hepatoblastoma. Colonoscopy should
begin by 10 years of age, and prophy-
lactic colectomy is recommended once
extensive polyposis has developed, usu-
ally by late adolescence. Surveillance
for thyroid cancer is recommended by
age 15. Hereditary nonpolyposis colon
cancer poses a familial risk of colon
cancer, which can present as early as
the second decade without the previous
development of polyposis. Families are
also at risk for uterine, ovarian, and
upper gastrointestinal tract cancers.

Patients born with neurofibromato-
sis (NF) type 1 have mutations in the
NF1 gene, which predisposes them to
neurofibromas and optic gliomas as
well as malignant peripheral nerve
sheath tumors and acute myelogenous
leukemia. NF2 involves a mutation in
the NF2 gene, leading to the develop-
ment of schwannomas, central neuro-
fibromas, and meningiomas.

Several autosomal recessive disor-
ders are associated with an increased
risk for cancer. Xeroderma pigmentosum
is caused by a defect of DNA repair
mechanisms, and affected patients are
susceptible to basal and squamous
skin cell carcinomas as well as melano-
mas. Defects in the helicase genes have
been described in children born with
Bloom syndrome, Werner syndrome,
and Rothmund-Thomson syndrome. Pa-
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tients who have Bloom syndrome suffer
growth impairment and immunodefi-
ciency and are at increased risk of
developing many different malignan-
cies, including leukemias, lymphomas,
and solid tumors. Children born with
Werner syndrome present with prema-
ture aging, atherosclerosis, diabetes,
cataracts, and increased risk of soft-
tissue sarcomas. Rothmund-Thomson
syndrome involves a pathognomonic
rash called poikiloderma and predis-
poses to osteosarcoma. In ataxia-
telangiectasia, caused by mutations in
the ATM gene, patients develop truncal

ataxia in early childhood and oculo-
cutaneous telangiectasias by age 5.
They are immunodeficient and are at
increased risk for leukemias, lympho-
mas, and solid tumors as well as central
nervous system tumors. Carriers are at
increased risk for breast cancer.

Comment: Another cancer worth
mentioning in the context of family risk
is Wilms tumor (WT). Although most
cases are sporadic, some are associated
with genetic syndromes (Beckwith-
Wiedemann, WAGR [Wilms tumor,
aniridia, genitourinary anomalies, devel-

opmental delay], Denys-Drash, congenital
aniridia), and approximately 5% are fa-
milial. Sporadic and syndromic WT is
associated with inactivating muta-
tions of the WT1 gene, a tumor sup-
pressor, on chromosome 11. Familial
WT, which follows a pattern of auto-
somal dominant inheritance with in-
complete penetrance, has been asso-
ciated with mutations on
chromosomes 17 (FWT1) and 19
(FWT2).

Henry M. Adam, MD
Editor, In Brief
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Growth during childhood is tightly
regulated and depends on the proper
functioning of multiple systems. The
process is affected by perinatal fac-
tors, including maternal nutrition and
uterine size; genetic growth potential
inherited from parents; and nutrition
throughout childhood. Growth also is
affected by the interplay of multiple
hormones, including growth hormone
(GH), thyroid hormone, insulin, and sex
hormones, all of which have varying
influence at different stages of growth.
Despite all these factors, final adult
height generally is restricted through-
out the human population to a rela-

tively narrow range: 95% of Americans
have a final adult height that falls
within only a 6% to 8% variation from
the mean. Because final adult height
and growth are so well regulated, a
deviation from normal expected pat-
terns of growth often can be the first
indication of an underlying disorder.
Carefully documented growth charts,
therefore, can serve as powerful tools
for monitoring the overall health and
well-being of patients. Key to diagnosing
abnormal growth is an understanding of
normal growth, which can be classified
into four primary areas: fetal, postnatal/
infant, childhood, and pubertal.

Fetal growth, influenced by mater-
nal nutrition, uterine size, or restric-
tions, as well as by insulin and insulin
growth factors, actually may have
long-lasting effects throughout life. For
example, small-for-gestational age and
preterm infants have reduced insulin
sensitivity later in life that, in turn, has
been linked to earlier onset of puberty.

Following birth, growth continues at
a rapid rate. Although healthy term
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infants may lose up to 10% of birth-
weight within the first days after birth,
they quickly regain this weight by
2 weeks of age. This initial weight
loss is seen particularly in exclusively
breastfed infants when a mother’s milk
supply is not fully “in” until several days
after birth. Subsequently, infants gain
as much as 20 to 30 g/day for the first 3
postnatal months. As a result, most term
infants triple their birthweight by 1 year
of age. GH and thyroid hormone play
large roles during this rapid phase of
postnatal growth. Other major influences
include insulin and overall nutrition.

Growth subsequently slows during
childhood. Although birthweight triples
by 1 year of age, 3 to 4 years are required
to double birth length. Along with nutri-
tion, GH and thyroid hormone continue to
be the primary influences on growth.

Growth during puberty, when sex
hormones become a significant factor,
accounts for approximately 17% of to-
tal adult height. A slight deceleration in
linear growth accompanies the onset of
puberty, followed immediately by a
rapid acceleration of growth and corre-
sponding weight gain. Girls, on average,
enter puberty at age 9 years and reach
peak growth during Sexual Maturity
Rating 2 to 3 or about 2.5 years into
puberty. Boys tend to enter puberty
later, on average at age 11 years, and
their growth spurt also occurs at a
later point in puberty, usually Sexual
Maturity Rating 3 to 4. The later
onset of puberty and the later male
growth spurt allow for additional
growth, with males ultimately being
an average 5 in taller than females.

Accurate measurements are key to
tracking the growth of a child and
require appropriate, properly function-
ing, and well-maintained equipment.
Scales should be calibrated regularly.
Children should be weighed while un-
dressed to their underwear or diaper. A
child who will not be still can be
weighed in a parent’s arms, with the
parent’s weight then subtracted from

the total to determine the child’s
weight. Length, or supine height, should
be measured in infants and toddlers
younger than age 2 years. Beyond that
age, standing heights should be used. For
optimal supine measurements, the child
should be lying with legs fully extended,
the head resting against an inflexible
board, and a moveable footboard used to
determine the length. Standing heights
should be taken with a wall-mounted
stadiometer because measurements ob-
tained with the flexible arms on balance
scales often are inaccurate. For patients
who are unable to stand, several tech-
niques can be used to measure height.
Arm span is a good substitute for height
or height can be estimated by adding
measurements from the base of the heel
to the knee, from the knee to the hip, and
from the hip to the top of the head.

Measurements should be plotted on a
growth curve. Standardized growth
curves can be obtained from either the
Centers for Disease Control and Preven-
tion or the World Health Organization
website. Specific growth charts available
for special populations, such as low-
birthweight and very low-birthweight
preterm infants as well as for patients
who have trisomy 21, Turner syndrome,
Klinefelter syndrome, and achondroplasia,
among others, should be used for af-
fected children. Although a preterm in-
fant can be plotted during the first few
years after birth on a standard growth
chart at the corrected gestational age,
rather than chronologic age, the use of
charts specifically for preterm infants is
preferred.

Several principles apply when inter-
preting a growth curve. First, an indi-
vidual child should be considered in
terms of his or her expected growth
potential. For example, a child track-
ing along the 5th percentile for height
whose parents are both short and
healthy does not raise concern, but if
the parents are both close to 6 ft tall,
investigation may be warranted. An
estimate of genetic growth potential

can be obtained using a weighted av-
erage of the parental heights called the
mid-parental height (MPH):

For boys: [father’s height (cm) �
mother’s height (cm) �13]/2 or [fa-
ther’s height (in) � mother’s height (in)
� 5]/2

For girls: [father’s height (cm) � 13
� mother’s height (cm)]/2 or [father’s
height (in) � 5 � mother’s height (in)
� 5]/2

Predicted range: �8.5 cm or 3 in for
2 SD from MPH

The next principle applicable to as-
sessing growth is that children tend to
grow at predictable rates and track
along a growth percentile curve. Shifts
across two or more percentile lines may
indicate an abnormality in growth and,
therefore, point toward a wide variety
of disease processes. At times, however,
shifting along the growth curve can be
normal and even expected. As noted
earlier, birth size tends to be a reflec-
tion of maternal factors and in utero
conditions rather than genetic growth
potential. As a result, shifts on the
growth curve toward a child’s genetic
potential between 6 and 18 months of
age are common. Often, small infants
born to tall parents begin catch-up
growth around 6 months of age until
they reach a linear growth curve that
better matches their expected growth.
Large infants born to small parents
may have a deceleration in growth,
usually at 12 to 18 months of age,
slowly shifting downward on the linear
growth curve until they reach their new
growth trajectory. Although such shifts
early in life are expected and can even
be anticipated, shifts across two or
more percentile lines on the growth
curve after age 3 to 4 years are un-
common and most likely represent an
abnormality of growth.

Well-documented growth charts can
help distinguish among different types of
abnormal growth. In malnourished chil-
dren, be it from chronic disease, mal-
absorption, or neglect, a drop is seen first
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on the weight curve, followed by de-
creases in height percentile and finally
head circumference. Children who pres-
ent with primary linear growth problems
often have some congenital, genetic, or
endocrine abnormality. Frequently, chil-
dren who have primary endocrine abnor-
malities, such as hypothyroidism or GH
deficiency, maintain normal or even ele-
vated weight-for-height measurements
while height trends downward on the
growth curve.

Growth charts also can help with
the diagnosis of familial short stature
(FSS) and constitutional growth delay
(CGD). In FSS, height and weight gen-
erally are within the normal range in
the first 2 to 3 years after birth. Height
then drifts downward across growth
percentile lines until reaching a growth
curve that fits the child’s genetic po-
tential. Children who have FSS tend to
follow a growth curve that parallels
normal curves at a lower percentile
line. After their initial drop off the
growth curve, they have normal growth
velocities of at least 5 cm/y and nor-
mal bone ages, enter puberty within
normal age ranges, and have normal
pubertal growth spurts. The result is a

short final adult height consistent with
MPH expectations.

A different growth pattern is seen in
children who have CGD and who experi-
ence a slowing of their growth velocity
during the first 3 years after birth, with
both height and weight crossing several
percentile lines. Such children subse-
quently demonstrate normal or near-
normal growth velocity during the prepu-
bertal years. The bone age is delayed
in children who have CGD; if height is
plotted at the bone age rather than
chronologic age, the child usually is at a
percentile consistent with the predicted
MPH range. Puberty is delayed by sev-
eral years, so affected children appear to
fall further off the height curve during
early adolescence. Ultimately, after com-
pleting puberty in the late teens to early
20s, children who have CGD achieve adult
height in the normal range, although
sometimes they are slightly shorter than
expected for MPH.

No current discussion of growth in
childhood can avoid the issue of obesity.
Body mass index (BMI) is the standard
measure of overweight and obesity, de-
spite the limitation that it does not dif-
ferentiate lean muscle from fat. BMI is

calculated as weight in kilograms divided
by height in meters squared. A BMI for
age between the 85th and 95th percen-
tiles defines overweight, and a BMI
greater than the 95th percentile defines
obesity. At the opposite end of the spec-
trum, a BMI below the 5th percentile is
considered a sign of underweight and
warrants an investigation of its own.
However, weight-for-height under the
5th percentile is a better indicator of
malnutrition. Another useful parameter is
the ideal body weight, which measures
weight as a percent of the median weight-
for-height ratio at the patient’s age.

Comment: The most fundamental
tasks of childhood are growth and de-
velopment. Much of the pleasure we
take in our work as pediatricians comes
from watching over these dynamic
processes, and our success most often
can be measured by how well the
children we look after grow and de-
velop, emphasizing the importance of
measuring and assessing carefully and
accurately.

Henry M. Adam, MD
Editor, In Brief
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