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such as the Traumatic Events Screening

Inventory (see Suggested Reading)

can be useful to evaluate exposure.

Even after exposure is assessed, di-

agnosing PTSD itself can be complex,

and may best be left to a child mental

health provider. If a referral seems diffi-

cult, scheduling frequent appointments

(monthly) to address any continued dis-

ability from the reaction to a trauma can

be helpful.

Treatment for PTSD is complicated

and multifactorial. Regarding medica-

tions, there is some evidence that se-

lective serotonin reuptake inhibitors

(SSRIs) have some utility. In adults,

these agents have been shown to re-

duce symptoms in all three of the symp-

tom clusters described previously, but in

children, only two small studies (24 and

26 children, respectively) support their

effectiveness. Additionally, SSRIs can

lead to activation (irritability, poor at-

tention, and sleep disturbance), which

can mimic the hyperarousal cluster of

PTSD symptoms.

In two child-specific studies, cloni-

dine was found to decrease basal heart

rate, anxiety, impulsivity, and PTSD hy-

perarousal. Propranolol also was found

to decrease reexperiencing and hyper-

arousal. Opiates may be beneficial, but

should be used with caution. Even con-

trolling for subjective pain, one study

found that there was a significant linear

association between morphine dosage

and 6-month reduction in PTSD symp-

toms. Neuroleptic agents, such as ris-

peridone, have shown mixed results.

Benzodiazepines have not been found

to be beneficial in treating PTSD-specific

symptoms, and may worsen some symp-

toms characterized primarily by disinhi-

bition (aggression, acting out).

In children, the strongest empirica-

levidence to date supports Trauma-

Focused Cognitive Behavior Therapy

(TF-CBT). In fact, a study comparing TF-

CBT and placebo to TF-CBT and an SSRI

showed no significant differences in

response rates. TF-CBT begins with

the child directly discussing the trau-

matic event, and then proceeds to

anxiety-management techniques, such

as relaxation and correction of distorted

trauma-related thoughts. Through this

procedure, the children learn that they

do not have to be afraid of their memories.

CBT often is accompanied by psychologi-

cal education and parental involvement.

Research shows that the better parents

cope with the trauma and the more they

support their children, the better their

children will function. Therefore, it is im-

portant for parents to seek treatment for

themselves so as to develop the nec-

essary coping skills that will help

their children.

Comments: After September 11th

and, more recently, the devastating

earthquake and tsunami in Japan,

there has been more focused national

and international attention on PTSD

in children and adolescents. These ex-

periences provide important examples

of how communitywide interventions

are essential and needed; however,

Dr Kelly’s In Brief reminded me of how

important this topic is to patients

whom I serve. I have worked most of

my career with low-income patients

who live in an urban area and I have

been continually inspired by the resil-

ience of these families. This In Brief re-

minded me of the heightened risk of

these children and adolescents to PTSD

because of their chance of witness-

ing or being involved with traumatic

events, such as homicide, domestic vi-

olence, child abuse, house fires, or even

dog attacks. I worry that parents may

minimize some of these experiences

because, unfortunately, they occur

more frequently in urban communities.

It is important that parents know that

we as pediatric health-care providers

have an interest in these experiences

and to ensure that diagnosis and treat-

ment is initiated.

Janet Serwint, MD
Consulting Editor

Corrections

In the March 2012 article “Encephalitis in the Pediatric Population” (Falcheck SJ. Pediatr Rev. 2012;33
(3):122–133), Table 5 contained an error. In the “Specific Agent” column (column 3) of the “Acute Phase

Serum” row (row 3), the words “systemic lupus erythematosus” appeared, but should have read “St. Louis

encephalitis.”

In the May 2012 article “Research and Statistics: Choosing the Right Statistical Test” (Soyemi K. Pediatr
Rev. 2012;33(5):38–44), the paragraph on Fisher exact test (page e43, first full paragraph) contains a coding
error that reversed the mathematical symbol. The last sentence of that paragraph should read: “One should

avoid the X2 test and use Fisher’s exact test when the numbers in any of the boxes of the contingency table

are very small (any number <5).” That is, “. any number less than 5.”

In the May 2012 article “Sickle Cell Disease” (McCavit, T. Pediatr Rev. 2012;33(5):195–206), in Table 2, the
timing of meningococcal vaccine (MCV4) in the second column should read, “1st dose at 24 months of age or

older; 2 total doses at least 8 weeks apart. Readers are advised to watch for revisions of the recommendation

for this vaccine." The journal regrets these errors.
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A 6-year-old Girl With Restricted
Upward Gaze of Her Right Eye

Sanjeev Tuli, MD,* Sonal Tuli, MD*

Presentation
A 6-year-old girl presents for routine physical examination.
Her mother has noticed recently that when her daughter
looks upward, her eyes misalign. There is no history of eye
or head trauma or eye surgery. The patient does have a his-
tory of left facial palsy 2 years ago that resolved spontane-
ously without use of medications. The patient denies any
double vision, and her mother believes her daughter’s eye
misalignment developed recently.

Review of systems reveals allergic rhinitis for which the
patient takes an antihistamine medication and presence of
a benign nevus currently under observation by a derma-
tologist. Her medical history is significant for multiple ear
infections in the first 3 years of life and the episode of left
facial palsy 2 years ago. There is no family history of stra-
bismus or other eye problems.

Upon physical examination, the girl’s weight is 28 kg
(95th percentile) and height is 122 cm (90th percentile).
Vital signs are within normal limits, and she is alert, active,
and in no distress. Visual acuity is 20/30 in the right eye
and 20/40 in the left eye. Pupils are reactive to light and
in accommodation. Motility testing reveals significant
restriction of upgaze in the right eye on looking to
the left (when the eye is adducting). There is also mild
widening of the right palpebral fissure on adduction
(Fig 1). The eyes align well in straight upgaze (Fig 2)
and on upgaze on looking toward the right (Fig 3).
The remainder of the ocular examination is normal;
there are no signs of past trauma. Fundal examination
is also normal, and there is no disc edema. There are
no other cranial nerve deficits. The remainder of the
physical examination is unremarkable.

Figure 1. Significant restriction of upgaze in the right eye in
adduction with a slightly widened palpebral fissure.

Author Disclosure

Drs Tuli and Tuli have disclosed no financial relationships

relevant to this article. This commentary does not contain a

discussion of an unapproved/investigative use of

a commercial product/device.

*University of Florida, Gainesville, FL.

visual diagnosis

Pediatrics in Review Vol.33 No.8 August 2012 e53



Diagnosis: Brown Syndrome
The girl has Brown syndrome, a condition characterized
by the inability to elevate the eye during adduction with
possible widening of the interpalpebral fissure during ad-
duction. As expected, her ocular movements align well in
all other positions of gaze (Fig 4).

Discussion
Harold Brown in 1949 initially described Brown syn-
drome as a condition in which a short superior oblique

tendon prevents eye elevation during attempted adduc-
tion. (1) Since then, studies have shown that the etiology
is far more complex. (2) Brown syndrome occurs in w1
of every 400 cases of strabismus or 1 in 20,000 live births.
There is no gender predilection, and both eyes are in-
volved equally. Approximately 10% of cases are bilateral.
Most cases are sporadic, although autosomal dominant
and recessive patterns have been noted.

Eye Anatomy and Extraocular Muscle Actions
To explain the pathophysiology of Brown syndrome, a
brief description of eye anatomy and extraocular muscle
actions is in order.

There are six extraocular muscles that move the eye
into various positions of gaze (Fig 5). When all muscles
are functioning appropriately, both eyes align together
in the same direction in all positions of gaze. When
movement of both eyes is misaligned, the patient has stra-
bismus. Strabismus is divided into two types:

1. Comitant strabismus: The eyes are misaligned by the
same amount in all positions of gaze (eg, congenital
esotropia or exotropia).

2. Incomitant strabismus: The muscles are either para-
lyzed or restricted, and the misalignment is different
in different positions of gaze, usually maximal in the
direction of or opposite to the direction of action of
the involved muscle.

The superior oblique muscle is attached to the eye via
a long tendon that is w32 mm in length. The superior
oblique muscle travels medially and superiorly from the
annulus of Zinn at the orbital apex and passes through
the trochlea, a pulley-like structure in the anterior super-
omedial orbit. The muscle then travels laterally and pos-
teriorly to attach to the globe posterior to the equator.

Figure 2. Near-normal elevation of both eyes on upgaze in
the midline.

Figure 3. Near-normal alignment of the right eye in upgaze
on abduction.

Definitions

Adduction: Movement of the eye inward toward the
nose

Abduction: Movement of the eye outward in the
direction of the ear

Downshoot: A quick movement of the eye
downwards when the eye attempts to
adduct or abduct (see above)

Hypotropia: Relatively lower position of the eye
compared with the other eye

Hypertropia: Relatively higher position of the eye
compared with the other eye

Forced Duction: A method for differentiating paralytic
strabismus from restrictive by passively
moving the eye using forceps while the
conjunctiva is anesthetized. Ability to
move the eye passively indicates
a paralytic process whereas inability to
move the eye even passively indicates
a restrictive process.

Primary gaze: Looking straight ahead

visual diagnosis
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Contraction of the superior oblique results in the eye ab-
ducting (moving laterally), depressing (moving down), and
intorting (rotating clockwise in the right eye and counter-
clockwise in the left eye). Conversely, for the eye to look up
in adduction (in a direction opposite to the action of the su-
perior oblique), the superior oblique tendon must relax and
lengthen by sliding through the trochlea. Inability of the
tendon to relax and lengthen results in Brown syndrome.

Pathophysiology
Various theories explain the pathophysiology of Brown
syndrome. Their common theme is restriction of the
lengthening of the elastic superior oblique muscle tendon,
thereby impeding upward movement of the eye when the
eye looks inward. In congenital cases, Brown syndrome
could result from an inelastic tendon or a tendon-trochlea
abnormality such as a persistent connection between the
tendon and the trochlea, a connection that typically should
disappear at birth. Acquired cases may result after surgery
for superior oblique palsy, glaucoma, or sinusitis or from in-
flammatory conditions such as lupus or rheumatoid arthri-
tis, as well as from infections such as sinusitis, tenosynovitis,

or blunt trauma to the trochlea. This last situation is de-
scribed classically after a dog bite to the superomedial as-
pect of the orbit, the so-called canine tooth syndrome.

Features of Brown syndrome include limitation of up-
gaze during adduction of the eye and movement towards

Figure 4. Limitation of elevation of right during upgaze with all other positions of gaze intact.

Figure 5. Extraocular muscles and their actions.

visual diagnosis
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the midline, with lesser or no limitation during abduction.
Forced duction testing (see “Definitions”) will reveal re-
striction of the globe on attempting to move the eye up-
ward and inward. There is no superior oblique overaction
during the Parks’ three-step test, a test to detect if an eye
muscle is paralyzed in cases of vertical eye deviations by
evaluating the eye positions while looking straight ahead
(primary gaze), looking to the right and left, and tilting
the head to the right and left shoulder. Additional findings
in Brown syndrome include downshoot (sudden down-
ward movement of the eye) or hypotropia (eye relatively
lower than the other eye) in downgaze, widening of the
palpebral fissure on adduction, and assuming an anoma-
lous head posture to prevent double vision.

Diagnosis
The diagnosis of Brown syndrome is essentially clinical. The
finding of an eye that does not elevate on moving inward
but elevates on moving outward with aligned eyes in pri-
mary gaze strongly suggests Brown syndrome. Forced duc-
tion testing may be necessary to confirm the diagnosis but
requires general anesthesia in a child this age. Magnetic res-
onance imaging may be necessary to rule out other causes.

Differential Diagnosis
Various strabismic entities may mimic Brown syndrome.
Inferior oblique palsy is rare and can be diagnosed by using
the Parks’ three-step test described earlier. In addition,
forced duction testing reveals the absence of restriction.
Double elevator palsy is associated with limitation of ele-
vation on abduction that is equal to, or greater than, that
on adduction and is also associated with ptosis of the eyelid.
Orbital floor fracture with muscle entrapment may closely
resemble Brown syndrome. Forced duction testing will
reveal restriction of the muscle. A history of trauma and or-
bital computed tomography scan findings can help distin-
guish the two entities. Thyroid ophthalmopathy may cause
a motility abnormality very similar to Brown syndrome if
the superior oblique is affected by fat infiltration of the
muscle or fat impingement of the muscle. Magnetic reso-
nance imaging of the head may be necessary to distinguish
between Brown syndrome and thyroid ophthalmopathy.

Management
Brown syndrome typically does not need surgical man-
agement because a number of cases of both congenital
and acquired Brown syndrome have been noted to re-
solve spontaneously. Surgery is indicated for very severe
cases in which the eyes are misaligned even in primary
gaze or the patient is significantly discomforted by double
vision during upgaze. Treatment of the underlying cause

in inflammatory conditions such as rheumatoid arthritis
or lupus or corticosteroid injections into the tendon af-
ter trauma or tenosynovitis may hasten resolution.

A number of surgical procedures have been used for
Brown syndrome, which suggests that no option is perfect.
Surgery basically aims at weakening the superior oblique
by tenotomy, Z-plasty, silastic expanders, or tendon reces-
sion. Unfortunately, the risk for superior oblique palsy after
these procedures varies from 20% to 40% of cases.

Patient Course
Both neurology and ophthalmology services confirmed
the diagnosis. Results of a head magnetic resonance
imaging were normal; there was no mass lesion. Because
the patient was asymptomatic, surgical intervention was
unnecessary. The patient’s diminished visual acuity was
found to be a mild refractive error.

References
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Summary

• Brown syndrome is an incomitant strabismus
syndrome characterized by inability of the eye to
elevate during adduction.

• Primary Brown syndrome is thought to occur due to
the inability of the superior oblique tendon to stretch.
However, there are many secondary causes of this
condition that must be ruled out.

• Despite significant misalignment of the eyes during
upgaze, patients with Brown syndrome usually do not
have decreased vision or diplopia with primary gaze.

• Unlike paralytic strabismus, forced duction tests
demonstrate restriction and a Parks’ three-step test
does not demonstrate a paralytic muscle. Spontaneous
resolution is frequent, and surgical management
typically is not indicated because of the high incidence
of postoperative symptomatic superior oblique palsy.
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Vitamins
Bryon Lauer, MD,*

Nancy Spector, MD*

Author Disclosure
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a commercial product/
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Educational Gap

Because vitamin D deficiency has been shown to increase the risk of autoimmune dis-

eases, osteoarthritis, type 1 diabetes mellitus, cardiovascular disease, schizophrenia,

depression, and wheezing, the Institute of Medicine recently made recommendations that

adolescents and children age >1 year need 600 IU/day of vitamin D.

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

1. Identify risk factors for developing various vitamin deficiencies.

2. Describe the clinical manifestations of various vitamin deficiencies.

3. Explain how to diagnose various vitamin deficiencies clinically and with supporting

laboratory data.

4. Discuss prevention strategies and treatment plans for various vitamin deficiencies.

Introduction
Vitamins are organic compounds that must be consumed in our diet because humans can-
not synthesize them in adequate quantities. Each vitamin has unique functions in the body,
including hormone regulation, cell proliferation, tissue growth and differentiation, and an-
tioxidant effects; vitamins also serve as cofactors for multiple metabolic pathways. Vitamins
A, D, E, and K are fat soluble, whereas vitamin B complexes and vitamin C are water soluble.

Case 1
A 3-year-old boy recently adopted from Ghana is brought in for his first well-child visit. His
adoptive parents are concerned because he is skinny and runs into things, especially at night.
On examination, the boy is below the 5th percentile for height and weight. The pediatrician
notes foam-like patches on his bulbar conjunctiva and dry, scaly skin on his extensor surfaces.

Vitamin A Deficiency
METABOLISM OF VITAMIN A. Vitamin A is found in green leafy vegetables, carrots, sweet

potatoes, and liver in the form of carotenoids and retinals. Once ingested, vitamin A is ab-
sorbed in the terminal ileum and esterified by the enterocytes to retinyl esters, which are
stored in the liver until being transported to target organs, bound by retinal-binding

proteins. (1)
The main function of vitamin A is to maintain the growth

and functional integrity of epithelial cells, especially in the
eyes and respiratory, urinary, and digestive tracts. (2) Vita-
min A also plays a role in the function of the immune system.
(3) Retinal is an essential component of retinal pigments and
hence of normal vision. Retinoic acid is needed for synthesis
of glycoproteins. (1)

CLINICAL MANIFESTATIONS OF VITAMIN A DEFICIENCY.

Worldwide, vitamin A deficiency is the most common cause
of preventable blindness in children. Ophthalmologic dis-
ease is usually the first clinical sign of vitamin A deficiency.
Night blindness (nyctalopia) is first noted as a result of

Abbreviations

1,25(OH)-D: 1,25-dihydroxyvitamin D
25(OH)-D: 25-hydroxyvitamin D
IF: intrinsic factor
MMA: methylmalonic acid
NAD: nicotinamide adenine dinucleotide
NADH: nicotinamide adenine dinucleotide

phosphate
PTH: parathyroid hormone
VKDB: vitamin K deficiency bleeding

*Drexel University College of Medicine, St Christopher’s Hospital for Children, Philadelphia, PA.
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delayed ability of rhodopsin to regenerate when bright
light bleaches the retina. Goblet cells on the conjunctiva
are then lost, leading to conjunctival xerosis. Foam-like
patches called Bitot spots form from the accumulation
of dead epithelial and microbial cells on the conjunctiva
(Fig 1). Progression to corneal xerosis can lead to ulcera-
tions (keratomalacia) and infections of the cornea, result-
ing in total or partial blindness. The ophthalmologic effects
of vitamin A deficiency are reversible until the progres-
sion to keratomalacia. Once keratomalacia is present,
the best hope is for a partial recovery of vision. (1)(2)
(3) Children’s skin also may be affected, developing dry
and scaly patches (follicular hyperkeratosis), especially on
the extensor surfaces. (1)

Failure to thrive and depressed immune function oc-
cur with subclinical vitamin A deficiency. The epithelial
system is the body’s first line of defense from infection.
With vitamin A deficiency, the integrity of epithelial cells
is compromised, and there is depression of the systemic
immunologic response, leading to increased susceptibility
to and morbidity from infections. (3) In particular, there
is increased risk of severe diarrheal illnesses, acute respi-
ratory tract infections, and morbidity from measles. It
is now recommended by the World Health Organization
and the American Academy of Pediatrics (AAP) to sup-
plement children’s diets with vitamin A if infected with
measles. (2)(3)

CAUSES OF VITAMIN A DEFICIENCY. In developing
countries, there are an estimated 70 to 80 million
preschool-age children who have subclinical vitamin

A deficiency and 3 million with clinical ophthalmologic
disease. (3) The main cause is malnutrition in developing
countries. Children who have malabsorption, as in Crohn
disease, celiac disease, or hepatic failure, are similarly at risk
and can develop vitamin A deficiency. (1)

DIAGNOSIS OF VITAMIN A DEFICIENCY. Vitamin A de-
ficiency is diagnosed clinically if ophthalmologic disease is
present. Low plasma retinol acids help to support the di-
agnosis or to diagnose subclinical disease. (1)

TREATMENT AND PREVENTION OF VITAMIN A

DEFICIENCY. Breastfeeding, food diversification, forti-
fied foods, and supplementation with vitamin A are key
interventions in preventing vitamin A deficiency. Chil-
dren age <9 years who have vitamin A deficiency should
receive 600 to 900 mg/day of vitamin A, and children age
>9 years should receive 1,700 mg/day until they have
recovered. (1)(3)

VITAMIN A EXCESS. Symptoms of hypervitaminosis A
include drowsiness, painful joints, loss of hair, increased
intracranial pressure, and carotenemia. (1)

Vitamin B Complexes
VITAMIN B1 (THIAMINE).
Metabolism of Thiamine. Thiamine is a water-soluble vi-

tamin that serves as a coenzyme in decarboxylation and
transketolation of a-ketoacids and is needed for the syn-
thesis of acetylcholine. (1) Foods that contain thiamine
include yeast, legumes, pork, rice, cereals, milk products,
and vegetables. Cooking, baking, canning, and pasteur-
izing can destroy thiamine. (1)(2)

Clinical Manifestations of Thiamine Deficiency. Thia-
mine deficiency can lead to beriberi (infantile and adult)
and Wernicke-Korsakoff syndrome. Infants afflicted with
beriberi present with signs of cardiac failure, which in-
clude cardiomegaly, tachycardia, cyanosis, dyspnea, vom-
iting, and a loud piercing cry. Irritability, peripheral
neuritis, decreased tendon reflexes, loss of vibration
sense, aseptic meningitis, and ataxia also can be present.
Wernicke encephalopathy presents with ophthalmople-
gia, nystagmus, ataxia, intracranial hemorrhage, and
confusion. Korsakoff psychosis results in short-term
memory loss and confabulation with normal cognition.
(1)(2)

Causes of Thiamine Deficiency. Beriberi can occur after
weight loss surgery and with total parental nutrition if thi-
amine is not included. There are reports of thiamine de-
ficiency with chronic loop diuretic use. (2)

Diagnosis of Thiamine Deficiency. Beriberi is diagnosed
clinically.

Figure 1. Bitot spots as seen in vitamin A deficiency. (Reprinted
with permission from Sethuraman U. Vitamins. Pediatr Review.
2006;27[2]:44–55.)
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Treatment and Prevention of Thiamine Deficiency. In-
fantile beriberi treatment involves treating breastfed in-
fants with 10 mg of thiamine per day and their
mothers with 50 mg of thiamine per day. (1)

VITAMIN B2 (RIBOFLAVIN).

Metabolism of Riboflavin. Riboflavin serves as a cat-
alyst for mitochondrial oxidative and reductive reac-
tions and hydrogen transfer reactions, and is involved
with tryptophan metabolism. Meats, fish, eggs, milk,
green vegetables, yeast, and enriched foods contain
riboflavin. (1)(2)

Clinical Manifestations of Riboflavin Deficiency.Cheilosis,
glossitis, keratitis, photophobia, seborrheic dermatitis, sore
throat, edema, hyperemia of mucous membranes, and
normocytic anemia all can occur with riboflavin deficiency.
(1)(2)

Causes of Riboflavin Deficiency. The main cause of ri-
boflavin deficiency is lack of consumption of vitamin B2.
Studies have shown a higher prevalence in adolescent fe-
males and those of a low socioeconomic status. (2)

Diagnosis of Riboflavin Deficiency. The diagnosis of ri-
boflavin deficiency is made clinically and supported by de-
creased erythrocyte glutathione reductase activity. (2)

Treatment and Prevention of Riboflavin Deficiency.

Treatment consists of 3 to 10 mg of riboflavin daily. (1)

VITAMIN B3 (NIACIN).

Metabolism of Niacin. Niacin is important in electron
transport and glycolysis because it forms nicotinamide ad-
enine dinucleotide (NAD) and NADPH (reduced form of
nicotinamide adenine dinucleotide phosphate) and is an
end-product in tryptophan metabolism. Niacin is found
in large quantities in milk and eggs but is not found in ce-
reals and corn. (1)(2)

Clinical Manifestations of Niacin Deficiency. Pellagra is
the result of niacin deficiency and is characterized by the
three Ds: diarrhea, dementia, and dermatitis. The derma-
titis looks like a sunburn on the photosensitive areas of
the skin. (1)(2)

Causes of Niacin Deficiency.Malnutrition and tryptophan-
deficient corn diets are the main causes of niacin defi-
ciency. However, pellagra can occur in association with
alcoholism, anorexia nervosa, prolonged isoniazid therapy,
and malabsorptive diseases. Pellagra has not been docu-
mented in normally growing children. (1)(2)

Diagnosis of Niacin Deficiency. The diagnosis of niacin
deficiency is made clinically. (1)

Treatment and Prevention of Niacin Deficiency. Treat-
ment consists of 50 to 300 mg of niacin per day and sup-
plementation with a multivitamin. (1)

VITAMIN B6 (PYRIDOXINE).
Metabolism of Pyridoxine. Pyridoxine is a coenzyme in

the metabolism and transport of amino acids. Yeast, rice
polishing, and cereals are the main dietary source of pyr-
idoxine. (1)

Clinical Manifestations of Pyridoxine Deficiency. Re-
fractory seizures, peripheral neuritis, dermatitis, andmicro-
cytic anemia are the main presenting signs of pyridoxine
deficiency. (1)

Causes of Pyridoxine Deficiency. Pyridoxine deficiency
is rare but can be seen in malabsorption, diarrhea, isoni-
azid treatment, and in exclusively breastfed infants older
than 6 months if the mother is pyridoxine deficient.
Pyridoxine-dependent seizures, vitaminB6 responsive anemia,
xanthurenic acidemia, cystathioninuria, homocystinuria,
and type 2 hyperprolinemia are pyridoxine dependent
syndromes associated with pyridoxine deficiency. (1)(2)

Diagnosis of Pyridoxine Deficiency. The diagnosis is
made clinically and is confirmed by measuring large quan-
tities of xanthurenic acid in the urine after administration
of 100 mg of tryptophan. (1)

Treatment and Prevention of Pyridoxine Deficiency.

Children with seizures secondary to pyridoxine deficiency
should be given 100 mg of pyridoxine intramuscularly.
Otherwise, children may require 10 to 100 mg of pyri-
doxine per day. (1)

Case 2
A 12-month-old boy presents for a well-child visit, and his
mother is concerned because he is not developing like her
other children. He has been breastfed exclusively, and his
mother has been a strict vegetarian for a number of years.
On examination, he is at the 5th percentile for weight and
has mild conjunctival pallor. A complete blood cell count is
ordered, which shows macrocytic anemia.

Vitamin B12
METABOLISM OF VITAMIN B12. Our dietary source of

vitamin B12 is animal meat. Once ingested, vitamin B12

is bound to R protein in the stomach. Pancreatic pro-
teases release vitamin B12 from the R proteins in the small
intestine, where it binds to intrinsic factor (IF). Bound to
IF, which is produced by gastric parietal cells, vitamin B12

is transported to the terminal ileum. Enterocytes in the
terminal ileum absorb vitamin B12, break the vitamin
B12-IF complex, and release vitamin B12 into the portal
circulation bound to transcobalamin II. Vitamin B12 is
then transported to different tissues throughout the
body. Humans recycle vitamin B12 via the enterohepatic
circulation; it is excreted in bile and reabsorbed in the ter-
minal ileum. The liver stores 2 to 3 mg of vitamin B12.
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Because of large stores of vitamin B12 in the liver and ac-
tive enterohepatic circulation, it takes several years of a de-
ficient diet to become vitamin B12 deficient. (4)

The primary role of vitamin B12 is serving as a cofactor
for two major metabolic reactions (Fig 2). Vitamin B12 is
required for methylation of homocysteine to methionine.
During this reaction, methyltetrahydrofolate is demethy-
lated to tetrahydrofolate, which is important in DNA syn-
thesis. Vitamin B12 is also necessary for conversion of
methylmalonyl coenzyme A to succinyl coenzyme A. (4)

CLINICAL MANIFESTATIONS OF VITAMIN B12

DEFICIENCY. Vitamin B12 deficiency mainly affects
the hematologic and neurologic systems. The hemato-
poietic cells are affected because they are rapidly dividing
cells, and vitamin B12 deficiency slows DNA synthesis.
Hematologic abnormalities include macrocytic anemia,
hypersegmented neutrophils, leukopenia, thrombocyto-
penia, and pancytopenia. Vitamin B12 deficiency can have
multiple effects on the neurologic system, including de-
velopmental delay or regression, paresthesias, impaired
vibratory and proprioceptive sense, hypotonia, seizures,
ataxia, dementia, paralysis, abnormal movements, memory
loss, personality changes, depression, irritability, weakness,
and poor school performance. The neurologic sequelae
can occur without the hematologic sequelae, especially if
there is adequate folate intake. Children also can present
with failure to thrive, anorexia, fatigue, glossitis, skin hy-
perpigmentation, vomiting, diarrhea, and icterus. (4)

CAUSES OF VITAMIN B12 DEFICIENCY. Children can be-
come deficient in vitamin B12 by three pathophysiologic
mechanisms: decreased intake, abnormal absorption, or
inborn errors of vitamin B12 transport and metabolism.
Dietary deficiency of vitamin B12 rarely occurs in children
adhering to a normal western diet. The daily requirement

for children is only 0.4 to 2.4 mg. However, adolescents
on strict vegetarian diets can become deficient over time.
The most common scenario for infants who become vi-
tamin B12 deficient is an exclusively breastfed infant by
mothers who are vitamin B12 deficient. Much less com-
monly, vitamin B12 deficiency can occur in children who
are on restricted diets, such as in poorly controlled phe-
nylketonuria, or in children with glycogen storage disease
type Ib. (4)

Abnormal absorption can occur for multiple reasons.
Gastric resection and autoimmune pernicious anemia,
as part of autoimmune polyglandular syndrome, result
in decreased IF. Long-term gastric acid suppression, as
with proton pump inhibitors, results in decreased release
of vitamin B12 from dietary proteins. Pancreatic insuffi-
ciency can result, although rarely, in malabsorption sec-
ondary to decreased proteases that degrade R proteins.
Bacterial overgrowth and intestinal parasitic infections
can act as competitors for vitamin B12 absorption. De-
creased absorption in the ileum can occur in Crohn dis-
ease, celiac disease, and surgical resection of the ileum.
Imerslund-Grasbeck disease, an autosomal recessive syn-
drome in which there are abnormal ileal receptors for vi-
tamin B12, also leads to malabsorption of vitamin B12. (4)

DIAGNOSIS OF VITAMIN B12 DEFICIENCY. The diagno-
sis of vitamin B12 deficiency is not straightforward. Mea-
suring levels of vitamin B12, total homocysteine, and
methylmalonic acid (MMA) is the current strategy. Nor-
mal vitamin B12 levels vary according to laboratory, with
the normal range being 200 to 900 pg/mL. Serum levels
of vitamin B12 <80 pg/mL are considered low. Vitamin
B12 levels can be normal, however, and a patient may still
be deficient. MMA and homocysteine are precursors to
the vitamin B12 pathway and are elevated when a patient
is vitamin B12 deficient. MMA levels are more specific
than homocysteine levels in determining vitamin B12 de-
ficiency because homocysteine levels may be affected by
folate and vitamin B6. Once the diagnosis is suspected,
further testing is necessary to help determine the cause.
This evaluation includes a detailed diet history, a Schilling
test, evaluation for parasite infections, amino acid analy-
sis, transcobalamin II levels, measurement of the unsatu-
rated vitamin B12–binding capacity, genetic testing, and
testing for antibodies to parietal cells and IF. The Schil-
ling test assesses if vitamin B12 is absorbed adequately via
the gut by orally administering food-bound radioactive
vitamin B12 and measuring urinary vitamin B12 levels. (4)

TREATMENT AND PREVENTION OF VITAMIN B12
DEFICIENCY. The treatment for vitamin B12 deficiency

depends on the underlying cause. Most patients will

Figure 2. Vitamin B12 and folate metabolic reactions. CoA[
coenzyme A. (Adapted with permission from Rasmussen SA,
Fernhoff PM, Scanlon KS. Vitamin B12 deficiency in children
and adolescents. J Pediatr. 2001;138[1]:10–17.)
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require subcutaneous correction of vitamin B12 defi-
ciency. Treatment starts with low-dose injections of cya-
nocobalamin (0.2 mg/kg) for 2 days because of the risk
of hypokalemia with this initial treatment, followed by
1,000 mg/day of subcutaneous cyanocobalamin on
days 2 through 7, and then 100 mg/week for 1 month.
Children with vitamin B12 deficiency as a result of mal-
absorption may require chronic monthly injections.
(1)(4)

Case 3
A 5-month-old boy is brought in because of pallor. He stayed
with his grandparents over the weekend, who first noticed
his pallor. During the last week, he has been eating less
and sleeping more. Thus far in his life, he has been fed only
a homemade goat milk–based formula. On examination,
he was observed to be mildly tachycardic, and pallor is
noted. The pediatrician checks a complete blood cell count,
which shows macrocytic anemia.

Folate
METABOLISM OF FOLATE. The main dietary sources of

folic acid for humans are animal products, leafy vegeta-
bles, and fortified foods. Folic acid is absorbed into target
tissues by binding to folate receptors. Folic acid plays
a role in red blood cell maturation and synthesis of nu-
cleic acid. The body stores only 5 to 10 mg of folic acid,
so effects of folate deficiency can occur in w4 to 5
months of a diet deficient in folic acid. The daily require-
ment of folic acid isw200 to 400 mg. However, pregnant
and lactating women require approximately double that
amount. (2)(4)

CLINICAL MANIFESTATIONS OF FOLATE DEFICIENCY.

Folate deficiency manifests as macrocytic anemia with hy-
persegmented neutrophils. Other laboratory abnormali-
ties include decreased reticulocytes, elevated iron levels,
thrombocytopenia, and neutropenia. Unlike with vitamin
B12 deficiency, neurologic complications are not seen. (2)
Patients also may present with irritability, chronic diar-
rhea, and failure to thrive. (1) Data have shown that
50% to 75% of neural tube defects may be prevented
by maternal folic acid supplementation. (2)

CAUSES OF FOLATE DEFICIENCY. Lack of dietary in-
take, malabsorption, increased demand, or medication
that interferes with folate metabolism are the main causes
of folate deficiency. Starting in 1998, the US Food and
Drug Administration required that cereal-grain products
be fortified with folic acid because inadequate dietary in-
take of folic acid is the most common cause of folate
deficiency.

Malabsorption of folate can occur with Crohn disease,
celiac disease, and small bowel resection. Individuals with
hemolytic anemia or exfoliative skin diseases have increased
requirements for folate. Medications such as methotrexate
and pyrimethamine disrupt folic acid metabolism, and phe-
nytoin blocks folate absorption, potentially leading to folate
deficiency. (2) Infants also can develop folate deficiency if
their primary source of nutrition is fresh goat milk.

DIAGNOSIS OF FOLATE DEFICIENCY. Folate deficiency
is defined by folate levels <4 mg/mL. Homocysteine lev-
els typically are elevated; however, MMA levels remain
normal. (1)

TREATMENT AND PREVENTION OF FOLATE

DEFICIENCY. The treatment of folate deficiency de-
pends on the cause. To replete body stores and correct
the deficiency, folate 1 to 5 mg/d should be given either
orally or parentally. (1)

Case 4
An 8-month-old girl presents to the clinic because of irrita-
bility, bleeding gums, and not moving her legs. Her diet
consists only of evaporated boiled milk, but she has been tak-
ing less over the last 2 to 3 days. On physical examination,
she is in the 5th percentile for weight and 10th percentile for
height. She is fussy and lying in a frog-legged position. Her
gums are bleeding and necrotic.

Vitamin C
METABOLISM OF VITAMIN C. Humans lack the ability

to convert glucose to vitamin C (ascorbic acid); we there-
fore consume the vitamin through our diet in citrus fruits,
green leafy vegetables, raw meat, and human and cow
milk. Vitamin C is absorbed in the intestine via active
transport. The largest stores of vitamin C in the body
are found in the pituitary and adrenal glands. (5) Vitamin
C is involved in many enzymatic reactions in the body. It
is a cofactor for hydroxylation of proline to lysine as well as
a reducing agent in hydroxylation reactions catalyzed by
dopamine b-monooxygenase and peptidyl glycine a-
amidating monooxygenase. Vitamin C is essential also for
collagen synthesis; connective tissue integrity; metabolism
of tyrosine, folate, and xenobiotics; and synthesis of
carnitine, histamine, adrenal steroids, and nitric oxide syn-
thase. (6) In addition, vitamin C plays a role in promoting
iron absorption, serving as an antioxidant, and protecting
against diphtheria, tetanus, and typhoid toxins. (5)

CLINICAL MANIFESTATIONS OF VITAMIN C
DEFICIENCY. Scurvy, or Barlow disease, occurs after

w1 to 3 months of a diet deficient in vitamin C. The
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typical age of presentation in children is between 6
months and 2 years. Newborns are protected because hu-
man milk and infant formulas contain adequate amounts
of vitamin C. Poor wound healing and bleeding second-
ary to poor collagen formation and damage to coagula-
tion factors are the main clinical manifestations of
scurvy. Bleeding may occur in the skin, mucous mem-
branes, joints, muscle, or gastrointestinal tract. Hemor-
rhagic skin lesions present early in the course and may
be ecchymotic, petechial, or purpuric.

Muscle pain, pseudoparalysis, or holding legs in a frog-
leg position may develop as a result of subperiosteal hem-
orrhage, hemarthrosis, and soft tissue andmuscle bleeding.
Before developing signs of bleeding, children generally are
irritable and manifest developmental delay, decreased ap-
petite, and fatigue. They also may develop dystrophic hair
and follicular keratosis on their buttocks and legs.

Gingival disease begins as swollen, red, and shiny
gums and progresses into black or necrotic gums. Mini-
mal trauma leads to bleeding gums. With advanced dis-
ease, teeth may loosen and be lost secondary to collagen
damage of the periodontal ligaments. Children with scurvy
almost invariably have a mild anemia secondary to iron de-
ficiency, folate deficiency, bleeding, and hemolysis. Chil-
dren also may have weakness, cardiac hypertrophy,
alopecia, diminished adrenal and bone marrow function,
and edema. In many cases of scurvy, there are other coex-
isting nutritional deficiencies. (5)(7)

Osteopenia is common in vitamin C deficiency. Other
radiographic changes are more specific but less frequent:
rachitic rosary; Frankel line, a white dense line of provi-
sional calcification at the metaphysis; Wimberger ring,
central rarefaction on the epiphyseal centers surrounded
by a thickened white line of calcification; scurvy lines, less
dense transverse bands adjacent to Frankel lines; and cor-
ner sign, lateral metaphyseal spurs, which are pathogno-
monic for scurvy. (5)(7)

CAUSES OF VITAMIN C DEFICIENCY. Scurvy develops as
a result of lack of vitamin C in the diet. Overheating foods
rich in vitamin C can inactivate the vitamins. Infants re-
ceiving evaporated boiled milk are at particular risk. Alco-
holism, diabetes, smoking, AIDS, short gut syndrome,
and chronic diarrhea can lead to vitamin C deficiency,
even if the individual is receiving an adequate oral intake
of vitamin C. (5)(7)

DIAGNOSIS OF VITAMIN C DEFICIENCY. The diagnosis
of scurvy is a clinical one supported by laboratory and ra-
diologic studies. Plasma levels of vitamin C vary by die-
tary intake and are not a true measure of the body’s
stores. Therefore, low levels of vitamin C in platelets,

leukocytes, or buffy coat layers are a better indicator. An-
other way to make the diagnosis is by administering vita-
min C parentally and measuring urinary excretion. In
individuals with a normal vitamin C level, w80% of the
dose will be present in the urine in 3 to 5 hours. In scurvy,
the urinary excretion of vitamin C is reduced. The best
way to confirm the diagnosis is by seeing improvement
in symptoms after initiating treatment. Muscle pain and
spontaneous bleeding will improve in 2 to 3 days, gum
disease improves in 2 to 3 weeks, and bone disease and
ecchymosis resolve over several weeks. The only perma-
nent damage that occurs after scurvy is treated is tooth
loss. (5)(7)

TREATMENT AND PREVENTION OF VITAMIN C

DEFICIENCY. Administering 100 to 300 mg daily of vi-
tamin C in children and 500 to 1,000 mg in adults for 1
month or until symptoms resolve is the recommended
treatment for scurvy. (7)

EXCESS OF VITAMIN C.Oxaluria can result from excess
vitamin C. (1)

Case 5
A 15-month-old African American toddler presents to his
pediatrician for a routine well-child visit. His mother is
concerned because his legs are bowed and wants to know
if he will need braces. She is concerned also because he
has not yet developed any teeth. He was a full-term infant
who was exclusively breastfed and was not given any vita-
min D supplementation. On physical examination, he is
just below the 5th percentile for weight and height. His head
circumference is at the 25th percentile. Abnormalities
noted on examination include absent teeth, bony protuber-
ances along the anterior lateral chest wall, widened wrist,
and bowed legs.

Vitamin D
METABOLISM OF VITAMIN D. Cod liver oil, liver, organ

meats, egg yolk, and oily fish such as salmon, mackerel,
and sardines are the most common natural sources of
vitamin D. Unfortunately, many children do not consume
sufficient natural sources of vitamin D. Thus, fortified foods
and exposure to sunlight are the twomain sources of vitamin
D. (8) Vitamin D2 (ergocalciferol) and D3 (cholecalciferol)
are prohormones that are derived fromUV irradiation of
ergosterol in yeast and 7-dehydrocholesterol in animals,
respectively. In the intestine, vitamin D2 and vitamin D3

are absorbed readily and therefore used in supplements.
Vitamin D3 may be as much as three times as potent as
vitamin D2. (8)(9)
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Figure 3 reviews the metabolism of vitamin D. UV ir-
radiation converts 7-dehydrocholesterol, which is found
in its highest concentration in the stratum basale and stra-
tum spinosum in the epidermis, to vitamin D3. Vitamin
D3 enters the circulation and is hydroxylated by vitamin
D-25 hydroxylase to 25-hydroxyvitamin D (25[OH]-D)
while passing through the liver. The vitamin D status of
a patient is determined by measuring the 25(OH)-D
plasma level. From the liver, 25(OH)-D is transported
to the kidneys and converted to its active form, 1,25-
dihydroxyvitamin D (1,25[OH]-D), by 1-a-hydroxylase.

The major role of 1,25(OH)-D is to increase plasma
concentrations of calcium and phosphorus. This reaction
is accomplished by acting on receptors in the gut and
bones. 1,25(OH)-D increases renal calcium reabsorption
and increases intestinal absorption of calcium and phos-
phorus. In fact, 1,25(OH)-D can increase intestinal calcium
absorption by 30% to 40% and phosphorus absorption by
w80%. (9) In bones, 1,25(OH)-D and parathyroid hor-
mone (PTH) stimulate osteoblasts to become osteo-
clasts, which release calcium and phosphorus into the
blood. This process dissolves the mineralized collagen
matrix in bones and over time results in osteopenia and
osteoporosis. (9)

PTH, calcium, and phosphorus plasma levels tightly
regulate the production of 1,25(OH)-D. Hypocalcemic
states trigger the release of PTH, which upregulates
1,25(OH)-D formation. Hypophosphatemia directly
stimulates 1-a-hydroxylase to form 1,25(OH)-D, and fi-
broblast growth factor 23, produced in bones, inhibits
1,25(OH)-D formation. (1)(9)

CLINICAL MANIFESTATION OF VITAMIN D DEFICIENCY

AND RICKETS. Vitamin D deficiency presents differ-
ently at different ages. Infants and children may be
asymptomatic or can present with seizures and tetany
as a result of hypocalcemia. They also may have failure
to thrive, hypotonia, widened cranial sutures, and frontal
bossing. Craniotabes (thinning of the skull) also may be
present. Classically, craniotabes is described as feeling like
a ping-pong ball when the skull is depressed.

Older infants and children present with bony changes
and may have developmental delay, delayed tooth erup-
tion, bowed legs, kyphosis, pelvic abnormalities, and pot-
bellies. (1) Bony changes that occur in rickets are a result
of delay in or failure of the cartilaginous growth plate to
calcify before fusing of epiphyses. The clinical and radio-
logic findings that occur are secondary to a widening or
deformity of the metaphyseal regions of the long bones
(Figs 4, 5, and 6). Hence, children can have a widened
wrist (Fig 7) or a rachitic rosary (Fig 8), an enlarged

costochondral junction along the anterior lateral aspects
of the chest wall. A Harrison groove, a horizontal depres-
sion across the chest, may be seen where the diaphragm
pulls on the weakened chest wall. Adults generally pres-
ent with osteomalacia. (1)(10)

Over the years, it has been discovered that many tissues
in the body, in addition to bone, have 1,25(OH)-D re-
ceptors. Vitamin D plays a role in cellular proliferation,
differentiation, apoptosis, angiogenesis, and immunomo-
dulation. The vitamin also inhibits renin synthesis, increases
insulin production, and increases myocardial contractility.
Studies have demonstrated that there is an increased inci-
dence of Hodgkin lymphomas and colonic, pancreatic,
prostate, ovarian, and breast cancers when 25(OH)-D levels
are <20 ng/mL. Vitamin D deficiency has been shown to
increase the risk of autoimmune diseases, osteoarthritis, type
I diabetes mellitus, cardiovascular disease, schizophrenia,
depression, and wheezing illnesses. (9)

CAUSES OF VITAMIN D DEFICIENCY. Vitamin D defi-
ciency can occur because of decreased synthesis, de-
creased nutritional intake, decreased maternal vitamin
D stores, malabsorption, and decreased synthesis or in-
creased degradation of 25(OH)-D. There has been a re-
surgence of vitamin D deficiency in North America and
northern Europe. Dark-skinned children on strict vege-
tarian diets or cult or fad diets, dark-skinned infants
exclusively breastfed beyond age 3 to 6 months, prema-
ture infants, adolescents, and infants born to vitamin
D–deficient mothers are all at increased risk. (8)

Decreased UV-B exposure to the skin can result in de-
creased synthesis of vitamin D3. Darker-skinned individ-
uals require greater UV-B exposure to maintain equal
concentrations of vitamin D compared with lighter-
skinned individuals. In fact, Asians may require 3 times
and African Americans may require 6 to 10 times the ex-
posure of UV-B as white individuals to synthesize equiv-
alent amounts of vitamin D.

The amount of an individual’s skin exposed to UV-B
also plays a role in the synthesis of vitamin D. As an ex-
ample, Middle Eastern women wearing traditional
clothes are at greater risk for vitamin D deficiency. Sun-
screen, increased time spent in the shade or indoors, air
pollution, cloud cover, higher latitude (especially higher
than 37.5°), and winter season all result in decreased UV
radiation and, hence, decreased vitamin D levels. Higher
altitudes and the summer season are protective against vi-
tamin D deficiency. (1)(2)(8)

Nutritional deficiency of vitamin D is more likely to
occur if there are certain risk factors. Infants can be born
deficient if there is maternal vitamin D deficiency.
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Figure 3. Synthesis and metabolism of vitamin D. (Reprinted with permission from Holick MF. Vitamin D deficiency. N Engl J Med.
2007;357[3]:266–281.)
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Transplacental transfer of vitamin D occurs throughout
pregnancy. Thus, infants who are born prematurely can
be deficient because there is less time to build up stores.
Exclusively breastfed infants are at risk, especially if there
is limited sun exposure, because human milk only pro-
vides 11 to 38 IU/day of vitamin D, assuming consump-
tion of 750 mL/day of human milk. This lack of dietary

vitamin D is exacerbated by the current AAP recommen-
dation to limit sun exposure for infants younger than 6
months because of the harmful effects of UV radiation.
Formula-fed infants also can be vitamin D deficient if
other risk factors are present. (1)(2)(8)

Any condition that leads to impaired fat absorption
has the potential to result in vitamin D deficiency. Celiac
disease, food allergies, gastric and small bowel resection,
cystic fibrosis, and Crohn disease are a few of the disor-
ders that can impair vitamin D absorption. (1)(2)(8)

DIAGNOSIS OF VITAMIN D DEFICIENCY. The diagnosis
of vitamin D deficiency is based on clinical, radiographic,
and laboratory data. The clinical presentations have been

Figure 4. Radiographic appearance of rickets in the wrist.
(Reprinted with permission from Sethuraman U. Vitamins.
Pediatr Review. 2006;27[2]:44–55.)

Figure 5. Radiographic appearance of rickets in the shoulders.
(Reprinted with permission from Sethuraman U. Vitamins.
Pediatr Review. 2006;27[2]:44–55.)

Figure 6. Radiographic appearance of rickets in the knees.
(Reprinted with permission from Sethuraman U. Vitamins.
Pediatr Review. 2006;27[2]:44–55.)

Figure 7. Widened wrists associated with rickets. (Reprinted
with permission from Sethuraman U. Vitamins. Pediatr Review.
2006;27[2]:44–55.)
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discussed. On radiographs, there may be widened distal
ends of long bones with cupping and fraying, osteopenia,
and uncalcified metaphyses, specifically in the knees,
wrists, shoulders, and chest.

The laboratory diagnosis depends on the plasma level
of 25(OH)-D. Unfortunately, there is not a completely
reliable assay to determine levels. Hence, the levels at
which a patient is vitamin D deficient is up for some de-
bate. The current recommended level for children to be
defined as vitamin D deficient is <37.5 nmol/L (15 ng/
mL) of 25(OH)-D, and severe deficiency is defined as
<12.5 nmol/L. A level of 50 nmol/L (20 ng/mL) is
considered to be vitamin D sufficient. (8)

The Table reviews the abnormalities of calcium, phos-
phorus, alkaline phosphatase, PTH, and 25(OH)-D
levels associated with different causes of vitamin D defi-
ciency. Alkaline phosphatase levels can be used as a screen-
ing tool for vitamin D deficiency. If >95th percentile for
age, 25(OH)-D, calcium, phosphorus, and PTH levels
should be checked. Radiographs of the distal end of the
radius and ulna or the tibia and femur (knee) should be
checked because wrist radiographs may be the most reli-
able test to discover subclinical rickets. (1)(2)(8)

TREATMENT AND PREVENTION OF VITAMIN D

DEFICIENCY. There has been an increase in the preva-
lence of rickets coinciding with an increase in immigra-
tion of dark-skinned individuals from sunny tropical
environments to North America. Exclusive breastfeeding,
avoidance of direct sunshine until age 6 months, limiting

children’s sunlight exposure, and using protective cloth-
ing and sunscreen as recommended by the AAP have
contributed to this rise.

Meat and fish are the most common sources of vita-
min D; therefore, vegetarians are at particular risk. This
finding has led many countries to fortify foods with vita-
min D and increase the amount of vitamin D in infant
formulas to 400 IU/L. These interventions have resulted
in decreasing the incidence of rickets in developed
countries.

The AAP recommends monitoring the vitamin status
of infants, adolescents, and pregnant women while con-
sidering supplementation. It is recommended that all
breastfed infants and formula-fed infants who do not con-
sume 1 L of vitamin D–fortified milk per day be supple-
mented with 400 IU/day of vitamin D. Supplementation
should begin within a few days of birth. (8)

Darker-skinned individuals who are exclusively breastfed
and live at higher latitudes may require up to 800 IU/day
of vitamin D, especially in the winter months. Premature
infants also require 400 to 800 IU/day because of the
lack of sufficient stores at birth. (8)

The Institute of Medicine recently made recommen-
dations that children and adolescents age >1 year need
600 IU/day. (11) Despite these measures, breastfed in-
fants who have other risk factors are still at risk. More re-
search is needed on how much sun exposure is necessary
to maintain 25(OH)-D levels >50 nmol/L (20 ng/mL)
while still being safe for high-risk individuals. (2)(8)(10)

Some recommend that children need to be treated
when 25(OH)-D levels are <37.5 nmol/mL (15 ng/
mL) or when there are clinical signs of hypocalcemia
or rickets. (8) The more recent Institute of Medicine rec-
ommendations suggest treating for levels <50 nmol/L
(20 ng/mL). (11) Different regimens can be used to
treat vitamin D deficiency successfully.

After the first month of age, high doses (100,000–
600,000 IU over 1–5 days) can be used in patients in
whom compliance is an issue. Otherwise, treatment con-
sists of administering 1,000 IU/day of vitamin D2 for in-
fants age <1 month; 1,000 to 5,000 IU/day for infants
ranging from age 1 to 12 months; and 5,000 to 10,000
IU/day for children age >12 months until radiologic ev-
idence of healing is evident. There should be radiologic
evidence of bone healing afterw2 to 4 weeks of adequate
therapy. Maintenance therapy can then be started with
400 to 1,000 IU/day of vitamin D, depending on age.

Patients may require oral supplementation with cal-
cium for hypocalcemia. In cases of convulsions or tetany,
parental boluses of calcium (10–20 mg of elemental cal-
cium/kilogram of 10% calcium gluconate over 5–10

Figure 8. Rachitic rosary. (Reprinted with permission from
Sethuraman U. Vitamins. Pediatr Review. 2006;27[2]:44–55.)

nutrition and nutritional disorders vitamins

348 Pediatrics in Review Vol.33 No.8 August 2012

 at Health Internetwork on August 2, 2012http://pedsinreview.aappublications.org/Downloaded from 



minutes) are recommended until calcium levels are nor-
malized. Oral calciummaintenance therapy with 30 to 75
mg/kg per day for infants, 700 mg/day for those age 1
to 3 years, 1,000 mg/day for 4- to 8-year-olds, and 1,300
mg/day for 9- to 18-year-olds divided three times per
day is required until the PTH level has normalized, 25
(OH)-D stores have been replenished, and vitamin D
has been transitioned to maintenance therapy. (8)(11)
Patients also may require 20 to 100 ng/kg of calcitriol
in two to three divided doses until calcium levels
normalize.

Excess of Vitamin D
Hypervitaminosis D is rare but occurs with 25(OH)-D
levels >375 nmol/L. This condition can occur when
receiving >50,000 IU/day of vitamin D. The signs
and symptoms include hypotonia, anorexia, poly-
dipsia, dehydration, hypertension, and corneal cloud-
ing. (1)(9)

Case 6
A 12-month-old, 25-week premature infant who has neo-
natal cholestatic jaundice awaiting a liver transplant is
noted to be hyporeflexic and have generalized weakness.
The nutritionist suggests checking a-tocopherol levels.

Vitamin E
METABOLISM OF VITAMIN E. Vitamin E is a group of

fat-soluble compounds, of which a-tocopherol is the
most important compound. Green leafy vegetables, veg-
etable oils, milk, and eggs all contain vitamin E. Vitamin
E is absorbed in the ileum via scavenger receptor SR-B1.
This receptor also transports cholesterol. Vitamin E is

transported in the circulation via chylomicrons or aden-
osine triphosphate–binding cassette transporters. The
chylomicrons are hydrolyzed by lipoprotein lipase and
then stored in the liver. Vitamin E is then incorporated
into high-density lipoproteins and is transported to target
tissues. (12)

The function of Vitamin E is still not defined clearly.
The vitamin is believed to be an antioxidant and to de-
crease the risk of arthrosclerosis, ischemic heart disease,
diabetes mellitus, cataracts, Parkinson disease, Alzheimer
disease, and cancer. (1)(2)

CLINICAL MANIFESTATIONS OF VITAMIN E

DEFICIENCY. Vitamin E deficiency may present with
myopathy, ataxia, pigmented retinopathy with vision loss,
loss of vibratory and position sense, hyporeflexia, gener-
alized weakness, and hemolytic anemia. (1)(2)(12)

Causes of Vitamin E Deficiency
Because of the abundance of vitamin E in a variety of
foods, vitamin E deficiency is extremely uncommon.
However, vitamin E deficiency can occur as a result of
fat malabsorption, short bowel syndrome, cholestatic
liver disease, or in very low birthweight premature
infants. Individuals with abetalipoproteinemia and
Friedreich ataxia also may develop vitamin E deficiency.
(1)(2)(12)

DIAGNOSIS OF VITAMIN E DEFICIENCY. The diagnosis
is made on the basis of a serum a-tocopherol level <5
mg/L. (1)

TREATMENT OF VITAMIN E DEFICIENCY. In children
who have malabsorption, 15 to 25 mg/kg per day of
a-tocopherol will correct vitamin E deficiency. (1)

Table. Distinguishing the Different Types of Rickets

Type Etiology Calcium Phosphorus
Parathyroid
Hormone 1,25(OH)-D

Alkaline
Phosphatase

Vitamin D deficiency Inadequate intake/little
UV exposure

Y Y [ Normal/Y [

Vitamin D–dependent
(type I)

Low 1-a hydroxylase Y Y [ Y [

Vitamin D–dependent
(type II)

1,25(OH)-D resistance Y Y [ [ [

Vitamin D–resistant
(X-linked
hypophosphatemia)

Defect of renal tubular
phosphate reabsorption

Normal Y Normal Normal/Y [

Renal disease Defect of renal phosphate
excretion

Mild Y [ [ Y [

Adapted with permission from Sethuraman U. Vitamins. Pediatr Rev. 2006;27(2):44–55.
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EXCESS OF VITAMIN E. Vitamin E excess will present
with nausea, diarrhea, and vitamin K antagonism. (1)

Case 7
A 4-day-old boy presents for his newborn visit. He was
a full-term infant born via spontaneous vaginal delivery
at home with a midwife. The mother is breastfeeding,
but her milk supply has not yet come in. On examination,
he has lost 10% of his birthweight and is jaundiced. The
remainder of his examination is normal except for a bleed-
ing umbilical stump.

Vitamin K
METABOLISM OF VITAMIN K. Vitamin K comes in three

forms: phylloquinone (vitamin K1), found in plants; me-
naquinones (vitamin K2), synthesized by bacteria in hu-
man and animal intestines; and menadione (vitamin K3),
a synthetic preparation that is not used because of its as-
sociation with hemolytic anemia and kernicterus. Ap-
proximately 90% of vitamin K in the liver is stored as
menaquinones, and phylloquinone is the major form
found in plasma. (13) Green leafy vegetables, legumes,
and vegetable oils are the major sources of phylloqui-
nones. Vitamin K is absorbed in the jejunum and trans-
ported to the liver. It serves as a cofactor in the liver for
g-glutamyl carboxylase, which carboxylates glutamate-
bound proteins. Coagulation factors II, VII, IX, and X,
protein C, protein S, protein Z, osteocalcin, matrix Gla
protein, antibody Gas6, conantokin G peptide, and conan-
tokin T peptide are all activated by g-glutamyl carboxylase.
In the absence of vitamin K, proteins induced by vita-
min K absence, which are inactive, are released into
circulation.

Little vitamin K is transported across the placenta.
Newborn infants do not have any menaquinones stored
in the liver until age 2 to 3 months. (13)

Vitamin K is recycled in the body by vitamin K–epoxide
reductase. Warfarin inhibits vitamin K–epoxide reductase,
leading to its anticoagulation effects. However, giving
high doses of vitamin K can overcome the effects of cou-
marin and warfarin. (13)

CLINICAL MANIFESTATIONS AND CAUSES OF VITAMIN

K DEFICIENCY. Vitamin K deficiency bleeding (VKDB),
formally called hemorrhagic disease of the newborn, can
present in three ways: early, classical, and late VKDB. The
time course and history help to distinguish among the
different types of VKDB. Early VKDB presents in the first
24 hours of age with cephalohematomas, intra-abdominal
hemorrhage, or intracranial bleeding. Approximately 6%

to 12% of infants, if not supplemented with vitamin K
after birth, develop early VKDB if mothers take drugs
that inhibit vitamin K. The most common drugs lead-
ing to early VKDB are carbamazepine, phenytoin, bar-
biturates, isoniazid, rifampicin, cephalosporins, and
warfarin. (2)(13)

Classical VKDB is milder in presentation and occurs
from day 2 to day 7 of age. Infants may have bruising or
bleeding from the umbilicus, gastrointestinal tract, and
puncture sites. Although rare, intracranial bleeding has
occurred. Classical VKDB is a result of delayed or insuf-
ficient feeding in children whose diets are not supple-
mented with vitamin K. (2)(13)

Late VKDB occurs in 1/15,000 to 1/20,000 infants
who are breastfed exclusively and whose diets are not
supplemented with vitamin K. Infants can present any-
where from age 2 to 12 weeks with severe disease. Intra-
cranial hemorrhage occurs in 50% of infants and has
a 20%mortality rate. Of the infants who survive, generally
they suffer neurologic sequelae. Infants with cholestasis
or malabsorption are at increased risk but generally have
less severe disease. (2)(13)(14)

DIAGNOSIS OF VITAMIN K DEFICIENCY. VKDB is a
coagulation disorder that manifests an international
normalized ratio ‡4, a prothrombin time ‡4 times
normal, normal platelets, and normal fibrinogen levels.
The other key to the diagnosis is correction of the in-
ternational normalized ratio and prothrombin time
within 2 hours of parenteral administration of 1 mg
of vitamin K. Proteins induced by vitamin K absence
in the plasma confirm the diagnosis, and their presence
can diagnose subclinical disease when coagulation stud-
ies are normal. (13)

TREATMENT AND PREVENTION OF VITAMIN K
DEFICIENCY. All infants should receive prophylaxis

with vitamin K at birth to prevent VKDB. Supplementa-
tion either orally or intramuscularly with 1 mg of vitamin
K will prevent classical disease. A single intramuscular
dose will prevent late VKDB in exclusively breastfed
infants. Weekly oral doses of 1 mg vitamin K until
age 12 weeks can prevent late VKDB, but compliance
may become an issue. In infants with malabsorption or
cholestasis, intramuscularly is the preferred route of
administration. There have been reports of cancer as-
sociated with intramuscular administration of vitamin
K, but this association has been unconfirmed at this
point. (13)(14)

EXCESS OF VITAMIN K. Hemolytic anemia and hyper-
bilirubinemia can occur with excess vitamin K. (1)

nutrition and nutritional disorders vitamins

350 Pediatrics in Review Vol.33 No.8 August 2012

 at Health Internetwork on August 2, 2012http://pedsinreview.aappublications.org/Downloaded from 



References
1. Sethuraman U. Vitamins. Pediatr Rev. 2006;27(2):44–55
2. Suskind DL. Nutritional deficiencies during normal growth.
Pediatr Clin North Am. 2009;56(5):1035–1053
3. Underwood BA, Arthur P. The contribution of vitamin A to
public health. FASEB J. 1996;10(9):1040–1048
4. Rasmussen SA, Fernhoff PM, Scanlon KS. Vitamin B12 de-
ficiency in children and adolescents. J Pediatr. 2001;138(1):10–17
5. Larralde M, Santos Muñoz A, Boggio P, Di Gruccio V, Weis I,
Schygiel A. Scurvy in a 10-month-old boy. Int J Dermatol. 2007;46
(2):194–198

6. Schleicher RL, Carroll MD, Ford ES, Lacher DA. Serum vitamin
C and the prevalence of vitamin C deficiency in the United States:
2003-2004 National Health and Nutrition Examination Survey
(NHANES). Am J Clin Nutr. 2009;90(5):1252–1263
7. Weinstein M, Babyn P, Zlotkin S. An orange a day keeps the
doctor away: scurvy in the year 2000. Pediatrics. 2001;108(3):e55
8. Misra M, Pacaud D, Petryk A, Collett-Solberg PF, Kappy M;
Drug and Therapeutics Committee of the Lawson Wilkins Pediatric
Endocrine Society. Vitamin D deficiency in children and its
management: review of current knowledge and recommendations.
Pediatrics. 2008;122(2):398–417
9. Holick MF. Vitamin D deficiency. N Engl J Med. 2007;357(3):
266–281
10. Pettifor JM. Rickets and vitamin D deficiency in children and
adolescents. Endocrinol Metab Clin North Am. 2005;34(3):
537–553, vii
11. Institute of Medicine. Dietary Reference Intakes for Calcium and
Vitamin D. Washington, DC: The National Academies Press; 2011
12. Brigelius-Flohé R, Galli F. Vitamin E: a vitamin still awaiting
the detection of its biological function.Mol Nutr Food Res. 2010;54
(5):583–587
13. Van Winckel M, De Bruyne R, Van De Velde S, Van Biervliet
S. Vitamin K, an update for the paediatrician. Eur J Pediatr. 2009;
168(2):127–134
14. American Academy of Pediatrics Committee on Fetus and
Newborn. Controversies concerning vitamin K and the newborn.
Pediatrics. 2003;112(1 pt 1):191–192
15. Molloy AM, Kirke PN, Troendle JF, et al. Maternal vitamin
B12 status and risk of neural tube defects in a population with high
neural tube defect prevalence and no folic acid fortification.
Pediatrics. 2009;123(3):917–923

Summary

• Based on strong research evidence, all infants should
receive 400 IU/day of vitamin D beginning in the first
few days of age to prevent vitamin D deficiency and
rickets. (8)

• Based on strong research evidence, children and
adolescents age >1 year may require as much as 600
IU/day of vitamin D. (11)

• Based on strong research evidence, all newborns
should receive 1 mg of vitamin K at birth to prevent
vitamin K deficiency bleeding. (13)

• Based on strong research evidence, preconceptional and
pregnant women should be supplemented with folate
to decrease the likelihood of neural tube defects. (15)

PIR Quiz
This quiz is available online at http://www.pedsinreview.aappublications.org. NOTE: Since January 2012, learners can
take Pediatrics in Review quizzes and claim credit online only. No paper answer form will be printed in the journal.

New Minimum Performance Level Requirements
Per the 2010 revision of the American Medical Association (AMA) Physician’s Recognition Award (PRA) and credit
system, a minimum performance level must be established on enduring material and journal-based CME activities that
are certified for AMA PRA Category 1 CreditTM. In order to successfully complete 2012 Pediatrics in Review articles for
AMA PRA Category 1 CreditTM, learners must demonstrate a minimum performance level of 60% or higher on this
assessment, which measures achievement of the educational purpose and/or objectives of this activity.

Starting with the 2012 issues of Pediatrics in Review, AMA PRA Category 1 CreditTM may be claimed only if 60% or
more of the questions are answered correctly. If you score less than 60% on the assessment, you will be given
additional opportunities to answer questions until an overall 60% or greater score is achieved.

1. You receive a report from the laboratory that a 1-year-old patient of yours who has experienced poor growth
has an elevated sweat chloride level. The serum concentration of which of the following vitamins would you
expect to be normal?

A. A.
B. C.
C. D.
D. E.
E. K.
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2. A 3-year-old girl whose family practices vegetarianism has noticeably yellow skin but clear sclerae. Which of
the following findings is most likely to be present as well?

A. Corneal xerosis.
B. Depressed immune function.
C. Follicular hyperkeratosis.
D. Hair loss.
E. Nyctalopia.

3. A 17-year-old girl who comes to you as a new patient tells you that she has been eating a strict vegetarian diet
for 5 years. You order a complete blood cell count because of concern about which of the following conditions?

A. Lymphocytosis.
B. Macrocytic anemia.
C. Microcytic anemia.
D. Normocytic anemia.
E. Thrombocytosis.

4. A 9-month-old African American boy comes in for his first visit. He has just moved from upstate New York,
having received only sporadic well-care since his birth in September. He has been breastfed exclusively, and his
length is at the 3rd percentile. Which of the following blood tests would you expect might yield an abnormal
result?

A. Alanine aminotransferase.
B. Alkaline phosphatase.
C. Blood urea nitrogen.
D. Glucose.
E. Uric acid.

5. A newborn girl whose mother has taken carbamazepine throughout her pregnancy because of a severe seizure
disorder is noted to have large cephalohematomas in both parietal areas. This finding is related to insufficient
amounts of the following vitamin:

A. A.
B. B12.
C. C.
D. Folic acid.
E. K.
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Educational Gap

As health-care delivery systems become increasingly complex, ongoing quality improve-

ment becomes increasingly important. Pediatricians must become familiar with tools that

have been developed to facilitate quality improvement, including the model for improve-

ment, Lean and Six Sigma methodology, root case analysis, and failure modes and effects

analysis.

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

1. Understand fundamental concepts and principles of quality improvement in health

care.

2. Describe basic tools and resources available to the clinician for implementing quality

improvement initiatives.

3. Explain how quality improvement methodologies can be used to improve clinical care

and reduce adverse events.

This is the second in a series of articles reviewing the topics of patient safety and quality

improvement in pediatrics. (1)

Introduction
Quality improvement (QI) is an essential component of 21st century medicine. As health-
care delivery systems become increasingly complex, ongoing QI becomes increasingly im-
portant. QI and patient safety are inseparable disciplines. Health-care organizations often
use QI methodologies to create safer systems and implement safer practices. The pediatric
provider needs to be familiar with basic QI principles, tools, and methods to improve clin-
ical care, patient safety, efficiency, and the overall patient experience.

Principles, Tools, and Methods
A central concept in QI is implementation of incremental change, followed by measure-
ment of the effects of these changes over time. (2)(3) Changes in health care occur within
complex organizational and social systems as well as in comparatively smaller office settings.
The impact of a given QI initiative can therefore vary greatly across health-care environ-
ments. Data generated by changes in process need to be tracked to assess how both antic-
ipated and unanticipated factors affect outcomes. Careful review of such data enables
clinicians to assess which strategies are successful and which ones are not.

At minimum, baseline and postimplementation measurements generally are necessary
for determining the impact of any initiative. Many projects require multiple data points

collected over time. Defining specific measures is critical to
any QI project but can be challenging. For example, it is dif-
ficult to measure adverse events that were averted.

There are two basic types of measures: process measures
and outcome measures. A process measure quantifies compli-
ance with the practices being implemented as part of an ini-
tiative. An outcome measure gauges the impact of the initiative
on a patient population or health-care system. Process drives

Abbreviations

FMEA: failure modes and effects analysis
PDSA: Plan-Do-Study-Act
QI: quality improvement
RCA: root cause analysis
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outcome. The process measures for the project can be
viewed as the independent variables and the outcome
measures as the dependent variables.

Most QI projects strive to achieve high compliance
with process changes to achieve the maximum effect on
outcome measures. Understanding the benefits of contin-
uousQI within health-care organizations relies on the abil-
ity to measure outcomes. (4) When possible, outcomes
should be evaluated in terms of clinical effectiveness, finan-
cial impact, and patient and family satisfaction.

For example, an office practice wants to improve the
care they provide to patients who have asthma. Their goal
is to reduce the frequency of severe asthma exacerbations.
The clinicians plan to achieve this goal
by providing a detailed asthma action
plan to every patient who has asthma
in their practice. A process measure
for this project might be the per-
centage of patients who have an
action plan documented in their
medical records, with the numera-
tor being the number of patients
having an action plan and the de-
nominator being the total number
of patients in the practice who have
asthma.

A clinical outcomemeasure for this
initiative might be the reduction of
emergency department visits or inpa-
tient hospitalizations for asthma exac-
erbations once adequate compliance
is achieved; specifically, a threshold
number or percentage of patients hav-
ing asthma action plans in their charts.

From a financial perspective, re-
duction in emergency department
visits or inpatient hospitalizations
could be translated into decreased
costs to the health-care system as
well as averted co-pays, which are be-
coming increasingly expensive. The
parents’ comfort level with their
child’s asthma management after
implementation and review of the
action plan could help to assess
satisfaction.

There are instances in which mea-
suring outcomes is impractical or
cannot be done for extended periods
of time after an initiative has been
implemented. In such cases, tracking

process measures and improving compliance can be a rea-
sonable approach. Figure 1 provides a simple template that
has been successfully used to develop and implement
QI initiatives. More comprehensive tools are available
through organizations such as the Institute for Health-
care Improvement.

Implementing change can sometimes introduce un-
wanted outcomes. A balancing measure is a variable that
can be used to assess a potential negative consequence
of a process change. For example, an inpatient unit im-
plements a project to reduce the number of hospital re-
admissions. A balancing measure for this initiative might
be the length of stay, which could increase if patients

Figure 1. Example of a Quality Improvement Project template.
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are observed longer to be certain they are ready for dis-
charge and will not need to be readmitted.

Just as a handyman’s toolbox must contain a hammer,
a screwdriver, and a pair of pliers, so too must a QI tool-
box contain some fundamental tools for the clinician to
utilize. The choice of tools for a given situation will de-
pend on the nature of the issue to be addressed. Although
every clinician does not necessarily need to be expert with
each tool, it is important that she or he at least be familiar
with the basics of each and knows in what scenarios each is
applied best.

The Model for Improvement, based on work by
W. Edwards Deming, is used commonly as the basis
for many QI initiatives. (3) The model begins by asking a
few key questions: What are we trying to accomplish;
how will we know that a change is an improvement; and
what change can we make that will result in improvement?
A Plan-Do-Study-Act cycle, or PDSA cycle, is then initiated.

In the Plan phase, the QI team states the project’s ob-
jective and creates a detailed plan that specifies who will
be responsible for the changes; what the specifics of the
changes will be; where the changes will be implemented;
and when the changes will occur.

The tests of change begin during the Do phase, and
the team documents any obstacles that are encountered,
so they can be addressed. During the Study phase, the
team begins to analyze the process and outcome data,
and a record of lessons learned is kept.

In the Act phase, the QI team considers adopting,
adapting, or abandoning changes based on the results of
the Study phase and integrates the findings into the next
PDSA cycle. The number of PDSA
cycles needed for a given QI project
varies and depends on the individual
nature of the initiative and the envi-
ronment in which it is implemented.

Run charts provide an easy, practi-
cal way of tracking and displaying
data generated from a QI initiative.
Time intervals are plotted along the
x-axis, and a process measure (eg,
compliance rate) or outcomemeasure
(eg, infection rate) is plotted along
the y-axis. A line is drawn to connect
data points and display trends. Anno-
tations often are added to show how
a process change affects the variable
being measured over time. Figure 2
illustrates a simple run chart.

Lean and Six Sigma methodolo-
gies can be used to improve quality

of care, efficiency, and the financial performance of
health-care organizations. (5) These techniques origi-
nated in the manufacturing industry to increase produc-
tivity by eliminating steps that do not add value to
a process. Lean methodology focuses on reducing waste
and improving workflow. Six Sigma strives to decrease
variation through detailed data collection and analysis.
These two strategies have subsequently been combined
into a methodology known as Lean Six Sigma.

A commonly used Lean Six Sigma tool is a value stream
map that outlines an entire process from start to finish.
Each step in the process is analyzed in three domains: per-
sonnel, information flow, and time. Teams of health-care
providers then address workflow and find ways to increase
value at each step.

Some ways to increase value include reducing varia-
tion, streamlining processes, eliminating redundant in-
formation, and increasing employee engagement. Lean
Six Sigma can be used, for example, to improve efficiency
in an outpatient office or an emergency department.
When embarking on a Lean or Six Sigma project, it is
generally helpful to have a coach (ie, a facilitator for-
mally trained in these methodologies) to help guide the
endeavor.

Root cause analysis (RCA) is a retrospective tool often
used to determine the factors contributing to an error or
adverse event so improvements can be made to prevent a
recurrence. (6) RCA has its origin in industrial psychology
and human factors engineering. It enables health-care
organizations to identify system-based flaws and therefore
develop system-based solutions.

Figure 2. Example of a simple run chart.
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Because RCA is system focused, it helps to avoid blam-
ing an individual whose actions are rarely responsible for an
error or adverse event alone. An RCA begins with a de-
tailed account and time line of events leading up to the in-
cident. A multidisciplinary meeting is convened to review
this summary and identify key contributory factors, or
“root causes,” for the error or adverse event. Once the
root causes have been established, risk reduction strategies
are developed with a time frame for implementation. RCA
can be used to evaluate incidents such as medication errors
and wrong-sided procedures.

Reason describes two major categories of errors: ac-
tive error and latent error. (7)(8) An active error occurs
at the point of human interface with a complex system.
A latent error represents failures of system design. RCA
is well suited to identify latent errors related to an event.
In 1997, The Joint Commission mandated the use of
RCA in the investigation of adverse events in accredited
hospitals. (9) In 2003, the Agency for Healthcare Re-
search and Quality described factors identified by using
RCA as contributing frequently to errors and adverse
events in health-care organizations. (10) These factors in-
cluded communication failures, organizational transfer
of knowledge, patient-specific issues, staffing patterns,
workflow, technical failures, and inadequate policies and
procedures.

Failure modes and effects analysis (FMEA) is a prospec-
tive methodology used to anticipate system vulnerabil-
ities and potential adverse outcomes related to failures
in human, process, and mechanical interactions. The
analysis then identifies areas most in need of improve-
ment. (11) In FMEA, risks are evaluated in terms of se-
verity, occurrence, and detection. The risks are given
a priority value assessing overall risk level; actions for risk
reduction or elimination are then determined.

FMEA works well for processes that are relatively lin-
ear and has been used for many years in the engineering
field. The Institute for Safe Medication Practices began
using FMEA in 1990 and continues to promote the tool
in the analysis of potential medication errors. FMEA has
been used to guide implementation of computerized or-
der provider entry, reducing ordering errors in pediatric
chemotherapy. (12) Similarly, the process could be used
to help mitigate risk in the transition to a new electronic
medical record in an office setting.

Evidence-based medicine can be viewed as a QI strat-
egy, although not routinely thought of as such. Evidence
can serve as a powerful tool to support and drive QI, as in
the implementation of evidence-based guidelines. The
use of best-practice guidelines to reduce adverse medical
events is well documented. The guidelines can improve

the quality and safety of care delivery to children, partic-
ularly in high-risk situations. (13) Best-practice guidelines
reduce variation in care delivery, thereby reducing risk of
errors. Many hospitals and pediatric practices integrate
guidelines into routine care through the use of physician
order sets, electronic templates, and alerts built into
computerized provider order entry, as well as electronic
documentation systems. Atlas et al (14) found that a
strong connection between patients and their primary
care providers is correlated with the use of guideline-driven
care.

The Muir Gray classification typically is used when
employing evidenced-based interventions to reduce ad-
verse medical events. This classification system uses a rat-
ing scale, with randomized controlled trials being ranked
as the best or highest level of evidenced-based interven-
tion. (15) Most clinical guidelines use evidence-based in-
terventions and stress the application of interventions that
have the strongest support from research studies.

Shojania et al (16) summarized evidence-based practices
that support patient safety. However, applying principles of
evidence-based medicine to patient safety practices is not
always an exact science. The following factors should be
considered: level of evidence, anticipated clinical outcomes
and risks of harm, generalizability to other institutions, and
patient populations. A small dose of common sense also
should be added.

When applying evidence-based interventions to re-
duce medical errors and adverse events, the context of
each practice setting must be taken into account. Berwick
(2) describes the importance of context when applying
recommendations from high-level studies. Each health-
care system is unique. The complexities of each individual
system need to be considered when deciding how best to
apply evidence for reduction of adverse events.

Like a handyman’s tools, QI tools sometimes are used
best in combination. For example, an 8-month-old child
who has influenza is admitted to an inpatient pediatric
unit. During the hospitalization, she experiences a signif-
icant adverse event. An RCA can be performed to deter-
mine the factors contributing to the event. One of the
root causes identified is that the seasonal influenza vac-
cine was not offered during the child’s recent health
maintenance visit. Further investigation reveals that the
primary care office does not have a standardized practice
for offering influenza vaccine to infants. The Model for
Improvement, by using several PDSA cycles, can be used
to improve the process of offering the vaccine during
well-child visits. The evidence-based guidelines for pedi-
atric influenza immunization can be used to help drive
the initiative, achieve better compliance rates, and, it is
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hoped, reduce the number of acute cases of influenza and
resultant complications.

Getting Started
The prospect of embarking on a QI initiative can be over-
whelming. However, it is important that pediatric pro-
viders be involved in such work. The recent requirement
by the American Board of Pediatrics for physicians to par-
take in QI activities as part of Maintenance of Certification
underscores the importance of these endeavors. The fol-
lowing section provides some guidance to assist pediatri-
cians in developing and implementing QI projects.

For those with limited experience and resources, collab-
orating with other clinicians provides a rich opportunity
to perform QI work. Collaboratives facilitate exchange of
knowledge, experience, and ideas, and allow for pooling of
resources. Organizations such as the Institute for Health-
care Improvement promote national and international
quality initiatives that often span the medical specialties.

The American Academy of Pediatrics’ Quality Im-
provement Innovation Network and its Chapter Alliance
for Quality Improvement provide support and resources
to engage pediatricians in QI efforts. Organizations such
as the National Association of Children’s Hospitals
and Related Institutions and the National Initiative for
Children’s Healthcare Quality facilitate initiatives to im-
prove health care for children.

There are organizations that focus on pediatric sub-
populations, such as the Vermont Oxford Network, which
has facilitated pioneering work within neonatology. Pedia-
tricians also may want to check locally for foundations that
support health-care QI projects within their communities.

The acronym SIERRA offers some simple guiding
principles for implementing a successful QI initiative (17):

• Simple initiatives
• Interdisciplinary teams
• Early adopters
• Rapid pilots
• Rapid feedback
• Advertise gains

Clinicians have a natural tendency to try to solve too large
a problem or address too many issues with one project.
Often, less is more. Simple initiatives focused on one
key goal with one key change often are more achievable
and increase the likelihood of a successful outcome. Even
focused strategies can affect a wide range of health-care
professionals, including physicians, nurses, and pharmacists.
Creation of an interdisciplinary team increases the scope
of expertise brought to the table, creates a collaborative

environment, and helps promote more widespread adop-
tion within an office or across an institution. Choose early
adopters when recruiting members for your team. These
are individuals who are respected by their peers, are open
to change, and can help spread new ideas. (18) Colleagues
who resist change and do not accept new ideas readily can
impede progress, create divisiveness, and derail a project.

QI projects rarely are perfect out of the starting gate.
Rapid cycles of change within a small, defined patient
population or geographic area make implementation more
manageable. Consider making changes one provider or
even one patient at a time. If the change is successful,
the breadth for the next cycle can be expanded. This ap-
proach also will prevent suboptimal practices from becom-
ing embedded or too widespread.

A few weeks of data collection between interventions
often is sufficient time to assess the effect of the initiative
and to make any necessary adjustments. To maintain the
momentum of the project, it is important to provide
rapid feedback to your team as well as any other staff
who have been affected by the initiative. Once positive
outcomes have been achieved, it is helpful to advertise
gains. This action provides positive reinforcement and
can motivate colleagues to participate in future endeavors.

Health-care providers often work in teams that include
many different roles, and it is imperative that these teams
communicate effectively. Unfortunately, these teams do
not always operate as a cohesive unit. Not surprisingly,
The Joint Commission found that poor communication
among clinicians is associated with increased morbidity.
(19) Communication breakdown, specifically with respect
to handoffs across transitions of care, will be addressed in
detail in the next article of this series. Burke et al (20) noted
that the military and aviation industry have invested a large
amount of time and resources into understanding the ways
in which teams function and the best ways to train them.

Team training is now being used in many academic
medical centers. Interdisciplinary team training programs
employing simulation can be used to improve quality of
care and develop strong patient safety environments. The
goal of these programs is to improve team dynamics and
train providers to appreciate and detect high-risk medical
situations. Team training has been added to residency cur-
ricula alongside traditional elements of resident training.
Thomas et al (21) performed a randomized controlled trial
in which interns were selected to receive neonatal resusci-
tation training as part of team training or standard neonatal
resuscitation training as individual training. The interns who
participated in team training exhibited more effective com-
munication skills than those participating in standard train-
ing. Such paradigms may offer a new career pathway for
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academic clinicians. The development of faculty roles in QI
has been described. (22) Team training is also being lever-
aged in risk management programs. Many institutions re-
duce the cost of malpractice premiums for providers who
participate in a teamwork training course. (23)

A major barrier to optimal communication in the
health-care setting is the traditional medicine hierarchy.
In this model, an intern, for example, would not question
the actions of an attending physician. In fact, she or he
might even be disciplined for doing so. This archaic and
frankly dangerous mindset is contrary to current thinking
and team training principles. All members of a health-care
team should and must feel empowered to speak up when-
ever they perceive an unsafe situation or practice.

Situational awareness refers to being cognizant of the
conditions affecting a team’s working environment. (24)
Henkind and Sinnett note (25) that situational awareness
decreases the likelihood of forgetting critical activities,
thereby enhancing patient safety. The Agency for Health-
care Research and Quality Team STEPPS is one of many
available team training programs that can be used to
teach and improve situational awareness within one’s of-
fice or institution. Checklists can be used by medical
teams to increase situational awareness during key pro-
cesses in health-care delivery. The use of checklists in
health care is a promising intervention to reduce error
in situations at risk of adverse medical events but is not
yet commonplace. (26)

Promoting QI
Health-care leaders and organizations must drive a cul-
ture that improves quality and patient safety. Recommen-
dations have been developed to engage hospital boards of
trustees in setting goals and demanding accountability for
QI. (27) Quality metrics must be evaluated continuously
and updated as medicine evolves and new evidence be-
comes available. Pediatricians are in a pivotal position to
support and disseminate QI efforts to improve health-care
outcomes for children.

Improving quality and patient safety requires financial in-
vestment. Third-party payers often use pay-for-performance
initiatives to motivate health-care institutions and pro-
viders. Although some such programs might be effective
in improving health care, Hayward and Kent (28) warn
that the changes made to meet pay-for-performance
measures might not necessarily improve quality. Value-
based purchasing, an evolving reimbursement model, will
incentivize QI in the future as the Centers for Medicare &
Medicaid Services begin to pay health-care institutions and
providers based not only on the care they provide but the
quality of care they provide. Many of the performance

measures used to motivate improvement are focused on
individual patient and provider interactions as well as
process measures. Conway and Clancy (29) recommend
using measures that focus more on patient outcomes
than on a single episode of care. This approach allows
opportunity to reward clinicians who offer high value
and efficient care and better aligns incentives across
the care continuum.

Strides have been made in health-care QI. The increas-
ing national attention on quality and patient safety efforts,
the transition from blaming individuals to pursuing
system-based opportunities, and the increasing focus on
patient- and family-centered care are examples of positive
paradigm shifts. From a more clinical perspective, efforts
to reduce hospital-acquired conditions, improve medica-
tion safety, and reduce surgical errors have decreased mor-
bidity and mortality. However, we cannot rest on our
laurels; there is still much work to be done. Our health-care
system needs to be transformed into one that truly embraces
the principles of continuous QI. (30)
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1. You are meeting with the Board of Directors of your hospital and you want to convince the board of the
importance of improving quality and patient safety. Which of the following incentives can you tell them
will be adopted by the Centers for Medicare & Medicaid Services?

A. Pay-for-performance for individual episodes of care.
B. Punishment of poor clinical practice.
C. Root cause analysis.
D. Value-based purchasing (reimbursement) focused on patient outcomes.
E. Voluntary adherence to evidence-based practice guidelines.

2. In attempting to educate the board about the characteristics of quality improvement programs, you point out
that favorable changes also can bring about an unfavorable consequence, known as a:

A. Balancing measure.
B. Baseline measure.
C. Compliance measure.
D. Process measure.
E. Tracking measure.

3. A board member asks if there is a way to anticipate system vulnerabilities. You explain that a prospective
method for identifying potential failures is:

A. Failure modes and effects analysis.
B. Plan-Do-Study-Act cycle.
C. Root cause analysis.
D. Run chart.
E. Value stream map.

4. The board seems anxious to get started on instituting quality improvement initiatives. You point out that one
important step that will make success more likely is:

A. Addressing a number of issues at one time.
B. Creating an interdisciplinary team.
C. Delaying feedback pending complete analysis of the results.
D. Planning for large-scale change.
E. Selecting team members who are critical of change.

5. Some members of the board feel that the traditional hierarchical model prevalent in medicine should prevail in
quality improvement programs. You point out that success is made more likely by:

A. Assuring that a physician chairs the effort.
B. Emphasizing individual responsibility for failure.
C. Excluding junior house officers from membership.
D. Providing team training.
E. Respecting traditional reporting relationships.

Audiocast

A supplementary audiocast is available at pedsinreview.aappublications.org/content/33/8/353/suppl/DC1.
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Educational Gap

In 2007, Pediatrics in Review published a review article on apparent life-threatening

events (ALTEs) and the role of home monitors. This update references the previous article

and provides an update on the topic. Most novel ALTE literature since the publication of

the review in 2007 has focused on one of four areas: identifying risk factors for ALTEs;

comparing risk factors for ALTEs and sudden infant death syndrome; determining appro-

priate diagnostic testing for infants presenting with ALTEs; and evaluating the need for

infant hospitalization after an ALTE.

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

1. Recognize a child with an apparent life-threatening event (ALTE).

2. Differentiate risk factors for ALTE versus sudden infant death syndrome.

3. Know the differential diagnosis of ALTEs.

4. Know the appropriate management of a child who has an ALTE.

What We Knew Then
Definition

Apparent life-threatening event (ALTE) refers to a constellation of unexpected physiologic
events in an infant that are witnessed by and distressing to a caregiver. In 1986, an expert
panel sponsored by the National Institutes of Health developed the now widely accepted
definition of ALTE as “an episode that is frightening to the observer and that is character-
ized by some combination of apnea, color change, marked change in muscle tone, choking,
or gagging.” The expert panel rejected an association between ALTE and sudden infant
death syndrome (SIDS). Because ALTE is a diagnosis based on symptomatology rather
than pathophysiology, the differential diagnosis and medical evaluation of ALTEs can
be broad.

Epidemiology
The incidence of ALTE has been described in population-based studies as 0.6 to 2.46 per
1,000 live births and 0.6% to 0.8% of all emergency visits for children younger than age
1 year. These figures may underestimate the true incidence of ALTE because studies
may miss cases in which the underlying cause is identified eventually. Events occur equally
between boys and girls. An estimate of the percentage of ALTE cases that result in death
from all causes is 7.6%.

Clinical Aspects
DIFFERENTIAL DIAGNOSIS. In approximately one half of

all cases diagnosed as ALTE, no apparent cause for the event
is ever found. In the other one half of the cases, a comorbid
condition is identified eventually. The three most common
comorbid conditions (gastroesophageal reflux, seizure, and
lower respiratory tract infection) account for roughly 50%
of all diagnoses eventually made. There are also other less
common but potentially dangerous or treatable conditions

Abbreviations

ALTE: apparent life-threatening event
CBC: complete blood cell
CT: computed tomography
SIDS: sudden infant death syndrome
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associated with ALTE (Table 1). Careful consideration is
necessary when attributing ALTE to gastroesophageal
reflux because half of all normal infants age 0 to 3 months
may experience daily regurgitation.

Nonaccidental trauma should always be considered
in an infant who presents with ALTE. Because child
abuse can take many forms such as inflicted head injury,
poisoning, and smothering, all of which are often dif-
ficult to diagnose, it is possible that some cases of
ALTE with no attributable cause are actually cases of
abuse. In one study involving covert video surveillance,
abuse accounted for approximately one third of all di-
agnosed cases of ALTE in which initial resuscitation
was needed. (1)

EVALUATION. Infants who experience an ALTE may
be asymptomatic by the time they are brought to med-
ical attention. The first task is to determine whether
the respiratory component qualifies as true apnea ac-
cording to the definition of ALTE. Shallow breathing,
short episodes of central apnea lasting <30 seconds,
and periodic breathing of the newborn can be normal
events if not associated with cardiac instability. History
taking should include an assessment of severity of the
event (ie, whether the ALTE was self-resolving or
whether resolution required stimulation or resuscita-
tion). It is important also to determine whether the
child experienced central cyanosis versus flushing or
acrocyanosis, because the latter two color changes
may be consistent with normal changes in perfusion.
Physical examination should be directed toward dis-
tinguishing underlying medical conditions that can
present as an ALTE.

HOME CARDIORESPIRATORY MONITORS. Typical home
cardiorespiratory monitors, also known as apnea monitors,
are designed to alert caregivers to episodes of apnea and
bradycardia. Some also assess blood oxygen saturation
and have event recorders. Although there is no convincing
evidence that apnea monitors can prevent SIDS after
ALTE, monitoring may be appropriate for two groups:
(1) premature infants who are at high risk of recurrent
episodes of apnea, bradycardia, and hypoxemia, and (2) in-
fants who are technology dependent, have unstable air-
ways, have medical conditions with disregulated breathing,
or have chronic lung disease.

What We Have Learned Since Then
Most novel ALTE literature since publication of the re-
view in 2007 has focused on one of four areas: identi-
fying risk factors for ALTE; comparing risk factors for

ALTE and SIDS; determining appropriate diagnostic
testing for infants presenting with ALTE; and evaluat-
ing the need for infant hospitalization after an ALTE.
In addition, there have been articles that have reaf-
firmed the commonly diagnosed conditions presenting
as ALTE, but because little novel information has been
added to this area of inquiry, we will focus on the other
four areas.

Recently Recognized Risk Factors for ALTEs
POSTCONCEPTIONAL AGE. Infants born prematurely

(<37 weeks’ estimated gestational age) are at increased
risk for ALTE, given their immature respiratory centers,
arousal mechanisms, and airway reflexes. In a national
surveillance survey of all secondary and tertiary care facil-
ities in the Netherlands in 2002, the percentage of pre-
mature infants who experienced an ALTE (29.5%) was
over twice the percentage in the general population
(13%). (2)

With an awareness of the role of central respiratory
control immaturity in ALTE, the issue of age-based risk
more logically focuses on an infant’s postconceptual
rather than postnatal age. Lack of identification of in-
fants’ postconceptional age in earlier studies may explain
apparent discrepancies between earlier and more recent
studies. For instance, although several earlier studies re-
vealed that older infants (age >2 months) were at higher
risk for ALTE, in a recent study of patients admitted for
ALTE, having a postconceptional age of <43 weeks was
associated with a 5.2 increased relative risk of subsequent
extreme events (defined as episodes of bradycardia for
‡10 seconds or apnea for ‡30 seconds). (3)

Another study revealed that among infants with a post-
conceptional age of <44 weeks, preterm infants and in-
fants who had experienced an ALTE were at higher risk
for so-called “extreme events” than healthy term infants.
(4) This effect was not apparent among infants with
a postconceptional age of ‡44 weeks. Central respiratory
control is not completely functional even at term. Thus, one
study revealed that postconceptional age of <48 weeks
among preterm infants and postnatal age of <1 month
among term infants was associated with bronchiolitis-
associated apnea. (5)

FIRST 2 HOURS AFTER BIRTH. Recently, researchers
have recognized the risk of severe ALTE (as well as SIDS)
among healthy term infants within the first 24 hours of
age. A nationwide retrospective survey in Germany re-
vealed the rate of severe ALTE (requiring resuscitation)
and SIDS in the first 24 hours was 2.6 per 100,000 live
births. (6) The majority of these cases occurred during
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Table 1. Apparent Life-Threatening Events (ALTEs): Common Causes and
Potential Discriminating Features

Causes Potential Discriminating Features

Causes Associated With Central Apnea

Central nervous system:
Seizure • Loss of consciousness

• Eye deviation
• Convulsion
• Hypotonia or hypertonia
• Micro- or macrocephaly or other dysmorphic features

Apnea of infancy/breath-holding spells • Lack of other associations
Metabolic • Family history of metabolic disorder or death in childhood

• Seizure activity
• History of feeding difficulties or frequent or severe illnesses
• Dysmorphic features

Cardiovascular:
Dysrhythmia
Congenital heart disease

• History of feeding difficulties
• Diaphoresis
• Central cyanosis

Infectious:
Meningitis
Sepsis
Urinary tract infection

• Fever or hypothermia
• Lethargy

Medications:
Drug toxicity • Lethargy

• History of medication use
Intentional poisoning • Lethargy

• Delayed presentation for care
• Discrepancies in the historian’s account of the ALTE
• Sibling of sudden infant death syndrome (SIDS)
• History of ALTE

Causes Associated With Obstructive Apnea or Mixed Central/Obstructive Apnea

Gastrointestinal:
Gastroesophageal reflux
Aspiration

• Vomiting, coughing, choking, or gasping
• Recent feeding
• Milk in the mouth or nose

Intussusception
Volvulus

• Bilious emesis
• History of pulling legs to the chest during the ALTE
• Bloody/mucusy stools
• Lethargy after the ALTE
• Abdominal distension (with volvulus)

Respiratory:
Infection (especially with respiratory syncytial
virus or pertussis)

• Coryza
• Coughing
• Wheezing
• Fever or hypothermia

Aspiration/foreign body • History of ingestion
• Stridor

Airway anomaly • Stridor
• History of feeding difficulties

Nonaccidental trauma:
Smothering
Blunt trauma
Munchausen by proxy

• History of trauma
• Blood in the mouth or nose
• Sibling of SIDS
• History of ALTE
• Delayed presentation for care

Continued
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the first 2 hours after birth. A prospective regional study
from France revealed a rate of ALTE and SIDS to be
0.032 deaths per 1,000 live births within the first 2 hours
after birth. (7)

Although rare, severe ALTE and SIDS among infants
within the first few hours of birth seemed to be more
common among primiparous mothers, during early
skin-to-skin contact or breastfeeding, and when infants
were not being observed by health-care personnel. Most
cases were thought to be caused by obstruction of the in-
fant airway. Thus, although early skin-to-skin contact for
maternal-infant bonding and early establishment of
breastfeeding are undoubtedly important, it would be
prudent if these practices occurred with constant surveil-
lance (recognizing the logistic difficulties associated with
this suggestion) or at least frequent checks by health-care
personnel within the first 2 hours after birth when both
the mother and infant can be expected to be fatigued. Af-
ter testing for effectiveness for preventing perinatal ALTE
and SIDS, wireless cardiorespiratory monitors may be
useful to health-care personnel for providing surveillance
in the future.

Comparison of ALTE to SIDS
As stated by the American Academy of Pediatrics Task
Force on SIDS, there is no evidence that an ALTE is
a precursor to SIDS. This lack of association is evidenced
by the fact that the incidence of SIDS has decreased since
the 1994 Back to Sleep Campaign, whereas the incidence
of ALTE has not. Also, most risk factors for ALTE and
SIDS are different. For instance, approximately half of
ALTEs occur during wakefulness, whereas the majority
of SIDS cases occur during sleep. In fact, extreme apneic
and bradycardic events are less common during the early
morning hours when SIDS tends to occur and more
common among Asians who are at lower risk for SIDS.
In addition, the age of mothers of infants who have
ALTE follows the distribution of the normal population,
whereas the distribution of mothers whose infants die of

SIDS is skewed toward a younger age. ALTEs occur
equally between boys and girls, whereas boys succumb
to SIDS more frequently than girls.

Although ALTE is not a precursor to SIDS, the two
entities may share similar risk factors, which could explain
why 0% to 7% of SIDS cases are preceded by an ALTE.
The one common risk factor for both ALTE and SIDS is
maternal smoking. In one study, 33.3% of infants with
ALTE who subsequently died of SIDS had the dual risk
factors of prone sleep position and late prenatal smoke ex-
posure, compared with 13.3% of ALTE survivors. (8) A
separate study of polysomnograms revealed that infants
who had experienced an ALTE and who had nonsmok-
ing mothers had fewer total arousals, cortical arousals,
and subcortical activations than normal controls, but that
their spontaneous arousals were altered in patterns that
differed from future SIDS victims. (9) However, infants
who had ALTE whose mothers smoked had arousal and
respiratory characteristics similar to future SIDS victims.
These two studies suggest that there may be a minor sub-
population of infants who have experienced an ALTE
who are at higher risk of SIDS and that at least part of
this risk may be conferred by maternal smoking.

Diagnostic Testing
A recent review of 36 children’s hospitals across the
United States revealed that the most common laboratory
studies ordered after an ALTE episode were complete
blood cell (CBC) count (70%) and electrolytes (65%).
(10) A chest radiograph was ordered in 69% of patients,
26% had upper gastrointestinal fluoroscopy or swallow
testing, and 36% had electrocardiography performed.
There was large interhospital variability for all aspects
of care involving ALTE, including costs, diagnostic tests,
and medications.

In 2009, the Dutch Pediatric Association became
the first national pediatric association to advocate use
of an evidence-based consensus pathway for the diag-
nosis, management, and follow-up of children who have

Table 1. (Continued)

Causes Potential Discriminating Features

• Discrepancies in the historian’s account of the ALTE
• Vomiting/irritability
• High severity ALTE or emergency medical services

involvement
Accidental smothering • ALTE occurred while infant was sleeping

• Infant was in the prone position
• Infant had soft objects (eg, pillows or blankets)

covering/near face

respiratory alte

364 Pediatrics in Review Vol.33 No.8 August 2012

 at Health Internetwork on August 2, 2012http://pedsinreview.aappublications.org/Downloaded from 



experienced an idiopathic ALTE. (11) The pathway rec-
ommends a minimum initial diagnostic panel for ALTE
that includes the following: CBC count with differential,
C-reactive protein, serum glucose level, arterial blood gas
determinations, urinalysis, electrocardiography, and as-
sessments for Bordetella pertussis and respiratory syncytial
virus in season (with other diagnostic tests performed at
the clinician’s discretion). There is solid evidence for the
benefit of including these tests in the initial evaluation of
a child presenting with ALTE.

The minimum diagnostic panel suggested by the
Dutch Pediatric Association is less inclusive than the often
cited algorithm published previously by McGovern and
Smith in 2004 (12) based on a systematic review of studies
detailing the final diagnoses of ALTE cases. In addition to
the tests advocated in the Dutch pathway, McGovern and
Smith (12) also include in the initial evaluation serum
metabolic studies, urine toxicology screening, investiga-
tions for gastroesophageal reflux, EEG, and head imag-
ing. In the next few paragraphs, we will review the
recent evidence for and against inclusion of these other
studies in the routine initial investigations for idiopathic
ALTE, keeping in mind that screening tests ideally
should be sensitive, relatively specific, not too expensive,
relatively easy to obtain, and not excessively burdensome
for the patient.

ELECTROENCEPHALOGRAPHY. McGovern and Smith
(12) recommended inclusion of EEG in initial investiga-
tions based on the fact that, in their review, seizures ac-
counted for 11% of the total final diagnoses. However,
only two of seven studies in their review revealed that
the diagnosis of epilepsy was made by EEG. It is possible
then that the diagnosis in other studies was made from
other evidence, such as parental report of the episode be-
ing consistent with seizure, underlying serum chemistry
anomaly, or abnormal brain imaging.

In a 5-year study by Bonkowsky et al in 2008 (13),
EEG had a sensitivity of only 15% for diagnosing epilepsy.
Of the 3.6% of infants in that study who presented with
ALTE and developed chronic epilepsy, 71% had a recur-
rent ALTE event within 1 month, and 47% were diag-
nosed as having seizures within 1 week of the initial
event. Given that EEG is difficult to obtain in the emer-
gency department setting and has a low sensitivity for
diagnosing chronic epilepsy, as well as the fact that most
patients who have epilepsy return with a second episode,
we suggest that EEG be reserved for those with recurrent
ALTE.

NEUROLOGIC IMAGING. In addition to EEG, neuro-
logic imaging, including cranial computed tomography

(CT), MRI, and ultrasonography can be used to help di-
agnose chronic epilepsy by demonstrating underlying an-
atomic anomalies. Neurologic imaging also can identify
patients who have experienced abusive head trauma. In
the study by Bonkowsky et al (13), all neurologic imaging
modalities together had a sensitivity for predicting
chronic epilepsy of only 6.7%.

The most common cranial imaging study ordered for
ALTE workup is head CT. Head CT is ordered more
commonly than head ultrasonography and MRI com-
bined. Head CT may be abnormal in 63% to 70% of cases
of closed head injury. This fact is important because
abusive head trauma may be missed in the emergency
department; approximately one half of the cases were
undetected in one study. By using Markov models, re-
searchers have found that ordering head CT for all
asymptomatic infants with history of ALTE actually saves
money from a medical payer perspective. (14) Neverthe-
less, onlyw1% to 3% of all cases of ALTE are due to abu-
sive head trauma, meaning that many infants would be
irradiated unnecessarily if all infants presenting with
ALTE were to undergo head CT.

Instead of compulsive head CTs for all infants present-
ing with ALTE, we feel that neurologic imaging should
be reserved for cases suspicious for abuse. In two separate
studies, a documented discrepancy in the history of the
ALTE (eg, history is confusing, varies among caregivers,
or changes over the course of the evaluation) was highly
predictive of physical abuse. These studies revealed that
a delay in seeking medical care in one study and vomiting,
irritability, or a call to 911 in the other, also were associ-
ated with abusive head trauma. (15)(16)

Given the high levels of radiation associated with head
CT, we suggest having multiple emergency department
personnel use a checklist (Table 2) to take the history
from the caregiver more than once, looking for inconsis-
tencies and for other potential markers of abuse, and re-
serving head CT for suspicious cases. In suspected cases
of physical abuse, retinal examinations, which may de-
tect 33% to 60% of head trauma, and skeletal surveys,
which may detect 14% of physical abuse, also should
be obtained. Covert video surveillance while the infant
is hospitalized to detect the caretaker smothering or
shaking the infant also should be considered in such
circumstances.

SERUM METABOLIC STUDIES. The following blood
chemistry concentrations are included in the McGovern
and Smith (12) initial minimum screening: sodium, po-
tassium, urea, calcium, magnesium, ammonia, lactate,
and pyruvate. Although the results from a basic serum
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metabolic panel are not likely to reveal a definitive cause
of the ALTE, they may suggest a cause. For instance,
studies have identified rare cases of ALTE due to hypocal-
cemia and hypomagnesemia. Other electrolyte disturban-
ces conceivably could present as ALTE, such as hypo- or
hypernatremia leading to seizures and hypo- or hyperka-
lemia leading to cardiac arrhythmias.

Metabolic disorders, including organic acidemias, urea
cycle disorders, fatty acid oxidation disorders, and mito-
chondrial disorders, cause w2% to 5% of all cases of
ALTE. Although they account for a minority of eventual
ALTE diagnoses, ALTE can be a classic initial presenta-
tion for an infant who has a metabolic disorder. If not rec-
ognized and treated promptly, some metabolic disorders
can progress and lead to long-term sequelae. Because se-
rum chemistry tests are relatively inexpensive, easy to ob-
tain, and may be the only means of diagnosing some
disorders for which early treatment is important, we
advocate for their inclusion in the initial evaluation of
ALTE.

URINE TOXICOLOGY SCREENING. Including urine tox-
icology screening in the initial evaluation of ALTE can
uncover cases of intentional and unintentional poisoning.
In a prospective study of children younger than age
2 years presenting with an ALTE, of the 274 children
who had a toxicology screen performed, 8.4% were pos-
itive for a medication that could have caused apnea. (17)
Notably, 4.7% of infants screened positive for over-the-
counter cough and cold preparations, some of which con-
tain ingredients that may cause apnea in infants. Cough
and cold medications are not recommended for children
under age 2 years, and none of the parents in the study
admitted to having administered any to their infants. For
these reasons and because the test is relatively inexpensive
and easy to obtain, we suggest including urine toxicology
screening in the initial set of tests for ALTE.

INVESTIGATIONS FOR GASTROINTESTINAL REFLUX. Ap-
proximately one in four infants admitted with ALTE
undergoes an upper gastrointestinal fluoroscopy or swal-
low test. Although these tests are useful for demonstrat-
ing anatomic anomalies as a cause for ALTE, they are less
useful for proving gastroesophageal reflux as the cause
because daily regurgitation is typical for many normal in-
fants. A better test for demonstrating a causal link be-
tween gastrointestinal reflux and ALTE is esophageal
pH sampling via a pH probe, correlating the probe find-
ings with episodes of apnea or hypoxemia documented
on concurrent cardiorespiratory monitoring. However,
pH probe results that demonstrate acid reflux not as-
sociated with respiratory compromise do not allow for

Table 2. Example: Standardized
Checklist for Obtaining ALTE
History

Who observed the episode? Try to obtain history directly
from the observer, by phone if necessary.

When did the episode occur?
What was the infant doing right before the episode?
If she was asleep, where was she and in what position?

Did the infant fall or experience any other trauma?
Does the infant currently have a runny nose, cough,
vomiting, diarrhea, or fever?

How was the infant acting on the day the episode
occurred?

How did the infant look during the episode?
Did she gasp, choke, gag, or cough?
Did her body change color and if so what part?
Did she vomit?
Did she become weak, floppy, limp, stiff, or start
shaking?

Did she lose consciousness?
Did the observer notice any unusual eye rolling?
Did the observer notice any blood, milk, or stomach
contents in her mouth or nose during or right after
the episode?

How long do you think the episode lasted? If the
observer is unsure, ask him to describe or act out
exactly the occurrence of events and what he was
doing from start to finish.

Did the episode stop on its own or did someone do
something to stop it?
If someone intervened: What did that person do?
Were emergency medical services involved?

How has the infant been acting since the episode
occurred?

Please name any prescription or over-the-counter
medication or herbal remedies that the infant received
within 24 h before the episode.
For breastfeeding mothers: please name any
prescription or over-the-counter medication or herbal
remedies that the infant’s mother took within 24 h
before the episode.

Has the infant ever experienced a similar episode in the
past and, if so, what was done to evaluate her
afterward?

Does the infant have any medical problems or
conditions?

When was the infant born: on time (at 40 wk of
pregnancy), early, or late?

Has anyone in the infant’s family ever experienced
a similar episode or died of sudden infant death
syndrome, also called SIDS?

Has anyone in the infant’s family been diagnosed with
a genetic, metabolic, cardiac, or neurological condition
or died in childhood of unknown causes?
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decisive attribution of the ALTE to reflux. In addition,
the test is fairly uncomfortable for patients and not inex-
pensive. Therefore, we suggest gastrointestinal reflux
testing be included in an ALTE evaluation only if the in-
fant reportedly has frequent gastrointestinal reflux, the
ALTE was immediately preceded by a feeding, or gastric
contents were noted in the infant’s mouth or nose by the
caregiver during the episode.

HOSPITAL OBSERVATION VERSUS DISCHARGE FROM

HOSPITAL. Admitting an infant after an ALTE can fa-
cilitate diagnostic testing for an underlying cause and al-
low for prompt medical intervention if the need arises.
However, typical hospital charges for an ALTE admis-
sion were $15,567 in one study, and it is unclear
whether all infants who experience an ALTE need to
be admitted. (10) Thus far, there has not been any
large-scale prospective trial of a predictive model to de-
termine which infants need to be admitted after an
ALTE due to a high risk of experiencing a subsequent
life-threatening event requiring immediate medical in-
tervention. Also, there are no data as to current admis-
sion rates.

The average length of stay for infants admitted for
ALTE in the United States is 4.4 days, with wide varia-
tion among hospitals. In a retrospective study of 625 in-
fants admitted for ALTE, 13.6% had a subsequent
extreme cardiorespiratory event, 85% of which occurred
within the first 24 hours of hospitalization. (3) Most ex-
treme events were associated with an eventual diagnosis
of respiratory tract infection and occurred on average
within 4 days of initial presentation. Risk factors for hav-
ing an extreme event were prematurity, postconceptional
age <43 weeks, and displaying symptoms of upper respi-
ratory tract infection.

In a prospective case series in which all 66 infants were
admitted for ALTE for at least 24 hours, 12% had recur-
rent episodes within 24 hours, 9% had episodes requiring
moderate stimulation, and 3% required resuscitation
measures. (18) Approximately one half of the patients re-
quiring medical intervention were born prematurely. In
another prospective study of 59 infants, age <1 month
and having had a previous ALTE conferred higher risk
of requiring acute medical attention. (19) Based on these
studies, we believe that the majority of infants who have
experienced an ALTE should be admitted for a minimum
of 23 hours of observation, with continuous cardiorespi-
ratory monitoring and, ideally, continuous measurement
of pulse oximetry with event recording.

If the event is an infant’s first ALTE; he was not born
prematurely; he has no significant medical history; he is

well-appearing with stable vital signs at the time of eval-
uation; the episode was brief, nonsevere, and self-resolving;
and if there is a probable cause that is nonprogres-
sive (such as gastroesophageal reflux), it may be reason-
able to discharge the infant without 23 hours of
observation.

Regardless of whether an infant is admitted after an
ALTE, caretakers should be educated about techniques
to prevent and treat further episodes. Specifically, care-
takers should be told not to shake their infants during
an ALTE because shaking may cause physical harm. Ap-
proximately one in three parents shook their infants to
stimulate them during an ALTE, according to a national
Dutch survey. (2) Resources for infant basic life support
courses should be given to caretakers. In addition, it
is important to ensure follow-up for the infant with a
health-care practitioner soon after discharge because
w10% of ALTEs are recurrent.
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1. A previously healthy 1-month-old boy has had a runny nose and worsening cough for 2 days. On the morning
of the third day of his illness, he briefly stops breathing and turns pale and motionless. He responds to gentle
stimulation and begins breathing again. His frightened mother calls 911, and he is taken immediately to the
emergency department (ED) by ambulance. Given the history, you suspect his apnea is most likely caused by

A. A respiratory syncytial virus (RSV) infection.
B. A seizure.
C. An organic acid disorder.
D. Dysrhythmia.
E. Intentional poisoning.

2. A previously healthy 1-month-old boy has an episode of sudden choking and gagging that frightens his mother
and grandmother. His face briefly turns red. He does spit up occasionally, but such an event has never occurred
before. In the ED, he appears well, and a thorough examination is normal. He is admitted for 23 hours. No more
spells occur. Recommended routine screening is unremarkable. His apparent life-threatening event (ALTE) is
most likely explained by

A. Gastroesophageal reflux.
B. Intracranial hemorrhage.
C. Pertussis.
D. Seizure disorder.
E. Urea cycle disorder.

3. A previously healthy 1-month-old boy is brought to the ED the morning after having had three bouts of
choking and gagging the previous evening, during which his face and body turned dusky. His mother
states he does spit up occasionally, but such an event has never occurred before. However, the details of her
history vary from those of her boyfriend and the grandmother. The child appears lethargic, but careful
examination produces no other abnormal findings. He is admitted to the hospital. The explanation for the ALTE
is most likely to be provided by

A. A cardiac event monitor.
B. A computed tomography (CT) scan.
C. An electroencephalogram.
D. An esophageal pH probe.
E. Organic acid screening.

4. A previously healthy 1-month-old boy has an event of floppiness and cyanosis that frightens his mother and
grandmother. He spits up occasionally, but such an event has never occurred before. In the ED, he appears
lethargic and pale. Arterial blood gases reveal a mixed acidosis. Your diagnosis is an extreme ALTE. A careful
examination produces no other abnormal physical findings. He is admitted to the hospital and gradually
recovers fully. All other recommended routine screening tests and a CT scan produce normal results. Which one
of the following most elevates his risk for subsequent sudden infant death syndrome (SIDS)?

A. He was delivered at 44 weeks’ postconception.
B. His mother is Asian.
C. His mother just turned 30.
D. His mother smoked cigarettes throughout the pregnancy.
E. The boy sleeps on his side.

5. A 1-month-old boy has a brief event of choking and gagging that frightens his mother and grandmother. In the
ED, he appears well and a thorough examination is normal. No more spells occur. Given the circumstances, after
reassuring the mother and grandmother, you would be most comfortable in discharging him from the hospital
directly if his only risk factor for having another spell is that

A. A nasal swab is positive for RSV.
B. He spits up a small amount of formula several times a day.
C. He was delivered at 32 weeks’ postconception.
D. The grandmother recalls one previous similar but milder episode a week ago.
E. The mother smoked cigarettes throughout the pregnancy.
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Bioethics Education and Resources
Douglas J. Opel, MD, MPH,* Maren E. Olson, MD, MPH†

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

1. Identify the goals of bioethics education.

2. Describe and contrast “tragic” versus “everyday” cases in bioethics

education.

3. Distinguish moral confusion, moral distress, and moral sadness when

identifying an ethical dilemma.

4. Explain two common methods of ethical analysis.

5. Describe several bioethics resources available to clinicians.

Case
A pediatric resident is seeing a 6-
month-old patient whose parents
continue to refuse all immunizations.
The resident has tried to address this
refusal at each of the last two visits by
acknowledging their concerns and
trying to build trust, but the parents
are still refusing. When the resident
precepts this patient with you, she be-
gins by saying: “I don’t know if I can
take care of this patient anymore.”

When pediatricians think of bio-
ethics, many of us likely recall dra-
matic, headline-generating cases we
have encountered during our train-
ing and practice. Although such cases
certainly fall into the realm of bioeth-
ics, they constitute only a small frac-
tion of the bioethical issues that arise
in pediatric medicine. Unfortunately,
bioethics education for medical stu-
dents and residents has tended to fo-
cus on these “tragic” or “crisis” cases.
(1) Although there is value in using
these cases, such as citing the extreme
example to extract the issues that ap-
ply broadly, this approach to ethics
education nevertheless often neglects

the day-to-day ethical issues that per-
meate primary care medical practice.
Liaschenko et al (1) argue that a
tragic case method for teaching ethics
does not adequately prepare trainees
to approach the majority of the ethi-
cal questions they will encounter, nor
does it encourage trainees to reflect
on what their own roles and respon-
sibilities would be in ethically chal-
lenging situations. (1) Students and
residents need the opportunity to ex-
plore their role as a moral agent,
someone who is not just an observer
but an active participant in a case with
ethical dimensions.

Everyday Ethics
Ethics education based upon clinical
cases that are familiar and frequent
helps trainees to place themselves
within an ethical dilemma in which
they have an opportunity to consider
how they will respond when they en-
counter a similar situation. Such an
approach engages the learner as an
active participant by focusing on some
of the relationships and roles they
encounter in medicine, as provider,
learner, teacher, colleague, and friend.
The case above is a good example of
an “everyday” primary care encounter
with inherent ethical issues; for exam-
ple, (a) at what point, if ever, might
it be ethically justifiable to intervene
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against a parent’s wishes to decline
immunizations in order to protect
the child’s and the public’s health?
And (b) does a parent’s continued re-
fusal of childhood immunization ever
justify discharging the family from
your practice? Such a case offers a ripe
opportunity for ethics education. In
fact, Moon et al (2) found five com-
mon ethical challenges encountered
by pediatric residents in the outpa-
tient setting: “promoting the child’s
best interests in complex and re-
source-poor home and social settings,
managing the therapeutic alliance
with parents and caregivers, protect-
ing patient privacy and confidentiality,
balancing the dual roles of learner and
health care provider, and using profes-
sional authority appropriately.” (2)

The frequency with which these
ethical issues arise in the daily practice
of medicine demands our attention
and ability to address them, even if just
through an informal conversation.
Kesselheim et al (3) studied graduates
of pediatric and medicine/pediatric
residencies and found that more than
80% revealed that informal ethics dis-
cussions with attendings and resident
colleagues had a significant impact on
their ethics education during residency.
Unstructured conversations about eth-
ical issues when they occur may have
a large and positive impact.

Bioethics Curricula
Formal teaching should remain an
important part of ethics education.
The Accreditation Council for Grad-
uate Medical Education, for instance,
requires that pediatric residency pro-
grams include a structured curriculum
in bioethics and that graduating resi-
dents demonstrate “a commitment
to carrying out professional responsi-
bilities and an adherence to ethical
principles.” (4) Although the Accred-
itation Council for Graduate Medical
Education requires a curriculum in
bioethics, they do not further delineate

what it must include. The approach to
bioethics education thus is widely var-
ied among programs, and several ex-
amples of pediatric bioethics curricula
are available in the literature. (5)(6)
(7) However, the curriculum goals
should be similar and include improv-
ing a learners’ ability to recognize the
values that underlie moral beliefs, de-
veloping skills to identify and assess
the ethical considerations in complex
clinical situations, broadening perspec-
tive and increasing understanding of
differing viewpoints, and increasing
a learner’s capacity to deal with situa-
tions that challenge moral integrity.
(6)

When designing a structured ethics
curriculum, one way to ensure that
teaching cases represent situations to
which trainees can relate is to ask res-
idents to generate the cases that will
be used for discussion and education.
When pediatric residents were asked
whether they preferred an ethics cur-
riculum based on resident-generated
cases or instructor-generated cases,
approximately one third preferred
resident-generated cases, but the ma-
jority believed that a curriculum based
on a mix of the two types of cases was
ideal. (5)

More residents reported that
resident-generated cases facilitated
better learning, stimulated more in-
terest and engagement, and provided
the opportunity to apply what they
had learned immediately. Overall, for-
mal teaching conferences have been
found to have a moderate effect. Ap-
proximately one half of recent pediat-
ric residency graduates reported that
formal ethics teaching during their
residency had a moderate or major
effect on their ethics education.

Teaching Ethics
For pediatric clinicians without ad-
vanced training in bioethics, the idea
of facilitating discussion around ethics
cases can be intimidating, especially

in informal settings or with resident-
generated cases when there may not
be opportunity for advance prepara-
tion. However, it is important to re-
member that we all have experience
being moral agents and navigating
the ethical dimensions of medicine.
Drawing upon our experiences with
past ethical issues offers a good start-
ing point for initiating a discussion
about a current ethical dilemma. In
addition, attention to the following
three elements can help augment any
bioethics teaching experience: (a) iden-
tifying the ethical dilemma; (b) de-
scribing methods of ethical analysis;
and (c) acquiring knowledge of addi-
tional bioethics resources.

Identifying the Ethical
Dilemma
Before understanding and resolving
an ethical dilemma, it is necessary
to identify clearly the relevant moral
issues involved. This step requires
sensitivity to the moral dimension
of medicine and is a fundamental as-
pect of bioethics education. (6) Of-
ten, this analysis takes the form of
a critical examination of one’s “gut
feelings” or instincts to reveal the as-
sumptions, values, and moral beliefs
underlying the situation. This exam-
ination also can yield an understand-
ing of the type of issue being faced
and what type of response is required.
For instance, is this a situation in
which there is uncertainty about what
is the right thing to do? If so, the un-
certainty constitutes moral confusion
and requires an ethical analysis.

Alternatively, it may be the case
that the right thing to do is known
but cannot be done. This situation
can result in moral distress and neces-
sitates the use of a systems perspective
to understand and reduce constraints
to acting ethically. (8) Finally, it may
be that this examination reveals grief
and frustration from being part of
a morally tragic situation. A debriefing

ethics for the pediatrician

Pediatrics in Review Vol.33 No.8 August 2012 371

 at Health Internetwork on August 2, 2012http://pedsinreview.aappublications.org/Downloaded from 



with the clinicians involved and a review
of where things broke down can help
address this moral sadness (S. Shannon,
RN, PhD, personal communication,
2011). Although moral confusion and
the ethical analysis it requires is the fo-
cus of this article, these other types of
moral issues deserve equal attention.

The next step after identifying the
ethical dilemma is to gather the facts.
A prerequisite to any worthy delibera-
tion about ethically justifiable options
in an ethical dilemma is gathering
and summarizing information from
the appropriate sources, such as the
patient or surrogate, the patient’s
medical record, the published litera-
ture, case law, and ethics codes or
guidelines. Good ethics begin with
good facts; without accurate infor-
mation, moral deliberation is con-
strained and can be flawed.

Methods of Analysis
Ethical analyses can be performed by
using several different methodolo-
gies. Each analytic method has inher-
ent strengths and limitations and all
have value. Therefore, no one meth-
odology is considered the preferred
approach. However, it may be helpful
to familiarize oneself with one meth-
odology that seems most intuitive
and then apply it consistently. The fol-
lowing provides a brief overview of
two commonly used analytic methods
used in ethics.

Principlism
Developed by Tom Beauchamp and
James Childress (9), principlism re-
fers to an ethical analysis that involves
the application of four principles.
These principles form the core of
the ethical practice of medicine and
include respect for autonomy, non-
maleficence, beneficence, and justice.
The principles serve as a guide to
moral decision making but often re-
quire further specification (range
and scope) and balancing (relative

strengths) when confronting a spe-
cific moral issue. The four principles
offer a basic framework but demand
additional judgment to determine
how we ought to act.

By using a principlism-based ap-
proach, the case presented at the start
of this article could be framed initially
as how to balance the tension between
autonomy and beneficence. Further
specification and balancing can help
explore this tension: should parental
autonomy always be respected? If so,
why? If not, why not? What factors
might be important to the decision
to prioritize the protection of the
child’s and the public’s health over pa-
rental autonomy? The principle of jus-
tice is relevant to this case also; is it fair
for parents who opt out of childhood
immunizations to reap many of their
benefits (through herd immunity)
without assuming any of their risks?
Is it fair to make the decision to fire
parents for refusing immunizations
at the individual provider or practice
level, or should this decision be made
at a policy or societal level?

Casuistry
Casuistry has a rich tradition in reli-
gion and the law and generally refers
to case-based reasoning. (10) Essen-
tial to determining the right course of
action in a medical ethical dilemma
by using a casuistic approach is the
set of circumstances involved in the
specific case of interest. Because cases
will vary based upon their specific
features, determinations of the ethi-
cally justifiable action may vary also.
Jonsen et al (11) offer a casuist ap-
proach to resolving ethical dilemmas
by using their four topics technique.
After identifying the particular features
of the case grouped into four topics
(medical considerations, patient pref-
erences, quality of life, and contextual
features), the case’s ethical issues
become more recognizable, can be
compared with other paradigmatic

cases with similar features, and can
be linked to ethical principles to help
determine a justifiable course of action.

A casuistic approach to our case of
immunization refusal might begin
with clarifying questions: What are
the risks to a 6-month-old child
(and the child’s community) of being
unimmunized? What are the risks to
the doctor–parent relationship of ini-
tiating efforts to intervene against the
parents’ wishes (such as by contact-
ing child protective services)? What
are the risks and benefits to firing
the parent and child from one’s prac-
tice? What is the parents’ belief sys-
tem and how is this affecting their
decision making? Are there religious
or cultural factors involved? Subse-
quently, it would be helpful to place
this case of parental refusal of a recom-
mended treatment within the context
of other similar, oft-deliberated cases,
such as parental refusal of a life-saving
blood transfusion. How is this case
similar to and different from other
such paradigmatic cases? Do their dif-
ferent features demand different rec-
ommendations? If so, why?

Bioethics Resources
An increasing number of bioethics
resources are available to clinicians.
One important resource is clinical
ethics consultation (CEC). CEC is a
service similar in process to other clin-
ical specialty consultations. Typically,
CEC involves an individual (or group
of individuals, such as an ethics com-
mittee) who has expertise in ethical
analysis and who provides recommen-
dations to clinicians regarding the eth-
ically justifiable course of action in the
setting of a clinical moral dilemma.
The goal of CEC is to improve the
quality of care by helping to resolve
clinical ethical issues. CEC has become
more established and prevalent over
the last 30 years, with most hospitals
in the United States now offering this
service. (12)
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There are also a number of print
and Web-based bioethics resources.
The Ethics for the Pediatrician series
in this journal that includes this arti-
cle is an excellent resource for pedi-
atric ethical issues. See the below
“Additional Resources” sidebar for
more information. References
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Summary

• Ethics education based upon
everyday ethical dilemmas can
help trainees place themselves
within the situation and
encourage them to reflect on
their role and responsibility in
reaching its resolution.

• Three elements can help
augment the bioethics teaching
experience: (a) identifying the
ethical dilemma, (b) employing
methods of ethical analysis, and
(c) having knowledge of
additional bioethics resources.

• An increasing number of
bioethics resources are available
to clinicians, including clinical
ethics consultation (CEC) and
print and Web-based resources.

Additional Resources

For web-based resources, the following links are recommended:
• American Academy of Pediatrics Section on Bioethics http://www.aap.org/sections/bioethics/default.cfm, which includes

bioethics modules designed as teaching guides
• National Reference Center for Bioethics Literature http://bioethics.georgetown.edu/
• Virtual Mentor, American Medical Association Journal of Ethics http://virtualmentor.ama-assn.org/
• The American Journal of Bioethics http://bioethics.net
• Pediatric Ethics Consortium http://www.pediatricethics.com
• Hastings Center Bioethics Forum http://www.thehastingscenter.org/BioethicsForum/default.aspx

Additional web-based resources, case-based teaching guides, and reference lists for pediatric bioethics topics have been
compiled elsewhere:

• Treuman Katz Center for Pediatric Bioethics, Seattle Children’s Hospital http://www.seattlechildrens.org/research/initiatives/
bioethics/education/

• Children’s Mercy Bioethics Center, Children’s Mercy Hospital and Clinics http://www.childrensmercy.org/cmbc/

Lastly, other useful resources include the annotated bibliography of bioethics references provided by the American Board of
Pediatrics. This bibliography is updated regularly, is intended to promote familiarity with bioethics topics and problem-
solving, and is available for download at https://www.abp.org/ABPWebSite/publicat/bioethics.htm.
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Behind the Screen: Responding to
Intimate Partner Violence
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Recently, in our continuity clinic, a
mother asked a pediatric resident if
her 8-year-old son should be placed on
medication for attention-deficit/hyper-
activity disorder.

In the United States, one woman
in four will experience the repeated
battering, psychological abuse, sexual
assault, progressive social isolation,
deprivation, or intimidation that con-
stitute interpersonal violence (IPV).
Each year, >15 million children are
exposed to IPV, putting them at im-
mediate risk for depression, anxiety,
withdrawal, somatic complaints, atten-
tion problems, and aggressive behav-
iors. Possible long-term ramifications
include obesity, smoking, and depres-
sion. Children exposed to IPV are
at an increased risk of repeating the
cycle of violence either as victims or
perpetrators.

Upon further questioning, the mother
wanted these medications because “he
was out of control,” punching walls, curs-
ing at his mother, and throwing tan-
trums when he did not get his way.

In one survey, only 5% of pediatri-
cians and 7% of pediatrics residents
routinely screened for IPV. Working
in collaboration with three Philadelphia
community-based institutions (Lutheran
Settlement House, Institute for Safe
Families, and the Women Against
Abuse Shelter) dedicated to reducing
the impact of IPV on families and chil-
dren, we developed the CAMP (Chil-
dren and Mother’s Program) and the

HHC (Homeless Healthcare for Chil-
dren) programs to improve identifi-
cation of families affected by IPV
and to give direct care with an onsite
IPV counselor to those who screen
positive or are living in a local do-
mestic violence shelter.

Using a laminated IPV screening
card (Table1), the resident identified
that the child had been a witness to
IPV at home for some time and that
the behaviors which the child was ex-
hibiting were most likely due to the
trauma that he had endured.

In each of our five resident conti-
nuity clinics, there is one “IPV champi-
on” who is responsible for maintaining
an awareness of IPV and promoting
screening among resident colleagues.
We now refer >200 IPV victims per
year to our onsite counselor. The doc-
umented IPV screening rate in the
resident continuity clinic has im-
proved from zero to 36%. To date,
we have provided services for >650
families affected by IPV: 65% have re-
ceived supportive counseling, 61%
have safety plans, 13% have sought
housing support through our coun-
selor, and 11% have received legal
support. We also have had great suc-
cess with the laminated screening
card for situations in which a verbal
child is present.

This mother was referred to our
IPV counselor, who was able to provide
education about the impact of violence
on children. Our counselor also helped
develop a safety plan to minimize her
risk of violent injury and to mini-
mize the child’s exposure to the ongoing
violence. The children were referred to
local trauma-informed mental health
services. The mother developed an es-
cape plan that involved collecting
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important documents and medica-
tions and saving up money so that
she could relocate safely at the appro-
priate time.

Screening for IPV, when coupled
with access to onsite counseling from
high-quality community-based organ-
izations, can be an effective means for
preventing child abuse.

Section Editor’s Note
Pediatricians encounter significant
challenges trying to comply with all
the recommendations for routine an-
ticipatory guidance. One barrier, for
many conditions, is the lack of a quick,
easy, and effective response for a posi-
tive screen. This project increased
identification of IPV by establishing

links with experienced nonmedical
partners to help victimized families.

—C. Andrew Aligne, MD, MPH
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Table 1. Sample: Contents of Laminated Card to
Assist in Screening for Interpersonal Violence

Here at St. Christopher’s Hospital we know that family safety can affect a child’s
health.

1. Does your partner ever insult you?
2. Does your partner ever scream or curse at you?
3. Does your partner ever threaten you with harm?
4. Does your partner ever physically hurt you?
If you answered yes to any of these questions, your relationship may be
unhealthy.

We have a counselor at St. Christopher’s who can help. Please let your doctor
know if you would like to speak with the counselor.

Corrections

In the May 2012 article “Sickle Cell Disease” (McCavit, T. Pediatr Rev. 2012;33(5):195–
206), the second half of the first sentence under “Nomenclature” should read, “…(position

6, b-globin gene; codon GAG changes to codon GTG, coding for valine insead of glutamic

acid).”

In the May 2012 article “Focus on Diagnosis: Electroencephalography: A Primer” (Patra KP,

Lewis DW. Pediatr Rev. 2012;33(5):226–231), Figure 3 is meant to be part of Case Vignette 4.
and Figure 4 goes with Case Vignette 3. The journal regrets these errors.
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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: Signs of Encephalopathy After an Orthopedic
Procedure in a 10-year-old Boy

Case 2: Seizures and Hyponatremia in a 29-month-old
Boy

Case 3: Sensation of a Lump and Dysphagia in an 18-
year-old Girl

Case 1 Presentation
A 10-year-old African American boy
presents to the emergency department
with 24-hour history of throbbing
headaches, dizziness, blurry vision,
nausea, and difficulty with arousal
this morning. He has had no trauma
or emesis. Three weeks earlier, he had
undergone surgical correction of a
leg-length discrepancy of the left tibia
and fibula and the application of the
Ilizarov external fixation device that
required daily lengthening by 1 mm.
There were no complications and he
was discharged home on postopera-
tive day 3. Past medical history and
family history for hypertension are
negative.

At presentation, the boy’s blood
pressure is 190/106 mm Hg; he
had normal readings throughout his
hospital stay during and after surgery.
His heart rate is 88 beats per minute,
respiratory rate 20 breaths per min-
ute, and oxygen saturation on room
air 100%. He is afebrile and is not
obese. On funduscopic examination,
he has bilateral papilledema. His car-
diac and respiratory findings are nor-
mal. His abdomen is soft without
epigastric bruit, and no rash or striae
are evident. His Glasgow Coma
Scale score is 12, and there are no
focal neurologic deficits.

Laboratory findings are normal,
including complete blood cell count
and urinalysis, and levels of electro-
lytes, blood urea nitrogen, creatinine,
catecholamines, plasma renin, and
aldosterone, as are thyroid function
tests. Renal ultrasonography shows
normal kidneys and normal renal

vasculature bilaterally. Echocardiog-
raphy does not show left ventricular
hypertrophy or suggestion of coarc-
tation of the aorta.

Case 2 Presentation
A 29-month-old boy presents to the
emergency department following a
1-minute episode of unresponsive-
ness associated with whole body
shaking, eye deviation, and urinary
incontinence. Review of systems re-
veals recurrent emesis over the past
48 hours but no recent fever, foreign
substance ingestion, or trauma.

Physical examination demonstrates
a developmentally appropriate, alert,
and well-appearing boy who has nor-
mal vital signs, weight of 11.7 kg
(10th percentile), height of 88 cm
(25th percentile), and weight-for-
length in the 15th percentile. He
does not have any dysmorphic fea-
tures or dermatologic findings, and
has a normal neurologic evaluation.

Laboratory investigation reveals a
normal complete blood cell count
and basic metabolic profile, with the
exception of hyponatremia (sodium
concentration 123 mmol/L).

His past medical history is signifi-
cant for failure to thrive at 12 months
of age, suspected to be secondary to
poor caloric intake and treated with
a liquid nutritional supplement. In
addition, he has a history of polyuria
and polydipsia involving a daily con-
sumption of 4 L of water beginning
at 15 months of age. Management
with fluid limitation resulted in severe
temper tantrums.
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Because of the progression of
polydipsia to nearly 7 L of water per
day, he was diagnosed presumptively
as having central diabetes insipidus
(DI) and given once-daily desmopres-
sin acetate at 26 months of age. The
desmopressin acetate was successful
initially at managing his symptoms,
but owing to diminishing effect, the
dose was increased to twice daily
2 months before his presentation.
An additional test provides the final
clues necessary to make the diagnosis.

Case 3 Presentation
An 18-year-old girl presents to the
emergency department with the
acute onset of a sensation of a lump
in her throat associated with painful
swallowing. She was riding in a car
when her symptoms began, and there
is no history of sudden movements of
the vehicle, nor was the vehicle in-
volved in a crash. One week before
presentation, she was snowboarding
but denies trauma. She has not had
fevers, sore throat, upper respiratory
infection symptoms, cough, or vom-
iting. She denies swallowing a foreign
body. She states she does have some
pain in her upper chest with inspira-
tion and with swallowing. The re-
mainder of her review of systems is
unremarkable, and she is otherwise
healthy. She denies use of alcohol,
tobacco, or illicit drugs. She does not
play any musical instruments.

Physical examination reveals a well-
developed girl in no acute distress.
Her temperature is 36°C, heart rate
85 beats per minute, blood pressure
127/69 mm Hg, respiratory rate 20
breaths per minute, and oxygen satu-
ration 100% on room air. There is
mild injection of the posterior phar-
ynx without bleeding, erythema, or
exudates and there is no edema of
the uvula, tongue, or floor of the
mouth. Her dentition is normal with-
out gingival infection, abscess, missing

teeth, or dental appliances. On neck
evaluation, no subcutaneous emphy-
sema or adenopathy is detected on
palpation and the trachea is midline.
The remainder of her examination
is normal. Bedside nasopharyngolar-
yngoscopy performed by an otolar-
yngologist is unremarkable except
for slight posterior pharyngeal bulg-
ing. An imaging study leads to the
diagnosis.

Case 1 Discussion
The patient was transferred to the
ICU and started on intravenous (IV)
phentolamine (0.05–0.1 mg/kg/dose)
with gradual reduction in his blood
pressure to 152/88 mm Hg over a
few hours and return of his mental
status to baseline. Improvement in
blood pressure allowed transitioning
from IV to oral medications with
short-acting nifedipine 20 mg three
times a day, resulting in readings
of 130 to 140/80 to 90 mm Hg.
At discharge 1 week later, his blood
pressure was 130/86 mm Hg, thus
requiring ongoing use of nifedipine.
Follow-up blood pressure 3 months
later, while still on the lengthening
device, was still elevated at 128/80
mm Hg. On removal of the device
6 months later, his blood pressure
normalized to 106/70 mmHg, mak-
ing the diagnosis of traction-induced
hypertension likely.

Hypertension is becoming more
prevalent in children, and the increasing
obesity prevalence, which now ap-
proaches 30%, is thought to be a con-
tributing factor. In older children and
adolescents, hypertension often is
primary (essential hypertension) and
managed first with diet and exercise.
However, several factors should sug-
gest that the hypertension might have
an underlying cause, requiring de-
tailed evaluation and management.
Generally, the younger the patient

and the higher the blood pressure,
the more likely the hypertension is
to be secondary.

Secondary hypertension in chil-
dren younger than 10 years old usually
is attributable to renal parenchymal
disease, renal vascular disease, endo-
crine causes, or coarctation of the
aorta. Other, rarer, causes exist, such
as traction-induced hypertension.

Hypertensive emergency, defined
as severe hypertension with end-organ
damage, must be recognized and trea-
ted urgently regardless of the cause
because there is a high mortality rate
if left untreated. Blood pressures must
be lowered slowly, and careful moni-
toring is required, usually in the ICU.

The Condition
Traction-induced hypertension is a
well-documented but rare complica-
tion of orthopedic procedures, such
as leg lengthening and skeletal trac-
tion. The proposed mechanism for
the increase in blood pressure associ-
ated with leg lengthening is tension
applied to the proximal third portion
of the sciatic nerve. Experimental
models have shown that the systemic
arterial pressure rise associated with
acute femoral lengthening is mediated
by the sympathetic nervous system.
Because the hypertension is mediated
by sympathetic release secondary
to sciatic nerve stretching, blocking
this release with alpha-blockers is
the most effective way of control-
ling the hypertension. Also, use of a
beta-blocker alone should be avoided
because the unopposed alpha stimu-
lation potentially could worsen the
hypertension.

Most patients do not require
modification of the traction because
the blood pressure generally can be
controlled with oral antihyperten-
sive agents. Rarely is removal of
the device required to treat refractory
hypertension. When the traction de-
vice is removed, all patients become
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normotensive. Should hypertension
persist, other causes should be
sought.

Lessons for the Clinician

• Systemic hypertension has a wide
variety of causes.

• A thorough history and physical
examination can allow the clinician
to distinguish the patient with sec-
ondary hypertension, and goal-
directed imaging and laboratory
testing likely will lead to proper
diagnosis and treatment.

• Traction-induced hypertension is
a rare but well-documented cause
of hypertension after procedures
in which the proximal third of the
sciatic nerve is stretched.

(AvrahomGurwitz, MD,MPH,NYU
Langone Medical Center, Department
of Pediatrics, New York, NY )

Case 2 Discussion
The symptomatic hyponatremia in
this patient was managed by IVmain-
tenance normal saline, enteral fluid
restriction, and discontinuation of
desmopressin acetate. Subsequently,
his serum sodium level corrected and
stabilized in the range of 140mmol/L.
Further investigation unveiled care-
giver modeling of frequent water con-
sumption, unrestricted access to water
at home, and psychosocial stress re-
lated to recent paternal abandon-
ment, leading to an acute worsening
of the polydipsia. Additionally, bedside
observation demonstrated height-
ened anxiety and excessive drinking
behavior.

Therefore, it was determined that
a water deprivation test was necessary
to distinguish DI from primary poly-
dipsia as the underlying cause of
his excessive drinking. Testing com-
menced at the time of the first urine
void following initiation of fluid
restriction. Baseline measurements

included a serum sodium concentra-
tion of 139 mmol/L, urine specific
gravity of 1.001, urine osmolality of
94 mOsm/kg, and serum osmolality
of 284 mOsm/kg (urine-to-serum
osmolality ratio of 0.3). During the
testing period, urine specific gravity
was measured hourly and weight
was measured at 2-hour intervals.

The water deprivation test was
discontinued following the fourth
hour, at which time repeat laboratory
measurements revealed a serum so-
dium level of 143 mmol/L, urine
specific gravity of 1.011, urine osmo-
lality of 481 mOsm/kg, and serum
osmolality of 292 mOsm/kg (urine-
to-serum osmolality ratio of 1.6).
These findings demonstrated a normal
physiologic response to fluid restric-
tion and, therefore, ruled out DI as
the cause of his polydipsia. Further-
more, head magnetic resonance
imaging demonstrated a normal,
high-intensity signal of the posterior
pituitary gland. Historical, laboratory,
and radiographic evaluation com-
bined with a thorough developmen-
tal assessment yielded the underlying
diagnosis of primary polydipsia.
The patient’s mother was coun-
seled to limit his daily fluid intake
and to discontinue use of desmo-
pressin acetate.

Differential Diagnosis
Salient etiologic considerations in chil-
dren presenting with polyuria and
polydipsia include diabetes mellitus,
primary polydipsia (ie, psychogenic
polydipsia or compulsive water drink-
ing), andDI (congenital and acquired).

DI can be categorized further in-
to central (neurogenic) DI, which
results from deficient production of
arginine vasopressin (AVP, vasopres-
sin, antidiuretic hormone) from the
posterior pituitary gland, and neph-
rogenic DI, which results from AVP
resistance at the level of the kidney.
Although astute history gathering

and basic laboratory data often can
suggest DI, water deprivation testing
remains the definitive method for es-
tablishing a diagnosis of DI. This test
evaluates the integrity of water ho-
meostasis through measurement of
urine osmolality and serum osmolal-
ity during a period of fluid restriction.

Test results consistent with DI in-
clude a persistently low urine osmolal-
ity despite a rising serum osmolality,
which is signified by a urine-to-serum
osmolality ratio of <1.5. Further-
more, water deprivation testing aug-
mented by desmopressin acetate
administration can distinguish central
DI from nephrogenic DI. In both
central and nephrogenic DI, water
deprivation testing demonstrates fail-
ure to concentrate urine. However,
desmopressin acetate administration
will result in concentrated urine if
DI is a consequence of a central pro-
cess, but will have no effect in the
case of nephrogenic DI. Water depri-
vation testing should be discontinued
for weight loss ‡5%, urine specific
gravity >1.014, or test duration >7
hours (>4 hours for infants).

Patients who have polyuria and
polydipsia resulting from primary poly-
dipsia produce concentrated urine on
water deprivation. Furthermore, cir-
cumventing the normal physiologic
suppression of AVP in the setting of
primary polydipsia by administration
of exogenous vasopressin may lead
to water intoxication syndrome, as
occurred in this child. This condition
results from water retention–induced
hyponatremia, with subsequent cere-
bral edema. At sodium levels <125
mmol/L, patients may experience
nausea, headache, encephalopathy,
seizures, coma, or death.

The Condition
Primary polydipsia is reported com-
monly in the adult literature in asso-
ciation with schizophrenia and other
psychiatric disorders, prompting the
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term psychogenic polydipsia. Although
infrequent, primary polydipsia has
been described in the pediatric lit-
erature also in the context of devel-
opmental disabilities, autism, and
psychosocial stressors; however, pri-
mary polydipsia may be more com-
mon than reported.

Although the cause of primary
polydipsia is unclear, it is speculated
to be caused by psychogenic factors
or altered regulation of thirst. Physi-
ologic thirst involves a complex and
incompletely understood homeostatic
mechanism. Thirst works in concert
with a renal feedback system, and they
comprise the two major regulators
responsible for managing total body
water. These complementary sys-
tems are triggered by rising osmo-
lality detected by osmoreceptors
located within the central nervous
system, as well as by decreased effec-
tive circulating volume detected by
baroreceptors located within the car-
diovascular system.

Signals are generated subsequently
from the hypothalamus that simulta-
neously trigger thirst and generate
the release of AVP from the posterior
pituitary. AVP acts at the renal collect-
ing duct to retain water via the aqua-
porin 2 water channel.

Other factors influencing thirst
involve social, environmental, psy-
chological, and behavioral cues.
These influences include association
of beverages with meals and other ac-
tivities; beverage availability, taste, and
temperature; modeling and encour-
agement of beverage drinking by care-
takers; and drinking habits. Any of these
factors has the potential to function
in a maladaptive manner and override
normal thirst regulation.

Primary polydipsia is characterized
by excessive water consumption that
results in hypervolemic hyponatremia
and low serum osmolality, therefore
triggering physiologic AVP suppres-
sion, which produces dilute urine.

Management
Treatment of primary polydipsia
consists of fluid restriction to normal
physiologic daily requirements for
weight, not to exceed twice mainte-
nance. This goal can be achieved grad-
ually over the course of a few days to
minimize resistance. Multiple behav-
ioral strategies can be used, depending
on the patient’s impetus to drink. In
this patient, therapy consisted of the
mother’s regulation of fluid intake
and provision of alternative means of
oral stimulation. Reward systems and
cognitive behavioral therapy are other
options, depending on the develop-
mental stage of the individual. In ad-
dition, stability of the parent-child
relationship is important to consider;
therapy is aimed at stress reduction
and improving family dynamics and
child well-being.

Lessons for the Clinician

• Primary polydipsia results in low
serum osmolality with subsequent
physiologic AVP suppression, lead-
ing to dilute urine.

• Toddler behavior, including com-
pulsive water drinking, may be
influenced strongly by modeling
and the integrity of the child’s at-
tachment to caregivers.

(Steven Schulz, MD, Michael Zang,
MD, Christine Zanghi, MD, PhD,
University of Rochester Medical Cen-
ter, Rochester, NY )

Case 3 Discussion
A lateral radiograph of the neck re-
vealed retropharyngeal air (Fig. 1).
The differential diagnosis included
esophageal trauma from swallowing
food or a foreign body, air tracking
from the pleura owing to forced ex-
halation against a closed glottis, and
infection, potentially froma retrophar-
yngeal abscess. A barium swallow study
showed no evidence of esophageal

injury. Computed tomography of the
soft tissues of the neck with contrast
revealed air pockets in the superior
mediastinum (Fig. 2). There was no
evidence of fluid collection or edema,
making infection in the retropharynx
less likely. These radiologic findings,
along with the patient’s relatively nor-
mal history and physical examination,
were consistent with the diagnosis of
spontaneous retropharyngeal emphy-
sema (SRE).

The patient was admitted for
overnight observation. She was al-
lowed to drink clear fluids and started
on IV piperacillin/tazobactam. Re-
peat lateral neck radiographs dem-
onstrated no progression of the
emphysema. Her symptoms remained
unchanged. She was discharged home
in satisfactory condition with sched-
uled routine follow-up.

The Condition
SRE is an uncommon cause of dys-
phagia. No age or gender predilec-
tions have been reported. Typically,
SRE is associated with acute increases
in lung volume and consequent in-
creases in pleural pressure, such as
occurs with coughing, sneezing, or
inhaled illicit drug usage. One pro-
posedmechanism focuses on increased
intra-alveolar pressure causing disrup-
tion of perivascular alveoli and subse-
quent dissection of air along the
bronchovascular sheath and into
the mediastinum. Once present in this
area, air can track into the deep neck
spaces and soft tissues as it follows the
paths of least resistance. Patients with
preexisting pulmonary conditions,
such as asthma or respiratory infec-
tions, may be at higher risk for de-
veloping this condition.

The Diagnosis
SRE is a diagnosis of exclusion, and life-
threatening causes of retropharyngeal
air, such as traumatic tracheoesopha-
geal injury, suppurative or necrotizing
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deep neck and chest infections, and the
effects of recent cervical or cardiotho-
racic surgery must be ruled out before
making the diagnosis.

Patients with SRE present with
symptoms similar to those of pneu-
momediastinum, specifically the acute
onset of sharp retrosternal chest pain

with radiation. The pain often is ag-
gravated by deep inspiration, lying
down, and coughing. Patients also
may experience dyspnea, but mark-
edly increased work of breathing is
uncommon unless there is progres-
sion with mediastinal involvement.

Patients characteristically complain
of throat discomfort, globus, dyspha-
gia, or dysphonia. Physical findings
vary, depending on the degree of soft
tissue air extension, although physical
examination usually is unremarkable.
Crepitus in the precordial areas or de-
creased cardiac dullness on percussion
may be present in this condition. A
crunching sound over the precordium
synchronous with the heartbeat (Ham-
man sign) would be a sign of a con-
comitant pneumomediastinum.

Neck or chest radiography show-
ing a column of retropharyngeal air
and any accompanying pneumome-
diastinum usually are sufficient to
confirm the diagnosis. Contrast stud-
ies, such as a barium swallow, or
esophagoscopy should be considered
when there is suspicion of pharyngeal
or tracheoesophageal injury as the
cause of the retropharyngeal air.

Management
The most critical management issue in
patients who have retropharyngeal em-
physema is to exclude life-threatening
causes, such as esophageal perforation
or necrotizing infection. SRE is a be-
nign and self-limited condition. Treat-
ment consists of analgesics and rest.
Symptoms typically resolve over 2 to
3 days; however, retropharyngeal air
can take several weeks to resorb com-
pletely. Antibiotics are not indicated
unless an underlying infection is sus-
pected (ie, pneumonia or retrophar-
yngeal abscess).

Lessons for the Clinician

• SRE is an uncommon cause of dys-
phagia in children and adolescents,
but should be considered in the
absence of identifiable airway or
digestive tract disease.

• Reassurance of the patient and
family is an important part of
treatment of this self-limited dis-
order.

(Elizabeth Nelsen, MD, Jennifer
Mackey, MD, and Joel Portnoy, MD,
SUNY Upstate Medical University,
Syracuse, NY )

To view Suggested Reading lists
for these cases, visit http://pedsinreview.
aappublications.org and click on the
“Index of Suspicion” link.

Figure 1. A lateral radiograph of the
neck shows retropharyngeal air.

Figure 2. Computed tomography of the soft tissues of the neck, showing air pockets in
the superior mediastinum.
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Posttraumatic Stress Disorder
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Posttraumatic stress disorder (PTSD) is

an intense and disabling response to a

traumatic event. Acute PTSD occurs 1

to <3 months following the event,

whereas chronic PTSD persists for 3

months or longer. The symptoms fall

primarily into three clusters. The first

includes reexperiencing the event. This

reaction manifests clinically as dis-

tressing memories, nightmares, or the

more extreme “flashbacks” to the event

itself. During reexposure (either from in-

ternal cues such as reexperiencing in the

mind, or external, such as visiting the

scene of the accident), the person

suffers from intense anxiety and dis-

tress. The second cluster can, to some

extent, be seen as a reaction to the

first. This response is characterized

by avoidance of reexposure to the

trauma and numbing to the psycho-

logical responses the exposure creates,

including a more generalized emotional

numbing. The third symptom cluster in-

volves a constant hyperalert state. The

person may have difficulty falling or

staying asleep, may have an increased

startle response, may have more trouble

concentrating, and may be more gener-

ally irritable or angry.

Approximately 70% of children have

had exposure to a traumatic event be-

fore age 16 years; however, despite the

large amount of exposure, the 6-month

prevalence of PTSD in these patients is

w3.7% for boys and 6.3% for girls. Pro-

tective factors against PTSD include, in

descending order of importance, con-

nections to positive caretakers, feelings

of self-worth, feelings of hope, im-

portance to others, talents valued by

others, religious faith, and socioeco-

nomic advantage.

Specific risk factors for developing

PTSD also exist. These factors primarily

fall into four categories, the first of

which includes lack of resilience or

negative prior life experiences, which

would include a history of other trau-

matic exposures, preexisting psycholog-

ical problems, and substance abuse. The

second main risk factor is the type of

traumatic event. Nearly 100% of chil-

dren who see a parent being killed or

sexually assaulted acquire PTSD. This

observation is important because it

appears that in children, threat to

a parent is equivalent to threat to self.

Additionally, PTSD develops in 90% of

sexually abused children, 77% of chil-

dren who see a school shooting, and

35% who witness violence around

their home.

The effects of exposure to trauma

through media are less clear. Many re-

searchers have found that children res-

onate with media via reexposure if they

were personally affected by the original

trauma, but not if the trauma was more

distant.

A third area of risk concerns the child’s

reaction to the trauma. Dissociation, a

psychologicalmechanismwhereby a per-

son attempts to protect him- or herself

by separating from reality, was found

to be strongly predictive of posttrau-

matic symptoms. Finally, the resources

available to a child after a traumatic ex-

posure can be critical. The most impor-

tant of these is an attentive parent or

guardian; thus, attending to parents’

mental health can actually be the most

effective intervention in aiding the

child’s recovery.

Screening for and identifying PTSD can

be difficult. Standardized assessments,
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such as the Traumatic Events Screening

Inventory (see Suggested Reading)

can be useful to evaluate exposure.

Even after exposure is assessed, di-

agnosing PTSD itself can be complex,

and may best be left to a child mental

health provider. If a referral seems diffi-

cult, scheduling frequent appointments

(monthly) to address any continued dis-

ability from the reaction to a trauma can

be helpful.

Treatment for PTSD is complicated

and multifactorial. Regarding medica-

tions, there is some evidence that se-

lective serotonin reuptake inhibitors

(SSRIs) have some utility. In adults,

these agents have been shown to re-

duce symptoms in all three of the symp-

tom clusters described previously, but in

children, only two small studies (24 and

26 children, respectively) support their

effectiveness. Additionally, SSRIs can

lead to activation (irritability, poor at-

tention, and sleep disturbance), which

can mimic the hyperarousal cluster of

PTSD symptoms.

In two child-specific studies, cloni-

dine was found to decrease basal heart

rate, anxiety, impulsivity, and PTSD hy-

perarousal. Propranolol also was found

to decrease reexperiencing and hyper-

arousal. Opiates may be beneficial, but

should be used with caution. Even con-

trolling for subjective pain, one study

found that there was a significant linear

association between morphine dosage

and 6-month reduction in PTSD symp-

toms. Neuroleptic agents, such as ris-

peridone, have shown mixed results.

Benzodiazepines have not been found

to be beneficial in treating PTSD-specific

symptoms, and may worsen some symp-

toms characterized primarily by disinhi-

bition (aggression, acting out).

In children, the strongest empirica-

levidence to date supports Trauma-

Focused Cognitive Behavior Therapy

(TF-CBT). In fact, a study comparing TF-

CBT and placebo to TF-CBT and an SSRI

showed no significant differences in

response rates. TF-CBT begins with

the child directly discussing the trau-

matic event, and then proceeds to

anxiety-management techniques, such

as relaxation and correction of distorted

trauma-related thoughts. Through this

procedure, the children learn that they

do not have to be afraid of their memories.

CBT often is accompanied by psychologi-

cal education and parental involvement.

Research shows that the better parents

cope with the trauma and the more they

support their children, the better their

children will function. Therefore, it is im-

portant for parents to seek treatment for

themselves so as to develop the nec-

essary coping skills that will help

their children.

Comments: After September 11th

and, more recently, the devastating

earthquake and tsunami in Japan,

there has been more focused national

and international attention on PTSD

in children and adolescents. These ex-

periences provide important examples

of how communitywide interventions

are essential and needed; however,

Dr Kelly’s In Brief reminded me of how

important this topic is to patients

whom I serve. I have worked most of

my career with low-income patients

who live in an urban area and I have

been continually inspired by the resil-

ience of these families. This In Brief re-

minded me of the heightened risk of

these children and adolescents to PTSD

because of their chance of witness-

ing or being involved with traumatic

events, such as homicide, domestic vi-

olence, child abuse, house fires, or even

dog attacks. I worry that parents may

minimize some of these experiences

because, unfortunately, they occur

more frequently in urban communities.

It is important that parents know that

we as pediatric health-care providers

have an interest in these experiences

and to ensure that diagnosis and treat-

ment is initiated.

Janet Serwint, MD
Consulting Editor

Corrections

In the March 2012 article “Encephalitis in the Pediatric Population” (Falcheck SJ. Pediatr Rev. 2012;33
(3):122–133), Table 5 contained an error. In the “Specific Agent” column (column 3) of the “Acute Phase

Serum” row (row 3), the words “systemic lupus erythematosus” appeared, but should have read “St. Louis

encephalitis.”

In the May 2012 article “Research and Statistics: Choosing the Right Statistical Test” (Soyemi K. Pediatr
Rev. 2012;33(5):38–44), the paragraph on Fisher exact test (page e43, first full paragraph) contains a coding
error that reversed the mathematical symbol. The last sentence of that paragraph should read: “One should

avoid the X2 test and use Fisher’s exact test when the numbers in any of the boxes of the contingency table

are very small (any number <5).” That is, “. any number less than 5.”

In the May 2012 article “Sickle Cell Disease” (McCavit, T. Pediatr Rev. 2012;33(5):195–206), in Table 2, the
timing of meningococcal vaccine (MCV4) in the second column should read, “1st dose at 24 months of age or

older; 2 total doses at least 8 weeks apart. Readers are advised to watch for revisions of the recommendation

for this vaccine." The journal regrets these errors.
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Even after exposure is assessed, di-

agnosing PTSD itself can be complex,

and may best be left to a child mental

health provider. If a referral seems diffi-

cult, scheduling frequent appointments

(monthly) to address any continued dis-

ability from the reaction to a trauma can

be helpful.

Treatment for PTSD is complicated

and multifactorial. Regarding medica-

tions, there is some evidence that se-

lective serotonin reuptake inhibitors

(SSRIs) have some utility. In adults,

these agents have been shown to re-

duce symptoms in all three of the symp-
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children, only two small studies (24 and

26 children, respectively) support their

effectiveness. Additionally, SSRIs can

lead to activation (irritability, poor at-

tention, and sleep disturbance), which

can mimic the hyperarousal cluster of
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In two child-specific studies, cloni-

dine was found to decrease basal heart

rate, anxiety, impulsivity, and PTSD hy-

perarousal. Propranolol also was found

to decrease reexperiencing and hyper-

arousal. Opiates may be beneficial, but

should be used with caution. Even con-

trolling for subjective pain, one study

found that there was a significant linear

association between morphine dosage

and 6-month reduction in PTSD symp-

toms. Neuroleptic agents, such as ris-

peridone, have shown mixed results.

Benzodiazepines have not been found

to be beneficial in treating PTSD-specific

symptoms, and may worsen some symp-

toms characterized primarily by disinhi-

bition (aggression, acting out).

In children, the strongest empirica-

levidence to date supports Trauma-

Focused Cognitive Behavior Therapy

(TF-CBT). In fact, a study comparing TF-

CBT and placebo to TF-CBT and an SSRI

showed no significant differences in

response rates. TF-CBT begins with

the child directly discussing the trau-

matic event, and then proceeds to

anxiety-management techniques, such

as relaxation and correction of distorted

trauma-related thoughts. Through this

procedure, the children learn that they

do not have to be afraid of their memories.

CBT often is accompanied by psychologi-

cal education and parental involvement.

Research shows that the better parents

cope with the trauma and the more they

support their children, the better their

children will function. Therefore, it is im-

portant for parents to seek treatment for

themselves so as to develop the nec-

essary coping skills that will help

their children.

Comments: After September 11th

and, more recently, the devastating

earthquake and tsunami in Japan,

there has been more focused national

and international attention on PTSD

in children and adolescents. These ex-

periences provide important examples

of how communitywide interventions

are essential and needed; however,

Dr Kelly’s In Brief reminded me of how

important this topic is to patients

whom I serve. I have worked most of

my career with low-income patients

who live in an urban area and I have

been continually inspired by the resil-

ience of these families. This In Brief re-

minded me of the heightened risk of

these children and adolescents to PTSD

because of their chance of witness-

ing or being involved with traumatic

events, such as homicide, domestic vi-

olence, child abuse, house fires, or even

dog attacks. I worry that parents may

minimize some of these experiences

because, unfortunately, they occur

more frequently in urban communities.

It is important that parents know that

we as pediatric health-care providers

have an interest in these experiences

and to ensure that diagnosis and treat-

ment is initiated.

Janet Serwint, MD
Consulting Editor
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