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A 3,200-g male infant is born to a 28-year-old primiparous woman at an
estimated gestational age of 37 weeks. The pregnancy was complicated by rightsided fetal pleural effusion, first detected with ultrasonography at 30 weeks'
gestation. After delivery, the infant's resuscitation includes thoracentesis that
yields 90 mL of amber fluid from the right side of the chest. The infant has no
dysmorphic features, generalized edema, or evidence of hemolysis. The pleural
fluid reveals the following: nucleated cell count, 560 cells/µL (560×10 6 cells/L)
with a differential count of 93% lymphocytes, 5% neutrophils, and 2%
monocytes; glucose, 62 mg/dL (3.4 mmol/L); protein, 2.8 g/dL (28 g/L);
triglyceride, 3.0 mg/dL (0.03 mmol/L); cholesterol, 50 mg/dL (1.3 mmol/L); and
lactate dehydrogenase, 90 U/L (1.5 µkat/L). The pleural fluid is sent for bacterial
and viral culture.
Of the following, the MOST likely cause of pleural effusion in this infant is:
congenital chylothorax
heart failure
iatrogenic extravasation
intrauterine infection
mediastinal malignancy
You selected
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Congenital chylothorax, accumulation of chyle-containing lymphatic fluid in the
pleural space, is the most common cause of pleural effusion that manifests during
the fetal and early neonatal periods, as in the infant in this vignette. Its incidence
is estimated at 1 in 6,000 to 10,000 live births; it is twice as common in males as
in females. The effusion is usually unilateral with a right-sided preponderance.
Congenital chylothorax may be transient and resolves spontaneously when it
results from a potentially reversible obstruction or hypoplasia of the thoracic duct.
Conversely, congenital chylothorax may be persistent and does not resolve
spontaneously when it results from an intrinsic abnormality of the lymphatic
system in the form of lymphangiomatosis or lymphangiectasia. The former
represents sequestered lymphatic tissue in solitary or multifocal lesions; the latter
represents distension of pulmonary subpleural and interlobular lymphatics.
Persistent congenital chylothorax often is associated with other congenital
malformations such as tracheoesophageal fistula and congenital heart defects;
syndromes such as Noonan syndrome, Turner syndrome, and Down syndrome; and
pulmonary abnormalities such as sequestration and congenital cystic adenomatoid
malformation.
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The analysis of pleural fluid is helpful in the diagnosis of
congenital chylothorax. The fluid, in the absence of enteral
feeding, typically is amber colored, is rich in lymphocytes
(differential count >70%), and may not show an elevated
triglyceride concentration. With enteral feeding, especially
using milk rich in long-chain triglycerides, the pleural fluid
becomes milky in appearance, remains rich in lymphocytes,
and shows an elevated triglyceride concentration (>110
mg/dL [1.2 mmol/L]). The evolution of pleural effusion in the
infant in this vignette, its manifestation at birth before any postnatal
interventions, and the pleural fluid analysis are compatible with the diagnosis of
congenital chylothorax.
Pleural effusion resulting from heart failure often is bilateral and accompanied by
hydrops. Hydrops fetalis may be associated with congenital structural heart
malformations and abnormalities of cardiac rhythm. The structural malformations
typically include hypoplastic left heart syndrome and endocardial cushion defect.
Among the rhythm abnormalities, tachyarrhythmias, including supraventricular
tachycardia and atrial flutter, are more common than bradyarrhythmias such as
heart block. The severity and unilateral localization of the pleural effusion as well
as the absence of generalized edema make heart failure an unlikely cause of
pleural effusion in the infant in this vignette.
Extravasation of fluid into the pleural space can result from injury to the thoracic
duct, or obstruction of the subclavian vein or superior vena cava. Surgical
procedures, such as correction of coarctation of aorta, ligation of patent ductus
arteriosus, and repair of congenital diaphragmatic hernia, may cause inadvertent
injury to the thoracic duct. The thrombosis of the subclavian vein or superior vena
cava and resultant increase in central venous pressure may cause extravasation of
fluid into the pleural space. The thrombosis often is a complication of long-term
use of indwelling catheters for administration of parenteral nutrition. The absence
of any of these interventions makes iatrogenic extravasation an unlikely cause of
pleural effusion in the infant in this vignette.
Pneumonia resulting from perinatally acquired bacterial infection involving
organisms such as group B Streptococcus may be associated with pleural effusion.
Typically, the effusion is bilateral, less voluminous than that described in this
vignette, and characterized by neutrophilic preponderance. Rarely, in extreme
cases of late-onset bacterial sepsis, the pneumonia may be complicated by a
localized collection of pus as in lung abscess or empyema. The nature of the
pleural fluid and the absence of features suggestive of sepsis make intrauterine
infection an unlikely cause of pleural effusion in the infant in this vignette.
Mediastinal malignancies, such as lymphoma, sarcoma, or neuroblastoma, are rare
causes of pleural effusion in neonates. The effusion in such cases may result from
obstruction and rupture of the lymphatics induced by the tumor, or from invasion
of the lymphatics by the tumor.
Do you want to add anything to your Learning Plan?
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laboratory manifestations of hydrothorax/chylothorax
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A term male infant with primary persistent pulmonary hypertension of the
newborn (PPHN) requires substantial support with fraction of inspired oxygen
(Fio2) of 1.0, high-frequency oscillatory ventilation, dopamine, and inhaled nitric
oxide. The mean airway pressure (MAP) on the ventilator is 24 cm H2O and the
partial pressure of arterial oxygen (Pao 2; right radial) is 60 torr. The oxygenation
index calculated from these values is 40 (MAP × Fio2 × 100/Pao2). After
discussion with the infant's parents, venovenous extracorporeal membrane
oxygenation (VV ECMO) using a double lumen catheter is initiated.
Of the following, the MOST accurate statement about the expected physiologic
effects of VV ECMO is that:
Cardiac output is reduced because blood flow to the coronary circulation is
decreased.
Oxygen consumption is reduced because venous oxygen content is increased.
Oxygen extraction increases because systemic arterial oxygen content is increased.
Pulmonary blood flow increases because the oxygen content of blood perfusing the
pulmonary circulation is increased.
Systemic oxygen delivery increases because arterial oxygen saturation is maximized
(>98%).
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Persistent pulmonary hypertension of the newborn (PPHN)
affects 1 to 2 per 1,000 live births. Most infants with PPHN are
born after 34 weeks' gestation, and have an underlying
cardiorespiratory disorder such as meconium aspiration
syndrome, sepsis, transient tachypnea, pneumothorax,
congenital diaphragmatic hernia, and some congenital heart
lesions (eg, transposition of the great vessels, total anomalous
pulmonary venous return). Primary PPHN affects about 10%
of infants with this illness.
The essential pathophysiology of PPHN involves persistent or recurrent elevation
in pulmonary vascular resistance after birth, often associated with hypoxic
respiratory failure (Figures 1 and 2).
Figure 1: Normal newborn.
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Figure 2: Newborn and persistent pulmonary hypertension (PPHN).

Venous blood is shunted from the right-sided circulation to the left-sided
circulation through the ductus arteriosus, foramen ovale, and across poorly
functioning diseased lung segments. These right-to-left shunts lead to systemic
hypoxemia and cyanosis. Improvements in care have increased survival of such
infants. Physiology-targeted management strategies, high-frequency ventilation,
surfactant, and inhaled nitric oxide have proven beneficial in clinical series and
randomized clinical trials. Extracorporeal membrane oxygenation (ECMO), usually
initiated as a rescue intervention when all other treatments have failed to reverse
the clinical spiral of PPHN, was also proven beneficial in a multicenter,
randomized, controlled clinical trial.
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Extracorporeal membrane oxygenation is most often applied to newborns with
respiratory failure through catheters placed in both the right internal jugular vein
and right carotid artery (venoarterial ECMO or VA ECMO, Figure 3)
Figure 3: Newborn and persistent pulmonary hypertension (PPHN) and
venoarterial extracorporeal membrane oxygenation (ECMO).

or through a single double-lumen catheter in the right internal jugular vein
(venovenous ECMO or VV ECMO, Figure 4).
Figure 4: Newborn and persistent pulmonary hypertension (PPHN) and
venovenous extracorporeal membrane oxygenation (ECMO).
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As seen in the infant in the vignette, VV ECMO provides well-oxygenated blood to
the pulmonary circulation. Improved pulmonary arterial oxygenation is a potent
vasodilator that reduces pulmonary vascular resistance and increases pulmonary
blood flow. The mechanism for the oxygen effect is complex, involving
vasodilatation and alleviation of hypoxic vasoconstriction. Increased oxygen
tension improves blood flow, which induces shear-stress-related vasodilatation,
reduces myogenic tone, and increases endogenous production of a number of
different endothelial- and nonendothelial-derived vasodilators, especially nitric
oxide and prostacyclin.
Venovenous ECMO indirectly improves cardiac function. With increased pulmonary
blood flow, pulmonary venous return to the left atrium increases, thereby
providing more adequate preload for the left ventricle. Importantly, blood that
flows to the coronary ostia and circulation is derived from the left ventricle in both
VV ECMO and VA ECMO. During VV ECMO, pulmonary venous blood is highly
saturated with oxygen. In contrast, VA ECMO diverts blood from the right atrium
and returns it to the aortic arch, essentially bypassing the heart completely at total
ECMO support. Blood from the right atrium is venous in origin and the volume of
blood flow through the pulmonary circulation to the left atrium and left ventricle is
reduced. Thus, during complete VA ECMO support, there is a reduction in cardiac
output and oxygen tension that may compromise cardiac function. The higher risk
of cardiac stun during VA ECMO compared with VV ECMO is indirect evidence for
reduced oxygen delivery to the coronary circulation during VA ECMO. Of note,
during VA ECMO the extracorporeal support is most often partial, and oxygen
delivery to the coronary circulation is adequate.
Oxygen consumption is calculated by multiplying the cardiac output (CO) by the
difference between the oxygen content of the arterial (Cao 2) and venous
circulations (Cvo2):
O 2 Consumption = CO × (Cao 2 - Cvo2)
O 2 Content = {(Hb) × 1.34 mL O 2/g Hb × So 2} + 0.003 × Po 2
During VV ECMO, O 2 consumption is maintained as long as adequate oxygen
delivery is present; it is not reduced. Oxygen delivery (DO ) equals the CO
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multiplied by the oxygen content (Cao 2).

2

O 2 Delivery = CO × Cao 2
As stated before, cardiac output likely increases during VV ECMO. The increase in
CO usually compensates for any drop in arterial oxygen content that occurs due to
lower arterial oxygen saturation (80% to 95%, see O 2 content equation above),
which is sometimes seen after the transition to VV ECMO.
Venovenous ECMO and VA ECMO are both intended to provide improved oxygen
delivery by increasing arterial oxygen content and cardiac output. Improved
oxygen delivery is expected to reverse the compensatory responses of blood flow
redistribution and increased oxygen extraction that occur when tissues sense
inadequate oxygen delivery. Oxygen extraction should be reduced, and mixed
venous oxygen saturation is anticipated to normalize. If oxygen consumption is
increased due to seizures, jitteriness, or septic shock, however, additional oxygen
delivery may be necessary. Oxygen delivery can be increased with improved
cardiac output and/or higher arterial oxygen content (higher arterial oxygen
saturation or hemoglobin). If this increase in oxygen delivery cannot be achieved
with maximal ECMO flow, blood flow redistribution to essential organs (brain,
heart, adrenal glands) and increased oxygen extraction (O 2 extraction) may be
required by the tissues of the body (indicated by a decrease in mixed venous
oxygen saturation and venous oxygen content).
O 2 Extraction = (Cao 2 - Cvo2)/Cao 2
Venovenous ECMO improves oxygen delivery by increasing venous oxygen
content, increasing cardiac output and, in many instances, increasing arterial
oxygen saturation (Sao2) and content. However, Sao2 values of 80% to 95% are
expected even during full VV ECMO flow (>120-150 mL/kg per minute) because it
is the venous admixture in the right atrium that perfuses the systemic circulation
(Figure 4). Thus, increased systemic oxygen delivery is not usually due to
maximum Sao2 values (>98%). If endogenous pulmonary function contributes to
oxygen exchange, Sao2 may be greater than 95%. Of note, the relatively lower
Sao2 values achieved with VV ECMO compared with VA ECMO are often accepted in
exchange for a reduction in the pulmonary parenchymal and vascular injury
associated with high concentrations of oxygen and positive pressure ventilation.
Do you want to add anything to your Learning Plan?
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American Board of Pediatrics Content Specification(s):
Understand the various factors affecting oxygen uptake, transport, and delivery,
including the blood and circulation
Know the management of persistent pulmonary hypertension
Understand the indications for and techniques of extracorporeal membrane
oxygenation (ECMO)
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An infant born at 35 weeks' gestation, is transferred to your care. Striking physical
examination findings include shiny, tight, thickened skin that is membranelike,
with emerging cracks and moist fissures. The facial skin is taut and has pulled the
mouth into an O shape, and the eyelids are everted. The hands and feet are
edematous and have contractures (Figure 1).
Figure 1: Collodion baby with bilaterally everted eyelids (ectropion) and
contracted lip (eclabion). Membrane is cracked in places, revealing moist
erythematous skin.
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Of the following, the MOST appropriate initial management for this newborn's skin
is:

application of keratolytic agents
application of topical emollients
comfort care only, because this condition is lethal
manual débridement of the membrane
no therapy indicated, because spontaneous resolution expected
You selected

, the correct answer is
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The infant in this vignette presents with features characteristic of the collodion
baby. At birth, an oiled-parchment-like membrane of thick hyperkeratotic
epidermis encases the infant, with underlying yellowish erythematous skin. Taut
facial skin everts the eyelids (ectropion) and fixates the lip in an O shape or fishmouth configuration (eclabium). Similarly, the nose is flattened, the pinnae are
malformed, and hair may be absent or perforate the membrane (Figures 1 and 2).
Figure 1: Collodion baby with bilaterally everted eyelids (ectropion) and contracted lip
(eclabion). Membrane is cracked in places, revealing moist erythematous skin.

Figure 2: Collodion baby with deformation of pinna.

Circumferential constriction results in peripheral edema and contractures of the
hands and feet.

The term collodion baby describes a phenotype common to
several disorders of cornification. Nearly two thirds of
collodion babies have either classic lamellar ichthyosis or
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nonbullous congenital ichthyosiform erythroderma. Less
common disorders presenting with a collodion membrane
include autosomal dominant lamellar ichthyosis,
trichothiodystrophy, recessive X-linked ichthyosis, neonatal
Gaucher's disease, neutral lipid storage disease, and SjögrenLarsson syndrome (Table).
Table. Disorders Presenting With a Collodion Membrane
Disorder
Incidence
Lamellar ichthysosis 1:300,000

Inheritance
Mutation
Usually
Transglutaminase I
autosomal
recessive
Autosomal
Lipoxygenases
recessive

Nonbullous
congenital
ichthyosiform
erythroderma
Recessive X-linked
ichthyosis

1:300,000

1:6,000
males

X-linked
recessive

Neutral lipid storage
disease (DorfmanChanarin
syndrome)
Trichothiodystrophy

Rare, less
than 100
described
cases
Rare

Autosomal
recessive

Gaucher's disease

1:100,000

Autosomal
recessive

Sjögren-Larsson
syndrome

<1:100,000

Autosomal
recessive
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Autosomal
recessive

Steroid sulfatase

Comments
Large, platelike
scales
Fine, white scaling,
overlying erythema

Only 17% present at
birth; accumulation
of cholesterol sulfate
may be measured in
plasma
Disruption of
65% of patients with
recycling of
ichthyosis;
triacylglycerol to
hepatomegaly in
diacylglycerol
46%
Unknown;
Lamellar ichthyosis
decreased DNA
phenotype;
repair levels
decreased sulfur
content in hair
Lysosomal bHepatosplenomegaly
glucocerebrosidase
and neurologic
symptoms
Fatty aldehyde
Only rarely presents
dehydrogenase
as collodion baby;
ichthysosis, mental
deficiency, and
spasticity
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Harlequin ichthyosis, a rare (fewer than 100 described cases) and generally lethal
form of congenital skin thickening, does not present with a collodion membrane.
Postnatally, the collodion membrane splits to reveal moist fissures and eventually
peels off, though only to re-form in most cases. By several months after birth, the
characteristic clinical features of the underlying skin disorder emerge and the
diagnosis can be confirmed with skin biopsy. The membrane sheds, with
apparently normal skin, in 5% of cases.
The molecular basis for many of the congenital ichthyosiform disorders is known
and prenatal diagnosis with analysis of fetal DNA may be possible. In lamellar
ichthyosis, mutations in the transglutaminase-1 gene on chromosome 14q11
account for 50% of the cases.
Fluid and electrolyte balance, thermoregulation, nutritional support, and infection
prevention are key elements of the initial treatment of the collodion baby.
Although markedly thickened, the stratum corneum is a poor barrier and allows
excessive transcutaneous fluid and electrolyte loss to occur. The collodion baby
has increased metabolic requirements and is at risk for hypernatremic
dehydration. The eclabium interferes with the ability to suckle, and intravenous
nutritional support is often initially needed. The risk of systemic infection is high
and antibiotic coverage should be initiated at first suspicion. Temperature
instability is managed with a humidified isolette, with care to avoid hyperpyrexia
as well. Initially, pain may be considerable and the use of narcotic agents is
indicated.
The shedding of the membrane occurs over the first month, and can be facilitated
by the liberal application of topical emollients, which also retard water loss and
soften the stratum corneum (Figure 3).
Figure 3: Collodion baby slathered in emollient.

Manual débridement of scales should be avoided. The poor skin barrier of the
collodion baby increases the risk of systemic toxicity with topical keratolytic
agents such as salicylic acid and tretinoin, and their use in the newborn is
discouraged. However, topical keratolytic agents, oral retinoids, and topical
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steroids are important in the long-term treatment of older infants and children.
Over time, the ectropion and eclabium resolve, but artificial tears may be indicated
to avoid corneal injury.

The long-term prognosis for the collodion baby is influenced by the underlying
skin disorder. In the newborn period, with attention to thermoregulation, fluid
management, and early treatment of infection, survival is the rule. Classic lamellar
ichthyosis persists throughout the affected individual's lifetime as a severe and
unremitting scaling skin disorder. Heat intolerance, due to obstructed sweat ducts
by plates of scale, and cutaneous infections are common morbidities. Nonbullous
congenital ichthyosiform erythroderma is similarly lifelong, but manifests with
much milder symptoms.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Know how to diagnose and manage ichthyosis
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A preterm infant was delivered at 29 weeks' gestation by a primigravida woman.
The baby's postnatal course was remarkable for mild respiratory distress and
apnea of prematurity. At 20 days of age the baby developed bloody stools and
pneumatosis intestinalis. Stool culture was positive for rotavirus. The baby was
treated with antibiotics and bowel rest for 2 weeks, after which feeding was
resumed with expressed breast milk and tolerated well. At 6 weeks of age the
baby was ready to be discharged home. The baby's mother asked about the
relevance of the rotavirus vaccine in this infant.
Of the following, the MOST accurate statement regarding the administration of
RotaTeq ® vaccine to this infant is that it:
is not associated with an increased risk of intussusception
should not be initiated in preterm infants until 6 months' postnatal age
is not beneficial in infants with a history of rotavirus gastroenteritis
is not beneficial in infants receiving breast milk
should not be administered with other childhood vaccines
You selected

, the correct answer is
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Rotavirus is the most common cause of severe gastroenteritis in infants and young
children around the world. In developing countries, rotavirus gastroenteritis is a
major cause of childhood death and is responsible for approximately half a million
deaths per year among children aged less than 5 years. In the United States,
although the mortality is much lower, nearly every child is infected with rotavirus
by age 5 years and most of them present with gastroenteritis. Of the various
pathogens causing gastroenteritis, rotaviruses are responsible for the most severe
disease and account for a higher proportion of severe episodes leading to clinic or
hospital visits. The direct and indirect cost of treating rotavirus infections in
children younger than 5 years in the United States is approximately $1 billion.
Children can be infected with rotavirus several times during
their lives. Initial infection after age 3 months is most likely to
cause severe gastroenteritis and dehydration. After a single
natural infection, 40% of children are protected against
subsequent subclinical infection with rotavirus, 75% are
protected against subsequent rotavirus gastroenteritis, and
88% are protected against severe rotavirus gastroenteritis.
Second, third, and fourth infections confer progressively
greater protection against severe disease. Children from

http://emb.aap.org/courseprodv2/Index.asp[4/6/2012 10:48:43 AM]

Education Module Learner

disadvantaged socioeconomic backgrounds, premature infants, and
immunocompromised subjects have an increased risk of hospitalization for
rotavirus gastroenteritis.
Vaccination of infants is the primary public health measure for preventing severe
rotavirus disease for the following reasons.
First, rates of rotavirus illness among children in industrialized and lessdeveloped countries are similar, indicating that clean water supplies and
good hygiene have little effect on virus transmission; therefore, further
improvements in water or hygiene are unlikely to have a substantial impact
on disease prevention.
Second, in the United States, rotavirus continues to be associated with a high
level of morbidity.
Third, studies of natural rotavirus infection indicate that initial infection
protects against subsequent severe gastroenteritis; however, subsequent
asymptomatic infections and mild disease might still occur.
Therefore, vaccination early in life, which mimics a child's first natural infection,
will not prevent all subsequent disease, but should prevent most cases of severe
rotavirus disease and their sequelae (such as dehydration, physician visits,
hospitalizations, and deaths).
The first rotavirus vaccines were based on monovalent rotavirus strains isolated
from either bovine or rhesus hosts, but their development was abandoned because
of variable efficacy in clinical trials. Subsequently, multivalent animal-human
rotavirus vaccines were developed by using gene reassortment. In 1998, a rhesusbased tetravalent rotavirus vaccine, RRV-TV (Rotashield ® , Wyeth-Lederle
Vaccines and Pediatrics), was recommended for routine vaccination of US infants
with three doses at ages 2, 4, and 6 months. However, RRV-TV was withdrawn
from the US market within 1 year of its introduction because of its association
with intussusception. The risk of intussusception was most elevated (>20-fold
increase) within 3 to 14 days after administration of the first dose of RRV-TV, with
a smaller (approximately fivefold) increase in risk within 3 to 14 days after the
second dose. Overall, the risk associated with the first dose of RRV-TV was
estimated to be approximately 1 case per 10,000 vaccine recipients. Available data
suggest that the risk of intussusception associated with the first dose of RRV-TV
increased with increasing age at vaccination. Postlicensure surveillance suggested
that, besides intussusception, RRV-TV also was associated with a spectrum of
other gastrointestinal symptoms, including gastroenteritis and bloody stools.
A monovalent vaccine based on an attenuated human rotavirus strain (RotaRix ® ,
GSK Biologicals, Belgium), has shown a clinical efficacy of 85% against severe
rotavirus disease in recent trials. No increase in intussusception was noted among
recipients of the vaccine compared with those who received placebo. RotaRix ® is
licensed in approximately 30 countries but has not yet been licensed in the United
States.
In 2006, the US Food and Drug Administration licensed RotaTeq ® , a live, oral
vaccine that contains five reassortant rotaviruses developed from human and
bovine parent rotavirus strains. RotaTeq ® has been tested in three phase III
trials. Three doses of RotaTeq ® were administered orally beginning at age 6 to 12
weeks, with a 4- to 10-week interval between doses. Seroconversion rates for IgA
antibody to rotavirus were 93% to 100% among vaccine recipients compared with
12% to 20% among recipients of the placebo. Completion of a three-dose regimen
protected against rotavirus gastroenteritis of any severity (74%), against severe
rotavirus gastroenteritis (98%), and reduced the incidence of office visits,
emergency department visits, and hospitalizations. Vaccination was not
associated with increased risk of intussusception, serious adverse events, or
deaths. Compared with placebo recipients, vaccinees had a small but statistically
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significantly greater rate of vomiting, diarrhea, otitis media, and bronchospasm.
The American Academy of Pediatrics Committee on Infectious Diseases and the
Advisory Committee on Immunization Practices (ACIP) recommend routine
vaccination of US infants with three doses of rotavirus vaccine (RotaTeq ® )
administered orally at ages 2, 4, and 6 months. The first dose should be
administered between ages 6 and 12 weeks. Subsequent doses should be
administered at 4- to 10-week intervals, and all three doses of vaccine should be
administered by age 32 weeks. Vaccination should not be initiated for infants older
than 12 weeks because of insufficient data on safety of the first dose of rotavirus
vaccine in older infants. The vaccine should not be administered after age 32
weeks because of insufficient data on its safety and efficacy in older infants.
Infants who have had rotavirus gastroenteritis before receiving the full course of
rotavirus vaccinations should complete the three-dose schedule because the initial
infection frequently provides only partial immunity.
In clinical trials involving small numbers of preterm infants, the safety and
efficacy of rotavirus vaccine appears to be similar for premature (25-36 weeks'
gestational age; median, 34 weeks) and term infants. The lower level of maternal
antibody to rotaviruses in very-low-birthweight, premature infants theoretically
could increase the risk of adverse reactions from rotavirus vaccine. The AAP and
ACIP support vaccination of prematurely born infants if they are at 6 to 12 weeks
of chronologic age (13 weeks if blood transfusion had been administered within
the last 42 days), are being or have been discharged from the hospital nursery,
and are clinically stable. Until further data are available, the AAP and ACIP
consider that the benefits of rotavirus vaccination of premature infants outweigh
the theoretical risks.
Infants who are being breastfed can receive rotavirus vaccine. The efficacy of
rotavirus vaccine is similar among breastfed and nonbreastfed infants. Like other
vaccines, the rotavirus vaccine can be administered to infants with transient, mild
illnesses, and with or without low-grade fever. Rotavirus vaccine can be
administered together with vaccines for diphtheria, tetanus, pertussis,
Haemophilus influenzae, polio, hepatitis B, and Pneumococcus.
Do you want to add anything to your Learning Plan?
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Understand the causes and differential diagnosis of gastrointestinal infections
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Understand the epidemiology, pathogenesis, and prevention of neonatal rotavirus
infection
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A nurse-midwife calls you to see an infant immediately after birth to "tell the
parents if the baby is a boy or a girl." Family and pregnancy histories are
noncontributory. Physical examination of the infant reveals ambiguous genitalia.
The parents and grandparents are anxiously awaiting your decision.
Of the following, the MOST appropriate comment regarding gender assignment at
this time is:
"Chromosomes will tell."

10 October 07

"He's a boy."

November
07
December
12
07

"Let the baby choose when older and able."

11

"She's a girl."
"We'd best get experts involved."
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Gender assignment is one of the most important clinical decisions made by
professionals at the time of delivery. Occurring in 1 in 4,500 births, disorders of
sexual development (DSD) (the term now proposed by the Consensus Statement
on Management of Intersex Disorders) requires a multidisciplinary team approach
and long-term planning process involving professionals and the family.
The term DSD is preferred over terms such as intersex,
pseudohermaphroditism, hermaphroditism, sex reversal, or
other sex-based terms. DSD includes those congenital
conditions characterized by abnormal development of
chromosomal, gonadal, or anatomic sex.
When presented with an infant with DSD, the appropriate
behavior at delivery is to formulate a plan for evaluation,
diagnosis, gender assignment, and treatment options. This
plan requires contributions from experienced subspecialists in
the fields of neonatology, endocrinology, genetics, urology/pediatric surgery, and
gynecology with support from psychiatry, social work, nursing, and (perhaps)
ethics. In this vignette, calling in this expert team is the most appropriate
response.
Gender assignment in the newborn period is recommended for all individuals
according to the consensus statement. First-line testing includes karyotyping with
X- and Y-specific probes. Most virilized 46,XX infants will have congenital adrenal
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hyperplasia. More than 90% of such infants assigned as female in infancy
subsequently identify themselves as female. Therefore, evidence supports the
current recommendation that virilized 46,XX infants be raised as females.
Although usually not diagnosed in the newborn period unless detected by a
discrepancy between a prenatal karyotype and anatomic features at birth, 46,XY
individuals with the complete androgen insensitivity syndrome assigned female in
infancy uniformly identify themselves as female in later life.
In addition to karyotyping, testing may include:
Abdominopelvic ultrasonography
Hormone concentrations (17-hydroxyprogesterone, testosterone,
gonadotropins, antimüllerian hormone)
Serum electrolytes
Urinalysis
Stimulation tests (human chorionic gonadotropin and corticotropin)
Urinary steroids
Gonadal biopsy
Factors that influence gender assignment in the remainder of infants include
specific diagnosis (only 50% of 46,XY infants with DSD will receive a definitive
diagnosis), genital appearance, surgical options, need for lifelong replacement
therapy, potential for fertility, and family or cultural views. This decision needs
family participation, respect for their concerns, and confidentiality.
Although chromosomal analysis is an essential component of the diagnostic
evaluation, karyotype is not necessarily decisive regarding gender assignment. As
noted before, virilized 46,XX infants should be raised as females, but appropriate
gender assignment for other conditions involves the aforementioned
considerations, as in the case of androgen insensitivity or severe genital
malformation.
Taking a "best guess" to mollify the family in the immediate situation is fraught
with difficulty. Gender assignment is hard to reverse once the information is
shared with family, medical records, care-giving staff, and the state (birth
certificate). Management of ambiguous genitalia is an urgent situation, but not so
urgent as to condone guessing.
Gender identity is established by age 3 years. Gender role is influenced by societal
and cultural factors in addition to biological factors. Atypical gender role behavior
is more common in DSD, but should not be used for gender reassignment. As the
youngest age of gender identity is not known, the oldest age for gender
reassignment is likewise not known. As the child grows older, disclosure of
karyotype, gonads, fertility, and related issues are introduced and discussed.
Although popular media have focused on the views of some DSD individuals who
are not happy with their assigned gender and who advocate for delay in assigning
gender until individuals can make their choices, current recommendations
continue to promote assigning a gender to all individuals after careful evaluation
and family counseling.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Understand normal fetal sexual differentiation
Understand the management of abnormal sexual differentiation
Know the approach to therapy of an infant with ambiguous genitalia, including
congenital adrenal hyperplasia
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A full-term baby girl was born to a woman who had been diagnosed with
interstitial pneumonitis as a child. The infant's maternal grandfather had died of
lifelong lung disease of unknown cause. The infant developed respiratory
symptoms of tachypnea and cyanosis while breathing room air at 6 weeks of age.
Physical examination was remarkable for tachypnea, cyanosis, and intercostal and
subcostal retractions. Systemic blood pressure was within normal limits.
Radiography of the chest showed hyperinflation with increased interstitial
markings. An echocardiogram showed normal cardiac anatomy and function. Blood
and urine cultures were sterile. Respiratory cultures showed normal flora and
absence of respiratory viruses. The infant's respiratory status worsened over the
next few days, necessitating assisted ventilation. A workup for cystic fibrosis and
immune deficiency was negative. Based on the family history, open-lung biopsy
was performed. Lung histopathology revealed nonspecific interstitial pneumonitis.
Of the following, the protein MOST likely to be abnormal in the infant in this
vignette is:
lipid transport protein ABCA3
surfactant protein A
surfactant protein B
surfactant protein C
surfactant protein D
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Pulmonary surfactant is required for adaptation to air
breathing after birth, reducing surface tension at the air-liquid
interface in the alveolus to maintain lung volumes during the
respiratory cycle. Deficiency of pulmonary surfactant is
associated with respiratory distress syndrome (RDS) in
preterm infants, a common cause of infant morbidity and
mortality. Though much less frequently reported, surfactant
deficiency can also lead to acute and chronic lung disease in
term newborn infants and older children.
Pulmonary surfactant is a lipid/protein complex that is synthesized by type II
epithelial cells lining the alveoli of the lungs. Phospholipids comprise
approximately 90% of pulmonary surfactant, of which 70% to 80% is
phosphatidylcholine (PC) and 10% is phosphatidylglycerol (PG), and the
remainder includes minor amounts of phosphatidylinositol (PI),
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phosphatidylethanolamine (PE), phosphatidylserine (PS), and sphingomyelin (SM)
(Figure 1).
Figure 1: Composition of surfactant from the mature lung (from Jobe [2006]).

Pulmonary surfactant is unique in its high PC content; the dipalmitoyl form
(DPPC), the major surface-active phospholipid component of pulmonary
surfactant comprises approximately half of the PC. Proteins constitute 8% to 10%
of surfactant and include the hydrophilic proteins (surfactant proteins [SP] A and
D) and the small hydrophobic proteins (SP-B and SP-C). In contrast to the
hydrophilic SP-A and SP-D, the hydrophobic SP-B and SP-C directly affect the
biophysical properties of surfactant lipids both in vivo and in vitro, and are
critically important for surfactant function. SP-B and SP-C work cooperatively to
optimize rapid absorption and spreading of phospholipids on a surface and to
facilitate the development of low surface tensions on surface area compression.
Surfactants prepared by organic solvent extraction of natural surfactants or from
lung tissue contain SP-B and SP-C, but lack SP-A.
Surfactant lipids are synthesized primarily in the endoplasmic reticulum of the
alveolar type II cells and are transferred via the Golgi system to the lamellar
bodies (Figure 2).

Figure 2: Basic pathways for surfactant metabolism (from Jobe [2006]).
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Within the type II cell, the lamellar body is the storage compartment for
pulmonary surfactant-associated lipids and for the hydrophobic SP-B and SP-C.
Lamellar bodies are secreted into the air space in response to stretch, ßadrenergic, and purinergic agonists. Transport of lamellar bodies is regulated by
the ABCA3 transporter molecule, which is found in the limiting membrane of these
organelles. After exocytosis, lamellar bodies unravel and undergo a dramatic
change in ultrastructural morphology, producing tubular myelin that represents
the major extracellular pool of surfactant lipids from which mono- and
multilayered films are formed. The lipid-rich films spread at the air-liquid interface
in the alveoli and reduce surface tension, preventing alveolar collapse.
Surfactant is inactivated by mechanical and biological processes and converted
into the surface-inactive, small aggregate which is taken up by alveolar type II
cells, and reutilized or catabolized. Alveolar macrophages internalize and degrade
small surfactant aggregate remnants under control of the signaling of
granulocyte-macrophage colony-stimulating factor (GM-CSF). Indeed, deletion of
the genes encoding GM-CSF or its receptor, or presence of autoantibodies that
block GM-CSF activity cause an accumulation of surfactant that is characteristic of
pulmonary alveolar proteinosis in mice and humans. Intracellular and extracellular
surfactant pool sizes are precisely maintained by the regulation of synthesis,
secretion, reuptake, reutilization, and catabolism.
The disease pattern presented in this vignette is most consistent with deficiency of
SP-C. SP-C, like SP-B, is a small hydrophobic protein. The human SP-C gene has
been localized to the short arm of chromosome 8. Processing of the SP-C proprotein is linked to SP-B expression. Unlike SP-B gene mutations, which lead to
respiratory distress soon after birth, SP-C deficiency usually presents a few
months later as interstitial lung disease. The clinical presentation varies from mild
tachypnea, respiratory distress, and failure to thrive to progressive respiratory
failure. At present, there is no definitive treatment for respiratory failure
associated with mutation of SFTPC; however, lung transplantation may be an
option. Histopathologic features include alveolar inflammation, pulmonary
infiltration with monocytes and macrophages, a progressive loss of alveolar
structure, and pulmonary fibrosis. There is generally no history or detectable
evidence of viral infection, and SP-C is undetectable in the lung tissue on biopsy.
Disorders in SP-C are generally inherited as autosomal-dominant genes with
variable penetrance. Diagnosis of congenital SP-C-related lung disease can be
made by sequencing of the SFTPC gene. Mutation in SFTPC with resultant SP-C
deficiency that presents as respiratory failure in the neonatal period is a rare
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entity.
Surfactant protein A, like SP-D, belongs to a family of proteins named collectins
because it has collagenous and lectin-binding domains. SP-A is the most abundant
surfactant-associated protein and was the first to be described. SP-A has a central
role in tubular myelin formation and metabolism and function of surfactant, as
well as in host defense. Genetic studies show that certain SP-A polymorphisms are
clearly associated with an increased severity of RDS and the subsequent
development of chronic lung disease in premature infants. However, no mutations
of the translated portions of the SP-A genes have been reported in humans. SP-A
is not contained in surfactants used for treatment of RDS.
Human SP-B is a small, 79-amino-acid, amphipathic peptide encoded by a single
gene located on chromosome 2 and produced in type II epithelial cells lining the
alveoli. Extracellular SP-B plays a critical part in surfactant homeostasis by
promoting adsorption of lipid molecules into the expanding surface film and
enhancing their stability during the compression and expansion that occur during
the respiratory cycle. It is an active component of surfactant-replacement
preparations used in the treatment of RDS in preterm infants. The level of SP-B is
low in preterm infants who are at risk for RDS. In contrast to SP-A, genetic
disruption of SP-B expression causes an unambiguous neonatal respiratory
phenotype in both human infants and mice.
Surfactant protein B deficiency was the first reported genetic cause of lethal RDS
in infants and is present in 15% of term infants dying of a syndrome similar to
RDS. Symptoms are generally observed before 12 hours of age. History of affected
family members and/or consanguinity has been associated with the disorder.
Radiographic findings include diffuse alveolar infiltrates, alveolar collapse,
reticular-granular infiltrates, and air bronchograms in full-term infants without
other underlying causes of respiratory failure. In spite of oxygen and assisted
ventilation, surfactant replacement and/or extracorporeal membrane oxygenation
(ECMO), most infants die in the first week or month after birth. Surfactant
replacement is not effective; the infants generally have no or transient responses
to therapy. Some infants have undergone lung transplantation with prolongation
and improvement of life. Definitive diagnosis is made by identification of
mutations in both alleles of the SFTPB gene. Marked histologic abnormalities are
observed in the lung at autopsy or biopsy, with evidence of diffuse alveolar and
bronchiolar damage, atelectasis, hyaline membranes, interstitial thickening, type
II cell hyperplasia, and accumulation of alveolar macrophages and proteins in the
alveoli. Uncommon mutations that cause a partial deficiency of SP-B have been
associated with chronic interstitial lung disease in childhood.
Surfactant protein D is a member of the collectin family and is expressed in
pulmonary and extrapulmonary tissues. Its functions include carbohydratedomain recognition on the surface of pathogens. In vitro experiments suggest that
SP-D, like SP-A, is involved in the first line of defense against inhaled pathogens.
Unlike the case with SP-A, there are no reports of SP-D polymorphisms conferring
a higher risk of RDS or neonatal bronchopulmonary dysplasia. Certain SP-D (and
SP-A) polymorphisms have been linked to increased susceptibility to chronic
obstructive pulmonary disease in a Mexican population and childhood infection
with respiratory syncytial virus. No human infant or older individual with
respiratory distress and mutation in the SP-D gene has been identified.
The ABCA3 protein is a member of the adenosine triphosphate (ATP)-binding
cassette (ABC) protein family, which is a family of transmembrane proteins
involved in membrane trafficking. The ABCA subgroup of proteins is predominantly
involved in lipid transport across membranes. The gene for ABCA3 is expressed in
type II cells, and the protein localizes to lamellar bodies, suggesting that it may
have an important role in surfactant metabolism.
Mutations in other ABC proteins result in human diseases, including ABCA1
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(Tangier disease, a disorder associated with cholesterol accumulation in
macrophages and peripheral tissues and absence of high-density lipoproteins),
ABCA4 (forms of retinal degeneration), and ABCA12 (congenital ichthyoses).
Mutations in ABCA3 in humans have been associated with autosomal recessive
lung disease in newborn infants. The diagnosis of ABCA3 deficiency should be
suspected in full-term infants with respiratory failure unresponsive to
conventional management and family history of consanguinity and neonatal losses
due to respiratory failure. Radiographic findings associated with ABCA3 mutations
are consistent with RDS in newborn infants. Diffuse pulmonary opacification,
reticular-granular infiltrates, and air bronchograms are observed. Infants present
with grunting, retractions, and cyanosis in the first days of life, and rapidly
develop respiratory failure that is refractory to ventilation, surfactant
replacement, and ECMO. Histopathologic changes include alveolar proteinosis,
infiltration by alveolar macrophages, alveolar wall thickening, and type II cell
hyperplasia. Electron microscopy demonstrates small, abnormally dense lamellar
body-like organelles, and the absence of normal lamellar bodies in type II
epithelial cells. In contrast to patients with SFTPC mutations, in most patients with
ABCA3 mutations, the onset of lung disease is in the neonatal period. In some
patients with ABCA3 mutations, the onset of symptoms is later in childhood, so
that there is a clinical overlap with interstitial lung disease caused by SFTPC
mutations.
A report reviewing 300 term infants with a severe RDS syndrome found that about
14% had SP-B deficiency, and about 14% had deficiency of the ATP-binding
cassette transporter gene, ABCA3. If this clinical series is representative, then
about 33% of severe lethal RDS in term infants is explained by mutations in genes
essential for surfactant metabolism. Most of the other infants probably also have
undescribed mutations as an explanation for their respiratory failure. In another
report, DNA samples from 195 children with chronic lung disease of unknown
origin were analyzed. In this population of children with chronic lung disease, 5%
had the common ABCA3 mutation (E292V) in contrast to 14% who had an SP-C
mutation and 1% who had an SP-B mutation.
In summary, mutations in the genes encoding SP-B, SP-C, and ABCA3 disrupt
surfactant homeostasis within type II epithelial cells and cause respiratory
distress in newborn infants. Together these genes represent a relatively rare
cause of acute and chronic lung disease in newborn infants and children.
Diagnosis of the inherited disorders of surfactant homeostasis should be
suspected in full-term infants with acute or chronic respiratory disease that is
refractory to conventional treatments. Both biochemical and genetic tests can be
helpful in making a definitive diagnosis of familial disorders of surfactant
homeostasis and in the treatment and genetic counseling of affected infants and
their families.
Do you want to add anything to your Learning Plan?
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American Board of Pediatrics Content Specification(s):
Understand the effects of surface tension on alveolar and airway stability and lung
mechanics (LaPlace law)
Understand the pathophysiology of RDS
Understand the risk factors for RDS
Recognize the clinical features of RDS
Recognize the laboratory features of RDS
Recognize the radiographic features of RDS
Recognize the pathologic features of RDS
Understand the prevention of RDS
Understand the management of RDS, including surfactant replacement
Understand the risk factors for bronchopulmonary dysplasia/chronic lung disease
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You are called to examine a term infant born 6 hours earlier after a difficult
vaginal delivery. The child is hyperalert and jittery. Oxygen saturation in room air
is 95%, capillary pH is 7.30, and partial pressure of carbon dioxide (Paco2) is 36
mm Hg (4.8 kPa). Blood glucose is 67 mg/dL (3.7 mmol/L).
Of the following, the shape of the curve that BEST represents the relationship
between the infant's Paco2 and cerebral blood flow is:
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The shape of the curve that best represents the relationship between the infant's
partial pressure of carbon dioxide (Paco2) and cerebral blood flow (CBF) is Figure
1.
Figure 1: Cerebral blood flow (CBF; y-axis) as a function of partial pressure of
carbon dioxide (Paco2; x-axis); or, CBF (y-axis) as a function of blood pressure
(x-axis) in the severely asphyxiated neonate.

Cerebral blood flow (CBF) is altered in newborn infants who are ill. Regulation of
CBF is complex in these infants and may include many factors such as Paco2, blood
pressure, cerebrospinal fluid pH, oxygen content of the blood (CaO 2), and glucose
concentration.
The relationship between Paco2 and CBF is linear within
physiologic ranges (Figure 1), as asked for in the vignette. An
acute increase in Paco2 relaxes cerebral vascular muscle,
increases CBF, and weakens or eliminates blood-pressure
autoregulation of CBF. Hypocarbia, on the other hand, reduces
cerebral blood flow, and a Paco2 less than 15 mm Hg (2.0 kPa)
is associated with a mild reduction in overall cerebral
oxidative metabolism. Clinically, having two or more Paco2
values less than 25 mm Hg (3.3 kPa) within 48 hours of birth
increases the risk of developing late periventricular leukomalacia.
Cerebral blood flow is usually autoregulated (Figure 2): as blood pressure varies,
resistance in the arterioles varies to give a constant blood flow through the brain.
Figure 2: Autoregulation: cerebral blood flow (y-axis) as a function of blood
pressure (x-axis) in the normal neonate.
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Above and below certain blood pressure thresholds, the CBF varies with the blood
pressure.
The range of mean blood pressures over which cerebral blood flow is constant is
approximately 50 to 150 mm Hg (6.7 to 20.0 kPa) in adults. In healthy term
newborns, the range is approximately 25 to 60 mm Hg (3.3 to 8.0 kPa).
With mild asphyxia, as in the infant in the vignette, indirect evidence suggests that
autoregulation of CBF over a physiologic blood pressure range is intact, but is
impaired in severe asphyxia, prematurity, or hypercarbia. The impaired
autoregulation in severe asphyxia gives a pressure-passive system in which flow
varies directly with blood pressure, represented now less by Figure 2 and more by
Figure 1.
The relationship between intravascular pH and cerebral blood flow is linear and
flat, showing no correlation (Figure 3).
Figure 3: No correlation; cerebral blood flow (y-axis) as a function of intravascular
pH (x-axis).

However, pH does have an indirect effect on the cerebral circulation, as an agent
of Paco2. As Paco2 rises, CO 2 crosses the blood-brain barrier and lowers the
cerebrospinal fluid pH around the pial arterioles, dilating them and increasing
cerebral blood flow.
The relationship between hemoglobin saturation and the partial pressure of
oxygen (PaO 2) is a sigmoid curve (Figure 4).
Figure 4: Sigmoid curve: Oxygen saturation of hemoglobin (y-axis) as a function
of the partial pressure of oxygen (x-axis).

This hemoglobin-oxygen dissociation curve is a composite of two other curves. At
low PaO 2, oxygen is inhibited from binding to hemoglobin, giving a shallow first
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part of the sigmoid curve. At a higher PaO 2, the first O 2 molecule that binds to a
hemoglobin molecule facilitates the binding of the next O 2 molecule, producing the
rapid rise to saturation in an autocatalytic process and giving the second part of
the sigmoid curve.
Figure 5 shows the curve depicting the relationship between CBF and arterial
blood oxygen content (CaO 2).
Figure 5: Cerebral blood flow (CBF; y-axis) as a function of arterial blood oxygen
content (x-axis); or, CBF (y-axis) as a function of serum glucose concentration (xaxis).

Brain tissue utilizes oxygen at a constant rate of 3.5+0.2 mL/minute per 100 g. As
CaO 2 decreases, CBF increases to provide adequate oxygen-carrying capacity per
unit of time to meet the constant need of the brain tissue. At the upper end of the
PaO 2 scale (to the right), moderate reductions in PaO 2 cause only small changes
in CaO 2 and cerebral blood flow, because hemoglobin remains relatively saturated
with O 2. On the steep portion of the hemoglobin saturation curve below 30 mm Hg
(4.0 kPa), a small reduction in Pao 2 causes a moderate to large reduction in CaO 2
and an increase in cerebral blood flow (left part of the curve). Anemia, via lower
CaO 2, is also associated with increased cerebral blood flow.
Figure 5 also may represent CBF as a function of serum glucose concentrations in
the neonate, with a glucose level less than 30 mg/dL (1.6 mmol/L) associated
with increased CBF based on animal studies. The equivalent glucose concentration
in humans is not defined. In adults, glucose does not seem to affect CBF until
hypoglycemic coma occurs, and appears to be mediated by an increase in blood
pressure and cerebral perfusion pressure.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Determine the effects of variations in blood gas tensions on cerebral blood flow
and cerebral vascular resistance
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You attend the delivery of an infant at 35 weeks' gestational age. The infant
appears growth restricted and presents with herniated intestines from the anterior
abdominal wall (Figure 1).
Figure 1
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Of the following, review of this infant's prenatal history is MOST likely to reveal:
abnormal fetal karyotype
advanced maternal age
elevated alpha-fetoprotein levels
maternal cocaine use
polyhydramnios
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

The infant in the vignette has an abdominal wall defect consistent with
gastroschisis. The bowel protrudes from a defect located to the right of a normally
inserted umbilical cord. The herniated viscera lack a covering sac and typically
include small intestine and ascending colon. These characteristics distinguish
gastroschisis from abdominal wall defects such as omphalocele, in which the
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defect involves the umbilical ring, resulting in a herniated, membrane-covered
bowel and insertion of the umbilical cord into the covering membrane. Antenatally,
the diagnosis of gastroschisis is often made with ultrasonography, performed as a
routine procedure or for evaluation of elevated maternal alpha-fetoprotein (AFP).
Up to 75% of affected fetuses may be detected based on an elevated maternal
serum AFP (with an average elevation of more than nine multiples of the mean).
Gastroschisis is thought to result from vascular compromise to
the developing fetal body wall. During the sixth week of
gestation, the bowel migrates through the umbilical ring and
into the umbilical cord. By the 10 th to 12 th week, the
intestines rotate and return to the abdominal cavity for
fixation. The right paraumbilical area is vulnerable to
ischemia, as this is the site of regression of the right umbilical
vein and right omphalomesenteric artery. Disturbed involution
of these vessels could produce a weak spot in the lateral
umbilical ring that could rupture and permit herniation of the bowel.
The incidence of gastroschisis is approximately 1 to 4 per 10,000 births, and has
been increasing worldwide over the past several decades. Although the cause of
the defect remains elusive, low maternal age is the most consistent risk factor,
with about 30% of affected infants born to mothers aged 20 years or younger.
Other associated factors include maternal tobacco smoking and the use of
vasoactive drugs (such as phenylephrine). Cocaine use has not been consistently
associated with gastroschisis. Familial cases have been reported, but aneuploidy
or other chromosomal derangements are not associated with gastroschisis.
The pregnancy diagnosed with gastroschisis should be considered high risk. Due to
loss of transmural proteins and other nutrients, up to 70% of fetuses with
gastroschisis experience growth restriction. Oligohydramnios is common (25% of
cases), and polyhydramnios may occur in association with bowel atresias.
Amniotic fluid is frequently meconium- or bile-stained, and in nearly 25% of
cases, fetal distress occurs. Intrauterine fetal death is reported to be as high as
15%, and may be related to in utero midgut volvulus or acute compromise of
umbilical blood flow by the herniated bowel. The exposure of bowel to amniotic
fluid likely contributes to bowel edema and frequently to inflammatory "peel" or
serositis, which results in a matted appearance to the bowel. Elevated
concentrations of acute inflammatory mediators are found in this amniotic fluid
and may also contribute to the increased incidence of preterm labor seen with
gastroschisis (mean gestational age at delivery, approximately 36 weeks).
Antenatal surveillance to detect the compromised fetus decreases perinatal
mortality, but cesarean delivery has not been shown to reduce bowel injury or
improve outcomes.
Neonatal management of gastroschisis targets the increased heat and fluid losses
resulting from the large surface area of exposed bowel. In the delivery room,
enclosure of exposed bowel (generally enclosure of the lower half of the newborn
into a sterile plastic bag) reduces fluid loss and aids in thermoregulation. Care
must be taken to avoid twisting and strangulation of the bowel at the site of
herniation. Fluid management should compensate for increased sodium and
protein losses. Surgical correction may be a primary, delayed primary, or staged
repair (silo placement), and is influenced by the infant's general medical condition
and capacity of the abdominal cavity. Current evidence suggests equivalent
outcomes among the surgical options.
Mortality from gastroschisis remains as high as 10%, and is influenced by the
degree of associated intestinal injury and complications of prematurity. The
incidence of associated anomalies is low (6%); however, intestinal atresias may
be present in up to 20% of cases. Deaths from gastroschisis most often result
from catastrophic bowel loss, sepsis, and the long-term complications of short
bowel syndrome. Survivors frequently experience prolonged feeding intolerance,

http://emb.aap.org/courseprodv2/Index.asp[4/6/2012 10:51:37 AM]

Education Module Learner

with full enteral feeds often not attained until 6 weeks of age or later. Necrotizing
enterocolitis, central line infections, and cholestasis related to prolonged
parenteral nutrition plague convalescence. Long-term morbidity has not been well
studied, but gastrointestinal and growth outcomes appear favorable. Limited data
exist describing the neurodevelopmental outcomes of survivors with gastroschisis.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Understand the embryology, clinical manifestations, and associated abnormalities
of gastroschisis
Know the approach to therapy, the complications, and the difficulties in providing
enteral nutrition to neonates with gastroschisis
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You are coordinating the discharge of a 46-day-old premature African-American
infant who was delivered at 26-weeks' gestation. The postnatal course was
remarkable for respiratory distress syndrome and apnea of prematurity. The infant
is currently taking multivitamins and iron; caffeine was discontinued 5 days ago.
No apneas or bradycardias have been documented in the past 2 weeks. The
mother of the infant reveals that she lost a previous infant at 3 months of age as a
result of sudden infant death syndrome (SIDS).
Of the following, the factor MOST likely associated with a reduced risk for SIDS is:
breastfeeding
home apnea monitor
Native-American race
side-sleeping position
use of a pacifier
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Sudden infant death syndrome (SIDS) is defined as the
sudden death of an infant that is unexplained by history or a
thorough postmortem examination, which includes a complete
autopsy, investigation of the scene of death, and review of the
medical history. SIDS is the third leading cause of infant
mortality in the United States and the most common cause of
postneonatal infant mortality (1 month to 1 year of age).
Several environmental, biologic, and genetic risk factors have
been associated with SIDS (Table).
Table. Risk Factors Associated with Sudden Infant Death Syndrome (SIDS)
(adapted from Hunt and Hauck [2004]).
Genetic or Biologic
Factors
Deficient regulation of
brainstem autonomic
control:
arousal/gasping,
ventilatory
responsiveness,
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respiratory pattern,
heart rate,
temperature, vagal
tone, blood pressure,
sleep/circadian rhythm
Family history of SIDS
in a sibling
Idiopathic apparent
life-threatening event
Prematurity
Abnormal
inflammatory/immune
response to infection
Metabolic (eg, fatty
acid defects)
Prolonged QT
syndrome: mutations
on the cardiac sodiumchannel gene (SCN5A)
Polymorphisms in the
serotonin transporter
gene

Drug exposure (eg, cocaine,
heroin)
Nutritional deficiency

Male gender
Growth failure

Inadequate prenatal care
Low socioeconomic status

Race/ethnicity (eg, African
American and Native American)

Decreased age, education

No pacifier

Unmarried

Prematurity

Fetal growth retardation

Recent (febrile) illness

Intrauterine hypoxia

Prone (and side) sleep position

Shorter interpregnancy interval

Soft sleeping surface, soft
bedding
Smoking exposure (prenatal
and postnatal)
Thermal stress/overheating

Increased parity

Colder season, no central
heating
Infant Care Practice
Pacifier use was found to significantly lower the risk of SIDS in every reported
study. It is not known if this is a direct effect of the pacifier itself or associated
with infant or parental behaviors. Concerns have been expressed about
recommending pacifiers as a means of reducing the risk of SIDS for fear of
creating adverse consequences, particularly interference with breastfeeding.
However, no association between pacifiers and breastfeeding duration has been
found. An increased incidence of otitis media and respiratory and gastrointestinal
illness has been reported for pacifier users compared with nonusers. Some
countries, including the Netherlands (for bottle-fed babies) and Germany, have
recommended pacifier use as a way to potentially reduce the risk of SIDS. It
seems appropriate, therefore, to stop discouraging the use of pacifiers; however,
whether it is appropriate to recommend pacifier use in infants is open to debate.
Breastfeeding
The association between breastfeeding and SIDS is inconclusive. A number of
studies have demonstrated a protective effect of breastfeeding that was not
present after adjusting for potentially confounding factors. This suggests that
breastfeeding is a marker for lifestyle or socioeconomic status rather than having
an independent effect. Although the benefits of breastfeeding are many, data are
inadequate to recommend it as a strategy to reduce SIDS.
Demographic Factors
Although SIDS affects infants from all social strata, lower socioeconomic status
has been consistently associated with higher risk. In the United States, African-

http://emb.aap.org/courseprodv2/Index.asp[4/6/2012 10:53:36 AM]

Education Module Learner

American and Native-American infants are two to three times more likely than
white infants to die of SIDS, whereas Asian, Pacific Islander, and Hispanic infants
have the lowest incidence. Some of this disparity is probably related to the higher
prevalence of poverty and other adverse environmental factors among African
Americans and Native Americans. Infants are at highest risk of SIDS at 2 to 4
months of age, with most deaths having occurred by 6 months. Male infants have
been found to be 30% to 50% more likely to be affected than females.
Pregnancy-Related Factors
Infants who die of SIDS are more commonly of higher birth order and born to
women with shorter interpregnancy intervals. Mothers of SIDS infants generally
receive less prenatal care and initiate care later in pregnancy. In addition, low
birth weight, preterm birth, and slower intrauterine and postnatal growth rates
are risk factors. Maternal smoking during pregnancy significantly increases the
risk of SIDS. The incidence of SIDS is about three to five times greater among
infants of smokers than of nonsmokers. The evidence linking prenatal illegal drug
use and SIDS is conflicting. Overall, the studies link maternal prenatal drug use
with an increased risk of SIDS. Most published studies have not found an
association between prenatal or postnatal maternal alcohol use and SIDS. In one
study of Northern Plains Indians, however, drinking alcohol and, particularly,
binge drinking was more commonly noted among mothers of SIDS infants.
Infant Sleep Environment
Sleeping prone has consistently been shown to increase the risk of SIDS. Initially
side sleeping was considered to be nearly equivalent to the supine position in
reducing the risk of SIDS. Subsequent studies, however, have indicated that,
although much safer than the prone position, side-sleeping infants are twice as
likely to die of SIDS as infants sleeping in the supine position. This increased risk
may be due to the relative instability of the position, with some infants placed on
the side rolling to the prone position.Thus, the current recommendations call for
the supine sleeping position for all infants except the few who have specific
medical contraindications, such as micrognathia, macroglossia, or perhaps severe
gastroesophageal reflux. Soft sleep surfaces or bedding, such as comforters,
pillows, sheepskins, polystyrene bean pillows, and older or softer mattresses are
associated with increased risk of SIDS. A few studies have implicated bed sharing
as a risk factor for SIDS.
Infections and Immunizations
Upper respiratory tract infections have not been found to be an independent risk
factor. These and other minor infections, however, may play a role in the
pathogenesis of SIDS among prone sleepers or among those who were heavily
wrapped. No causal association between immunizations and SIDS has been found.
On the contrary, SIDS infants are less likely to be immunized than control infants.
Environmental Exposures
Although there is a major association between intrauterine exposure to cigarette
smoking and the risk of SIDS, the independent effect of infant exposure to
environmental tobacco smoke (ETS) is difficult to assess. Parental smoking
behaviors during and after pregnancy are highly correlated. In one US study, an
independent effect of postnatal ETS was found by controlling for maternal prenatal
smoking; in addition, a dose response was found for the number of household
smokers, number of people smoking in the same room as the infant, and the
number of cigarettes smoked. The data suggest that keeping the infant free of ETS
may potentially further reduce an infant's risk of SIDS. Parental smoking is the
most important risk factor for SIDS on a population basis. The populationattributable risk (ie, proportion of cases that would not have occurred had the risk
factor been eliminated in the population) is 48%, assuming a 25% prevalence of
maternal smoking.

http://emb.aap.org/courseprodv2/Index.asp[4/6/2012 10:53:36 AM]

Education Module Learner

Genetic Risk Factors
Postmortem molecular analyses in some SIDS cases have identified mutations on
the cardiac sodium-channel gene (SCN5A); therefore, SIDS might be related to a
lethal arrhythmia associated with prolonged QT interval caused by an identifiable
sodium channel genetic abnormality. Polymorphisms in the serotonin transporter
gene have been shown to confer risk in Japanese SIDS victims. Data are also
accumulating that link specific genotypes to impaired brainstem regulation of
breathing or other autonomic control as a risk factor for SIDS. In a case-control
study of 92 SIDS victims and 92 control infants, unique variations were found in
PHOX2a, RET, ECE1, and EN1 genes known to be associated with embryologic
development of the autonomic nervous system. Based on the existing and
emerging evidence, the mechanism for SIDS in individual infants may best be
understood as an interaction of one or more environmental risk factors with one or
more genetic risk factors.
The risk of sudden death in siblings of infants who died of SIDS is unclear. Efficacy
of home cardiorespiratory monitoring to prevent SIDS in this group of infants is
equally unproven. Many studies that reported an increased risk for siblings were
performed before the current understanding of the epidemiology evolved. Infant
sleep position and sleeping environment, smoking in the household, and death
scene investigation to exclude infanticide are now recognized as significant factors
in understanding the causes of SIDS. Although some studies point to a genetic
susceptibility for SIDS, the risk of recurrence in siblings, if any, is exceedingly low.
It is not possible to prospectively identify future SIDS victims. Studies of
respiratory pattern and/or cardiac abnormalities do not have sufficient sensitivity
or specificity to be clinically useful as screening tests. Epidemiologic studies have
failed to document any effect of home cardiorespiratory monitoring for apnea
and/or bradycardia on the incidence of SIDS. There is no evidence that the
presence of apnea and/or bradycardia identifies a group at increased risk of SIDS,
that home cardiorespiratory monitoring can provide warning in time to prevent
sudden death, or that intervention would be successful in preventing unexpected
death. Given the lack of evidence, prevention of SIDS is not an acceptable
indication for home cardiorespiratory monitoring.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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Know the effects on the fetus of maternal alcohol abuse
Know the effects on the fetus of maternal tobacco smoking
Understand the pathophysiology, natural history, and clinical features of
conduction pathway abnormalities and other dysrrhythmias
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You are asked to evaluate a newborn with a heart murmur. An echocardiogram
reveals that the infant has normal cardiac anatomy with a persistent left superior
vena cava (LSVC).
Of the following, the MOST likely structure into which a LSVC drains directly is the:

left brachiocephalic vein
right atrium
right superior vena cava
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

The embryologic development of the heart and great vessels is
a complex process. The primordial heart and vascular system
first appear in week 3 of embryonic development, and the
heart begins to beat at 22 to 23 days. The vascular system
develops in a bilateral symmetric fashion and undergoes a
sequence of obliterations, remodeling, and anastomoses.
Obliterations tend to occur on the left side of the embryonic
venous system and the right side of the arterial system.
Obliterations of embryonic left-sided venous structures results
in venous drainage being channeled to the right atrium. Vascular malformations
can arise at many stages of development. Failure of obliteration of left-sided
venous structures results in a persistent left superior vena cava (LSVC).
Three major sets of paired veins drain into the tubular heart of a 4-week embryo
(Figure 1).
Figure 1:Cardiovascular system at 4 weeks.
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The left and right umbilical veins carry oxygenated blood from the primordial
placenta; the left and right vitelline veins return poorly oxygenated blood from the
yolk sac; and the left and right cardinal veins return poorly oxygenated blood from
the body of the embryo.
The left and right cardinal veins, the main venous drainage system of the embryo,
are further subdivided into anterior cardinal veins that drain the cephalic part of
the embryo, and posterior cardinal veins that drain the caudal part of the embryo.
The left and right anterior and posterior cardinal veins join as the common
cardinal veins and drain into the sinus venosus (coronary sinus) which in turn
drains into the primordial atrium.
At week 7 of gestation, the left and right anterior cardinal veins are connected by
an oblique anastomosis that shunts blood from left to right (Figure 2).
Figure 2:Dorsal view of developing heart at 7 weeks.
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At week 8 of gestation, the caudal portion of the left anterior cardinal vein
degenerates (Figure 3).
Figure 3: Dorsal view of developing heart at 8 weeks.

http://emb.aap.org/courseprodv2/Index.asp[4/6/2012 10:54:26 AM]

Education Module Learner

The cephalic portion of the left anterior cardinal vein and the oblique anastomotic
shunt become the left brachiocephalic vein. The right anterior cardinal vein and
right common cardinal vein become the superior vena cava. Failure of obliteration
of the caudal portion of the left anterior cardinal vein results in a persistent LSVC.
A persistent LSVC is the most common malformation of systemic venous drainage.
A persistent LSVC is present in 0.4% of the population and 10% of patients with
congenital heart disease. The LSVC starts at the junction of the left internal jugular
and left subclavian vein, passes lateral to the aortic arch, and receives blood from
the left superior intercostal vein and hemiazygous system. In approximately 90%
of cases, the LSVC drains into the coronary sinus which in turn drains into the right
atrium (Figure 4).
Figure 4: Posterior view of heart with persistent left superior vena cava.

Although drainage of a LSVC into the coronary sinus causes dilation of the
coronary sinus, it is usually asymptomatic. The adverse events that have been
reported include cardiac arrhythmias due to stretching of the atrioventricular
node, and obstruction of left ventricular flow because of partial occlusion of the
mitral valve.
Echocardiographic findings of a LSVC include dilation of the coronary sinus that
may protrude into the left atrium and be mistaken for a left atrial mass. A LSVC
may be suspected on a chest radiograph if there is a prominent vertical border
along the superior mediastinum lateral to the aortic knob. The diagnosis of a LSVC
can be confirmed by contrast echocardiography, computerized tomography, or
magnetic resonance imaging (Figure 5-Magnetic resonance image angiography
demonstrating persistent left superior vena cava.)
Approximately 10% of LSVCs drain into the left atrium. Drainage of a LSVC into
the left atrium produces a small right to left shunt. However, most patients with
drainage of a LSVC into the left atrium have associated atrial septal defects or
heterotaxy syndromes.
Drainage of LSVC into the left brachiocephalic vein, right atrium, and right
superior vena cava rarely occur.
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You are asked to evaluate a 2,900-g female infant born at 41 weeks' gestation
with multiple anomalies (Figures 1-4). Additional findings on physical examination
include diminished femoral pulses.
                Figure 1                                                       Figure 2
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                  Figure 3                                                                                 Figure 4

               
   
    Of the following, the MOST likely karyotype of this infant is shown in:

                       Figure 5                                                         Figure 6  
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                        Figure 7                                                                                         Figure 8

                          
                  Figure 9
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Figure 5
Figure 6
Figure 7
Figure 8
Figure 9
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Do you want to add anything to your Learning Plan?
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Making the diagnosis of a syndrome in an infant with multiple birth defects
requires recognition of overall patterns of anomalies. The diagnosis of a syndrome
is rarely possible upon identification of a single birth defect. Even unusual defects
such as rocker bottom feet and a short sternum may be present in several
different syndromes. Moreover, individuals with the same syndrome have variance
in the expression of anomalies. Most clinical features are found in less than 80%
of individuals with any given syndrome. Obtaining a karyotype is of central
importance in confirming the clinical diagnosis of an infant with multiple
anomalies.
The infant described in this vignette has the pattern of
anomalies consistent with Turner syndrome. The karyotype of
Turner syndrome is 45X (Figure 8). The clinical features of
Turner syndrome include congenital lymphedema with
puffiness over the dorsum of the hands (Figure 1) and feet
(Figure 2), broad chest with wide-spaced nipples (Figure 3),
prominent auricles, and webbed posterior neck (Figure 4).
Infants with Turner syndrome are usually small for gestational
age with a mean birthweight of 2,900 g. Cardiac defects are
common in Turner syndrome. The infant described in this vignette has diminished
femoral pulses, suggesting a coarctation of the aorta. Bicuspid aortic valve or
coarctation of the aorta occurs in approximately 40% of patients with Turner
syndrome.
The karyotype in Figure 5 is trisomy 13. The clinical features described in the
infant in this vignette would be unusual for trisomy 13. Approximately 60% to
80% of patients with trisomy 13 have a cleft lip and cleft palate frequently
midline. Localized scalp defects in the parieto-occipital area, abnormal helices
with low-set ears, holoprosencephaly, polydactyly, colobomata of irides, and
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retinal dysplasia occur in more than 50% of patients. Congenital heart disease
occurs in 80% with ventricular septal defect (VSD) as the most common
abnormality.
The karyotype in Figure 6 is trisomy 18. The clinical features described in the
infant in this vignette would be unusual for trisomy 18. At birth, infants with
trisomy 18 are feeble, with a weak cry and frequently require resuscitation. The
clinical features of trisomy 18 include a prominent occiput with low-set malformed
ears, skin redundancy, mild hirsutism of the forehead, prominent cutis marmorata,
clenched hands with tendency for overlapping fingers, hypoplastic nails, rocker
bottom feet, syndactyly of second and third toes, short sternum with reduced
numbers of ossification centers, and limited hip abduction. Congenital heart
disease occurs in more than 50% with VSD as the most common abnormality.
The karyotype in Figure 7 is trisomy 21. The clinical features described in the
infant in this vignette would be unusual for trisomy 21.The clinical features of
trisomy 21 include brachycephaly with flat occiput, flat facies with tendency to
keep mouth open and tongue protruding, small nose with low nasal bridge, inner
epicanthal folds and upward slant of eyes, and a single palmar crease. Congenital
heart disease occurs in 40% with endocardial cushion defect as the most common
abnormality.
The karyotype in Figure 9 is triploidy. Triploidy is a complete extra set of
chromosomes (69) in the nucleus of each cell. The clinical features of triploidy
include dysplastic calvaria with a large posterior fontanel, a large bulbous nose,
and hypertelorism. The clinical features described in the infant in this vignette
would be unusual for triploidy.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Recognize the physical findings and chromosomal pattern in trisomy 13
Identify the physical characteristics and chromosomal pattern in trisomy 18
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Be aware of the maternal factors, incidence, and clinical manifestations of Down
syndrome
Recognize the physical characteristics and chromosomal pattern of sex
chromosome aneuplody
Know fetal and placental manifestations of triploidy
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A 990-g female infant is delivered at 29 weeks of gestational age by a
primigravida mother with pregnancy-induced hypertension. The infant requires
assisted ventilation and surfactant treatment after delivery for respiratory distress
syndrome. She tolerates rapid weaning of the ventilator and is receiving minimal
ventilator support on the 4 th day after birth. You are considering starting
prophylactic caffeine.
Of the following, the use of prophylactic caffeine in preterm infants is MOST likely
to reduce the incidence of:
apnea
brain injury
extubation failure
growth failure
necrotizing enterocolitis
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Apnea of prematurity, defined as a pause in breathing of more than 20 seconds, or
one of less than 20 seconds that is associated with bradycardia and/or cyanosis,
occurs in at least 85% of infants who are born at less than 34 weeks of gestation.
If prolonged, apnea can lead to hypoxemia and reflex bradycardia which may
require active resuscitative efforts to reverse. Although there are clinical concerns
that these episodes might be harmful to the developing brain or cause dysfunction
of the gut or other organs, there are no data to support this contention. Frequent
episodes may be accompanied by respiratory failure of sufficient severity as to
lead to endotracheal intubation and the use of assisted ventilation. The
methylxanthines-aminophylline, theophylline, and caffeine-reduce the frequency
of apnea and the need for mechanical ventilation during the first 7 days of
treatment. The mechanisms responsible for these actions include increased
chemoreceptor responsiveness, enhanced respiratory muscle performance, and
generalized central nervous system excitation. Caffeine has potential therapeutic
advantages over theophylline due to its higher therapeutic ratio, more reliable
enteral absorption, and longer half-life, which allows once-daily administration.
Adverse effects, including tachycardia and feeding intolerance, are lower in infants
receiving caffeine compared with those receiving theophylline.
A systematic review by Henderson-Smart and associates has
shown that although methylxanthines lead to a reduction of
apnea in preterm infants who have this clinical problem, they
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are not effective when given as prophylaxis to spontaneously
breathing preterm infants at risk of developing
apnea/bradycardia because of their low gestational age. In
another systematic review, these investigators have
demonstrated that prophylactic methylxanthine treatment
started before extubation might stimulate breathing and
increase the chances of successful weaning from assisted ventilation. It is
speculated that preterm infants, especially very preterm infants, undergoing
assisted ventilation for respiratory failure may experience difficulty in weaning
from support and tracheal extubation because of their poor respiratory drive and
tendency to develop hypercarbia and apnea. Methylxanthines may be effective in
facilitating extubation within 1 week in these infants by reducing postextubation
apnea. One trial suggests that this benefit is principally in infants of extremely low
birthweight who undergo extubation in the first week.
In a large, multicenter, randomized, placebo-controlled trial of the short-term
efficacy and safety of caffeine therapy for apnea of prematurity, Schmidt and
associates reported significant reduction in the frequency of bronchopulmonary
dysplasia in very-low-birthweight (500-1,250 g) infants who received caffeine
and survived to a postmenstrual age of 36 weeks. Caffeine use was associated
with the adverse effect of diminishing weight gain for the first three weeks after
the start of treatment, but had no significant effects on the rates of death before
the first discharge home, ultrasonographic signs of brain injury, and necrotizing
enterocolitis. The negative effect of methylxanthines on growth is probably
explained by increased metabolic rate and oxygen consumption associated with
their use. In a post hoc analysis, the infants randomly assigned to caffeine were
significantly less likely to undergo treatment (in particular, surgery) to close a
patent ductus arteriosus than were the infants in the control group.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Understand the management of apnea of prematurity
For therapeutic drugs commonly used in the neonate (eg, opiates,
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methylxanthines, barbiturates, etc), know indications for their use, clinical effects,
pharmacokinetics, side effects, and toxicity
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A 6-week-old female infant, whose birthweight was 724 g and estimated
gestational age at birth was 25 weeks, is undergoing eye examination as
screening for retinopathy of prematurity. The clinical course of this infant has
included prolonged mechanical ventilation and oxygen exposure, surgical ligation
of patent ductus arteriosus, episodes of nosocomial infection by coagulasenegative Staphylococcus and Candida species, early hyperbilirubinemia requiring
phototherapy, and feeding intolerance with dependence on parenteral nutrition.
Ultrasonography of the head shows no evidence of periventricular-intraventricular
hemorrhage or periventricular leukomalacia.
Of the following, the MOST important risk factor for retinopathy of prematurity in
this infant is:
bronchopulmonary dysplasia
exposure to light
genetic predisposition
gestational immaturity
neonatal candidiasis
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Although many putative risk factors have been proposed in the pathogenesis of
retinopathy of prematurity (ROP), only low gestational age, low birthweight, and
supplemental oxygen treatment following birth have been consistently associated
with the disease. The incidence and severity of ROP increase with decreasing
gestational age and birthweight (Table).
Table. Incidence of Retinopathy of Prematurity (ROP) Expressed as Percentage of
Screened Infants in Each Cohort
Gestational Age at Birth
(wk)
=27
27-31
=32
Birthweight (g)
<750
750-999
1000-1250
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Any ROP (%)

Severe ROP (%)

89
52
14
Any ROP (%)
93
76
44

45
18
17
Severe ROP (%)
52
32
15
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Retinopathy of prematurity is a disease of immature retinal vasculature. The
vascularization of the retina normally begins at the optic nerve head and
progresses anteriorly toward the ora serrata during the course of gestation. The
retina is fully vascularized at a postmenstrual age of approximately 45 weeks. The
earliest evidence of ROP can be discerned at a postmenstrual age of approximately
31 weeks, which is the recommended age for initial ophthalmic screening in
infants of 25 weeks' gestation, as in the infant in this vignette.
The development of ROP is believed to occur in two phases.
During the first acute phase, the normal vascularization of the
retina is disturbed by hyperoxia from postnatal exposure to
high oxygen tension relative to intrauterine low oxygen
tension. This hyperoxia causes vasoconstriction and
obliteration of growing retinal vessels, which induces hypoxia
of the nonvascularized anterior retina. The second chronic
phase of ROP is characterized by hypoxia-induced
proliferation of vascular and glial cells, arteriovenous shunt
formation, and occasionally involution or permanent cicatricial changes that can
lead to retinal detachment.
The cytokine, vascular endothelial growth factor (VEGF), induced by retinal
hypoxia, is critical in the development of abnormal retinal vasculature. Raised
concentrations of VEGF have been found in the vitreous and subretinal fluid of
eyes in humans with ROP. Recently, another cytokine, insulinlike growth factor-1
(IGF-1), has been shown to play a critical role in the development of normal
retinal vasculature. Low serum concentrations of IGF-1 have been found in
extremely preterm infants. Thus, an imbalance between growth factors,
characterized by VEGF excess and IGF-1 deficiency, may contribute to the
pathogenesis of ROP.
Apparent variations in the incidence and severity of ROP among different ethnic
groups have suggested a role for genetic predisposition in the pathogenesis of
ROP. Moreover, the ocular features of acute ROP are remarkably similar to those
observed in two genetic disorders, Norrie disease and familial exudative
vitreoretinopathy (FEVR). Norrie disease is an X-linked disorder characterized by
retinopathy, sensorineural deafness, and intellectual disability. It is associated
with specific mutations largely in the third exon of the Norrie disease gene. FEVR,
a slowly progressive disorder of retinal detachment, is inherited as an autosomal
dominant, autosomal recessive, or X-linked trait. It also is associated with specific
mutations in the Norrie disease gene. Although the efforts to examine the Norrie
disease gene and other putative genes in relation to ROP are important in our
understanding of the disease, presently the role of the genetic predisposition as a
contributor to ROP remains unconfirmed.
No relationship has been established between exposure of the retina to light and
the occurrence of ROP. A large, randomized, multicenter trial involving preterm
infants has shown no protective effect of light reduction on the incidence or
severity of ROP. Light reduction in this trial was achieved through placement of
goggles over the eyes of the infants for 4 or more weeks after birth.
A number of other risk factors have been suggested as potential contributors to
ROP. These factors include periventricular-intraventricular hemorrhage,
bronchopulmonary dysplasia, patent ductus arteriosus, necrotizing enterocolitis,
anemia of prematurity, postnatal growth failure, and neonatal candidiasis. These
factors, however, have not been established as independent risk factors for ROP
after adjustment for several confounding variables. These factors may simply be
indicators of compromised health of the preterm infant.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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Understand the normal vascularization of the retina
Understand the factors associated with pathogenesis of retinopathy of prematurity
Understand the pathophysiology of retinopathy of prematurity
Know the incidence of retinopathy of prematurity
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A term female infant is delivered by emergency cesarean section because of acute
fetal distress. The fetal heart rate monitor indicated bradycardia (60 beats per
minute) and absence of beat-to-beat variability. The pregnancy was otherwise
uncomplicated. The infant had apnea, hypotonia, bradycardia, and cyanosis.
Although her heart rate improves with positive pressure ventilation and fraction of
inspired oxygen (FiO 2 ) of 1.0, she continues to have tachypnea and cyanosis.
Capillary refill is 4 to 5 seconds. After mechanical ventilation and volume
resuscitation is initiated, oxygen saturation (SpO 2) measured on the right hand
reads 87% and capillary refill is 2 seconds. The postductal SpO 2 measured on the
left foot reads 74%. The systolic blood pressure is 76 mm Hg. The chest radiograph
shows a normal cardiothymic silhouette, lung expansion to the 9 th rib, and dark
lung fields. An echocardiogram reveals normal cardiac anatomy, elevated
pulmonary artery pressures, flattened ventricular septum, and right to left shunting
across the ductus arteriosus.
Of the following, the factor that MOST contributes to the physiologic aberrations in
this infant is:
atelectasis
hypotension
hypoxemia
lung hypoplasia
shear stress
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

During the fetal state, pulmonary vascular resistance is elevated and blood flow is
diverted such that only approximately 8% of cardiac output traverses the lung.
Hypoxic vasoconstriction, mechanical compression, and distortion of the pulmonary
blood vessels caused by fluid-filled alveoli and low lung volume, low systemic
vascular resistance (low resistance placental circulation), and active pulmonary
vascular tone cause the pulmonary blood flow to be low. During the early fetal
period, an underdeveloped pulmonary vascular tree and relatively high activity of
vasoconstriction mediators (such as endothelin, thromboxanes, leukotriene D4)
compared to vasodilator activity also contribute to pulmonary vasoconstriction.
Progressive growth and proliferation of the pulmonary vascular
tree are expected to decrease pulmonary vascular resistance
with increasing gestation. Concentrations of vasoconstricting
mediators such as endothelin also begin to decline late in
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gestation. However, hypoxic vasoconstriction continues to
affect the newly developed pulmonary vasculature. The net
effect is that hypoxic vasoconstriction predominates over the
vasodilator effects of a larger vascular bed and lower
concentrations of vasoconstricting agents. Thus, pulmonary
vascular resistance remains elevated.
When the fetus is near term, nitric oxide concentrations in the pulmonary
endothelium increase and cause vasodilatation through the nitric oxide/cyclic
guanosine monophosphate pathway. Prostacyclin concentrations also increase and
induce vasodilatation in the lung through cyclic adenosine monophosphate (AMP).
Activation of potassium channels on endothelial cells by cyclic AMP leads to
vascular smooth muscle relaxation by a direct effect of myosin phosphorylation
and/or through activation of a cyclic AMP-dependent kinase. Furthermore,
cyclooxygenase activity increases the production of vasodilating prostaglandins E1,
E2, D2, and H2. The stimuli for these preparatory changes in the pulmonary
endothelial function are unclear. However, these changes prepare the fetus for
transition to a postnatal circulation at birth.
The transition from the fetal to postnatal circulation at birth is dramatic. Rhythmic
lung distension, resolution of hypoxic vasoconstriction (elevation in oxygen
tension), and shear stress-associated vasodilatation initiate production of a
cascade of endogenous vasodilators (such as nitric oxide, prostacyclin, and
bradykinin) and reduce the production of endogenous vasoconstrictors (such as
endothelin-1, thromboxanes, norepinephrine, and angiotensin-1). The net effect is
an increase in pulmonary blood flow, left atrial preload, left ventricular output, and
gas exchange. During the following days and weeks, the pulmonary vascular bed
becomes fully recruited, the endothelial and vascular smooth muscle cells spread,
and arterial muscularization of the pulmonary arterioles decreases. Pulmonary
vascular resistance thereby falls to adult levels.
Infants with persistent pulmonary hypertension fail to make the transition from a
fetal circulatory pattern due to persistent elevation of the pulmonary vascular
resistance. Pulmonary vascular muscularization is abnormally increased, and the
effects of vasoconstricting mediators dominate over the insufficient or impaired
activity of vasodilating mediators especially during ongoing hypoxia (Figure 1).
Figure 1: Hypoxia increases thromboxane A (TxA2): prostacyclin (PGI) ratio, Gprotein coupled receptor activation, and endothelin-1 (ET-1 Gq/11R), all of which
cause calcium mobilization and contraction of smooth muscle cells
(vasoconstriction). Hypoxia decreases PGI and nitric oxide (NO) concentrations
which facilitate vasoconstriction and increases calcium sensitivity. Hypoxia also
reduces potassium channel activity which facilitates contraction. Hypoxia increases
concentrations of hypoxia-inducible factor 1 alpha (HIF- 1alpha) and vascular
endothelial growth factor (VEGF) which induce proliferation of smooth muscle.
Calcium mobilization and smooth muscle contraction also induce smooth muscle
proliferation. COX-2, cyclooxygenase; eNO, endothelial nitric oxide; HIF-1alpha,
hypoxia inducible factor 1 alpha; Ca, calcium; VEGF, vascular endothelial growth
factor; sGC, soluble guanylate cyclase; cGMP, cyclic guanosine monophosphate;
IP3, inositol triphosphate. (Adapted from Dakshinamurti [2005].)
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It is also notable that nitric oxide and other vasodilators modulate the proliferation
of vascular smooth muscle cells in addition to their vasodilator effects.
Furthermore, smooth muscle proliferation is stimulated by endothelin-1, other
vasoconstrictors, and hypoxia through hypoxia-inducible factor and vascular
endothelial growth factor. It is likely that abnormal smooth muscle proliferation in
the fetus is associated with abnormally low or high activity of vasoactive and
mitogenic mediators.
Shear stress-associated vasodilatation in the normal fetus occurs through an
increase in smooth muscle membrane potassium permeability caused by turbulent,
high-pressure blood flow (Figure 2).
Figure 2: Shear stress due to turbulant, high flow induces endothelial nitric oxide
(eNO) synthase, production of cyclic guanosine monophosphate (cGMP) and
vasodilatation. Wall strain overstretches smooth muscle cells, induces calcium
sensitization that increases vasoreactivity to agonists, and increases the myogenic
contractile response. Smooth muscle cell proliferation and hypertrophy also result
from increased myogenic activity. Inositol triphosphate (IP3) is also induced by
wall strain and results in vasoconstriction. NO, nitric oxide; Ca, calcium; sGC,
soluble guanylate cyclase. (Adapted from Dakshinamurti [2005].)
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If the walls of pulmonary blood vessels are strained by being overstretched,
however, nitric oxide synthase activity and endothelium-dependent vasodilatation
is impaired and myogenic vasoconstriction occurs. Myogenic vasoconstriction is
exacerbated by enhanced proliferation and calcium sensitization of smooth muscle
cells in response to pulmonary vascular wall strain. Myogenic contraction is
especially evident in pathologic states such as persistent pulmonary hypertension
of the newborn.
When pulmonary vascular resistance is elevated in the hours and days after birth,
venous blood may be diverted across the ductus arteriosus, foramen ovale, or
poorly functioning lung, mix with the arterial circulation, and cause hypoxemia.
Hypoxic vasoconstriction further complicates the primary medical disorders
associated with persistent pulmonary hypertension, such as meconium aspiration
syndrome, septic shock, congenital diaphragmatic hernia, transient tachypnea, and
respiratory distress syndrome. The infant in this vignette has primary persistent
pulmonary hypertension that is characterized by abnormal distal pulmonary
vascular muscularization and increased vasoreactivity during hypoxia.
The vignette describes an infant who has severe hypoxemia. Of the answer choices,
hypoxemia is the factor that most contributes to pulmonary vasoconstriction and
elevated pulmonary vascular resistance. The infant is receiving FiO2 of 1.0 and
positive pressure ventilation with adequate lung expansion (ie, no atelectasis or
pulmonary hypoplasia), and has a normal blood pressure. Shear stress within the
pulmonary vasculature is expected to increase pulmonary vasodilatation;
pulmonary vascular strain induced by high flow, high intravascular pressure, and
excessive endothelial and smooth muscle cell stretch cause vasoconstriction.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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A woman has a first trimester transvaginal ultrasound examination to exclude
ectopic implantation and to confirm viability. The ultrasound reveals an
intrauterine "double sac" that includes a yolk sac and an embryo with cardiac
activity. You discuss the importance of understanding the early development of the
cardiovascular system with the medical students.
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anterior cardinal veins
posterior cardinal veins
subcardinal veins
umbilical veins
vitelline veins
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

A properly functioning cardiovascular system is of central importance in
embryologic development. Most organ systems (eg, nervous, pulmonary, and
digestive) need only to differentiate and grow. In contrast, the cardiovascular
system must function at the beginning of the fourth week. Once the rapidly
growing embryo is thicker than 200 to 300 µm, the passage of oxygen, carbon
dioxide, and nutrients by diffusion is inadequate.
The embryologic development of the heart and great vessels is
a complex process. The primordial heart and vascular system
first appear in week 3 of embryonic development, and the
heart begins to beat at 22 to 23 days. The vascular system
develops in a bilateral symmetric fashion and undergoes a
sequence of obliterations, remodeling, and anastomoses.
Obliterations tend to occur on the left side of the embryonic
venous system and the right side of the arterial system.
Obliterations of embryonic left-sided venous structures result
in venous drainage being channeled to the right atrium.
Three major sets of paired veins drain into the tubular heart of the embryo (Figure
1).
Figure 1: Cardiovascular system at 26 days (left side of embryo).
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The vitelline veins return poorly oxygenated blood from the yolk sac, the cardinal
veins return poorly oxygenated blood from the body of the embryo, and the
umbilical veins carry oxygenated blood from the primordial placenta.
The vitelline veins, also known as omphalomesenteric veins, arise from the
capillary plexus of the yolk sac. The vitelline veins return blood from the yolk sac
to the sinus venosus (coronary sinus) which in turn drains into the primordial
atrium of the early embryo. The vitelline system forms important parts of the
vasculature of the developing gut including the liver sinusoids, the portal system,
and a portion of the inferior vena cava.
The cardinal veins, the main venous drainage system of the body of the embryo,
are subdivided into anterior cardinal veins that drain the cephalic part of the
embryo, and posterior cardinal veins that drain the caudal portion of the embryo.
The anterior and posterior cardinal veins join as the common cardinal veins and
drain into the sinus venosus.
The posterior cardinal veins are later replaced by two additional pairs of veins, the
subcardinal and supracardinal veins. The subcardinal veins drain structures of the
median dorsal body wall, principally the gonads and kidneys. The supracardinal
veins give rise to the azygous system and a portion of the inferior vena cava.
Paired umbilical veins carry oxygenated blood from the primordial placenta to the
embryo. During the second month of gestation, the right umbilical vein disappears
and the left umbilical vein loses its connection with the sinus venosus and forms
an anastomosis with the ductus venosus.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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Embryology. 3
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American Board of Pediatrics Content Specification(s):
Know normal and abnormal embryologic development of the heart and great
arteries and the factors affecting these
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A female infant was transferred to your neonatal intensive care unit with
respiratory distress, hypotonia, and dysmorphic features. She was born by elective
primary caesarian section after a 37-week gestation; the mother was a 25-yearold gravida III woman, with a history of two spontaneous abortions. The infant
had Apgar scores of 5 and 7 at 1 and 5 minutes after birth, respectively; mild
respiratory distress which improved by 42 hours; and no family history of similar
problems. The parents were unrelated. Physical examination showed birthweight
at the 20 th percentile, length at the 50 th percentile, and head circumference at the
10 th percentile. The infant was hypotonic and sleepy. The anterior fontanel
measured 4 x 5 cm, forehead appeared high, and orbits shallow. Bilateral
Brushfield spots were noted. Single transpalmar creases were found on both
hands, and both thumbs were mildly broad and somewhat short. Physical
examination findings of the thorax and abdomen were unremarkable. An
ultrasonograph of the abdomen and a radiograph of the knee were obtained
(Figures 1 and 2).
Figure 1: Radiograph of left knee showing stippled calcification of the patella.

Figure 2: Sonogram of left kidney showing multiple peripheral cysts.
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Of the following, the MOST likely diagnosis in this infant is:
Conradi Hünermann syndrome
Down syndrome
Fetal warfarin syndrome
Smith-Lemli-Opitz syndrome
Zellweger syndrome
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

The infant in the vignette has Zellweger syndrome also known as
cerebrohepatorenal syndrome. Typical features include hypotonia, high forehead,
Brushfield spots, large fontanel (normal mean, 2.1 cm; upper limit, 3.5 cm at
birth), shallow orbits, multiple cysts in the kidneys, and radiographic calcifications
of the patella (see Figures). Other affected infants have exhibited seizures,
defects in brain development on imaging, hepatomegaly, redundant skin of the
neck, patent ductus arteriosus, limb contractures, and high blood concentrations
of iron and copper. Zellweger syndrome is a peroxisomal disorder. It is the most
common peroxisomal disorder to be seen in early infancy (1 in 50,000 to 100,000
births). Peroxisomal disorders taken together, however, have been estimated to
occur in 1 in 20,000 individuals.
The peroxisome (originally called the microbody) is a
cytoplasmic organelle measuring 0.5 µm in diameter. It
participates in beta-oxidation of very-long-chain fatty acids
(VLCFAs), biosynthesis of ether phospholipids (including
plasmalogen and platelet activating factor), synthesis of
cholesterol and bile acids, detoxification of glycolate to
glycine, and oxidation of L-pipecolic acid. Abnormal
accumulation of VLCFAs in blood confirms the diagnosis of
Zellweger syndrome. VLCFAs adversely affect membrane
structure and function. In the brain, VLCFA accumulation leads to demyelination,
an intense white matter inflammatory response along with increased
concentrations of leukotrienes secondary to beta-oxidation deficiency, and
perivascular infiltration of T cells and B cells. VLCFAs are likely components of
gangliosides and cell-adhesion molecules in growing axons, and their
accumulation may account for the migration defects seen in Zellweger syndrome.
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The peroxisomal disorders are divided into two classes based on the underlying
mechanism (Table).
Table. Types of Peroxisomal Disorders*
Disorders of Peroxisome Biogenesis
Disorders of Single Functions (Intact
(Mutations of =1 of the 14 PEX genes)
Peroxisomal Structure)
Zellweger syndrome
Adrenoleukodystrophy (ie, VLCFA synthesis
deficiency)
Neonatal adrenoleukodystrophy
Adrenomyeloneuropathy
Infantile Refsum disease
Pseudoneonatal adrenoleukodystrophy
(acyl-CoA oxidase deficiency)
Hyperpipecolic acidemia
Metabolic kinase deficiency
Hyperoxaluria type I (alanine glyoxylate
aminotransferase deficiency)
Acatalasemia
DHAP acyltransferase deficiency (RCPD type
II)
Alkyl DHAP synthase deficiency (RCPD, type
III)
Glutaric aciduria type III
Refsum disease (phytanoyl-CoA hydroxylase
deficiency)
DHAP, dihydroxy acetonephosphate; RCPD, rhizomelic chondrodysplasia punctata;
VLCFA, very-long-chain fatty acid.
The first group includes disorders in which the organelle itself is not formed
properly (abnormal biogenesis) and is deficient in multiple functions. The second
group includes defects of individual functions/enzymes with intact peroxisomal
structure.
Chondrodysplasia punctata, also known as Conradi Hünermann syndrome, is an Xlinked dominant disorder associated with mild to moderate growth deficiency, flat
facies, and punctate mineralization of epiphyses. Infants with chondrodysplasia
punctata, however, do not have hypotonia, large fontanels, or cystic kidneys.
Some of the features seen in the infant in this vignette can also be seen in infants
with Down syndrome (trisomy 21). These include hypotonia, Brushfield spots,
single transpalmar creases, and mild growth failure. However, although
brachycephaly is typical in Down syndrome, a large fontanel or high forehead is
not. Calcification of the patella and renal cysts are not features of Down syndrome
either. Brushfield spots, which are depigmented speckles arranged in a ring
concentric to the pupil, are found most often in infants with Down syndrome.
However, they can occur in normal infants (with low incidence) and more
frequently in infants with Zellweger syndrome.
Stippled epiphyses are seen in fetal warfarin syndrome, but generally in the
uncalcified epiphyses of the axial skeleton, proximal femora, and calcanei.
Calcification of the patella is not typical. These infants tend to have low
birthweights, mental retardation, and seizures. There is no history of warfarin
exposure in the vignette.
Infants with Smith-Lemli-Opitz syndrome, a disorder of cholesterol biosynthesis,
are also moderately small at birth, and can have hypotonia, single transpalmar
creases, and renal cysts. They tend to have microcephaly, including a small
fontanel (not high forehead), and do not have abnormal limb calcifications.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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Jones KL. Smith's Recognizable Patterns of Human Malformation. 6 th ed.
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American Board of Pediatrics Content Specification(s):
Be aware of the maternal factors, incidence, and clinical manifestations of Down
syndrome
Recognize the clinical features and know how to manage craniofacial anomalies
Know the clinical features and know how to manage skeletal dysplasias, such as
achondrogenesis, achondroplasia, chondrodermal dysplasia, epiphyseal
dysostosis, osteogenesis imperfecta, hypophosphatasia, etc
Recognize the clinical features, inheritance pattern, and laboratory values
associated with the Smith-Lemli-Opitz syndrome
Understand the etiology, clinical manifestations, laboratory features, treatment,
and management of infants with lysosomal and peroxisomal, and mitochondrial
disorders
Understand the clinical manifestations, laboratory features, and treatment of
disorders in the metabolism of fatty acids
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Cerebral palsy is defined as a disorder of movement and posture due to
nonprogressive disturbances in the developing fetal or infant brain. In
Shakespeare's Richard III, the Duke of Gloucester opined that his physical
impairment resulted from his having been "sent before my time into this breathing
world scarce half made up." In 1844, William Little suggested that prematurity,
birth injury, and perinatal asphyxia led to the pattern of deformities later to be
called cerebral palsy. Among subsequent writings, Sigmund Freud agreed that
brain damage resulting from delivery may cause perinatal injury, but added his
opinion that the manifestations could be congenital, as a result of abnormal brain
development. Brain development may be influenced by risk factors associated with
genetics; infection; maternal health; nutrition; complications of pregnancy, labor,
or delivery; and neonatal injury or illness.
Of the following, the MOST accurate statement regarding cerebral palsy is that:

Chromosomal abnormalities or genetic syndromes are demonstrated in most cases.
Hemiplegia is the most common variant noted among term infants.
Prevalence has increased over the past 20 years among infants in all birthweight
categories.
Risk varies inversely with birthweight for gestational age.
Unlike-sex twins have higher prevalence risk than do like-sex twins.
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Although not diagnosed in the neonatal period in most instances, cerebral palsy
(CP) follows one or more pathogenetic processes that affect the brain of the fetus
or infant during the period of neurodevelopment. Little, in the mid 19 th century,
linked prematurity, prolonged labor, asphyxia, neonatal convulsions, and the use
of obstetric forceps with the later onset of spastic diplegia (hence, the term Little's
disease), and other prominent writers linked CP to brain trauma associated with
the birth process. After the Apgar score came into nearly universal use, the finding
of a low score became erroneously linked to asphyxia and brain damage of any
kind. Later work, including the Collaborative Perinatal Project, showed that the
Apgar score had neither sufficient sensitivity nor specificity in predicting CP, and
indeed, most patients with CP had no evidence of perinatal asphyxia. Later work
using magnetic resonance imaging confirmed the suspicion of Freud that many CP
cases (over 50%) were associated with developmental defects in the brain-often
making the low Apgar score a symptom, not a cause, of brain damage.
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Cerebral palsy implies motor dysfunction due to brain
abnormality. As motor abnormalities vary across a wide
spectrum, determination of incidence and prevalence require
use of the consensus definition of disabling CP, which is CP
with sufficient motor disability that interferes with ordinary
tasks as walking, running, jumping, or climbing stairs.
Although some abnormal neurologic findings suggestive of CP,
such as hypertonia or hypotonia, may resolve over time, the
diagnosis in most cases should be deferred until 24 months of
age, the exceptions being children with unusually severe findings or abnormal
neuroimaging or other diagnostic findings. Congenital hemiplegia is the most
common form of CP among term infants. Most of these cases are associated with
stroke-including perinatal arterial ischemic stroke and cerebral sinovenous
thrombosis.
Analysis of the underlying disease process among patients with CP is shown in the
following Table.
Disease Process

Contribution to Cerebral Palsy
(%)
Prematurity and intrauterine growth restriction
40-50
Birth asphyxia or birth trauma
25-30
Neonatal stroke
10
Congenital infection*
5-10
Chromosomal abnormalities
5-10
Inborn errors of metabolism
5-10
Other identified causes
5-10
Idiopathic
5-10
*Toxoplasmosis, cytomegalovirus, rubella, herpes simplex, other infections
(adapted from Hermansen [2006]).
Chromosomal abnormalities or genetic syndromes should be suspected in the
following neonatal situations:
Muscular hypotonia with brisk deep tendon reflexes (no history of asphyxia
or trauma)
Neonatal hypotonia with two or more major congenital anomalies
Minor congenital anomalies, especially involving face, hands, feet, ears,
abnormal palmar creases, abnormal hair whorl pattern
Microcephaly
Cytogenetic testing will yield positive results in about 10% of the patients
evaluated using the aforementioned criteria.
The incidence of CP overall ranges from 1.5 to 2.5 cases per 1,000 live births. In
the latter part of the 20 th century, a small overall increase in incidence was noted.
This increase is attributed to the increased survival of very-low-birthweight
(VLBW) infants. Among infants weighing less than 1,500 g at birth, CP prevalence
rose from about 10 cases per 1,000 live births in the early 1970s to approximately
60 cases per 1,000 live births by 1990. Studies of this cohort since 1990 suggest a
downward trend to around 45 cases per 1,000 live births by 1998. A similar
pattern was noted among infants weighing 1,500 g to 2,499 g at birth. Whether
these trends are indicative of true reversals in the incidence of CP remains to be
tested. Birthweight-specific CP prevalence for infants weighing more than 2,500 g
at birth varied, but showed no consistent trend.
Optimal survival and lowest CP prevalence are noted among infants who are
approximately 1 standard deviation (SD) heavier than those average for their

http://emb.aap.org/courseprodv2/Index.asp[4/6/2012 10:57:12 AM]

Education Module Learner

gestational age. For infants heavier or lighter than those at +1 SD, the prevalence
of CP increases. This "reversed J-shaped" relationship was noted for every type of
CP evaluated, for males and females, and for term and preterm infants.
Cerebral palsy is more prevalent among multiple gestation births. The risk is
greater among infants born from same-sex twins than from unlike-sex twins. This
difference is due to the increased risk among monozygous twins compared with
dizygous twins. The increased risk associated with monozygosity is attributed to
the impact of entanglements, death of one twin when circulations are linked (twintwin transfusion), and related complications. Like-sex twins are at greater risk for
CP than unlike-sex twins in the situations of cotwin fetal death and in cotwin
neonatal death. The impact of zygosity on prevalence of CP is greater at
birthweights higher than 1,500 g due to the overwhelming influence of
prematurity among infants weighing less than 1,500 g. Overall, like-sex twins
have twice the prevalence of CP as unlike-sex twins (14.0 cases versus 7.2 cases
per 1,000 infant survivors).
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Understand the significance, limitations, and causes of low Apgar scores
Know the relationship between Apgar scores and later development of cerebral palsy in preterm
and full-term infants
Recognize the clinical features of cerebral palsy in the infant or child
Understand the ranges of severity of cerebral palsy, including minimal, mild, moderate, and
severe
Know the prenatal, perinatal, and neonatal risk factors associated with the development of
cerebral palsy
Know the frequency of the etiologies of cerebral palsy (eg, prematurity, hypoxic-ischemic
encephalopathy, intrauterine growth restriction, congenital infections)
Know the proportion of children with cerebral palsy who have no known etiology of cerebral
palsy
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An 840-g male infant was born at 25 weeks' gestation. He developed respiratory distress
syndrome, for which he received surfactant, and assisted ventilation. Maximum weight loss was
10% of birth weight by the 4 th day. Small volume enteric feedings using expressed breast milk
were initiated on day 3 and advancements were begun on day 12. Apnea and bradycardia spells
were first noted on the 13 th day and he was treated with caffeine starting on the 15 th day. Full
enteric feedings (~120 kcal/kg per day) with expressed breast milk fortified with a human milk
fortifier to 24 kcal/oz were given by the 18 th day. On the 25 th day, his caretakers noted that no
net weight gain had occurred during the previous week. Serum electrolytes revealed the following:
sodium, 133 mEq/L; potassium, 5.1 mEq/L; chloride, 105 mEq/L; and CO 2, 17 mEq/L. Blood urea
nitrogen was 5 mg/dL (1.7 mmol/L) and creatinine 0.5 mg/dL (44.2 µmol/L). Creamatocrit
concentration in a mixed sample of expressed milk was 5.7%.
Of the following, the nutritional supplement MOST likely to improve weight gain is:
additional human milk fortifier
polymerized glucose
medium-chain triglycerides
protein
sodium chloride
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

The infant in the vignette has mild hyponatremia. Hyponatremia is a common occurrence among
infants born before 34 weeks' gestation. The incidence is highest among those fed human milk
and those exposed to diuretics, including caffeine. The sodium requirement for neonates is
estimated to be approximately 4 to 5 mEq/kg per day. The sodium content of human milk is
around 1.7 to 2.0 mEq per 120 kcal, and human milk fortifier increases sodium content by about
0.8 mEq per 120 kcal. This adds up to 2.5 to 2.8 mEq/kg per day of sodium for a premature infant
receiving full enteral feedings, which represents around 60% of the daily requirement. Al-Dahhan
and associates have shown that sodium balance is negative for infants of less than 24* (NB: This
should be 34; see *note below) weeks' gestation in the first weeks after birth due to increased
renal and gastrointestinal losses. They also showed that supplementing sodium to a total of 4 to 5
mEq/kg per day from the 4 th to the 14 th day leads to positive sodium balance, less weight loss,
better weight gain, and less hyponatremia, without undesirable side effects. This is consistent
with studies of sodium-deprived immature animals that demonstrate growth failure in the face of
otherwise adequate nutrition.
All of the current human milk fortifiers available provide less than 1 mEq sodium chloride per 120
kcal of human milk when fortified to 24 kcal/oz (Table).
Table. Additional Nutrient Contribution from Human Milk Fortifiers (HMF)*
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In the early lactation period, the milk of mothers of premature infants has
been shown to have higher sodium and protein concentrations than that of
term infants. However, with time, the two populations become similar in
sodium and protein concentrations in their milk. The nitrogen content is
adequate for the growth of the term infant, but the premature infant requires a
higher nitrogen accretion rate and, therefore, supplementation. The added
need for protein is generally provided by a human milk fortifier during initial
hospitalization.
The fat content of human milk has been shown to be variable. This variation
occurs in a single expressed sample depending on whether it comes from the milk first expressed,
the later part of the expressed sample, or the last part. The fat content also varies from mother to
mother. Because the major variable in the total caloric content of milk is the fat content, the
caloric content can be estimated reasonably by measuring the fat concentration. This can be done
simply and conveniently using the creamatocrit. Wang and associates have shown that the energy
content of human milk can be calculated as follows:
Fresh milk: Energy (kcal/dL) = 5.99 x creamatocrit (%) + 32.5
Frozen milk: Energy (kcal/dL) = 6.20 x creamatocrit (%) + 35.1
The creamatocrit measurement described in the vignette is average for human milk and
corresponds to a caloric density of 20 kcal/30 mL.
Medium-chain triglycerides (MCTs) would provide more calories, but the caloric content in the
infant in this vignette should have been adequate to promote growth without any supplement.
Furthermore, MCTs are indicated primarily for infants who have trouble processing fats with higher
chain lengths, including those with malabsorption and liver disease.
Likewise, the added calories that polymerized glucose would provide would not have been
necessary because we are satisfied with the caloric content of the feedings. In addition, the
protein content of the fortified human milk would also have been adequate for growth.
*The statement that "Al-Dahhan and associates have shown that sodium balance is negative for
infants of less than 24 weeks' gestation ..." should have indicated 34 weeks' gestation. The editors
of NeoReviewsPlus thank an astute reader who pointed out this typographical error and made a
rational argument for an alternative preferred response. The reader also suggested alternative
answers to the preferred response to consider:
1. increase caloric intake with additional breastmilk volume (not an option in the responses).
2. increase caloric intake with a higher caloric density formula or supplement; additional human
milk fortifier could be added to the breastmilk and provide additional calories, protein, and a small
amount of sodium. However, the protein and calories provided are usually adequate to support
growth in extremely preterm infants.
3. provide hindmilk (higher caloric density) rather than whole breastmilk feeds (not an option in
the responses).
If you notice a typographical error or wish to make an argument for an alternative to the preferred
response, please submit your thoughts to lzanzola@aap.org. After review by the editorial board,
addenda to questions will be added in the archived course materials. Thank you in advance for
your observations.
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American Board of Pediatrics Content Specification(s):
Understand the changing requirements of sodium, potassium, chloride, calcium, and phosphorous
by the neonate at various gestational ages

http://emb.aap.org/courseprodv2/Index.asp[4/6/2012 10:57:28 AM]

Education Module Learner

Assessment

February 07

Your Score

CME Credit Expired

Page     1 2 3 4 5 6 7 8 9 10    
My Learning Plan

Editorial
NeoPlus
Overview
Board
2007
1

January 07

2

February 07

3

March 07

4

April 07

5

May 07

6

June 07

7

July 07

8

August 07

9

September
07

10 October 07
November
07
December
12
07
11

Your neonatal intensive care unit (NICU) is experiencing an unusually high rate of
hospital-acquired infection (nosocomial infection). A review of the data from the
Vermont Oxford Registry and the state perinatal registry to which you belong
shows that the infection rate in your NICU exceeds that of 90% of similar NICUs in
the database. You begin a quality improvement project, including education on the
epidemiology of infection; infection control, including handwashing, cohorting,
and environmental culturing; and prospective data collection on outcomes. As a
network participant, you plan to share your experience with others and publish
your outcomes in the peer-reviewed literature. As this project moves to fruition,
the following question arises: "Aren't we doing research and don't we need to get
informed consent from the patients and approval from the institutional review
board (IRB) in order to proceed?"
Of the following, the characteristic DISTINGUISHING research from quality
improvement is that research:
applies reasoning inherent in the scientific method
focuses on implementation of knowledge
results may be disseminated or published
seeks to develop new knowledge
uses specific patient data
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Both research and quality improvement (QI) activities are essential to the practice
of medicine, and both activities are ongoing in many neonatal intensive care units
(NICUs). In its analysis of the quality of healthcare, the Institute of Medicine
defines quality as "the degree to which health services for individuals and
populations increase the likelihood of desired health outcomes and are consistent
with current professional knowledge." The quality framework encompasses six
domains:
1. Safety: Avoiding injury from care intended to help
2. Effectiveness: Providing services (scientifically justified) to all who could
benefit and avoidance of under- and overuse
3. Patient-centeredness: Providing care that is respectful and responsive to
patient values
4. Timeliness: Reducing waits and delays
5. Equity: Avoiding variations in care based on sex, ethnicity, location, or
socioeconomic status
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6. Efficiency: Avoiding waste of equipment, supplies, ideas, and energy
The essential feature of QI as contrasted with research is that
QI's focus is on implementation of established knowledge. QI
is an integral part of the system for delivering clinical care. In
contrast to research, QI initiatives incorporate changes
expected to be beneficial from results of research or practical
experience, and then use a process of continuous QI to
analyze outcomes involving local structures, processes,
patterns, habits, and traditions. The essential feature
contrasting research from QI is the search for new knowledge:
"a systematic investigation, including research development, testing and
evaluation, designed to develop or contribute to generalizable knowledge."
Quality improvement and research share some characteristics, one of which is the
application of reasoning inherent in the scientific method, for instance, systematic
investigation of a hypothesis involving change and use of analytic tools for
outcome analysis. The similarity of these characteristics has stimulated the
discussion regarding the requisites of QI and of research. The following seven
ethical requirements for the protection of human subjects in research can be
viewed from the context of QI:
1. Is the research/QI activity worth doing? An activity in either domain must
have sufficient potential gains in knowledge/patient care benefits so as to
justify the time, resources, and risks imposed.
2. Is the project methodologically sound? Although this is true for both, the
implications are different. A research project must have sufficient subjects,
controls, and analytical methods so as to allow results to contribute to the
generalizable knowledge. A QI initiative is implemented based on knowledge
of the evidence and of the requirements to make change happen (and
evaluate its impact).
3. Is subject selection fair? Both research and QI projects should be chosen,
designed, and carried out so that vulnerable individuals are not exploited.
4. Is the benefit/risk ratio favorable? Both endeavors should be designed to
minimize the risks and maximize benefits to participants and society.
5. Is there respect for potential and enrolled subjects? Both QI and research
use patient-based data. Each requires that individual patient privacy is
maintained and that patient information is held confidential, that patient
welfare is maintained, and that subjects are informed of newly discovered
risks or benefits from participation. QI differs from research in that QI is
seen as part of the mission of health care and is an essential tool for
improvement in practice. This difference is noted in the privacy rule of the
Health Insurance Portability and Accountability Act: "QI (but not research) is
included in health care operations and specifically exempted from the above
requirement for project-specific written permission ('authorization')."
6. Is informed consent required? As noted above, for most QI projects projectrelated informed consent is not required, as long as patients are informed
that QI activities are part of the process of quality health care (this
information is included within the general consent to receive treatment), and
as long as the project poses no more than minimal risk (relative to patients
receiving standard health care).
7. Is there independent review? Here there is significant difference in the
recommendations. Research projects require this independent review and
the structure for that review is the Institutional Review Board (IRB).
Through the IRB, research subjects are protected from any harm associated
with poor design, biased judgments of researchers, or lack of informed
consent or right to withdraw. These requirements are essential because
research subjects may be subjected to known or potential risks and the
outcomes of the study may relate more to the pursuit of generalizable
knowledge than to individual benefits. On the other hand, QI initiatives focus
on change for the purpose of improved outcomes associated with accepted
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approaches. Accountability rests within the system of clinical care. As QI
projects are considered, they should be integrated into the system of
accountability for clinical care.
Results of either a research or QI project may be published. Although a QI project
may be carried out without explicit patient consent, any published results must
protect the confidentiality of patient-based data and of specific caregiver identity.
Sharing of QI results is in patients' interests and allows institutions to benefit
from others-an outcome that is fully compatible with the ethical tenets of health
care.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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A 37-week-gestation male infant is delivered by a 29-year-old, blood group O,
Rh(D)-positive mother. Pregnancy, labor, and delivery were uncomplicated, and
Apgar scores were 8 and 9 at 1 and 5 minutes after birth, respectively. Cord blood
revealed blood type B, Rh(D) positive. The results of a direct antibody test are
unavailable. Findings on physical examination of the infant are normal except for
jaundice. Before hospital discharge 30 hours after birth, the infant's serum
bilirubin concentration is 13.6 mg/dL (233 µmol/L), which represents a rate of
rise of about 0.4 mg/dL per hour (6.6 µmol/L per hour). This rate of rise of serum
bilirubin concentration is suggestive of a hemolytic disease, but not diagnostic. A
confirmatory test would be helpful.
Of the following, the MOST specific measurement to confirm abnormal hemolysis
in this infant would be:
carbon monoxide excretion rate in expired air
haptoglobin concentration in serum
lactate dehydrogenase activity in serum
nucleated red cell count
reticulocyte count
You selected

, the correct answer is

.
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The rate of rise of serum bilirubin concentration is an indicator of the bilirubin
production rate and, therefore, of the rate of red cell destruction. If the serum
bilirubin rises more than 0.5 mg/dL per hour (8.5 µmol/L per hour), a hemolytic
disease is almost certain. On the nomogram by Bhutani and associates, the
steepest mean rates of rise of the bilirubin concentration in a normal population
are found between the 30 th and 40 th hour after birth. These vary between 0.21
mg/dL per hour (3.6 µmol/dL per hour) on the 40 th percentile line and 0.31
mg/dL per hour (5.3 µmol/dL per hour) on the 95 th percentile line. The rate of
rise indicated in this vignette is suggestive of a hemolytic disease, but not
diagnostic.
Bilirubin is produced mostly in the spleen, liver, and bone
marrow where macrophages convert the heme ring of
hemoglobin released from red cells to bilirubin. Actually, the
macrophages of any tissue can perform this transformation.
The first and rate-limiting step in bilirubin production is
brought about by the enzyme heme oxygenase (HO). The
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reaction catalyzed by HO uses three molecules of oxygen, one
of the reduced form of nicotinamide adenine dinucleotide
phosphate (NADPH), and one of iron-protoporphyrin IXa (the
heme ring of hemoglobin), and yields one molecule of biliverdin, one atom of
ferrous iron, and one molecule of carbon monoxide. Biliverdin is reduced to
bilirubin in a further step catalyzed by biliverdin reductase. The HO reaction is the
only source of carbon monoxide in human metabolism. Therefore, if one were able
to measure the amount of carbon monoxide excreted in expired air over time at
steady state, one would know the rate of bilirubin production and, consequently,
the rate of hemolysis. Clinical instruments designed for this purpose are being
developed.
One gram of hemoglobin yields 35 mg (599 µM) of bilirubin. The normal neonatal
rate of red cell turnover yields between 4 mg (68.4 µM) and 6 mg (103 µM) of
bilirubin per kilogram per day.
Heme oxygenase exists in at least two forms. HO-1 is inducible and found in the
spleen, liver, and bone marrow. It is bound to the endoplasmic reticulum of
macrophages. Hemolysis increases the production of HO-1. In addition, HO-1 is
induced to higher concentrations by many other environmental stresses such as
infection, hypoxia, hyperthermia, hypoglycemia, and oxidative stresses.
Heme oxygenase-2 is a constitutive isozyme found in highest concentration in
testes, but also in central nervous system, blood vessels, liver, kidney, and gut.
HO-2 is generally not inducible, but is regulated in its development by adrenal
corticosteroids. A third isozyme has been reported, but little is known about it to
date.

Carbon monoxide is best known as an environmental toxin. Recently, carbon
monoxide has been characterized as an important multipurpose physiologic
mediator. Among its physiologic effects are vasodilatation, platelet aggregation,
anti-inflammation, antiproliferation of cells, antiapoptosis, and anticoagulation.
Evidence is accumulating that carbon monoxide also acts as a neurotransmitter for
a number of neural and neuroendocrine functions.
In adults, haptoglobin serves to bind free hemoglobin in plasma and clear it
rapidly from the circulation, thus reducing its toxicity (especially to the kidneys).
Therefore, normal concentrations are reduced secondary to hemolytic episodes.
Measuring haptoglobin, however, is not nearly as useful in the premature and term
newborn, because 60% of healthy premature infants and 40% of normal term
newborn infants do not have detectable concentrations of haptoglobin in
circulation.
Lactate dehydrogenase (LDH) is often used as a marker of tissue breakdown,
especially in adults. Because LDH is abundant in red blood cells, it can function as
a marker for hemolysis. However, a blood sample that has been handled
incorrectly can show high false-positive concentrations of LDH due to erythrocyte
damage. LDH is used as a marker of myocardial infarction, hepatitis, and other
acute tissue damage as well. Because the normal newborn infant has relatively
high LDH activity in the plasma compared with adults, interpretation of any
particular value is difficult.
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A high nucleated red cell count in the newborn is not specific to hemolytic disease.
It can be associated with several other clinical situations including acute blood
loss, maternal diabetes and other causes of hypoglycemia, intrauterine infections,
prematurity, postmaturity, hypoxemia, as well as any acute stress in general. It is,
therefore, not very specific.
The reticulocyte count has been shown to correlate roughly with the concentration
of carbon monoxide in expired air in Coombs-positive infants. However,
reticulocyte counts vary widely in the newborn during the first week after birth
and some of the same stresses that increase the nucleated red blood cell count
can also increase the reticulocyte count. The stress of birth itself is associated
with a high reticulocyte count that can last the first several days and tends to
obscure other possible causes.
Do you want to add anything to your Learning Plan?
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American Board of Pediatrics Content Specification(s):
Understand bilirubin metabolism in the fetus and neonate
Know the factors associated with an increase in neonatal serum bilirubin concentrations
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Understand the differences between physiologic and nonphysiologic jaundice
Understand the noninvasive techniques that can be used to screen jaundiced infants and the
limitations of these techniques
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An elderly primagravida has amniocentesis showing fetal chromosomes of 46XX.
Fetal ultrasound suggests enlarged adrenal glands. After birth at term, the child has
cliteromegaly and posterior labial fusion. Over the next week, the infant's blood
pressure increases, reaching 120 mm Hg systolic by day 10.
Of the following, the MOST likely diagnosis is:
3-beta-hydroxysteroid dehydrogenase deficiency
11-beta-hydroxylase deficiency
17-alpha-hydroxylase deficiency
20,22-desmolase deficiency
21-hydroxylase deficiency
You selected

, the correct answer is

.
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The pathway from cholesterol to cortisol comprises five enzymatic steps (Figure):
20,22-desmolase, 17-alpha-hydroxylase (17-OH), 3-beta-hydroxysteroid
dehydrogenase (3-beta-HSD), 21-hydroxylase (21-OH), and 11-beta-hydroxylase
(11-OH).
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Impairment of any one of these five steps results in a deficiency
of cortisol and a subsequent surfeit of adrenocorticotropic
hormone (ACTH), which then leads to adrenal hyperplasia. The
overproduction of precursor steroids before a specific blockage
causes most of the signs of that specific disorder. The disorder
most associated with virilization in the female and hypertension
is a deficiency of 11-OH.
Deficiency of 11-OH, representing about 5% of cases of
congenital adrenal hyperplasia, results in a build up of
deoxycorticosterone (DOC), which has a mineralocorticoid effect. The enhanced salt
retention causes low-renin hypertension. An excess of androgens leads to virilization
of the female fetus, as in the vignette. Increased concentrations of 11-deoxycortisol
(compound S) and DOC suggest the diagnosis. Treatment with glucocorticoids is
monitored using plasma renin activity, blood pressure, and serum concentrations of
11-deoxycortisol and DOC.
Deficiency of 21-OH represents over 90% of cases of congenital adrenal hyperplasia.
The disorder is autosomal recessive, as are each of the five disorders, with an
incidence of 1 in 15,000 neonates in most state screening programs. Incidence is
greater among some ethnic groups, as high as 1 in 282 among the Yupik Inuits in
Alaska. The most common form involves loss of salt in the first few weeks after birth,
due to the lack of aldosterone, and can present as hypovolemic shock. Hyperkalemia,
lethargy, weight loss, hypoglycemia, metabolic acidosis, and seizures may occur.
Cardiovascular effects of hypocortisolemia include decreases in cardiac output,
vascular tone, and blood pressure. Build up of dehydroepiandrosterone (DHEA) and
androstenedione causes virilization in females.
The diagnosis of 21-OH deficiency in neonates is indicated by high concentrations of
17-OH-progesterone (17-OHP). Treatment includes volume and glucose stabilization
followed by long-term glucocorticoids (often oral hydrocortisone) and
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mineralocorticoids (eg, fludrocortisone). Treatment efficacy is assessed by
monitoring concentrations of 17-OHP, androstenedione, and plasma renin activity.
Prenatal diagnosis of 21-OH deficiency is available via amniotic fluid 17-OHP, human
lymphocyte antigen (HLA) matching of the fetus with an index case within the family
(taking advantage of the linkage of this gene with the HLA complex), or direct DNA
analysis of the fetus if the DNA abnormality in the index case is known. In utero
treatment of the fetus at risk, with small doses of maternal dexamethasone to
suppress fetal ACTH and limit virilization, begins ideally before a fetal age of 6
weeks. Treatment continues until the sex is proven to be 46XY male or the fetus is
proven not to have the disorder. Newborn screening programs test for 17-OHP.
Forms of congenital adrenal hyperplasia without elevated concentrations of 17-OHP
will not be detected by newborn screening.
Deficiency of 3-beta-HSD prevents production of glucocorticoids, mineralocorticoids, and sex
steroids. Lack of cortisol and aldosterone causes salt-losing adrenal crises. Males may have
severe hypospadias from the testosterone deficiency. Elevation of DHEA concentration can cause
mild virilization of females secondary to the androgens made by hepatic 3-beta-HSD, under
separate genetic control. Glucocorticoid and mineralocorticoid treatment is assessed by monitoring
concentrations of 17-OH-pregnenolone and DHEA and plasma renin activity.
Deficiency of 17-OH presents with hypertension and hypogonadism. Cortisol, androgens, and
estrogens are reduced. Increased DOC and corticosterone lead to low-renin hypertension, and
their glucocorticoid properties prevent adrenal insufficiency. 46XX female infants have normal
genitalia, but do not develop normally during puberty. 46XY males may be phenotypically female
with undescended testes and inguinal hernias, or may have ambiguous genitalia. Glucocorticoid
treatment is given, but mineralocorticoid treatment is not needed.

Deficiency of 20,22-desmolase, also called congenital lipoid adrenal hyperplasia,
inhibits production of all adrenal and gonadal steroids and leads to an accumulation
of cholesterol and lipid in the adrenals that is characteristic. Patients present with
adrenal crises including sodium wasting, hypoglycemia, and hyperpigmentation.
Males may have female genitalia, including a blind vaginal pouch, or ambiguous
genitalia. Females have normal genitalia.
Do you want to add anything to your Learning Plan?
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congenital adrenal hyperplasia

http://emb.aap.org/courseprodv2/Index.asp[4/6/2012 10:59:52 AM]

Education Module Learner

Define the appropriate therapy of the various types of congenital adrenal hyperplasia
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A woman with an Rh (-) blood type is being followed up during pregnancy.
Although this is her first pregnancy, her serum antiglobulin (anti-D) titer is 1:64
at 25 weeks' gestation. She has a history of emergent blood transfusion following
a splenic laceration from a fall while waterskiing. Uterine size, fetal heart rate,
and fetal movements are normal.
Of the following, the SAFEST technique available for effective estimation of the
degree of fetal anemia is:
amniocentesis
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cordocentesis
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Doppler ultrasonography

11

fetal ascites assessment
serial maternal antibody titers
You selected

, the correct answer is

.
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Most Rh alloimmunization occurs following pregnancy, when the Rh(+) cells from
the fetus sensitize an Rh(-) woman. If a subsequent fetus is also Rh(+), maternal
antibodies (usually anti-D, anti-E, anti-c, or anti-Fy) enter the fetal circulation
and induce hemolysis. In the primiparous, nonsensitized pregnant woman,
sensitization is prevented by administration of antibody to the mother in the early
part of the third trimester and after birth to remove fetal red blood cells from her
circulation before she can mount an immune response. This technique is
successful in 95% of cases. If the amount of antibody is insufficient to remove all
of the transplacentally transferred fetal red blood cells, sensitization may occur.
Also, women may become sensitized from blood transfusion of Rh(+) cells, which
could potentially occur in emergent situations, such as described in this vignette.
Prenatal evaluation of the Rh(-) woman includes testing for
alloimmunization. Once antibodies are detected, serial titers
are performed. Should the maternal titer rise to 1:64 or
higher, fetal assessment for anemia is indicated. Fetal anemia
can develop as early as 17 weeks' gestation, requiring
treatment in utero. Survival rates exceeding 90% may follow
intrauterine transfusions in severely affected fetuses. Several
techniques have evolved to evaluate for fetal anemia. Of
these, the test that best combines diagnostic sensitivity with
lowest risk for iatrogenic complications is Doppler ultrasonography.
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The Rh blood type was described in the early 1940s, and its role in the
pathogenesis of erythroblastosis fetalis was later identified. Maternal antibody
titers were used to identify sensitized mothers. In the late 1940s, exchange
transfusion was introduced to treat neonatal anemia, remove sensitized red blood
cells from the fetal circulation, and lower bilirubin concentrations. This regimen
allows for treatment of sensitized infants who are delivered late enough in
pregnancy to avoid the lethal complications of prematurity. Because severe fetal
anemia can occur as early as 17 weeks' gestation and fetal consequences increase
with each sensitized pregnancy, neonatal treatment is unable to save some
infants.
In Rh sensitization, antibody-coated red blood cells become hemolyzed with the
resultant formation of bilirubin, which can be excreted by the mother. Bilirubin
escapes into the amniotic fluid in proportion to the degree of hemolysis, and fluid
obtained by amniocentesis can be analyzed based on the change of optical density
(?-OD) at a wavelength of 450 nm. Fetal risk can be predicted, and initially those
fetuses at greatest risk could be delivered, admitted to intensive care, receive
exchange transfusions, and hopefully, respond to treatment for their degrees of
prematurity. Although amniocentesis is accurate and reliable, it carries the
potential risks of fetal injury or loss, laceration of the placenta, stimulation of
premature labor, infection, or worsening of sensitization.
Fetal anemia results in decreased blood viscosity, and compensatory increase in
cardiac output results in high blood flow velocity. Doppler measurement of blood
flow velocity in the middle cerebral artery (MCA) reliably correlates with the
degree of anemia. Doppler measurements have been compared in a controlled
manner with amniocentesis in the management of Rh alloimmunized pregnancies.
Compared with the two commonly used methods for ?-OD analysis, Doppler
measurements were similar in their ability to detect severe fetal anemia.
Table. Comparison of Methods of Assessment of Fetal Anemia*
Test
Doppler flow: MCA
?-OD:Liley graph
?-OD: Queenan graph

Sensitivity
88
76
81

Specificity
82
77
81

Accuracy
85
76
81

OD, optical density; MCA, middle cerebral artery.
* Adapted from Oepkes and associates (2006).
Although the Doppler MCA velocity is not perfect, its ability to detect severe fetal
anemia without having to perform amniocentesis with similar sensitivity,
specificity, and accuracy makes it the safer overall alternative. This technique
should be performed by experienced sonographers; women with severe Rh
alloimmunization require treatment in specialized referral centers. It is estimated
that its use would decrease the use of invasive testing by half.
Cordocentesis is an accurate means of measuring fetal anemia, but it adds the risk
of cord injury and bleeding to the existing risks of amniocentesis, making it less
safe than Doppler MCA velocity.
Fetal ascites is a later finding of severe fetal anemia. Waiting for its presence
places the fetus at added jeopardy, and it is not an accurate means of estimating
fetal anemia. Ascites may interfere with the absorption of red blood cells from
intrauterine transfusion into the abdominal cavity. Ultrasonographic
measurements of the fetal liver and spleen have been evaluated and found to be
less predictive of fetal anemia than are Doppler MCA velocities.
Do you want to add anything to your Learning Plan?
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Know how to diagnose and manage fetal anemia and hydrops, including
intrauterine transfusion
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A 25-year-old primigravida presents at 28 weeks' gestation with a complaint of
decreased fetal movement. Her singleton pregnancy has been otherwise
uncomplicated, and ultrasonography at 18 weeks' gestation revealed no
abnormalities. Fetal growth has been adequate, and there is no evidence of
premature rupture of membranes or preterm labor. A biophysical profile score of 6
out of 10 is obtained.
Of the following, the MOST appropriate course of action is:
daily nonstress tests
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expectant obstetrical management
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expeditious delivery of the fetus

11

repeated biophysical profile test at 32 weeks' gestation
repeated biophysical profile test in 6 to 24 hours
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The goal of antepartum fetal surveillance is to identify the compromised fetus and
thereby reduce the risk of stillbirth, neonatal morbidity, and mortality. Fetal
hypoxemia and acidosis alter the patterns and frequency of biophysical activities.
Initially, asphyxia will cause loss of acute variables, such as heart rate reactivity,
breathing, and movement. With chronic compromise and poor fetal renal
perfusion, amniotic fluid production will be reduced.
Fetal well-being may be assessed using maternal perception
of movement, cardiotocography (the monitoring of fetal heart
rate and uterine contractions), and real-time ultrasonography.
However, factors such as prematurity, fetal sleep-state,
central nervous system abnormalities, and maternal
medications (including corticosteroids) can alter fetal
biophysical variables. Moreover, neither the degree nor the
duration of fetal compromise can be identified precisely with
antepartum testing, and little evidence exists to support the
premise that the risk of fetal death can be reduced by such surveillance. Therefore,
the indications for antepartum testing are considered relative, and include
maternal and pregnancy-related conditions, in which the risk of stillbirth is
increased, such as type 1 diabetes mellitus, hypertensive disorders, systemic
lupus erythematosus, intrauterine growth restriction, isoimmunization, multiple
gestation, oligohydramnios, and postterm pregnancy.
In the vignette, a biophysical profile test (BPP) was performed due to decreased
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fetal movement. The BPP was introduced in 1980 as a combined variable
assessment of fetal well-being, and consists of a nonstress test (NST) combined
with four observations made on ultrasonography (fetal breathing, movement,
tone, and amniotic fluid volume). This assessment may be done as early as 26
weeks' gestation, with adjustment in interpretation for gestational ageappropriate behaviors. Likewise, the influence of the fetal sleep-state must be
recognized, as both quiet sleep and asphyxia can depress biophysical activities.
For each variable assessed with the BPP, a score of 0 (absent or abnormal) or 2
(present or normal) is given for a total of 10 possible points.
Components of the BPP
NST. The NST looks for fetal heart rate acceleration in association with fetal
movement as an indicator of normal fetal autonomic function. A normal (reactive)
NST demonstrates two or more fetal heart rate accelerations within a 20-minute
period. Loss of reactivity occurs with a fetal sleep cycle and an assessment should
be made for 40 minutes before the NST is considered abnormal. In addition,
prematurity affects heart rate reactivity, with up to 50% of NSTs in fetuses less
than 28 weeks' gestation being nonreactive. With the BPP, the NST may be
omitted if all four components assessed by ultrasonography are normal.
Fetal Breathing Movement (FBM). Normal FBM as assessed with ultrasonography
consists of intermittent, rhythmic episodes of diaphragm contraction, each lasting
for more than a 30-second duration, within 30 minutes. With fetal asphyxia, loss
of FBM occurs early and prior to loss of fetal movement. However, due to its
episodic nature, FBM is the most frequently absent variable during normal BPP
testing.
Fetal Movement. Normal fetal movement consists of four or more discrete body or
limb movements within 30 minutes, and includes fine motor movement of the face
and hands, as well as swallowing, sucking, yawning, kicking, rolling, and other
purposeful movements.
Fetal Tone. Fetal tone is a very subjective measure and requires at least some
movement of the fetus. A normal assessment consists of active extension with
rapid return to flexion of a fetal extremity or opening and closing of a hand.
Amniotic Fluid Volume. Amniotic fluid is considered adequate if a single vertical
pocket of amniotic fluid exceeds 2 cm.
The BPP is meant to assign a risk of fetal compromise, and to dictate
management. A BPP score of 8 or 10 has a negative predictive value for fetal
mortality exceeding 99%, and suggests continued routine surveillance and
expectant obstetrical management of the pregnancy. A score of 6 is considered
equivocal and raises concern, as fetal asphyxia cannot be ruled out. At term, a BPP
of 6 should prompt delivery, while if preterm, BPP testing should be repeated in 6
to 24 hours. A score of 4 or less suggests that acute or chronic asphyxia is very
likely and the fetus should be delivered. The relationship between a recent BPP
and perinatal mortality is inverse and exponential. However, the positive
predictive value is not well-studied, but felt to be quite poor. The false-positive
rate for each technique for antenatal fetal testing is high and the development of
management plans based on abnormal testing should always consider the
gestational age, underlying fetal condition, the degree of oligohydramnios, and the
maternal condition.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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A female neonate was delivered by vaginal route by a 26-year-old gravida 2, para
1 healthy white woman at 40 weeks’ gestation. Apgar scores were 8 and 9 at 1
and 5 minutes, respectively. Approximately 2 hours after delivery, the infant
developed progressive respiratory distress requiring assisted ventilation. Initial
arterial blood gas measurements on conventional ventilation with 100% oxygen
were pH 7.30, PCO2 57 mm Hg, and PO2 28 mm Hg. Chest radiography showed
bilateral hazy opacities of both lungs with air bronchograms. There was a
transient improvement in oxygenation following surfactant treatment.
Echocardiography showed a structurally normal heart and pulmonary
hypertension. The infant continued to have profound hypoxemia in spite of
treatment with high-frequency oscillatory ventilation (HFOV), and inhaled nitric
oxide (iNO). She was supported with venoarterial extracorporeal membrane
oxygenation (ECMO). She remained hemodynamically stable and underwent
decannulation 165 hours after initiation of ECMO. Her cardiopulmonary status
progressively deteriorated over the subsequent 48 hours despite intravenous
vasopressors, HFOV, and iNO, and she died on the 10th day after birth. Autopsy
revealed alveolar type II cell hyperplasia, interstitial fibrosis, and diffuse alveolar
damage.
Of the following, the protein MOST likely to be abnormal in the infant in this
vignette is:
lipid transport protein ABCA12
surfactant protein A
surfactant protein B
surfactant protein C
surfactant protein D
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Pulmonary surfactant is required for adaptation to air
breathing after birth, reducing surface tension at the air-liquid
interface in the alveolus to maintain lung volumes during the
respiratory cycle. Deficiency of pulmonary surfactant is
associated with respiratory distress syndrome (RDS) in
preterm infants, a common cause of infant morbidity and
mortality. Although much less frequently reported, surfactant
deficiency can also lead to acute and chronic lung disease in
term newborn infants and older children.
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Pulmonary surfactant is a lipid/protein complex that is synthesized by type II
epithelial cells lining the alveoli of the lungs. Phospholipids comprise
approximately 90% of pulmonary surfactant, of which 70% to 80% is
phosphatidylcholine (PC), 10% is phosphatidylglycerol (PG), and the remainder
includes minor amounts of phosphatidylinositol (PI), phosphatidylethanolamine
(PE), phosphatidylserine (PS), and sphingomyelin (SM) (Figure 1).
Figure 1: Composition of surfactant from the mature lung (from Jobe 2006).

Pulmonary surfactant is unique in its high PC content; the dipalmitoyl form
(DPPC), the major surface-active phospholipid component of pulmonary
surfactant comprises approximately half of the PC. Proteins constitute 8% to 10%
of surfactant and include the hydrophilic proteins (surfactant proteins [SP] A and
D) and the small hydrophobic proteins (SP-B and SP-C). In contrast to the
hydrophilic SP-A and SP-D, the hydrophobic SP-B and SP-C directly affect the
biophysical properties of surfactant lipids both in vivo and in vitro, and are
critically important for surfactant function. SP-B and SP-C work cooperatively to
optimize rapid absorption and spreading of phospholipids on a surface and to
facilitate the development of low surface tensions on surface area compression.
Surfactants prepared by organic solvent extraction of natural surfactants or from
lung tissue contain SP-B and SP-C, but lack SP-A.
Human SP-B is a relatively small, 79-amino-acid, amphipathic peptide encoded by
a single gene located on chromosome 2 and produced in type II epithelial cells
lining the alveoli. Extracellular surfactant protein B plays a critical part in
surfactant homeostasis by promoting adsorption of lipid molecules into the
expanding surface film and enhancing their stability during the compression and
expansion that occur during the respiratory cycle. It is an active component of
surfactant-replacement preparations used in the treatment of RDS in preterm
infants. The level of SP-B is low in preterm infants who are at risk for RDS, as it is
in adults who are at similar risk. In contrast to SP-A, genetic disruption of SP-B
expression causes an unambiguous neonatal respiratory phenotype in both human
infants and mice. SP-B deficiency was the first reported genetic cause of lethal
respiratory distress syndrome in infants and is present in 15% of term infants
dying of a syndrome similar to RDS. Symptoms are generally observed before 12
hours of age. History of affected family members and/or consanguinity has been
associated with the disorder. Radiographic findings include diffuse alveolar
infiltrates, alveolar collapse, reticular-granular infiltrates, and air bronchograms
in full-term infants without other underlying causes of respiratory failure. In spite
of oxygen and assisted ventilation, surfactant replacement and/or extracorporeal
membrane oxygenation (ECMO), most infants die in the first week or month after
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birth. Surfactant replacement is not effective; the infants generally have no or
transient responses to treatment. Some infants have undergone lung
transplantation with prolongation and improvement of life. Definitive diagnosis is
made by identification of mutations in both alleles of the SFTPB gene. Marked
histologic abnormalities are observed in the lung at autopsy or biopsy, with
evidence of diffuse alveolar and bronchiolar damage, atelectasis, hyaline
membranes, interstitial thickening, type II cell hyperplasia, and accumulation of
alveolar macrophages and proteins in the alveoli. Uncommon mutations that cause
a partial deficiency of SP-B have been associated with chronic interstitial lung
disease in childhood.
Surfactant lipids are synthesized primarily in the endoplasmic reticulum of the
alveolar type-II cells and are transferred via the Golgi system to the lamellar
bodies (Figure 2).
Figure 2: Basic pathways for surfactant metabolism (from Jobe 2006).

Within the type-II cell, the lamellar body is the storage compartment for
pulmonary surfactant–associated lipids and for the hydrophobic SP-B and SP-C.
Lamellar bodies are secreted into the airspace in response to stretch and ßadrenergic and purinergic agonists. Transport of lamellar bodies is regulated by
the ABCA3 transporter molecule, which is found in the limiting membrane of these
organelles. After exocytosis, lamellar bodies unravel and undergo a dramatic
change in ultrastructural morphology, producing tubular myelin that represents
the major extracellular pool of surfactant lipids from which mono- and
multilayered films are formed. The lipid-rich films spread at the air-liquid interface
in the alveoli and reduce surface tension, preventing alveolar collapse. Surfactant
is inactivated by mechanical and biological processes and converted into the
surface-inactive, small aggregate which is taken up by alveolar type II cells, and
reutilized or catabolized. Alveolar macrophages internalize and degrade small
surfactant aggregate remnants under control of the signaling of granulocytemacrophage colony-stimulating factor (GM-CSF). Indeed, deletion of the gene
encoding GM-CSF, the gene encoding the GM-CSF receptor, or autoantibodies that
block GM-CSF activity causes an accumulation of surfactant that is characteristic
of pulmonary alveolar proteinosis in mice and humans. Intracellular and
extracellular surfactant pool sizes are precisely maintained by the regulation of
synthesis, secretion, reuptake, reutilization, and catabolism.
Surfactant protein A, like SP-D, belongs to a family of proteins named collectins,
because it has collagenous and lectin-binding domains. SP-A is the most abundant
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surfactant-associated protein and was the first to be described. SP-A has central
roles in tubular myelin formation, metabolism, and function of surfactant, as well
as in host defense. Although genetic studies show that certain SP-A
polymorphisms are clearly associated with an increased severity of RDS and the
subsequent development of chronic lung disease (CLD) in premature infants, no
mutations of the translated portions of the SP-A genes have been reported in
humans. SP-A is not contained in surfactants used for treatment of RDS.
Surfactant protein C, like SP-B, is a small hydrophobic protein. The human SP-C
gene has been localized to the short arm of chromosome 8. Processing of the SP-C
pro-protein is linked to SP-B expression. Unlike SP-B gene mutations, which lead
to respiratory distress soon after birth, SP-C deficiency usually presents at a few
months of age as interstitial lung disease. The clinical presentation varies from
mild tachypnea, respiratory distress, and failure to thrive to progressive
respiratory failure. At present, although there is no definitive treatment for
respiratory failure associated with mutation of SFTPC, lung transplantation may be
an option. Histopathologic features include alveolar inflammation, pulmonary
infiltration with monocytes and macrophages, a progressive loss of alveolar
structure, and pulmonary fibrosis. There is generally no history or detectable
evidence of viral infection, and SP-C is undetectable in the lung tissue on biopsy.
Disorders in SP-C metabolism are generally inherited as autosomal-dominant
genes with variable penetrance. Diagnosis of congenital SP-C–related lung disease
can be made by sequence of the SFTPC gene. Mutation in SFTPC with resultant SPC deficiency that presents as respiratory failure in the neonatal period is a rare
entity.
Surfactant protein D is a member of the collectin family and is expressed in
pulmonary and extrapulmonary tissues. Its functions include carbohydratedomain recognition on the surface of pathogens. Unlike the case with SP-A, there
are no reports of SP-D polymorphisms conferring a higher risk of RDS or of
neonatal bronchopulmonary dysplasia. No human infant or older individual with
respiratory distress and mutation in the SP-D gene has been identified. In vitro
experiments suggest that SP-D, like SP-A, is involved in the first line of defense
against inhaled pathogens. Only a small number of SP-D polymorphisms have
been characterized. Certain SP-D (and SP-A) alleles have been linked to possible
susceptibilities to chronic obstructive pulmonary disease in a Mexican population,
and both SP-A and SP-D polymorphisms are associated with increased severity of
childhood infection with respiratory syncytial virus.
The ABCA3 protein is a member of the adenosine triphosphate (ATP)–binding
cassette (ABC) protein family, which is a family of transmembrane proteins
involved in membrane trafficking. The ABCA subgroup of proteins is predominantly
involved in lipid transport across membranes. The gene for ABCA3 is expressed in
type II cells, and the protein localizes to lamellar bodies, suggesting that it may
have an important role in surfactant metabolism. Mutations in other ABC proteins
result in human diseases, including ABCA1 (Tangier disease, a disorder associated
with cholesterol accumulation in macrophages and peripheral tissues and absence
of high-density lipoproteins), ABCA4 (forms of retinal degeneration), and ABCA12
(congenital ichthyoses). Mutations in ABCA3 in humans have been associated with
autosomal recessive lung disease in newborn infants.
The diagnosis of ABCA3 deficiency should be suspected in full-term infants with
respiratory failure, failing conventional management, and with family histories of
neonatal losses from respiratory distress, and consanguinity. Radiographic
findings associated with ABCA3 mutations are consistent with RDS in the newborn
infants. Diffuse pulmonary opacification, reticular-granular infiltrates and air
bronchograms are observed. Infants present with grunting, retractions, and
cyanosis in the first days after birth, and rapidly develop respiratory failure that is
refractory to ventilation, surfactant replacement, and ECMO. Histopathologic
changes include alveolar proteinosis, infiltration by alveolar macrophages, alveolar
wall thickening, and type II cell hyperplasia. Electron microscopy demonstrates
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small, abnormally dense lamellar body–like organelles and the absence of normal
lamellar bodies in type II epithelial cells. In contrast to patients with SFTPC
mutations, in most patients with ABCA3 mutations, the onset of lung disease was
in the neonatal period. In some patients with ABCA3 mutations, the onset of
symptoms was later in childhood, so that there is a clinical overlap with interstitial
lung disease caused by SFTPC mutations.
In summary, mutations in the genes encoding SP-B, SP-C, and ABCA3 disrupt
surfactant homeostasis within type II epithelial cells and cause respiratory
distress in newborn infants. Together, these genes represent a relatively rare
cause of acute and chronic lung disease in newborn infants and children.
Diagnosis of the inherited disorders of surfactant homeostasis should be
suspected in full-term infants with acute or chronic respiratory disease that is
refractory to conventional treatments. Both biochemical and genetic tests can be
helpful in making a definitive diagnosis of familial disorders of surfactant
homeostasis and in the treatment and genetic counseling of affected infants and
their families. A report reviewing 300 term infants with a severe RDS found that
about 14% had SP-B deficiency, and about 14% had deficiency of the ATP-binding
cassette transporter gene, ABCA3. If this clinical series is representative, then
about 33% of severe lethal RDS in term infants is explained by mutations in genes
essential for surfactant metabolism. Most of the other infants probably also have
undescribed mutations as an explanation for their respiratory failure. In another
report, DNA samples from 195 children with chronic lung disease of unknown
etiology were analyzed. In this population of children with chronic lung disease,
5% had the common ABCA3 mutation (E292V) in contrast to 14% who had an SPC mutation and 1% who had an SP-B mutation.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Understand the effects of surface tension on alveolar and airway stability and lung
mechanics (LaPlacelaw)
Understand the pathophysiology of RDS
Understand the risk factors for RDS
Recognize the clinical features of RDS
Recognize the laboratory features of RDS
Recognize the radiographic features of RDS
Recognize the pathologic features of RDS
Understand the prevention of RDS
Understand the management of RDS, including surfactant replacement
Understand the risk factors for bronchopulmonary dysplasia/chronic lung disease

http://emb.aap.org/courseprodv2/Index.asp[4/6/2012 11:23:37 AM]

Education Module Learner

Assessment

March 07

Your Score

CME Credit Expired

Page     1 2 3 4 5 6 7 8 9 10    
My Learning Plan

Editorial
NeoPlus
Overview
Board
2007
1

January 07

2

February 07

3

March 07

4

April 07

5

May 07

6

June 07

7

July 07

8

August 07

9

September
07

10 October 07
November
07
December
12
07
11

A 29-year-old mother of three is worried that she might have contracted
toxoplasmosis by eating poorly cooked meat. Her family has had venison and bear
meat on multiple occasions in the past 2 to 3 years. She is currently asymptomatic
in her 14 th week of pregnancy. The pregnancy has been otherwise uncomplicated.
She has become aware of the potentially dire consequences of fetal infection with
Toxoplasma gondii and wants to know whether she was recently infected. Her
immunoglobulin (Ig) G and IgM titers to T gondii are both positive.
Of the following, the PREFERRED management option would be to:
discuss risks and options including termination of pregnancy
obtain a muscle biopsy specimen for polymerase chain reaction
obtain IgA and IgE titers to establish the onset of the infection
reassure her that the infection occurred before the current pregnancy
treat her for acute toxoplasmosis
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Consumption of poorly cooked meat is a well-documented route for acquiring T
gondii infection, although not the most common one. Meat from animals with
chronic toxoplasmosis is more likely to lead to infection than meat from acutely
infected animals. The cyst form found in the skeletal muscle of animals with
chronic infection appears better able to resist the digestive process than the other
parasite stages that occur in acute disease. The list of species that have
demonstrated natural infection is long, and includes cats, dogs, deer, horses,
sheep, pigs, kangaroos, bears, raccoons, goats, chickens, gondis (a North African
rodent), gerbils, mussels, and oysters. The organism is rarely identified in cattle.

The most common route of infection is fecal-oral
contamination with cat feces. T gondii oocysts are found in up
to 12% of domestic feline samples in the United States.
However, water-born epidemics and epidemics related to
contaminated fruits such as raspberries have been reported. T
gondii has been found in the milk of acutely infected animals.
In addition, infection has been transmitted via blood
transfusion.
The serologic response to T gondii infection starts with the
acute infection. Immunoglobulin G (IgG) titers rise from low (~2 IU/mL) to high
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(300-600 IU/mL), reaching a peak in 2 to 6 months. After that the titer remains
stable or slowly decreases. IgM antibodies are present in almost all acute cases
and tend to disappear in a few weeks after the onset of the disease. However, in
some individuals, IgM antibodies persist for up to 2 years after the acute infection.
Such IgM titers, especially their quantitation, are highly dependent on the method
used, with some methods being more sensitive and specific than others.
Furthermore, false positive results for IgM do occur. There is little doubt that the
woman in the vignette has had toxoplasmosis. The timing, and therefore the
appropriate course of management, however, is still in doubt. So no decisions,
such as maternal treatment or pregnancy termination, should be contemplated
until a qualified reference laboratory confirms such results.
IgA and IgE titers to T gondii, available in Toxoplasma reference laboratories, rise
at the onset of infection, but fall to undetectable amounts sooner than IgM
antibodies and can be used to confirm recent infection in a pregnant woman.
However, if the reference laboratory confirms a recent infection that might have
had an onset during the pregnancy, an amniotic fluid specimen might be obtained
at the appropriate time for polymerase chain reaction (PCR) to determine whether
the organism was transmitted to the fetus. Such a study, along with imaging
studies of the fetus for signs of central nervous system or systemic infection,
could help in the formulation of a management plan.
Taking a muscle biopsy specimen for PCR is unwarranted. First the organism could
be missed due to sampling error, and second, the test would not be able to help
with establishing the onset of the infection.
Do you want to add anything to your Learning Plan?
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You are examining a newborn infant with an unusual head shape (Figure 1).
Figure 1:View of the top of head of the infant who is in a supine position.
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The infant was born after an uncomplicated delivery by repeat cesarean section
and appears clinically healthy.
Of the following, the cranial suture(s) MOST affected by synostosis in the infant in
this vignette is (are) the:
coronal
lambdoidal
metopic
multiple
sagittal
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Abnormal head shapes and sizes that are present at birth are often caused by
extracranial pressure or trauma (such as molding, caput succedaneum,
cephalohematoma, subgaleal hemorrhage, and skull fractures) and central
nervous system disorders (such as hydrocephalus, macrencephaly, anencephaly,
microcephaly, tumors, vascular lesions, and encephaloceles). Heads of infants also
may be misshapen because of craniosynostosis (ie, premature fusion of the
sutures of the skull) or deformational plagiocephaly.
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Craniosynostosis may be either a primary disorder or one
secondary to other precipitating illnesses or pathobiologic
factors. Secondary craniosynostosis is associated with factors
that alter the membranous growth of the cranial bones, such
as rickets, hyperthyroidism, glycogen storage disease,
polycythemia vera, thalassemia, teratogens, and intrauterine
constraint. In addition, craniosynostosis may be isolated or
associated with congenital anomalies. Nonsyndromic, or
simple, craniosynostosis occurs when there is isolated fusion
of one or more cranial sutures that causes cranial and facial abnormalities.
Approximately 0.34 to 0.40 per 1,000 live births are affected by nonsyndromic
craniosynostosis. The most commonly affected sutures are the sagittal (55%, 3:1
male predominance) and coronal (25%, slight female predilection) sutures.
Multiple suture synostoses occur in 15% of cases. Metopic and lambdoidal
synostosis are unusual. Although most nonsyndromic synostosis cases are
sporadic, 10% of coronal and 2% of sagittal synostosis are familial. Syndromic
craniosynostosis is defined by the presence of closed sutures, facial dysmorphism,
and skeletal and extraskeletal malformations. The prevalence of syndromic
craniosynostosis is estimated to be a fraction of craniosynostosis cases (10% to
20%). Of note, the extent of sutural fusion varies amongst individuals. Thus, the
degree of abnormality of head shape and facial dysmorphism will also vary.
The development, differentiation, and pathobiology of the membranous
neurocranium that leads to craniosynostosis are not well understood. The cranial
bones are derived by membranous ossification from bony spicules in five primary
ossification centers located in the paired frontal and parietal centers and a single
occipital center. The ossification centers grow in a radial direction with
osteoblastic activity at the edges and osteoclastic activity within the center. The
sutures develop at the junction where two ossification centers meet, and fontanels
form where more than two ossification centers come together. The expansion of
the brain, specifically the dura, stimulates growth of the cranial bones and
sutures. The mechanisms associated with dural stimulation, growth of the sutures,
and development of craniosynostosis are complex and likely different in
nonsyndromic and syndromic craniosynostosis. Molecular, cellular, and genetic
studies implicate a number of factors important in this process. Examples include
fibroblast growth factor receptors 1 through 3, heparin-binding factors (such as
transforming growth factors beta 1 through 3), basic fibroblast growth factors,
insulinlike growth factor 1, osteocalcin, collagen types 1 and 3, and several genes
(eg, fibroblast growth factor receptor genes 1 through 3, GLI3, MSX2, and
TWIST).
The infant in this vignette has anterior plagiocephaly (oblique head) because of
synostosis of the right coronal suture (Figure 2).
Figure 2: Plagiocephaly due to right coronal synostosis. View of the top of head of
an infant who is in a supine position. Right coronal synostosis (double red line),
compensatory growth (dotted red arrows) causing bossing of the contralateral
forehead, and normal frontal cranial vault (dotted blue line) are indicated.
(Adapted from Gorland RJ.
http://gateway.ut.ovid.com/gw2/ovidweb.cgi[password required]. Accessed
August 24, 2006.)
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As a result of unilateral right craniosynostosis, growth of the right frontal bone is
restricted so that it appears flattened, and compensatory growth of the
contralateral frontal bone causes bossing of the contralateral forehead. Anomalies
of the orbit and sutures of the cranial base (sphenozygomatic, sphenofrontal,
sphenoethmoidal sutures) are frequently associated with coronal
craniosynostosis. The orbit on the side of the coronal synostosis is shallow, and
the zygoma is shortened. The superolateral margin of the orbit is also elevated
and positioned in a more posterior position than normal. The sutures of the cranial
base comprise the "coronal ring" and abnormalities of these sutures alter the
growth of the anterior cranial fossa. Because of the number of sutural and bony
abnormalities associated with coronal synostosis, surgical correction is more
involved and complex than anticipated from the clinical appearance alone. Coronal
synostosis is more often found in female infants.
Lambdoidal craniosynostosis is an infrequent cause of posterior plagiocephaly.
Right lambdoidal synostosis restricts and flattens the right side of the occipital
bone (Figure 3).
Figure 3: Posterior plagiocephaly due to synostosis of the right lambdoidal suture.
View of the top of head of an infant who is in a supine position. Right occipital
synostosis (double red line), compensatory growth (dotted red arrows) causing
protuberance of the contralateral occiput, and normal occipital cranial vault
(dotted blue line) are indicated. (Adapted from Gorland RJ.
http://gateway.ut.ovid.com/gw2/ovidweb.cgi [password required]. Accessed
August 24, 2006.)

Compensatory growth of the contralateral side of the occipital bone may cause
some protuberance of the contralateral occiput. Posterior plagiocephaly is more
often caused by deformational events that occur in utero or during the first
months after birth. Deformational plagiocephaly that presents at birth results from
prenatal factors that cause pressure to be applied to the bones of the skull. Uterine
anomalies (such as bicornuate uterus), uterine tumors, and uterine crowding due
to multiple fetuses, a large fetus, or severe oligohydramnios are examples of such
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factors. Skull deformations that develop after birth are usually the result of
positioning. Posterior plagiocephaly has become more prevalent since 1992 when
supine positioning during sleep in early infancy was recommended to reduce the
risk of sudden infant death syndrome. Skull deformations also may occur after
birth because of a behavioral preference for a particular position, torticollis,
congenital disorders of the vertebrae (such as hemivertebrae or Klippel-Feil
syndrome), or evolving craniosynostosis (especially with Crouzon syndrome and
secondary to systemic disorders such as rickets and hyperthyroidism). Posterior
plagiocephaly caused by lambdoidal craniosynostosis can be differentiated from
deformational plagiocephaly by the presence of occipital flattening at birth and
position of the ear (posterior and inferior position in lambdoidal craniosynostosis
versus anterior position in deformational plagiocephaly). Lambdoidal
craniosynostosis is also associated with the foramen magnum positioned toward
the side of the affected suture whereas in deformational plagiocephaly the
foramen magnum is placed normally.
Metopic craniosynostosis results in trigonocephaly (Figure 4).
Figure 4: Trigonocephaly due to synostosis of the metopic suture. View of the top
of head of an infant who is in a supine position. Metopic synostosis (double red
line), compensatory growth (dotted red arrows) causing protuberance of the
forehead in the midline, and normal frontal cranial vault (dotted blue line) are
indicated. (Adapted from Gorland RJ.
http://gateway.ut.ovid.com/gw2/ovidweb.cgi [password required]. Accessed
August 24, 2006.)

Metopic synostosis limits lateral growth of the frontal bones, and compensatory
growth anteriorly causes protuberance of the forehead in the midline. Because the
volume of the anterior cranial vault is lower than normal, the eyes are often
closely set and lateral canthi are elevated. Temporal hollowing is commonly
present. Some infants with trigonocephaly have associated malformations of the
brain, including holoprosencephaly and agenesis of the corpus callosum. Males are
more often affected than females.
A variety of head shapes can result when craniosynostosis affects multiple
sutures. Although fusion of multiple sutures occurs frequently in syndromic
craniosynostosis isolated involvement of more than one suture is not rare.
Brachycephaly (short head) results when bilateral coronal and/or lambdoidal
sutures are fused (Figure 5).
Figure 5: Brachycephaly due to synostosis of multiple sutures (bilateral coronal
and lambdoidal sutures). View of the top of head of an infant who is in a supine
position. Bilateral coronal and lambdoidal synostosis (double red lines),
compensatory growth (dotted red arrows) causing protuberance of the head in the
lateral and upward (inset) directions, and normal cranial vault (dotted blue line)
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are indicated. (Adapted from Gorland RJ.
http://gateway.ut.ovid.com/gw2/ovidweb.cgi [password required]. Accessed
August 24, 2006.)

In the infant head shape depicted in Figure 5, both coronal and lambdoidal sutures
are involved. The compensatory growth is lateral and upward. Turricephaly
(towering head), acrocephaly (peaked head), oxycephaly (pointed head),
hypsicephaly (high head), and kleeblattschadel (cloverleaf head) all result from
fusion of multiple cranial sutures.
Synostosis of the sagittal suture results in scaphocephaly (boat head),
dolichocephaly (long head), and clinocephaly (saddle head) (Figure 6).
Figure 6: Scaphocephaly due to synostosis of the sagittal suture. View of the top of
head of an infant who is in a supine position. Safittal suture synostosis (double red
lines), compensatory growth (dotted red arrows) causing protuberance of the
head in the anterior and posterior directions (see inset for lateral view), and
normal cranial vault (dotted blue line) are indicated. (Adapted from Gorland RJ.
http://gateway.ut.ovid.com/gw2/ovidweb.cgi [password required]. Accessed
August 24, 2006.)

Compensatory growth occurs in both anterior and posterior directions. The
common physical features include frontal bossing, temporal narrowing, and
occipital prominence. Associated anomalies, increased intracranial pressure, or
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developmental delay are unusual.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Know the different factors that influence an infant's head shape
Recognize the clinical features of the syndromes associated with craniosynostosis
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Breastfeeding mothers are exposed to an increasing array of medications including
analgesics, antihypertensives, and antidepressants. The degree of risk to the
breastfeeding infant is a function of the respective dose transferred to the infant,
and the hazard of the medication. Fortunately, very few drugs are known to
present health risks to the infant, and interruptions in breastfeeding usually can
be avoided.
Of the following, the maternal drug that poses the MOST risk to the breastfeeding
infant is:
heparin
methotrexate
morphine
pseudoephedrine
topical retinoic acid
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Most medications taken by lactating mothers are found in breast milk, but very
few drugs present health risks to the breastfeeding infant. The type of medication
taken and the dose transferred to the infant contribute to the potential risk. Older
infants (6-18 months) metabolize most drugs efficiently and are generally at
lower risk. In contrast, newborn and premature infants, and infants with impaired
renal or hepatic function are at higher risk for adverse effects from drugs acquired
through breastfeeding.
Medications considered high risk and contraindicated for use
in breastfeeding mothers include drugs with high toxicity for
the infant, even at low doses, and drugs reaching high
concentrations in the infant. Anticancer agents and
methotrexate, with the potential for immunosuppression,
should be avoided. Other contraindicated drugs include
amiodarone, doxepin, iodide, lithium, radioisotopes, and longterm tetracycline. Likewise, cocaine and other drugs of abuse
should be avoided.
The safety of drugs in breast milk relates to the amount of drug transferred to the
milk, and the oral bioavailability of the drug. Plasma is the source for medications
in human milk, and only drugs that reach significant maternal plasma
concentrations present risk to the infant. Therefore, inhaled and topical
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medications, such as retinoic acid, are generally safe for lactating mothers. Most
drugs simply diffuse across the alveolar membranes into the milk compartment,
maintaining a close equilibrium with the plasma compartment. In addition to the
maternal plasma concentration, the chemical structure of a drug influences the
amount transferred into breast milk. As higher-molecular-weight drugs transfer
less readily, medications such as heparin reach subclinical concentrations in breast
milk. Lower plasma protein binding, as with lithium, and increased lipid solubility
of a drug, also facilitate greater amounts of drug transfer.
If the concentration of drug in milk is known, the "relative infant dose" (RID) can
be calculated to provide a standardized, weight-normalized method of relating the
infant's dose to the maternal drug dose. The RID is calculated using the following
equation:
RID = infant dose (mg/kg/day)/maternal dose (mg/kg/day)
A RID of less than 10% is considered theoretically safe for most medications.
Because most medications must be systemically absorbed into the infant's plasma
compartment to have an effect, the oral bioavailability of a drug is another
important factor. For example, morphine has a poor oral bioavailability (<25%)
and rarely produces a sedative effect in the breastfed infant at low to moderate
maternal doses.
Many medications inhibit breast milk production and should be avoided in the
lactating mother. Estrogens, progestins, and ergot alkaloids, such as
bromocriptine are known to suppress lactation. Pseudoephedrine, not known to
have adverse effects in the breastfeeding infant, also has been associated with
decreased breast milk production.
In prescribing drugs to lactating women or considering interrupting breastfeeding,
data on the maternal plasma concentration, estimated infant dose, and relative
toxicity of the medication should be considered. For many medications, such as
tacrolimus and newer psychotropic drugs, limited data exist and the potential risk
of toxicity must be measured against maternal benefit of the drug. When an
alternative medication is unavailable, measurement of blood concentrations of a
drug in an exposed infant should be considered. Adverse effects of drugs through
breastfeeding should be reported to the Food and Drug Administration
(http://www.fda.gov/medwatch/index.html) and to the American Academy of
Pediatrics Committee on Drugs.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Recognize drugs that, when taken by a nursing mother, are clearly known to
present health risks to her breastfeeding infant
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You are called to the obstetrical suite to examine an unexpected stillborn infant of
38 weeks' gestation. The mother's prenatal course included confirmation of dating
with ultrasonography at 18 weeks' gestation. Thereafter, the mother experienced
no illnesses and received no further prenatal care. She notes not feeling any baby
movements for about 3 days. Labor began about 4 hours before she presented to
the hospital, at which time clinical and ultrasonographic examinations confirmed
fetal death. Except for a limited amount of skin change consistent with recent fetal
death, no other external abnormality was detected. The family inquires as to the
cause of the fetal death. You recommend an autopsy and placental examination.
Of the following, the statement MOST consistent with studies on the value of
perinatal autopsy is that:
Absence of external abnormality virtually rules out internal structural anomalies.
Cause of death is rarely based solely on autopsy findings.
Change of diagnosis often follows autopsy examination.
Chromosomal abnormality is directly associated with gestational age.
Findings from autopsy will change recurrence risk estimates over one half of the time.
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Autopsy examination continues to be important in perinatal
medicine. Requesting autopsy examination from a shocked
and bereaved family is stressful for all concerned. In some
situations, fetal loss is explained by either prenatal diagnosis
of a potentially fatal condition (eg, anencephaly, trisomy 13)
or by the occurrence of an obstetrical complication resulting in
fetal loss (eg, cord accident, vasa previa, abruptio placentae,
ruptured uterus). Although autopsy may be performed in
these situations if families desire, its contribution to
counseling is minimal and requests are often not made.
When the fetal or early neonatal loss is abrupt and unexpected, implementation of
a fetal death protocol can be useful. This protocol includes the following
examinations of the stillborn infant:
Inspection
Cultures
Radiography (if indicated)
Autopsy
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Magnetic resonance imaging may be helpful if no consent for autopsy is
obtained.
Chromosomal analysis
A protocol-based approach to fetal loss may result in identification of cause of
death in up to 72% of cases. Perinatal autopsy may be the sole means of
establishing cause of death in as many as 26% of perinatal losses.
Understanding the potential value of autopsy examination aids in informing and
counseling the family members regarding the autopsy. The following list illustrates
the impact of perinatal autopsy examination:
Cause of fetal loss can be confirmed or established in up to 92% of
autopsies.
Genetic (chromosomal) abnormalities vary indirectly with gestational age at
fetal loss. First trimester losses are most commonly of genetic origin.
Second trimester losses are most often related to fetal infection or placental
thrombosis, whereas third trimester losses of structurally normal infants are
associated with cord accidents and placental thrombosis.
If confirmation of clinical findings is included, the value (to
families/counselors) of autopsy rises to nearly 100%.
External malformations are noted in fewer than half of all patients found to
have visceral malformations at autopsy.
Among stillborn infants without evidence of structural anomalies, about 15%
will have findings on autopsy that alter parental counseling.
Autopsy identifies additional abnormalities in one third to one half of infants
identified with prenatal ultrasonography as having anomalies.
Among cases with prenatally diagnosed anomalies, autopsy changes
the predicted recurrence rate 18% of the time.
Autopsy reveals a change in diagnosis or additional findings in 22% to 76%
of reported series.
Overall, autopsy changes recurrence risk assessment and/or counseling one
fourth of the time.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Recognize the importance of obtaining an autopsy and understand the proper way
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On rounds early one morning you encounter a mother-infant dyad. The mother is
providing kangaroo care (skin-to-skin contact) to her son, born 5 days ago at 30
weeks' gestation. She asks you about the benefits of kangaroo care.
Of the following, it has been shown that kangaroo care is MOST likely to:

improve the infant's psychomotor development at 12 months
improve the mother's perception of social support in the hospital
increase the incidence of breastfeeding at 3 months
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

One major difficulty in the study of human maternal-infant bonding is the
performance of randomized controlled trials with equipoise. Studies on kangaroo
care provide a chance to examine bonding without disrupting or reducing the
dyadic relationship, using a type of dose-response observation where the
hypothesis is that more bonding is better.
Only a few randomized controlled trials of kangaroo care have
been performed, mainly as a result of the difficulties in
blinding, handling of dropouts, and completeness of follow-up.
Long-term outcome data, as well as confirming reports, are
eagerly awaited. Based on scant data, kangaroo care in lowbirthweight infants was associated with increases in daily
weight gain, infant alertness, maternal sense of competence,
maternal satisfaction with hospital care, and the incidence of
breastfeeding at 3 months. Reductions were seen in
nosocomial infections before discharge and, after discharge, lower respiratory
tract disease in the first 5 months. Interestingly, there was a significant decrease
in the mother's perception of social support while in the hospital. No differences
were found in incidence of diarrheal disease, infant mortality, or psychomotor
development at 12 months.
Although definitive analysis is lacking, it is strongly believed that kangaroo care
helps both mother and infant surmount the initial stresses of a premature birth,
and that it results in improved maternal-infant bonding.
Maternal-infant bonding is important for the survival of the human species, a
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relatively helpless species at birth compared to most of the animal kingdom.
Teleologically, early birth in such a helpless state allows extensive brain and
cranial growth following birth, growth which is prohibited in utero given the
constraints of the human pelvic outlet. The small brain at birth is immature, and
the human newborn needs careful nurturing.
Evolution has compensated for the helplessness of the individual human newborn
with a strong bonding mechanism that affects the newborn, the mother, and any
other potential caregiver. The newborn activities of crying, clinging, smiling, and
following serve to keep caregivers close. The grasp, suck, and following reflexes
are fully developed at term. During the few short periods each day that a newborn
is quiet, alert, and receptive, the newborn prefers looking at animate human faces,
and can discriminate her mother's voice from any other. The newborn can respond
to human faces in a reciprocal fashion, such as sticking out her tongue in response
to seeing someone else's tongue. One study found that, after only 5 hours of
contact, nearly 100% of mothers could recognize the smell of their own infant. A
mother, on hearing her newborn's cry, will increase prolactin secretion, oxytocin
secretion, and blood flow to the breasts. Fathers often show a paternal
engrossment syndrome comprising awareness of physical features in his newborn
that resemble him, perception of the child as perfect, and feelings of elation and
deep self-esteem.
From the work of Konrad Lorenz it is well known that newborn of some species
bond permanently with one specific mother (or mother analog) within the first few
hours, a process called imprinting. The human infant's ability to show attachment
with a caregiver other than the mother has some plasticity over the first few
months; adopted children can bond well with a consistent caregiver over these
first few months, and show normal attachment behavior later in life. Secure
attachment early in infancy is associated with higher sociability, less anger, and
greater self-control later in life than with disrupted attachment.
So, is more bonding better? Probably. One caveat is that the overstimulated
newborn in the midst of developing a dyadic relationship may signal his
overwhelmed state by ignoring or turning away from the caregiver. This may be
misinterpreted as rejection, and continued attempts by the caregiver to maintain
contact result in a prolonging of the nonattention phase. In this case, a refining of
the dance of reciprocity is in order.
Another approach to studying bonding is to see what happens when things go
wrong. Mothers who do not exhibit the expected responsiveness to their
newborns, especially mothers who are psychiatrically disturbed, are associated
with children who form insecure or disorganized attachments. Disrupted motherinfant attachment, in turn, is associated with subsequent aggressiveness and lack
of empathy in childhood and with conduct disorders in adolescence.
Intuition and some research suggest that secure bonding with a caregiver is
needed early in life to reduce infant stress and to increase a sense of safety,
benefits that are likely to last a lifetime. Kangaroo care, a simple procedure, may
aid that process.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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Know the importance of maternal-infant bonding on subsequent development
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You are assessing the strength of a newborn's suck reflex by allowing the infant to
suck on one of your gloved fingers. You feel for coordination with each suck.
During a feeding, you observe the infant swallowing.
Of the following, the cranial nerve most likely to sustain damage or agenesis
without impairment of sucking and swallowing is:
cranial nerve III
cranial nerve V
cranial nerve VII
cranial nerve IX
cranial nerve XII
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Twelve pairs of cranial nerves (CNs), numbered I through XII
from rostral to caudal, emerge from the base of the brain.
They are called CNs because they emerge through fissures or
foramina in the cranium, and because they are covered with
sheaths derived from the cranial meninges.
The act of sucking and swallowing requires the coordinated
action of five CNs (V, VII, IX, X, and XII). Sucking requires
functioning CNs V, VII, and XII. Swallowing requires
functioning CNs IX and X. The control centers for sucking,
swallowing, and breathing are closely located in the brainstem (Figure).
Figure: Inferior view of medulla oblongata and cranial nerves involved in sucking
and swallowing
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The medulla oblongata contains the nuclei that controls respiration as well as the
nuclei of CNs IX, X, and XII.
Swallowing of amniotic fluid is observed in the fetus as early as 11 weeks of
gestation. Sucking and swallowing are sufficiently coordinated for oral feedings as
early as 28 weeks of gestation; however, the synchronization of breathing with
sucking and swallowing is not well developed until 34 to 35 weeks of gestation.
Sucking and swallowing are evaluated by stimulating rooting to get the infant to
open his or her mouth and turn toward the stroking finger. The examiner should
allow the infant to suck on the examiner's gloved finger long enough to evaluate
the strength of the jaws to open and close and the tongue to thrust and strip. An
abnormal suck is described as tonic biting or a simple up and down motion of the
jaw without coordination of the tongue to strip and propel.
The Table lists the major causes of impaired sucking and swallowing.
Table. Major Causes of Impaired Sucking and Swallowing
Muscle
Congenital myotonic
dystrophy
Congenital muscular
dystrophy
Mitochondrial
myopathycytochrome c oxidase
deficiency
Nemaline myopathy

Neuromuscular
Junction
Infantile botulism

Nerve

Nuclear

Facial nerve trauma

Myasthenia gravis

Riley-Day Syndrome

Hypoxic-ischemic
encephalopathy
Werdnig-Hoffman
disease
Arnold-Chiari
malformation

Posterior fossa tumor
or hematoma

Mobius sequence

Congenital fiber type
disproportion

Cranial nerve III, the oculomotor nerve, provides motor fibers to the striated
muscles of four of the six extraocular muscles (superior rectus, medial rectus,
inferior rectus, and inferior oblique) and superior eyelid (levator palpebrae
superioris). CN III does not play a role in sucking and swallowing.
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Cranial nerve V, the trigeminal nerve, has three branches: ophthalmic, maxillary,
and mandibular. Motor fibers of the mandibular nerve supply the muscles of
mastication: masseter, medial and lateral pterygoid, temporalis, mylohyoid, and
anterior belly of digastric muscles. The masseter and pterygoid muscles are
involved in the jaw closing phase of sucking.
Cranial nerve VII, the facial nerve, supplies motor fibers to the face. CN VII exits
the skull at the stylomastoid foramen and its main trunk forms the intraparotid
nerve plexus. Five terminal motor branches of CN VII are located in the superficial
fascia of the head and neck and supply the muscles of facial expression. The five
branches of CN VII are the temporal, zygomatic, buccal, marginal mandibular, and
cervical nerves. Sensory axons of CN VII arise from taste buds on the anterior
two-thirds of the tongue.
Cranial nerve IX, the glossopharyngeal nerve, provides sensory and motor fibers
to derivatives of the third pharyngeal arch. Motor fibers of CN IX innervate the
stylopharyngeus muscle which elevates the larynx and pharynx during
swallowing. Sensory fibers return from taste buds on the posterior third of the
tongue.
Cranial nerve XII, the hypoglossal nerve, provides motor fibers to the muscles of
the tongue. The stripping action of the tongue on the nipple is of central
importance for successful sucking.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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A 9-day-old female infant is found to have a systolic heart murmur. The
echocardiogram reveals a defect in the atrial septum and partial anomalous
pulmonary venous return of the right pulmonary veins into the right atrium.
Of the following, the MOST likely abnormality of the atrial septum in the infant in
the vignette is called a (an):

ostium secundum defect
sinus venosus defect
unroofed coronary sinus
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Defects in the atrial septum are the second most common form of congenital heart
disease and are found in approximately 3,000 infants born each year in the United
States. Infants with atrial septal defects are usually asymptomatic during the
neonatal period. The defect may be discovered during a general physical
examination, as in the infant in the vignette, or during echocardiographic
evaluation for other congenital heart lesions. Clinical symptoms of pulmonary
overcirculation due to defects of the atrial septum are unusual, but may present
during the neonatal period if the defect is unusually large (such as absent atrial
septum and atrioventricular septal defect).
The atrial septum forms during a complex interplay of events involving the septum
primum, septum secundum, and endocardial cushions (Figure 1).
Figure 1: Diagrammatic representation of patent foramen ovale development from
embryology
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Hara, H. et al. J Am Coll Cardiol 2005;46:1768-1776.
Reprinted with permission.
Copyright ©2005 American College of Cardiology Foundation. Restrictions may
apply.
Normally the septum primum grows downward from the top of the common atria
toward the superior and inferior endocardial cushions. As these structures join low
in the atrium, the opening in the atrial septum (ostium primum) closes. An ostium
primum defect occurs when the septum primum does not join with the endocardial
cushions. Communication between the right and left atria is maintained during
closure of the ostium primum, because perforations in the posterosuperior septum
primum coalesce to form an opening called the ostium secundum.
Atrial septal development continues as the septum secundum
advances inferiorly and posteriorly from a location to the
immediate right of the origin of the septum primum. As the
septum secundum advances, it overlaps and obstructs the
ostium secundum. A persistent opening in the septum primum
(ostium secundum atrial septal defect) occurs if this process is
incomplete.
The terms ostium secundum and septum secundum may be
confusing. As noted above, the ostium secundum is the second
opening to form in the septum primum; it does not form in the septum secundum.
As atrial septal development proceeds, communication between the atria is
maintained through an opening in the space between the septum secundum and
septum primum. This opening is called the foramen ovale. This space remains
patent in the fetus and allows blood to flow from the right atrium to the left
atrium. During the circulatory changes after birth, left atrial pressure increases
relative to right atrial pressure. This pressure change effectively presses the
septum primum against the septum secundum and closes the foramen ovale. If the
septae fuse, closure is permanent. If the septae do not completely overlap or fail
to fuse, blood flow across the foramen ovale and/or the ostium secundum may
occur.
The sinus venosus is found in the early somite stage of the embryo and eventually
forms the atria. It serves to receive blood flow from the yolk sac (vitelline venous
system), chorionic villi (umbilical veins), and intraembryonic cardinal veins from
the cranium and corpus of the embryo. The right horn of the sinus venosus
eventually becomes the intercaval portion of the right atrium and the left horn
becomes the coronary sinus. During early embryonic development, the
intrapulmonary veins anastomose freely with systemic veins and venous
structures, including the right common cardinal vein (origin of right superior vena
cava), umbilical veins, and sinus venosus. These anastomoses generally regress
after the outgrowth of the embryonic pulmonary vein from the left atrium which
fuses with the pulmonary veins. Persistence of the early embryonic venous
anastomoses results in anomalous pulmonary venous connections to structures
such as the sinus venosus. This embryologic phenomenon may account for the
association between sinus venosus atrial septal defects and partial anomalous
pulmonary venous connection, as seen in the infant in the vignette.

Sinus venosus atrial septal defects occur in 10% of infants with defects of the
atrial septum. The presence of partial anomalous pulmonary venous drainage is
found in 90% of patients with sinus venosus atrial septal defects, as in the infant
in the vignette. The embryological abnormalities for these two defects have some
common features, but the association of this unusual form of atrial septal defect
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and anomalous venous drainage has yet to be fully explained. Clinically, most
infants with this lesion are asymptomatic without cyanosis. Atrioventricular valves
are also normal. As children grow older, pulmonary hypertension, stroke,
arrhythmias, and pulmonary overcirculation may occur. Surgical correction or
percutaneous placement of a septal occluder is needed if the right-to-left shunt is
large.
Ostium secundum defects account for 70% of defects in infants with atrial septal
defects. These defects are characterized by persistent openings in the atrial
septum in the closely approximated regions of the ostium secundum and fossa
ovalis. Large lesions may involve the entire atrial septum. The embryological
mechanism appears to involve failure of the septum primum and septum
secundum to fuse. Most infants are asymptomatic. Many of these lesions,
especially those that are only a few millimeters in size, may close spontaneously.
Outcomes, management, and treatment are similar to those of patients with
clinically insignificant sinus venosus atrial septal defects.
Ostium primum defects are located low in the atrial septum and close to the
atrioventricular valves. Nearly 20% of infants with atrial septal defects have
ostium primum defects. These lesions are frequently associated with an
incomplete or partial atrioventricular septal defect and will not close
spontaneously. The anterior leaflet of the mitral valve frequently has a cleft, and
the septal leaflet of the tricuspid valve is often abnormal. Abnormal pulmonary
venous connections usually are not associated with ostium primum defects.
Outcomes, management, and treatment may be similar for patients with isolated
ostium primum septal defects. In contrast, if an atrioventricular canal is also
present, earlier presentation and more severe clinical symptoms may require
medical and surgical interventions.
Unroofed coronary sinus defects are rare. The coronary sinus is derived from the
embryonic left cardinal vein and serves to drain cardiac venous blood into the right
atrium. If the coronary sinus is unroofed in the left atrium, blood will flow
between the atria through the coronary sinus according to atrial and ventricular
compliance and pressure.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

References:
Atrial septal defects. Accessed October 24, 2006, at:
http://info.med.yale.edu/intmed/cardio/chd/no_search/e_asd/genrl_notes.html
Bernstein D. Cardiac development. In: Behrman RE, Kliegman RM, Jenson HB, eds.
Nelson Textbook of Pediatrics. 17 th ed. Philadelphia, Pa: WB Saunders;
2004:1475-1478
Bernstein D. Congenital heart disease. In: Behrman RE, Kliegman RM, Jenson HB,
eds. Nelson Textbook of Pediatrics. 17 th ed. Philadelphia, Pa: WB Saunders;
2004:1499-1512
Hara H, Virmani R, Ladich E, et al. Patent foramen ovale: current pathology,
pathophysiology, and clinical status. J Am Coll Cardiol. 2005;46:1768-1776
Mann D, Qu JZ, Mehta V. Congenital heart diseases with left-to-right shunts. Int
Anesthesiol Clin. 2004;42:45-58
National Heart Lung and Blood Institute. Atrial septal defects. Accessed October
24, 2006, at: http://www.nhlbi.nih.gov/health/dci/Diseases/asd/asd_all.html
Netter FH. Diseases-congenital anomalies. In: Netter FH, Yonkman F, eds. The

http://emb.aap.org/courseprodv2/Index.asp[4/6/2012 11:30:47 AM]

Education Module Learner

CIBA Collection of Medical Illustrations. New York, NY: Colorpress; 1969:131-64
Netter FH. Embryology. In: Netter FH, Yonkman F, eds. The CIBA Collection of
Medical Illustrations. New York, NY: Colorpress; 1969:112-130
American Board of Pediatrics Content Specification(s):
Know normal and abnormal embryologic development of the heart and great
arteries and factors affecting these
Understand the total management plan (medical or surgical) and associated
potential complications of such management for a neonate with a left-to-right
shunt lesion.
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A 10-week-old female infant, whose birth weight was 724 g and estimated
gestational age at birth 25 weeks, is undergoing repeat eye examination as
screening for retinopathy of prematurity (ROP). The ophthalmologist uses the
International Classification of Retinopathy of Prematurity to document the retinal
findings. Based on these retinal findings and using the guidelines for screening
and treatment of retinopathy of prematurity promulgated by the American
Academy of Pediatrics, American Academy of Ophthalmology, and American
Association for Pediatric Ophthalmology and Strabismus, the ophthalmologist
recommends retinal ablation treatment.
Of the following, the MOST likely retinal finding to warrant retinal ablation
treatment in this infant is:
zone I ROP: stage 1 with plus disease
zone I ROP: stage 2 with no plus disease
zone II ROP: stage 3 with no plus disease
zone II ROP: stage 2 with 8 clock hours of disease
zone III ROP: stage 2 with 5 clock hours of disease
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

The International Classification of Retinopathy of Prematurity
has been developed to classify, illustrate, and record the
retinal findings on screening for retinopathy of prematurity
(ROP). This classification is based on the spatial aspects of
ROP (zones), its severity (stages/plus disease), and extent
(clock hours).
Normal vascularization of the retina begins posteriorly at the
optic nerve and progresses anteriorly toward the ora serrata,
the anatomic retinal terminus, during the course of human
gestation (Figure 1).
Figure 1:Advancing vascularization of retina during normal human gestation.
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This vascularization starts during the eighth week of gestation and concludes at
the ora serrata on the nasal side of the retina at a postmenstrual age of
approximately 35 weeks and on the temporal side of the retina at a postmenstrual
age of approximately 37 weeks. The retina is fully vascularized at a postmenstrual
age of approximately 45 weeks.
To define the spatial aspects of ROP, the retina is divided circumferentially into
three zones, zone I being the most posterior and zone III being the most anterior
(Figure 2).
Figure 2:Zones of retina used to define the spatial aspects of ROP.

Zone I includes all of the retina within a circle centered on the optic nerve and
with a radius twice the distance between the optic disc and the macula. Zone II
extends from the anterior border of zone I to the nasal ora serrata. Zone III is the
remaining temporal crescent. These zones of the retina vascularize sequentially;
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hence, more posterior disease involving zone I occurs with more avascular retina
and a greater likelihood for severe disease. Conversely, more anterior disease
involving zone III tends to be benign. Zone II disease, more commonly observed
in preterm infants, is intermediate in severity.
The severity of ROP is defined by five stages, stage 1 being the least severe and
stage 5 being the most severe. A stage 0 denotation may be used to represent
immature retinal vasculature with no disease. Stage 1 denotes a visible line of
demarcation between the posterior vascularized retina and the anterior avascular
retina (Figure 3).
Figure 3: Stage 1 ROP. A: schematic representation of line of demarcation at
vascular/avascular junction.

Figure 3: Stage 1 ROP. B: finding on ophthalmoscopy.

Stage 2 involves pathologic neovascularization confined within the retina. The
focal growth of blood vessels within the retina increases retinal thickness and
appears as a ridge at the vascular/avascular junction (Figure 4).
Figure 4:Stage 2 ROP. A: schematic representation of ridge at vascular/avascular
junction.
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Figure 4:Stage 2 ROP. B: finding on ophthalmoscopy.

Stage 3 involves pathologic neovascularization that extends beyond the retinal
plane and into the vitreous gel. The vitreous gel serves as a scaffold for these
blood vessels and promotes tractional forces on the retina. When these tractional
forces exceed the forces holding the retina in place, detachment of the retina
occurs. On ophthalmoscopy, stage 3 ROP appears as tufts of abnormal blood
vessels growing through the ridge at the vascular/avascular junction (Figure 5).
Figure 5:Stage 3 ROP. A: schematic representation of neovascularization
(abnormal blood vessels) growing through the ridge at vascular/avascular
junction.
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Figure 5: Stage 3 ROP. B: finding on ophthalmoscopy.

Stage 4 denotes a subtotal retinal detachment (Figure 6).
Figure 6: Stage 4 ROP: subtotal retinal detachment as indicated by tractional straightening of
retinal blood vessels on ophthalmoscopy.

Stage 4 is subclassified into stage 4a, in which the retina at the macula remains
attached, and stage 4b, in which the retina at the macula is detached. Stage 5
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represents a total retinal detachment (Figure 7).
Figure 7: Stage 5 ROP: total retinal detachment as indicated by retrolental fibrous mass in
cross-section of the eye.

This stage often involves retinal-retinal or retinal-lens adhesions which produce
the abnormal whitish appearance behind the pupil (leukokoria).
Another indication of severity of ROP is termed plus disease. Not all vascular
changes in ROP are linked to the vascular/avascular junction. As
neovascularization progresses, the hemodynamic conditions within the previously
established retinal blood vessels may make them dilated and tortuous. Plus
disease requires two or more quadrants of dilation and tortuosity of posterior pole
retinal blood vessels (Figure 8).
Figure 8: Plus disease: dilation and tortuosity of posterior pole retinal blood
vessels.

To define the extent of involvement of the retina in ROP, the retina is viewed as a
clock in a circumferential manner with each hour (1 through 12) representing a
sector. The involvement is described as contiguous or cumulative clock hours of
disease (Figure 9).
Figure 9: Clock hours of involvement in ROP: contiguous or cumulative.
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Previously, 5 or more contiguous clock hours of involvement, or 8 or more
cumulative clock hours of involvement were considered to indicate severe disease
warranting treatment with retinal ablation. According to the current guidelines for
screening and treatment of ROP, the number of clock hours of disease is no longer
the determining factor in recommending retinal ablation treatment.

The current guidelines for screening and treatment of ROP suggest that treatment
with retinal ablation may be initiated for the following retinal findings:
zone I ROP: any stage with plus disease
zone I ROP: stage 3 without plus disease
zone II ROP: stage 2 or 3 with plus disease
Thus, among the options of retinal findings, the one most consistent with the
recommendation for retinal ablation treatment is that of zone I plus disease in the
infant in this vignette.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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The coach of the women's basketball team at your college is a new mother. As you
examine her healthy 4-hour-old term infant she expresses concern that his
respiratory rate of 50 breaths per minute seems quite high to her. You explain
that there are many differences between adult and neonatal respiratory
mechanics.
Of the following, the respiratory index that is LOWER in the neonate than in the
adult is:
alveolar ventilation per body surface area

10 October 07

dead space volume as a percentage of tidal volume

November
07
December
12
07

nasal airway resistance as a percentage of total pulmonary resistance

11

tidal volume per body mass
total pulmonary compliance per body mass
You selected

, the correct answer is

.
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Many elements of neonatal pulmonary mechanics scale upward in the adult in
proportion to body mass or body surface area. Dead space volume, tidal volume,
and total pulmonary compliance remain in proportion to body mass as the neonate
grows into adulthood. Dead space volume stays in the same proportion to tidal
volume. Alveolar ventilation decreases in proportion to body mass, but remains in
proportion to body surface area. Nasal airway resistance decreases with age, but
increases as a percentage of total pulmonary resistance.
Total pulmonary resistance comprises pulmonary, oral, and
nasal resistances. Nasal resistance to airflow makes up about
one-fifth of the total pulmonary resistance in the neonate; in
the adult, however, the nasal resistance makes up more than
half of the total pulmonary resistance. Interestingly, because
the airflow rate is higher in the adult than in the neonate, the
product of airflow and total pulmonary resistance is the same
in the neonate as in the adult. Both the neonate and the adult
require generation of about 1 or 2 cm H2O of pressure to
overcome total pulmonary resistance when breathing at rest.
Total pulmonary compliance comprises pulmonary compliance and chest wall
compliance. The infant has higher chest wall compliance than the adult, but the
lung tissue of the infant is stiffer, giving an overall compliance of the total
respiratory system of an infant that is equivalent to that of an adult when
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normalized for body mass. The increase in compliance in the adult over the
neonate, before any normalization, is proportional to the increase in respiratory
volumes. This constant relationship gives a constant ratio of volume to
compliance, a ratio that expresses the elastic recoil of the pulmonary system to
ventilation. This elastic recoil in the infant and the adult requires another 1 to 2
cm H2O pressure to overcome when breathing at rest.
Alveolar ventilation is the rate at which gas enters and leaves the alveolus per unit
of time. It increases with age, but is proportional to the body surface area rather
than to body mass. The rate of oxygen metabolism also remains in proportion to
the body surface area. It has been suggested that the correlation with body
surface area is due to the metabolic production of heat, which is then lost to the
environment via the body surface, at a rate proportional to the body surface area.
Tidal volume is the gas inhaled and exhaled with each breath. When resting, it
remains at 6 to 7 mL/kg throughout life. Gas in the dead space does not
participate in gas exchange with the blood (physiologic dead space) and
comprises gas in the conducting airways (anatomic dead space) and gas in the
nonperfused alveoli. Dead space volume also stays constant throughout life, at
around 30% of the tidal volume when at rest.
To answer the concern of the mother in the vignette, why is her baby's respiratory
rate higher than her own, several explanations are available. One explanation is
based on metabolic rate. The alveolar ventilation is proportional to the body
surface area and hence to the metabolic rate. The alveolar ventilation (V-dot) is
the product of the respiratory rate, and the tidal volume (Vt) minus the dead space
volume (Vd), and is expressed as follows:
V-dot = Respiratory rate × (Vt - Vd)
As the infant grows, the tidal volume and the dead space volume stay proportional
to the body mass. Because the body surface area decreases in proportion to the
body mass, the metabolic rate and the alveolar ventilation also decrease in
proportion to the body mass. To accomplish this decrease in the V-dot per body
mass with the same (Vt - Vd) per body mass, the respiratory rate must decrease
with age.
Another explanation uses the concept of the respiratory time constant. It is the
product of the total pulmonary compliance and the total pulmonary resistance as
follows:
Respiratory time constant = Total pulmonary compliance × Total pulmonary
resistance
Respiratory time constant is inversely proportional to respiratory rate. Optimal
respiratory rate is the rate at which the energy expenditure is the least. A
respiratory rate lower than the optimal respiratory rate wastes energy, forcing
higher tidal volumes against lung and chest wall elastic forces. A respiratory rate
higher than the optimal respiratory rate wastes energy in ventilating the
physiologic dead space. Any process that stiffens the lungs, such as pneumonia or
surfactant deficiency, causes a decrease in total pulmonary compliance and a
shortening of respiratory time constant, resulting in a faster respiratory rate.
As the infant grows, total pulmonary compliance stays constant per body mass.
With growth in size of the airways, the total pulmonary resistance drops by a
factor of 6 to 12 in the adult compared with the neonate, but mass increases by a
greater degree. Thus the product of total pulmonary resistance and body mass
goes up, which increases the respiratory time constant.
The larger respiratory time constant with age accounts for a slower respiratory
rate.
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American Board of Pediatrics Content Specification(s):
Distinguish the differences in pulmonary mechanics between the neonate and the
adult
Understand the concepts of anatomic and physiologic dead space
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You are asked to attend a cesarean delivery on Christmas Day. The mother
presents to the hospital in labor. She states that her last menstrual period was on
Saint Patrick's Day, from which you estimate her pregnancy to be at term. She had
one prenatal visit at 5 months' gestation, at which time an ultrasonographic
examination estimated her to be due "around Christmas." She denies a history of
diabetes and estimates her pregnancy weight gain to be 36 lbs. Clinical obstetrical
examination indicated a fundal height of 46 cm. Ultrasound estimation of fetal
weight is more than 4 kg. Although her contractions are strong, a cesarean
delivery is planned because of estimated fetal macrosomia. The infant's
birthweight is 4,900 g, crown-heel length is 56 cm, and head circumference is 35
cm.
Of the following, the body composition in this infant, compared to normally grown
infants, is MOST likely to show:
decreased protein component due to diminished skeletal muscle mass
hypertrophied fat cells in normal numbers
increased cardiac muscle mass
increased number of fat cells of normal size
increased protein component due to brain hypertrophy
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Body composition changes with age. Early in pregnancy, fetal tissues are
composed of nearly 90% water, with protein comprising most of the tissue mass.
As the body mass increases, the percentage of water steadily decreases to about
70% at term. By the start of the third trimester, protein predominates, then fat
growth accelerates, resulting in fat comprising 14% of term infants' body
composition, similar to protein. The Figure illustrates the relative changes in body
components with gestational age.
Figure: Body composition by gestational age. (Adapted from Bechard and Puig.)
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The growth of the infant described in this vignette has a large-for-gestational age
(LGA) pattern, with weight and length more than 2 standard deviations above the
mean. In this case, the head circumference is near the mean. This pattern is most
consistent with maternal diabetes, probably gestational in this case. Infants of
mothers with gestational diabetes have a similar 20% to 30% risk of macrosomia
as infants of insulin-dependent diabetic mothers. Mediated by maternal
hyperglycemia and fetal hyperinsulinemia, maternal diabetes affects fetal growth
in the third trimester of pregnancy. Infants born to diabetic mothers (IDM) before
28 to 30 weeks' gestation tend to have similar growth as normal infants unless the
pregnancy has been complicated by placental insufficiency due to vascular
disease, resulting in intrauterine growth restriction. In the third trimester, excess
growth among IDMs is mostly due to adiposity resulting from a combination of
both hyperplasia and hypertrophy of adipose tissue. Insulin and insulinlike growth
factors also result in growth of skeletal muscle and connective tissue.
Cardiomegaly may occur due to myocardial hypertrophy stimulated by
hyperinsulinemia in utero. Hepatic glycogen stores are increased. Of note, insulin
is not a major stimulant for brain growth and hence, brain size in this infant would
be expected to fall within normal limits for term infants. Because brain growth is
not enhanced by hyperinsulinemia, head circumference is usually not
proportionally as large among IDMs, predisposing them to a higher risk for
shoulder dystocia during vaginal birth than experienced with generalized
macrosomia with a head circumference more proportional to body size.
Occasionally infants of diabetic mothers are small-forgestational age (SGA) due to vascular insufficiency affecting
the mother and/or placenta. Body composition analysis shows
reductions in total fat, lean muscle mass (with resultant lower
nitrogen and protein content), and bone mineral content.
Glycogen stores are greatly reduced. Most cases show a
pattern of asymmetrical growth restriction-relative sparing of
impact on head growth and maximal impact on weightreflecting prioritization by the fetus for brain growth over
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somatic growth. This relative disproportionality is exactly the reverse of the
impact of being LGA. Infants who are SGA because of nutritional depletion often
show accelerated growth in early infancy, but in the long term tend to be shorter
than infants with normal growth. With a smaller bodily proportion of the less
metabolically active adipose compartment and larger component of more active
tissues in brain and muscle, SGA infants need more calories on a per-kilogram
basis than normal-sized or large infants.
Fetal hyperinsulinemia among IDMs results in cardiac muscle hypertrophy. Some
infants may have outflow obstruction and others may experience cardiac failure.
After delivery, this effect gradually subsides and the heart suffers no permanent
effects. Cardiac dilation is not expected. Of note, among women with diabetes
uncontrolled at the time of conception and early embryonic development, a two to
fourfold increase in congenital anomalies is noted. Ventricular septal defect and
transposition of the great arteries are the most prevalent cardiac defects.
Hepatic glycogen stores are increased in macrosomic IDMs. These stores may not
protect the child from developing hypoglycemia because glucagon and
catecholamine release from hypoglycemia are insufficient in IDM and insulin
concentrations are high, resulting in hypoglycemia.
Skeletal (and cardiac) muscle growth is stimulated by fetal hyperinsulinemia and
muscle mass is increased, albeit not to the degree to which fat mass is increased.
Water comprises 60% or more of the body composition even in adulthood.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Understand the body composition of LGA infants
Recognize that there may be a period of catch-up growth in SGA infants
Know the effects on the fetus of diabetes mellitus and its treatment
Understand that the nutrient and energy needs of the SGA infant are greater than
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those of the AGA or LGA infant
Know how body composition changes during fetal growth
Understand the differences in body composition between SGA, LGA, and AGA
infants
Understand how body composition changes during the growth and development of
preterm infants
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A term male African-American infant was born after an uncomplicated pregnancy
and normal vaginal delivery. Apgar scores were 8 and 9 at 1 and 5 minutes after
birth, respectively. Mother and infant are both blood type O, Rh(D) positive. Parents
have two healthy daughters aged 2 and 6 years. Findings on physical examination of
the infant were normal. He was breastfeeding well and was passing urine and stools
normally at discharge 30 hours after birth. A total bilirubin concentration obtained
at discharge was 5.5 mg/dL (94 µmol/L). The infant was seen on follow-up at 3
days of age and was apparently well. Physical examination was still normal.
Transcutaneous bilirubin concentration was 10.7 mg/dL (183 µmol/L). A routine
visit was scheduled.
Four days later, the infant's mother called to report that the infant's interest in
feeding had fallen off slightly and his skin was yellow. The onset of the yellow color
was in the past day. A visit to the office that morning revealed an infant with
obvious jaundice in no distress. Urine and stool output were reported to be normal.
There was no family history of neonatal jaundice. On physical examination, his
weight was 3% below birth weight. No hepatosplenomegaly was noted. Neurological
examination findings were normal and he was able to take a bottle of 10% glucose
water well. The total bilirubin concentration was 28.6 mg/dL (489 µmol/L) and the
direct fraction was 1.7 mg/dL (29 µmol/L).
Of the following, the MOST likely cause of hyperbilirubinemia in this infant is:
breast milk jaundice
Crigler-Najjar syndrome
glucose-6-phosphate dehydrogenase deficiency
minor blood group erythroblastosis
pyruvate kinase deficiency
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

The infant in this vignette appeared healthy at birth, at hospital discharge, and at
the follow-up visit at 3 days of age. Two bilirubin estimates were below the 40 th
percentile, the low risk zone, on the nomogram by Bhutani and associates. This
finding should have predicted a benign course for serum bilirubin. So what
happened?
In most cases, the concentration of bilirubin in the serum of a
newborn infant rises gradually until the bilirubin elimination
process catches up with production and intestinal reabsorption.
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At that point, at the so-called peak of the curve, the
concentration of bilirubin reaches a plateau. Subsequently,
elimination becomes dominant and the concentration falls
gradually to that seen in adults. Thus a smooth convex curve is
the expected course of bilirubin concentration in the first 7 to 10
days after birth.
The infant in this vignette, however, did not follow the expected course. The
bilirubin concentration was below and parallel to the 40 th percentile line on the
nomogram until sometime (probably the day) before the emergency visit at 1 week
of age, at which time the bilirubin concentration exceeded the 95 th percentile for the
normal population.
Given the initial two bilirubin concentrations, the rate of rise in the first 2 days was
0.11 mg/dL per hour (1.9 µmol/L per hour). This rate of rise is well within the
normal limits for newborn infants and does not suggest that a hemolytic process
was going on at that time. Even if all of the processes of bilirubin elimination were
completely inactivated, the production rate already documented would have led to a
concentration no higher than 21.3 mg/dL (364 µmol/L) by the end of the first week
(using extrapolation). On the contrary, the rate of rise of bilirubin concentration
apparently accelerated late in the first week and thus did not follow the usual shape
of the curve. This upturn of the curve suggests that a hemolytic process started late
in the first week. It does not suggest a problem with bilirubin elimination.
Problems in the process of elimination, including those that increase the
enterohepatic reabsorption of bilirubin, tend to produce a curve that peaks later,
achieving a plateau at a higher concentration, with a more gradual decline in
bilirubin concentration thereafter. The shape of the curve, although exaggerated,
remains smooth and convex.
Breast milk jaundice and Crigler-Najjar syndrome represent problems in bilirubin
elimination. Breast milk jaundice is a syndrome that often is seen in more than one
infant in a family. The various proposed mechanisms include increased enterohepatic
circulation due to the action of breast milk glucuronidase, impaired bilirubin uptake
in the liver, and impaired bilirubin conjugation. Given what we know about the effect
of impaired excretion on the shape of the bilirubin curve, none of these mechanisms
would have led to the course of events seen in this vignette.
Crigler-Najjar syndrome is an autosomal recessive disorder in which the enzyme,
bilirubin-UDP-glucuronyl transferase (A1A), is produced in an inactive form due to
an amino acid substitution. Very high bilirubin concentrations are seen with this
syndrome, but they are reached gradually, well into the second week after birth
because bilirubin production is not affected.
The vignette suggests a hemolytic process. The three hemolytic processes among
the options include minor blood group erythroblastosis, pyruvate kinase deficiency,
and glucose-6-phosphate dehydrogenase deficiency.
A minor blood group incompatibility between mother and fetus would have started
in utero. Among the most common of these relatively rare antigens are Rh(E),
Rh(c), Kell, Duffy, and Kidd. Much like Rh(D) erythroblastosis, anemia and early
jaundice are hallmarks. The immune process that shortens the life span of the red
cell would be ongoing in the first 30 hours and should have yielded a higher initial
bilirubin concentration and a steeper rate of rise.
Pyruvate kinase deficiency is a red cell enzyme disorder. The enzyme catalyzes the
conversion of phosphoenolpyruvate to pyruvate in the last step of glycolysis. It
accounts for half of the adenosine triphosphate produced from glycolysis, the only

http://emb.aap.org/courseprodv2/Index.asp[4/6/2012 11:32:43 AM]

Education Module Learner

energy source for red cells. The resultant shortage of energy leads to damage to the
red cell membrane and a reduced life span of the red cell. The pyruvate kinase found
in red cells (PK-R) is encoded by a gene at 1q21. The severity of the defect is quite
variable with some affected individuals having mild anemia and others dying in
utero. The deficiency is most common among the Pennsylvania Amish, but is seen in
people of various ethnic backgrounds. In severe cases, the ones seen in newborn
infants, hemolysis is ongoing at birth.
Glucose-6-phosphate dehydrogenase (G6PD) deficiency is a disorder in which an
environmental stress may induce a brisk hemolytic process at any age. In some
infants, no evidence of hemolysis may be seen at birth or during the ensuing few
days. G6PD catalyzes the first step in the pentose phosphate shunt, an offshoot of
glycolysis. This shunt yields nicotinamide adenine dinucleotide phosphate in the
reduced form (NADPH), which is required for the production of reduced glutathione
in the red cell. Both NADPH and reduced glutathione are antioxidants that protect
red cells from various oxidant stresses. Barring abnormal oxidant stresses, red cells
that are deficient in G6PD can have near-normal half-lives. However, about 20% of
those with G6PD deficiency meet the criteria for initiating phototherapy promulgated
by the American Academy of Pediatrics, compared with 6% of those without G6PD
deficiency. The course of the infant in this vignette can be explained by G6PD
deficiency initially without evident hemolysis followed by exposure to an
environmental oxidant stress around the 6 th day after birth.
Agents that precipitate hemolytic events in G6PD deficiency include infections,
antimalarials (including Dapsone), nalidixic acid, nitrofurantoin, sulphonamides,
anti-itching drugs, naphthalene (moth balls), fava beans (broad beans), and some
herbal medicines. Of these, an important historical item in the case of a newborn is
naphthalene. In many families, baby blankets and clothing are stored and brought
back into service when the next infant is born. If these items are stored using
naphthalene and not thoroughly aired out before reusing, the vapor from the moth
balls has been known to initiate severe hemolytic episodes in newborns deficient in
G6PD. Hence, a quick answer might be found in the history. In any event,
confirmation can be obtained by measuring red cell G6PD activity. Some state health
departments routinely screen for this disorder.
Deficiency of G6PD is the most common known human enzyme disease, affecting
about 10% of the world's population. The gene is encoded on the distal long arm of
the X chromosome; there are more than 300 different abnormal variants. Because
the deficiency is an X-linked disorder, it is much more common among males. G6PD
deficiency provides some protection from malaria which accounts for its high
frequency. The disorder affects all races and ethnic groups but the populations most
affected are African Americans, Italians, Greeks, Asians, Sephardic Jews, and other
Mediterranean groups.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Know the pathogenesis, clinical course, diagnosis, and management of human-milk
jaundice
Understand the range of normal serum bilirubin concentration and the effect of an
infant's age, race, and feeding circumstances on serum bilirubin
Understand the mechanisms for physiologic jaundice: production, uptake,
enterohepatic circulation, and conjugation
Understand the differential diagnosis, evaluation, and approach to management of
infants with indirect hyperbilirubinemia
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A 1450-g 35-week-gestation infant (Figure 1)
Figure 1
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has multiple dysmorphic features including a large posterior fontanel, low-set
malformed ears, micrognathia, a large bulbous nose, hypertelorism (Figure 2),
Figure 2

talipes equinovarus, camptodactyly (Figure 3),
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Figure 3

and syndactyly involving the second and third toes. A chest radiograph
demonstrates thin ribs and cardiomegaly (Figure 4).
Figure 4

A sonogram of the head demonstrates hydrocephalus. The pregnancy was
complicated by midtrimester preeclampsia. The placenta was enlarged and cystic,
and the pathologist informs you that it is a partial hydatiform mole.
Of the following (Figures 5-9), the MOST likely karyotype of this infant is shown in
Figure:
Figure 5

Figure 6
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Figure 7

Figure 8

Figure 9
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Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Determining the diagnosis of a syndrome in an infant with
multiple birth defects requires recognition of overall patterns
of anomalies. The diagnosis of a syndrome is rarely possible
on identification of a single birth defect. Even defects, such as
rockerbottom feet and a short sternum, may be seen in
several different syndromes. Moreover, individuals with the
same syndrome have varied expression of anomalies. Most
clinical features are found in fewer than 80% of individuals
with any given syndrome. Obtaining a karyotype is of central
importance in confirming the clinical diagnosis of an infant with multiple
anomalies.
The infant and placenta described in the vignette have triploidy, a complete extra
set of chromosomes (69) in the nucleus of each cell (Figure 5).
It is estimated that 2% of all conceptuses are triploid, yet triploidy occurs in only
1 in 10,000 live births. Thus, most triploid conceptions are spontaneously aborted.
Triploid pregnancies are associated with maternal hypertension, proteinuria,
edema, and polyhydramnios.
The additional set of chromosomes encodes a large number of surplus gene
products that cause multiple anomalies. Infants with triploidy have intrauterine
growth restriction (Figure 1), dysplastic calvaria with a large posterior fontanel,
low-set malformed ears, micrognathia, a large bulbous nose, hypertelorism
(Figure 2), camptodactyly (Figure 3), syndactyly involving the third and fourth
fingers or the second and third toes, talipes equinovarus, and brain anomalies,
such as holoprosencephaly or hydrocephalus. Cardiac lesions occur in
approximately two thirds of cases and include endocardial cushion defects, atrial
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and ventricular septal defects, and valvular anomalies. Chest radiography may
demonstrate thin ribs and cardiomegaly (Figure 4). Associated abnormalities
include myelomeningocele, genitourinary anomalies, intestinal malrotation,
adrenal gland hypoplasia, and cleft lip and palate.
The type of placenta that develops with triploidy depends on the source of the
extra set of chromosomes. If triploidy is the result of an extra set of paternal
chromosomes, it leads to an abnormally enlarged and swollen placenta, classified
as a partial hydatiform mole; an extra set of maternal chromosomes, however,
leads to a small fibrotic placenta. The large cystic placenta described in the
vignette implies an extra set of paternal chromosomes.
The karyotype in Figure 6 is trisomy 13. Approximately 60% to 80% of patients
with trisomy 13 frequently have a midline cleft lip and cleft palate. Localized scalp
defects in the parieto-occipital area, abnormal helices with low-set ears,
holoprosencephaly, polydactyly, colobomata of iris, and retinal dysplasia occur in
more than 50% of patients. The clinical features described in the infant in the
vignette would be unusual for trisomy 13.
The karyotype in Figure 7 is trisomy 18. Infants with trisomy 18 are usually small
for gestational age, with a mean birthweight of 2340 g. At birth these infants are
feeble, with a weak cry and frequently require resuscitation. The clinical features
of trisomy 18 include a prominent occiput with low-set malformed ears, skin
redundancy, mild hirsutism of the forehead, prominent cutis marmorata, clenched
hands with a tendency for overlapping fingers, hypoplastic nails, rockerbottom
feet, syndactyly of second and third toes, short sternum with reduced numbers of
ossification centers, and limited hip abduction. Congenital heart disease occurs in
more than 50% with ventricular septal defect (VSD) as the most common
abnormality. The clinical features described in the infant in the vignette would be
unusual for trisomy 18.
The karyotype in Figure 8 is trisomy 21.The clinical features of trisomy 21 include
brachycephaly with flat occiput, flat facies with tendency to keep mouth open and
tongue protruding, small nose with low nasal bridge, inner epicanthal folds and
upward slant of eyes, cardiac anomalies, and a single palmar crease. The clinical
features described in the infant in the vignette would be unusual for trisomy 21.
The karyotype in Figure 9 is 45X or Turner syndrome.The clinical features of
Turner syndrome include congenital lymphedema, broad chest with wide-spaced
nipples, prominent auricles, and webbed posterior neck. Bicuspid aortic valve or
coarctation of the aorta is seen in approximately 40% of infants with Turner
syndrome. The clinical features described in the infant in the vignette would be
unusual for Turner syndrome.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Recognize the physical findings and chromosomal pattern in trisomy 13
Identify the physical characteristics and chromosomal pattern in trisomy 18
Recognize the physical characteristics and chromosomal pattern of sex
chromosome aneuploidy
Know fetal and placental manifestations of triploidy
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A 21-day-old Lebanese female infant presents with fever, cough, and dyspnea of
several days duration. She was born at term with a birthweight of 2.6 kg after an
uncomplicated pregnancy. Her healthy parents are first cousins. The mother has
had two miscarriages in the past and had one child who died of leukemia. Physical
examination of the infant at admission is remarkable for respiratory distress and
crackles over the lung fields. Antibiotic therapy is started after obtaining blood,
urine, and respiratory cultures. A chest radiograph at admission shows multiple
rounded nodular opacities scattered within both lungs, raising the suspicion of
fungal pneumonia (Figure 1).
Figure 1
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The infant's respiratory condition progressively deteriorates necessitating assisted
ventilation. Computed tomography of the chest shows multiple bilateral
pulmonary nodules mainly in a subpleural location and left hilar lymphadenopathy
(Figure 2).
Figure 2
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Blood count shows a white blood cell count of 18,700/µL (18,700 × 10 9/L) with
40% neutrophils, 50% lymphocytes, and normal hemoglobin, platelets, and
peripheral smear. Several blood cultures show no bacterial or fungal growth.
Human immunodeficiency virus serology and gastric aspirate for acid-fast bacilli
are negative. A sweat chloride test, serum immunoglobulins (IgG, IgA, IgM), B and
T lymphocyte phenotyping with monoclonal antibodies, and complement C3, C4,
and CH50 are normal. Aspergillus fumigatus is isolated from bronchoalveolar
lavage fluid and lung biopsy.
Of the following, the test MOST likely to confirm the infant's diagnosis is:
Candida albicans intradermal skin test
IgG subclass measurement
Leukocyte CD18 expression on flow cytometry
Nitroblue tetrazolium test
Quantification of myeloperoxidase activity
You selected

, the correct answer is

.
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The infant in this vignette has chronic granulomatous disease (CGD). Several clues
in the history and clinical presentation of this infant suggest this diagnosis:
nodular pulmonary infiltrates
isolation of an unusual opportunistic catalase-positive organism in the
absence of other predisposing factors
history of consanguinity in the parents and several pregnancy losses in the
mother
Chronic granulomatous disease is characterized by a defective or absent
phagocyte respiratory burst in both polymorphonuclear and mononuclear
phagocytes. Absence of the respiratory burst results in failure to produce reactive
oxygen metabolites and hydrogen peroxide (H2O 2). Microbicidal activity against
catalase-positive bacteria and fungi is defective, resulting in recurrent lifethreatening infections with these organisms. Diagnosis can be made using the
nitroblue tetrazolium test or a quantitative test of the respiratory burst
(superoxide assay or H2O 2 assay).
The immune system has two major components: innate and
adaptive immunity. The former is a phylogenetically more
primitive system that responds without the requirement of
prior exposure. The functional components of innate immunity
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include cellular components as well as circulating and
secreted proteins. The adaptive immune response contrasts
with the innate system in its specificity which is directed at
the inducing antigen (eg, microorganism). The central players
in this system are T and B lymphocytes, each expressing
antigen-specific receptors (Figure 3).
Figure 3: Cells involved in the immune response separated into those involved
primarily in the innate response and those in the adaptive response

Primary immune deficiencies are categorized according to the abnormalities
within the immune system.
The primary immune deficiencies resulting from defects in T-lymphocyte function
are characterized by increased susceptibility to infections produced by
opportunistic organisms, including cytomegalovirus (CMV), Candida species, and
Pneumocystis jiroveci. Important T-lymphocyte disorders include:
Severe combined immunodeficiency (SCID) characterized by presentation in
infancy with failure to thrive, chronic diarrhea, recurrent opportunistic
infections, and lymphopenia. However, a normal lymphocyte count does not
exclude SCID.
DiGeorge syndrome characterized by variable disruption of development of
parathyroid glands, great vessels, heart, and thymus. Most patients have a
hemizygous deletion of 22q11.2; a normal karyotype does not rule out this
diagnosis.
X-linked hyper-IgM syndrome characterized by defective signaling between T
and B lymphocytes resulting in a decreased ability to produce IgG, IgA, or
IgE and a clinical history of recurrent sinopulmonary infections with
encapsulated bacteria, a phenotype very similar to conventional antibody
deficiencies. The risk of infection with other opportunistic organisms
including P jiroveci, CMV, Cryptococcus, and Mycobacterium is also
increased.
Wiskott-Aldrich syndrome, an X-linked disorder featuring the triad of
eczema, thrombocytopenia, and immunodeficiency.
Ataxia-telangiectasia, a complex autosomal recessive disorder associated
with neurologic, cutaneous, and endocrine abnormalities in addition to
immunologic dysfunction.
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The primary immune deficiencies resulting from defects in B-lymphocyte function
are the most common immune disorders. The typical clinical presentation is
recurrent sinopulmonary infections with encapsulated bacteria, including
Streptococcus pneumoniae and Haemophilus influenzae. The clinical
manifestations typically do not appear until 4 to 6 months of age due to initial
protection afforded by maternal IgG transferred to the fetus in utero during the
third trimester. All congenital agammaglobulinemia disorders are associated with
very low to absent B-lymphocyte numbers and serum Ig (IgG, IgA, IgM, IgE)
concentrations. The primary antibody deficiencies seen in early childhood include:
X-linked agammaglobulinemia (Bruton agammaglobulinemia)
Autosomal recessive hypogammaglobulinemias
Common variable immunodeficiency, the most common clinically significant
antibody deficiency that may present during childhood, but most often
diagnosed in adulthood.
IgA deficiency, the most common primary immunodeficiency, having an
incidence as high as 1 in 600 people; however, only a small proportion of
patients who have this defect have recurrent infections.
The primary immune deficiencies resulting from defects in the innate immune
system are far less common than those affecting adaptive immunity. These
primary immune deficiencies include:
CGD, a phagocytic cell disorder associated with a defect in oxidative
metabolism. Four underlying genetic defects produce CGD, and all result in
the inhibition of a specific enzyme complex (reduced form of nicotinamide
adenine dinucleotide phosphate [NADPH] oxidase) that impairs killing of
certain microbes within the cell. The most frequent form of CGD is inherited
as an X-linked disorder (70%); the other three forms are autosomal
recessive disorders (30%). CGD is diagnosed by demonstrating defective
oxidase activity in granulocytes by using either the dihydrorhodamine flow
cytometry test or the nitroblue tetrazolium test. The clinical findings include
recurrent infections by a selected group of catalase-positive bacteria and
fungi (Staphylococcus aureus, Burkholderia cepacia, Serratia, Nocardia,
Aspergillus, and Candida). The most common infections are deep abscesses,
pneumonia, lymphadenitis, osteomyelitis, and systemic infection.
Myeloperoxidase (MPO) deficiency, a disorder of oxidative metabolism, is
one of the most common inherited disorders of phagocytes. Partial or
complete MPO deficiency leads to diminished production of hypochlorous
acid (HOCl) and HOCl-derived chloramines. The deficiency in HOCl leads to
early depression of in vitro killing of bacteria, which normalizes after 1 hour
of incubation. MPO deficiency usually is clinically silent. Rarely, patients may
have disseminated candidiasis.
Leukocyte adhesion deficiency-1 (LAD-1) and -2 (LAD-2), rare autosomal
recessive disorders, characterized by recurrent bacterial and fungal
infections and depressed inflammatory responses despite striking blood
neutrophilia. LAD-1 is caused by a defect in the adhesion molecule CD18
preventing or decreasing the tight adhesion of leukocytes to the vascular
endothelium. The diagnosis of LAD1 is established by using flow cytometry to
demonstrate decrease or absence of CD18 expression on leukocytes. The
clinical presentation includes delayed separation of the umbilical cord,
persistent leukocytosis, gingivitis, and periodontitis. Recurrent infections
with S aureus and gram-negative bacilli typically affect the skin, lungs,
gastrointestinal tract, and perirectal area.
Chediak Higashi syndrome (CHS), a rare autosomal recessive disorder
characterized by increased susceptibility to infection owing to defective
degranulation of neutrophils, a mild bleeding diathesis, partial
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oculocutaneous albinism, progressive peripheral neuropathy, and a tendency
to develop a life-threatening lymphomalike syndrome. The diagnosis of CHS
is established by finding large inclusions in all nucleated blood cells.
Complement deficiencies represent the least common of all primary immune
deficiencies. They are inherited as autosomal recessive disorders.
Deficiencies affecting the early components (C1 through C4) of the classic
complement pathway often present with recurrent sinopulmonary infections
due to encapsulated bacteria and are associated with an increased incidence
of systemic autoimmune disease. Deficiencies affecting the terminal
components (C5 through C9) of the complement cascade are associated with
recurrent Neisseria infections and an increased risk of meningitis. These
conditions are screened for by observing the absence of complement activity
in the total hemolytic complement assay (CH50).
Evaluation of immune function should be initiated for children with clinical
manifestations of a specific immune disorder or with unusual, chronic, or
recurrent infections, such as
two or more systemic or serious bacterial infections (eg, sepsis,
osteomyelitis, or meningitis)
three or more serious respiratory or documented bacterial soft tissue
infections (eg, cellulitis, draining otitis media, or lymphadenitis) within 1
year
infections occurring at unusual sites (eg, liver or brain abscess)
infections with unusual pathogens (eg, Aspergillus, Serratia marcescens,
Nocardia, or B cepacia)
infections with common childhood pathogens but of unusual severity
The initial evaluation of immunocompetence includes a thorough history, physical
examination, and family history. Most immunologic defects can be excluded at
minimal cost with the proper choice of screening tests. A complete blood count,
manual differential count, and erythrocyte sedimentation rate (ESR) are among
the most cost-effective screening tests. If the ESR is normal, chronic bacterial or
fungal infection is unlikely. If an infant's neutrophil count is persistently elevated
in the absence of any signs of infection, LAD should be suspected. If the absolute
neutrophil count is normal, congenital and acquired neutropenia and leukocyte
adhesion defects are excluded. If the absolute lymphocyte count is normal, the
patient is not likely to have a severe T-cell defect. Examination of red cells for
Howell-Jolly bodies helps exclude congenital asplenia. If the platelet count is
normal or platelet size is normal, Wiskott-Aldrich syndrome is excluded. Patients
with significant or permanent B-cell defects do not produce IgM, IgG, or IgA
antibodies. IgG subclass measurements are seldom helpful in assessing immune
function because it is difficult to discern the biologic significance of the various
mild to moderate deficiencies of IgG subclasses. Most patients with impaired
cellular immunity will have either reduced T-cell numbers or abnormal T-cell
function, or both. T-cell numbers are easily quantitated using flow cytometry.
Cutaneous delayed hypersensitivity test is easily performed for evaluating T-cell
function. Because cutaneous delayed hypersensitivity responses are absent in
normal infants, testing for delayed hypersensitivity is not useful in this group of
patients.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Understand the function of B lymphocytes
Understand the consequences of immunoglobulin deficiencies
Know the laboratory methods (nitroblue tetrazolium, quantitation of
immunoglobulins M, quantitation of immunoglobulins G) for diagnosing immune
deficiencies
Know the function of T lymphocytes
Recognize the clinical and laboratory manifestations of T-cell function
Know the consequences of leukocyte defects of chemotaxis, phagocytosis, or
quantitative killing
Know how to evaluate the function of neutrophils
Know the consequences of defects in the complement system
Know the role of complement in host defense
Be aware of the clinical features and differential diagnosis of neonates with
immune deficiencies
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A 21-day-old female infant, whose birthweight was 790 g and estimated gestational
age at birth 25 weeks, has abdominal distension, persistent gastric residuals, and
bloody stools. She also has lethargy, apnea, temperature instability, and poor skin
perfusion. She has been receiving full enteral feeds of a fortified infant formula by
orogastric gavage. She is breathing spontaneously and requires a fraction of inspired
oxygen of 0.28 to maintain normal oxygen saturation. Her prior clinical course has
included brief mechanical ventilation, umbilical arterial catheterization, indomethacin
treatment for symptomatic patent ductus arteriosus, and antibiotic treatment for
coagulase-negative staphylococcal sepsis. Laboratory blood tests are noncontributory.
An abdominal radiograph reveals diffuse pneumatosis intestinalis (Figure 1).
Figure 1: Abdominal radiograph showing diffuse pneumatosis intestinalis.
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Of the following, the primary event in the pathogenesis of the disorder in this infant is
MOST likely to be:
enteral feeding
intestinal inflammation
mesenteric thromboembolism
microbial invasion
mucosal breakdown
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

The infant in this vignette has clinical and radiographic manifestations of necrotizing
enterocolitis (NEC). The primary event in the pathogenesis of NEC most commonly is
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mucosal breakdown from ischemic necrosis (Figure 2).
Figure 2: Microscopic section of small intestine showing mucosal necrosis and
intramural gas bubbles.

The ischemia may result from impairment in the extrinsic and/or intrinsic
vasoregulation of the gut. The extrinsic vasoregulation integrates the circulation of the
gut with systemic cardiovascular reflexes, such as the diving reflex. This reflex, named
after the physiologic changes in circulation observed in seals during diving, may occur
in neonates who experience periods of hypoxemia during which the blood is diverted
preferentially to the heart, adrenal glands, and brain, to the detriment of other organs,
including the gut. The intrinsic vasoregulation of the gut reflects changes in blood flow
mediated by local vasoconstrictors and vasodilators in response to changes in gut
perfusion and oxygenation. This intrinsic vasoregulation of the gut may be impaired in
preterm neonates-the infants most at risk for NEC-from immaturity of the
vasoregulatory mechanisms.
Necrotizing enterocolitis occurs more often in preterm neonates who are receiving or
have received enteral feedings than in those who have never been fed enterally.
Several factors related to enteral feeding have been implicated in the pathogenesis of
NEC. These factors include:
the type of feeding (human milk versus infant formula)
mode of feeding (gastric versus transpyloric, continuous versus intermittent)
progression of feeding (use of gut priming with initial trophic feeds, rate of increase in feeding
volumes)
osmolality of milk as well as of additives, including fortifying nutrients and
enterally administered medications
Whereas the protective properties of human milk in the prevention of NEC have
been established, the specific contribution of each of these factors in the
pathogenesis of NEC warrants further research for confirmation.
Microbes within the intestinal lumen may be translocated
across the intestinal barrier that is disrupted by mucosal
breakdown from ischemic necrosis. Such microbial invasion,
therefore, is likely to represent a secondary event that
follows the loss of integrity of the intestinal barrier. Several
microbes have been implicated in the pathogenesis of NEC
and include Escherichia coli, Klebsiella species, Enterobacter
species, Pseudomonas species, Salmonella species, and
Clostridium species as well as Coronavirus, Rotavirus, and
enteroviruses. The role of microbial infection in the pathogenesis of NEC is
suggested by the demonstration of outbreaks of NEC, interruption of such
outbreaks by infection control measures, and potential prevention of NEC with
oral antimicrobial agents. Nonetheless, no single enteric microbial pathogen has
been isolated consistently from each outbreak of NEC. Moreover, not every infant
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colonized with the offending pathogen during an outbreak manifests symptoms
and signs of NEC. Thus, the concept that NEC is a contagious disease needs
confirmation by further research.
Intestinal inflammation represents a secondary response to ischemic necrosis
and microbial pathogens. The microbes translocated across the disrupted
intestinal barrier activate submucosal macrophages, which in turn release several
inflammatory mediators. These mediators include tumor necrosis factor-a,
interleukin (IL)-1, IL-6, IL-8, IL-10, platelet activating factor, interferon-?, and
nitric oxide (NO). Overproduction of these inflammatory mediators, particularly
NO, can have profound cytopathic effects on the gut epithelium and contribute to
the pathogenesis of NEC.
Mesenteric thromboembolism from factors such as umbilical arterial
catheterization, polycythemia-hyperviscosity syndrome, and disorders of
hypercoagulation may cause infarction of the gut. In most infants with NEC,
however, no occlusion of large mesenteric arteries can be identified. The
infarction resulting from mesenteric thromboembolism typically is confined to the
part of the gut that lies within the tissue distribution of the affected blood vessel.
In contrast, the ischemic necrosis in NEC tends to affect multiple, random sites
within the gut. The most common site of involvement in NEC is the ileocolic
region, because of the remoteness of the ileocolic arterial branches from the main
blood supply of the superior mesenteric artery. In about half the cases, the
necrosis involves both the small and large intestine; continuous or discontinuous
involvement occurs in approximately equal proportions. The necrosis may extend
along the longitudinal axis of the gut, or it may extend transmurally. The former
accounts for more widespread disease, whereas the latter predisposes the gut to
perforation. The perforation tends to occur at the junction between normal and
necrotic gut, but it may appear in the midst of a devitalized region, and
sometimes at more than one site.
In summary, mucosal breakdown from ischemic necrosis is the primary event in
most cases of NEC. The resultant loss of integrity of the intestinal barrier triggers
a cascade of events including microbial invasion and intestinal inflammation,
which contribute to the pathogenesis of NEC.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
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American Board of Pediatrics Content Specification(s):
Understand the pathophysiology of necrotizing enterocolitis (NEC)
Understand the clinical manifestations of NEC
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Understand the laboratory and radiographic findings in NEC
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A 1540-g female infant was delivered at 30 weeks' gestation. The pregnancy was
complicated by metastatic maternal melanoma, diagnosed in the first trimester.
During the pregnancy, the mother underwent surgical resection of her tumor,
followed by radiation therapy for recurrent disease. However, the melanoma
progressed rapidly, and an elective cesarean section was performed before term to
expedite maternal chemotherapy. Examination of the placenta revealed a
microscopic focus of metastatic melanoma involving the maternal intervillous
space.
Of the following, the MOST accurate statement regarding malignancy in pregnancy
is that:

11

Malignancy during pregnancy is a rare event.
Maternal-fetal transmission of tumor cells is common.
Melanoma is the most common malignancy observed during pregnancy.
Melanoma is the most likely malignancy to metastasize to the placenta.
The prognosis for neonates born to mothers with placental involvement is poor.
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Cancer is not uncommon among women of childbearing age, and remains a
leading cause of death for women aged 35 to 54 years. As a result, approximately
1 in 1,000 pregnancies will be complicated by maternal malignancy. Carcinomas of
the breast and cervix account for approximately 50% of gestational malignancies,
while melanoma represents approximately 8%. Other cancers frequently observed
include lung cancer, lymphoma, and leukemia.
Placental metastases have been reported with nearly all types
of cancer, but remain a rare event, with fewer than 100 cases
reported in the literature. Melanoma is the most likely
malignancy to metastasize to the placenta (30% of cases of
placental metastases), followed by malignancies of the breast
(18%) and the hematopoietic malignancies (13%).
Immunologic rejection of tumor cells, uteroplacental
circulatory mechanisms, or a protective role of the trophoblast
are possible explanations for the limited establishment of
metastatic foci in the placenta.
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The prognosis for infants born to mothers with metastatic carcinomas involving
the placenta is favorable. Maternal-fetal transmission of tumor cells is rare,
occurring in only 17% of cases with placental involvement. Melanoma accounts for
over 50% of cases metastasizing to the fetus. Lung carcinoma and hematopoietic
malignancies are the only other cancers reported to affect the fetus. Advances in
cytogenetic tumor analysis using cellular DNA markers permit discrimination
between maternal and fetal cells, and enable confirmation of the maternal origin
of the tumor. With many cases involving gross placental lesions resulting in no
fetal metastases, placental tumor burden is unlikely to be sufficient for fetal
disease. Likewise, only microscopic evidence of placental disease has been seen in
many cases involving fetal metastases. The ability of the fetus to eliminate
metastatic cells may play a role as well, given that tumor cells have been
recovered from cord blood samples of infants who did not develop disease. Fetal
acquisition of disease may result from tolerance to metastatic cells, induced by
exposure to tumor antigens before the developing immune system is capable of
responding. In fact, women presenting with metastatic disease in the first
trimester have a greater risk for placental-fetal transfer of tumor cells.
In the rare event that tumor cells are transmitted through the maternal-fetal
route, the prognosis for the infant is poor, with a mortality risk of up to 75%. In
the infant, the liver and the subcutaneous tissue are the most common sites of
presentation of maternal metastases, with a mean age at presentation of 4
months. Exposed neonates without evidence of disease at birth should be
considered high risk and rigorously followed.
Do you want to add anything to your Learning Plan?
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feature.)
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Understand the effect of malignancy (maternal/placental/fetal) and its treatment
on the fetus
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A 29-year-old primiparous woman contracts toxoplasmosis by eating poorly
cooked elk during her 21 st week of pregnancy. The pregnancy is otherwise
uncomplicated and she receives an appropriate course of treatment. To address
the concern regarding potential fetal infection, her obstetrician obtains an
amniotic fluid sample to test for Toxoplasma gondii using polymerase chain
reaction (PCR). The mother would like to know how this works.
You explain that PCR is a method of amplifying or copying specific fragments of
DNA (in this case, DNA unique to T gondii) to a billion times the original amount,
producing enough to identify the specific infection. This amplification is
accomplished with a test tube reaction in which five ingredients are added:
DNA template extracted from the amniotic fluid
Two primers (synthetic DNA fragments of 18 to 25 bases that are each
complementary to one of the strands of the T gondii DNA)
Taq polymerase, a DNA polymerase obtained from a bacterium
Deoxynucleotide triphosphates, the substrates for DNA synthesis
Buffer
The whole mixture comprises 0.1 mL or less. Taq polymerase is utilized for its
unique properties.
Of the following, a KEY property of Taq polymerase enzyme that makes it desirable
for PCR is that it:

denatures at 100°C
elongates the 5' end of the DNA primer
has rapid rate of DNA replication
is active over a wide pH range
shows extreme fidelity in DNA replication
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Deoxyribonucleic acid (DNA) is made of up of a long polymer
of nucleotides. The backbone of the polymer is made up of
repeating sequences of deoxyribose and phosphate. Each
deoxyribose also has a base attached to it as a side chain.
There are four natural nucleotides, each representing a symbol
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of the genetic code. This code dictates the structure of new
DNA (replication), of RNA as it is synthesized as a mirror
image to a strand of DNA (transcription), and subsequently of
protein as it is synthesized from the RNA code (translation).
The four "symbols" encoded into DNA are adenine (A), guanine (G), cytosine (C),
and thymine (T). Adenine and guanine are purine bases; cytosine and thymine are
pyrimidine bases. Adenine complements thymine, forming a stable complex with
hydrogen bonds connecting one strand of DNA to its opposite. Guanine is
complementary to cytosine in similar fashion. These pairs of complementary bases
form "rungs" of the spiral ladder of DNA. (See:
http://www.biologycorner.com/resources/DNA-colored.gif ).
Because they are held together by weak hydrogen bonds, heating DNA breaks
these bonds and separates (melts or denatures) the double helix into single
strands. This property of DNA is used in the PCR process.
The mixture described in this vignette (DNA template, primers, Taq polymerase,
substrate nucleotides, and buffer) is put together and placed in a temperature
cycling apparatus. A typical protocol follows. The mixture is heated to 94° C to
96°C initially for 5 minutes to ensure complete denaturation of any native (doublehelix) DNA. In subsequent cycles this process takes about 30 seconds. Taq
polymerase is not denatured at these temperatures (see below). The temperature
is then lowered to 45°C to 60°C for 30 seconds to allow the DNA primers to bind
specifically (anneal) to the beginning and end of the template DNA section
targeted for copying. Because the primers are small, they tend to anneal to the
templates faster than the templates reanneal to each other. Then the temperature
is raised to 72°C to allow the Taq polymerase to elongate the 3' end of the
annealed primers, reproducing Toxoplasma DNA. This step takes about 45
seconds. Then the cycle is repeated. Each cycle takes about 2 minutes and 25 to 30
cycles are repeated to amplify the original parasite DNA a billion times. (See:
http://www.web-books.com/MoBio/Free/images/Ch9E1.gif ).
The amplified DNA is then confirmed to be that of the organism by one of several
techniques. Conventional detection techniques can find as few as 1,000 parasites
in the original unknown sample, but improvements have been described that
increase the sensitivity of the procedure so that even one parasite could be
detected.
Taq polymerase is derived from the bacterium, Thermus aquaticus, which was
discovered to be living in the geysers at Yellowstone National Park. These bacteria
survive environmental temperatures higher than 110°C. Taq polymerase is used in
PCR for two of its unique characteristics. First, this DNA polymerase is stable at
the high temperatures required in PCR cycles, but it functions optimally around
72°C and within a narrow pH range (8.3-9.0). It elongates a short strand of DNA
annealed to a template from the 3' end. Second, this polymerase does not have a
3' to 5' exonuclease function in addition to its polymerase function. This particular
exonuclease function represents a typical, but separate, domain of many other
natural DNA polymerases. It has been shown to excise nucleotides (be they wellmatched or mismatched with the complementary DNA strand) from newly
synthesized DNA. The rate of removal, however, is about 40 times faster for
mismatched bases than for matched ones. This exonuclease activity, therefore, is
known as an editor. It reduces the incidence of point mutations during DNA
replication, but it also reduces the net rate of DNA synthesis and makes that
synthesis inefficient, because many substrate nucleotide molecules are consumed
in the process of elongating a DNA strand by only one nucleotide. Without this
editor activity to slow it down, Taq polymerase is fast and efficient, but less
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accurate than other DNA polymerases. If accuracy is an important factor in a
particular application, another polymerase would be chosen. For PCR, however,
Taq polymerase is the "perfect choice."
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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A 33-year-old woman developed a flulike illness about a month before she
discovered that she was pregnant. Based on early ultrasound estimates of fetal
maturity, the obstetrician believed that the illness started before the beginning of
the third week after conception. Because she had taken care of a friend's stray cat
with kittens about a week before the onset, she was tested for toxoplasmosis, and
the tests confirmed acute infection. She received a full course of treatment with
pyrimethamine and sulfadiazole along with leucovorin supplements after the
diagnosis was confirmed. She was worried about her pregnancy and wished to get
an estimate of the risk of infection to her fetus.
Of the following, the risk of infection MOST likely to apply to such a fetus would
be:
0% to 10%
15% to 25%
30% to 40%
45% to 55%
60% to 70%
You selected

, the correct answer is

.
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The incidence of congenital infection with Toxoplasma gondii has been estimated
to be between 1 in 1,000 and 1 in 10,000 births in the United States. This parasite
can infect most warm-blooded animals, but the definitive host is the cat.
Toxoplasma oocysts have been found in the feces of up to 12% of domestic cats in
the United States. The rate in other countries varies from 1% to 55%. Kittens are
more likely to excrete Toxoplasma oocysts than are adult animals.
Congenital toxoplasmosis appears in several forms. Most
cases (70%-90%) are asymptomatic at birth. However, some
of these will go on to develop visual difficulties, learning
problems, or mental retardation months to years later. Of the
remaining cases, some are born with a systemic form of the
disease, including maculopapular rash, lymphadenopathy,
hepatosplenomegaly, thrombocytopenia, and jaundice. In
other cases, the central nervous system is affected by
meningoencephalitis, intracranial calcifications,
hydrocephalus, microcephaly, chorioretinitis, seizure disorder, and/or deafness.
The infection also can be fatal before birth or shortly after.
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The magnitude of the risk to the fetus of transmission of primary maternal
toxoplasmosis depends on the time during pregnancy when the mother becomes
infected. Although particular estimates vary, the general rule is that the later in
pregnancy the primary infection occurs, the higher the rate of transmission
(Figure 1).
Figure 1

In addition, the type or severity of congenital infection depends on the timing of
the primary maternal infection. Infections before the pregnancy are harmless if
the mother has a competent immune system. Those occurring during the early part
of the first trimester are associated with a very low (<1.8%) incidence of fetal
infection (low risk). The highest risk for adverse fetal outcome is when the
pregnant woman becomes infected during the10 th to 24 th week of gestation.
During that period the chance of transmission is moderate (approximately 4%24%), but the severity tends to be the highest. After the 24 th week, although the
incidence of infection continues to rise, these infections tend to be subclinical.
Treatment of the infected pregnant woman can reduce the incidence and severity
of fetal and congenital toxoplasmosis (Figure 2).
Figure 2
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Given the very low risk in the situation described in the vignette, it would be
reasonable to expect a good outcome. However, with the increased anxiety posed
by even a small risk, additional reassurance could be obtained with periodic
ultrasound examination of the fetus for signs of central nervous system or
systemic disease and/or amniotic fluid examination for T gondii using polymerase
chain reaction.
Do you want to add anything to your Learning Plan?
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American Board of Pediatrics Content Specification(s):
Understand the epidemiology, pathogenesis, and prevention of perinatal infections
with toxoplasmosis
Understand the clinical manifestations and diagnostic criteria of perinatal
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infections with toxoplasmosis
Understand the treatment and complications of perinatal infections with
toxoplasmosis
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You are evaluating an infant for poor feeding and drooling. You are unable to elicit
a gag reflex by placing a gloved finger in the infant's mouth and stimulating the
posterior tongue and pharyngeal wall.
Of the following, the cranial nerves MOST important in the gag reflex are:

VII and IX
IX and X
X and XI
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
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Twelve pairs of cranial nerves (CNs), numbered I through XII from rostral to
caudal, emerge from the base of the brain. They are called CNs because they
emerge through fissures or foramina in the cranium, and because they are covered
with sheaths derived from the cranial meninges.
The gag reflex may be tested by inserting a gloved finger or
tongue blade into the mouth, touching the posterior
pharyngeal wall, and inspecting movement of the soft palate.
The gag reflex, like all reflexes, requires an intact sensory and
motor limb. The sensory limb of the gag reflex is mediated by
the glossopharyngeal nerve, CN IX, which provides sensory
fibers from the posterior part of the tongue and pharynx down
to the level of the larynx. The motor limb of the gag reflex is
mediated by the vagus nerve, CN X, which provides motor
fibers to the palate elevator and pharyngeal constrictor muscles.
Cranial nerves IX and X exit the brainstem closely together (Figure).
Figure: Inferior view of brain and cranial nerves (CNs) involved in gag reflex.
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The lack of a gag reflex in a newborn infant may indicate abnormalities of the
neural pathways involving CN IX and CN X.
Cranial nerve III, the oculomotor nerve, provides motor fibers to the striated
muscles of four of the six extraocular muscles (superior rectus, medial rectus,
inferior rectus, and inferior oblique) and superior eyelid (levator palpebrae
superioris). CN III does not play a role in the gag reflex.
Cranial nerve V, the trigeminal nerve, has three branches: ophthalmic, maxillary,
and mandibular. Motor fibers of the mandibular nerve supply the muscles of
mastication: masseter, medial and lateral pterygoid, temporalis, mylohyoid, and
anterior belly of digastric muscles. CN V does not play a role in the gag reflex.
Cranial nerve VII, the facial nerve, supplies motor fibers to the face. CN VII exits
the skull at the stylomastoid foramen and its main trunk forms the intraparotid
nerve plexus. Five terminal motor branches of CN VII are located in the superficial
fascia of the head and neck and supply the muscles of facial expression. The five
branches of CN VII are the temporal, zygomatic, buccal, marginal mandibular, and
cervical nerves. CN VII does not play a role in the gag reflex.
Cranial nerve XI, the accessory nerve, is unique because it originates from both
the brainstem and spinal cord. The brainstem root of CN XI provides motor fibers
to the voluntary muscles of the pharynx, larynx, and soft palate. The spinal root of
CN XI provides motor fibers to the sternocleidomastoid muscle. CN XI does not
play a role in the gag reflex.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
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Recognize the features of cranial nerve palsies
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The infant depicted in Figures 1, 2, 3, and 4 was transferred for management of severe respiratory failure. The pregnancy,
labor, and delivery were uncomplicated. Antenatal testing and sonography had been declined. The infant died despite
intensive medical management.
Figure 1: Face and head of the infant in the vignette.
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Figure 2: Frontal image of the face, head, torso, and extremities of the infant in the vignette.

Figure 3: Right hand and feet of the infant in the vignette.

Figure 4: Autopsy of the infant in the vignette showing the intestines and left lope of the liver herniated into the left chest.
The heart is located in the right thorax and lungs are hypoplastic.

Of the following disorders, the MOST likely diagnosis in this infant is:
Apert syndrome
craniofrontonasal dysplasia
Crouzon syndrome
Pfeiffer syndrome
Saethre-Chotzen syndrome
You selected

, the correct answer is
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Abnormal head shapes and sizes that are present at birth are often caused by extracranial pressure or trauma (such as
molding, caput succedaneum, cephalohematoma, subgaleal hemorrhage, and skull fractures) and central nervous system
disorders (such as hydrocephalus, macrencephaly, anencephaly, microcephaly, tumors, vascular lesions, and
encephaloceles). Heads of infants also may be misshapen because of craniosynostosis or deformational plagiocephaly.
Craniosynostosis results from premature closure of the sutures of the skull and is often accompanied by facial
dysmorphism. When multiple sutures are fused, increased intracranial pressure and neurocognitive impairment may occur.
Surgical intervention may be indicated.
Craniosynostosis is classified in a number of ways. It may be categorized as either primary or
secondary. Primary craniosynostosis results from premature closure of one or more sutures without a
known precipitating systemic illness. In contrast, secondary craniosynostosis is associated with
systemic factors that alter the membranous growth of the cranial bones (eg, rickets, hyperthyroidism,
glycogen storage disease, polycythemia vera, thalassemia, teratogens, intrauterine constraint).
Craniosynostosis also may be classified by the presence or absence of associated congenital anomalies.
Nonsyndromic, or simple, craniosynostosis occurs when there is isolated fusion of one or more cranial
sutures. Approximately 0.34 to 0.40 per 1,000 live births are affected by nonsyndromic
craniosynostosis. The most commonly affected sutures are the sagittal (55% of cases, 3:1 male
predominance) and coronal (25% of cases, slight female predilection) sutures. Multiple suture synostosis occurs in 15% of
cases. Metopic and lambdoidal synostosis are unusual. Although most cases of nonsyndromic synostosis are sporadic, 10%
of coronal and 2% of sagittal synostosis cases are familial. Syndromic craniosynostosis is defined by the presence of
closed sutures, facial dysmorphism, skeletal abnormalities, and extraskeletal malformations. The prevalence of syndromic
craniosynostosis is estimated to be a fraction of craniosynostosis cases (10% to 20%).
The neurocranium is composed of tissues derived from mesoderm and neural crest cells. The membranous neurocranium,
or the bones and sutures of the skull, and cartilaginous neurocranium, or the bones that form the base of the cranium
(such as the occipital, sphenoid, ethmoid, temporal, and ear ossicles) are derived from mesodermal embryonic cells.
Sutures allow for growth of both the brain and cranium and, in humans, molding during vaginal delivery.
The development, differentiation, and pathobiology of the membranous neurocranium that leads to craniosynostosis are
not well understood. The cranial bones are derived from bony spicules in five primary ossification centers located in the
paired frontal and parietal centers, and a single occipital center by membranous ossification. The ossification centers grow
in a radial direction with osteoblastic activity at the edges and osteoclastic activity within the center. The sutures develop
at the junction where two ossification centers meet, and fontanels form where more than two ossification centers come
together. The expansion of the brain, specifically the dura, stimulates growth of the cranial bones and sutures. The
mechanisms associated with dural stimulation, growth of the sutures, and development of craniosynostosis are complex,
and likely different in nonsyndromic and syndromic craniosynostosis. Molecular, cellular, and genetic studies have
implicated a number of factors important in this process. Examples include fibroblast growth factor receptors 1 through 3,
heparin-binding factors such as transforming growth factors beta 1 through 3, basic fibroblast growth factors, insulinlike
growth factor 1, osteocalcin, collagen types 1 and 3, and several genes (eg, fibroblast growth factor receptor genes 1
through 3, GLI3, MSX2, and TWIST).
The infant depicted in the vignette has brachyturricephaly (towering head) (Figures 1, 2, and 5), symmetric syndactyly of
the hands (mitten hands) and feet (sock toes) (Figure 3), and a left congenital diaphragmatic hernia (Figure 4) that is
consistent with a syndromic form of craniosynostosis. Symmetric polysyndactyly of the hands and feet, usually involving
the second, third, and fourth digits, and craniosynostosis affecting multiple sutures are distinguishing features of Apert
syndrome (Table, Figure 3).
Table. Craniosynostosis Syndromes
Features
Craniofacial

Apert Syndrome
Brachiturricephaly
Wide sagittal
suture vs large
anterior and
posterior
fontanels
Exorbitism (rare
orbital
subluxation)
Maxillary
hypoplasia
Mandibular
prognathism
Hypertelorism
Downslanting
palpebral fissures
Small nose
Cleft palate/high
arched and
narrow palate
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Craniofacial
Dysplasia
Brachycephaly
(coronal suture
synostosis)
Male:Female
difference (see
text)

Crouzon Syndrome
Brachiturricephaly
Exorbitism (prominent
with relatively
common orbital
subluxation)
Hypertelorism
Divergent strabismus
Maxillary hypoplasia
Curved parrotlike nose
Inverted V-shaped
palate

Pfeiffer Syndrome
Brachiturricephaly
Exorbitsm
Maxillary hypoplasia
Small, beaked nose
Type 1:
Craniosynostosis,
broad thumbs and
great toes, variable
syndactyly, normal
to near normal
mental function
Type 2: Cloverleaf
skull, severe ocular
proptosis, severe
CNS abnormalities,
elbow
ankylosis/synostosis,
broad thumbs and
great toes, various
infrequently
occurring anomalies
in other organ
systems, early
death
Type 3: Similar to

Saethre-Chotzen
Syndrome
Brachycephaly
Wide sagittal
vs large
anterior and
posterior
fontanels
Shallow orbits
Hypertelorism
Ptosis
Lacrimal duct
abnormalities
Prominent ear
crust
Small,
posteriorly
rotated ears
Low frontal
hairline
Maxillary
hypoplasia
with narrow
palate
Facial
asymmetry
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Hands,
feet, and
limbs

Syndactyly of the
hands and feet
(both cutaneous
and osseous,
symmetric)
Broad thumbs
and toes, valgus
positions

Other
common
features

Mental deficiency
Megencephaly
Agenesis of
corpus callosum
Hydrocephalusprogressive and
nonprogressive
Gyral and
hippocampal
abnormalities
Growth
deceleration
Fusion of C5-6

Occasional

Humerus short
with synostosis
with radius
Genu valga
Pyloric stensosis,
esophageal
atresia, ectopic
anus
Pulmonary
aplasia,
anomalous
tracheal cartilage,
congenital
diaphragmatic
hernia
Pulmonic
stenosis,
overriding aorta,
VSD or
endocardial
fibroelastosis
Polycystic kidney,
hydronephrosis,
bicornuate
uterus, vaginal
atresia,
cryptorchidism
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Females and
males:
Longitudinal
splitting of
nails,
syndactyly of
toes, broad
first toe,
clinodactyly
Females:
Syndactyly of
fingers

Females:
Telecanthus
Exotropia
Nystagmus
Strabismus
Hearing loss
Axillary
pterygium
Sprengel
deformity
Restricted joint
motion
Poland
sequence
Dry, curly hair
Females and
males: Cleft
lip/palate
Webbed neck
Mental
retardation
Males: Short
stature
Pectus
excavatum
Pseudoarthrosis
of clavicles
Brachydactyly
Pre- and
postaxial
polydactyly
Deviated distal
phalanges of
fingers and

type 2 but without
cloverleaf skull,
early death

Deviated nasal
septum

Normal

Variable and partial
syndactyly of the
fingers
Broad thumbs and
toes, valgus
positions

Syndactyly of
the hands and
feet
(cutaneous,
variable but
usually
partial)
Brachydactyly
Clinodactyly
Single palmar
crease
Short and
angulated,
fingerlike, or
flat thumbs
Broad great
toes, valgus
position
Limited elbow
mobility

Frontal bossing
Poor visual acuity
Optic atrophy
Nystagmus
Conductive hearing
loss

External auditory
canal and middle
ear abnormalities
with hearing loss

Short clavicles
with distal
hypoplasia

Mental deficiency
Hydrocephalus
Seizures
Agenesis of the corpus
callosum
Chiari I malformation
Syringomyelia
Keratoconus
Iris coloboma
Jugular foraminal
stenosis
Auditory meatus
atresia
Cleft lip/palate
Pulmonary valve
stenosis
Tracheobronchomalacia
Subluxation of radial
heads

Mental deficiency
Hydrocephalus
Seizures
Choanal atresia
Ocular anterior
chamber dysgenesis
Cartilaginous
trachea; laryngo-,
tracheo-, and
bronchomalacia
Kleeblattschadel
anomaly (cloverleaf
skull)
Rediohumeral
synostosis
Symphalangism of
index finger
Fused cervical
vertebra
Arnold-Chiari
malformation

Mental
deficiency
Increased
intracranial
pressure
Small stature
Cleft palate
Deafness
Radioulnar
synostosis
Cervical spine
and other
vertebral
anomalies
Short 4 th
metacarpals
Hallucal
reduplication
Duplicated
phalanges of
the great toe
Cyrptorchidism
Renal
anomalies
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toes
Wide space
between first
and second
toes
Hypospadias
Shawl scrotum
Diaphragmatic
hernia
Etiology

Fibroblast growth
factor receptor 2
mutation
(chromosome
10q25-10q26)

Gene defect on
Xp22

Fibroblast growth
factor receptor 2
mutation (chromosome
10q25- 10q26)

Fibroblast growth
factor receptor 1
(chromosome
8p11.22-p12) or
fibroblast growth
factor receptor 2
mutation
(chromosome
10q25-10q26)

TWIST gene
mutation
(chromosome
7-21-p22)

Prevalence

0.015/1,000 live
births

Rare

0.015/1,000 live births

0.0025/1,000 live
births

> 0.015/1,000
live births,
uncertain
estimate due
to variable
expression

Inheritance

Autosomal
dominant
Sporadic in
majority of cases
Association with
advanced
paternal age

X-linked
dominant

Autosomal dominant,
with variable
penetrance
Sporadic in 25% of
cases

Autosomal dominant
and sporadic (type
1)
Sporadic only (types
2 and 3)

Autosomal
dominant with
variable
expression

Of note, large anterior and posterior fontanels, a wide sagittal suture, and megencephaly are frequently found in Apert
syndrome. The presence of additional congenital anomalies affecting nonfacial structures, such as the congenital
diaphragmatic hernia in the infant in the vignette, is also more common with Apert syndrome than in other syndromes
associated with craniosynostosis. Physical features that may be shared with other craniosynostosis syndromes, especially
Pfeiffer and Crouzon syndromes, include brachiturricephaly, exorbitism, maxillary hypoplasia, and mandibular
prognathism. Cases of Apert syndrome are commonly sporadic, with a small percentage occurring due to autosomal
dominant inheritance. Older paternal age is a risk factor. The genetic defect involves the fibroblast growth factor receptor
2 gene located on chromosome 10q25-q26.
Craniofrontonasal dysplasia is a rare disorder that involves craniosynostosis of one or more sutures (Table). It is unique in
that female infants are more severely affected than male infants. Craniosynostosis, brachycephaly, and frontal bossing are
found in female infants. Male infants have hypertelorism but craniosynostosis is unusual. Facial features (hypertelorism,
asymmetry, broad nasal root, bifid nasal tip) and some limb anomalies (longitudinal splitting of nails, syndactyly of toes,
broad first toe, clinodactyly) are similar in males and females. Syndactyly of the fingers, however, is present in female
infants. Occasional abnormalities in noncraniofacial systems include diaphragmatic hernia, as seen in the infant in the
vignette. However, symmetric polysyndactyly is not seen in infants with craniofrontonasal dysplasia. The inheritance
pattern appears to be X-linked dominant; all daughters of affected males have been affected but no male-to-male
transmission has been reported. The gene defect is located on chromosome Xp22. The reason for the milder phenotype in
male infants is not known.

Figure 5a

Figure 5b

Figure 5c

Figure 5d

Infant with Apert
syndrome

Infant with Crouzon
syndrome

Infant with Pfeiffer syndrome type Infant with Pfeiffer syndrome type
1
2

Crouzon syndrome is the most frequently encountered craniosynostosis syndrome, with an incidence of approximately 1 in
25,000 births. Because signs and symptoms may not be present at birth but evolve during the first year, Crouzon syndrome
may go unrecognized initially whereas Apert syndrome is clinically evident at birth. Crouzon syndrome presents primarily
with craniofacial abnormalities (Table, Figure 5B). Skeletal and extraskeletal abnormalities are unusual. Craniosynostosis
of coronal, lambdoid, and sagittal sutures with palpable ridging accompanied by shallow orbits, prominent ocular
proptosis, and maxillary hypoplasia are the characteristic clinical features. Sagittal craniosynostosis is unusual. A curved
parrotlike nose and inverted V-shaped palate may accompany the maxillary hypoplasia. Strabismus, exposure
conjunctivitis, hypertelorism, visual loss, optic atrophy, and conductive hearing loss are also common features. Hands and
feet are normal. Hence, the infant in the vignette does not have Crouzon syndrome. Autosomal dominant inheritance with
variable expression characterizes this syndrome. New mutations account for only about 25% of cases, in contrast to Apert
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syndrome in which most cases are new mutations. The mutation involves the fibroblast growth factor receptor 2 gene
mapped to chromosome 10q25-10q26, similar to that found in Apert syndrome.
The clinical features of Pfeiffer syndrome are similar to those of Apert syndrome except for the presence of variable
syndactyly and less frequent association with noncraniofacial anomalies. Pfeiffer syndrome has been classified into three
clinical subtypes, each with different dominant features. Type 1 is characterized by craniosynostosis, broad thumbs and
great toes, variable syndactyly, and normal to near-normal mental function (Figure 5C). Type 2 is the most severe
phenotype with the poorest survival. Frequently associated anomalies include a cloverleaf skull, severe ocular proptosis,
central nervous system abnormalities, elbow ankylosis/synostosis, broad thumbs and great toes, various infrequently
occurring anomalies in other organ systems, and early death (Figure 5D). Type 3 is similar to type 2 but without a
cloverleaf skull. The inheritance pattern in type 1 is autosomal dominant, although sporadic gene mutations also occur.
Inheritance in type 2 and 3 is sporadic. More than one genetic defect has been identified in Pfeiffer syndrome. Mutations of
the fibroblast growth factor receptor 1 gene on chromosome 8p11.22-p12 and the fibroblast growth factor receptor 2 gene
on chromosome 10q25-q26 (like Apert and Crouzon syndromes) have been identified.
Saethre-Chotzen syndrome is characterized by asymmetric craniosynostosis, brachycephaly, plagiocephaly, shallow orbits
with rare orbital subluxation, maxillary hypoplasia, facial asymmetry, ptosis, prominent ear crust, posteriorly rotated and
small ears, low frontal hairline, long and pointed nose, variable soft tissue syndactyly of toes and fingers, brachydactyly,
short clavicles, and fusion of the second and third cervical vertebrae. The infant in the vignette has symmetric
polysyndactyly and craniofacial features that are not characteristic of Saethre-Chotzen syndrome. The inheritance pattern
is autosomal dominant. Mutations of the TWIST gene on chromosome 7p21-p22 are responsible for this disorder. The
extremely variable phenotypic expression accounts for many cases being unrecognized and an underestimation of its true
prevalence at birth.
Do you want to add anything to your Learning Plan?
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http://www.thecraniofacialcenter.org/pfeiffer.html
American Board of Pediatrics Content Specification(s):
Know the different factors that influence an infant's head shape
Recognize the clinical features of the syndromes associated with craniosynostosis
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A 1,500-g, 3-week-old infant, whose gestational age at birth was 30 weeks, is
being cared for in a convectively warmed and humidified incubator that is located
near the window. The air temperature within the incubator and the ambient
temperature of the nursery are kept constant. The infant is diapered, but not
clothed. A pattern develops where the infant's temperature is warmer during the
morning hours and cooler at night.
Of the following, the PRIMARY mechanism of heat exchange involved in this
infant's temperature excursions is:

conduction
evaporation
forced convection
natural convection
radiation
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Thermoregulation remains critical to the care of the neonate. As homeotherms,
infants strive to maintain an internal body temperature within a narrow range, and
must precisely balance heat loss and heat gain. The rate of heat loss is
proportional to the difference between the temperatures of the body surface and
environment. Heat production (metabolic rate) is evoked by the gradient between
body and environmental temperatures, and results in a measurable increase in
oxygen consumption. In a heat-losing environment, the competent infant can raise
the basal metabolic rate and maintain normothermia, but at a high metabolic cost
(increased oxygen consumption and acid production). Preterm infants have a
reduced capability to produce heat and are more vulnerable to cold stress,
demonstrating improved survival and growth when kept warmer. As a result, the
goal is to provide the neonate with the optimal thermal environment, as defined
as the range of ambient temperature at which the metabolic rate is at a minimum,
and at which thermal balance is achieved only by control of nonevaporative heat
loss.
Heat loss is driven by the difference in temperature between
the body surface and the entirety of its surrounding
environment. Heat exchange can only occur down a
temperature gradient, from a warmer object to an object of
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less warmth. The mechanisms of heat exchange are
conduction, convection (natural and forced), radiation, and
evaporation.
Conduction is the transfer of heat between contacting solid
objects of different temperature, with heat flow linearly
proportional to the temperature gradient, the area of contact, and the thermal
conductivity of the material. As examples, conductive heat loss occurs when an
infant is placed on a cold table or swaddled with blankets cooler than its skin
temperature.
Convective heat exchange occurs between a solid object and the liquid or gaseous
material in the surrounding environment. Natural convection refers to the skin-toair heat exchange, resulting from the temperature gradient between the skin
surface and the surrounding air. Convective heat losses increase as the surface
area of exposed skin increases. Forced convection is the result of exogenously
applied energy moving an air mass past the infant's skin, and is affected by the
rate of air movement. Reducing air movement or drafts reduces heat loss due to
forced convection.
Radiant heat loss is the transfer of infrared electromagnetic energy from one
object to another, in which there is no contact between the objects. Infants will
radiate heat down a temperature gradient to cooler objects in their surrounding
environment, such as the walls of the incubator or the windows and walls of the
nursery. The rate of irradiant heat loss is determined by the emissivity of each of
the radiant surfaces (ability to absorb and emit infrared radiation), the infant's
exposed body surface area, the absolute temperature gradient, and a radiant heat
transfer constant (Stefan-Boltzman constant).
Evaporation is the loss of body heat due to a moisture concentration differential
between the infant's skin and surrounding air. Specifically, the difference in the
partial pressure of water vapor, and not relative humidity, drives evaporative
water losses. Because vapor pressure rises with increased temperature, as long as
the infant's skin is warmer than the environment, evaporative losses can occur,
even at 100% relative humidity. With approximately 580 calories of body heat lost
with every milliliter of water that evaporates, significant heat loss can occur,
particularly for the extremely-low-gestational-age infant whose insensible water
losses are high. Keeping skin surfaces dry and providing a high ambient humidity
reduce evaporative heat losses.
Care practices to maintain thermal balance in the neonate, including modern
incubators, address the modes of heat transfer, and the net heat balance for the
infant is determined by the interplay of these environmental variables. The goal of
the incubator is to create a microclimate in which to care for the neonate. The
convection-warmed incubator consists of an optically transparent plastic hood,
with side and hand access ports, and a bed platform that the infant lays on. Warm
air is fan-forced over heaters, humidified, and circulated within the hood. Air
temperature may be controlled thermostatically to regulate either the air (aircontrol) or infant skin temperature (patient or servo-control).
The infant in this vignette is cared for in such an incubator, and still experiences
temperature excursions. The air is humidified to reduce evaporative heat
exchange, and the use of an insulated mattress minimizes conductive heat loss.
Also, the air temperature is kept constant, resulting in reduced natural convective
heat loss. In addition, the design of modern incubators is such that little air flows
in the area immediately surrounding the infant, thereby limiting heat loss due to
forced convection.
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Due to the influence of the generally cooler ambient air temperature of the
nursery, the incubator walls may be cooler than the warmed internal air, allowing
for radiant heat loss from the infant. The incubator walls subsequently reradiate
heat to surrounding cooler objects, such as the nursery walls and windows. As a
result, an infant in a warm incubator can get cold if the incubator walls are cold.
Furthermore, in the absence of any overt warming of the incubator walls, an infant
in an incubator can become overheated due to the radiant "greenhouse" effect.
The opaque plastic walls of the incubator behave like the glass in a greenhouse,
allowing short-wave light rays to pass easily and convey heat energy to the infant.
Long infrared rays (heat) are emitted by the infant and absorbed by the walls of
the incubator. As with the infant in this vignette, infants in incubators near
windows can become cold at night when the incubator walls radiate heat to the
night-chilled glass window panes. Likewise, the same infants can be overheated in
the morning, due to the radiant effect of the bright sunshine and the "greenhouse"
effect.
The use of double-walled incubators reduces radiant heat loss to the walls of the
incubator. Warmed air is circulated by forced convection between the two walls,
resulting in an inner wall temperature that is warmer than that of a single-walled
incubator. The effective reduced temperature gradient conserves radiant heat loss.
However, convective heat loss is higher in the double-walled incubator, as the air
temperature inside the incubator required to warm the infant is reduced. The use
of blankets, clothing, and additional humidity can minimize the effects of air
currents and convective loss.
The incubator's thermostat can be set to preserve either a desired skin
temperature or air temperature for the infant. Using skin temperature control, the
infant's temperature is kept constant, despite air temperature fluctuations
resulting from air currents, humidity, or radiant heat loss. In the air temperature
mode, in which a set air temperature is maintained, the infant must assume some
of the responsibility for thermal management, and adjust for fluctuations in
environmental variables. While both skin and air temperature control modes can
provide a neutral thermal environment for the infant, the air temperature control
mode is often considered a "weaning mode" in the transition to an open crib.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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Korones SB. An encapsulated history of thermoregulation in the neonate.
NeoReviews. 2004;5:e78-e85
LeBlanc MH. The physical environment. In: Fanaroff AA, Martin RJ, eds. NeonatalPerinatal Medicine. Diseases of the Fetus and Infant. 7th ed. St. Louis: Mosby;
2002:512-529
Perlstein PH. Thermoregulation. Pediatr Ann. 1995;25:531-537
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neonatal thermal environment. Neonatal Network. 2006;25:251-259
Silverman WA, Fertig JW, Berger AP. The influence of the thermal environment
upon the survival of newly born premature infants. Pediatrics. 1958;22:876-886
American Board of Pediatrics Content Specification(s):
Understand the mechanism of heat gain and loss
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Know the various types and mechanism of action of devices to maintain a neutral
thermal environment
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chromosomal recombination
logarithm-of-odds (LOD) scores
polymorphism of each haplotype
restriction fragment length polymorphisms (RFLPs)
short tandem repeats (STRs)
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Genetic recombination of chromosomal DNA is the concept most central to linkage
analysis. Each individual's genetic haplotype is polymorphic, or different, from
another individual's. The specific points of polymorphism represent differences in
the DNA from one person to another, and occur on average once every few
hundred base pairs. Recombination is a fundamental concept that helps explain
how those polymorphisms can be rearranged from one generation to the next. The
strength of the linkage to resist rearrangement between any two points in the
genome can be estimated by a logarithm-of-odds (LOD) score. Short tandem
repeats (STRs) and restriction fragment length polymorphisms (RFLPs) are some
of the polymorphic elements that vary from one individual's haplotype to
another's, and can be aids in identifying cases in which recombination has
occurred. Polymerase chain reaction (PCR) is a laboratory technique for
dramatically amplifying the quantity of DNA under study, and can help with some
linkage analyses.
Recombination is one of the processes during prophase I of meiosis by which DNA
is rearranged. Homologous chromosomes are paired at this phase. The proximity
of sister chromatids to each other allows an occasional exchange, or crossover, of
segments of DNA between the sister chromatids (Figure).
Figure: Chromosomal rearrangement.
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This exchange can occur at any point on the chromosome. Given any two points on
a chromosome, the probability of a recombination event between those two points
is low if the points are close to each other, higher if far apart. For small distances,
a recombination rate of 1% (referred to as one centiMorgan) corresponds to
approximately one million base pairs. To put that in perspective, the human
genome is composed of approximately three billion base pairs.
The probability of linkage between two points is expressed as the LOD score. An
LOD score of 3 represents a 1,000:1 odds in favor of a close linkage between the
two points, and a low probability that a rearrangement will occur from one
generation to the next.
Linkage analysis is useful clinically when a point on the
chromosome corresponds to an inherited trait or disease. If
the disease does not manifest in utero or has no easily
detectable DNA defect or gene product, then linkage analysis
might help to identify if a given fetus or newborn has the
disease. If the gene for the disease is closely linked to another
point on the chromosome that is easily detectable, then that
easily detectable point can be used as an approximate marker
for the disease. If the marker is found, using chorionic villous
sampling or amniocentesis, then existence of the disease in the fetus can be
inferred.
Linkage studies initially used only specific phenotypic traits (eg, blood type) or
isoenzymes (eg, alcohol dehydrogenase variants) as markers for specific reference
points on a chromosome. With the advent of PCR, genetic polymorphisms without
a gene product or trait could be used as marker points on a chromosome. Several
types of polymorphisms, such as STRs and RFLPs, are now used in linkage
analysis.
Restriction fragment length polymorphisms are produced in the laboratory by
digesting genomic DNA with restriction endonucleases. The nucleases derive their
name from their function in bacteria, digesting the DNA of invading
bacteriophages without digesting the bacterial genome, and so restricting the
phage from infecting the bacteria. Each restriction enzyme cuts double-stranded
DNA at a specific recognition sequence made of 4 to 12 base pairs. The specific
recognition sequence is repeated at various points in the eukaryotic DNA under
study, resulting in a genome cut into many stretches of DNA of different lengths.
The different lengths of DNA migrate at different speeds under gel electrophoresis,
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forming a pattern of bands.
If there is a benign genetic polymorphism at one of the recognition sites, the
endonuclease fails to cleave and a different band pattern is seen on
electrophoresis. The different band patterns made by different polymorphisms can
be used in linkage analysis in the pedigrees of large families to find which RFLP
pattern is linked to the disease in question.
Short tandem repeats also are polymorphisms that are useful in linkage analysis.
They are made of sequences of 2 to 10 base pairs, repeated in tandem from 4 to
30 times. Their polymorphic aspect is the number of times the tandem repetition
occurs at a specific site. They most often occur in the stable intron portions of the
human genome and are highly conserved from generation to generation. They are
detected with PCR amplification of specific STR sites followed by electrophoresis,
mass spectrophotometry, or direct sequencing. There are more than 10,000 STR
sites in the human genome, providing an excellent well-distributed basis for
linkage analysis.
Polymerase chain reaction starts with a specimen of DNA and amplifies it using
cycles of priming, synthesis, and denaturation. The process is automated in most
laboratories and results in more than a millionfold multiplication in the mass of the
DNA under study. When selective primers are used, one discrete segment of the
original DNA can be selectively amplified and studied. PCR is a valuable tool that
supports the performance of additional studies on the amplified DNA, including
treatment with restriction endonucleases, gel electrophoresis, Southern blot
analysis, and sequencing. Although a useful tool in linkage analysis, PCR is not
essential to the concept of linkage analysis.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Understand how linkage studies are used clinically
Understand the meaning of the terms point mutation, polymorphism, and
haplotype
Understand the principal of polymerase chain reaction (PCR) procedure and
application for genetic diagnosis
Understand the function and research utility of restriction endonucleases
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A 2,200-g male infant is born to a 28-year-old primiparous woman at 34 weeks of
estimated gestational age. The pregnancy was complicated by bilateral fetal
pleural effusions, first detected on ultrasonography at 30 weeks' gestation.
Worsening of the effusions during the ensuing weeks led to delivery by cesarean
section. The infant's initial care includes thoracentesis which yields approximately
80 mL of amber fluid from each side of the chest. The pleural fluid reveals the
following:
Nucleated cell count, 560 cells/µL (560 × 10 6 cells/L), with a differential
count of
93% lymphocytes
5% neutrophils
2% monocytes
Glucose, 62 mg/dL (3.4 mmol/L)
Protein, 2.8 g/dL (28 g/L)
Triglyceride, 3.0 mg/dL (0.03 mmol/L)
Cholesterol, 50 mg/dL (1.3 mmol/L)
Lactate dehydrogenase, 90 U/L (1.5 µkat/L)
The infant's subsequent care includes drainage of pleural fluid through
thoracostomy tubes, mechanical ventilation, enteral nutrition with milk rich in
medium-chain triglycerides, and supplemental parenteral nutrition. At 14 days of
age, the pleural fluid continues to reaccumulate in volumes approximating 50 mL
from each side of the chest amounting to a cumulative fluid loss of approximately
1,400 mL. Other treatment options are considered.
Of the following, a PROMISING adjunctive treatment of pleural effusion in this
infant is:
chemical pleurodesis
pleural abrasion
pleuroperitoneal shunt
somatostatin treatment
thoracic duct ligation
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

The infant in this vignette has clinical and laboratory evidence of congenital
chylothorax. Congenital chylothorax, accumulation of chyle-containing lymphatic
fluid in the pleural space, is the most common cause of pleural effusion that
manifests during fetal and early neonatal periods. Its incidence is estimated at 1
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in 6,000 to 1 in 10,000 live births; it is twice as common in males as in females.
The analysis of pleural fluid is helpful in the diagnosis of congenital chylothorax.
The fluid, in the absence of enteral feeding, typically is amber colored, is rich in
lymphocytes (differential count >70%), and may not show a raised triglyceride
concentration. With enteral feeding, especially using milk rich in long-chain
triglycerides, the pleural fluid becomes milky in appearance, remains rich in
lymphocytes, and shows a raised triglyceride concentration (>110 mg/dL [1.2
mmol/L]).
Congenital chylothorax may be transient and resolves
spontaneously when it results from a potentially reversible
obstruction or hypoplasia of the thoracic duct. Conversely,
congenital chylothorax may be persistent and does not resolve
spontaneously when it results from an intrinsic abnormality of
the lymphatic system in the form of lymphangiomatosis or
lymphangiectasia. The former represents sequestered
lymphatic tissue in solitary or multifocal lesions; the latter
represents distension of pulmonary subpleural and
interlobular lymphatics. Persistent congenital chylothorax often is associated with
other congenital malformations such as tracheoesophageal fistula and congenital
heart defects; Noonan syndrome, Turner syndrome, and Down syndrome; and
pulmonary abnormalities such as sequestration and congenital cystic adenomatoid
malformation. The infant in this vignette has a clinical course suggestive of
persistent congenital chylothorax.
Conventional management of persistent congenital chylothorax includes serial
drainage of chyle, ventilatory assistance as needed, enteral nutrition with milk
rich in medium-chain triglycerides, and supplemental parenteral nutrition. The
loss of proteins and lymphocytes through drainage of chyle can result in
hypoproteinemia, hypogammaglobulinemia, and lymphopenia, which may increase
the risks of developing anasarca and nosocomial infection. Appropriate monitoring
for infection and antimicrobial treatment, therefore, constitute an important
aspect of management in such infants. Moreover, the loss of nutrients and
electrolytes through drainage of chyle warrants close attention to nutritional
status and fluid-electrolyte balance. In addition, the discomfort associated with
thoracostomy tubes warrants judicious management of sedation and analgesia.
When congenital chylothorax proves refractory to conventional management,
additional treatment options require consideration.
Much of the evidence for the treatment of persistent congenital chylothorax stems
from observational descriptive case studies. The rare occurrence of this disorder
has precluded validation of the relative benefits of various treatment options
through adequately powered randomized trials or systematic reviews. With this
caveat, a comparison of different aspects of treatment such as invasiveness,
safety, and efficacy based on observational studies suggests that somatostatin
treatment is the most promising adjunctive treatment of persistent congenital
chylothorax in the infant in this vignette.
Somatostatin, a 14-amino-acid peptide, is produced in multiple sites, including
pancreatic d cells, the gastrointestinal tract, and the hypothalamus. Somatostatin
causes selective vasoconstriction of arteriolar sphincters in the splanchnic
circulation; it may induce a similar constriction of the intestinal lymphatics. The
perturbation in the splanchnic circulation reduces chylomicron synthesis and its
transport into the lymphatics. Somatostatin also inhibits gastrointestinal motility
and release of various gastrointestinal hormones. It decreases gastric, pancreatic,
and intestinal secretions as well as intestinal absorption and hepatic venous flow.
Together, these actions account for reduced flow of chyle, which forms the
rationale for the use of somatostatin as adjunctive treatment for congenital
chylothorax.
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The dose of somatostatin reported in case studies ranges from 3.5 µg/kg per hour
(starting dose) to 10.0 µg/kg per hour (maximal dose). The preferred mode of
administration is by continuous intravenous infusion. The duration of treatment
varies between 7 and 14 days depending on the resolution of chylothorax or the
emergence of side effects. The side effects are related primarily to the suppressive
actions of somatostatin on gastrointestinal motility and secretions and include
loose stools, flatulence, and emesis. Transient hypoglycemia, hypothyroidism, and
liver dysfunction also have been described. Octreotide, a synthetic long-acting
peptide analogue of somatostatin, may be used at a dose ranging from 1.0 µg/kg
per hour to 7.0 µg/kg per hour by continuous intravenous or subcutaneous
infusion in place of somatostatin.
Chemical pleurodesis involves intrapleural instillation of a sclerosing agent such as
povidone-iodine. Iodine has strong oxidative and cytotoxic properties, which
induce a potent inflammatory response in the pleural wall. The resultant sclerosis
decreases the leakage of chyle into the pleural space, which is the rationale for the
use of chemical pleurodesis in the treatment of persistent congenital chylothorax.
In addition to being invasive, chemical pleurodesis is associated with numerous
side effects of allergic sensitization including anaphylaxis, iodine-related
impairment of thyroid function, renal dysfunction, and local cytotoxic mucosal and
skin lesions.
Surgical abrasion of the pleura, placement of pleuroperitoneal shunt, and ligation
of thoracic duct are invasive procedures of unconfirmed value in the treatment of
persistent congenital chylothorax in neonates.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Plan the therapeutic management of hydrothorax/chylothorax
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You are counseling a 26-year-old woman with severe preeclampsia. This is her
second pregnancy and she is at an estimated gestational age of 32 weeks. The
woman is in her second year of medical school training and has many questions.
Of the following, the MOST accurate statement regarding preeclampsia is that:

Endothelial function is normal in preeclampsia.
Normal trophoblast invasion of the spiral arteries characterizes placental histology in
preeclampsia.
The woman's lifetime risk of cardiovascular death is similar to that of a woman who
delivers prematurely without preeclampsia.
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Preeclampsia is a disease that is unique to pregnancy and affects approximately
5% of pregnant women. Women with preeclampsia are also found to have higher
risks for long-term cardiovascular morbidity. For example, among women who
deliver prematurely, those who have preeclampsia have an eightfold higher
lifetime risk of cardiovascular death than those who do not have preeclampsia.
Infants born to women with preeclampsia are also more likely than infants born to
women without preeclampsia to have intrauterine growth restriction,
interventional prematurity, and fetal death.
Some women have a higher risk of developing preeclampsia.
Women with vascular disorders (such as chronic hypertension,
diabetes, previous preeclampsia, and collagen vascular
disease), multifetal pregnancies, and molar pregnancies have
a three to fourfold increased risk for preeclampsia.
Furthermore, preeclampsia resolves after delivery. The
presence of abnormal vascular physiology, large placental
mass, and resolution after birth suggests that preeclampsia is
a systemic vascular disorder that is precipitated by placental
and maternal interactions.
The pathophysiologic events that cause preeclampsia are yet to be fully
elucidated. It is generally considered to be multifactorial in origin. Thus, although
a number of theories on the pathogenesis of preeclampsia have been proposed,
none have been confirmed.
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A vasoactive mediator hypothesis proposes that altered systemic vascular tone
and blood flow initiate a cascade of events that precipitates abnormal placental
vascular development and infarction, hypertension, coagulopathy, proteinuria,
edema, seizures, strokes, right upper quadrant pain (hepatic ischemia), and
intrauterine growth restriction (Table).
Table.Findings and Clinical Manifestations of Preeclampsia*
System or Vasculature
Cardiovascular

Uterus and placenta

Pathophysiology
Systemic vasoconstriction
High cardiac output
Increased hydrostatic
pressure
Uteroplacental insufficiency
Decidual ischemia and
thrombosis

Signs and Symptoms
Systemic hypertension
Hemolysis
Generalized edema
Fetal growth restriction
Fetal distress
Abruptio placentae and
placental infarcts
Thrombocytopenia

Renal

Cerebral

Liver

Decreased renal blood flow
Proteinuria
and glomerular filtration
rate
Endothelial injury
Renal insufficiency
Angiotensin II
Renal tubular necrosis and
hyperresponsiveness
injury
Hyperuricemia
Ischemia
Elevated perfusion
pressure
Regional ischemia
Edema
Ischemia
Hepatocellular injury
Mitochondrial injury

Hematologic

Seizures (eclampsia)
Hemorrhage
Coma
Central blindness and loss
of speech
Elevated liver function
tests
Fatty deposition

Hemolysis
Schistocytes and burr cells
Decidual thrombosis and High free hemoglobin and
release of fibrin
iron concentrations
degradation products
Low haptoglobin
concentrations
Thrombocytopenia,
disseminated intravascular
coagulation, and
antiplatelet antibodies
* Adapted from Shah (2006).

A number of mediators have been investigated (such as angiotensin II, atrial
natriuretic peptide, endothelin-1, neurokinin B, prostaglandins, thromboxanes,
nitric oxide, and kallekreins).
Abnormalities in the renin-angiotensin system that may lead to preeclampsia have
been supported by studies in transgenic mice, increased angiotensin
responsiveness of the gravid uterine vasculature, hyperuricemia, renin gene
overexpression in the gravid uterus, elevated renin concentrations in the uterus of
women with preeclampsia, presence of autoantibodies to the angiotensin-1
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receptor, and angiotensinogen mutations in some patient populations.
Investigations of complementary mediators that are important in the pathogenesis
of preeclampsia are ongoing.
A second theory about the cause of preeclampsia suggests that abnormal and
blunted trophoblast invasion of the spiral arteries in uterine decidua and
myometrium results in insufficient uteroplacental blood flow and hypoxic
trophoblast tissue. Normally, extraembryonic trophoblastic stem cells originating
in the blastocyst differentiate into the two functional and structural units of the
placenta, the floating villus and the anchoring villus (Figure). This differentiation
usually occurs by day 21 after ovulation.
Figure: Functional and structural units of the placenta.

The floating villus is composed of a monolayer of epithelial cells (cytotrophoblastic
and syncytiotrophoblastic cells) that covers the entire surface of the villus and a
central core composed of fetal vessels, fibroblasts, and macrophages. The
syncytiotrophoblast is derived from cytotrophoblastic cells and is important for
absorption, exchange, and endocrine functions and is the functional barrier
between maternal blood and fetal stroma. The anchoring villus is composed of
cytotophoblastic cells that assume an "extravillous phenotype," detach from the
basement membrane, and form columns that attach the floating villus to the
uterus. Extravillous cytotrophoblasts also invade the uterine decidua,
myometrium, and uterine spiral arterioles; remodel the endometrium; and form
low-resistance, large-diameter blood vessels. This process is controlled by
cytokines, growth factors, extracellular matrix components, oxygen tension, and
hormones. Importantly, abnormal invasion of the uterine wall and its spiral
arteries is characteristic of preeclampsia.
The uterine hypoxic state that occurs during preeclampsia induces trophoblast
apoptosis, release of oxidants and microvilli of injured syncytiotrophoblast cells
into the maternal circulation, and increased vascular resistance. The necessity for
placental tissue and onset of preeclampsia after the 20th week of pregnancy
supports the importance of abnormal placental development in the genesis of this
disorder.
A third hypothesis about the origin of preeclampsia proposes that the increased
cardiac output and blood flow that occurs normally during pregnancy injures end
organs of genetically predisposed individuals. The vascular endothelium, uterus,
kidney, liver, and brain subsequently are injured, resulting in the symptoms of
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preeclampsia. A significantly higher risk of preeclampsia in daughters and not
daughters-in-law of women with eclampsia supports a genetic susceptibility.
Furthermore, similarities in the pathogenesis of preeclampsia and atherosclerosis
(such as lipid profiles, insulin resistance, high serum iron concentration, and
transferrin saturation) and presence of preexisting renal parenchymal or vascular
disease in many women presenting with preeclampsia suggest that vascular
injury, especially to the endothelium, in genetically at-risk women plays an
important role in the pathogenesis of this disorder.
Other theories that have arisen from epidemiologic observations point to
immunologic and genetic causes of preeclampsia. Primapaternity, or having a
single male sex partner, has been implicated as an immune factor that contributes
to the pathogenesis of preeclampsia. The duration for which a woman is exposed
to paternal antigen from the same partner is inversely associated with the rate of
preeclampsia. In addition, the risk for preeclampsia is higher with nulliparity, use
of barrier contraception, and multiple sex partners. Several different genetic
models for transmission have been suggested to contribute to a predisposition for
preeclampsia. Autosomal recessive transmission, autosomal dominant
transmission with variable penetrance, and a complex mode of inheritance that
involves a combination of genetic and epigenetic phenomena have been proposed.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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Know the morphologic structure of the placenta
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A term male infant with an antenatal diagnosis of transposition of great arteries is
admitted to the intensive care unit. A karyotype is obtained and the results are
shown in the Figure.
Figure
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Of the following, the MOST accurate statement about this karyotype is that it:
includes congenital heart disease in the spectrum of abnormalities
is associated with high testosterone levels
is inherited in an autosomal dominant fashion
is overrepresented in institutionalized male delinquents
results from nondisjunction in sperm cells
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

The Figure shows the presence of an extra Y chromosome. The 47,XYY karyotype
represents an aneuploidy (specifically a trisomy) of the sex chromosomes in which
a human male receives an extra Y chromosome. One in 840 males have the 47,XYY
genotype. Five to 10 boys with 47,XYY syndrome are born in the United States
each day. Most 47,XYY males are phenotypically normal and do not know their
karyotype. For these reasons, some medical geneticists question whether the term
"syndrome" is appropriate for this condition. Because there are no distinct
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physical characteristics, the condition usually is only detected during genetic
analysis for another reason. In fact, the first diagnosis of this condition was a
karyotypic rather than a phenotypic discovery. The relatively small gene content of
the Y chromosome is in keeping with the absence of congenital defects that
characterize other types of sex chromosome imbalance. However, a pattern of
characteristics has come to be appreciated, which may raise suspicion for the XYY
syndrome in childhood. These characteristics include:
acceleration of growth during middle childhood
IQ in the low-normal range
large teeth; prominent glabella; long ears; and increased anteroposterior
length of cranial vault
long hands and feet
severe nodulocystic acne during adolescence
occasional abnormalities include radioulnar synostosis, cryptorchidism, small
penis, hypospadias, and abnormal electroencephalographic and
electrocardiographic (prolonged PR interval) findings
The 47,XYY karyotype usually is not inherited, but occurs as a
random event during the formation of sperm cells. The
presence of the extra Y chromosome is paternally derived in
all cases, and the extra Y originates at meiosis II. An error in
cell division called "nondisjunction" can result in 47,XYY
karyotype. If one of these atypical reproductive cells
contributes to the genetic makeup of a child, the child will
have an extra Y chromosome in each of the body's cells. In
some cases, the addition of an extra Y chromosome results
from nondisjunction during cell division in early embryonic development. These
cases are usually 46,XY/47,XYY mosaics. The incidence of 47,XYY is not affected
by advanced paternal (or maternal) age. The first published report of a man with a
47,XYY karyotype was by Sandberg and associates in 1961. It was an incidental
finding in a phenotypically normal 44-year-old, 6 feet (183 cm) tall man of
average intelligence who had chromosomal analysis because he had a daughter
with Down syndrome.
Although affected patients are occasionally long at birth, the tendency toward tall
stature is usually not evident until 5 to 6 years of age. 47,XYY boys and men are
usually taller than average and several centimeters taller than their parents and
siblings. Despite the large size, these boys are usually not strong or well
coordinated, and tend to have poorly developed pectoral and shoulder girdle
musculature.
Behavioral problems, especially distractibility, hyperactivity, and temper tantrums
are present in childhood and early adolescence. The XYY karyotype was once
thought to cause aggressive or violent criminal behavior, but this theory has been
disproved. Although early reports suggested that there existed an
overrepresentation of 47,XYY individuals among institutionalized male juvenile
delinquents, prospective longitudinal studies of unselected 47,XYY males showed
that such linkage reflected a strong bias of ascertainment.
Boys with 47,XYY karyotype have an increased risk of learning disabilities (10%50%) and delayed speech and language skills. Average IQ scores of 47,XYY boys
are 10 to 15 points below controls and, while variability is large, most are within
the average range.
Onset of puberty is delayed by approximately 6 months. Severe acne was noted in
a few early case reports, but an association between acne and the 47,XYY
karyotype has not been confirmed. Testosterone levels (prenatally and
postnatally) are normal in 47,XYY males. Most 47,XYY males are fertile and have
chromosomally normal offspring. However, an increased risk for offspring with
chromosomal abnormalities as well as miscarriage and perinatal death has been
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suggested. These individuals are not at increased risk of developing gonadal
tumors.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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You are called to the delivery of a term child whose mother has myasthenia gravis.
She had been receiving immunosuppressant therapy during the first trimester, but
improved in the second and third trimesters, as is typical with myasthenia gravis,
and has not required any recent medications.
Of the following, the MOST likely effect of maternal myasthenia gravis on the
newborn is:
arthrogryposis
cardiac failure
dysmorphic facies
normal muscle tone and activity
ventilator dependency
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Myasthenia gravis is a chronic autoimmune disease involving immunoglobulin G
(IgG) antibodies against the nicotinic acetylcholine receptor of the neuromuscular
junction. Its prevalence is between 50 and 125 cases per million population, and it
is associated with 1 in 15,000 pregnancies. Neonates born to mothers with
myasthenia gravis have a 10% to 20% probability of being affected; most
newborns have normal muscle tone and activity.
A transient form of neonatal myasthenia syndrome can result
from transplacental passage of the IgG autoantibodies from
the mother. Newborns may have no symptoms in the first days
after birth due to transplacental passage of maternal
medications and high fetal and maternal concentrations of
alpha-fetoprotein (which inhibits autoantibody binding to
acetylcholine receptors). Symptoms may include hypotonia,
decrease in spontaneous movements, poor feeding, and
respiratory insufficiency. The diagnosis is suggested by high
concentrations of antibodies to the acetylcholine receptor in the infant's blood,
and by a decremental response to repetitive nerve stimulation on
electromyography.
Treatment is most often symptomatic, with gavage feeding and respiratory
management as needed, and occasionally with medication. Edrophonium is
contraindicated because of the chance of cardiac arrhythmias, but other
cholinesterase inhibitors (eg, prostigmine) may be helpful, especially in
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establishing the diagnosis. The muscarinic effects of cholinesterase inhibitors,
such as diarrhea, tracheal secretions, and abdominal distention, may need to be
treated with atropine or atropinelike agents.
The prognosis of transient neonatal myasthenia gravis is good, with most affected
children showing full recovery within 2 months. The children are not at any
increased risk of exhibiting symptoms of myasthenia gravis later in life.
Arthrogryposis is seen in fewer than 2% of infants born to mothers with
myasthenia gravis. Multiple joint contractures are nonprogressive and result from
a lack of fetal movement causing an inhibition of normal joint development. There
is a high risk of recurrence in subsequent pregnancies, independent of maternal
symptoms or antibody levels.
Maternal myasthenia gravis has been reported to cause severe birth defects in a
few newborns. The rare syndrome includes dysmorphic facies, arthrogryposis,
abnormal genitalia, central nervous system atrophy, and lung hypoplasia.
A rare form of newborn myasthenia is permanent. This form is autosomal
recessive and is caused by abnormalities of acetylcholinesterase or its receptor.
Antinuclear antibodies are not found in this syndrome. There is no relation to
maternal myasthenia gravis.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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Know the effects on the fetus of maternal myasthenia gravis and its management
Understand the pathogenesis, evolution, management, and outcomes of neonatal
arthrogryposis
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A 24-year-old woman who is receiving treatment for depression with fluoxetine, a
selective serotonin reuptake inhibitor (SSRI), finds out that she is pregnant. Her
gestation is estimated to be 22 weeks. She seeks counseling regarding effects of
the medication on the fetus and newborn child.
Of the following, the use of SSRI in pregnancy is MOST associated with an
increased risk of:
fetal macrosomia
major cardiac malformations
neonatal platelet dysfunction
neonatal respiratory distress
spontaneous pregnancy loss
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Mood and anxiety disorders such as depression, panic disorder, and obsessivecompulsive disorder are common in women during their childbearing years. The
prevalence of these mental illnesses is similar during pregnancy (10%-16%) and
higher after delivery than in nonpregnant women. A significant body of literature
has documented the adverse effects of maternal depression on the newborn such
as preterm delivery, altered behavior and tone, lower growth percentiles, and
lower scores on the Bayley Mental and Motor Scales. Thus, there is a clinical
demand for treatment of these pregnant women with safe and effective
psychotropic medications to enhance both maternal and neonatal outcomes.

Maternal anxiety and depression are frequently treated during
pregnancy with psychotropic medications such as selective
serotonin reuptake inhibitors (SSRIs), tricyclic
antidepressants (TCAs), and benzodiazepines. However,
pharmacologic management of perinatal depression is not
without risk to the neonate. To date, none of these
medications has been approved for use during pregnancy by
the Food and Drug Administration. The SSRIs are often
preferred over TCAs and benzodiazepines because of
documented efficacy, relatively few adverse effects, and safety in overdose. The
most common SSRI medications used are paroxetine (44.7%), fluoxetine (27.2%),
sertraline (25.6%), fluvoxamine (4.6%), and citalopram (3.3%).
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Chambers and associates (1996) noted an increased incidence of three or more
minor congenital malformations in infants exposed prenatally to SSRIs. A metaanalysis of several studies later documented that the use of SSRIs during the first
trimester of pregnancy does not increase the risk of congenital malformations or
spontaneous loss above that's seen in the general population. In utero SSRI
exposure during the last trimester of pregnancy has been reported to be
associated with a neonatal behavioral syndrome, prolonged hospitalization, low
birthweight, and preterm delivery. However, in some studies it is not clear
whether the adverse neonatal outcomes are related to maternal depression itself,
treatment with psychotropic medications, or other concomitant exposures.
Oberlander and associates used population-based health data to compare
neonatal outcomes among offspring of depressed mothers who chose not to use an
SSRI during their pregnancy with those who were treated with an SSRI. They used
propensity score matching to control for differences in maternal illness severity
between groups. Three mutually exclusive groups of neonates were defined: SSRI
group (SE-D) consisting of neonates of depressed mothers treated with SSRIs;
depressed-only group (DE) including neonates of mothers diagnosed as having
depression during pregnancy who had not received antidepressants; and
nonexposed control group consisting of neonates of mothers who had received
neither a diagnosis of depression nor antidepressants during their pregnancy. Four
key neonatal outcomes were identified: birthweight, percentage of neonates born
at gestational age less than 37 weeks, a hospital stay longer than 3 days, and
incidence of adverse neonatal symptoms (respiratory distress, jaundice,
convulsions, or feeding difficulties).
Infants exposed to SSRIs had shorter gestations, lower birthweights, and longer
hospital stays than nonexposed infants. With the exception of birthweight for
gestational age, a similar pattern of differences in neonatal outcomes was also
observed when SSRI-exposed infants were compared with infants exposed to
depression alone. The complication most commonly reported was respiratory
distress, and a significantly greater incidence was observed among SSRI-exposed
neonates (13.9%) than the other neonates. The three groups did not differ in their
incidence of convulsions. The SE-D group was significantly more likely to have
jaundice than the DE infants, while the nonexposed and DE groups did not
significantly differ. Feeding difficulties were reported significantly more frequently
in the SE-D group than in the DE group. Importantly, SE-D was still associated
with an increased incidence of birthweight below the 10th percentile and
increased rates of respiratory distress, even when illness severity was accounted
for by means of propensity score matching. These findings suggest that exposure
to both SSRIs and a depressed maternal mood had an added negative effect
beyond the effect of exposure to depression alone for these outcomes.
Respiratory difficulties in newborns of mothers who used SSRIs during pregnancy
included upper airway congestion, transient tachypnea, cyanosis and need for
ventilatory support. In a case-control study, Chambers and associates (2006)
demonstrated an increased risk of persistent pulmonary hypertension associated
with exposure to SSRIs during late pregnancy compared with control infants
(adjusted odds ratio, 6.1; 95% confidence interval, 2.2 to 16.8). No neonatal
deaths attributable to late pregnancy antidepressant exposure were reported.
Paroxetine and fluoxetine were the SSRIs most commonly reported with the
neonatal syndrome.
As a class, the SSRIs selectively inhibit reuptake of serotonin (5-HT) into
presynaptic nerve terminals resulting in an increase in the synaptic concentration
of serotonin) (Figure).
Figure: Schematic diagram showing mechanism of action of serotonin reuptake
inhibitors (SSRIs). These agents block the reuptake of serotonin (5-HT) at the
presynaptic membrane, thus increasing its concentration at the postsynaptic nerve
terminal membrane.
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Platelet and neuronal 5-HT transporters are encoded by the same gene and
appear identical in terms of pharmacology and blockade by SSRIs. Gestational
exposure to SSRI leads to significantly lower platelet 5-HT levels, with exposed
infants having mean levels that were 25% lower than those of unexposed infants.
This observation raises concerns regarding the potential impairment of neonatal
platelet function and the potential risk of bleeding in neonates born to mothers
treated with SSRIs. Salvia-Roiges and associates reported convulsions and
subarachnoid haemorrhage in the first 6 hours of life in a newborn whose mother
had been treated with paroxetine during pregnancy. Maayan-Mentzer and
associates, in a single-center prospective study, evaluated platelet function in
SSRI-exposed mother-infant pairs as well as normal non-SSRI-exposed infants.
No correlation was found between SSRI exposure among either neonates or
mothers and platelet function and none of the infants suffered from bleeding.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Know the effects on the fetus of maternal central and peripheral nervous system
diseases and their management
Know the causes and assessment of spontaneous first trimester loss
Understand the probable gestational age at which teratogen exposure will produce
common fetal anomalies
Understand the pathogenesis, pathophysiology, and risk factors of persistent
pulmonary hypertension
Know the etiologies and pathophysiologies of acquired defects in hemostasis
Recognize the prenatal risk factors associated with developmental disabilities
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In the developmental clinic, you examine a male child whose corrected age (CA) is
30 months. He was born at 26 weeks' gestation to a 35-year-old white mother
with a 10th-grade education. He was seen at 12 months CA, at which time his
development was considered normal. Although scheduled developmental clinic
visits at 18 and 24 months were missed, he received immunizations at a county
health clinic. The mother relates that he is walking (since 2 months after his last
visit) and he recently has begun saying a few words. He spends most of his time at
home or being cared for by his grandmother while his mother is at work. She
notes that his younger sister, now age 2 years, has overtaken him
developmentally. Review of his chart indicates an uncomplicated but complex
course in the neonatal intensive care unit, including surfactant treatment,
continuous positive airway pressure administration, short-term parenteral
nutrition, methylxanthine treatment for apnea, and discharge at 38 weeks'
postmenstrual age. Cranial ultrasonography findings were normal as were the
findings of his ophthalmological and hearing screening examinations. The mother
wants her child to be "tested for mental retardation."
Of the following, the developmental test MOST useful at this child's age is:
Amiel-Tison
Bayley Scales of Infant Development
Denver Test of Infant Development
Kaufman Test
Wechsler Scales (WISC-III)
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Mental retardation (MR) is defined in the Diagnostic and Statistical Manual IV as a
static encephalopathy fulfilling three coexisting criteria: intellectual function at
more than 2 standard deviations below the mean (intelligence quotient <70);
impairment of adaptive functioning; and onset before 18 years of age. A similar
definition by the American Association on Mental Retardation expands on the
adaptive behavior component by including limitations in conceptual, social, and
practical adaptive skills. Adaptive skills include communication, social skills, selfcare, home living, use of community resources, self-direction, functional academic
skills, work, leisure, and health and safety. A deficit in two or more of these skills
when compared with children of the same age and from the same culture defines
impairment.
The cause of MR may be elusive, with one third to two thirds of
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patients lacking an identifiable cause. In general, any disorder
that interferes with brain development could lead to MR.
Epidemiologically, MR affects about 1% to 3% of the general
population. Among patients lacking an identifiable cause, more
severely affected individuals are more likely to be male
(Male:Female ratio = 1.2:1 for severe MR; 2.2:1 for mild MR),
have had low birthweight, and born to a black, Hispanic, or
Asian mother. Severe MR relates positively to maternal age
(greatest risk at maternal age >40 years) and MR overall relates inversely to
maternal education (compared to the baseline rate of MR in children of mothers
with postsecondary education, the risk is threefold higher in children of mothers
who are high school graduates and sevenfold higher if the mother did not
complete high school). Mild MR shares the above relationships, and is also more
prevalent among multiple births and among children later in the birth order.
Identified causes of MR have been classified as prenatal, perinatal, and postnatal.
Prenatal abnormalities include genetic conditions, central nervous system (CNS)
malformations, maternal drugs or exposures, and pregnancy complications.
Perinatal causes include preterm birth, hypoxia, trauma, and intracranial
hemorrhage. Postnatal causes comprise infections, accidental or nonaccidental
injuries, CNS hemorrhage, tumors, and psychological deprivation.
Identifiable causes of MR include syndromic conditions, in which dysmorphic
features or malformations in other organ systems are also present (5% of cases).
Although most patients with MR lack currently definable genetic abnormalities,
over 800 syndromes have been associated with MR. MR may also follow exposure
to toxins (eg, alcohol, implicated in about 8% of cases of mild MR) or be
associated with thyroid dysfunction. A structural abnormality of the brain is
usually not discernable in most cases. Of the 10% to 15% of cases with CNS
malformations, most are related to neural tube defects, microcephaly, or
hydranencephaly (often suspected clinically), and a few have conditions such as
lissencephaly. Three percent to 7% of MR cases may be associated with an inborn
error of metabolism. Although cerebral palsy may be frequently associated with
MR, only 20% of cases of MR have associated cerebral palsy.
The child in this vignette is at an increased risk for MR based on the birthweight,
gestational age, sex, and maternal age and education. Although his 12-month
examination was reassuring, his late language acquisition and his sister's
overtaking his milestones are potential indicators of MR. Care by a grandmother
probably does not fulfill the criteria needed for early intervention, which is
available to neonatal intensive care unit "graduates" in most states, nor is it likely
to provide him with interaction with other children. At the age of 30 months,
severely affected infants or children with defined syndromes or exposures related
to MR may fulfill the criteria for MR. On the other hand, it is best to avoid using the
diagnosis MR until the child is old enough to be evaluated for both the intellectual
and adaptive components. In the interim, the child needs diagnostic evaluation
and early intervention.
Evaluation at this time should include:
Physical examination, with careful attention to dysmorphic features, growth
status and proportionality, and neurological examination.
Behavior observation for attention span, curiosity, affect, aggression, or
motor mannerisms.
Vision evaluation (visual abnormality may affect 13% to 50% of children
with MR) and hearing testing (impairment among 18% of children with MR).
Genetic testing to detect the 4% of cases with abnormal cytogenetic
findings. Even with no dysmorphic features, conditions commonly detected
include Fragile X syndrome, Rett syndrome, or subtelomeric chromosomal
rearrangements (5% of patients with MR).
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Review of newborn screening tests. Unless the patient's history includes
developmental regression, failure-to-thrive, dysmorphic features, or
organomegaly, these tests likely will not need to be repeated. Thyroid status
should be confirmed.
Neuroimaging using magnetic resonance imaging (MRI) may be helpful, with
up to 49% of children having developmental delay demonstrating CNS
malformation, white matter abnormalities, or cerebral atrophy. Computed
tomography may be used if MRI is not available, however, it is not as
sensitive.
Unless seizures are evident, electroencephalography is not contributory.
Of the testing methods presented in this vignette, at the child's present age the
Bailey Scales of Infant Development are most appropriate. The test includes both
mental and motor scales as well as a scale to quantitate behavioral skills (Table).
Table. Comparison of Age Ranges and Main Features of Mental Retardation Tests*
Test
Amiel-Tison

Bayley Scales of Infant Development

Denver Test of Infant Development
Weschler Scales
Kaufman Test

Age Range
First year

Comments
Progressive increase in active
muscle tone and decrease in
passive tone, along with
visual and auditory
assessments
1 mo - 3½ y
Mental, motor, and
behavioral rating scales rated
against normal infant control
values
Infants
Screening tool, lacking
quantitative assessment
Prekindergarten Most common test used for
and school-age
school-age assessment
2½ - 10 y
Less heavily weighted by
verbal items compared to
others

* Adapted from Wilson-Costello and Hack.
Many, if not most, infants delivered at 26 weeks' gestation will require some
special education, but the requirement for special educational services is not
diagnostic of MR. At this time, enrolling the child into a preschool program,
seeking consultation for speech and language training, and serial follow-up visits
will allow interventions to match his needs. Defining him as mentally retarded (or
not) at this time would be inappropriate.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Recognize the clinical characteristics that identify infants with mental retardation
Understand the pattern of development in infants with mental retardation
Know the definition of mental retardation
Know the most common causes of mental retardation
Know the chromosomal disorders and syndromes associated with mental
retardation
Know the prenatal, perinatal, and neonatal risk factors associated with mental
retardation
Know the demographic and environmental risk factors associated with mental
retardation
Know the neurodevelopmental findings associated with cognitive impairment
during infancy and childhood
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You are discussing the concepts of DNA and RNA sequence encoding amino acid
structure of proteins with the medical students. You discuss the differences
between the chemical structures of DNA and RNA.
Of the following, the nitrogenous base MOST likely to be found in DNA and NOT in
RNA is:
adenine
cytosine
guanine
thymine
uracil
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Nucleic acids are of central importance for the storage and expression of genetic
information. A nucleic acid is a long polymer of nucleotides. A nucleotide is a
molecule composed of a nitrogenous base, a 5-carbon sugar, and a phosphate
group. There are two types of nucleic acids, deoxyribonucleic acid (DNA) and
ribonucleic acid (RNA).
The nucleotides that make up DNA and RNA differ in their 5carbon sugar backbone and in one of the nitrogenous bases.
The 5-carbon sugar backbone of RNA, ribose, contains a
hydroxyl (-OH) group on the 2' carbon. The backbone sugar of
DNA, deoxyribose, does not contain this hydroxyl group.
There are five different nitrogenous bases that can be attached
to the 5-carbon sugar of a nucleotide. Three of the
nitrogenous bases are single-carbon rings called pyrimidines
(cytosine, thymine, and uracil). Two of the nitrogenous bases
are double carbon rings called purines (adenine and guanine).
DNA and RNA both contain the purine bases, adenine and guanine, and both
contain the pyrimidine base, cytosine. However, the pyrimidine base thymine is
found only in DNA, and the pyrimidine base uracil occurs only in RNA. Thymine
(Figure 1)
Figure 1
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differs from uracil (Figure 2)
Figure 2

by the presence of a methyl group. The methylation of thymine is important
because it protects DNA from degradation by nucleases and reduces the rate of
mutations.
The DNA molecule is composed of two strands arranged in a double helix that can
be envisioned as a twisted ladder. The backbone of each strand (sides of the
ladder) is formed by strong phosphodiester bonds between the 3' and 5' carbons
of adjacent sugars. Nitrogenous bases projecting from each side of the ladder
serve as the rungs of the ladder. The nitrogenous base projecting from one strand
is bound to the base projecting from the other strand by relatively weak hydrogen
bonds (Figure 3).
Figure 3
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A purine base in one DNA strand always pairs with a pyrimidine base in the other
strand. Guanine in one strand always pairs with cytosine in the other strand.
Adenine in one strand always pairs with thymine in the other strand. This base
pairing forms complementary DNA strands.
As cells divide, identical copies of DNA are made and incorporated into the new
cells. DNA replication involves breakage of the weak hydrogen bonds between
nucleotide bases resulting in a single strand of DNA. DNA must be able to replicate
precisely each time a cell divides. DNA is accurately replicated because of
complementary base pairing with the consistent pairing of guanine with cytosine
and adenine with thymine.
DNA sequences encode proteins through the processes of transcription (Figure 4)
Figure 4
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and translation. The DNA code is transcribed into single-stranded messenger RNA
(mRNA). The chemical structure of the transcribed mRNA is complementary to the
DNA code except that in RNA, uracil replaces thymine as the nitrogenous base
complementary to adenine.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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Understand the concept of DNA and mRNA sequence encoding amino acid
structure of proteins
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At 26 weeks' gestation, a mother is diagnosed with Hodgkin lymphoma. She
presents with supradiaphragmatic lymphadenopathy, and definitive radiation
therapy is considered.
Of the following, exposure of the fetus to maternal therapeutic radiation therapy is
MOST likely to result in:
congenital malformation
fetal death
growth restriction
healthy newborn
mental retardation
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Maternal malignancy complicates 1 in 1,000 pregnancies. Diagnostic radiography
and primary or adjunctive radiotherapy often are indicated. Because of rapid cell
proliferation, the developing fetus is particularly sensitive to the effects of ionizing
radiation. Cell death, mitotic delay, and disturbances of cell migration represent
the primary mechanisms for the major adverse effects. Spontaneous abortion and
marked developmental and structural abnormalities, particularly microcephaly and
associated central nervous system anomalies, have been attributed to embryonic
and fetal irradiation. Other associated abnormalities include microphthalmos,
cataracts, pigmentary degeneration of the retina, skeletal defects, and genital
tract malformations. Among surviving children, mental retardation, impaired
growth, and hematopoeitic malignancies may occur.
The biologic effects of ionizing radiation on the fetus primarily
relate to the radiation dose and the stage of gestation. The
absorbed dose of radiation in tissue is expressed in terms of
energy with the unit radiation absorbed dose (rad) or the
Standard International Unit Gray (Gy), with 1 centigray (cGy)
equaling 1 rad. In general, radiation doses involved in
diagnostic tests, such as chest radiography (< 0.1 cGy)
present little risk to the fetus. In contrast, radiation doses
used in cancer therapy are 10 4 to 10 5 times those used in
diagnostic radiography, resulting in fetal doses of 4 to 20 cGy.
The fetal risk of ionizing radiation at maternal therapeutic doses varies
considerably with the gestation at exposure. The incidence of lethality is highest
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during the preimplantation and early implantation phase (conception to day 10),
with an all-or-nothing effect observed in animal studies. With lethal damage of too
many cells, the embryo is resorbed, and yet damage to only a few cells results in
rapid replacement by pluripotent cells and ultimately an unaffected fetus.
Radiation exposure during organogenesis, during weeks 2 to 8, and at fetal doses
of 4 cGy or less , results in visceral and somatic malformations, and less often,
fetal loss. Central nervous system abnormalities and intrauterine growth
restriction are the most common radiation-associated malformations.
Microcephaly, due to glial cell damage, predominates and may occur without
mental retardation when exposure occurs before 8 weeks' gestation. The dose
threshold is 10 cGy and the most severe cases follow exposure to doses of 100 to
150 cGy. Additional anomalies include anencephaly, eye damage, cataracts, and
spina bifida. Growth restriction also predominates with exposure through 15
weeks' gestation, and is thought to result from global cell depletion.
Although at a lower risk of malformation during postconception weeks 8 to 15, the
central nervous system remains vulnerable because of ongoing development.
Microcephaly is associated with an exceptionally high risk of mental retardation,
due to abnormalities in neuronal cell proliferation, differentiation, and migration.
The threshold radiation dose for mental retardation appears to be 12 to 20 cGy,
with a 40% incidence at 100 cGy. During weeks 16 to 25, the risk of mental
retardation remains, but at approximately four times the threshold radiation dose
relative to a fetus at weeks 8 to 15.
Beyond 25 weeks' gestation, fetal radiation exposure at typical doses is not likely
to result in overt abnormalities or mental retardation. Occasionally infants with
third trimester high-dose exposure exhibit skin erythema, abnormal pigmentation,
or hematologic deficiencies. For all surviving infants with prenatal radiation
exposure, an increased risk of childhood cancers, particularly leukemia, has been
observed, and functional abnormalities, such as sterility, may manifest later in life.
While a specific radiation dose that is "safe" in pregnancy remains controversial,
in late gestation, maternal cancers remote from the pelvis can generally be safely
irradiated with the use of supplemental shielding to reduce fetal exposure. Acute
or continuous exposure of the fetus to less than 10 cGy is not associated with
gross malformations or growth restriction. However, radiotherapy should be
avoided prior to the third trimester, and pregnant women should be offered
therapeutic abortion if fetal radiation doses in excess of 10 cGy have been
received within the first trimester.
Do you want to add anything to your Learning Plan?
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A 41-week-gestation male infant is delivered by emergency cesarean section for
fetal distress. His mother is 23 years old, and she has received regular prenatal
care. Fetal growth has been normal, and family history is unrevealing. During
labor, profuse vaginal bleeding is noted and associated with sustained fetal
bradycardia. The infant is born with no spontaneous respirations, a heart rate of
50 beats/minute, and hypotonia. The umbilical arterial blood gas has a pH of 6.8,
Pco 2 of 73 torr, and base excess of -22 mEq/L. Apgar scores are 1, 1, 3, and 7 at
1, 5, 10, and 15 minutes after birth, respectively. Tonic-clonic seizures are
observed 45 minutes after birth.
Of the following, the INITIATING pathogenic mechanism for brain injury in the
infant in the vignette is:
apoptosis
energy depletion
glutamate toxicity
ion pump failure
oxidant injury
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
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Hypoxic ischemic encephalopathy (HIE) occurs in 1 to 8 infants per 1,000 live
births. It occurs when cerebral blood flow is unable to supply enough oxygen and
nutrients to maintain oxidative metabolism.
Neonatal encephalopathy has many causes, including HIE.
Most cases (69%) are associated only with antepartum risk
factors (such as family history of seizures or neurological
disease, infertility treatment, fetal growth restriction,
maternal thyroid disease, preeclampsia, bleeding during
pregnancy, congenital anomalies, and prenatal/perinatal
infection). Approximately 25% of cases have both antepartum
risk factors and evidence of intrapartum hypoxia.
Approximately 4% of cases of neonatal encephalopathy are
associated with intrapartum hypoxia due to complications, such as abruptio
placentae and cord prolapse. About 2% of cases have no recognized risk factors.
The pathophysiology of HIE is complex and multifactorial. Cardiopulmonary
changes in an animal model of acute intrapartum asphyxia were reported in
landmark studies by Dawes and associates (Figure 1).
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Figure 1: Cardiopulmonary changes during asphyxia in an animal model.

(Adapted from Dawes G. Foetal and Neonatal Physiology. Chicago, Ill: Mosby Year
Book; 1968.)
During asphyxia, the heart rate transiently rises followed by elevations in
respiratory effort, blood pressures, cardiac output, and blood flow to the head and
heart. Blood flow to the lungs and body decreases. If the asphyxial insult
continues, respiratory efforts cease (primary apnea) followed by gasping breaths
and then secondary apnea. Progressive declines in all other cardiorespiratory
measures except central venous pressure follow if the insult persists. Brain injury
begins as cardiac output and oxygen delivery decrease. The timing for physiologic
perturbations varies with the severity of the hypoxic-ischemic insult. Furthermore,
the ability to withstand an insult will also vary with gestational age, intensity and
duration of insult (such as massive, acute abruptio placentae versus chronic
anemia due to Rh isoimmunization), genetic predisposition, sufficiency of adaptive
mechanisms, and therapeutic interventions.
Oxygen consumption by the neonatal brain, like the adult, normally depends on
oxidative metabolism. One mole of glucose is consumed to produce 38 mol of
adenosine triphosphate (ATP) (Figure 2).
Figure 2: Energy production from glucose during aerobic conditions: glycolysis,
Krebs cycle, and electron transport chain.
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(Adapted from Volpe J. Neurology of the Newborn. 4th ed. Philadelphia, Pa: WB
Saunders; 2001; and Vannuci and Vannucci [2004].)
Oxidative phosphorylation through the electron transport chain produces ATP.
However, the rate of oxidative phosphorylation, also called the cerebral metabolic
rate for oxygen, is lower in the neonatal brain than the adult brain because of
inherent synthetic deficiencies and relatively fewer mitochondria per cell.
Non-oxygen-dependent metabolism of glucose involves both glycolysis (glucose is
converted to pyruvate) and the Krebs cycle (pyruvate is metabolized to produce
reduced nicotinamide-adenine dinucleotide [NADH]). Glycolysis and the Krebs
cycle generate 4 mol of ATP and 2 mol of ATP, respectively, for 1 mol of glucose
consumed by phosphorylating adenosine diphosphate (ADP). Glycolysis also
requires 2 mol of ATP per mole of glucose used. The net yield of ATP generated for
each mole of glucose used for ADP phosphylation in the neonatal brain is 4 mol of
ATP, or about 20% of the total energy normally produced through oxidative and
nonoxidative phosphorylation pathways.
Regional distribution of oxygen consumption and glucose utilization vary with
maturity. At term, regional glucose utilization is highest in the sensorimotor
cerebral cortex, thalamus, midbrain-brain stem, and cerebellar vermis. Global and
regional glucose utilization is lower in premature infants than in term infants
though the distribution is similar. By 3 months of age, glucose utilization increases
in the parietal, temporal, occipital cortex and basal ganglia.
In humans and all other animal species, cerebral blood flow and glucose
utilization are tightly linked. Thus, the most metabolically active regions of the
brain also receive the greatest amount of blood flow. Cerebral blood flow is
"pressure-passive" in preterm and sick neonates, in part because of a relatively
high concentration of nitric oxide (vasodilation) and low concentration of available
prostaglandin receptors (impaired response to vasoconstricting prostaglandins).
Pressure-passive cerebral blood flow, therefore, increases the susceptibility for
neonatal brain injury during hypotension and hypertension.
In pathologic states such as hypoxia-ischemia, the most metabolically active
regions of the brain that are receiving the highest blood flow are first to be
injured. Of note, clinical and experimental evidence indicates that hypoxia alone
does not cause brain damage. Ischemia superimposed on hypoxia is necessary for
cellular injury. When the partial pressure of oxygen falls to a critical value (<0.1
mm Hg [0.013 kPa]) in the mitochondria due to insufficient oxygen delivery,
activity of the electron transport chain is impaired. Cellular ATP and
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phosphocreatine (PCr, an inorganic phosphate [Pi] storage molecule) are
depleted; ADP, adenosine monophosphate (AMP), and lactate accumulate; and
phosphofructokinase (PFK), the key regulatory enzyme in glycolysis, is stimulated.
Glycolysis can be upregulated (Pasteur effect) but only to a limited degree (four to
fivefold) because of simultaneous accumulation of PFK-inhibitors (such as H+
ions). During recovery, the adenylate compounds (ATP, ADP, and AMP) remain
persistently depleted and PCr, initially rises, then falls. These changes can be
detected using magnetic resonance spectroscopy. If persistent, changes in the
ATP-Pi and PCr-Pi ratios correlate with neurologic and developmental outcome.
Asphyxia is a more complicated pathogenic state than hypoxia-ischemia alone.
Partial pressure of carbon dioxide is often elevated in asphyxiated infants, such as
the infant in this vignette. Hypercapnea may be beneficial during asphyxia, at least
transiently, because cerebral blood flow is enhanced, cerebral metabolism is
slowed, and hemoglobin more readily releases oxygen to tissues. However,
hypercapnea also worsens intracellular acidosis. If the insult persists, acidosis
results in cellular dysfunction.
The primary pathogenic effect of energy depletion is failure of ATP-dependent ion
pumps to maintain normal salt and water balance. Intracellular accumulation of
sodium, chloride, and water (cytotoxic edema) may lead to cytoskeleton and
membrane disruption and irreversible cell death. Lactic acidosis and accumulation
of NADH-associated H+ ions have also been shown to cause neuronal necrosis in
experimental models of hypoxia-ischemia in immature brains.
During hypoxia-ischemia, cytotoxic edema and acidosis cause depolarization of
neuronal membranes and release of excitatory neurotransmitters (such as
glutamate), adenosine receptor activation, elevated intracellular free calcium
concentrations, and intracellular fatty acid accumulation. Cytoskeletal and cellular
membranes are disrupted and the cell disintegrates.
High concentrations of glutamate in synaptic clefts overstimulate glutamate
receptors, which are overexpressed in the developing neonatal brain.
Overstimulation of glutamate receptors aggravates accumulation of intracellular
sodium and calcium, and results in activation of proteases, lipases, protein
kinases, and nitric oxide synthetase. Excessive accumulation of excitatory amino
acids also results in acidosis and altered transcription of genes that direct cell
necrosis and apoptosis. Adenosine receptor activation is enhanced by elevated
concentrations of adenosine during hypoxia-ischemia and has been correlated
with inhibition of axonal growth, myelination, and white matter development.
Preterm infants are particularly prone to periventricular white matter injury (eg,
periventricular leukomalacia) due to selective vulnerability of developing
oligodendroglia and subplate neurons after hypoxia-ischemia.
Oxidant injury and excessive neuronal excitation during hypoxia-ischemia are
linked, perhaps due to intracellular calcium accumulation. Following mitochondrial
injury and impairment of electron transport chain activity, superoxide molecules
accumulate. During reperfusion and oversupply of oxygen, antioxidant defenses
may be overwhelmed. This is especially relevant in the preterm infant whose
antioxidant defenses are immature and less active than in adults. Energy depletion
also reduces antioxidant synthesis, especially for glutathione. Production of
superoxide and more toxic metabolites such as hydroxyl radicals are catalyzed by
the relatively abundant iron found in neonates. These reactive oxygen species
then cause lipid peroxidation, membrane depolarization, apoptosis, and damage to
proteins and DNA. In selective neurons, intracellular calcium also catalyzes
production of nitric oxide, which acts as a free radical that damages cellular
protein, nucleic acids, and lipids. Nitric oxide also alters glutamate receptors that
cause hyperstimulation and calcium influx into the cell, both of which lead to
cytotoxicity. Fatty acids also react with oxygen-free radicals (lipid peroxidation)
produced during synthesis of prostaglandins, xanthine, and uric acid.
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Cell death due to necrosis or apoptosis occurs during hypoxia-ischemia.
Intracellular calcium accumulation may catalyze both of these processes. Neuronal
apoptosis is also more prominent than necrosis in immature neurons compared
with mature neurons. This, in part, is due to higher concentrations of caspases-3,
an important regulatory agent for apoptosis, in immature neurons.
The brain injury with HIE is not static, but evolves over time. The initial brain
insult and resuscitation in the delivery room or recovery in utero may be followed
by a second or delayed phase of brain injury. This phase is thought to involve
mitochondrial dysfunction secondary to subclinical, but ongoing, reactions
associated with the primary insult, such as calcium influx, excitatory neurotoxicity,
oxygen-free radicals or nitric oxide production. Mitochondria may release
apoptotic triggering proteins, such as cytochrome c, into the cytoplasm which
activate cascades of proteolytic enzymes, such as caspases or cysteine proteases.
Protein, DNA, and lipid fragmentation ensues. This cellular injury may be
exacerbated by inflammatory cells or mediators produced during perinatal
infection.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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You are meeting with a 23-year-old primigravida woman at 14 weeks' gestation.
Her medical history includes having had successful repair for hypoplastic left heart
syndrome. The woman and her husband, both nurses in the neonatal intensive
care unit, are interested in understanding the physiologic changes during
pregnancy that may affect the health of their fetus and the woman. You discuss
the development and control of the uteroplacental circulation.
Of the following, the factor that is MOST important for control of blood flow to the
uterus and placenta is:
blood volume
cardiac output
diastolic blood pressure
peripheral vascular resistance
regional autoregulation
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Dramatic cardiovascular adaptations are required during pregnancy to produce an
intrauterine environment conducive to fetal growth and development. Uterine
blood flow increases 10-fold by the end of the pregnancy.
Cardiac output is the most important factor for uterine and
placental perfusion during pregnancy. It increases
approximately 20% by 8 weeks of gestation and then
gradually increases by a maximum of 30% to 50% compared
to prepregnancy levels. Increases in both heart rate (10% to
20%) and stroke volume (20% to 30%) contribute to the rise
in cardiac output during pregnancy. The increase in cardiac
output peaks between 25 and 30 weeks' gestation. Because
myocardial oxygen demand rises and diastolic filling time
diminishes with the changes in cardiac output, congestive heart failure, increased
cyanosis, and reduced uteroplacental perfusion in women with cardiovascular
disease often become clinically evident at this time during pregnancy. Although
the mother in this vignette has a repaired hypoplastic left heart syndrome, cardiac
output is dependent on the right ventricle which is not normally the systemic
ventricle. It is unclear whether cardiac reserve will be sufficient in this clinical
situation because few infants who have had successful repairs with the Norwood
procedure have reached their childbearing years.
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Cardiovascular diseases during pregnancy account for about 15% of perinatal
deaths and 15% of preterm deliveries. Hypertensive disorders of pregnancy,
chronic hypertension, preeclampsia, superimposed preeclampsia, eclampsia, and
gestational hypertension comprise the majority of cardiovascular disease (5% to
8% of pregnancies). Intrauterine growth restriction most often occurs in
association with hypertensive disorders with proteinuria (preeclampsia disorders,
approximately 27% of infants weigh <2.5 kg at birth) and preterm birth (<37
weeks' gestation). The mechanism of growth restriction in preeclampsia is
multifactorial but involves abnormal maternal hemodynamic adaptation and
uterine hypoperfusion, placental insufficiency, endothelial dysfunction, aberrant
fetoplacental growth signaling, and genetic/environmental factors. Of interest,
infants of mothers with preeclampsia born after 37 weeks' gestation on average
are larger than control infants.
Pre-existing vascular and congenital cardiac disorders affect about 1% of
pregnancies. Fetal growth may be restricted in such pregnancies because of
limited capacity to increase cardiac output and physiologic changes that worsen
cyanosis by increasing right-to-left shunting in some cyanotic lesions.
Intrauterine growth restriction occurs in 6% of pregnancies complicated by
restrictive congenital lesions, such as valvular stenosis, coarctation, or
cardiomyopathy. Cyanotic lesions, such as corrected transposition of the great
arteries, are associated with a 25% incidence of fetal growth restriction if
corrected and a 67% incidence if uncorrected. Furthermore, infants of women
with congenital heart lesions have a 10-fold greater risk (8%-14%) of having
congenital heart disease than the 0.8% rate found in all live births.
Renovascular disorders such as autoimmune diseases (ie, systemic lupus
erythematosus and other rheumatologic disorders) may impair normal
cardiovascular adaptation. Impaired fetal growth (40%), fetal loss, and
preeclampsia (20%) may accompany this deficient cardiovascular adaptation.
Blood volume increases between 30% and 50% during pregnancy, which includes
a rise in plasma volume of 45% to 60% and red cell volume of 25% to 32% by 32
weeks' gestation. The difference in plasma and red cell volumes largely
contributes to the physiologic anemia of pregnancy. Total body water volume also
increases significantly. These fluid volume changes occur because of arginine
vasopressin release, renin-angiotensin-aldosterone system activation, and a
change in the maternal osmolar set point. The presence of more body water does
not cause strain on the normal gravid heart because (1) systemic and pulmonary
vascular resistances are normally lower, (2) reserve cardiac capacity is usually
greater than in abnormal hearts, and (3) uteroplacental capacity increases to
accommodate the relative hypervolemia of the pregnant versus nonpregnant
woman.
In the pregnant woman with unrepaired cyanotic congenital heart disease,
Eisenmenger syndrome, New York Heart Association functional class 3 and 4,
Marfan syndrome with aortic root diameter of 40 mm or more, or systemic
ventricular ejection fraction of 40% or less, cardiac reserve and control of
vascular resistance may limit the tolerance to these changes. Maternal congestive
heart failure, arrhythmias, and, functional cardiac limitations may reduce
uteroplacental blood flow. Limited cardiovascular adaptation may also result in
fetal loss and intrauterine growth restriction.
During pregnancy, diastolic and systolic blood pressures decline to a nadir at the
end of the second trimester. Diastolic pressure declines more than systolic
pressure. By the end of the third trimester, both systolic and diastolic blood
pressures will return to prepregnancy values. The normal decline in blood pressure
is a response to a reduction in peripheral vascular resistance. If cardiac and
vascular adaptation (ie, rise in cardiac output) is limited by congenital or acquired
heart defects, uteroplacental blood flow may be compromised.
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Blood flow to the uteroplacental circulation is normally driven by the maternal
cardiac output. Adaptation of the uterus and placental growth occur during a
normal pregnancy, blood flow is maximized by the development of low-resistance
uteroplacental arteries (transformation of uterine spiral arteries), uterine
angiogenesis throughout pregnancy, and refractoriness of uterine vasculature to
vasoconstrictors. Essentially, autoregulation of uteroplacental blood flow is lost.
Of note, the placentas of growth-restricted infants frequently maintain the ability
for blood flow to be autoregulated by vasoconstrictor agents such as angiotensin
II.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Understand organ and integrated physiology of maternal adaptation to pregnancy
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Know the effect of maternal cardiac disease and its treatment on the fetus
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A newborn infant is delivered by emergency cesarean section following
spontaneous placental abruption. The Apgar scores are 1 and 3 at 1 and 5
minutes, respectively. The umbilical cord arterial pH is 6.88 with a base deficit of
18 mEq/L. At 48 hours of age, the infant has bilateral tonic-clonic seizures,
obtunded sensorium, and generalized flaccidity. You are unable to elicit a pupillary
light reflex.
Of the following, the cranial nerve MOST important in the pupillary light reflex is:
I
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(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
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The infant in this vignette has clinical evidence of hypoxicischemic encephalopathy (HIE). Evaluation of the pupillary
light reflex is important in the neurological evaluation of such
infants. Infants with HIE have dilated pupils that may be
reactive to light during the first hours after birth. Later in the
course of profound HIE the dilated pupils do not constrict in
response to a bright light. Understanding the neural
mechanism of the pupillary light reflex is helpful in
interpreting this test.
The pupillary light reflex is initiated by light stimulating retinal receptors (Figure
1).
Figure 1: Pathway of pupillary light reflex.
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Axons from retinal ganglion cells travel in the optic nerve, cranial nerve (CN) II.
Light reflex fibers leave the optic tract, enter the midbrain, and form synapses in
the pretectal nucleus. Intercalated neurons pass from the pretectal nucleus to the
ipsilateral and contralateral Edinger-Westphal nucleus. Efferent neurons of the
oculomotor nerve, CN III, connect the Edinger-Westphal nucleus with the ciliary
ganglion. Motor fibers connect the ciliary ganglion to the circular smooth muscle
fibers of the iris.
Constriction of the pupil occurs in response to bright light after parasympathetic
neurons of CN III stimulate the circular smooth muscle fibers of the iris (sphincter
pupillae) to contract. The pupil dilates in dim light because sympathetic neurons
stimulate the radial smooth muscle fibers of the iris (dilator pupillae) to contract.
Cranial nerve II and CN III arise from the brainstem in close proximity (Figure 2).
Figure 2: Inferior view of brain and cranial nerves involved in pupillary reflex.

The ability to assess the pupillary light reflex is dependent on gestational age. The
pupillary light reflex may be elicited in some premature infants as early as 30
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weeks' gestation. Prior to 30 weeks' gestation, the vitreous is so cloudy that it
precludes pupillary reflex testing. The number of infants in whom a pupillary reflex
can be elicited increases between 30 and 35 weeks' gestation. After 35 weeks'
gestation, all neonates should display the normal pupillary reflex.
Cranial nerve I, the olfactory nerve, is an entirely sensory nerve that contains
axons that conduct nerve impulses for the sense of smell. CN I does not play a role
in the pupillary light reflex.
Cranial nerve IV, the trochlear nerve, is mainly a motor nerve that innervates the
superior oblique muscle of the eyeball. CN IV does not play a role in the pupillary
light reflex.
Cranial nerve V, the trigeminal nerve, is a mixed motor and sensory nerve. CN V
has three branches: ophthalmic, maxillary, and mandibular. Sensory axons in CN V
carry impulses for touch, pain, and thermal sensation of the face. Motor axons of
CN V are important in supplying the muscles of mastication. CN V does not play a
role in the pupillary light reflex.
Cranial nerve VI, the abducens nerve, is mainly a motor nerve that innervates the
lateral rectus muscle of the eyeball. CN VI does not play a role in the pupillary
light reflex.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Recognize the ocular signs associated with increased intracranial pressure
Know the differential diagnosis of fixed dilated pupils
Understand the functions of the cranial nerves
Know the neuroanatomic basis and methods of testing cranial nerve function in
the newborn infant
Know the normal ophthalmologic findings in preterm and full-term infants
Know the anatomy and development of the eye
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Know the types of visual impairments associated with hypoxic ischemic
encephalopathy
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A 28-year-old primigravida has tuberous sclerosis with a strong family history
(Figure 1).
Figure 1: Pedigree showing autosomal dominant pattern of inheritance of tuberous
sclerosis.
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Her pregnancy is dated at 24 weeks of gestation and has been uncomplicated thus
far. She inquires about the effects of her disease on the offspring.
Of the following, the clinical feature of tuberous sclerosis MOST likely to manifest
during fetal life is:
cardiac rhabdomyoma
facial angiofibroma
pulmonary lymphangiomyoma
renal angiomyolipoma
retinal hamartoma
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Tuberous sclerosis is an autosomal dominant genetic disorder with multisystem
manifestations. Two clinically indistinguishable, but genetically different,
conditions comprise the tuberous sclerosis complex (TSC). TSC1 is caused by a
mutation in the gene TSC1 located on chromosome 9q34.3, which encodes a 140kD protein called hamartin. TSC2 is caused by a mutation in the gene TSC2 located
on chromosome 16p13.3, which encodes a 200-kD protein called tuberin. TSC1
mutation accounts for most familial cases of tuberous sclerosis and is associated
with less severe disease. TSC2 mutation accounts for most sporadic cases of
tuberous sclerosis and is associated with more severe disease. Approximately
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15% to 20% of patients with tuberous sclerosis have no identifiable mutations in
the TSC1 and TSC2 genes, and generally manifest milder disease. Somatic
mosaicism may account for failure to detect mutations in the TSC1 and TSC2 genes
in some of these cases.
The proteins hamartin and tuberin interact physically with
high affinity to form heterodimers and are coexpressed in cells
within multiple organs. Within each cell, hamartin is localized
to the centrosome, whereas tuberin is localized to the Golgi
apparatus and the nucleus. The hamartin-tuberin
heterodimers inhibit a cellular cascade called the mammalian
target of rapamycin (mTOR) cascade, which is a critical
regulator of cell growth and proliferation. Abnormal hamartintuberin heterodimers resulting from mutations in the TSC1 and
TSC2 genes account for uncontrolled activation of the mTOR cascade and promote
excessive cell growth (cytomegaly) and proliferation (increased cell number). The
net result is the formation of tumors within many tissues, particularly in the
mesenchymal tissue, that are pathognomonic of tuberous sclerosis.
The clinical features of tuberous sclerosis manifest at different developmental
stages varying from fetal life to adulthood (Table).
Table. Major Clinical Features of Tuberous Sclerosis
Clinical Feature
Cardiac rhabdomyoma
Cerebral cortical tuber
Retinal hamartoma
Hypomelanotic macule
Shagreen patch
Subependymal giant cell tumor
Facial angiofibroma
Renal angiomyolipoma
Periungual fibroma
Pulmonary lymphangiomyoma

Age at Onset
Fetal life
Fetal life
Infancy
Infancy to childhood
Childhood
Childhood to adolescence
Childhood to adolescence
Childhood to adulthood
Adolescence to adulthood
Adolescence to adulthood

The clinical features most likely to manifest during fetal life include cardiac
rhabdomyoma and cerebral cortical tubers.
Cardiac rhabdomyoma is an intracavitary or intramural tumor of the heart that can
be detected on fetal or neonatal ultrasonography (Figure 2 and Figure 3).
Figure 2: Neonatal echocardiography (long axis view) showing cardiac tumors of
rhabdomyoma.
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(Courtesy Dr Ann Kavanaugh-McHugh.)
Figure 3: Neonatal echocardiography (four chamber view) showing cardiac tumors
of rhabdomyoma.

(Courtesy Dr Ann Kavanaugh-McHugh.)
It represents the most common cardiac tumor diagnosed in utero. Multiple tumors
of varying sizes are common and found in 50% to 70% of affected infants.
Conversely, 80% to 90% of infants with cardiac rhabdomyomas have tuberous
sclerosis. These tumors can interfere with cardiac output by obstructing the flow
and cause cardiac failure. Approximately 50% of infants with cardiac
rhabdomyomas have cardiac dysrhythmias, including atrial tachycardia,
ventricular tachycardia, complete heart block, and Wolff-Parkinson-White
syndrome. Cardiac rhabdomyomas can be asymptomatic and often peak in size at
approximately 32 weeks' gestation. These tumors often regress spontaneously
and completely, mostly during infancy.
The cutaneous features of tuberous sclerosis include hypomelanotic macules,
facial angiofibromas, collagenomas (shagreen patches), periungual fibromas,
forehead fibrous plaques, and gingival fibromas. In infancy, only the
hypomelanotic lesions are likely to be found. Facial angiofibromas, located
predominantly around the nose and over the chin, typically do not manifest until 4
years of age or older and show progressive worsening of the lesions over time.
Pulmonary lymphangiomyoma typically manifests in adolescence and affects
females almost exclusively. It is characterized by widespread proliferation of
abnormal smooth muscle cells in the lung and cystic degeneration of the lung
parenchyma. The aberrant migration of smooth muscle cells is promoted by
estrogen, which explains the predisposition of adolescent females to this disease.
Renal angiomyolipoma manifests in late childhood, typically by the age of 10
years. It represents a benign tumor composed of abnormal blood vessels,
immature smooth muscle cells, and fat cells. Often multiple tumors of varying
sizes are found in each kidney. An estimated 2% to 3% of patients with tuberous
sclerosis carry on chromosome 16 a contiguous germ line deletion that affects
both the TSC2 gene and one of the genes that causes autosomal dominant
polycystic kidney disease. Such patients have a polycystic kidney phenotype that
is detectable in infancy. Renal carcinoma is a potential complication of renal
tumors in tuberous sclerosis.
Retinal hamartoma typically manifests during infancy. It represents a
developmental abnormality in which there is an excess of one or more mature or
nearly mature tissue structures normally found in the retina. Multiple nodular
tumors of the retina are common and can be diagnosed with a fundoscopic
examination.
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American Board of Pediatrics Content Specification(s):
Recognize the cardiac manifestations of maternal diseases and of common
perinatal syndromes in the newborn infant
Know the effects on the fetus of maternal connective disorders and their
treatment
Understand the pathophysiology, including genetics, of an infant with a condition
affecting myocardial performance, such as cardiomyopathy, myocarditis, tumor,
and electrolyte imbalances
Recognize the clinical features of an infant with a condition affecting myocardial
performance, such as cardiomyopathy, myocarditis, tumor, and electrolyte
imbalances
Recognize the laboratory and radiographic features of an infant with a condition
affecting myocardial performance, such as cardiomyopathy, myocarditis, tumor,
and electrolyte imbalances
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In the follow-up clinic, you are seeing an infant whose gestational age at birth was 26
weeks, at 3 months of corrected age past term. The infant's care included surfactant
administration, assisted ventilation, parenteral nutrition for 3 weeks before enteral
feedings could be advanced, and caffeine treatment for apnea. The infant's growth rate
is normal. Physical examination reveals pallor, heart rate of 130 beats per minute,
respiratory rate of 30 breaths per minute, and clear auscultation of chest. The
hematocrit is 21%; the blood smear shows microcytosis and hypochromia.
Of the following, the diagnostic approach MOST appropriate at this time is a(n):
bone marrow examination
ferritin concentration
iron concentration
therapeutic trial with oral ferrous sulfate
transferrin concentration
You selected

, the correct answer is

.
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Iron needs of the pregnant woman increase substantially during pregnancy, especially
during the second and third trimesters. Although menstrual blood losses cease during
pregnancy, maternal iron needs during the pregnancy are increased because of
continued basal losses (250 mg of iron), demands of increased maternal blood volume
(500 mg), and deposition into fetal and placental tissues (315 mg). With absorption at
approximately 25% of intake, a pregnant woman would be estimated to need about 27
mg of dietary iron per day-an amount possible to achieve from diet alone if iron-rich
foods were emphasized. Pregnant women consume a median of 15 mg of iron per day,
and therefore supplementation with 30 mg of oral iron is recommended during the
second and third trimesters. If higher levels of supplementation are required because
of maternal iron deficiency anemia (IDA), zinc and copper supplements must be added
because iron interferes with their absorption.
Fetal needs take precedence over maternal needs during
pregnancy, providing adequate iron stores to infants of mildly irondeficient mothers. Severe maternal iron deficiency has been
related to lower infant iron stores. Maternal anemia has been
associated with prematurity and low birthweight, both of which
expose the infant to increased risk of developing iron deficiency
after birth.
Iron stores in infants are proportional to size. Perinatal
predisposing factors for IDA include low birthweight, prematurity,
twin-to-twin transfusion, fetal-maternal hemorrhage, perinatal hemorrhagic events,
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and insufficient dietary intake.
Iron deficiency anemia developing in early infancy is especially common among infants
born prematurely. Preterm infants are predisposed to IDA for several reasons:
Smaller absolute blood volume and red cell mass at birth, followed by rapid
weight gain. Even in the absence of abnormal events, the hematocrit and
hemoglobin concentrations of the healthy very-low-birthweight infant are lower
than those in infants born at term. The iron available in early infancy for
hematopoiesis is derived mostly from the iron available from the red cell mass at
birth.
Because iron is not regularly supplemented during parenteral nutrition and
enteric-fed iron is poorly absorbed despite decreased ferritin concentrations, the
preterm infant undergoes a progressive depletion of total iron (on a per kilogram
basis) as his/her growth progresses.
Phlebotomy for various blood tests adds to iron losses.
More conservative use of blood transfusions among convalescent preterm infants
is now the usual practice. In the otherwise healthy, growing preterm infant,
transfusions currently are reserved for those children whose anemia becomes
symptomatic or who have ongoing respiratory problems.
Unless supplemented by adequate amounts of iron, infants given erythropoietin
for anemia of prematurity have added risk of developing IDA in early infancy.
By the time the child reaches a postmenstrual age of term, iron stores are suboptimal
in most, if not all, former very-low-birthweight infants and are estimated to become
depleted by 2 to 3 months of age unless supplemental iron is provided.
Term infants, on the other hand, are replete with iron. They are born with hemoglobin
concentrations (15 - 17 g/dL [150 - 170 g/L]) yielding sufficient iron stores to allow
erythropoiesis to match the child's growth for 4 to 6 months. Infants who are anemic
at birth or who undergo blood loss before or at birth, as with fetal-maternal
hemorrhage or twin-to-twin transfusion, may have insufficient stores and develop
IDA.
In this vignette, the infant has several antecedents of IDA secondary to prematurity,
making IDA overwhelmingly likely as the cause of his problem. Iron deficiency may be
present without anemia (see prevention below) or present with pallor as noted in this
case. More severe anemia may be associated with growth failure followed by highoutput cardiac failure, not seen in this case. Blood smear findings are typical for IDA. A
blood smear should be obtained whenever IDA is suspected.
A therapeutic trial of ferrous sulfate supplementation combines diagnostic
confirmation with therapy, and this approach is the most cost-efficient strategy for
presumptive IDA. In situations of lesser certainty, other tests can be used to detect
IDA, but are not recommended for highly likely cases, such as presented in this
vignette. Ferrous sulfate therapy should be begun to provide 3 mg/kg of elemental
iron per day for 4 weeks. The iron is best given with juice because of better absorption
(13.7%) compared with milk (5.7%). With IDA, this regimen should result in a
hemoglobin increase of more than 1 g/dL (10 g/L) after 4 weeks' treatment. In
confirmed cases, iron supplementation should be continued for an additional 2 to 3
months to ensure replenishment of iron stores. The cost of this approach is estimated
to be about $5. Parenteral iron is not recommended unless the infant has severe,
persistent anemia that has proven intolerant to oral medication, malabsorption, or poor
compliance. Parenteral iron presents a 2% to 3% risk for anaphylaxis.
If the diagnosis is uncertain or the response to a therapeutic trial is suboptimal, more
extensive testing may be helpful. Along with a decreased hemoglobin concentration,
patients with IDA have decreased serum iron, ferritin, and transferrin saturation and
increased erythrocyte protoporphyrin and red cell distribution width. Iron-deficient
individuals without IDA first show decreased serum ferritin as iron requirements
exceed iron intake. Of note, confounding factors of infection and inflammation may
affect any or all of these findings, and diurnal variation exists with serum iron
concentrations. The presence of these confounders makes the therapeutic trial more
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specific and useful as a first approach. Bone marrow examination is not recommended.
The iron content of various human or cows' milk products largely determines the dietbased risk for iron deficiency (Table).
Table. Iron Content of Various Milk Products and the Associated Risk of Iron Deficiency
Milk Source
Iron-fortified formula
Breast milk
Nonfortified formula or cows' milk

Risk of Iron Deficiency at 9 to 12 mo, %
8
20
30-40

Although IDA occurs less frequently than iron deficiency, because hematopoiesis
prioritizes the use of iron in human metabolism, the iron-deficient individual may have
adverse effects involving other tissues, the most significant being the brain. Iron is a
component of or required by a number of enzyme systems controlling cellular
respiration, synthesis of dopamine, and myelination. Many studies have related iron
deficiency to adverse neurodevelopmental outcome involving motor, cognitive, and
behavioral deficits-some of which may persist in spite of treatment. Iron-deficient
individuals also have enhanced lead absorption, which also can contribute to
neurologic and developmental defects. For these many reasons, prevention of iron
deficiency and IDA is a significant goal of early infant nutrition.
Iron deficiency and IDA can be prevented in many patients with the following
recommendations:
Breastfeeding exclusively for 4 to 6 months among term infants; starting iron
supplementation (1 mg/kg up to a maximum of 15 mg/day) before 4 months of
age, followed by iron-fortified cereals when tolerated.
For breast milk-fed preterm or low-birthweight infants, begin iron
supplementation at 1 month (using 1 to 2 mg/kg elemental iron up to a
maximum of 15 mg/day) and continue to 1 year of age.
For nonbreast-fed infants, use only iron-fortified infant formulas. Cereals, pureed
meats, and foods rich in vitamin C may be introduced after 4 to 6 months of age
as tolerated.
Cow's milk should be avoided until after 12 months' age. Whole cow milk
provides two causative factors for iron deficiency: inadequate iron content and
enhanced iron losses, because cow milk protein sensitivity leads to occult
gastrointestinal blood loss in some children.
Low iron formulas also should be avoided.
Introduction of iron-fortified cereals followed by other iron-containing foods
gradually over the second 6 months after birth.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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Recognize the etiology of iron deficiency anemia
Recognize the laboratory and clinical features of iron deficiency
Understand the clinical manifestations and diagnosis of iron deficiency
Understand the management and prevention of iron deficiency
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A 2-month-old infant at a local daycare is inadvertently fed expressed breast milk
that was intended for another infant. The milk had been refrigerated, but never
frozen. The exposed infant is healthy and has received the recommended
immunizations for his age.
Of the following, the pathogen MOST likely to be transmitted through the breast
milk expressed from an infected mother and result in significant risk to this infant
is:

Mycobacterium tuberculosis
varicella-zoster virus
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Although maternal infection is rarely a contraindication for breastfeeding, the
transmission through breast milk of several pathogens is well-documented. In
particular, repeated exposure of an infant to small amounts of virus over the
duration of lactation contributes to the increased risk of transmission and disease.
Maternal infection with the human T-lymphotropic viruses (HTLV; types 1 and 2)
and the human immunodeficiency virus (HIV) are contraindications for
breastfeeding in the United States.
Vertical transmission of the retroviruses HTLV-1 and HTLV-2
occurs through breastfeeding. Endemic to Japan, the
Caribbean, and South America, HTLV-1 causes adult T-cell
leukemia and a chronic, progressive neuropathy, with early
life infection carrying the greatest risk for adult disease.
Endemic to the population of American and European injection
drug users, HTLV-2 has been associated with a chronic ataxia
and adult malignancies. Women seropositive for antibodies to
HTLV-1 or HTLV-2 should be counseled to refrain from
breastfeeding.
Human immunodeficiency virus has been isolated from breast milk, with the risk
of transmission through breastfeeding highest for women who acquire HIV during
lactation. In addition to the risk of prenatal and perinatal transmission of HIV,
breastfeeding by an HIV-infected mother increases the transmission risk by up to
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22%. In the United States and other areas, where safe and effective infant
formulas are readily available, HIV-infected women should refrain from
breastfeeding. Data determining the effect of antiretroviral therapy on the safety
of breast milk are insufficient.
Cytomegalovirus (CMV) is ubiquitous and its postnatal transmission via
breastfeeding is well recognized. However, most term infants infected through
breast milk are asymptomatic because of the acquisition of transplacental
maternal antibodies from CMV-positive mothers. In contrast, postnatal exposure
of susceptible infants, such as very-low-birthweight premature or other
immunodeficient infants, can lead to severe disease. Likewise, term infants of
CMV-negative mothers are at increased risk of acquiring CMV, but rarely develop
severe disease. Thus, maternal CMV seropositivity is not a contraindication for
breastfeeding in the term infant. Decisions regarding breastfeeding the CMVseronegative or premature infant should take into account the benefits of human
milk versus the risk of disease from CMV infection.
While antigens to hepatitis B virus (HBV) and hepatitis C virus (HCV) are found in
human milk, breastfeeding by infected mothers is not strictly contraindicated.
With maternal HBV infection, studies have shown no difference in seroconversion
rates for formula-fed and breastfed infants. Timely administration of hepatitis B
immunoglobulin (HBIg) and HBV vaccine prevents transmission in more than 95%
of cases. As a result, mothers who are HBV surface antigen-positive may safely
breastfeed, along with the administration of HBIg and initiation of the HBV vaccine
series to the infant.
Hepatitis C virus is found in breast milk of infected mothers, and yet transmission
rates are similar in formula-fed and breastfed infants. Moreover, transmission of
infection has not been documented in HCV-positive women who test negative for
HIV. Current Centers for Disease Control and Prevention guidelines do not
consider maternal HCV infection a contraindication for breastfeeding, but because
of the theoretical risk of transmission, infected mothers should be counseled to
weigh the benefits of breastfeeding against the potential risk of infection.
The close maternal-infant contact inherent in breastfeeding places the infant at
risk for infection from pathogens spread by the droplet or contact route, and not
excreted into the breast milk. A mother with active infection with Mycobacterium
tuberculosis should be separated from her infant until appropriate antituberculosis
therapy has been given, generally for 2 weeks, but in the absence of a tuberculosis
breast abscess, may continue to provide expressed breast milk. Similarly, in the
absence of breast lesions, maternal varicella-zoster infection is not a
contraindication for the provision of expressed breast milk; however, motherinfant separation during the contagious stage is warranted, and the varicellazoster immunoglobulin should be administered to the infant. Herpes simplex virus
(HSV) is not found in human milk, but may be transferred by direct contact with
maternal lesions. Unless herpetic vesicles are present on the breast, women with
active HSV may breastfeed if lesions are covered and careful hand hygiene is
practiced.
Improperly stored expressed human milk can become contaminated with bacterial
pathogens, including Staphylococcus species and gram-negative bacilli, and
transmission to infants may result in significant disease. In addition, bacteria may
be released into breast milk in the presence of a maternal breast abscess or
mastitis. Draining of the abscess and initiation of antimicrobial therapy should
precede the continuation of lactation. With mastitis, breastfeeding may continue,
concurrent with the administration of maternal antibiotic therapy.
Finally, the storage and treatment of expressed breast milk affects the presence of
infectious pathogens in the milk. Freezing of milk at -20°C (-4°F) eliminates HTLV
and decreases other viral titers, but does not reliably eliminate CMV or destroy
bacteria. Heat treatment of expressed milk at a temperature of 56°C or higher
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(>133°F) for 30 minutes reliably eliminates bacteria, inactivates HIV, and
decreases titers of other viruses. Holder pasteurization (62.5°C [144.5°F] for 30
minutes) inactivates CMV and HIV, and eliminates or decreases titers of most
other viruses.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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A 5-day-old male infant born at 33 weeks' gestation is feeding poorly. Half of his
fluid intake is provided parenterally. Findings on physical examination are normal
except for lethargy. Laboratory findings include a total serum calcium
concentration of 14 mg/dL (3.5 mmol/L).
Of the following, the MOST likely cause of this child's hypercalcemia is:
blue diaper syndrome
familial hypocalciuric hypercalcemia
iatrogenic hypercalcemia
maternal hypoparathyroidism
Williams syndrome
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Neonatal hypercalcemia is most often defined as a total serum calcium
concentration of more than 11.0 mg/dL (2.75 mmol/L) or a plasma ionized
calcium concentration of more than 5.4 mg/dL (1.35 mmol/L). Symptoms may
include failure to thrive, anorexia, poor feeding, lethargy, hypotonia, vomiting, or
constipation. Rare findings include seizures, bradycardia, or hypertension.
The causes of neonatal hypercalcemia can be arranged according to the clinical
approach (Table).
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Iatrogenic hypercalcemia, often the result of excessive parenteral calcium
administration, is the most common cause of early-onset hypercalcemia, as is
likely in the infant in the vignette. A review of fluid orders and analysis of the
intravenous fluid may explain the root cause for excess intake and avoid
unnecessary testing.
Other potential iatrogenic sources of excess calcium administration
include calcium provided during exchange transfusion or extracorporeal
membrane oxygenation. Vitamin D intoxication causes excess intestinal
absorption of calcium and phosphorus. Vitamin A intoxication can result
in increased bone turnover and release of calcium into the blood. Both
vitamin A and vitamin D intoxications are associated with excess
administration of the vitamin, not likely to have occurred in the infant in
the vignette. Insufficient provision of phosphorus in parenteral nutrition
or oral formulas increases intestinal absorption of calcium while
preventing calcium deposition in the bones, leaving excess calcium in the serum. Thiazide
diuretics reduce renal calcium excretion and can be associated with high serum calcium
concentrations.

Treatment of hypercalcemia starts with restriction of calcium and vitamin D intake, and should
be sufficient for situations such as that seen in the vignette. Urinary excretion may be
encouraged by the use of intravenous saline and, once rehydration is achieved, a loop diuretic
such as furosemide. Glucocorticoids, calcitonin, bisphosphonate, or dialysis may be needed in
special cases. Treatment can be monitored using calcium, phosphorus, and parathyroid
hormone levels. Renal ultrasonography aids in monitoring nephrocalcinosis.
Neonatal hypercalcemia occurs less frequently as a result of insufficiently treated maternal
hypoparathyroidism than of iatrogenic causes. The low maternal calcium concentration is
mirrored in the fetus because of low transplacental calcium transfer. The low fetal calcium
concentration stimulates the fetal parathyroid glands, which then persist after birth to produce a
surfeit of parathyroid hormone. The excess parathyroid hormone keeps the serum calcium
concentration high by mobilizing calcium and phosphorus from bone, and by enhancing the
renal reabsorption of calcium. The production of excess parathyroid hormone is transient, and
any bone abnormalities usually resolve within 6 months.
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Familial hypocalciuric hypercalcemia is a rare heterozygous autosomal dominant defect in the
calcium-sensitive receptors of the parathyroid glands and the kidneys. The calcium-sensing
"set-point" in these organs is elevated, so that a higher serum calcium concentration is needed
to inhibit parathyroid hormone production, or to inhibit renal calcium reabsorption. In these
children, the concentration of parathyroid hormone is inappropriately normal despite the
hypercalcemia. Renal calcium excretion is impaired, with resulting hypocalciuria. Treatment is
based on the severity of any symptoms; most patients are asymptomatic.
The same gene defect of the calcium-sensitive receptors of the parathyroid glands and the
kidneys, when homozygous, causes neonatal severe hyperparathyroidism. Complete
insensitivity of the parathyroid glands to any calcium level results in high parathyroid
concentrations, and calcium concentrations are often in the range of 15 mg/dL to 30 mg/dL
(3.75-7.5 mmol/L). The condition is life threatening with a mortality rate of 25 percent. Treatment
often includes total parathyroidectomy.
The blue diaper syndrome is a rare disease. A defect in tryptophan transport causes intestinal
accumulation and bacterial production of indole, which is absorbed, processed, and excreted in
the urine as indigotin (indigo blue). The cause of the associated hypercalcemia, which often
presents as a failure to thrive, is unknown. Treatment involves a diet low in calcium and vitamin
D, and glucocorticoids.
Williams syndrome comprises elfin facies (epicanthal folds, medial eyebrow flare, anteverted
nares, prominent maxillae, small mandible, prominent lips), cardiac abnormalities (supravalvular
aortic stenosis), "cocktail party" personality (mental retardation with loquaciousness), and
hypercalcemia. It usually is caused by a sporadic microdeletion of chromosome 7. The
hypercalcemia is transient and self-resolving. Treatment initially consists of a low calcium and
low vitamin D diet. The mechanism of the hypercalcemia is unknown.
Do you want to add anything to your Learning Plan?
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feature.)

References:
Rigo J, DeCurtis M. Disorders of calcium, phosphorus, and magnesium metabolism. In: Martin
RJ, Fanaroff AA, Walsh MC, eds. Fanaroff and Martin's Neonatal Perinatal Medicine, Diseases of
the Fetus and Infant. 8th ed. Philadelphia, Pa: Elsevier Mosby; 2006:113-140
Rodriguez-Soriano J. Neonatal hypercalcemia. J Nephrol. 2003;16:606-608
Rubin LP. Disorders of calcium and phosphorus metabolism. In: Taeusch HW, Ballard RA,
Gleason CA, eds. Avery's Diseases of the Newborn. 8th ed. Philadelphia, Pa: Elsevier Saunders;
2005:1346-1365
American Board of Pediatrics Content Specification(s):
Understand the etiology and clinical manifestations of neonatal hypercalcemia
Understand the laboratory features and approach to therapy of neonatal hypercalcemia

http://emb.aap.org/courseprodv2/Index.asp[4/6/2012 11:53:57 AM]

Education Module Learner

Assessment

July 07

Your Score

CME Credit Expired

Page     1 2 3 4 5 6 7 8 9 10    
My Learning Plan

Editorial
NeoPlus
Overview
Board
2007
1

January 07

2

February 07

3

March 07

4

April 07

5

May 07

6

June 07

7

July 07

8

August 07

9

September
07

10 October 07
November
07
December
12
07
11

A 29-year-old woman gives birth to her fourth child at term gestation by cesarean
section delivery necessitated by failure to progress. The pregnancy was
complicated by a flulike illness in the second trimester characterized by fever,
muscle aches, sore throat, and lymphadenopathy. Infectious mononucleosis was
suspected, but not confirmed. Her other children are healthy. The infant had Apgar
scores of 7 and 9 at 1 and 5 minutes, respectively. His body measurements are as
follows: weight 2,650 g; head circumference, 38 cm; and crown-heel length, 48
cm. He has a maculopapular skin rash, hepatosplenomegaly, and no other
abnormalities on physical examination. Hemoglobin is 11.3 g/dL (113 g/L) and
platelet count is 76 × 10 3/µL (76 × 10 9/L). Cerebrospinal fluid shows elevated
protein, normal glucose, and a white cell count of 78/µL (0.078 × 10 9/L), all
mononuclear cells. Computed tomography reveals enlargement of lateral and third
ventricles, and scattered intracranial calcifications (Figure 1).
Figure 1

Eye examination reveals bilateral chorioretinitis (Figure 2).
Figure 2

Of the following, the congenital infection MOST likely to be confirmed in this infant
is:
cytomegalovirus

http://emb.aap.org/courseprodv2/Index.asp[4/6/2012 11:54:22 AM]

Education Module Learner

herpes simplex virus
lymphocytic choriomeningitis virus
syphilis
toxoplasmosis
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

The infant in this vignette has signs of congenital systemic infection, including
hepatosplenomegaly, skin rash, anemia, and thrombocytopenia. He also has
central nervous system signs including pleocytosis in the cerebrospinal fluid (CSF).
His body weight is close to the 10 th percentile, length close to the 25 th percentile,
but the head circumference is above the 90 th percentile. The large head is most
likely due to hydrocephalus. The constellation of findings in the infant in this
vignette is most consistent with congenital toxoplasmosis.
Congenital toxoplasmosis occurs in 1 in 1,000 to 1 in 10,000
births in the United States. It appears in several forms. Most
(70%-90% of cases) are asymptomatic at birth. However,
some of these cases develop visual difficulties, hearing loss,
learning problems, or mental retardation months to years
later. Of the remaining cases, some are born with a systemic
form of the disease including maculopapular skin rash,
lymphadenopathy, hepatosplenomegaly, thrombocytopenia,
and jaundice. In other cases, the central nervous system is
affected with meningoencephalitis, intracranial calcifications, hydrocephalus,
microcephaly, chorioretinitis, seizure disorder, and/or deafness. The infection can
also be fatal before birth or shortly after. The infant in this vignette best fits the
constellation of findings in congenital toxoplasmosis, because he has
hydrocephalus along with systemic disease.
Among congenital infections, cytomegalovirus is the most common with
approximately 1% of all live-born infants infected in utero. Humans are the only
host for this virus. In the United States, the seroprevalence rates range from 40%
to 85% among women of childbearing age. The highest rates are found among the
poor. Cytomegalovirus can cause a focal encephalitis affecting gray and white
matter; calcifications can be found anywhere in the brain. Neither pleocytosis in
the CSF at birth nor hydrocephalus is reported in congenital cytomegalovirus
infection.
Herpes simplex virus can manifest systemic findings similar to those described in
the infant in this vignette. It can also cause devastating central nervous system
disease with virulent encephalitis. It can also present with an oculocutaneous form
that might lead to blindness. However, intrauterine infection with herpes simplex
virus is rare. Most infants are first exposed to the virus during birth. Therefore, the
onset of symptoms typically occurs 3 to 14 days after birth with cutaneous
vesicles or a sepsislike presentation. Hydrocephalus is an uncommon finding and
does not appear at birth.
Lymphocytic choriomeningitis virus (LCV) may be the most common infectious
cause of congenital hydrocephalus. Pleocytosis and elevated protein levels are
often found upon examining the CSF. Adult infection can be flulike but headache is
prominent. Infection during pregnancy can lead to abortion, intrauterine infection,
or perinatal infection. In a series of confirmed neonatal cases of LCV infection,
most were term infants and of the appropriate size for gestation. The incidence of
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chorioretinitis was 88% and that of macrocephaly 43%. Only 3% of cases had
microcephaly. The mortality rate was 35%; severe neurologic problems were seen
in 63% of survivors. However, LCV infection does not cause congenital
hepatosplenomegaly, skin rash, anemia, or thrombocytopenia.
Congenital syphilis commonly presents with nasal discharge and osteochondritis.
The latter is identified on radiographs and is often asymptomatic. Growth
retardation, prematurity, hepatosplenomegaly, microcephaly, thrombocytopenia,
and anemia are often seen with congenital syphilis. Skin rash is common but
hydrocephalus and pleocytosis in the cerebrospinal fluid are not presenting signs
of congenital syphilis.
Do you want to add anything to your Learning Plan?
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feature.)

References:
American Academy of Pediatrics. Toxoplasmosis. In: Pickering LK, Baker CJ, Long
SS, McMillan JA, eds. Red Book: 2006 Report of the Committee on Infectious
Diseases. 27th ed. Elk Grove Village, Ill: American Academy of Pediatrics;
2006:666-671
Arvin AM, Whitley RJ, Gutierrez KM. Herpes simplex virus infections. In:
Remington JS, Klein JO, Wilson CB, Baker CJ, eds. Infectious Diseases of the Fetus
and Newborn Infant. Philadelphia, Pa: Elsevier Saunders; 2006:845-865
Ingall D, Sanchez PJ, Baker CJ. Syphilis. In: Remington JS, Klein JO, Wilson CB,
Baker CJ, eds. Infectious Diseases of the Fetus and Newborn Infant. Philadelphia,
Pa: Elsevier Saunders; 2006:545-580
Remington JS, McLeod R, Thulliez P, Desmonts G. Toxoplasmosis. In: Remington
JS, Klein JO, Wilson CB, Baker CJ, eds. Infectious Diseases of the Fetus and
Newborn Infant. Philadelphia, Pa: Elsevier Saunders; 2006:947-1091
Stagno S, Britt W. Cytomegalovirus infections. In: Remington JS, Klein JO, Wilson
CB, Baker CJ, eds. Infectious Diseases of the Fetus and Newborn Infant.
Philadelphia, Pa: Elsevier Saunders; 2006:739-781
American Board of Pediatrics Content Specification(s):
Understand the epidemiology, pathogenesis, and prevention of perinatal infections
with toxoplasmosis
Understand the clinical manifestations and diagnostic criteria of perinatal
infections with toxoplasmosis
Understand the treatment and complications of perinatal infections with
toxoplasmosis

http://emb.aap.org/courseprodv2/Index.asp[4/6/2012 11:54:22 AM]

Education Module Learner

Assessment

July 07

Your Score

CME Credit Expired

Page     1 2 3 4 5 6 7 8 9 10    
My Learning Plan

Editorial
NeoPlus
Overview
Board
2007
1

January 07

2

February 07

3

March 07

4

April 07

5

May 07

6

June 07

7

July 07

8

August 07

9

September
07

10 October 07
November
07
December
12
07
11

A 19-day-old male infant, whose birthweight was 980 g and estimated gestational
age at birth 27 weeks, has sudden onset of apnea and bradycardia, temperature
instability, and lethargy. He also has increased gastric residuals, abdominal
distension, and bright red blood in stools. Abdominal examination reveals absence
of bowel sounds, tenderness with guarding to touch, no palpable mass, and no
skin discoloration. Laboratory blood tests reveal the following: hemoglobin, 13.8
g/dL (8.6 mmol/L); erythrocyte count, 4.5 × 10 6/µL (4.5 × 10 12/L); platelet
count, 89 × 10 3/µL (89 × 10 9/L); and leukocyte count, 11.2 × 10 3/µL (11.2 ×
10 9/L), with a normal differential and normal coagulation study findings. An
arterial blood gas in room air reveals the following: pH, 7.30; partial pressure of
oxygen, 90 mm Hg (12 kPa); partial pressure of carbon dioxide, 42 mm Hg (5.6
kPa); bicarbonate, 16 mEq/L (16 mmol/L); and base deficit 9 mEq/L (9 mmol/L).
An abdominal radiograph is obtained to confirm the diagnosis of necrotizing
enterocolitis (NEC) (Figure).
Figure: Abdominal radiograph showing pneumatosis intestinalis and portal venous
gas.

Of the following, the clinical and radiographic findings in this infant are MOST
consistent with NEC:
stage I
stage IIa
stage IIb
stage IIIa
stage IIIb
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Necrotizing enterocolitis (NEC) can manifest with a severity varying from a mild
gastrointestinal disturbance to a fulminant disease at the other. In 1978, Bell and
associates proposed staging criteria for defining the severity of NEC. These criteria
were broadened by Walsh and associates in 1986. This widely used staging system
of NEC is designed to allow accurate comparison of patients with the disease of
similar severity, and it may be useful for guiding the treatment as well as for
predicting the prognosis.
The staging of NEC is based on systemic signs, intestinal
signs, and radiographic features. Stage I (suspect NEC) may
represent the least severe disease; stages IIa and IIb
(definite NEC) represent a disease of intermediate severity;
and stages IIIa and IIIb (advanced NEC) represent the most
severe disease. The stage of NEC in an infant may change
during the course of the illness, and its ultimate
characterization may require 24 to 48 hours of observation
after the onset of the disease.
In stage I NEC, the typical systemic signs may include temperature instability,
apnea, bradycardia, and lethargy. The typical intestinal signs may include
increased gastric residuals, abdominal distension, emesis, and blood in stools. The
typical radiographic features may include intestinal dilation and ileus. Because
these findings are nonspecific, the diagnosis of NEC is suspect.
In stage IIa NEC, the typical systemic signs are the same as in stage I disease.
The typical intestinal signs, in addition to those in stage I disease, include absence
of bowel sounds with or without abdominal tenderness. The typical radiographic
features include intestinal dilation, ileus, and, more specifically, pneumatosis
intestinalis (intestinal intramural gas bubbles).
In stage IIb NEC, the typical systemic signs, in addition to those in stage I and IIa
disease, include metabolic acidosis and thrombocytopenia. The typical intestinal
signs, in addition to those in stage IIa disease, include abdominal tenderness with
or without abdominal wall cellulitis or right lower quadrant mass (in the ileocolic
region). The typical radiographic features include intestinal dilation, ileus,
pneumatosis intestinalis, and portal venous gas with or without ascites.
In stage III NEC, the clinical course is worsened by one or more complications of
the disease. In stage IIIa NEC, the systemic signs are much more severe and
include intractable apnea, bradycardia, hypotension, respiratory and metabolic
acidosis, disseminated intravascular coagulation, and neutropenia. The intestinal
signs reflect generalized peritonitis characterized by marked abdominal
distension, tenderness, and cellulitis. The radiographic features are similar to
those in stage IIb with the addition of ascites.
Stage IIIb NEC is distinguished from stage IIIa disease by the demonstration of
gastrointestinal perforation with resultant pneumoperitoneum on abdominal
radiography.
The infant in this vignette, in addition to nonspecific systemic signs, has evidence
of metabolic acidosis and thrombocytopenia. The intestinal signs are moderately
severe and include absence of bowel sounds and abdominal tenderness without
cellulitis. The abdominal radiograph (Figure)
Figure: Abdominal radiograph showing pneumatosis intestinalis and portal venous
gas.
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shows pneumatosis intestinalis in the right lower quadrant and portal venous gas
without ascites or pneumoperitoneum. All of these findings are consistent with
stage IIb NEC.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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Your state screening program uses genetic testing to identify newborns with cystic
fibrosis. You receive notification that one of the neonates in your neonatal intensive care
unit has two abnormal alleles for the cystic fibrosis transmembrane regulator gene
(CFTR). The child is healthy, almost ready for discharge from the hospital. The parents
want to know what problems their child might have to face.
Of the following, the EARLIEST finding in a neonate with cystic fibrosis such as the
neonate in the vignette is:
hepatic cirrhosis
nasal polyps
pancreatic insufficiency
pulmonary infection
rectal prolapse
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Once meconium ileus is excluded, as in the vignette, most neonates with two abnormal
CFTR genes will show only pancreatic insufficiency as a symptom of their cystic fibrosis.
The other choices are less frequent or appear after the neonatal period.
More than 1,000 known mutations can affect CFTR function. Most of the defects involve
the gene producing the 1,480-amino-acid protein, but some involve defects of
transcriptional regulation of the gene or of posttranslational processing. The result is a
wide range of severity in cystic fibrosis, from only congenital absence of the vas deferens
to severe pancreatic exocrine deficiency (Table).
Table. Symptoms of Cystic Fibrosis and CFTR Function (Modified from Stern)
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The pathophysiology of cystic fibrosis involves chloride channel regulation in certain cells.
In the sweat glands, the usual processing of sweat in the duct is disrupted before it
emerges on the skin surface. The chloride ions in the nascent sweat are not reclaimed
from the ductal lumen, and the chloride concentration in the resulting sweat is higher
than in patients without cystic fibrosis.
In some exocrine cells of various organs, an abnormality in CFTR
results in viscid mucous with a low water content. The most accepted
model for this process postulates that the abnormal CFTR protein
causes a hyperabsorption of sodium ions from the lumen to the
interstitium. Water molecules and chloride follow the sodium, leaving
only a small quantity of water to hydrate the mucous in the lumen.
In the vas deferens, thickened mucous blocks the lumen in utero,
causing involution of the vas deferens and male infertility. In the
lung, the tenacious secretions obstruct the distal airways and inhibit
eradication of pathogens. Chronic inflammation, progressive fibrosis, and recurrent
pneumonia result. Chronic inflammation of the paranasal sinuses causes nasal polyps. Bile
duct blockage can lead to cirrhosis. In the pancreas, ductal concretions cause a markedly
reduced output of digestive enzymes and bicarbonate. In the fetal intestines, thickened
meconium causes the meconium ileus syndrome.
The symptoms of cystic fibrosis exhibited by the neonate appear in order of CFTR severity
(Table). The most severe presentation, meconium ileus, manifests at birth (or earlier if
abdominal calcifications are seen prenatally) in approximately 15% of patients with cystic
fibrosis. Once meconium ileus is excluded, as in the vignette, pancreatic insufficiency will
present in 85% of patients with cystic fibrosis as poor growth, both in length and weight.
Sweat chloride testing may not be diagnostic in the neonatal period because of the
difficulty in obtaining enough sweat at this age.
Other symptoms do not show up as often in the neonatal period. Respiratory symptoms,
such as chronic sinusitis and recurrent pneumonia, occur most often after the neonatal
period. Cholestasis may cause a direct hyperbilirubinemia in the neonate, but frank
cirrhosis does not appear until hepatic fibrosis has been present for several months.
Rectal prolapse, a result of chronic coughing, steatorrhea, and malnutrition, usually
presents at 6 months to 3 years of age. An absent vas deferens manifests as male
infertility in later life.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Understand the clinical manifestations and pathophysiology of cystic fibrosis in the
newborn infant
Understand the disorders for which molecular genetic studies are clinically indicated, such
as cystic fibrosis
Understand the diagnosis of CF in newborn infants
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Three days after birth, a 26-week-gestation, 719-g preterm infant shows increase
in oxygen demand and ventilator settings. Physical examination discloses a
systolic murmur in the left infraclavicular region, prominent cardiac impulse to
palpation, and presence of palmar pulses. Your suspicion of patent ductus
arteriosus is confirmed on echocardiography. By coincidence, you had recently
discovered a patent ductus arteriosus on examining a term infant, leading you to
consider the effect of the ductus arteriosus among term and preterm infants.
Compared with term infants with patent ductus arteriosus, preterm infants are
MOST likely to have:
enhanced effect of oxygen on ductal remodeling
greater susceptibility for pulmonary edema
higher risk for associated structural cardiac defects
less responsiveness to pharmacologic closure with indomethacin
more positive family histories for ductal patency
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

The ductus arteriosus (DA) connects the aorta just distal to the left subclavian
artery to the junction of the main and left pulmonary arteries (Figure 1).
Figure 1
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In fetal life, the DA, derived embryologically from the sixth aortic arch, functions
to bypass blood flow from the pulmonary circulation to the systemic circulation,
and carries about 50% of the combined cardiac output. Flow through the DA in
fetal life is enhanced by at least four factors:
ductal dilation mediated by low oxygen tension of the blood traversing the
DA
ductal dilation mediated by prostaglandins, some of placental origin
high pulmonary vascular resistance secondary to pulmonary vascular
constriction
low systemic vascular resistance due to high placental blood flow
At birth, transitional effects influence all four of these factors in the following
manner:
blood oxygen tension rises as the lungs expand, leading to constriction of the
DA
vasodilatory prostaglandins are no longer supplied by the placenta and
undergo increased metabolism in the lung, leading to constriction of the DA
lung expansion combined with higher blood oxygen content relaxes
pulmonary vasculature, promoting flow from the pulmonary arteries into the
lungs
removal of the placenta from the systemic circuit increases systemic
peripheral resistance
The combination of these events causes the flow in the DA to reverse, exposing the
DA to blood with higher oxygen content and lower concentrations of vasodilatory
prostaglandins, which causes constriction of the DA. This constriction results in
functional closure beginning within 10 to 15 hours after delivery with resultant
hemodynamic closure in 50% of term infants by 24 hours after birth, in 90% by 48
hours, and in virtually all by 72 hours.
Functional closure is followed by a series of anatomic changes
resulting in structural closure. Paradoxically, oxygenmediated constriction of the DA results in a zone of tissue
hypoxia in the ductal media, the signal for irreversible
anatomic closure. Hypoxia-induced growth factors, including
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vascular endothelial growth factor and transforming growth
factor-beta, initiate ductal remodeling. With greater degrees
of prematurity, the thinner ductal wall is more permeable to
oxygen. Unless ductal flow is interrupted in the preterm
infant, medial hypoxia will not develop and the necessary cell death and
remodeling will not occur, enhancing the opportunity for reopening.

The vasodilatory prostaglandins, PGE2 and PGI2, along with a nitric oxide-like
vasodilator, produced by the DA, promote ductal patency. The vasodilator effect of
the prostaglandins declines with gestational age and with postnatal age. This
decline makes prostaglandin synthetase inhibitors less effective with advancing
postnatal and gestational age. Early studies in animals have demonstrated a
synergistic effect between indomethacin (prostaglandin synthetase inhibitor) and
a nitric oxide inhibitor in effecting ductal constriction. Antenatal corticosteroids
are associated with a reduced incidence of ductal patency, presumed to be the
result of the corticosteroid-induced reduction in sensitivity of ductal tissue to
PGE2. On the other hand, among fetuses exposed to indomethacin in utero, 60%
will have ductal constriction in utero, which may induce hypoxic damage to the
vasoconstrictory musculature of the DA and inhibit constriction after birth.
Among preterm infants, closure of the DA may be delayed and the DA becomes
more susceptible to reopening. Most healthy preterm infants of more than 30
weeks' gestation have a closed DA by 4 days of age. As gestational age decreases,
and especially if the infant's course is complicated by respiratory distress
syndrome, the incidence of patent ductus arteriosus (PDA) increases. Up to 70%
of infants delivered at less than 28 weeks' gestation receive treatment for PDA.
The preterm infant will develop symptoms of PDA sooner than term infants.
Pulmonary vascular resistance decreases more rapidly among preterm infants
because of their immature pulmonary arteries, resulting in a larger left-to-right
shunt occurring earlier after birth. The increase in pulmonary blood flow, low
plasma oncotic pressure, and increased capillary permeability of the premature
lung lead to increases in pulmonary interstitial and alveolar fluids with resultant
increased clinical demands for oxygen and ventilatory assistance with continuous
positive airway pressure or assisted ventilation. Chest radiography may show
haziness of the lung fields, fluid in fissures, and cardiomegaly. The low systemic
diastolic pressure may result in shifts in distribution of the systemic circulation,
resulting in gastrointestinal disturbance from feeding intolerance, necrotizing
entercolitis, or diminished renal function. The clinical presentation is often first
noted as an increase in oxygen or ventilatory settings, increasing apnea, or
feeding intolerance. The PDA may be silent, so it must be considered in the
diagnostic evaluation for deterioration of respiratory status, gastrointestinal
difficulties, blood pressure and fluid balance, or other nonspecific concerns. When
typical cardiac findings are noted, the diagnosis can be confirmed by
echocardiography, or echocardiography can help in finding the occult PDA.
Among term infants patent ductus arteriosus
occurs less frequently than among preterm infants
is more likely to result from a primary structural abnormality of the DA
has an incidence of 1 in 2,500 to 1 in 5,000 live births
is twice as prevalent among males as in females
may be associated with other cardiac structural abnormalities
Because the structure of the DA is more often abnormal in term infants, strategies
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directed toward the normal physiologic mechanisms of DA closure such as
indomethacin are less likely to be successful. Clinical presentation of significant
PDA among term infants tends to be later, at 3 to 6 weeks after birth, with heart
failure as the predominant feature. Family history may be positive, with
occurrence among siblings ranging from 2% to 4%.
The optimal management strategy for PDA is controversial, less so for term PDA
than for preterm PDA. In the term infant, PDA is unlikely to close spontaneously.
Incidentally discovered PDA can be treated on a nonemergent basis. In the
interim, prophylaxis against bacterial endocarditis is indicated. Children
presenting with heart failure should be medically stabilized, followed by closure of
the DA. Closure may be accomplished surgically or with catheter-based
techniques.
Preterm infants with documented PDA and clinical deterioration generally are
candidates for treatment to close the DA, using a combination of intensive general
and respiratory care combined with prostaglandin inhibition or surgery if medical
treatment is not indicated. Indomethacin is the most commonly used drug to date,
but recent studies show similar effectiveness using ibuprofen-lysine. Debate exists
regarding the optimal management strategy. Prophylactic treatment (initiated
within 15 hours of birth) leads to a higher rate of closure initially and yields
reduced incidence of symptomatic PDA and need for surgical treatment. However,
it affords no benefits over waiting for symptoms to develop before treatment in
reducing pulmonary morbidity or necrotizing enterocolitis. Similar rates of
reopening are found using both strategies, because reopening is more greatly
influenced by the presence of any degree of residual flow after treatment. If
residual PDA flow is noted on posttreatment Doppler study, 90% will reopen. In
preterm patients with normal overall progress who are discovered to have a PDA,
a potential for spontaneous closure exists. The optimal treatment strategy in such
patients remains fodder for debate.
Do you want to add anything to your Learning Plan?
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feature.)
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American Board of Pediatrics Content Specification(s):
Understand the physiology of the ductus arteriosus
Understand the pathophysiology of a preterm neonate with a ductus arteriosus
Recognize the clinical features of a preterm neonate with a ductus arteriosus
Recognize the laboratory and radiographic features of a preterm neonate with a
ductus arteriosus
Formulate a differential diagnosis of a preterm neonate with a ductus arteriosus
Understand the total management plan (medical and/or surgical) and associated
potential complications of such management for a preterm neonate with a ductus
arteriosus
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You agree to have a high school student shadow you on rounds in the neonatal
intensive care unit. He is taking advanced placement biology in his senior year and
wants to relate the basic molecular biology he is learning to disease processes.
One of his many questions is about ribosomal RNA (rRNA). He understands that
rRNA is necessary for the translation of the genetic code to protein structures. He
wants to know how physicians have used this information to treat patients. You
inform him that several common antibiotics bind to bacterial rRNA as their primary
mechanism of action and prevent protein synthesis by bacteria.
Of the following, the antibacterial agent that acts by BINDING to bacterial rRNA is:

10 October 07
November
07
December
12
07
11

cefotaxime
chloramphenicol
ciprofloxacin
sulfisoxazole
vancomycin
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

The linear arrays of amino acids that comprise proteins are dictated by the
sequence of nucleotides incorporated into messenger ribonucleic acids (mRNA).
The sequence of nucleotides that are found in a particular mRNA, in turn, is
dictated by the sequence of nucleotides in the exon of a gene in DNA. The mRNA is
synthesized by a DNA-directed RNA polymerase in the nucleus of a cell
(transcription) and is then modified and transported to the cytoplasm. Ribosomal
RNA (rRNA) then binds to the mRNA to initiate the process of converting RNA code
into a sequence of amino acids in a protein (translation).
The genetic code in mRNA is made of triplets of nucleotides
with one of four bases: adenine, guanine, uracil, and cytosine.
During protein synthesis, the ribosome travels along the
mRNA molecule and "reads" its information three nucleotides
at a time (codon) from the 5' end to the 3' end. The particular
amino acid is specified by the codon, which then pairs with a
sequence of three complementary nucleotides (anticodon) on
a particular transfer RNA (tRNA). For each amino acid, there is
at least one unique tRNA that carries that amino acid to the
ribosome-mRNA complex to form a peptide bond with the preceding amino acid

http://emb.aap.org/courseprodv2/Index.asp[4/6/2012 11:59:26 AM]

Education Module Learner

specified in the code. For example, a codon for leucine is "CUU" and one for
alanine is "GCG." There are also unique tRNAs that carry no amino acid and
represent a "stop" signal on the mRNA that ends the process of protein synthesis.
Bacterial ribosomes differ from eukaryotic ribosomes in size and composition.
Both kinds of ribosomes are made of two subunits of disparate size. The larger
subunit joins the smaller one and binds to an mRNA molecule when translation is
about to start. Bacterial ribosomes are smaller than eukaryotic ribosomes and
have different associated proteins making up their structure. Several antibiotics
bind to the RNA of bacterial ribosomes and not eukaryotic ribosomes. These
antibiotics suppress protein synthesis for bacteria but not for the cells of the host.
They include aminoglycosides such as gentamicin, macrolides such as clindamycin,
as well as tetracyclines and chloramphenicol. Gentamicin and tetracycline bind to
the smaller subunit of bacterial ribosomes (known as 30S for its sedimentation
rate). Clindamycin and chloramphenicol inhibit protein synthesis by binding to the
larger bacterial subunit (50S).
When chloramphenicol was first used in newborn infants, a unique toxicity was
discovered, called the "gray baby syndrome." Because such infants were not able
to detoxify and excrete chloramphenicol as well as adults, high concentrations of
free drug accumulated. These toxic concentrations (>50 µg/mL) led to metabolic
acidosis, shock, cyanosis, and often death. The drug at high concentrations
penetrated neonatal cells, entered the mitochondria, and bound to the 50S
component of mitochondrial ribosomes, resulting in an acute failure in energy
production.
Some antibiotics interfere with the construction of bacterial cell walls. Cefotaxime,
for example, is a member of the cephalosporin group of antibiotics. These drugs
are related to the penicillins (beta-lactam antibiotics) and interfere with the
synthesis of bacterial cell wall components. Another group, the glycopeptide
antibiotics such as vancomycin, blocks the attachment of newly synthesized cell
wall units to the existing bacterial cell wall.
Other antibiotics interfere with bacteria-specific nucleic acid synthesis. The
quinolones, such as ciprofloxacin, block DNA synthesis in bacteria by inhibiting
DNA gyrase. Rifampin, on the other hand, interferes with RNA synthesis in
bacteria by inhibiting DNA-dependent RNA polymerase.
Sulfisoxazole is a member of the sulfonamide group (sulfa drugs). In bacteria,
sulfonamides inhibit a key step in folate synthesis. Folate is necessary for the cell
to make nucleic acids essential to cell division. Hence the sulfonamide
antibacterials exhibit a bacteriostatic rather than bactericidal effect.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Understand the functions of messenger, ribosomal, and transfer RNA
For antibiotics used commonly in the neonate, know indications for their use,
pharmacokinetics, side effects, and toxicity
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A gravid woman presents for a routine prenatal visit. Her pregnancy has been
uncomplicated, and is dated at 33 weeks' gestation based on last menstrual period
and a first trimester ultrasound. However, at this visit her fundal height
measurement falls short at 30 cm. Moderate hypertension is noted, and protein is
found in her urine. She is referred for ultrasonographic evaluation of fetal wellbeing.
Of the following, the diagnosis of oligohydramnios for this patient is BEST
supported by the ultrasonographic finding of:
a maximum vertical pocket measurement of less than 5 cm
a single vertical pocket measurement of less than 2 cm
an amniotic fluid index of less than 5 cm
an amniotic fluid index of less than 10 cm
"fetal crowding," as judged by the sonographer
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Oligohydramnios refers to a deficiency of amniotic fluid, and occurs in up to 8% of
all pregnancies. The presence of oligohydramnios denotes potential fetal
compromise, and is associated with increased rates of nonreactive nonstress
tests, fetal heart rate decelerations, meconium staining, cesarean sections for
fetal distress, low Apgar scores, and perinatal mortality. In addition, reduced
amniotic fluid may be a marker for congenital malformations, aneuploidy, and
growth restriction.
Amniotic fluid volume (AFV) varies according to gestational age, reaches an
average of approximately 800 mL between 32 and 35 weeks' gestation, and
decreases thereafter (Figure).
Figure: Nomogram showing amniotic fluid volume as a function of gestational age
(From Gilbert [2006]).
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Particularly during the third trimester, large variations in AFV exist among
pregnancies, and within the same pregnancy on serial measurements. Direct
measurement of AFV can be accomplished by amniocentesis with dye instillation,
followed by repeated amniocentesis and calculation of dye-dilution. Using this
technique, normative values for AFV based on gestational age have been
constructed. Oligohydramnios can be defined by an AFV more than 2 standard
deviations below the mean for a given gestational age.
Although less precise than dye-dilution, semiquantitative
ultrasonographic techniques have been used as noninvasive
methods for obtaining AFV measurements. A subjective
assessment of AFV made by the sonographer is commonly
used. This technique is limited by the experience of the
sonographer to obtain an overall sense of fetal crowding, and
when oligohydramnios is suspected, objective measurements
are subsequently ascertained. Assessment of the maximum
vertical pocket is one such objective measurement. The
sonographer identifies the largest pocket of amniotic fluid, void of fetal parts or
umbilical cord, and the vertical depth of this pocket is measured. Oligohydramnios
is suggested if the largest single pocket measures less than 2 cm.
The most reproducible and valid method for ultrasonographic measurement of AFV
is the amniotic fluid index (AFI). The AFI is the sum of the maximum fluid pockets,
void of fetal parts or umbilical cord, in 4 equal quadrants of the uterus. Although
dependent on gestational age, an AFI measurement between 10 and 24 cm after
30 weeks' gestation is considered within the normal range. Oligohydramnios is
suggested if the AFI is lower than the fifth percentile for gestational age, and
generally considered present if the AFI is less than 5 cm, regardless of gestational
age.
Oligohydramnios generally results from rupture of membranes, absence of
functioning renal tissue (congenital or secondary to obstructive uropathy), or
reduced fetal urine production as a consequence of impaired uteroplacental flow.
Diminished AFV is a clinical hallmark for fetal growth restriction, and
oligohydramnios is frequently identified with the postterm pregnancy. An
increased incidence of adverse perinatal outcomes has been associated with
oligohydramnios, because of umbilical cord compression, uteroplacental
insufficiency, and an increased incidence of meconium-stained fluid. As a result, in
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the face of oligohydramnios at a gestational age of more than 37 weeks, the
recommendation for delivery is almost uniform. However, isolated
oligohydramnios may occur, in which maternal disease is absent, and the fetus is
appropriately grown and exhibits reassuring well-being. Under these
circumstances, perinatal outcomes may not be worsened and expectant
management may be indicated.
Do you want to add anything to your Learning Plan?
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A 7-week-old, 24-week-gestation female infant with an ileostomy is referred to
you because of slow weight gain. The infant had 51 cm of jejunum and ileum
removed at 22 days of age because of necrotizing enterocolitis. She has
subsequently been receiving continuous enteral feedings of 20 kcal/oz of
pregestimil formula at 130 mL/kg per day. More than 50% of the formula intake is
lost as loose, watery stool through the ileostomy when the concentration or
volume of formula is increased. Her weight gain has been 5 g/kg per day.
Of the following, the segment of the gastrointestinal tract MOST important for fluid
and electrolyte balance in short bowel syndrome is the:
colon
duodenum
ileocecal valve
ileum
jejunum
You selected

, the correct answer is

.
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The gastrointestinal tract primarily functions to digest food and absorb nutrients.
Secondarily, the gastrointestinal tract serves important immunologic and
endocrine functions. When large segments of the small and large intestine are
injured by disease (such as necrotizing enterocolitis, volvulus) or affected by
congenital abnormalities (such as abdominal wall defects and Hirschsprung
disease), the function of these organs may be impaired. Some infants with these
disorders have massive loss of intestinal function and/or mass, as in the infant in
this vignette. Inadequate digestion and/or absorption may cause chronic diarrhea,
macro- and micronutrient deficiencies, dehydration, and malnutrition. Special
enteral and supplemental parenteral nutrition are often needed to maintain
growth and physiologic homeostasis. Complications associated with long-term
parenteral nutrition, vascular access, and extended hospitalizations affect many of
these infants.
Short bowel syndrome (SBS) occurs following resection of
large segments of intestine and is the most common cause of
intestinal failure in newborn infants. The overall incidence is
24.5 per 100,000 live births. The incidence is higher in infants
born at less than 37 weeks' gestation (43.6 per 100,000 live
births) compared with term infants (3.5 per 100,000 live
births). Importantly, the morbidities occurring with SBS-
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associated growth failure and therapeutic interventions have
significant impact on daily activities, and the associated
mortality rate is high (37.5% of cases).
The degree of intestinal dysfunction that accompanies SBS is determined by the
specific segment(s) of affected intestine, the length of functional intestine
remaining, and the degree of structural and functional intestinal adaptation. The
length of the small bowel ranges between 200 and 300 cm in term infants and 100
to 200 cm in preterm infants. For successful adaptation, the amount of functional
intestine is more important than the length of intestine remaining. Nevertheless, it
is estimated that a minimum of 25 cm of small bowel with an intact ileocecal valve
or 42 cm without an ileocecal valve are needed for successful adaptation in term
infants. The corresponding numbers in preterm infants are 22 cm with an intact
ileocecal valve or 30 cm without an ileocecal valve, which suggest a greater
potential for intestinal adaptation in preterm infants relative to term infants.
Intestinal functions and primary sites of nutrient absorption are summarized in
the following Table.
Table
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The colon is important for fluid and electrolyte reabsorption. The right side of the
colon serves a reabsorption function. The left side of the colon has primary storage
and propulsive functions. The proximal portion of the colon is also responsible for
production of gastrointestinal hormones (such as enteroglucagon, neurotensin,
and peptide YY) that control the jejunal, ileal, and colonic brake phenomenon that
slows transit in response to intraluminal fat. Slowing of the transit time provides
more time for absorption of nutrients. Furthermore, fatty acids are produced in the
colon by bacterial fermentation of malabsorbed carbohydrates.
Loss of the colon is particularly detrimental in patients with SBS. Water,
electrolyte, and fatty acid homeostasis is disrupted. Without colonic function, the
ability to slow transit time is impaired. This is particularly important because
slowing of the gastrointestinal transit time is the major functional adaptation that
occurs during intestinal failure.
The duodenum, like the jejunum, has circular folds, long villi, and microvilli.
Bicarbonate-secreting glands are present and provide alkali to neutralize gastric
acid. Pancreatic and biliary secretions digest macronutrients into smaller and
readily absorbed molecules. Removal of the duodenum or loss of function is rare.
However, if duodenal function is impaired, acidic intestinal fluids containing
osmotically active molecules, especially simple carbohydrates, may lead to
ulceration, macronutrient malabsorption, and diarrhea.
The jejunum is the primary digestive and absorptive site for most nutrients. It has
abundant circular folds, long villi, and microvilli that provide a large surface area.
Digestive enzymes and transport carrier proteins are highly concentrated in the
jejunum. The jejunum, like the duodenum, is responsible for absorption of
micronutrients such as calcium, magnesium, phosphorus, iron, and folic acid. The
proximal portion of the jejunum is the primary site for absorption of digested
carbohydrate and protein, and water-soluble vitamins. The jejunum also
participates in fat absorption, as do the ileum and colon. Long-chain fatty acids
are digested to monoglycerides that combine with bile salts to form micelles that
are actively absorbed in the mucosal brush border. Nutrient absorption and large
fluid/sodium fluxes to make the intestinal fluid iso-osmolar occur in the jejunum
because the junctions between epithelial cells are wider than elsewhere in the
intestine. Gastrointestinal hormones produced in the proximal jejunum are
important regulators of gut motility, rate of digestion, and intestinal growth.
Infants with a small remaining segment of jejunum are at high risk for watery
diarrhea because of osmotically active carbohydrates and water flux into the
intestine, and electrolyte and micronutrient deficiencies. In addition, poor
digestion and absorption of carbohydrate, protein, fat, and water soluble vitamins
occur if large segments of the proximal small bowel are absent or dysfunctional.
The ileum serves to reabsorb fluid secreted by the jejunum, concentrate chyme,
and produce many of the gastrointestinal hormones that control bowel motility.
The ileum is the primary site for absorption of bile salts and vitamin B12. Tight
junctions between epithelial cells coupled with active transport of sodium chloride
account for the concentrating function of the ileum. The ileocecal valve controls
the flow of chyme into the colon and prevents reflux of bacteria and colonic
material into the ileum. Of note, ileocecal peristalsis has been hypothesized to be
more important than the valve itself in the control of flow and reflux. Bile salt
reabsorption and enterohepatic circulation are necessary to maintain an adequate
supply of bile salts for fat absorption.
Ileal resection or dysfunction impedes fat and vitamin B12 absorption,
concentration of the succus entericus, and gastrointestinal motility. Bile salts
within the colon cause sodium and water secretion, increase colonic motility, and
subsequently, induce diarrhea. Fat and fat-soluble vitamins are malabsorbed and
vitamin B12 deficiency (megaloblastic anemia, neuropathy, memory loss, and
dementia) results. The degree of intestinal adaptation is significantly more robust
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in the ileum than in the jejunum. Massive adaptation with growth in length,
diameter, and villus function occurs as a result of villus hyperplasia in the ileum.
Thus, loss of the ileum limits the ability for intestinal adaptation and is an
important risk factor for intestinal failure.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Know the factors involved in protein digestion and absorption
Realize the consequences of resection of the distal ileum and cecum
Understand the factors involved in the process of lipid digestion and absorption
Know the factors involved in carbohydrate digestion and absorption
Know the approach to therapy, the complications, and the difficulties providing
enteral nutrition in neonates with gastroschisis
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A term male newborn is referred to you at 2 days of age because of feeding
difficulty, hypotonia, and muscle weakness since birth. His mother is in good
health. She had a distant history of genital herpes infection with occasional
recurrences. This is her first child and she did not notice decreased fetal
movement. Delivery was via cesarean section due to breech presentation, with
membranes ruptured at delivery. Apgar scores were 7 and 8 at 1 and 5 minutes,
respectively. Physical examination reveals a well-developed term infant with
normal vital signs. He has poor suck, poor head control, generalized hypotonia,
and weakness. The muscles in his arms and legs are normal in size. Deep tendon
reflexes are present in all extremities. Complete blood count is normal.
Cerebrospinal fluid (CSF) shows normal glucose and protein concentrations, and
cell count, but an increased lactate concentration. Blood gases reveal a mild mixed
respiratory and metabolic acidosis.
Of the following, the MOST likely diagnosis in this infant is:
cerebral palsy
herpes encephalitis
Leigh syndrome
Pompe disease
Werdnig-Hoffmann disease
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

The infant in this vignette has Leigh (pronounced Lee) syndrome which is a
disorder of mitochondrial function. Leigh syndrome, first described in 1951,
typically becomes symptomatic later in infancy or early childhood. However,
increasing numbers of cases with neonatal onset are reported. The classic findings
include hypotonia, weakness, hypoventilation (from mild to as severe as in central
hypoventilation syndrome), oculomotor abnormalities, feeding disorders, and
facial weakness. Increased lactate concentration is seen in cerebrospinal fluid
(CSF) and, in many cases, in the blood. Cranial ultrasonography may show
increased echogenicity in the caudate and putamen. Magnetic resonance imaging
may show increased T2-weighted signals from the same areas. The prognosis is
poor, with progressive neurologic deterioration, including the onset of seizures,
and progression to death typically in 1 to 2 years. Earlier onset is associated with
a shorter course. The last stage may be accompanied by heart failure because of
an associated cardiomyopathy.
Leigh syndrome can be caused by one of several genetic defects that lead to
mitochondrial dysfunction. Enzyme deficiencies associated with the disorder
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include:
cytochrome c oxidase
the pyruvate dehydrogenase complex
reduced form of nicotinamide adenine dinucleotide coenzyme (NADH)-CoQ
reductase
or adenosine triphosphatase (ATPase) subunit 6
Of these four, the defect in cytochrome c oxidase is most commonly associated
with Leigh syndrome, with enzyme activity reduced to 4% to 24% of normal.
In most cases of Leigh syndrome, the molecular defect is not
in the oxidase protein sequence itself, but in one of at least
two nuclear-encoded proteins that regulate the construction
of the cytochrome c oxidase complex on the inner membrane
of the mitochondrion. The most common of these that lead to
Leigh syndrome are mutations in SURF-1 on chromosome 9.
SURF-1 serves to insert the heme ring into the cytochrome
oxidase complex. A defect in another assembly protein, SCO2,
has also been associated with Leigh syndrome. Its likely
function is to incorporate the copper ion into the cytochrome c oxidase complex.
The gene for SCO2 is found on chromosome 17. Mutations in this gene are most
common in cases of Leigh syndrome with neonatal onset. Leigh syndrome caused
by defects in one of these two nuclear-encoded proteins is inherited as an
autosomal recessive disorder. Mutations in mitochondrial DNA (mtDNA) lead to
Leigh syndrome in only 10% to 30% of cases.
Most cases of cerebral palsy have antecedents long before parturition. Good Apgar
scores, hypotonia, and feeding difficulties can be seen in infants later determined
to have cerebral palsy. However, one would not expect to find systemic and/or
central nervous system lactic acidosis long after the brain injury.
Herpes encephalitis is unlikely to be symptomatic at birth, because almost all
neonatal herpes infections are acquired from an active infection in the birth canal
during parturition. Skin vesicles often precede other symptoms and appear around
the end of the first week after birth. Seizures and signs of systemic sepsis as well
as hepatic involvement are common. The infant in this vignette was born by
cesarean section, which provides significant protection from acquiring the virus
from lesions in the birth canal; he was symptomatic from the time of birth.
Werdnig-Hoffmann disease (spinal muscular atrophy, type I) is a form of anterior
horn cell degeneration presenting in the newborn period in about half of all cases.
It is an autosomal recessive disorder. Approximately 98% of cases are caused by
the homozygous absence of a region of exons 7 and 8 of the telomeric copy of the
SMN gene (SMN1) on chromosome 5. These infants have severe diffuse hypotonia
and weakness including the facial muscles, and usually die by 2 years of age.
Often proximal muscles are more affected than distal ones early on; deep tendon
reflexes may be diminished or absent. Muscle atrophy can be severe. Increased
CSF or blood lactate is not associated with Werdnig-Hoffmann disease.

Pompe disease is also known as type II glycogen storage disease, and is caused
by a deficiency in 1,4-alpha-glucosidase. The gene is located on chromosome 17.
Pompe disease is an autosomal recessive disorder also characterized by striking
weakness and hypotonia in early infancy. In Pompe disease, glycogen is deposited
in the anterior horn cells and many of the symptoms of early-onset WerdnigHoffmann disease are displayed. The heart is usually affected early on as are the
skeletal muscles. The tongue is usually large and skeletal muscles show
concentric hypertrophy. Lactate is not increased in the CSF or blood.
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(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
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American Board of Pediatrics Content Specification(s):

Recognize the clinical features associated with mitochondrial disorders
Understand the functions of messenger, ribosomal, and transfer RNA
Understand the differential diagnosis, management, and outcomes of neonatal
hypotonia
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A 4-hour-old preterm male infant was delivered at 32 weeks' gestation with a
birthweight of 1,500 g. Significant findings on maternal and delivery history
include a short cervix; rupture of membranes at the time of delivery; and negative
test results for maternal rapid plasma reagin, human immunodeficiency virus,
group B Streptococcus, and hepatitis B surface antigen. The infant is
hemodynamically stable and does not require any respiratory support.
Of the following, the MOST appropriate time to administer hepatitis B vaccine to
this infant is:
at 2 months' chronologic age
at 40 weeks' postmenstrual age
when the weight is 2,000 g or more
within 12 hours of birth
within the first 30 days after birth
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Hepatitis B virus (HBV) is a bloodborne and sexually transmitted virus. Rates of
new infection and acute disease are highest among adults, but chronic infection is
more likely to occur in persons infected as infants or young children. Persons with
chronic infection are at increased lifetime risk of developing cirrhosis and
hepatocellular carcinoma, and also serve as the main reservoir for continued HBV
transmission.
The two primary sources of HBV infection in infants are
perinatal transmission from infected mothers and horizontal
transmission from infected household contacts. Perinatal
transmission of HBV is highly efficient and usually occurs from
blood exposure during labor and delivery. In utero
transmission of HBV accounts for fewer than 2% of perinatal
infections in most studies. The risk of an infant acquiring HBV
from an infected mother as a result of perinatal exposure is
70% to 90% for infants born to mothers who test positive for
hepatitis B surface antigen (HBsAg) and hepatitis B e antigen (HBeAg); the risk is
5% to 20% for infants born to HBeAg-negative mothers. Studies suggest that
breastfeeding by an HBsAg-positive mother does not increase the infant's risk of
acquiring HBV infection. Children who are not infected at birth remain at risk from
long-term interpersonal contact with their infected mothers. In addition, children
living with any person with chronic infection are at risk of becoming infected
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through percutaneous or mucosal exposures to blood or infectious body fluids.
Hepatitis B vaccination is the most effective measure to prevent HBV infection and
its consequences. A primary focus of this strategy is universal vaccination of
infants to prevent early childhood HBV infection and to eventually protect
adolescents and adults from infection. Other components include routine
screening of all pregnant women for HBsAg and postexposure immunoprophylaxis
of infants born to HBsAg-positive women, vaccination of children and adolescents
who were not previously vaccinated, and vaccination of unvaccinated adults at
increased risk of infection.
Two types of products are available for immunoprophylaxis. Hepatitis B immune
globulin provides short-term protection (3-6 months) and is indicated only in
specific postexposure circumstances. Hepatitis B vaccine is used for preexposure
and postexposure protection and provides long-term protection. Preexposure
immunization with hepatitis B vaccine is the most effective means to prevent HBV
transmission. To decrease the rate of, and eventually eliminate, transmission of
HBV, universal immunization is necessary. Accordingly, hepatitis B immunization
is recommended for all infants as part of the routine immunization schedule. All
children who have not received the vaccine previously should be immunized by 11
to 12 years of age.
Preexposure universal immunization of infants is recommended in newborn
infants of mothers with a documented negative result to HBsAg testing. Hepatitis
B vaccine can be administered soon after birth (birth dose) with only minimal
decrease in immunogenicity, compared with administration in older children, and
no decrease in protective efficacy. Administration of a birth dose of hepatitis B
vaccine serves as a "safety net" to prevent perinatal infection among infants born
to HBsAg-positive mothers who are not identified because of errors in maternal
HBsAg testing or failures in reporting of test results. The birth dose also provides
early protection to infants at risk of infection after the perinatal period.
A birth dose should be administered as part of the routine care of all medically
stable infants weighing 2,000 g or more at birth born to HBsAg-negative mothers.
The hepatitis B vaccine series (three or four doses) for these infants should be
completed by 6 to 18 months of age. Only single-antigen hepatitis B vaccine can
be used for doses given between birth and 6 weeks of age. Single-antigen or
combination vaccine may be used to complete the series; four doses of vaccine
may be administered if a birth dose is given and a combination vaccine containing
a hepatitis B component is used to complete the series. High seroconversion rates
and protective concentrations of anti-HBs (>10 mIU/mL) are achieved with this
schedule.
Studies demonstrate that decreased seroconversion rates might occur among
certain preterm infants with low birthweight (ie, <2,000 g) after administration of
hepatitis B vaccine at birth. However, by the chronologic age of 1 month, all
medically stable preterm infants, regardless of initial birthweight or gestational
age, are as likely to respond to hepatitis B immunization as are older and larger
infants. However, the first HBV dose needs to be administered within 12 hours of
birth along with hepatitis B immune globulin when the mother's HBsAg status is
positive or unknown.
The AAP recommendations for the administration of HBV immunoprophylaxis to
newborns as determined by the results of maternal HBsAg status are summarized
in the Table.

Table. Hepatitis B Immunoprophylaxis Scheme by Infant Birthweight*,**
Maternal

Infant Weight =2,000 g
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Status

HBsAg

Hepatitis B vaccine + HBIG (within

Hepatitis B vaccine + HBIG (within

positive

12 h of birth)

12 h of birth)

Continue vaccine series beginning at

Continue vaccine series beginning at

1-2 mo of age according to

1-2 mo of age according to

recommended schedule for infants

recommended schedule for infants

born to HBsAg-positive mothers

born to HBsAg-positive mothers
Immunize with 4 vaccine doses; do
not count birth dose as part of
vaccine series

Check anti-HBs and HBsAg after

Check anti-HBs and HBsAg after

completion of vaccine series ****

completion of vaccine series ***

HBsAg-negative infants with anti-

HBsAg-negative infants with anti-

HBs levels >10 mIU/mL are

HBs levels >10 mIU/mL are

protected and need no further

protected and need no further

medical management

medical management

HBsAg-negative infants with anti-

HBsAg-negative infants with anti-

HBs levels <10 mIU/mL should be

HBs levels <10 mIU/mL should be

reimmunized with 3 doses at 2-mo

reimmunized with 3 doses at 2-mo

intervals and retested

intervals and retested

Infants who are HBsAg positive

Infants who are HBsAg positive

should receive appropriate follow-up, should receive appropriate follow-up,
including medical evaluation for

including medical evaluation for

chronic liver disease

chronic liver disease

HBsAg

Test mother for HBsAg immediately

Test mother for HBsAg immediately

status

after admission for delivery

after admission for delivery

Hepatitis B vaccine (by 12 h)

Hepatitis B vaccine (by 12 h)

unknown
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Administer HBIG (within 7 days) if

Administer HBIG if mother tests

mother tests HBsAg positive

HBsAg positive or if mother's HBsAg
result is not available within 12 h of
birth

Continue vaccine series beginning at

Continue vaccine series beginning at

1-2 mo of age according to

1-2 mo of age according to

recommended schedule based on

recommended schedule based on

mother's HBsAg result

mother's HBsAg result
Immunize with 4 vaccine doses; do
not count birth dose as part of
vaccine series

HBsAg

Hepatitis B vaccine at birth ***

Hepatitis B vaccine dose 1-30 days of
chronologic age if medically stable, or

negative

at hospital discharge if before 30
days of chronologic age
Continue vaccine series beginning at

Continue vaccine series beginning at

1-2 mo of age

1-2 mo of age

Follow-up anti-HBs and HBsAg

Follow-up anti-HBs and HBsAg

testing not needed

testing not needed

HBsAg = hepatitis B surface antigen; HBIG = hepatitis B immune globulin; anti-HBs =
antibody to hepatitis B surface antigen.
* Adapted from Section 3: Summaries of Infectious Diseases. Red Book 2006: Report of
the Committee on Infectious Diseases. Elk Grove Village, Ill: American Academy of
Pediatrics; 2006.
**

Extremes of gestational age and birthweight no longer are a consideration for timing

of hepatitis B vaccine doses.
***

Test at 9 to 18 months of age, generally at the next well-child visit after completion

of the primary series. Use testing method that allows determination of a protective
concentration of anti-HBs (=10 mIU/mL).
****

The first dose may be delayed until after hospital discharge for an infant who

weighs 2,000 g or more and whose mother is HBsAg negative, but only if a physician’s
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order to withhold the birth dose and a copy of the mother’s original HBsAg-negative
laboratory report are documented in the infant’s medical record.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

References:
American Academy of Pediatrics. Influenza. In: Pickering LK, Baker CJ, Long SS,
McMillan JA, eds. Red Book 2006: Report of the Committee on Infectious Diseases.
27th ed. Elk Grove Village, Ill: American Academy of Pediatrics; 2006:335-355
Centers for Disease Control and Prevention. A comprehensive immunization
strategy to eliminate transmission of hepatitis B virus in the United States:
recommendations of the Advisory Committee on Immunization Practices (ACIP),
1: immunization of infants, children, and adolescents. MMWR Recomm Rep.
2005;54(RR-16):1-23
American Board of Pediatrics Content Specification(s):
Understand the prevention of perinatal infections with hepatitis A, hepatitis B, and
hepatitis C
Understand the clinical manifestations and diagnostic criteria of perinatal
infections with hepatitis A, hepatitis B, and hepatitis C
Understand the treatment and complications of perinatal infections with hepatitis
A, hepatitis B, and hepatitis C
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A pregnant woman at 37 weeks' gestation notices fluid leaking from her vagina. She
has no uterine contractions, fetal movement has not changed, and she experiences
no fever, chills, or abdominal tenderness. Her physician asks her to come to the
office to be evaluated.
Of the following, the test with the HIGHEST specificity and positive predictive value
to evaluate for rupture of membranes is:

placental alpha microglobulin-1
ultrasound evaluation
visualization of cervix
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Rupture of membranes (ROM) before the onset of labor is called premature rupture
of membranes and occurs in approximately 8% of term gestations. When ROM is
suspected, maternal evaluation should include confirmation of membrane rupture,
gestational age, and fetal well-being.
Whether ROM occurs with a gush of fluid followed by continuous
leakage or by otherwise unexplained wetness in the vaginal
area, sterile speculum examination may demonstrate amniotic
fluid flowing from the cervical os. If amniotic fluid is not leaking
spontaneously, flow may be observed following a Valsalva
maneuver or cough. Direct observation of amniotic fluid coming
from the cervical os and pooling in the vagina is the most
sensitive method to test for ROM. If amniotic fluid is observed,
no additional evaluation is required. On the other hand, amniotic
fluid may not be visualized on speculum examination if there is considerable delay
between loss of amniotic fluid and examination; in this circumstance, results may be
falsely negative.
Several tests have been devised to detect amniotic fluid in the vagina. Because
amniotic fluid has a pH between 7 and 7.7, and the normal vaginal secretions are
acidic, with pH ranging from 3.8 to 4.2, testing vaginal fluid with nitrazine paper
yielding a blue result (pH >6.5) suggests ROM. False-positive results may occur due
to soap, blood, semen, urinary tract infection with Proteus species, or vaginal
infections such as Trichomonas or bacterial vaginosis.
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When an amniotic fluid swab is placed on a glass slide and allowed to dry (10
minutes), a delicate arborization pattern is seen on the slide, known as "ferning." On
the other hand, dried cervical mucous usually results in a thick and wide arborization
pattern; this pattern is seen with cervical mucous under the influence of estrogen.
A bedside slide test that uses immunochromatographic methods to detect trace
amounts of placental alpha microglobulin-1 in the vagina is also useful for
determining the presence of ruptured membranes. Although this test is as sensitive
as other testing methods, its specificity is higher (ie, fewer false negatives) (Table).
Table

Ultrasonographic determination of oligohydramnios or anhydramnios may be
consistent with premature ROM, but is not sufficiently specific or sensitive to be
considered diagnostic.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Know the causes, complications, and management of premature rupture of
membranes at greater than 36 weeks' gestation
Know the causes, complications, and management of preterm premature rupture of
membranes
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An appropriately grown infant is born at 38 weeks’ gestation. Prenatal ultrasonography at 19
weeks’ gestation demonstrated a small cystic hygroma, with resolution noted on follow-up
ultrasonography. Amniocentesis revealed a 46,XY karyotype. Findings on physical examination
of the infant include hypertelorism, low-set ears, redundancy of nuchal skin with a low hairline,
pectus excavatum, and bilateral cryptorchidism.
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Of the following, echocardiography is MOST likely to demonstrate:
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hypertrophic cardiomyopathy

11

tetralogy of Fallot
valvular pulmonic stenosis
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, the correct answer is
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Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

The infant in the vignette exhibits a constellation of phenotypic features consistent with Noonan
syndrome (NS). Facial dysmorphism, webbing of the neck, chest deformities, and
cryptorchidism are characteristic. In addition, NS is the second most common genetic
syndrome associated with congenital heart defects (Down syndrome is most common), with
pulmonary stenosis the most frequent lesion. Hypertrophic cardiomyopathy is the second most
frequent heart lesion in NS, but may not be present at birth. Tetralogy of Fallot does occur with
NS, but at a very low frequency. Many phenotypic characteristics of NS resemble those of
Turner syndrome (karyotype 45X), but in NS the karyotype is normal, and both males and
females are affected. Aortic coarctation and bicuspid aortic valve represent the most common
heart defects occurring with Turner syndrome.
The incidence of NS ranges between 1 in 1,000 and 1 in 2,500 live births,
with fetal loss being a common occurrence. Although the mechanism of
inheritance appears to be autosomal dominant, up to 60% of cases are
the result of de novo mutations. In many cases, the implicated gene has
been linked to chromosome 12q. Mutations in PTPN11, a gene encoding
a ubiquitously expressed protein tyrosine phosphatase, which is
important in a variety of developmental pathways, have been
demonstrated in up to 60% of cases. Penetrance, though variable, is
nearly complete in the presence of the PTPN11 mutation. Males are
affected twice as often as females when there is both an affected parent and a PTPN11
mutation, suggesting a survival advantage of affected male embryos.
Before the availability of genetic testing for the PTPN11 mutation, the diagnosis of NS relied on
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subjective assessment of the phenotypic features. Prenatally, the presence of a cystic hygroma
or nuchal lucency raises suspicion for the diagnosis. Parameters of fetal growth are generally
unhelpful, because infants with NS are most often appropriately grown for gestational age. The
typical characteristics associated with NS resemble those of Turner syndrome and are listed in
the Table.

Expressivity is highly variable and several phenotypic features change with age. For instance,
newborns with NS may have less apparent facial dysmorphism, but often demonstrate
generalized edema and excess nuchal folds. Over time, the typical facial features may emerge,
as well as pectus deformities and short stature. By later adolescence and adulthood, the typical
facial features often become less apparent. Genotype does influence cardiac phenotype, with an
increased prevalence of pulmonary stenosis among patients with the PTPN11 mutation, but
does not appear to influence other phenotypic features.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Recognize the clinical features of the Noonan syndrome
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You are asked to counsel the parents of a term infant whose abdomen is depicted in Figure 1.
Figure 1. Periumbilical findings.
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Fetal ultrasonography at a gestational age of 20 weeks identified the anomaly depicted in Figure
2.
Figure 2

The anomaly was undetectable on follow-up fetal ultrasonography several weeks later. No other
fetal anomalies were detected. The prenatal course was complicated by polyhydramnios and
intrauterine growth restriction. Fetal karyotype was 46,XX. Both parents ask about the
prognosis.
Of the following, the MOST likely outcome for the infant in this vignette is:
cholestasis
death during infancy
intestinal perforation
normal growth and development
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sepsis
You selected

, the correct answer is
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Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

The fetus in this vignette has gastroschisis. Gastroschisis occurs in
approximately 1 in 4,000 live births and has no sex predilection.
Although the cause is unclear, it is commonly proposed that a vascular
accident or developmental defect in the right omphalomesenteric artery
leads to loss or malformation of the right lateral fold of the embryo. This
theory explains the location of gastroschisis in the right periumbilical
abdominal wall.
Gastroschisis is associated with a stillbirth rate of 5% to 12.5%,
intrauterine growth restriction (24%-67%), and preterm delivery (average gestational age, 35-36
weeks). Maternal alpha-fetoprotein screening will detect 95% of gastroschisis cases. Fetal
ultrasonography shows extra-abdominal intestine that floats freely in the amniotic cavity (Figure
2).
Figure 2

/
Occasionally, bowel distension and herniation of the stomach and/or bladder may be detected.
Differentiation from a ruptured omphalocele can be difficult. The location of the liver outside the
abdominal cavity and defects of the spine and limbs suggest the limb-body wall complex. More
commonly, a tangled umbilical cord adjacent to the fetal abdomen may be confused with the
appearance of gastroschisis; Doppler ultrasonography showing blood flow identifies the tangled
loops as the umbilical cord.
Associated anomalies are detected in 7% to 30% of infants with gastroschisis. The most
common abnormalities affect the gastrointestinal tract (approximately 25% of cases), however,
malrotation is always present. Intestinal atresia, volvulus, perforation, and bowel necrosis may
occur.
The infant in this vignette has a “vanishing” gastroschisis with prenatal closure of all or a
portion of the abdominal wall defect. In utero intestinal ischemia because of strangulation at a
small constricting abdominal opening or volvulus is thought to precede bowel necrosis and
subsequent resorption. This phenomenon is rare, but is associated with death in eight of nine
reported cases. Of these eight infants, one was stillborn, three died within the first week after
birth, and four died of liver failure and/or sepsis at ages 2 to 18 months. The surviving infant in
this case series experienced short bowel syndrome and hyperalimentation-associated
cholestasis.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Understand the embryology, clinical manifestations, and associated abnormalities in
gastroschisis
Know the approach to therapy, the complications, and the difficulties providing enteral nutrition
in neonates with gastroschisis

http://emb.aap.org/courseprodv2/Index.asp[4/6/2012 12:06:58 PM]

Education Module Learner

Assessment

August 07

Your Score

CME Credit Expired

Page     1 2 3 4 5 6 7 8 9 10    
My Learning Plan

Editorial
NeoPlus
Overview
Board
2007
1

January 07

2

February 07

3

March 07

4

April 07

5

May 07

6

June 07

7

July 07

8

August 07

9

September
07

You are called to examine an infant in the delivery room because of “ambiguous genitalia.” The
infant's 38-year-old mother is a gravida 3, para 3 0 0 3. She underwent amniocentesis during
pregnancy, showing the fetus to be 46,XY. On examination, the infant is found to have a small
phallus with the urethral meatus at the tip. Small gonads are palpable in the scrotum (Figure 1).
Figure 1
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In the mother's room at 5 hours of age, the infant is noted to be jittery. His blood glucose
concentration is 15 mg/dL (0.8 mmol/L).
Of the following, the hormone deficiency MOST likely to be primarily responsible for the genital
findings in this infant involves:
adrenal androgen
chorionic gonadotropin
cortisol
luteinizing hormone
thyroxin
You selected

, the correct answer is
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Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

The infant in this vignette has micropenis. Micropenis is defined as having stretched penile
length of less than 2.5 cm in the term infant. Penile length is measured from the pubic ramus to
the tip of the glans using gentle traction. Mean penile length at term is 3.5 cm. When evaluating
preterm infants of 24 to 36 weeks' gestation, the following formula gives approximate mean
penile length:
Penile Length (centimeters) = 2.27 + (0.16 × [Gestational Age in Weeks])
The graph represents penile length (mean and 2 standard deviations below the mean) at 30 to
40 weeks' gestation (Figure 2).
Figure 2: Penile Length (cm)

Some male infants have a prominent pad of prepubic fat overlying a normal-length penis, the
length of which can easily be determined by palpation. Parental reassurance is important in this
situation.
Important to this evaluation is the presence of the urethra at the tip of
the phallus, labioscrotal fusion, and the presence of gonads. During
male fetal development, human chorionic gonadotropin binds to the
luteinizing hormone (LH) receptor in the testes, resulting in the release
of testosterone. This testosterone is then converted to the more active
dihydrotestosterone (DHT), which mediates the differentiation and
stabilization of the internal and external genitalia, resulting in formation
of a normal penis. At about 14 weeks' gestation, LH production shifts
from the placenta to the fetus. In the absence of fetal hypothalamicpituitary production of LH, testosterone (and DHT) production will be insufficient and the
normally formed penis will fail to grow, as depicted by the infant in this vignette. Micropenis in
the absence of other genital ambiguity is most likely mediated by insufficient secretion of LH
because of insufficient hypothalamic production of gonadotropin-releasing hormone (GnRH) or
underproduction of LH by the anterior pituitary, with resultant low testosterone (and DHT)
secretion.
Idiopathic hypogonadotropic hypogonadism (IHH) results most commonly from the absence of
GnRH secretion by the hypothalamus. It is the most common cause of secondary
hypogonadism. Males consititute over 90% of cases, and IHH is the cause of one half of all
cases of micropenis. Affected females have no phenotypic abnormality in the newborn period.
Low concentrations of LH and follicle-stimulating hormone support the diagnosis. Associated
features of midline defects (cleft lip or palate), renal agenesis, cryptorchidism, and (later in life)
anosmia should be sought. If accompanied by anosmia, the condition is called Kallmann
syndrome. Two thirds of cases are sporadic. Inheritable forms have been autosomal dominant,
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autosomal recessive, and X-linked. In the X-linked form, impaired migration of GnRH neurons
from the olfactory placode to the hypothalamus has been documented. This migration is
mediated by anosmin-1, the gene for which is located at Xp 22.3. Gene defects have not been
consistently found in the other forms of inherited GnRH deficiency and are rarely documented
among sporadic cases.
Some cases of micropenis may be associated with hypopituitarism, with deficient
concentrations of growth hormone (which plays a role in penile growth), gonadotropins,
thyroid-stimulating hormone, and adrenocortical-stimulating horomone. Evaluations for
hypoglycemia and of thyroid and adrenal function should accompany any diagnosis of
micropenis. Low blood sugar in the infant in the vignette suggests the need for this evaluation.
Failure of conversion of testosterone to DHT (5-alpha reductase deficiency) and androgen
receptor abnormalities also may result in micropenis, but incomplete labioscrotal fusion also is
seen because DHT insufficiency influences early fetal genital differentiation (Figure 3).
Figure 3

Micropenis has been described in many genetic syndromes, and its presence should lead to
detailed overall examination. It is frequently present in patients with anencephaly, BorjesonForssman-Lehmann, Carpenter, CHARGE, Johanson-Blizzard, Meckel-Gruber, Noonan, PallisterHall, popliteal pterygium, Prader-Willi, Robinow, Saldino-Noonan short rib-polydactyly, triploidy,
Ulnar-Mammary, and X-linked alpha-thalassemia/mental retardation syndromes. It has also been
noted among patients having 9p deletion, 18q deletion, trisomy 9 mosaicism, XXXXY and XXY
karyotypes.
Treatment depends on the underlying diagnosis. Male patients with low gonadotropin levels may
respond to androgen treatment, with penile growth approaching normal ranges. Some infants
with varying degrees of androgen insensitivity may be better raised as females. The complexity
of the decision-making process requires expert endocrinological consultation and follow-up.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Know the importance of the combination of micropenis and hypoglycemia
Know how to evaluate and manage an infant with micropenis
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A 7-month-old infant who was delivered at 28 weeks' gestation had a prolonged hospital stay
complicated by respiratory distress syndrome, patent ductus arteriosus requiring surgical
ligation, grade II intraventricular hemorrhage, several blood stream infections, and chronic lung
disease. His current treatment plan includes supplemental oxygen by nasal cannula and
diuretics. He is being breastfed. It is anticipated that he will be discharged from the hospital in
the next few days. His mother is concerned about the report of influenza in the community. She
recognizes the importance of droplet precautions and good hand hygiene in preventing the
spread of influenza. She asks about additional measures that can be taken to protect her son
from getting influenza.
Of the following, the MOST appropriate intervention is administration to the infant of:
amantadine prophylaxis after exposure to a documented case with influenza
live attenuated influenza vaccine at the first pediatrician visit after discharge
oseltamivir prophylaxis after exposure to a documented case with influenza
trivalent inactivated influenza vaccine at 6 months of age corrected for prematurity
trivalent inactivated influenza vaccine before hospital discharge
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Influenza is an RNA virus of the orthomyxoviridae family, classified into types A, B, and C. Type
A affects many animal species, and is responsible for most clinical infections in humans. Type
B is responsible for about 11% of nonpandemic influenza in humans, whereas type C causes
only a mild coryzal illness. Influenza A is further characterized on the basis of the surface
glycoproteins, hemagglutinin, and neuraminidase, which are major virulence factors. Point
mutations during viral replication can give rise to minor changes in surface antigens (antigenic
drift) which contribute to seasonal epidemics of influenza A, or major changes (antigenic shift)
that have been associated with pandemics. Influenza B viruses undergo antigenic drift less
rapidly than influenza A viruses.
Influenza is spread from person to person by droplets and, less often, by
direct contact with influenza virus–contaminated surfaces. In the United
States, epidemics of influenza typically occur during the winter months.
Seasonal influenza activity begins as early as October or November, and
may reach peak levels by late December to early March. Attack rates in
healthy children have been estimated at 10% to 40% each year, with
approximately 1% of infections resulting in hospitalization. Rates of
hospitalization and morbidity attributable to complications, such as
bronchitis and pneumonia, are higher in children with asthma, cystic
fibrosis, hemoglobinopathies, bronchopulmonary dysplasia, malignancy, diabetes mellitus,
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chronic renal disease, and congenital heart disease. Influenza virus infection in neonates also
has been associated with considerable morbidity, including a sepsislike syndrome, apnea, and
lower respiratory tract disease. Fatal outcomes, including sudden death, have been reported in
chronically ill as well as previously healthy children.
In the United States, the primary intervention to limit the impact of influenza on the population is
through annual vaccination of high-risk target groups (Table 1).
Table 1. Recommendations for Using Trivalent Inactivated (TIV) and Live Attenuated Influenza
Vaccines (LAIV)*

* Adapted from Centers for Disease Control and Prevention (2006).
Trivalent inactivated (ie, killed virus) influenza vaccines (TIV) and live attenuated influenza
vaccine (LAIV) are licensed and available for use in the United States. Both vaccines contain
strains of influenza viruses that are antigenically equivalent to the strains expected to dominate
during the influenza season: one influenza A (H3N2) virus, one A (H1N1) virus, and one B virus.
Each year, one or more viral strains might be changed on the basis of global surveillance for
influenza viruses and the emergence and spread of new strains. Viruses for both vaccines are
grown in eggs. Therefore, persons with a history of severe hypersensitivity to eggs, such as
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anaphylaxis, should not receive the influenza vaccine.
Annual influenza immunization is recommended, because immunity can diminish during the
year after immunization, and in most years, at least one of the vaccine antigens is changed to
match antigenic changes in circulating strains. LAIV is approved only for use among healthy
persons aged 5 to 49 years; TIV is approved for use among persons older than 6 months,
including those who are healthy and those with chronic medical conditions.
The current LAIV and TIV are not approved by the Food and Drug Administration for use among
children younger than 6 months, the pediatric group at greatest risk for influenza-related
complications. Vaccination of their household contacts and out-of-home caregivers is
recommended to decrease the risk of acquiring influenza by these children.
Because all preterm infants are considered at increased risk for complications of influenza, two
doses of TIV should be given 1 month apart to these infants beginning at 6 months of
chronologic age, ideally before the onset of the influenza season. It is recommended that
household contacts and child care providers of preterm infants of any age with chronic
complications receive TIV annually. Hospital personnel should be immunized annually.
Trivalent inactivated influenza vaccine is safe for breastfeeding mothers and their infants.
Because the degree of excretion of LAIV in human milk is unknown and because of the
possibility of shedding vaccine virus, given the close proximity of a nursing mother and her
infant, caution should be exercised if LAIV is administered to nursing mothers. Breastfeeding
does not adversely affect the immune response and is not a contraindication for infant
vaccination.
Providers should routinely offer the influenza vaccine throughout the influenza season even
after influenza activity has been documented in the community. The hospital serves as a setting
in which persons at increased risk of subsequent hospitalization can be identified and
vaccinated. It also affords an opportunity to ensure that families and caregivers of infants about
to be discharged are appropriately immunized.
Although annual vaccination is the primary public health strategy for preventing the spread of
influenza, antiviral medications with activity against influenza viruses can be effective for the
chemoprophylaxis and treatment of influenza. Four licensed influenza antiviral agents are
available in the United States: amantadine, rimantadine, zanamivir, and oseltamivir; however,
none of these is approved for use in children younger than 1 year (Table 2).
Table 2. Antiviral Drugs for Influenza
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Furthermore, both the American Academy of Pediatrics and its Advisory Committee on
Immunization Practices recommend that neither amantadine nor rimantadine be used for the
treatment or chemoprophylaxis of influenza A in the United States because of recent data
indicating widespread resistance of influenza virus to these medications. Until susceptibility to
adamantines has been reestablished among circulating influenza A viruses, oseltamivir or
zanamivir may be prescribed if antiviral treatment or chemoprophylaxis of influenza is indicated.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Understand the epidemiology, pathogenesis, and prevention of perinatal infections with mumps,
rubeola, and influenza
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A pediatrician asks for your advice about a 4-day-old infant. The newborn screening program
for your state has returned results for the child, showing 70% fetal hemoglobin, 25% adult
hemoglobin, and 5% hemoglobin Barts.
Of the following, the MOST likely hemoglobin abnormality in this infant is:
alpha-thalassemia trait
beta-thalassemia intermedia
beta-thalassemia major
hemoglobin H disease
sickle cell disease
You selected

, the correct answer is

.
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(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
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Newborn screening for hemoglobinopathies is mandated in each state.
Limited screening of high-risk populations and screening only for
specific clinical indications has now given way to universal screening.
Early detection leads to improved treatment, especially for sickle cell
disease, in which institution of early immunization and antibiotic
prophylaxis reduces pneumococcal infections.
Blood samples usually are obtained from heel-stick specimens and are
submitted on filter paper. Hemoglobin abnormalities are detected using
high-performance liquid chromatography or gel electrophoresis with isoelectric focusing. The
types of hemoglobin detected, possible conditions, and clinical implications are reported as in
Table 1.
Table 1. Newborn Screening for Conditions Other Than Sickle Cell Disease (Modified from NIH
publication No. 02-2117 and
http://pediatrics.aappublications.org/cgi/content/full/118/3/e934#T1)

http://emb.aap.org/courseprodv2/Index.asp[4/6/2012 12:08:06 PM]

Education Module Learner

Of the hemoglobin disorders listed in the vignette, only sickle cell disease and the alpha
thalassemias (alpha-thalassemia trait and hemoglobin H disease) are easily detected on
neonatal screening. Of the two alpha thalassemias listed, alpha-thalassemia trait is most likely
to be associated with a hemoglobin Barts concentration of 5%.
Worldwide, hemoglobin disorders affect 2.4 per 1,000 live births, including thalassemias in 0.44
per 1,000 live births and sickle cell disease in 1.96 per 1,000 live births. Hemoglobin disorders
can be classified into those affecting the alpha chain or the beta chain (Table 2).
Table 2. Representative Hemoglobinopathies

The alpha thalassemias usually involve deletion of one or more of the four alpha-chain alleles.
Deletion of one allele gives a clinically silent carrier state. Deletion of all four alleles most often
results in stillbirth.
Deletion of two alpha-chain alleles produces alpha-thalassemia trait. Microcytosis is often seen,
sometimes with an anemia that can be mistaken for iron deficiency. A relative dearth of alpha
chains allows the excess beta chains to form homotetramers (hemoglobin H). As long as
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gamma chains are produced by the neonate, they can also form their own homotetramers
(hemoglobin Barts). These homotetramers shorten red-cell lifespan and are associated with a
mild hemolytic anemia.
Deletion of three of the four alpha-chain alleles results in hemoglobin H disease. Hemoglobin
Barts makes up 20% to 40% of the total hemoglobin in the affected neonate and causes a
moderate amount of hemolysis when exposed to oxidant stresses such as infection.
The beta thalassemias are a heterogeneous group of more than 200 mutations of one or both of
the alleles of the beta chain; unlike the alpha thalassemias, deletions are rare. There is great
variability in the degree of reduction of beta-chain synthesis with different mutations, and great
variability among individuals sharing the same genotype. Beta thalassemia is not clinically
evident at birth because of the presence of gamma chains for hemoglobin F production. As
hemoglobin switching from gamma-chain synthesis to beta-chain synthesis occurs during the
first 6 months after birth, the beta-thalassemia disorders begin to present clinically.
Beta thalassemia is classified clinically by the need for transfusion. Patients with betathalassemia major require regular transfusions. Patients with beta-thalassemia intermedia
develop anemia but can maintain a hemoglobin concentration higher than 7 g/dL (4.4 mmol/L)
without transfusion. Patients with beta-thalassemia trait show only mild red cell abnormalities
such as microcytosis or target cells.
Sickle cell disease affects both alleles of the beta chain; heterozygotes are usually not affected.
It is not usually clinically evident at birth because of the presence of hemoglobin F. Early
identification of the homozygous state, or a sickle cell heterozygote combined with another
hemoglobinopathy, can prevent serious morbidity.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

References:
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Luchtman-Jones L, Schwartz AL, Wilson DB. Hematologic problems in the fetus and neonate.
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American Board of Pediatrics Content Specification(s):
Understand the indications and approaches to screening for hemoglobinopathies in the
newborn population
Understand the methodologies and interpretations of screening for hemoglobinopathies in the
newborn population
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You agree to have a high school student shadow you on rounds in the neonatal intensive care
unit. She is taking advanced placement biology in her senior year and wants to relate the basic
molecular biology she is learning to disease processes. One of her many questions concerns
transfer RNA (tRNA). She cannot understand how a mutation in a tRNA gene would not stop
embryonic development. She wonders if a disease related to such a mutation is known in
newborns. You explain that mutations in several mitochondrial genes including tRNA genes
have been implicated in clinical syndromes in older people, such as hereditary deafness,
Alzheimer disease, and Parkinson disease. You discuss an example of a disorder due to tRNA
mutation that presents in newborn infants.
Of the following, the disorder MOST often associated with a mutation of a tRNA gene in
newborn infants is:
cardiomyopathy
diabetes mellitus
Leigh syndrome
mitochondrial encephalopathy, lactic acidosis, and strokelike episodes (MELAS)
myoclonic epilepsy and red-ragged fibers (MERRF)
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

A typical eukaryotic cell contains about 2,000 mitochondria that occupy about one fifth of the
cell volume. Mitochondria contain unique genomes and ribosomes that are more typical of
bacteria than of eukaryotic cells. They are the engines of aerobic respiration and produce most
of the adenosine triphosphate (ie, energy) for cellular metabolism. In addition, they degrade and
recycle carbohydrates, proteins, and fats, and produce urea. They also control the
concentration of water and other molecules inside the cell.
Mitochondria are a significant source of free radicals in metabolism,
producing around 10 7 free radicals per mitochondrion per day. Free
radicals are potent mutagens. Moreover, the repair mechanisms of
mitochondrial DNA (mtDNA) are less effective than those of nuclear DNA.
Consequently, spontaneous mutations of mtDNA occur 10- to 20-fold
more frequently than those of nuclear DNA. Tissues with high oxygen
consumption (skeletal muscle, heart, and brain) are particularly
susceptible to the effects of mtDNA mutations. These mutations tend to
accumulate as a person ages.
The quality and severity of a mitochondrial disorder depend on (1) the type and location of the
mutation in the mitochondrial genome, and (2) the proportion of mitochondria in a particular
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tissue with the mutation (degree of heteroplasmia). Both the quantity and the variety of mtDNA
mutations increase with age. If all of the mitochondria in a tissue have a particular mutation, the
condition is known as homoplasmia. In addition, many mitochondrial functions are dependent
on gene products of mtDNA interacting with those of nuclear DNA, so that somatic mutations
can also lead to mitochondrial dysfunctions.
Mitochondrial diseases occur in 1 in 10,000 newborn infants. The mitochondria that provide
energy for spermatozoa are shed in the process of fertilization, so that all of the mitochondria
inherited by an individual are maternal. Over 100 mitochondrial mutations are known.
Information regarding individual mutations can be found in the MITOMAP database. Even
though tRNA genes constitute one tenth of mtDNA, two thirds of the mtDNA mutations
identified so far occur in tRNA genes. The reason for this is not known.
Cardiomyopathy with clinical onset at birth can be caused by mutations in mitochondrial tRNA
genes. Mutations of the mitochondrial tRNA-isoleucine gene and the tRNA-leucine gene have
been associated with congenital cardiomyopathy. These infants may also develop
neuromuscular disease. The onset of symptoms can be evident at birth or as late as 10 years.
Lactic acidosis is common. All such cases have decreased levels of cytochrome c oxidase
activity and abnormally appearing cardiac muscle. The cardiac myocytes are hypertrophic and
diffusely swollen with myofibril disarray. The ultrastructural abnormalities of the mitochondria
include hyperplasia and pleomorphism.
Diabetes mellitus (type 2) has been associated with mutations of tRNA-lysine and with other
mtDNA mutations. The onset, however, has not been described in newborns.
In most cases of Leigh syndrome (pronounced Lee), the mitochondrial dysfunction is not
caused by a mutation in mtDNA, but by an autosomal recessive or X-linked disorder involving a
gene product of the nuclear chromosomes. In this syndrome, the energy-generating function of
the mitochondrion is affected. Mutations of mtDNA cause 10% to 30% of cases of Leigh
syndrome, and are associated rarely with a mutation in mitochondrial tRNA.
Mitochondrial encephalopathy, lactic acidosis, and strokelike episodes (MELAS) is a progressive
neurodegenerative disorder. Most commonly MELAS has been associated with a mutation in the
tRNA-leucine gene, but other mtDNA mutations have also been identified in some cases. The
condition presents sporadically or in maternal pedigrees with one of several clinical
presentations. Typically, it presents with the features indicated by the name of the disorder,
such as encephalomyopathy, lactic acidosis, and strokelike episodes. Other features, such as
seizures, diabetes mellitus, hearing loss, short stature, and exercise intolerance can also be
seen. The age at onset is usually between 4 and 15 years; the youngest known case was 4
months old.
Myoclonic epilepsy associated with ragged red fibers (MERRF) has been associated most
commonly with a mutation in the tRNA-lysine gene. Its onset is in childhood, not in the newborn
period. The most characteristic symptom of MERRF syndrome is myoclonic seizures that are
usually sudden, brief, jerking spasms that can affect the limbs or the entire body. Ataxia as well
as lactic acidosis may be present. Dysarthria, optic atrophy, short stature, hearing loss,
dementia, and nystagmus have been described with MERRF.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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Holmgren D. Wahlander H, Eriksson BO, Oldfors A. Holme E, Tulinius M. Cardiomyopathy in
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American Board of Pediatrics Content Specification(s):
Recognize the clinical features associated with mitochondrial disorders
Demonstrate understanding of maternal inheritance of mitochondrial disorders
Understand the functions of messenger, ribosomal, and transfer RNA
Understand the pathophysiology, including genetics, of an infant with a condition affecting
myocardial performance such as cardiomyopathy, myocarditis, tumor, and electrolyte
imbalances
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A 4,396-g female infant is born to a 16-year-old primiparous woman at 38 weeks of gestation.
The pregnancy was complicated by lack of prenatal care. Labor was spontaneous, and the
delivery was by cesarean section because of failure to progress to vaginal birth. The infant's
Apgar scores were 8 and 9 at 1 and 5 minutes after birth, respectively. Physical examination of
the infant reveals a head circumference of 42.5 cm, crown-heel length of 50 cm, widely open
fontanels and sutures, no apparent anomalies or dysmorphic features, and normal spinal
examination. A head ultrasound is obtained (Figure 1).
Figure 1: Ventriculomegaly
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Of the following, the MOST likely cause of macrocephaly in this infant is:
holoprosencephaly
hydranencephaly
hydrocephaly
porencephaly
schizencephaly
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

The clinical and radiographic features in the infant in this vignette are consistent with the
diagnosis of hydrocephaly. Congenital hydrocephalus is characterized by enlargement of the
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cerebral ventricular system caused by:
increased cerebrospinal fluid (CSF) pressure from decreased clearance (obstructive
hydrocephalus) or, rarely, increased production from causes such as choroid plexus
papilloma or aneurysm of vein of Galen
abnormal formation of fetal brain (dysgenetic hydrocephalus)
atrophy of fetal brain (hydrocephalus ex vacuo)
Obstructive hydrocephalus can result from blockage in the ventricular system
(noncommunicating hydrocephalus) or dysfunction of the arachnoid villi, the site of CSF
resorption (communicating hydrocephalus).
Approximately 28% of cases of congenital hydrocephalus are associated
with neural tube defects and Arnold-Chiari malformation. The infant in
this vignette does not have evidence of either of these abnormalities.
Among the remainder, the most common cause of congenital
hydrocephalus is aqueductal stenosis, which accounts for approximately
33% of cases. Most cases of aqueductal stenosis are sporadic in
occurrence. However, an X-linked form of aqueductal stenosis has been
described in association with adducted thumbs, absent corpus callosum,
and a mutation in the neural cell adhesion molecule, L1CAM. Rarely,
aqueductal stenosis may be autosomal recessive in inheritance and accompanied by VACTERL
association (vertebral anomalies, anal atresia, cardiovascular anomaly, tracheoesophageal
fistula, renal dysplasia, and limb defects).
Holoprosencephaly is a disorder of prosencephalic development, characterized by impaired
midline cleavage of the embryonic forebrain. The prosencephalon fails to cleave sagittally into
cerebral hemispheres, transversely into telencephalon and diencephalon, and horizontally into
olfactory and optic bulbs. Holoprosencephaly is classified as alobar, semilobar, and lobar
depending on its severity. In alobar holoprosencephaly, the most severe form, a single
ventricular cavity is present (Figure 2).
Figure 2: Holoprosencephaly

The thalami are completely fused. The corpus callosum, falx, olfactory bulbs, and optic tracts
are absent. Severe midfacial defects are common and include cyclopia (single orbit),
ethmocephaly (hypotelorism with a high midline proboscis), and cebocephaly (hypotelorism with
single nasal orbit).
In semilobar holoprosencephaly, some cleavage of the posterior cranial tissue is present, as
suggested by partial formation of the occipital horns and of the posterior portion of the falx.
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The thalami are partially fused. The corpus callosum, olfactory bulbs, and optic tracts are
absent. Moderate midfacial defects typically include cleft-lip and palate with hypotelorism.
In lobar holoprosencephaly, the mildest form, some cleavage of the anterior cranial tissue is
also present and the degree of anatomic distortion is much less than in alobar and semilobar
forms. The frontal horns may be identified, but remain fused in the midline. The thalami are
partially fused. The corpus callosum and falx are partially developed. The olfactory bulbs and
optic tracts are absent. Mild midfacial defects include hypotelorism, single central maxillary
incisor, absent frenulum, mid-face hypoplasia, and iris coloboma.
Most cases of holoprosencephaly are sporadic in occurrence. Some cases are associated with
teratogenic exposure (retinoic acid), maternal diabetes, genetic syndromes (Smith-Lemli-Opitz
syndrome), and chromosomal abnormalities (trisomy 13, trisomy 18, triploidy). The absence of
dysmorphic features and of characteristic findings on computed tomography (CT) makes
holoprosencephaly unlikely in the infant in this vignette.
Hydranencephaly is a severe brain malformation in which the cerebral hemispheres are absent,
but the meninges are intact and the skull appears normal (Figure 3).
Figure 3: Hydranencephaly

The CSF fills the void left by the absent cerebrum. The pathogenesis of hydranencephaly is
attributed to bilateral occlusion of the internal carotid arteries and resultant destruction of
normally forming brain tissue in fetal life. Hydranencephaly does not carry an increased risk of
other structural defects or abnormal karyotype. The presence of cortical tissue on CT scan
makes hydranencephaly unlikely in the infant in this vignette.
Porencephaly is characterized by destruction of previously formed brain tissue from causes
such as hemorrhage, infarction, infection, and trauma. The tissue necrosis results in the
formation of an intraparenchymal cyst (Figure 4).
Figure 4: Porencephaly
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The cyst may be isolated within the brain tissue (central porencephaly), or more commonly
empties into either the ventricles (internal porencephaly) or the subarachnoid space (external
porencephaly). Porencephaly usually is not associated with other structural defects or
karyotypic abnormalities. The extensive involvement of the brain in the infant in this vignette is
not typical of porencephaly.
Schizencephaly is characterized by deep clefts in the cerebral hemispheres, unilateral or
bilateral, extending from the pial to the ventricular surface and separated from the ventricle by a
thin pial-ependymal membrane (Figure 5).
Figure 5: Schizencephaly

The presence of these clefts in the distribution of the middle cerebral artery suggests a vascular
cause in the pathogenesis of this disorder. Such cases are not associated with other structural
defects or chromosomal abnormalities. Rarely, schizencephaly may result from a disturbance of
neuroblast migration in early fetal life, typically between 8 and 16 weeks of gestation. Such
cases may be associated with genetic mutations (defective EMX2 gene) or genetic syndromes
(Miller-Dieker syndrome). The CT features in the infant in this vignette are not characteristic of
schizencephaly.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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Lemire RJ. Congenital malformations of the brain. In: Stevenson DK, Benitz WE, Sunshine P,
eds. Fetal and Neonatal Brain Injury. 3rd ed. Cambridge, UK: Cambridge University Press;
2003:111-128.
American Board of Pediatrics Content Specification(s):
Be able to differentiate the familial/genetic features of neurologic disorders with increased head
circumference
Understand the etiology, familial/genetic features, and abnormalities associated with
hydrocephalus
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You are consulting with a mother whose pregnancy is complicated by intrauterine growth
restriction (IUGR). The mother is healthy without risk factors for IUGR and the pregnancy has
been otherwise uncomplicated. No IUGR cause has been identified. No anomalies are evident on
fetal and placental ultrasonography or suggested by antenatal quadruple screening. During your
discussion with the woman, her family, and the care team, you describe the transfer of nutrients
(including fats, carbohydrates, and amino acids) to the fetus and deficiencies that may
contribute to IUGR.
Of the following, the MOST important mechanism for amino acid uptake by the fetus is:
active transport
diffusional transfer
facilitated diffusion
paracellular diffusion
receptor-mediated endocytosis
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

The fetus receives nutrients, ions, water, and immunoglobulins to support growth, metabolism,
and resistance to infection. The mechanisms for transfer of these important molecules remain
the subject of investigation, and much information is derived from comparative biological
studies in humans, sheep, rats, rabbits, and guinea pigs.
Uptake of amino acids for fetal growth and energy production depends
on transporter proteins that involve hydrolysis of adenosine
triphosphate, or active transport. This process is complex because of the
existence of many different transport proteins, changes in the ontogeny
of transport systems during gestation, secondary active transport (an
amino acid may cotransport or be exchanged with another solute or
amino acid), net flux of amino acids from the fetus to the placenta
(aspartate, glutamate, serine), and net flux of amino acids from the
placenta to the fetus.
Amino acid uptake is affected by the presence of placental abnormalities associated with fetal
growth restriction (reduced villous surface area, altered transporter number and activities, and
decreased placental perfusion), uterine and umbilical blood flow, and amino acid cycling
between the placenta and fetal liver (especially alanine; serine; glutamate; and the branched
chain amino acids leucine, isoleucine, and valine). Furthermore, maternal amino acid
concentrations influence fetal amino acid uptake. The uptakes of some, but not all, amino acids
are increased by increasing maternal amino acid concentrations. A better understanding of the
processes involved in fetal uptake of individual amino acids will provide insights into the
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benefits and safety of maternal nutrient supplementation, especially when fetal growth
restriction occurs (as in the infant in the vignette).
Molecules also diffuse along a maternofetal concentration gradient without transport proteins
(diffusional transfer). The net rate of diffusional transfer of a given solute or molecule through
the placenta from the maternal to the fetal circulation is described by Fick's law, as follows:
J net = PS (c m – c f)
Where J net is the net rate of uptake (mol sec-1 g placenta-1 ); P is the proportionality constant
(placental permeability, cm2 sec-1 ); S is the surface area available for diffusion between
circulations within 1 g of placenta (cm 2 g-1 ); and c m – c f is mean plasma solute concentrations
(mol cm-3 ) of the unbound solute in plasma water in maternal (c m) and fetal blood (c f) flowing
past the exchange area.
Fick's law states that the net uptake of a solute is proportional to placental permeability, surface
area, and the maternofetal concentration difference. The net uptake is also a function of lipid
solubility, net charge, and size of the solute or molecule, and fetal and maternal blood flow.
Facilitated diffusion is saturable and stereospecific, shows competition, and is independent of
energy sources. The energy required to move nutrients is derived from electrochemical
gradients. Glucose transfer occurs by facilitated diffusion at the microvillous and basal plasma
membrane of the syncytiotrophoblast.
Lipid-soluble substances (such as respiratory gases) diffuse through the entire trophoblastic
surface area and are not limited by permeability. Rather, flow limitation by the fetal and maternal
blood flows most affects transfer. Because of significant reserves, flows must be significantly
limited to reduce fetal uptake.
Lipid-insoluble substances (such as sodium and mannitol) move through placental barriers
slowly because of limited surface area and permeability. Thus, lipid-insoluble molecules are
described as being membrane limited. Lipid-insoluble molecules enter the fetal circulation
through transcellular routes and, possibly, extracellular pores. Paracellular diffusion through
extracellular pores is another route for lipid-insoluble molecules to cross from the maternal to
fetal circulation.
Receptor-mediated endocytosis is an invagination of the cell surface to form an intracellular
membrane-bound vesicle. Phagocytosis, or ingestion of large particles, and pinocytosis, or
ingestion of water and small molecules, describe two different categories of endocytosis.
Immunoglobulin G (IgG), transferrin/iron, and low-density lipoproteins enter the
syncytiotrophoblast by endocytosis. IgG binds to specific Fc receptors in clathrin-coated pits in
specialized regions of the cell membrane. Endocytosis forms microvesicles that do not fuse
with lysosomes and selectively transfers IgG across the human syncytiotrophoblast.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

References:
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American Board of Pediatrics Content Specification(s):
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Know the role of the placenta in the energy metabolism of the fetus, including transfer of
glucose, electrolytes, and amino acids to the fetus
Understand the implications and management of fetal growth restriction
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A 3-day-old infant delivered at 25 weeks' gestation displays evidence of hemorrhagic pulmonary
edema, increased need for ventilatory support, and increasing opacification of the lung fields on
chest radiographs. He received two doses of surfactant on the first day after birth for respiratory
distress syndrome and was being weaned off the ventilator. Physical examination reveals
bounding pulses, wide pulse pressure, and a pansystolic murmur. Complete blood counts,
serum electrolyte concentrations, and renal function test results are appropriate for age. Cranial
ultrasonography reveals a grade 1 germinal matrix hemorrhage. A patent ductus arteriosus is
suspected and confirmed on echocardiography, with left to right flow. You are considering
medical treatment for the ductus arteriosus.
Of the following, compared with indomethacin, the treatment of patent ductus arteriosus with
ibuprofen lysine in the preterm newborn is MOST likely to be associated with a decreased
incidence of:
chronic lung disease
intraventricular hemorrhage
necrotizing enterocolitis
oliguria
pulmonary hypertension
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Patent ductus arteriosus (PDA) with a significant left-to-right shunt is associated with
pulmonary hemorrhage, decreased renal and splanchnic blood flow, intraventricular hemorrhage
(IVH), necrotizing enterocolitis (NEC), and chronic lung disease (CLD) in preterm neonates.
Prostaglandins play a significant role in keeping the ductus arteriosus patent. In most full-term
infants, the ductus arteriosus closes within 48 hours after birth. However, in premature infants,
it frequently fails to close spontaneously because of the elevated sensitivity of the ductal tissue
to the dilating effects of prostaglandins and the low sensitivity to the constricting effects of
oxygen. As a result, the ductus arteriosus of preterm infants can remain open or reopen after
initially being constricted. The incidence of PDA is inversely related to the gestational age and
is directly related to respiratory distress syndrome.
The medical management of a hemodynamically significant PDA may
include fluid restriction, diuretics, and intravenous prostaglandin
synthetase inhibitors, such as indomethacin. Surgical ligation is usually
reserved for PDA refractory to medical management or in cases in which
medical management is contraindicated. Therapies to prevent or close a
PDA are used commonly, but the selection of infants for treatment and
the decision of when and how to treat vary widely among
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neonatologists.
Indomethacin, either as treatment or prophylaxis, has been shown to
reduce the incidence of symptomatic PDA and the need for ligation. Of note, the incidence of
severe IVH also is reduced after prophylactic indomethacin. However, indomethacin use has
been associated with transient or permanent derangement of renal function; alteration of platelet
function; and impairment of renal, mesenteric, and cerebral blood flow. These negative effects
of indomethacin are possibly related to mechanisms other than inhibition of prostaglandin
synthesis.
The complications associated with the use of indomethacin have encouraged the search for an
alternate drug to treat a PDA. Ibuprofen, a propionic acid derivative and nonselective
cyclooxygenase inhibitor, has been reported to close a PDA, but without gastrointestinal
hemodynamic disturbance and potentially harmful cerebral side effects. Ibuprofen has been
shown to have some neuroprotective effects in animal models. Ibuprofen also enhances
cerebral autoregulation without affecting cerebral blood flow and cerebral metabolism. Intestinal
and renal hemodynamics are not significantly affected by ibuprofen.
The development of two intravenous formulations of ibuprofen (ibuprofen lysine and ibuprofen
THAM) has allowed this drug to be evaluated in preterm newborns. However, the safety profile
of the two ibuprofen preparations is quite different. Several clinical trials comparing ibuprofen
lysine to placebo have shown efficacy, with no deleterious renal and other adverse outcomes.
In contrast to these studies, a placebo-controlled, randomized trial on the efficacy and safety of
ibuprofen THAM showed efficacy but with decreased renal function, increased risk of NEC, and
persistent pulmonary hypertension. The authors postulated that this could be because of early
administration of ibuprofen (<6 hours) preventing the normal fall in pulmonary vascular
resistance, acidification of ibuprofen solution (buffered with tromethamine) causing precipitation
and microembolism in the lungs, or a specific effect of ibuprofen. These adverse effects have
not been reported in trials of ibuprofen lysine for prophylaxis or treatment of PDA.
In a meta-analysis of 11 randomized or quasi-randomized controlled trials including 620
patients, there was no statistically significant difference between ibuprofen lysine and
indomethacin for ductal closure (typical relative risk 0.96 [95% confidence interval (CI) 0.741.25]), mortality, ductal ligation, duration of ventilator support, IVH, periventricular leukomalacia,
NEC, time to full enteral feeds, retinopathy of prematurity, sepsis, duration of hospital stay, or
gastrointestinal bleeding. For many of these outcomes, the sample size was small and the
estimates imprecise. The incidence of decreased urine output (<1 mL/kg per hour) was lower in
the ibuprofen group than in the indomethacin group (number needed to treat = 9 [95% CI 5-14]).
This was the only statistically significant clinical finding favoring ibuprofen. CLD, defined as an
oxygen requirement at 28 days after birth, was significantly more likely to occur in the ibuprofen
group (typical RR 1.37 [95% CI 1.01-1.86]; number needed to harm = 7 [95% CI 3-100]). There
was a nonsignificant trend for CLD at 36 weeks' postmenstrual age. No data are available on
long-term follow-up of infants undergoing treatment with ibuprofen for ductal closure.
A multicenter randomized controlled trial was conducted by the Pediatric Pharmacology
Research Unit Network of the National Institute of Child Health and Human Development. Based
on the results of that study, in 2006 the US Food and Drug approved the use of ibuprofen lysine
injection for the treatment of PDA in preterm infants. However, the authors of the Cochrane
meta-analysis of several clinical trials comparing ibuprofen and indomethacin for the treatment
of PDA concluded that “in view of the lack of long-term outcome data and potential serious
side effects, ibuprofen cannot be recommended to replace indomethacin as the therapy of
choice for a PDA.”
Do you want to add anything to your Learning Plan?
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American Board of Pediatrics Content Specification(s):
Understand the pathophysiology of a preterm neonate with a ductus arteriosus
Recognize the clinical features of a preterm neonate with a ductus arteriosus
Recognize the laboratory and radiographic features of a preterm neonate with a ductus
arteriosus
Understand the total management plan (medical or surgical) and associated potential
complications of such management for a preterm neonate with a ductus arteriosus
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A 1-week-old term infant is diagnosed as having cystic fibrosis based on newborn screening
results. The child is healthy, appropriately sized for gestational age, feeding well at the breast,
and having normal urine and stool output.
Of the following, the treatment MOST likely to be started in this infant is:
anti-respiratory syncitial virus immune globulin
inhaled DNase
low-fat diet
oral pancreatic enzymes
prophylactic oral antibiotics
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Cystic fibrosis in neonates presents most often with gastrointestinal problems, such as
meconium ileus or failure to thrive. Occasionally the presenting problem is direct
hyperbilirubinemia. Respiratory problems are usually not seen for the first several months. Once
meconium ileus is excluded by seeing normal stool production, as in the infant in this vignette,
pancreatic insufficiency becomes the next most likely problem, for which the child will need
pancreatic enzyme replacement therapy.
Pancreatic insufficiency affects more than 85% of patients with cystic
fibrosis and causes poor digestion of nutrients. This insufficiency results
in frequent bulky stools, steatorrhea, malnutrition, poor growth, and
deficiency of fat-soluble vitamins. Treatment with oral pancreatic
enzymes aids in achieving normal growth and should be started as soon
as pancreatic insufficiency is diagnosed, often shortly after newborn
state-screening identifies a child as having cystic fibrosis. Early
identification and treatment of pancreatic insufficiency is seen as one of
the main benefits of newborn screening for cystic fibrosis.
Pancreatic insufficiency can be diagnosed in a formula-fed child using a 72-hour fecal fat
balance. Fat losses exceeding 15% in an infant less than 6 months old are abnormal (7% if older
than 6 months). Because breast milk has a widely varying fat content, pancreatic insufficiency
is diagnosed in a breastfed child using other clinical and laboratory findings, such as failure to
thrive, hypovitaminosis A or E, microscopic fat droplets in the stool, or low fecal elastase
concentration. In practice, enzyme replacement treatment often is started while laboratory
results are pending.
Adequate growth is difficult to achieve using diets that are low in fat or contain predigested

http://emb.aap.org/courseprodv2/Index.asp[4/6/2012 12:09:51 PM]

Education Module Learner

proteins or medium-chain triglycerides. Normal dietary fat is well tolerated if pancreatic enzymes
are provided.
Respiratory symptoms usually are not apparent for the first several months. The median age at
presentation for one of the most common symptoms, chronic cough, is 10 months. Human
recombinant DNase, an inhaled mucolytic, improves pulmonary function in these older patients
with moderate respiratory disease.
Prophylactic oral antibiotics are sometimes prescribed in cystic fibrosis, but their effectiveness
is uncertain. Use of anti–respiratory syncytial virus immune globulin in cystic fibrosis is under
investigation.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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Understand the management of cystic fibrosis in newborn infants
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A 3-week-old term female infant with an ileostomy is referred to you because of slow weight
gain (8 g/kg per day for the last 9 days). The infant had 89 cm of jejunum and ileum resected at
2 days of age because of volvulus complicated by intestinal ischemia. The ileocecal valve and
colon were preserved. Attempts to introduce enteral feeding have been hampered by watery
diarrhea with more than 70% of the formula intake lost as loose, watery stool through the
ileostomy. Parenteral hyperalimentation has been the primary nutritional, electrolyte, and fluid
support.
Of the following, the MOST important dietary influence(s) on intestinal adaptation in short bowel
syndrome is (are):
enteral amino acids
lactose restriction
long-chain triglycerides
parenteral hyperalimentation
simple carbohydrates
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

The gastrointestinal tract primarily functions to digest food and absorb nutrients. Secondarily,
the gastrointestinal tract serves important immunologic and endocrine functions. When large
segments of the small and large intestine are injured by disease (such as necrotizing
enterocolitis, volvulus) or are congenitally abnormal (abdominal wall defects, Hirschsprung
disease), the function of these organs may be impaired. Some infants with these disorders have
massive loss of intestinal function and/or mass, as in the infant in the vignette. Inadequate
digestion and/or absorption may cause chronic diarrhea, macro- and micronutrient deficiencies,
dehydration, and malnutrition. A higher risk for infection also exists because of enhanced
bacterial translocation and reduced lymphoid tissue mass. Reduced gastrointestinal hormone
activity also leads to an impaired capacity to control bowel motility, function, and recovery.
Intestinal failure is rare in neonates. It occurs when the functional bowel
mass is insufficient to support energy and nutrient requirements and
maintain fluid and electrolyte balance. Short bowel syndrome (SBS)
complicating necrotizing enterocolitis and volvulus is the most common
cause of intestinal failure in infants (24.5 per 100,000 live births). The
risks of associated morbidities (growth failure, watery diarrhea,
cholestasis, central venous catheter complications, infections,
electrolyte imbalances, acidosis, nutrient deficiencies, gallstones, ulcers,
bacterial overgrowth, osteoporosis, hyperoxaluria) and mortality (37.5%)
are significant.
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Intestinal adaptation is the physiologic response to a massive loss of functional bowel.
Intestinal length, diameter, and villous surface area increases (structural adaptation) primarily
by hyperplasia of the mucosal epithelium (Figure).
Figure: Schematic diagram of the changes associated with intestinal adaptation (from Pereira
and Bines [2006]).

These structural changes are reflected by increased enterocyte proliferation, decreased cellular
apoptosis, and increased intestinal RNA, DNA, and protein content. Enterocytes also upregulate
the capacity to absorb nutrients, water, calcium, and electrolytes. Slowing of the intestinal
transit time increases the time that nutrients are exposed to the mucosal epithelium (functional
adaptation). Both structural and functional adaptations are influenced by luminal nutrients,
volume of feedings, gastrointestinal hormones, growth factors, and pancreaticobiliary
secretions. Although both the small and large bowel are able to increase structural and
functional capacity, the ileum has the greatest potential for adaptation.
Intestinal adaptation begins during the first days after loss of intestinal mass, initially by
enterocytes that upregulate membrane-bound nutrient transporters and increase digestive and
absorptive capacity. During the next 12 months, structural and functional adaptations are
maximized.
Enteral nutrition is essential for successful intestinal adaptation. The composition of the enteral
diet, trophic stimulation of gastrointestinal hormones and pancreaticobiliary secretions, rate of
volume advancement, functional surface area of intestine, presence of the colon and ileocecal
valve, and continuity of remaining segments of intestine are important factors as the bowel
accommodates to loss of function.
The luminal nutrients that bathe the enterocytes have a profound impact on intestinal
adaptation. In the absence of enteral feedings, villus atrophy, reduced pancreatic and biliary
function, diminished brush border digestive enzyme activity, lowered gastrointestinal hormone
activity, and slowed intestinal motility occur. The presence of specific luminal nutrients and
complexity of the diet directly affect adaptation. Long-chain fatty acids have been shown to
promote adaptation more than protein and carbohydrates. Furthermore, more complex polymeric
diets appear to enhance adaptation more than simple monomeric molecules. This is especially
true for polysaccharides versus monosaccharides, whole proteins versus protein hydrolysates,
and protein hydrolysates versus amino acids. Simple monosaccharides also are more
osmotically active than more complex sugars and increase the risk for diarrhea.
Glutamine supplementation in SBS, in addition to growth hormone and modified diets, has not
been proven to consistently promote intestinal adaptation in small clinical case series and
randomized trials. The results of these studies have been conflicting and comparisons
complicated by the variation in protocols and outcomes measured. Very-low-birthweight infants
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with intact intestinal function who are thought to have a conditional requirement for glutamine
have not shown improvement in survival or reduction in morbidities in randomized, controlled
trials of glutamine supplementation (both enteral and parenteral). It is unknown whether enteral
glutamine supplementation will enhance survival, reduce infection, and augment adaptation in
newborn infants after intestinal resection.
Brush border digestive enzyme activity (such as lactase) is prominent in the proximal jejunum.
Because the proximal jejunum is usually spared in necrotizing enterocolitis and volvulus,
lactase activity often is adequate to digest lactose.
Of note, the sources for much of the information about the effect of luminal nutrients on
intestinal adaptation are in vitro and in vivo animal and adult human studies. In addition, the
use of more elemental formulas in neonates may have advantages over more complex formulas
during the early stages of recovery and the following adaptation stage; no large randomized,
clinical trials have addressed this issue in neonates with SBS.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

References:
Andorsky DJ, Lund DP, Lillehei CW, et al. Nutritional and other postoperative management of
neonates with short bowel syndrome correlates with clinical outcomes. J Pediatr. 2001;139:2733
Baker SS, Suthutvoravut U, Walker WA. Short-term malnutrition in neonatal rabbits: I, brush
border enzymes. J Pediatr Gastroenterol Nutr 1987;6:961-966
Beserth CL, Poenaru D. Necrotizing enterocolitis and short bowel syndrome. In: Taeusch HW,
Ballard RA, Gleason CA, eds. Avery's Diseases of the Newborn. 8 th ed. Philadelphia, Pa:
Elsevier Saunders; 2005:1123-1133
Bines J, Francis D, Hill D. Reducing parenteral requirement in children with short bowel
syndrome: impact of an amino acid-based complete infant formula. J Pediatr Gastroenterol
Nutr. 1998;26:123-128
Bongaerts GP, Severijnen RS. Arguments for a lower carbohydrate-higher fat diets in patients
with a short small bowel. Med Hypothesis. 2006;67:280-282
Boza JJ, Moennoz D, Vuidhoud J, Jarret AR, Gaudard-de-Wesk D, Ballevre O. Protein
hydrolysate vs free amino acid-based diets on the nutritional recovery of the starved rat. Eur J
Nutr. 2000:39:237-243
Dibaise JK, Young RJ, Vanderhoof JA. Intestinal rehabilitation and the short bowel syndrome:
part 1. Am J Gastroenterol. 2004;99:1386-1395
Dibaise JK, Young RJ, Vanderhoof JA. Intestinal rehabilitation and the short bowel syndrome:
part 2. Am J Gastroenterol. 2004;99:1823-1832
Ksiazyk J, Piena M, Kierkus J, Lyszkowska M. Hydrolyzed versus nonhydrolyzed protein diet in
short bowel syndrome in children. J Pediatr Gastroenterol Nutr. 2002;35:615-618
Matarese LE, Seidner DL, Steiger E. Growth hormone, glutamine, and diet for intestinal
adaptation. J Am Diet Assoc. 2004:104:1265-1272
Mora RJ. Malnutrition: organic and functional consequences. World J Surg. 1999;23:530-535
Pereira PM, Bines JE. New growth factor therapies aimed at improving intestinal adaptation in
short bowel syndrome. J Gastroenterol Hepatol. 2006:21:932-940
Poindexter BB, Ehrenkranz RA, Stoll BJ, et al. Parenteral glutamine supplementation does not
reduce the risk of mortality or late-onset sepsis in extremely low birth weight infants. Pediatrics.

http://emb.aap.org/courseprodv2/Index.asp[4/6/2012 12:10:19 PM]

Education Module Learner

2004;113:1209-1215
Soondrum K, Hinds R. Management of intestinal failure. Indian J Pediatr. 2006;73:913-918
Vanderhoof JA, Young RJ. Chronic complications of the short bowel syndrome in children.
UpToDate.com Web site. Accessed December 26, 2006, at: http://www.uptodate.com/
(subscription required)
Vanderhoof JA, Young RJ. Management of the short bowel syndrome in children. UpToDate.com
Web site. Accessed December 26, 2006, at: http://www.uptodate.com/ (subscription
required)
Vanderhoof JA, Young RJ. Pathophysiology of the short bowel syndrome in children.
UpToDate.com Web site. Accessed December 26, 2006, at: http://www.uptodate.com/
(subscription required)
Vaughn P, Thomas P, Clark R, Neu J. Enteral glutamine supplementation and morbidity in low
birth weight infants. J Pediatr. 2003;142:662-668
Wales PW, deSilva N, Kim J, Lecce L, To T, Moore A. Neonatal short bowel syndrome:
population-based estimates of incidence and mortality rates. J Pediat Surg. 2004;39:690-695
American Board of Pediatrics Content Specification(s):
Know the factors involved in protein digestion and absorption
Realize the consequences of resection of the distal ileum and cecum
Understand the factors involved in the process of lipid digestion and absorption
Know the factors involved in carbohydrate digestion and absorption
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A woman at 38 weeks' gestation experiences a gush of fluid from her vagina. She has no
contractions and otherwise feels well. She presents to her physician, who performs a sterile
speculum examination revealing fluid flowing from the cervical os and pooling in the posterior
fornix. Review of her medical records indicates that her gestational age by last menstrual period
estimation was concordant with ultrasonography performed at 9 weeks' gestation. Group B
streptococcal screen was negative at 36 weeks' gestation. Auscultation of the fetal heart rate
indicates a steady rate at 136 beats per minute. Her first child was delivered vaginally 2 years
ago after an uncomplicated pregnancy, labor, and delivery.
Of the following, the MOST appropriate next step would be to:
administer corticosteroids
induce labor with oxytocin
instill intrauterine indigo carmine
schedule cesarean delivery
start antibiotics
You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

At term, rupture of membranes (ROM) before the onset of labor occurs in about 10% of cases.
Although the exact physiologic mechanism for ROM is not known, current understanding
suggests roles for programmed cell death, activation of collagenases and other catabolic
enzymes, and mechanical forces. Preterm ROM is thought to be due to early activation of one
or more of these processes, possibly accelerated by inflammation or infection.
The management of rupture of membranes at any time in preganacy involves three initial steps:
1. Confirmation of membrane rupture
2. Confirmation of gestational age
3. Assessment of fetal well-being
For these reasons, women with suspected ROM should seek prompt medical attention.
The diagnosis of ROM most assuredly is made by direct observation
during sterile speculum examination of amniotic fluid pooling in the
posterior fornix. With this finding, as in the vignette, ROM is adequately
documented. If sufficient time has passed since ROM or if the flow is
inadequate to document based on visual observation, presence of
amniotic fluid in the vagina may be evaluated by testing vaginal
secretions for ferning (fine arborization of dried fluid on a slide), alkaline
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pH on nitrazine paper, or testing for placental alpha microglobulin-1 with
a bedside immunochromatographic test. Abdominal ultrasonography to
evaluate fluid volume also may be performed, even though low fluid volume is not specific for
ROM. Among women with suspected preterm ROM, leakage of amniotic fluid into the vagina can
be confirmed by instillation of indigo carmine into the uterus and evaluating for coloration on a
vaginal tampon. For the woman in this vignette, no further testing to confirm membrane rupture
is indicated.
Management of ROM varies with gestational age. Additional factors important for decision
making include the presence of pregnancy complications (such as positive screening result for
group B Streptococcus (GBS), Chlamydia infection, bacterial vaginosis, chorioamnionitis),
pregnancy test results, and ultrasonographic and physical findings. For the woman in the
vignette, early pregnancy findings and menstrual history confirm her to be at term.
Fetal well-being can be assessed by fetal heart rate and fetal ultrasound. With ROM,
ultrasonography can be helpful in documenting reduced fluid volume (suggestive but not
diagnostic for ROM) but is more useful in documenting fetal size, presentation, and position.
In the vignette, the pregnancy is at term with documented ROM and no signs of fetal
compromise. The management of term ROM is to proceed to delivery. If cesarean section is
being planned for other obstetric reasons, it should be done expeditiously; however, ROM
without labor does not mandate cesarean delivery. Most women with ROM at term will go into
labor and, without intervention, 70% will deliver within 24 hours and 85% will deliver within 48
hours.
Debate regarding the relative roles of expectant management versus induction of labor with
oxytocin continues. In the vignette, initiation of oxytocin is the preferred option. The major risks
for mother, fetus, and infant are associated with infection. The risk of infection increases with
duration of ROM. For this reason, some physicians will recommend immediate induction. Others
will observe for 12 to 24 hours for spontaneous onset of labor.
In any case, admission to the hospital after ROM is generally preferred. Compared with women
hospitalized after ROM, women allowed to stay at home experienced greater use of antibiotics
(odds ratio [OR] 1.52 [95% confidence interval (CI) 1.04-2.24]) and their infants had a higher
incidence of neonatal infection (odds ratio 1.97 [95% CI 1.0-1.39]). A comparision of maternal
and neonatal outcomes after induction with oxytocin versus expectant management is
presented in the Table.
Table
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* Cesarean section after rupture of membranes without labor is more likely in primagravidas, in
women experiencing labor for more than 12 hours, in women with previous cesarean delivery,
and in women with epidural analgesia.
Among women who are at term, afebrile, and have a negative screening result for GBS, initiation
of antibiotics is not recommended. Women who are culture positive for GBS should be treated
according to national GBS guidelines. Use of antibiotics is frequently considered for preterm
ROM when management goals include prolongation of pregnancy. Antibiotics were
demonstrated to be helpful in prolonging pregnancy, reducing maternal infection, lowering rates
of neonatal infection, reducing neonatal oxygen needs, and reducing the incidence of abnormal
findings on cerebral ultrasonography. For the woman in the vignette, antibiotics would not be
indicated at this time.
Antenatal corticosteroids are recommended in the presence of ROM for women at less than 32
weeks' gestation who show no signs of infection. In the interval between 32 and 34 weeks'
gestation, corticosteroid use is controversial. Documentation of fetal lung immaturity may be
useful in this circumstance. After 34 weeks' gestation, corticosteroids are often avoided
because of the risk of chorioamnionitis.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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Web site. Accessed January 24, 2007, at: http://www.uptodate.com/ (subscription
required)
American Board of Pediatrics Content Specification(s):
Know the causes, complications, and management of premature rupture of membranes at
greater than 36 weeks' gestation
Know the causes, complications, and management of preterm premature rupture of membranes
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A term female infant is born to a 22-year-old blood group O Rh positive, African American
woman. She had previously given birth to a boy who required phototherapy for jaundice while
he was being treated for pyelonephritis. Standard investigations for jaundice in that infant had
been unrevealing. The newborn had a birthweight of 3,600 g and normal findings on initial
physical examination. Breastfeeding was going well when the parents requested discharge at 28
hours of age. A routine transcutaneous bilirubin measurement showed a concentration of 14.9
mg/dL (255 µmol/L). In accordance with the American Academy of Pediatrics (AAP) guidelines,
phototherapy was started (Figure 1).
Figure 1: From Kaplan M, Hammerman C. Glucose-6-phosphate dehydrogenase deficiency: a
worldwide potential cause of severe neonatal hyperbilirubinemia. Neoreviews. 2000;1:e32-e39.
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Laboratory values revealed the following:
Total serum bilirubin 15.2 mg/dL
Hemoglobin 14 g/dL
Reticulocyte count 9%
Blood smear normal
Blood group O, Rh positive
Direct Coombs test negative
Phototherapy was continued for 3 days when the total bilirubin concentration fell below 10
mg/dL (171 µmol/L) and she was sent home. The jaundice continued to subside. Metabolic and
genetic studies revealed the presence of a low glucose-6-phosphate dehydrogenase (G6PD)
activity and another genetic condition.
Of the following, the gene component MOST likely to be defective as the source of the second
genetic condition in this infant is:
enhancer
exon
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intron
polyadenylate sequence
promoter
You selected

, the correct answer is

.
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The infant in this vignette has the African American form of glucose-6-phosphate
dehydrogenase (G6PD) deficiency. Her other genetic problem is Gilbert syndrome. The African
American form of the G6PD deficiency has not been in the list of causes of neonatal jaundice in
the absence of a strong inciting agent such as sulfonamide or naphthalene. However, Kaplan
and associates have reported that the combination of G6PD deficiency and Gilbert syndrome
leads to significant neonatal hyperbilirubinemia even though each disease by itself does not.
Gilbert syndrome is caused by a variation in the promoter of the uridine-diphosphoglucuronate
glucuronosyl-transferase (UDPGT-A1A) gene responsible for the production of UDPGT-A1A
enzyme which conjugates bilirubin with one or two molecules of glucuronic acid in the
hepatocyte (Figure 2).
Figure 2: Schema of the role of the enzyme glucose-6-phosphate dehydrogenase (G6PD) (from
Kaplan M, Hammerman C. Glucose-6-phosphate dehydrogenase deficiency: a worldwide
potential cause of severe neonatal hyperbilirubinemia. Neoreviews. 2000;1:e32-e39).

A gene promoter is a DNA sequence that is recognized by DNA-directed RNA polymerase as a
starting point for transcription. In the case of UDPGT-A1A, the normal promoter consists of six
repeats of thymine and adenine followed by a triplet consisting of thymine and two adenines.
The shorthand for this is (TA)6 TAA. The most common variant is (TA)7 TAA. Other variations
have been described. The variants are less efficient at initiating transcription of the UDPGT-A1A
gene, which ultimately results in a reduced amount of enzyme synthesis. Because, in most
cases, the amount of enzyme available for bilirubin conjugation is more than enough to
eliminate the bilirubin produced at a normal rate, individuals with Gilbert syndrome usually do
not have jaundice. However, in the face of a mild hemolytic process or significant infection,
jaundice appears.
In a study reported by Kaplan and associates, the incidence of neonatal
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hyperbilirubinemia (bilirubin concentration >15 mg/dL [>257 µmol/L]) was
10% in the presence or absence of G6PD deficiency if the UDPGT-A1A
promoter was normal. In the presence of G6PD deficiency and
heterozygosity for an abnormal promoter, the incidence of
hyperbilirubinemia exceeded 30%. If both promoters were abnormal
(homozygosity), the incidence rose to 50%. Therefore, the combination of
a mild increase in bilirubin production and either heterozygous or
homozygous variants in the UDPGT-A1A promoter is enough to lead to
severe jaundice in newborns.
Enhancers are regions of DNA that are often thousands of base pairs away from the gene they
control. Enhancer-binding proteins bind to these regions and increase the rate of transcription
of the gene. Enhancer sites can be located upstream, downstream, or even within the gene they
control. There is a growing body of evidence that phenobarbital works through an enhancer
protein to increase the concentration of bilirubin conjugating enzyme in the liver.
Exons and introns are alternating sequential portions of a gene that are transcribed by DNAdirected RNA polymerase. After the transcription is completed, the portions of the RNA that
were synthesized on the introns are excised. The remaining portions, representing the exons of
the gene, are spliced together to form functional messenger RNA (mRNA). Crigler-Najjar
syndrome, type I, is a severe, unremitting, nonhemolytic, congenital unconjugated
hyperbilirubinemia often leading to kernicterus or death. It is usually caused by a mutation in
one of the five exons, resulting in the production of inactive enzyme or of no identifiable
enzyme (a base substitution leading to an early stop). In a few cases, a mutation in an intron
has resulted in type 1 Crigler-Najjar syndrome. In these cases, a mutation occurs close to the
excision site of an intron and interferes with subsequent proper splicing of the exons, leading
to deletions in the mRNA. The resultant protein does not function.
Polyadenylation is the addition of long repeats of adenosine bases to already formed mRNA
undirected by DNA sequence. It serves two purposes. First, it stabilizes the mRNA and prolongs
its half-life. Second, polyadenylation enhances binding of the mRNA to ribosomes for the
initiation of translation, thereby making it more efficient. A signal in the mRNA upstream of the
site that is adenylated is necessary to the process. However, no connection between
adenylation sequences and neonatal hyperbilirubinemia has been found.
Do you want to add anything to your Learning Plan?
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American Board of Pediatrics Content Specification(s):
Understand basic functional units of a gene, including intron, exon, promoter, enhancer, and
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polyadenylation sequence
Understand the effect of phenobarbital on bilirubin metabolism and its use in the treatment of
hyperbilirubinemia
Understand the differential diagnosis, evaluation, and approach to management of infants with
indirect hyperbilirubinemia
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A 1-day-old female infant, whose birthweight was 3,260 g and gestational age 39 weeks, has an
abdominal mass in the left flank. Maternal history is negative for diabetes or for complications during
pregnancy, labor, and vaginal delivery. Clinical examination reveals a well-appearing child with no
respiratory or cardiac symptoms, enlarged liver or spleen, or ascites. Blood pressure is normal.
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Figure: Abdominal computed tomography scan shows localized solid mass (arrows) measuring 4.3
cm in diameter in the left kidney. The mass contains no calcification.

Of the following, the MOST likely diagnosis in this infant is:
mesoblastic nephroma
neuroblastoma
renal angiomyolipoma
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renal vein thrombosis
Wilms tumor
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The infant in this vignette has clinical and radiographic findings consistent with the diagnosis of
congenital mesoblastic nephroma (CMN). CMN is the most common solid renal tumor that is
diagnosed at birth or within the first 3 months of age. Two histologic types of CMN, classic and
cellular, have been described.
In classic CMN, the kidney is enlarged and distorted by the tumor, which
ranges from 0.6 to 9.0 cm in diameter. The tumor has a whorled appearance,
similar to that of a uterine leiomyoma. Histologically, the tumor is composed
of spindle-shaped cells that resemble primitive mesenchymal tissue with few
or no neoplastic cells. The spindle cells have eosinophilic cytoplasm and
elongated nuclei, and their mitotic activity ranges from zero to one mitotic
figure per 10 high-power fields. In cellular CMN, the tumor is softer than in
the classic type and shows areas of hemorrhage, necrosis, and cystic
degeneration. Histologically, the tumor is composed of sheets of closely
packed cells with scanty cytoplasm, interspersed with thin-walled vascular spaces, and their mitotic
activity ranges from 10 to 30 mitotic figures per 10 high-power fields.
Congenital mesoblastic nephroma usually presents as an asymptomatic abdominal mass in the
newborn or infant. Most cases of classic CMN are diagnosed at birth, whereas most cases of cellular
CMN are diagnosed at 3 months of age or later. Tumors are often unilateral, more common on the left
side. The diagnosis can be confirmed with abdominal ultrasonography, computed tomography, or
magnetic resonance imaging. The clinical course of classic CMN typically is benign, with complete
resolution after radical nephrectomy. In contrast, cellular CMN has a potential for local invasion,
recurrence, and metastasis, which warrants close monitoring of these infants.
Neuroblastoma is the most common malignant tumor in neonates. It originates from neural crest cells
that normally give rise to the adrenal medulla and the sympathetic ganglia. Histologically, the tumor
is composed of small round cells with scant cytoplasm arranged in rosettes. Approximately 60% of
infants with neuroblastoma present with an abdominal mass from tumors arising in the adrenal
medulla or retroperitoneal sympathetic ganglia. In others, the tumors may arise anywhere along the
sympathetic nervous system, especially in the posterior mediastinum, neck, pelvis, and paravertebral
sites. The mediastinal neuroblastoma can cause respiratory obstruction or obstruction of the
superior vena cava. The cervical sympathetic ganglion involvement may result in Horner's syndrome
(pupillary constriction, eyelid ptosis, and facial anhydrosis). The pelvic neuroblastoma may mimic
presacral teratoma. The paravertebral tumors can grow through intervertebral foramina and cause
spinal cord compression.
A unique feature of neuroblastoma is increased urinary excretion of catecholamine metabolites,
vanillyl-mandelic acid, and/or homovanillic acid. These metabolites occasionally result in flushing,
sweating, and irritability. Likewise, vasoactive intestinal polypeptides, also produced by the tumor,
can cause secretory diarrhea. Metastatic lesions of neuroblastoma may occur in neonates and are
characterized by hepatomegaly, bluish subcutaneous nodules, and bone marrow infiltration. The
diagnosis of neuroblastoma can be confirmed with abdominal ultrasonography, computed
tomography, or magnetic resonance imaging, which typically shows a solid, sometimes cystic,
suprarenal tumor with calcification. The absence of many of the clinical features described herein
makes neuroblastoma an unlikely cause of abdominal mass in the infant in this vignette.
Renal angiomyolipoma manifests in late childhood, typically by the age of 10 years. It represents a
mesenchymal tumor consisting of abnormal blood vessels with thickened walls and decreased elastic
tissue, immature smooth muscle cells, and adipose tissue. Often multiple tumors of varying sizes are
found in each kidney. Between 20% and 40% of angiomyolipomas occur in individuals with tuberous
sclerosis complex, an autosomal dominant disorder with genetic locus heterogeneity and
multisystem manifestations.
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Renal vein thrombosis typically manifests with an abdominal flank mass from kidney enlargement,
hematuria, albuminuria, and thrombocytopenia. Renal function impairment may be present in varying
degrees, and the blood pressure may be elevated. Renal vein thrombosis is caused by venous stasis
and decreased renal perfusion, and is therefore associated with asphyxia, dehydration, hypotension,
cyanotic congenital heart disease, sepsis, and polycythemia-hyperviscosity. The latter is common
among infants of diabetic mothers. Rarely, renal vein thrombosis may be caused by a heritable
thrombotic disorder, such as factor V Leiden mutation, prothrombin G20210A mutation,
hyperhomocysteinemia, and protein S deficiency. The diagnosis of renal vein thrombosis can be
confirmed with Doppler ultrasonography, which shows renal enlargement and possibly visible
thrombus in the renal vein and/or inferior vena cava. The absence of many of the clinical features,
including hematuria, makes renal vein thrombosis an unlikely cause of abdominal mass in the infant
in this vignette.
Wilms tumor is the most common renal malignancy in children, typically diagnosed between 1 and 5
years of age. The tumor arises from proliferation of nephrogenic rests—foci of abnormally persistent
embryonic kidney cells—without normal differentiation into glomeruli and tubules. Wilms tumor
frequently consists of an encapsulated solitary tumor occurring in any part of the kidney. Necrosis
and hemorrhage within the tumor are common. Histologically, the tumor is composed of nephrogenic
cells that demonstrate a glomerulotubular pattern; stromal cells that may differentiate into striated
muscle, cartilage, fat, or bone; and epithelial cells that vary from primitive to well differentiated cells.
Presence within the tumor of focal or diffuse anaplasia, which is characterized by marked variation in
nuclear size with hyperchromatism and abnormal mitotic figures, represents a potentially invasive
tumor.
Wilms tumor often involves both kidneys and is associated with renin-mediated hypertension.
Approximately 10% of children with Wilms tumor have associated genetic syndromes and congenital
anomalies. The genetic syndromes include WAGR syndrome (Wilms tumor, aniridia, genitourinary
malformation, and mental retardation), Denys-Drash syndrome, and overgrowth syndromes such as
hemihypertrophy and Beckwith-Wiedemann syndrome. The congenital anomalies include
musculoskeletal abnormalities, skin lesions, and genitourinary anomalies. Wilms tumor frequently is
associated with loss of heterozygosity at chromosome band 11p13 and/or 11p15, and resultant
genetic mutations, specifically involving WT-1 gene, insulinlike growth factor II gene, and N-myc
oncogene.
Do you want to add anything to your Learning Plan?
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Know the laboratory and radiographic features, the differential diagnosis, and management of
abdominal masses in the neonate
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A 1,980-g male infant is born at an estimated gestational age of 34 weeks to a 36-year-old
primiparous woman, following spontaneous preterm labor. The mother is positive for hepatitis B
surface antigen (HBsAg). You are discussing with medical students the use of hepatitis B virus
(HBV) vaccine and hepatitis B immune globulin (HBIG) as a measure for prevention of perinatal
transmission of HBV.
Of the following, the MOST accurate statement regarding perinatal hepatitis B vaccination is
that:
A vaccine series started with a birth dose of single-antigen vaccine must be
completed using single-antigen vaccines.
Administration of HBV vaccine without HBIG to infants born to HBsAg-positive
mothers is ineffective in preventing infection in the exposed infant.
Booster doses of HBV vaccine should be administered to all children at 10 years of
age if the anti-HBs concentration is less than 10 mIU/mL.
Infants born to HBsAg-positive women may breastfeed only after adequate levels of
anti-HBs are documented.
Infants born to HBsAg-positive women should undergo testing for HBsAg and
antibody to HBsAg after completion of the vaccine series.
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Hepatitis B virus (HBV) is a blood-borne and sexually transmitted virus. Rates of new infection
and acute disease are highest among adults, but chronic infection is more likely to occur in
persons infected as infants or young children. Persons with chronic infection are at increased
lifetime risk for cirrhosis and hepatocellular carcinoma and also serve as the main reservoir for
continued HBV transmission.
For infants and children, the two primary sources of HBV infection are
perinatal transmission from infected mothers and horizontal
transmission from infected household contacts. Studies suggest that
breastfeeding by a hepatitis B surface antigen (HBsAg)-positive mother
does not increase the risk for acquisition of HBV infection in the infant.
HBsAg has been detected in milk from HBsAg-positive women. However,
studies from Taiwan and England have indicated that breastfeeding by
HBsAg-positive women does not significantly increase the risk of
infection among their infants. In the United States, infants born to known
HBsAg-positive women should receive HBIG and the recommended series of three doses of
HBV vaccine, effectively eliminating any theoretic risk of transmission through breastfeeding.
There is no need to delay initiation of breastfeeding until after the infant is immunized.
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Hepatitis B vaccination is the most effective measure to prevent HBV infection and its
consequences. A primary focus of this strategy is universal vaccination of infants to prevent
early childhood HBV infection and to eventually protect adolescents and adults from infection.
Other components include routine screening of all pregnant women for HBsAg and
postexposure immunoprophylaxis of infants born to HBsAg-positive women, vaccination of
children and adolescents who were not previously vaccinated, and vaccination of unvaccinated
adults at increased risk of developing infection.
Two types of products are available for immunoprophylaxis. HBIG provides short-term
protection (3-6 months) and is indicated only in specific postexposure circumstances. Hepatitis
B vaccine is used for preexposure and postexposure protection and provides long-term
protection. Preexposure immunization with hepatitis B vaccine is the most effective means of
preventing HBV transmission. To decrease the rate of, and eventually eliminate, transmission of
HBV, universal immunization is necessary. The AAP recommendations for the administration of
HBV immunoprophylaxis to newborns as determined by the results of maternal HBsAg status
are summarized in Table 1.
Table 1. Hepatitis B Immunoprophylaxis Scheme by Infant Birthweight *†

HBsAg = hepatitis B surface antigen; HBIG = hepatitis B immune globulin; anti-HBs = antibody
to hepatitis B surface antigen.
* Adapted from Section 3: Summaries of Infectious Diseases. Red Book 2006: Report of the
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Committee on Infectious Diseases. Elk Grove Village, Ill: American Academy of Pediatrics; 2006.
† Extremes of gestational age and birthweight no longer are a consideration for timing of

hepatitis B vaccine doses.
‡ Test at 9 to 18 months of age, generally at the next well-child visit after completion of the

primary series. Use testing method that allows determination of a protective concentration of
anti-HBs (=10 mIU/mL).
§ The first dose may be delayed until after hospital discharge for an infant who weighs 2,000 g

or more and whose mother is HBsAg negative, but only if a physician's order to withhold the
birth dose and a copy of the mother's original HBsAg-negative laboratory report are
documented in the infant's medical record.
Postexposure prophylaxis (PEP) with either a combination of HBIG and hepatitis B vaccine or
HBV alone has been demonstrated to be highly effective in preventing transmission after
exposure to HBV. HBIG alone has also been demonstrated to be effective in preventing HBV
transmission. Despite the availability of hepatitis B vaccine, HBIG typically is used as an
adjunct to vaccination. The major determinant of the effectiveness of PEP is early
administration of the initial dose of vaccine. The effectiveness of PEP diminishes the later it is
initiated after exposure. Serologic testing of all pregnant women for HBsAg is essential for
identifying women whose infants will require PEP beginning at birth.
Highly effective and safe hepatitis B vaccines produced by recombinant DNA technology are
licensed in the United States in single-antigen formulations and as components of combination
vaccines. Plasma-derived hepatitis B vaccines no longer are available in the United States but
are used widely and successfully in other countries. The recombinant vaccines contain 10 to 40
µg of HBsAg protein per mL. Although the concentration of recombinant HBsAg protein differs
among vaccines, rates of seroconversion are equivalent when given to immunocompetent
infants, children, adolescents, or young adults in the doses recommended. Hepatitis B vaccine
can be given concurrently with other vaccines. Only single-antigen hepatitis B vaccine can be
used for doses given between birth and 6 weeks of age. Single-antigen or combination vaccine
may be used to complete the series; four doses of vaccine must be administered if a birth dose
is given and a combination vaccine containing a hepatitis B component is used to complete the
series (Table 2).
Table 2. Hepatitis B Vaccine Schedules for Infants, by Maternal Hepatitis B Surface Antigen
(HBsAg) Status*† (From the Red Book 2006)

* Centers for Disease Control and Prevention. A comprehensive immunization strategy to
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eliminate transmission of hepatitis B virus infection in the United States. Recommendations of
the Advisory Committee on Immunization Practices (ACIP) part 1: immunization of infants,
children, and adolescents. MMWR Recomm Rep. 2005;54(RR-16):1-23.
† See Table 3.18 (from The Redbook 2006) for vaccine schedules for preterm infants weighing
less than 2,000 g.
‡ Recombivax HB or Engerix-B should be used for the birth dose. Comvax and Pediarix cannot
be administered at birth or before 6 weeks of age.
§ Hepatitis B immune globulin (HBIG; 0.5 mL) administered intramuscularly in a separate site
from vaccine.
|| The final dose in the vaccine series should not be administered before 24 weeks (164 days) of
age.
¶ Mothers should have blood drawn and tested for HBsAG as soon as possible after admission
for delivery. If the mother is found to be HBsAG-positive, the infant should receive HBIG as
soon as possible but no later than 7 days of age.
# On a case-by-case basis and only in rare circumstances, the first dose may be delayed until
after hospital discharge for an infant who weighs more than 2,000 g and whose mother is
HBsAG negative, but only if the physician's order to withhold the birth dose and a copy of the
mother's original HBsAg-negative laboratory report are documented in the infant's medical
record.
Hepatitis B vaccines licensed in the United States have a 90% to 95% efficacy for preventing
HBV infection among susceptible children and adults. Long-term studies of adults and children
indicate that immune memory remains intact for 15 years or more and protects against clinical
acute infections and chronic HBV infection, even though anti-HBs concentrations may become
low or undetectable over time. Routine booster doses of vaccine are not recommended for
children and adults with normal immune status. For patients receiving hemodialysis and other
immunocompromised individuals at continued risk of infection, the need for booster doses can
be assessed by means of annual anti-HBs testing, and a booster dose can be given when the
anti-HBs concentration is lower than 10 mIU/mL.
Routine postimmunization testing for anti-HBs is recommended for infants born to HBsAgpositive mothers. These infants should undergo postimmunization testing for HBsAg and antiHBs at 9 to 18 months of age, generally at the next well-child visit after completion of the
vaccine series. Testing should not be performed before 9 months of age to avoid detection of
anti-HBs from HBIG administered during infancy and to maximize the likelihood of detecting late
HBV infections. Testing for HBsAg will identify infants with chronic infection despite
immunization (because of intrauterine infection or vaccine failure) and will aid in their long-term
medical management. Infants with anti-HBs concentrations lower than 10 mIU/mL and who are
HBsAg negative should receive three additional doses of vaccine in a 0-, 1-, and 6-month
schedule followed by testing for anti-HBs 1 month after the third dose. Alternatively, one to
three additional doses of vaccine can be administered, followed by testing for anti-HBs 1 month
after each dose to determine whether subsequent doses are needed.
Do you want to add anything to your Learning Plan?
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Understand the clinical manifestations and diagnostic criteria of perinatal infections with
hepatitis A, hepatitis B, and hepatitis C
Understand the treatment and complications of perinatal infections with hepatitis A, hepatitis B,
and hepatitis C
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A 3-day-old male infant whose birthweight was 680 g and estimated gestational age at birth 24
weeks has lethargy and decreased muscle tone. Maternal history was significant for
spontaneous preterm labor and cesarean section delivery for fetal breech presentation. The
infant's Apgar scores were 7 and 8 at 1 and 5 minutes after birth, respectively. After treatment
with two doses of surfactant, the infant continues to receive ventilator support with a fraction of
inspired oxygen of 0.28. The infant is receiving parenteral nutrition (glucose: 7.5 g/dL, protein:
2.0 g/dL, lipid: 1.0 g/dL, calcium: 40 mg/dL, and phosphorus: 10 mg/dL) at a rate of 120 mL/kg
per day. Enteral feeds are not yet started. Physical examination reveals an immature infant with
normal vital signs and no anomalies or dysmorphic features. The infant is receiving no
medications other than antibiotics.
Laboratory data reveal the following:
serum
serum
serum
serum
serum
serum

total calcium 12.8 mg/dL (3.2 mmol/L)
ionized calcium 6.4 mg/dL (1.6 mmol/L)
phosphorus 3.1 mg/dL (1.0 mmol/L)
sodium 138 mEq/L (138 mmol/L)
potassium 4.0 mEq/L (4.0 mmol/L)
chloride 100 mEq/L (100 mmol/L)

Arterial blood gas reveals the following:

pH 7.23
partial pressure of carbon dioxide 42 mm Hg (5.6 kPa)
partial pressure of oxygen 74 mm Hg (9.9 kPa)
plasma bicarbonate 17 mEq/L (17 mmol/L)
plasma base deficit 10 mEq/L (10 mmol/L)
Of the following, the MOST appropriate treatment for this infant is to:
add cysteine to parenteral nutrition
administer calcitonin
administer furosemide
increase phosphorus in parenteral nutrition
remove calcium from parenteral nutrition
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The young, extremely low-birthweight infant in this vignette has early acute hypercalcemia. In
neonates, hypercalcemia is defined as a serum total calcium concentration in excess of 11.0
mg/dL (2.8 mmol/L). The corresponding threshold for serum ionized calcium concentration is 5.5
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mg/dL (1.4 mmol/L). The hypercalcemia may be defined as early if it manifests within the
transitional period shortly after birth, and late if its occurrence is delayed beyond the first week
of age. Typically, early hypercalcemia is acute and transient, whereas late hypercalcemia can be
chronic and often accompanied by long-term consequences such as metastatic calcification,
primarily nephrocalcinosis. Neonatal hypercalcemia can be asymptomatic, or it may manifest
with nonspecific signs such as bradycardia, decreased muscle tone, lethargy, polyuria, and
poor feeding.
The causes of early acute hypercalcemia include excessive administration of calcium or vitamin
D, use of calcium-retaining thiazide diuretics, and prostaglandin excess. A more common, but
underrecognized, cause of early acute hypercalcemia, particularly in preterm neonates, is
phosphorus deficiency (hypophosphatemic hypercalcemia).
The causes of late chronic hypercalcemia include congenital
hyperparathyroidism, idiopathic infantile hypercalcemia, Williams
syndrome (elfin facies, supravalvular aortic stenosis, peripheral
pulmonic stenosis, motor disability, mental retardation, dental
abnormalities, and microdeletion on chromosome 7 involving the elastin
gene), subcutaneous fat necrosis, hyperprostaglandin E syndrome
(Bartter syndrome), infantile hypophosphatasia, and familial benign
hypocalciuric hypercalcemia.
The normal range of serum phosphorus concentration in neonates is 4.5
to 9.3 mg/dL (1.5-3.0 mmol/L). Based on this range, the infant in this vignette has
hypophosphatemic hypercalcemia. To understand the development of this disorder, it is
important to examine the fetal metabolism of calcium and phosphorus.
During intrauterine life, the placenta transfers large amounts of calcium and phosphorous to
support fetal skeletal mineralization. The transfer of calcium involves an active placental
transcellular mechanism that can overcome the maternofetal gradient in calcium concentrations.
The placental transfer of phosphorus, likewise, occurs in the maternofetal direction against a
concentration gradient. Much of the transfer of both calcium and phosphorus occurs during the
last trimester of pregnancy. Estimates of accretion during this period are 90 to 120 mg/kg of
fetal bodyweight per day (2.3-3.0 mmol/kg per day) for calcium and 60 to 75 mg/kg per day (1.92.4 mmol/kg per day) for phosphorus. The calcium and phosphorus form the major inorganic
constituents of bone, with 99% of total body calcium and 80% of phosphorus being in the
microcrystalline apatite, which forms in the bone only when calcium and phosphorus are
available simultaneously and in optimal proportions. The optimal ratio of calcium to phosphorus
administration is estimated to be 2:1.
In the infant in this vignette, the intake of phosphorus (12 mg/kg per day [0.4 mmol/kg per day])
and calcium (48 mg/kg per day [1.2 mmol/kg per day]) amounts to far less than the rates of fetal
acquisition. Moreover, the calcium to phosphorus ratio of 4:1 indicates a marked deficiency in
the intake of phosphorus relative to the intake of calcium. In phosphorus deficiency, the
incorporation of calcium in the bone is limited, which results in accumulation of calcium in the
extracellular fluid and hence an increase in serum calcium concentration. The appropriate
treatment for the infant in this vignette is to increase the phosphorus intake by adding to
parenteral nutrition and to achieve a calcium to phosphorus ratio that approximates 2:1. The
deficient intake of calcium in this infant does not warrant removal of calcium from parenteral
nutrition.
A major barrier to the delivery of optimal amounts of calcium and phosphorus via parenteral
nutrition is the poor solubility of the mineral salts. Greater solubility of calcium and phosphorus
can be achieved largely by lowering the pH of the parenteral nutrition solution, either by adding
cysteine hydrochloride and/or by raising the amino acid concentration. Cysteine, an essential
amino acid for preterm infants, is not soluble in current parenteral nutrition solutions and is
added in the form of cysteine hydrochloride. One of the side effects of cysteine hydrochloride is
metabolic acidosis. The arterial blood gas in the infant in this vignette shows metabolic
acidosis, which can be aggravated by cysteine hydrochloride. Thus, although high intakes of
both calcium and phosphorus are important in the nutritional treatment of preterm neonates, the
addition of cysteine hydrochloride to achieve that goal may need to be delayed pending
resolution of metabolic acidosis in this infant.
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Calcitonin is a peptide hormone secreted by parafollicular cells of the thyroid gland. The
synthesis and secretion of calcitonin is influenced primarily by changes in serum ionized
calcium concentration. The serum calcitonin concentration increases when serum ionized
calcium rises and conversely it decreases when serum ionized calcium falls. The principal
action of calcitonin is to decrease serum calcium concentration via its effects on the bone and
the kidney. In the bone, calcitonin inhibits osteoclast-mediated resorption and accompanying
release of calcium into circulation. In the kidney, calcitonin promotes urinary excretion of
calcium, phosphorus, and magnesium. In term infants, the serum calcitonin concentration at
birth ranges from 30 to 240 pg/mL (30-240 ng/L). It increases 4- to 7-fold within the first 48
hours after birth and declines thereafter to reach a steady childhood concentration by about 1
week of age. In preterm infants, the serum calcitonin concentration at birth is higher, ranging
from 40 to 280 pg/mL (40-280 ng/L), and its rise within the first 48 hours after birth is more
rapid, pronounced, and sustained. Hypocalcitoninemia is rare in neonates, including preterm
infants, and is not the cause of hypercalcemia. Administration of calcitonin is not warranted in
the infant in this vignette.
Furosemide, a potent loop diuretic, can increase calcium excretion in the urine and lower serum
calcium concentration. Its use, however, is limited to chronic and potentially life-threatening
elevations in serum calcium concentration.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Understand the normal calcium, phosphorus, and magnesium metabolism during the perinatal
period, including fetal accretion rates
Understand the interrelated effects of various hormones, including parathormone, calcitonin,
and vitamin D on calcium, phosphorus, and magnesium metabolism in the fetus and neonate
Understand the etiology and clinical manifestations of neonatal hypercalcemia
Understand the laboratory features and approach to therapy of neonatal hypercalcemia
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A term infant receives 2 days of antibiotics for suspected sepsis, and then is discharged from
the hospital. One week later, you receive notification from your state metabolic laboratory of an
elevated immunoreactive trypsinogen (IRT) concentration in the child. When you telephone the
parents to explain the test results and ask for repeated testing, the infant's father asks, “My
baby looks well, should I be worried?”

7

July 07

Of the following, the finding MOST predictive of a diagnosis of cystic fibrosis is:

8

August 07

9

September
07

10 October 07
November
11
07
December
12
07

elevated IRT concentration
heterozygosity for delta-F508
meconium ileus
mother with cystic fibrosis
rectal prolapse
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, the correct answer is
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Several findings in neonates suggest a diagnosis of cystic fibrosis. Meconium ileus has the
highest positive predictive value for establishing a diagnosis of cystic fibrosis (80%-90%). The
positive predictive values of several other findings in neonates for cystic fibrosis are as follows:
elevated IRT on newborn screening–17%-25%
rectal prolapse–11%
mother with cystic fibrosis–8%
heterozygosity for delta-F508–0.5%
The definitive diagnosis of cystic fibrosis is determined using clinical and laboratory criteria
(Table 1).
Table 1. Diagnostic Criteria for Cystic Fibrosis (modified from Wallis 2006)
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The gold standard for infants is the sweat chloride test, in which sweat is produced by
pilocarpine iontophoresis and analyzed for chloride concentration. A concentration of more than
40 mEq/L is diagnostic in infants and more than 60 mEq/L is diagnostic in adults. Although it is
difficult to obtain enough sweat (75 mg) from a newborn, many infants can be successfully
tested after 3 weeks of age.
False-positive sweat chloride test results can be seen with hypothyroidism, Addison disease,
ectodermal dysplasia, and glycogen storage disease, as well as laboratory errors due to
evaporation or contamination. False negatives may be caused by edema or malnutrition.
The diagnosis of cystic fibrosis can be suggested by screening tests
within the first week after birth. As of January 2007, 28 states required
newborn screening for cystic fibrosis. Serum samples are checked for
elevated levels of immunoreactive trypsinogen (IRT), a pancreatic
enzyme released into the blood during pancreatic injury and during
normal birth. It is recommended that an elevated IRT concentration on
initial screening be followed up with another IRT test or DNA testing for
the most common mutations.
The detection cutoff concentration for serum IRT is selected by each
screening laboratory to provide the optimal sensitivity and specificity to detect cystic fibrosis.
State screening programs looking for metabolic diseases other than cystic fibrosis generally
pick screening criteria to give 20 to 50 false positives for each true positive, so that the test
threshold is sensitive enough to detect most of the affected patients. For cystic fibrosis, in
contrast, the chosen odds are 3 to 5 false positives for every true positive. Thus, a patient with
an elevated IRT concentration has a 17% to 25% chance of having cystic fibrosis. False-positive
results have been associated with conditions such as prematurity, asphyxia, cytomegalovirus
infection, aneuploidies, and biliary atresia.
Universal state screening allows earlier diagnosis of cystic fibrosis than testing after the onset
of symptoms. This early diagnosis results in improved growth, cognitive function, and survival
compared with patients diagnosed after symptoms develop.
Cystic fibrosis is an autosomal recessive genetic disease involving the gene for the cystic
fibrosis transmembrane regulator protein (CFTR) on chromosome 7. Each of the two alleles of
the gene is abnormal in affected individuals, as is the case with most genetic biochemical
defects. The most common gene defect in patients with cystic fibrosis is delta-F508, in which
there is a deletion of the three DNA base-pairs coding for the 508th amino-acid residue of the
CFTR protein. This residue is normally phenylalanine, abbreviated by biochemists as F, hence
the F in delta-F508. The missing phenylalanine disables the function of CFTR, causing cystic
fibrosis.
Of all the abnormal alleles for the CFTR gene in the US population, 70% have the mutation
delta-F508. Heterozygosity for delta-F508 is found in 20% of patients with cystic fibrosis in the
United States, with homozygosity in 50% of patients. Patients with cystic fibrosis who are
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heterozygous for delta-F508 on one CFTR allele have an additional different defect in the other
CFTR allele. In the general population, however, heterozygotes for delta-F508, with a normal
CFTR gene on the other allele, have a risk of cystic fibrosis of 1 in 25 to 1 in 35. The incidence
of the carrier state for a non–delta-F508 CFTR mutation is about 1% (between 1 in 80 to 1 in
120). To have cystic fibrosis, a heterozygote for delta-F508 would need to have inherited one of
these non–delta-F508 mutations from a carrier, which would happen with a probability of half
the carrier incidence, or about 0.5% of the time.
Adult female patients with cystic fibrosis have decreased fertility. Conception is made more
difficult because of poor nutrition, which causes anovulation, and thickened cervical mucous,
which acts as a barrier to sperm. Preterm delivery is common. Maternal mortality is increased,
both during and soon after pregnancy, from nutritional and pulmonary complications. The child
has a higher risk than the general population of having cystic fibrosis, because the mother will
pass on one of her abnormal alleles for CFTR to the child. The risk to the child then becomes
one half the risk of the father being a carrier of a CFTR gene abnormality. Assuming the father
is a white North American and that no carrier testing has been done, the chance of the child
having cystic fibrosis is about 8%.
The risk of the father being a carrier varies with his ethnic origin (Table 2).
Table 2. Incidence of Cystic Fibrosis in Some Populations and Geographic Areas

The carrier rate can then be estimated as twice the square-root of the incidence, using the
Hardy-Weinberg equilibrium formula (http://en.wikipedia.org/wiki/HardyWeinberg_equilibrium).
Overall, the delta-F508 mutation accounts for 70% of all the abnormal CFTR alleles in the world,
but more than 1,000 other CFTR gene defects have been identified. How could so many defects
evolve, to cause such a severe disease in homozygotes? The answer appears to be in the
protection given to heterozygotes. There is some evidence that heterozygotes for CFTR
mutations have an advantage over people with two normal CFTR genes in surviving cholera,
typhoid, and bronchial asthma.
In 10% to 20% of cases, cystic fibrosis presents as meconium ileus. Hyperviscid mucosal cell
secretions form tarlike meconium in the proximal portion of the intestine and inspissation and
obstruction in the distal portion, often resulting in a microcolon. The intestinal obstruction
requires treatment with enemas, and often with surgery. A child presenting with meconium ileus
at birth has an 80% to 90% chance of being diagnosed later with cystic fibrosis.
Rectal prolapse occurs in 3% to 20% of patients with cystic fibrosis. All layers of the rectal wall
protrude through the anal sphincter to form a wormlike extrusion, usually easily reducible in
infants. The causes are not well-defined, but strong associations with malnutrition, parasitosis,
constipation, chronic coughing, Hirschsprung disease, and shigellosis have been found. In
some series, up to 11% of infants with rectal prolapse were eventually diagnosed to have cystic
fibrosis. Most cases of rectal prolapse with cystic fibrosis respond to pancreatic enzyme
replacement therapy.
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American Board of Pediatrics Content Specification(s):
Understand the diagnosis of cystic fibrosis in newborn infants
Understand the clinical manifestations and pathophysiology of cystic fibrosis in the newborn
infant
Understand concept of DNA and mRNA sequence encoding amino acid structure of proteins
Recognize the clinical features associated with autosomal recessive disorders
Understand the disorders for which molecular genetic studies are clinically indicated, such as
cystic fibrosis
Know the relationship between ethnic origin of the parents and risk for specific genetic
conditions
Be able to calculate the gene frequency of a disease inherited on a single gene by knowing the
population incidence of that disease
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At the delivery of her first child, a woman received intrapartum prophylaxis for group B
streptococcus (GBS) because of a positive cervical/rectal culture. She delivered by cesarean
section for failure to progress in labor. Her infant did well. During her second pregnancy, she
was seen at 9 weeks' gestation, at which time gestational age was confirmed. Her cervical/rectal
culture is positive for GBS at 35 weeks. Now at 37 weeks, she and her obstetrician discuss
delivery plans and opt to schedule her repeat cesarean delivery at 39 weeks' gestation. The
current status of the guidelines regarding group B streptococcal prophylaxis are reviewed as
the mother inquires about the need for antibiotics.
Of the following, the recommendation MOST consistent with the current guidelines for this
situation is that GBS prophylaxis should be given:
4 hours before repeat cesarean section
in association with labor or with ruptured membranes
in late pregnancy, so it will not be needed during delivery
only for vaginal deliveries, withheld for cesarean deliveries
only if the mother presents with fever or uterine tenderness
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The recommendation most consistent with current guidelines would be for group B
streptococcus (GBS) prophylaxis to be given if the mother develops labor or has rupture of
membranes. Although maternal fever would also favor GBS prophylaxis, it is not the only
situation for GBS prophylaxis applicable to this vignette.
From the 1960s into the 1970s, GBS emerged as one of the most
prevalent bacterial causes of disease among newborns. Early and late
forms of the disease were described, with the early form being acquired
from the maternal birth canal and often progressing rapidly from minimal
symptoms to death in spite of antibiotic administration. Epidemiologic
studies showed colonization rates of 5% to 25% of pregnant women, and
the number seemed to be increasing. Treatment strategies involving
prophylactic treatment of infants were discouraging, with persistent
infections and fatalities among prophylactically treated infants. In the
mid-1980s, although intrapartum use of ampicillin was documented to interrupt maternal-infant
transmission of GBS and to reduce the incidence of early-onset GBS infections significantly,
late-onset disease was not affected.
In 1996, the first set of consensus guidelines was distributed by the American Academy of
Pediatrics, the American College of Obstetricians and Gynecologists, and the Centers for
Disease Control and Prevention. These guidelines allowed for two strategies for prevention of
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maternal-infant transfer of GBS, one risk-based and the second screening-based. Although
both reduced the rate of infection in infants, the screening-based strategy has proved to be
superior, resulting in modifications to the recommendations to prevent GBS infection in
neonates.
In the initial guidelines, intrapartum antibiotic prophylaxis (IAP) against GBS (using penicillin in
most cases) was recommended for all mothers who were documented to have a positive
cervical/rectal culture for GBS at 35 to 37 weeks' gestation or who met the risk-based criteria at
the onset of labor (<37 weeks' gestation, rupture of membranes >18 hours, or maternal
temperature higher than 38.0ºC [100.4ºF]). In addition, IAP was recommended for mothers who
had a history of urinary tract infection with GBS (culture of GBS from a mid-stream urine
specimen is taken to be a surrogate for high genital colonization), or who had an infant affected
by GBS disease in the past. Within 3 years of the release of the consensus recommendations,
the incidence of early-onset GBS disease dropped by 70%, and the wide gap in incidence
between African-American and Caucasian patients was reduced by 75%.
The risk-based strategy was limited because of the low incidence of risk factors among women
whose infants developed early-onset GBS disease and the need to wait for risk factors to
develop before IAP could begin. Although the strategy of screening at 35 to 37 weeks' gestation
was more costly and resulted in more use of antibiotics, these effects were balanced by its
superiority in preventing early-onset GBS disease. A third strategy, prepartum antibiotics, was
not effective in eradicating GBS, and in many patients, the colonization recurred before delivery
and the infant was exposed.
Both strategies affected GBS-positive women planning to deliver by cesarean section,
especially those scheduled before the onset of labor or rupture of membranes. In this situation,
the risk of GBS sepsis is low and studies suggested that IAP may not be needed in such
circumstances. On the other hand, once labor has begun and especially once the membranes
are ruptured, vertical transmission of cervical organisms is a risk and IAP is recommended.
In summary, the current, revised guidelines recommend the following:
1. The screening approach is recommended over the risk-based strategy, because
screening is 50% more effective in preventing GBS disease.
2. Perform cultures on samples from all pregnant women's cervix/rectum at 35 to 37 weeks'
gestation, unless GBS risk has been documented with a urinary tract infection with GBS
or delivery of a previous infant who had GBS disease.
3. Cesarean delivery before the onset of labor or rupture of membranes needs no IAP.
(Results from culture at 35 to 37 weeks may become useful if labor ensues or if
membranes rupture before surgery is started.)
4. Women presenting in labor without culture results should be treated with the risk-based
approach, ie, use IAP for women presenting before 37 weeks, if rupture of membranes
exceeds 18 hours, or with maternal temperature higher than 38ºC (100.4ºF).
5. Use IAP if the mother's previous child was affected with GBS disease. History of GBS
colonization in a previous pregnancy does not mandate IAP, nor does her being negative
in a previous pregnancy eliminate the need for culture at 35 to 37 weeks in a current
pregnancy.
6. A history of GBS bacteriuria should lead to use of IAP.
7. GBS colonization (without urinary tract infection) should not be treated during pregnancy.
Do you want to add anything to your Learning Plan?
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You are called to an emergency delivery of a 41-week-gestation male infant born to a 37-yearold primiparous woman. Pregnancy was uncomplicated; findings on prenatal laboratory tests
and ultrasonography were normal. The infant is lifeless on delivery; the heart rate is inaudible
and he has no respiratory effort. Your team provides a full resuscitation according to the
Neonatal Resuscitation Program guidelines; 6 minutes into the resuscitation the infant gasps.
Of the following, the change in intrathoracic pressure induced by gasping in this infant is MOST
likely to decrease:
arterial carbon dioxide tension
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cerebral blood flow
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coronary perfusion pressure
venous return to the heart
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Gasping, also known as agonal respiration, is the terminal pattern of
breathing that occurs after anoxia or ischemia and is a universal
phenomenon in mammals. Gasping is especially prominent in the human
newborn. Gasping is resuscitative to the extent that it produces gas
exchange. Gasping respirations can be identified as having an extremely
rapid rise of inspiratory activity. In a newborn infant, this pattern is seen
before secondary apnea. According to the Neonatal Resuscitation
Program (NRP), gasping respiration should be treated with positive
pressure ventilation. Studies suggest that the frequency of gasping is
predictive of the success of resuscitation.
A sharp increase in arterial oxygen saturation and a decrease in arterial carbon dioxide tension
typically follow the gasp. This is associated with increased cardiac output, pulmonary blood
flow and carbon dioxide elimination.
Changes in intrathoracic pressure induced by gasping increase the following:
venous return to the heart
aortic pressure
coronary perfusion
cardiac output and cardiac contractility
Improved cardiac output results in increased cerebral blood flow.
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During the inspiratory phase of gasping the intrathoracic pressure decreases; this decrease in
intrathoracic pressure is associated with a decrease in right atrial pressure. Thus, gasping
generates a pressure gradient between the right side of the heart and vessels, which promotes
venous return. During the expiratory phase of gasping, the intrathoracic and aortic pressures
increase. The resulting increase in the pressure gradient between the aorta and right atrium
favor coronary perfusion.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
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American Board of Pediatrics Content Specification(s):
Understand the causes and pathophysiology, including cellular abnormalities, of acute asphyxia
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Recognize the systemic complications and vascular redistribution of blood flow caused by
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Understand the proper approach to airway management in the delivery room
Know the indications for assisted ventilation in the delivery room
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A 1,500-g fetus is delivered precipitously at 32 weeks' gestation in the emergency room. A
radiant heat source is not immediately available, but the infant is dried with prewarmed towels
and a cap is placed on the head. On admission to the neonatal intensive care unit, the infant's
rectal temperature is recorded at 34.8°C (94°F).
Of the following, the neonatal response to a cold environment MOST involves:
chemical thermogenesis
conserving brown adipose tissue
decreasing oxygen consumption
poikilothermic adaptation
shivering thermogenesis
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As homeotherms, infants strive to maintain an internal body temperature within a narrow range,
and must precisely balance heat loss and heat gain. Heat is produced by the chemical reactions
associated with basic life processes and transferred to the skin surface through vascular
shunting and conduction. Heat loss is driven by the difference in temperature between the body
surface and the entirety of its surrounding environment. Heat exchange occurs only down a
temperature gradiant by four mechanisms (conduction, convection, radiation, and evaporation).
In a heat-losing environment, the competent infant can raise its basal metabolic rate and
maintain normothermia, but at a high metabolic cost (increased oxygen consumption and acid
production).
The newborn infant is vulnerable to cold stress, particularly during the
first week after delivery. Heat loss is facilitated by a high surface area–
to-mass ratio of the newborn (2.5 to 4 times that of the mother). In
addition, the newborn loses more heat per meter squared than the adult,
because of relative increased thermal conductance. The newborn
responds to cold stress by minimizing heat loss and increasing heat
production. Heat loss may be reduced by vasoconstriction of peripheral
vessels to decrease shunting of internal heat to the body surface. Also,
flexing of the extremities reduces the skin surface area exposed to the
cooler environment, further decreasing heat exchange. Heat production capability is initially low
(1.5 times the basal metabolic rate), but rapidly increases to adult capacity (4 times the basal
metabolic rate) in the first week. Preterm infants are more vulnerable to cold stress, because of
exaggerated heat losses and delayed maturation of heat production capability.
When heat loss exceeds heat production, the infant senses cold, and a generalized
enhancement of oxidative metabolism ensues. Extra heat production can occur through the
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mechanisms of shivering and chemical thermogenesis. In the neonate, chemical thermogenesis,
also known as nonshivering thermogenesis, in brown fat represents the main source of extra
heat production. Shivering thermogenesis is insignificant in neonates.
In response to cold sensed by receptors in the skin, spinal cord, and hypothalamus,
sympathetic activity increases, leading to a release of norepinephrine from nerve endings that
terminate on the surface of brown adipocytes. Acting through adrenergic receptors,
norepinephrine increases lipase activity, enabling rapid hydrolysis of triglycerides and
phospholipids, and the formation of glycerol and fatty acids. Subsequent oxidation of glycerol
and fatty acids in the mitochondria of the adipocyte produces heat. During this process, fatty
acids enter the circulation and oxygen consumption is increased.
Brown fat comprises 1.4% of body mass in term newborns, and differs morphologically and
metabolically from white adipose tissue. Brown fat contains many mitochondria and fat
vacuoles, and has an abundant blood supply and sympathetic innervation. The location of
brown fat facilitates elevation in core temperature, with prominent stores in the nuchal
subcutaneous tissue; the intrascapular region; and the mediastinal, paraspinal, and pararenal
areas. Because brown fat accumulates later in gestation, preterm infants may have trouble
initiating chemical thermogenesis. Similarly, the growth-restricted infant has decreased
subcutaneous adipose tissue and a limited capability for extra heat production. After the
newborn period, specific enhancement of the metabolic activity in brown fat appears to play
less of a role in heat production, but may contribute to adaptation to colder environments.
Human infants behave as homeotherms, although variable competence may be seen.
Gestational age, developmental characteristics, sleep state, sedation, shock, central nervous
system damage, hypoxia, and drugs may reduce or eliminate the neonate's metabolic response
to cold. The preterm infant of less than 28 to 29 weeks' gestation may demonstrate
poikilothermic-like behavior, failing to increase its metabolic rate, and simply become colder in
response to excess heat losses.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

References:
Asakura H. Fetal and neonatal thermoregulation. J Nippon Med Sch. 2004;71:360-370
Korones SB. An encapsulated history of thermoregulation in the neonate. NeoReviews.
2004;5:e78-e85
LeBlanc MH. The physical environment. In: Fanaroff AA, Martin RJ, eds. Neonatal-Perinatal
Medicine, Diseases of the Fetus and Infant. 7 th ed. St. Louis: Mosby; 2002:512-529.
Perlstein PH. Thermoregulation. Pediatr Ann. 1995;25:531-537
American Board of Pediatrics Content Specification(s):
Understand the mechanism of heat gain and loss
Understand the definition and physiological implications of a neutral thermal environment
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After counseling a couple about the outcomes for infants born at 24 weeks' gestation, it is
agreed that a trial of resuscitation be initiated in the delivery room and aggressive care
continued if the infant has a physiologic recovery of heart beat and other vital signs. The infant
is delivered 2 days later because of severe preeclampsia. The father is in the delivery room. The
infant is born with no heart beat, respiratory effort, or muscle tone; he is cyanotic and not
moving. Resuscitation includes positive pressure ventilation, chest compressions, endotracheal
tube placement, and epinephrine through the umbilical vein. After 10 minutes, the infant has not
shown recovery of vital signs. The father asks the neonatologist to discontinue resuscitation
but is ignored. Resuscitation is continued for an additional 5 minutes before the heart beat
returns. The infant is transferred to the neonatal intensive care unit. He is discharged 5 months
later.
Of the following, the basic principle of ethics that was MOST disregarded in this case is:
beneficence
justice
nonmaleficence
professional integrity
respect for persons
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, the correct answer is

.
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Decision-making in the delivery room is difficult and may be ethically challenging. Ethical
decisions are based on a number of basic principles that are balanced and modulated by the
“ethics of caring” for people that arise from practical and cultural needs, future implications for
the infant and family, and caregiver experience and reflection (ie, wisdom). The balance between
basic principles and the ethics of caring allows for sensitive, practical collaborations among
patients, families, and caregivers.
The basic principles of ethics include autonomy, respect for persons,
beneficience/nonmaleficence, justice, and professional integrity.
Autonomy, or the power of a patient to make decisions on his or her own
behalf, is the dominant cornerstone of ethical judgments in the United
States. Newborns and other persons who cannot make autonomous
decisions require surrogates to make decisions about their care.
Respect for persons is the ethical tenet that applies to the respect for
the surrogate who is responsible for making decisions on behalf of
another. Parents are nearly always the surrogates for their children when
difficult decisions about medical care arise because they are charged by society to make
decisions based on the best interests of their children. In this vignette, the respect for a well-
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informed father to make decisions about the extent of care provided to his extremely preterm
son was essentially ignored by the physician. In many cases, disregard for the wishes of the
patient, or surrogate decision-maker, results in distrust, ill-will, and thoughts of litigation.
Beneficence is the act of providing beneficial, or worthwhile, interventions for patients. The
determination of beneficence is made by patients. In other words, judgments about the benefits
of treatment options are patient-centered, not caregiver-centered. The outcomes for surviving
male infants born at 24 weeks' gestation are guarded and uncertain during the first years after
birth. Only after weeks or years can the parents in this vignette determine whether the actions
of the physician were worthwhile for their son.
Justice, or fairness, in the provision of medical care to all people is a societal decision. In the
United States, all citizens arguably can avail themselves of health care services at similar levels.
In the case of infants who cannot make decisions for themselves, parents generally have the
autonomy to determine the course of care. There are limits to parental autonomy, however,
when parents make decisions that are potentially threatening to their child. For example, the
refusal by Jehovah's Witness parents to allow transfusion of an infant born with acute,
potentially life-threatening anemia often is overturned by the courts.
Professional integrity denotes the responsibility of caregivers to be trustworthy, honest, open,
straightforward, committed, and collegial. Importantly, professional integrity indicates that
physicians and caregivers are willing to partner with patients to solve the medical problem(s) at
issue. In this vignette, the integrity of the physician is questionable but it was the parent's role
that was disregarded.
Nonmaleficence is the obligation of caregivers to avoid doing harm (primum non nocere) to
their patients. As in the case of beneficence, determining whether treatment has been free of
injury may take weeks to years after birth. This is particularly true in the infant described in this
vignette.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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newborn infant
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A 24-hour-old term infant is being evaluated for discharge. She is feeding well, has voided, and
passed meconium. Findings of her physical examination are unremarkable. As part of the universal
newborn hearing screening, she had a newborn hearing test based on evaluation of auditory
brainstem response (ABR).
Of the following, the MOST accurate statement about hearing assessment of newborns using ABR is:
abnormal results are frequent in the first day of life
interpretation requires a neurophysiologist
low-frequency hearing loss may be missed
newborn infants have to be sedated before testing
responses are unreliable in preterm infants
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, the correct answer is

.
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(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
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Bilateral permanent childhood hearing impairment that is moderate, severe, or profound affects 1 in
750 children and is present at birth in more than 80% of affected children. Such impairments are
associated with impaired language acquisition, learning, and speech development. Therefore, the Joint
Committee on Infant Hearing (JCIH) has recommended early detection of, and intervention for, infants
with hearing loss through integrated universal newborn hearing screening (UNHS) evaluation and
family-centered intervention.
Human hearing ranges from 20 to 20,000 Hz, with greatest sensitivity at 1,000
to 4,000 Hz. Hearing loss can involve the sound-conducting outer or middle
ear, resulting in a conductive hearing loss, or involve the hair cells of the
cochlea in the inner ear or the cochlear branch of cranial nerve VIII, resulting in
a sensorineural hearing loss. With rare exceptions, the site of sensorineural
hearing loss is within the cochlea. Neonates and infants younger than 6
months of age are not candidates for subjective behavioral psychoacoustic
threshold testing. Two technologies are currently used to screen newborn
infants for hearing—auditory brainstem response (ABR) and otoacoustic
emissions (OAEs). Each technology is based on detecting the infant's distinct physiologic responses
to auditory stimulation.
Auditory brainstem responses, or short-latency auditory-evoked potentials, are measurements of
summating action potentials from the cochlear nerve (eighth nerve) to the region of the inferior
colliculus. ABRs are generated by delivering a rapid series of clicks at different intensities to the ear.
The waveform recordings are captured via surface electrodes in a time-locked fashion to the auditory
stimulus using a computer. These ABR waveforms are evaluated for waveform morphology, waveform
latency, and waveform intensity. The waveforms show a series of distinct peaks representing
synchronous neural activity from the eighth nerve (wave I) and brainstem auditory nuclei and
pathways (waves III and V) (Figure 1).
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Figure 1: Auditory brainstem response

ABRs can be reliably recorded in newborn and premature infants. In evaluating infant ABRs, clinicians
use age-specific latency norms to account for the maturational effect. The response is not statedependent; it can be recorded in sleeping or sedated subjects. In the early years of clinical
application, audiologists, neurophysiologists, or other trained professionals conducted ABR testing
and performed on-line response identification. The development of an automated ABR (A-ABR)
system using an innovative artifact rejection system and a template-matching algorithm based on
signal detection theory has permitted ABR screening of newborns by nonprofessional personnel. The
A-ABR demonstrates good test performance in identifying infants with moderate or greater degrees of
hearing loss (test sensitivity, 90%-98%) as well as passing infants with normal hearing (test
specificity, 93%-97%). ABR correlates best with hearing sensitivity in the 2,000 to 4,000 Hz frequency
range and poorly with hearing sensitivity below 1,000 Hz. Low-frequency hearing loss, an atypical
audiometric configuration, may thus be missed with A-ABR screening.
Otoacoustic emissions are acoustic signals generated by the cochlea either spontaneously or in
response to sound stimulation. Movement of the outer hair cells produces OAEs as part of the normal
hearing process. Thus, OAEs may be considered “cochlear energy” that is transmitted through the
middle ear and external ear canal. A sensitive miniature microphone sealed into the subject's external
ear canal is used to detect this cochlear energy. Evoked OAEs are typically categorized by the type of
acoustic signal used to evoke a response:
transient evoked OAEs (TEOAEs), stimulated by a short duration acoustic stimulus such as a
click or tone burst,
and (2) distortion product OAEs (DPOAEs), stimulated by two continuous pure tones introduced
to the ear simultaneously.
An example of a normal DPOAE recording is shown in Figure 2.
Figure 2: Distortion product otoacoustic emissions (OAE)
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Similar to click-evoked ABRs, TEOAEs are best at detecting hearing loss in the 2,000 to 4,000 Hz
frequency range. Because DPOAEs are evoked by frequency-specific signals, their response can be
used to predict frequency-specific hearing sensitivity. Although the frequency range of DPOAEs is
about 500 to 8,000 Hz, noise often precludes accurate DPOAE measurement below approximately 1,500
Hz, especially in infants and young children. The test performance of TEOAEs, DPOAEs, and A-ABR
are comparable in predicting hearing status.
Otoacoustic emissions are reliably present in premature and term infants. Infant OAEs are typically
larger in amplitude than those of adults or older children. Use of OAEs for UNHS was made possible
by the development of a simple, automated instrument. OAEs result in a higher failure rate than AABR, especially within the first 24 hours after birth because of the fluid and vernix in the newborns'
outer and middle ear. OAEs in newborns are optimally obtained 48 hours or longer after birth. The
costs of OAE and A-ABR screening are comparable when higher “refer” rates from OAE screening are
taken into account. Because OAEs are a preneural phenomenon, they do not detect disorders at the
sensory cell–neural element synapse, the eighth nerve, or higher auditory structures. Therefore infants
with auditory neuropathy and marked auditory dysfunction may demonstrate consistently robust OAEs
(Table).
Table

Do you want to add anything to your Learning Plan?
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American Board of Pediatrics Content Specification(s):
Understand the methods employed to screen and evaluate hearing in newborns, including auditory
brainstem responses and otoacoustic emissions
Know the differences between sensorineural and conductive hearing loss
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You admit a newborn infant with bradycardia. Fetal ultrasonography at 20 weeks' gestation had
detected fetal sinus bradycardia. The fetus had a structurally normal heart with isolated firstdegree heart block that had been diagnosed on echocardiography and resolved with maternal
dexamethasone therapy. The mother had presented in advanced labor at 39 weeks, at which
time the fetal heart rate was 60 beats per minute. With the exception of the bradycardia, the
newborn infant is vigorous. The postnatal electrocardiogram demonstrates complete heart
block.
Of the following, the MOST predictable event or finding in this case is:
death during infancy
maternal anti-Ro/SSA and/or anti La/SSB antibodies
maternal symptomatic lupus erythematosus
neonatal cutaneous manifestations
subsequent sibling(s) with complete heart block
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Sustained fetal bradyarrhythmias are uncommon and are caused by sinus bradycardia, atrial
bigeminy, or varying degrees of atrioventricular (AV) block. Complete AV block is the most
common sustained fetal bradycardia. The degree of AV block can be diagnosed by measuring
the electrical PR interval using noninvasive fetal cardiography or by estimating the AV interval
using Doppler echocardiography. Fetal AV block (incomplete or complete) may be associated
with complex cardiac malformations involving the AV junction. If the fetal heart is structurally
normal, AV block is almost always associated with high titers of maternal anti-Ro/SSA and/or
anti-La/SSB antibodies. Autoantibodies are present in more than 85% of women who have
fetuses with varying degrees of AV block.
Although the presence of maternal anti-Ro/SSA and anti-La/SSB
antibodies is highly likely in fetuses and infants with AV block, pregnant
women who have these antibodies have about a 2% risk of delivering an
infant with AV conduction abnormalities. The antibodies alone are
insufficient to cause AV nodal injury and it is likely that fetal factors also
contribute, suggesting a “two-hit” disease process. In the first step,
maternal autoantibodies bind fetal cardiomyocytes, dysregulate calcium
metabolism, and produce apoptosis in affected cells. Subsequently,
tissue damage can lead to an inflammatory response in genetically
predisposed fetuses, progressing to fibrosis and AV node calcification. Pregnant women with
these autoantibodies and a previous infant with complete heart block have only a 10% to 25%
chance of having another fetus with this conduction abnormality, providing additional support
for this two-hit hypothesis. Even though maternal antibodies are cleared postnatally, the AV

http://emb.aap.org/courseprodv2/Index.asp[4/6/2012 12:14:35 PM]

Education Module Learner

injury in infants may progress, suggesting that infant factors are also involved.
Although the precise pathogenic mechanism is unknown, there are a few therapeutic options for
fetal heart block. Isolated incomplete AV block may be treated and reversed to normal rhythm in
utero with maternal fluorinated steroids (dexamethasone or betamethasone). However, while
some studies found improvements in the fetal arrhythmias with such therapies, the results have
not been consistent. Once complete heart block has developed, intrauterine steroid therapy is
usually ineffective at reversing the abnormal rhythm because antibody-mediated nodal damage
is irreversible. Fluorinated steroid therapy in utero may be considered for complete heart block
to mitigate or prevent myocardial inflammation and/or improve cardiac output. The fetus that is
exposed to intrauterine dexamethasone must be monitored closely for severe intrauterine
growth restriction and adrenal insufficiency or hypoplasia. Treatment with beta-mimetic agents
has generally been less successful than glucocorticoid exposure.
Despite intrauterine therapy, some fetuses experience progression to complete heart block, as
in the vignette. Fetuses with complete heart block have an increased mortality of 15% to 30%
with most deaths occurring in utero or during the first year after birth. Fetuses and infants at
greatest risk include those with hydrops fetalis, lower ventricular rates (<50 beats/minute), and
premature birth. Two-thirds of the surviving infants develop severe congestive heart failure and
require pacemaker placement.
Only 1% of infants who acquire anti-Ro/SSA and anti-La/SSB antibodies through transplacental
passive transfer develop neonatal lupus erythematosus. Diagnosis of this rare disease can be
confirmed by measuring titers of these antibodies, as well as anti-U 1 -ribonucleoprotein (U1 RNP) antibody. While some mothers of affected infants have a diagnosis of systemic lupus
erythematosus or SjÖgren syndrome, a considerable proportion of women (40%) are
asymptomatic at the time of neonatal diagnosis. If these asymptomatic women develop clinical
signs of lupus erythematosus later in life, it is usually a mild form.
Although AV abnormalities are found in 15% to 30% of infants with neonatal lupus,
dermatologic findings are more common, and occur in 90% of such infants. Cutaneous lesions
appear as nonscarring erythematous annular plaques located on the scalp or periorbital region.
These plaques typically appear within the first 2 months after birth and resolve within 4 to 6
months, corresponding with the disappearance of maternal antibodies from the neonatal
circulation. When infants display these skin manifestations, management includes sun
avoidance, sunscreen, and low-potency corticosteroids. Dermatologic lesions and cardiac
abnormalities are seen simultaneously in about 10% of infants with neonatal lupus. Transient
hepatitis, thrombocytopenia, hemolytic anemia, and neutropenia also can be present in infants
with neonatal lupus. For infants without cardiac manifestations, overall prognosis is good.
Approximately 10% of infants with neonatal lupus may develop a systemic rheumatic and/or
autoimmune disease later in life.
Do you want to add anything to your Learning Plan?
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American Board of Pediatrics Content Specification(s):
Identify the effects of maternal immunologic disease with transplacental passage of
immunoglobulins and its treatment on the fetus
Know how to diagnose and manage neonatal lupus erythematosus
Recognize the cardiac manifestations of maternal diseases and of common perinatal syndromes
in the newborn infant
Understand the pathophysiologic consequences and plan appropriate management of a
dysrhythmia in a fetus, including management of electrophysiologic disturbances
Know the effects on the fetus of maternal connective tissue disorders and their treatment
Understand the potential adverse effects of approaches used in the management of fetal
arrhythmias
Understand the pathophysiology, natural history, and clinical features of conduction pathway
abnormalities and other dysrhythmias
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A late preterm infant dies after a course of severe respiratory distress, leading you to suspect
surfactant protein B deficiency. You learn about an RNA abnormality that is detectable using
molecular biological methods, and request a postmortem examination to include a search for
this abnormality.
Of the following, the BEST method to detect a specific strand of RNA is:
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The testing method used to detect RNA abnormality is northern blotting. To maintain a historical
perspective on these techniques, they are described in order of their discovery.
Southern blotting (named for Edwin Southern, so it remains capitalized) detects specific DNA
sequences, northern blotting detects specific RNA sequences, western blotting detects specific
proteins, southwestern blotting detects specific protein-DNA interactions, and far-western
blotting detects specific protein-protein interactions.
Southern blotting, to look for a specific DNA sequence, starts with an
aliquot of DNA. The aliquot could be the entire DNA extracted from a
tissue sample, or only certain portions of the genome of the tissue. In
the past DNA cloning to amplify specific portions was performed using
restriction endonucleases, inserting the DNA portion under study into a
bacterial plasmid, batch producing bacteria with the special plasmid, and
then extracting the plasmid and its special DNA from the batch of
bacteria. DNA cloning has been supplanted by polymerase chain
reaction as the method of choice to amplify a specific sequence of DNA.
Once the DNA aliquot is in hand, it is treated with restriction endonucleases to produce
restriction fragments of the whole DNA. Variations in each individual's DNA haplotype produce
these restriction fragments in various lengths and patterns, and termed restriction fragment
length polymorphisms. These patterns can be made evident by spreading out the DNA
fragments using gel electrophoresis; the smaller fragments migrate faster down the gel. Each
individual's haplotype will produce a specific pattern of DNA fragments down the gel (Figure 1).
Figure 1: Molecular typing of Streptococcus pneumoniae isolates (from Samore and colleagues
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[2006])

A set of fragments of known lengths is run on the gel at the same time to give a calibration
standard.
Because the gel is unstable and the DNA can disperse as soon as the electric field is turned off,
the DNA is transferred, or “blotted,” onto another medium, usually a sheet of nitrocellulose or
polyvinylidene fluoride, where the DNA binds and does not wash off.
The blot with the immobilized DNA is then exposed to a probe solution that includes a known
DNA sequence, complementary to the DNA sequence that is sought from the tissue sample.
This probe DNA is labeled with a radioactive tracer or a chemiluminescent tag. The probe binds
to the specific DNA on the blot, and the bound complex reveals itself on an autoradiograph or
optical scanner (Figure 2).
Figure 2: Southern blot hybridization with a specific DNA probe and as revealed on an
autoradiograph or optical scanner (from Samore and colleagues [2006])

The advantage of this process of electrophoresis, blotting, and probing is that it allows the
detection of a miniscule portion of DNA out of the vast 3 billion base-pairs of each human's
genome.
The northern blot was developed, not by a “Dr Northern,” but by James Alwine and George
Stark. RNA is extracted from the sample tissue and subjected to gel electrophoresis, then
blotted onto a substrate membrane. The probe can be made of RNA, but because of the
difficulties and fastidiousness involved with the handling of RNA, the probe is more often made
with complementary DNA. The advantage of this technique over Southern blotting includes the
ability to distinguish those parts of the genome that are being expressed from those that are
silent, as in tumor-marker analysis. In addition, new mechanisms are coming to light involving
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RNA and gene regulation, such as micro (inhibitory) RNA and guide (editing) RNA. Figure 3
shows a variation on northern blotting called dot-blotting, in which the tissue is touched to the
substrate membrane directly, without prior gel electrophoresis.
Figure 3: Dot-blot hybridization analysis for SB-P mRNA (from Ballard and colleagues [1995])

Western blotting, also developed by George Stark at Stanford University, is used to detect
specific proteins. Samples are extracted from tissues and the denatured proteins are subjected
to gel electrophoresis, sorting again by the size of each molecule. The spread-out proteins are
blotted onto a stable substrate membrane. Primary antibodies against specific proteins are the
probes used to find the specific proteins of interest. The protein-antibody complex is detected
using tagged secondary antibodies against the primary antibodies. Clinically, western blotting is
useful in diagnosing human immunodeficiency virus infection, Lyme disease, and bovine
spongiform encephalopathy. Figure 4 shows a research example of western blotting.
Figure 4: SB-P by Western analysis (from Ballard and colleagues [1995])

Southwestern blotting is similar to western blotting, but the proteins under examination are
extracted from the nucleus, and the probe used is made of specific DNA sequences. This tool is
valuable in the study of histones and other proteins in the nucleus, but does not have a direct
clinical use yet.
Far-western blotting (from Princeton University) is similar to western blotting, except for the use
of a nonantibody protein for the probe. Specific protein-protein interactions can be studied, but
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again there is no direct clinical use yet.
Do you want to add anything to your Learning Plan?
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American Board of Pediatrics Content Specification(s):
Understand concept of DNA and mRNA sequence encoding amino acid structure of proteins
Understand the function and research utility of restriction endonucleases
Understand concept of DNA cloning
Understand the concept and utility of RNA-DNA, RNA-RNA and DNA-DNA hybridization
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You are asked to see a female infant at 72 hours of age who is unresponsive and tachypneic.
She was born at term after an uneventful pregnancy and appeared healthy. She had been mildly
tachypneic the previous day. Blood culture is sterile 30 hours later. Complete blood counts and
C-reactive protein concentrations are normal. After several hours of progressive lethargy,
tachpnea, and poor feeding, she has become comatose. Blood gases show a mild respiratory
alkalosis; no ketones are present in the urine; no anion gap is present. Blood sugar is normal.
Blood ammonia concentration is 1,351 µg/dL (965 µmol/L).
Of the following, the condition MOST consistent with these findings is:
arginase deficiency
citrin deficiency
N-acetylglutamate synthetase deficiency
ornithine transcarbamylase deficiency
transient hyperammonemia of the newborn

You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

In humans, ammonia (NH 4 + ) and aspartate are metabolized to form urea. For each turning of the
urea cycle, 1 mol of nitrogen from ammonia and 1 mol of aspartate are incorporated into urea, a
water-soluble compound that is excreted in the urine (Figure 1).
Six enzymes catalyze the various steps in this process, each of which has been implicated in
clinical disease. Within mitochondria, ammonia derived from serum amino acids, predominantly
glutamine and alanine, combines with bicarbonate and adenosine triphosphate in the presence
of N-acetyl-glutamate (NAG) and carbamoyl-phosphatase synthetase-1 to form carbamoyl
phosphate. The formation of NAG from glutamate and acetyl CoA requires NAG-synthetase, and
the reaction to form NAG is normally the rate-limiting step in the overall formation of urea.
Within the mitochondria, ornithine transcarbamylase catalyzes the
combination of ornithine with carbamoyl phosphate to form citrulline,
which then is transported into the cytosol by a transporter. The second
source of nitrogen, aspartate, then combines with citrulline under the
effect of arginosuccinate synthetase to form arginosuccinate. Arginine
and fumarate formation follow the influence of arginosuccinate lyase and
the resulting arginine is converted to urea by the action of arginase-1,
resulting in a molecule of ornithine. The ornithine is then transported
into the mitochondria to re-enter the cycle by combining with another
molecule of carbamoyl phosphate. Citrin (not shown in the Figure) is a carrier protein effecting
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the entry of glutamate to and efflux of aspartate from the mitochondria.
Hyperammonemia is the hallmark of the urea cycle defects, occurring in the newborn period
with inborn errors affecting all of the urea cycle enzymes other than arginase. Although mild
elevations of ammonia normally may be seen in newborns, and infants have higher
concentrations than adults, detailed evaluation should be undertaken in any patient with serum
ammonia exceeding 140 µg/dL (100 µmol/L).
Ammonia exerts its detrimental effects on the nervous system by at least two mechanisms. By
driving the following reaction:

Hyperammonemia deprives the brain of the glutamate needed to form the neurotransmitter
gamma amino butyric acid (GABA). Hyperammonemia may also reverse the following reaction:

thus depriving the Krebs cycle of one of the components needed for energy metabolism. When
hyperammonemia is accompanied by respiratory alkalosis, normoglycemia, and no anion gap,
evaluation for a urea cycle defect is indicated.
Defects in the urea cycle occur in approximately 1 in 30,000 live births. The clinical presentation
of severe hyperammonemia is common to all but arginase deficiency, but the laboratory profile
varies with the specific enzyme involved. Differentiation of the urea cycle defects presenting
with severe hyperammonemia can be derived from the following Table.
Table

ASA = arginosuccinic acid ; CPS-1 = carbamoyl-phosphatase synthetase-1; NAGS = N-acetylglutamate synthetase; OTC = ornithine transcarbamylase; + sign = present; - sign = absent.
The condition most compatible with the options presented in the vignette is NAG-synthetase
deficiency. A rare, autosomal recessive form of urea cycle abnormality, this condition presents
similarly to carbamoyl-phosphatase synthetase-1 deficiency (also autosomal recessive), with
severe hyperammonemia occurring within 2 to 3 days after birth. With the blockage in both of
these variants occurring at the entrance to the urea cycle, laboratory studies show no citrulline,
low arginine, and elevated glutamine, alanine, and glycine levels. Orotic acid is not elevated.
When carbamoyl phosphate is formed and cannot enter the urea cycle, as would be seen in
ornithine transcarbamylase deficiency, it is diverted to form orotic acid. Although ornithine
transcarbamylase deficiency may present with similarly rapid and severe hyperammonemia as
presented in the vignette, it is an X-linked recessive condition, making it unlikely to occur in a
female infant. Measurement of plasma citrulline is particularly important, because its presence
at normal concentrations in combination with urinary excretion of arginosuccinic acid is
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consistent with ASA lyase deficiency—a condition dramatically improved by treatment with
intravenous arginine.
Initial management strategies for acute hyperammonemia that should be begun immediately
include:
Decreasing protein catabolism
provide adequate nonprotein calories using glucose and lipids
stop exogenous protein input
Providing nitrogen scavengers
intravenous sodium benzoate, which combines with glycine to form hippuric acid,
which is excreted in the urine—eliminating 1 molecule of nitrogen per molecule of
benzoate
sodium phenylacetate (or sodium phenylbutyrate, which is converted to
phenylacetate), which condenses with glutamine to form phenylacetylglutamine,
also excreted in the urine and eliminating 2 molecules of nitrogen per molecule of
phenylacetylglutamine
priming the urea cycle with arginine, which should be done immediately because it
resolves hyperammonemia of ASA lyase deficiency within a few hours, may be helpful in
other conditions (not ASA synthetase), and worsens none of the conditions
Severe hyperammonemia in all but ASA lyase deficiency will not respond to medical measures
alone, and adequate management usually requires extracorporeal dialysis because exchange
transfusion, peritoneal dialysis, and arteriovenous hemofiltration are not as effective. Referral
to, or consultation with, a center experienced in the management of acute hyperammonemia
should be undertaken promptly.
Arginase deficiency rarely is associated with severe neonatal hyperammonemia. Although the
hepatic arginase-1 enzyme may be absent, arginase-2 activity is inducible and is present in
many other tissues. Metabolism of the accumulated arginine by these other tissues mitigates
the impact of the blockage in the urea cycle. The clinical presentation usually begins subtly in
the neonatal period as feeding difficulty, protein intolerance, or somnolence—usually not very
severe at first. If unrecognized and untreated, the children progress to have developmental
delay, vomiting, protein intolerance, and development of long-tract neurologic impairment often
considered to be cerebral palsy. The gene has been mapped to chromosome 6q23. Arginase
deficiency is probably the rarest of the urea cycle abnormalities. It is inherited as an autosomal
recessive disorder.
Citrin is a carrier protein for the entry of glutamate into the mitochondria and the release of
aspartate into the cytosol. Citrin deficiency results in two clinical syndromes, neither presenting
with the signs seen in the vignette. The neonatal intrahepatic cholestasis form of citrin
deficiency presents at 1 to 4 months of age with direct hyperbilirubinemia, coagulopathy,
hypoalbuminemia, mild hyperammonemia, and mildly abnormal liver transaminases. Galactose
metabolism may be abnormal, resulting in presence of urinary reducing substances. Patients
respond to a lowered protein, galactose-free diet and may need supplementation of fat-soluble
vitamins. Hepatic function returns to normal in most patients in the first year, but progression
to hepatic failure and liver transplantation has been reported. The adult form presents after age
10 years with hyperammonemia and elevated citrulline concentrations (insufficient aspartate),
and often progresses to death resulting from cerebral edema from high ammonia
concentrations.
Transient hyperammonemia of the newborn develops mostly in premature infants with onset in
the first 24 hours after birth. Although the condition is transient, toxicity from elevated ammonia
is a significant risk and aggressive therapy is needed to reduce the ammonia concentration.
Secondary hyperammonemia more commonly presents on the first day, and may be associated
with organic acid metabolism disorders. Urinary organic acid analysis should be done whenever
hyperammonemia is detected in newborns; when absent, search for urea cycle abnormalities
should follow. Organic acids are thought to interfere with the activity of NAD-synthetase,
resulting in hyperammonemia.
Do you want to add anything to your Learning Plan?
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American Board of Pediatrics Content Specification(s):
Understand the clinical manifestations, laboratory features, and treatment of disorders in the
metabolism of the urea cycle
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On physical examination of a healthy appearing term infant, heart tones are noted to be best
auscultated over the right side of the chest. Chest and abdominal radiographs are obtained
(Figure 1 and Figure 2).
Figure 1
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Figure 2

Abdominal ultrasonography confirms a right-sided stomach, and demonstrates a left-sided
gallbladder and an asymmetric bilobed liver. Howell-Jolly bodies are not found on examination
of the peripheral blood smear, and a damaged red blood cell scan demonstrates a single spleen
located in the right upper quadrant of the abdomen.
Of the following, the associated condition MOST likely to be demonstrated in this infant is:
cardiac dysrhythmia
ciliary dyskinesia
impaired immune function
intestinal malrotation
structural heart defects
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, the correct answer is

.
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Specific thoracoabdominal asymmetry of the unpaired organs and vessels develops in 99.9% of
individuals. With this arrangement, called situs solitus, the cardiac apex, a bilobed lung, the
stomach, and the spleen are on the left side of midline, and the vena cava, a trilobed lung, the
gallbladder, and the larger liver lobe are on the right side of midline. With the exception of the
spleen, which is left-sided at its inception, each unpaired organ originates as a midline structure
and lateralizes in later development.
The infant in the vignette has a complete, mirror-image reversal of thoracoabdominal asymmetry
called situs inversus. Dextrocardia (right-sided cardiac apex and left-sided systemic atrium) is
present, along with a right-sided aorta, stomach, and single spleen, and a left-sided trilobed
lung, liver, gallbladder, and inferior vena cava. Situs inversus occurs in 0.01% of the population.
Additional structural malformations are uncommon with situs inversus,
but occur more often than with situs solitus. However, up to 25% of
individuals with situs inversus have ciliary dysfunction and Kartagener
syndrome, with the classic triad of situs inversus, bronchiectasis, and
chronic sinusitis. The immotile cilia syndrome (primary ciliary
dyskinesia) is a causally heterogeneous, autosomal recessive disorder
characterized by complete or partial deficiency of ciliary motility owing
to structural and functional abnormalities of the protein dynein. In
addition to chronic cough, rhinitis and sinusitis, male infertility because
of sperm immotility and variable impairment of female infertility characterize the disorder. Situs
inversus is present in 50% of patients with the immotile cilia syndrome, while situs solitus is
present in the other 50%.
Congenital heart disease occurs in only 3% to 5% of patients with situs inversus, with
atrioventricular discordance and transposition of the great vessels the most common
abnormalities. Cardiac rhythm disturbances are likewise infrequent. With situs inversus, the
single right-sided spleen is functional, and immune dysfunction is not expected. Finally,
although the abdominal viscera are reversed in position, with the appendix in the left lower
quadrant, malrotation with risk of volvulus is not commonly associated with situs inversus.
When individuals have an apparent combination of situs solitus and situs inversus, with some
organs reversed or duplicated, the condition is called situs ambiguous or heterotaxy. In contrast
to situs inversus, major malformations of one or more of the asymmetric organs commonly
occur with this disorderly arrangement. Defects of the heart and great vessels, anomalies of the
liver and biliary tract, and malrotation of the bowel are particularly common. In addition,
extracardiac midline defects occur in nearly 40% of patients with heterotaxy. Although all
mendelian modes of inheritance have been seen with situs ambiguous, the occurrence is
usually sporadic. Chromosome abnormalities including 22q11 deletions and teratogens, such as
maternal diabetes and retinoic acid, have also been associated with heterotaxy.
The spleen is almost always affected in situs ambiguous, and may be right-sided, absent
(asplenia, bilateral right-sidedness, or dextroisomerism), or composed of multiple splenuli
(polysplenia, bilateral left-sidedness, or levoisomerism). The term “polyasplenia” has also been
used to describe the heterotaxy syndromes. Asplenia has a male predominance, and occurs
more frequently than polysplenia (53% versus 42% of patients with heterotaxy). Cardiovascular
malformations are frequent with both asplenia (99%) and polysplenia (90%), but are usually
conotruncal and more severe with asplenia. The most consistent finding seen with polysplenia
is interruption of the inferior vena cava with azygous or hemiazygous continuation. Bilateral leftsidedness (polysplenia) is associated with absence of the normal sinus node (a right-sided
structure) and abnormalities of the conduction tissue, with complete heart block found in
approximately 20% of these patients. In addition, extrahepatic biliary atresia is uniquely
associated with polysplenia.
Impaired immune function is a potential complication of the heterotaxy syndromes. In the
spleen, as blood flows past a large bed of macrophages, particulate or soluble antigens are
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filtered. In addition, the presence of large numbers of both T and B lymphocytes facilitates
initiation and amplification of an antigen-induced immune response. With defective or absent
splenic function, morphologic abnormalities of the blood, Howell-Jolly bodies, and siderocytes
are present on the peripheral blood smear. With congenital asplenia, severe bacterial infections,
particularly with encapsulated organisms, are frequent and antibiotic prophylaxis is
recommended. Splenic functions are generally thought to be normal in the presence of
polysplenia.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

References:
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American Board of Pediatrics Content Specification(s):
Realize the association of major congenital anomalies involving the GI tract with those involving
other organs
Understand the role of the spleen in normal and abnormal states
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A physician has been called to the delivery of an infant born to a 43-year-old gravida 6, para 4
mother. At the delivery, it is difficult to determine the sex of the infant from the external
genitalia; however, because the mother has had amniocentesis you know that the
chromosomes are 46,XX. A previous male sibling died before age 1 month of unknown causes
15 years ago.
Of the following, the enzyme deficiency MOST likely to be responsible for the problems of both
siblings is:
3ß-hydroxysteroid dehydrogenase
11ß-hydroxylase
17a-hydroxylase
20,22 desmolase
21-hydroxylase

You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

The siblings in the vignette most likely have congenital adrenal hyperplasia with salt wasting.
Fifteen years ago, screening for congenital adrenal hyperplasia was far less common and
infants were identified clinically, if at all. A deficiency of any of the five enzymes among the
answer choices would cause congenital adrenal hyperplasia. With a deficiency of each of these,
the production of cortisol, the main suppressor of adrenocorticotrophic hormone (ACTH)
secretion is interrupted (Figure 1).
Figure 1: Glucocorticoid biosynthesis
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In response to an outpouring of ACTH, the adrenal gland is stimulated to
produce steroid hormones, and adrenal hyperplasia occurs. As a result,
an excess of cortisol precursors with androgenic actions is secreted,
leading to virilization and ambiguous external genitalia in the female
fetus. This is manifested by abnormal enlargement of the clitoris, genital
and areolar hyperpigmentation, and fused and/or rugated labia majora.
Boys with congenital adrenal hyperplasia tend to be overlooked,
because the effects of the excess androgens might not produce
abnormal physical findings other than some hyperpigmentation.
The nomenclature for the enzymes listed has evolved over time and synonyms are listed in the
Table.
Table

Deficiency of 21-hydroxylase underlies 90% of cases of congenital adrenal hyperplasia and
occurs in 1 in 15,000 live births. Infants who have a deficiency of 21-hydroxylase present with
one of two syndromes: partial deficiency with virilization only and severe deficiency with
virilization and salt wasting. In both types of 21-hydroxylase deficiency, the block in cortisol
production results in high ACTH concentrations that stimulate the adrenal glands to produce
androgens. 21-hydroxylase does not play a role in sex hormone production (Figure 2).
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Figure 2: Androgen and estrogen biosynthesis

21-hydroxylase is a necessary enzyme in the synthesis of the mineralocorticoids,
desoxycorticosterone, and aldosterone (Figure 3).
Figure 3: Mineralocorticoid biosynthesis

These hormones function to increase reabsorption of sodium from the distal tubules of the
kidney in exchange for hydrogen ions and potassium. In their absence, large quantities of
sodium are lost in urine. Male infants with congenital adrenal hyperplasia and salt wasting are
usually sent home after birth with no apparent abnormality only to return with hyponatremia,
hyperkalemia, metabolic acidosis, and shock. The onset of this adrenal crisis is usually after 6
days and before 1 month of age and may be confused with septic shock. The female infant in
the vignette had evidence of virilization (ambiguous genitalia) and the previous male infant
succumbed to an unknown illness around the time expected for salt-losing adrenal hyperplasia.
Infants with 3ß-hydroxysteroid dehydrogenase deficiency have decreased production of all three
classes of adrenal steroids (Figure 4).
Figure 4: Mineralocorticoids, glucocorticoids, and androgens and estrogens
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This form of congenital adrenal hyperplasia is rare. Both sexes can display external genital
ambiguity. Males often have severe hypospadias and females have minimal virilization. Saltlosing adrenal crises are also seen.
Infants with congenital adrenal hyperplasia resulting from a deficiency of 11ß-hydroxylase are
virilized and have low-renin hypertension. This disorder accounts for 5% of cases of congenital
adrenal hyperplasia and occurs in 1 in 100,000 live births. The hypertension results from sodium
retention stimulated by an excess production of desoxycorticosterone, which although not as
potent as aldosterone, does produce sodium retention when overproduced (Figure 3). Early
death is uncommon.
Deficiency of 17a-hydroxylase appears clinically as hypertension and hypogonadism. These
individuals are unable to produce cortisol and sex hormones. The increased ACTH stimulation
leads to high concentrations of desoxycorticosterone and progesterone. Genetic females have
normal genitalia at birth but fail to develop secondary sexual characteristics at puberty. XY
males can appear to be female, with a distal vagina and undescended testes at birth, but can
also be variably masculinized.
Deficiency of 20,22 desmolase is also known as congenital lipoid adrenal hyperplasia. Infants
with this condition are unable to produce all types of adrenal steroids: glucocorticoids,
mineralocorticoids, and sex steroids. It is a rare but serious disease that can lead to death in
the first few months after birth, with salt wasting and hypoglycemia. Genetic females appear
normal. Genetic males have ambiguous external genitalia often with a distal vagina and
undescended testes. The adrenal glands are engorged with a large accumulation of lipids.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Understand the etiology of electrolyte abnormalities in the neonate
Understand the etiologies of abnormal sexual differentiation
Know the etiology and diagnosis of an infant with ambiguous genitalia, including congenital
adrenal hyperplasia
Know the clinical manifestations of an infant with ambiguous genitalia, including congenital
adrenal hyperplasia
Know the clinical manifestations and laboratory features of the various types of congenital
adrenal hyperplasia
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A 12-week-old female infant, whose birthweight was 838 g and estimated gestational age at birth was
27 weeks, has greenish yellow discoloration of the skin. Prior clinical course is characterized by the
development of necrotizing enterocolitis at 6 weeks of age, which required surgical resection of
approximately 160 cm of small bowel including the ileocecal valve. The infant has received total
parenteral nutrition since the surgery. Physical examination of the infant reveals marked icterus,
abdominal distension with mildly enlarged liver and spleen, and visible cutaneous blood vessels
emanating from the umbilicus. The infant has no dysmorphic features or other apparent congenital
anomalies. The urine is dark in color; stools are infrequent and clay-colored.
Laboratory serum data are as follows:
Total bilirubin 18.2 mg/dL (309 µmol/L)
Conjugated bilirubin 12.4 mg/dL (211 µmol/L)
Aspartate aminotransferase 167 U/L (2.8 µkat/L)
Alanine aminotransferase 78 U/L (1.3 µkat/L)
g-glutamyltransferase 752 U/L (12.5 µkat/L)
Alkaline phosphatase 1,087 U/L (18.2 µmol/L)
Cranial ultrasonography and retinal examination are normal.
Of the following, the MOST likely cause of liver disease in this infant is:
Alagille syndrome
a1 -antitrypsin deficiency
choledochal cyst
congenital infection
total parenteral nutrition cholestasis

You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
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The infant in this vignette has clinical and biochemical evidence of neonatal cholestasis. The
cholestasis is defined as a serum conjugated bilirubin concentration in excess of 2.0 mg/dL (34
µmol/L), or a serum conjugated bilirubin fraction in excess of 15% of total bilirubin concentration. The
markedly raised serum concentrations of g-glutamyltransferase and alkaline phosphatase indicate
injury of the biliary tract, whereas the raised serum concentrations of aminotransferases indicate
hepatocellular dysfunction.
Neonatal cholestasis has numerous causes summarized in the mnemonic in the Table.
Table
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Please note that this list of causes is comprehensive, but not all-inclusive. Also, despite a thorough
diagnostic evaluation, the cause of neonatal cholestasis may not be ascertained in up to 15% of
cases, which are labeled as idiopathic neonatal hepatitis.
The most likely cause of liver disease in the infant in this vignette is total
parenteral nutrition (TPN) cholestasis. If the estimated normal length of small
bowel in a preterm infant is 200 cm, the infant in this vignette has lost a
substantial portion (approximately 80% of bowel length) of the small bowel,
including the ileocecal valve. The consequent short bowel syndrome has
necessitated the prolonged dependence on TPN with its associated adverse
consequences.
The incidence of TPN cholestasis depends largely on the gestational age of the
infant and the duration of exclusive TPN use. Among infants receiving TPN for
at least 2 weeks, the incidence of cholestasis varies inversely with gestational age, with a reported
occurrence of 50% in infants with birthweights less than 1,000 g, 18% in infants with birthweights
between 1,000 and 1,500 g, and 7% in infants with birthweights between 1,500 and 2,000 g. The
incidence of cholestasis among infants receiving TPN exclusively for longer than 90 days is more than
90% regardless of birthweight.
The pathogenesis of TPN cholestasis is attributed largely to three factors:
hepatotoxicity induced by specific components of TPN
biliary stasis caused by lack of enteral feeding
hepatocellular injury from associated medical conditions
The specific components of TPN believed to cause hepatotoxicity include amino acids (for example,
methionine), lipid emulsion (phytosterol), and trace elements (copper, manganese, and aluminum).
Bile flow and gall bladder contraction are impeded in the absence of enteral feeding, specifically from
the lack of the hormone cholecystokinin. This hormone normally is released from the duodenal
mucosa in response to enteral feeding, the absence of which contributes to biliary stasis. The
coexisting medical complications that may contribute to hepatocellular injury include hypoxia,
hemodynamic instability, and sepsis, especially gram-negative sepsis.
Alagille syndrome is the most common form of familial intrahepatic cholestasis caused by a paucity of
interlobular bile ducts. The disease is inherited as an autosomal dominant trait with variable
penetrance and expressivity. The disease is caused by mutations in the Jagged-1 gene on
chromosome 20p11, which encodes one of several ligands for the notch receptor system that is
involved in control of cell differentiation and proliferation. Other congenital anomalies often coexist,
which include congenital heart disease, specifically peripheral pulmonic stenosis; vertebral
abnormalities, such as butterfly vertebrae; and eye defects, especially posterior embryotoxon (a
remnant of an embryonic membrane between the iris and cornea). The patients often have dysmorphic
triangular facies with frontal bossing, deep-set eyes, and narrow chin. The absence of these features
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in the infant in this vignette makes Alagille syndrome an unlikely cause of cholestasis.
a 1 -antitrypsin deficiency is the most common inherited cause of neonatal hepatitis. a 1 -antitrypsin is
the principal serum inhibitor of proteolytic enzymes, including neutrophil elastase. Patients who have
the homologous deficiency state or the protease inhibitor ZZ phenotype (PiZZ) have markedly reduced
amounts of a 1 -antitrypsin, generally in the range of 10% to 15% of normal values. Despite this
deficiency, cholestatic jaundice occurs only in approximately 10% to 15% of infants with PiZZ
phenotype. Histologically, the disease is characterized by interlobular bile duct proliferation and
periodic acid–Schiff–positive diastase-resistant inclusions within hepatocytes. These inclusions
represent accumulation of mutant a 1 -antitrypsin within the endoplasmic reticulum and are a source of
progressive hepatocelluar injury. The rarity of hepatic manifestations during the neonatal period
makes a 1 -antitrypsin deficiency an unlikely cause of cholestasis in the infant in this vignette.
Choledochal cyst, a cyst formed along the extrahepatic biliary tract (common hepatic duct, common
bile duct, gallbladder), is a rare cause of neonatal cholestasis. Typically, the choledochal cyst causes
intermittent biliary obstruction. If untreated, it may be a source of complications such as cholangitis,
rupture, pancreatitis, gallstones, and biliary fibrosis. Physical examination reveals a palpable
abdominal mass in the right upper quadrant. Abdominal ultrasonography shows a cystic, echo-free
mass in the biliary tree. The absence of these features in the infant in this vignette makes choledochal
cyst an unlikely cause of cholestasis.
Congenital infection by organisms such as Toxoplasma gondii, rubella virus, cytomegalovirus, and
herpes virus can result in neonatal hepatitis, but it is an uncommon cause of neonatal cholestasis.
Typically, patients with congenital infection have manifestations of other organ involvement which
include meningoencephalitis, retinitis, myocarditis, pneumonia, skeletal disease, and skin rash. The
absence of these features in the infant in this vignette makes congenital infection an unlikely cause of
cholestasis.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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neonate
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You are asked to provide consultation to a 43-year-old Caucasian gravida 1 para 0 woman who
is pregnant and at 28 weeks' estimated gestational age. She has symptoms consistent with
preeclampsia superimposed on chronic hypertension. On reviewing her chart you discover that
she is carrying monozygotic twins and has smoked throughout her pregnancy.
Of the following, the risk factor that is MOST likely to reduce the risk of preeclampsia in the
woman in the vignette is:
advanced maternal age
chronic hypertension
cigarette smoking
primigravid status
twin gestation

You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Preeclampsia refers to the onset of hypertension (systolic blood pressure [SBP] =140 mm Hg or
diastolic blood pressure =90 mm Hg) and proteinuria (>300 mg protein in 24 hours, dipstick >1
+) after 20 weeks of gestation in a previously normotensive woman. Chronic hypertension (or
preexisting hypertension) is defined as SBP greater than 140 mm Hg, diastolic blood pressure
greater than 90 mm Hg, or both, that antedates pregnancy, is present before the 20th week of
pregnancy, or persists longer than 12 weeks postpartum. Preeclampsia superimposed on
chronic hypertension is diagnosed when a woman with preexisting hypertension develops newonset proteinuria after 20 weeks of gestation. Women with both preexisting hypertension and
proteinuria are considered preeclamptic if there is an exacerbation of blood pressure to the
severe range (SBP >160 mm Hg or diastolic blood pressure >110 mm Hg) during the last half of
pregnancy, especially if accompanied by symptoms, elevated liver enzymes, or
thrombocytopenia.
Metaanalysis of clinical trials has shown that maternal cigarette smoking is associated with a
significant reduction in the risk of preeclampsia (odds ratio [OR] 0.51, 95% confidence interval
[CI] 0.37-0.63). This benefit does not outweigh the multiple medical risks associated with
smoking during pregnancy such as:
perinatal death
low-birthweight birth
preterm delivery
placental abruption
preterm premature rupture of membranes
ectopic pregnancy
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placenta previa
Despite the known harmful effects of smoking on the health of mothers
and their children, it is estimated that 25% of American women of
reproductive age smoke cigarettes. Oxygen delivery to the fetus is
impaired in pregnant women who smoke. Pathologic studies of the
placentas of women who smoke show structural changes, including a
reduction in the fraction of capillary volume and increased thickness of
the villous membrane, that are not seen in the placentas of nonsmoking
women. Both of these factors may contribute to abnormal gas exchange
within the placenta. Exposure to cigarette smoke also acutely decreases
intervillous perfusion, possibly via nicotine-induced vasospasm. Animal models suggest that
nicotine can also directly impair lung growth because of interaction with nicotinic acetylcholine
receptors with resultant abnormal collagen accumulation. Carbon monoxide exposure from
smoking causes the formation of carboxyhemoglobin, which has multiple effects on maternal
and fetal oxygen delivery. Carboxyhemoglobin is a competitive inhibitor of oxyhemoglobin,
clears slowly from the fetal circulation, and reduces tissue oxygenation by shifting the
oxyhemoglobin dissociation curve to the left.
More than 2,500 substances are found in cigarette smoke, including ammonia, polycyclic
aromatic hydrocarbons, hydrogen cyanide, vinyl chloride, nitrogen oxide, and carbon monoxide.
Each of these substances could be responsible for adverse fetal and maternal outcomes in
mothers who smoke. For example, term human infants with significant concentrations of
cotinine, a by-product of nicotine metabolism, at delivery are limited in their ability to maximize
and vary their heart rate during the first 4 hours after birth.
Advanced maternal age is an independent risk factor for preeclampsia (maternal age 40 years,
relative risk [RR] 1.96, 95% CI 1.34-2.87). Older women also tend to have additional risk factors,
such as diabetes mellitus and chronic hypertension.
There are many well-described risk factors for preeclampsia as illustrated in the Table.
Table

Preexisting hypertension, renal disease, and collagen vascular disease are well-described risk
factors for preeclampsia. Multiple gestation increases the risk of preeclampsia. The first
pregnancy in women carries a higher risk of developing preeclampsia than do subsequent
pregnancies. It is unclear why the primigravid state is such an important predisposing factor.
Multiple gestation increases the risk of preeclampsia; for twin pregnancies the RR is 2.93, 95%
CI 2.04-4.21. The first pregnancy in women carries a higher risk of developing preeclampsia
than do subsequent pregnancies (RR 2.91, 95% CI 1.28-6.61).
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Know the effects on the fetus of maternal chronic hypertension and its treatment
Know the effects on the fetus of mild preeclampsia and its management
Understand the probable gestational age at which teratogen exposure will produce common
fetal anomalies
Know the effects on the fetus of maternal tobacco smoking
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A growth-restricted male infant was born by vaginal delivery at 35 weeks' gestation. His initial
physical examination revealed jaundice without hepatosplenomegaly, a distended abdomen,
edema, and otherwise normal skin findings. Results of laboratory tests revealed that he had a
metabolic acidosis, hypoglycemia, cholestasis, unconjugated hyperbilirubinemia,
hypoalbuminemia, markedly elevated prothrombin and thrombin times, and elevated ferritin and
alpha-fetoprotein levels. Abdominal ultrasonography showed ascites, a small liver, and patent
vessels.
Additional testing over the next few days revealed a normal complete blood count; negative
blood cultures; normal ammonia, lactate, and uric acid concentrations; normal state newborn
screening result; normal urine organic and plasma amino acid levels; negative viral panel; and
normal mass spectroscopy of urinary bile acids. T2-weighted views on magnetic resonance
imaging showed that the infant's liver, pancreas, and thyroid gland appeared darker than the
spleen. Despite aggressive therapy targeted to his disorder, the infant died at age 7 days.
Two years later the couple's second pregnancy was complicated by oligohydramnios,
intrauterine growth restriction, and fetal hydrops. The infection screening, fetal chromosomal
analysis, and fetal echocardiogram were normal. This second male child was born at 34 weeks'
gestation and died of hepatic failure at age 2 days.
The family is distraught and expresses a willingness to resort to any measure to have a healthy
child.
Of the following, the MOST likely approach to prevent this disorder from occurring in a future
pregnancy is:
conception with donor egg
conception with donor sperm
planned preterm delivery
serial blood transfusions during pregnancy
weekly intravenous immunoglobulin administration during pregnancy

You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

The infant in this vignette has abnormal synthetic liver function, evident by cholestasis,
hypoalbuminemia, hypofibrinogenemia, and coagulopathy. The potential causes of fetal liver
disease are listed in the Table.
Table
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* Adapted from Murray and associates (2001) and Whitington and associates (2005).
Most of the metabolic and infectious causes were eliminated by the infant's test results.
Neonatal hemochromatosis (NH) is this infant's most likely diagnosis because of the following:
fetal onset of liver dysfunction
elevated ferritin and alpha-fetoprotein (AFP) concentrations
magnetic resonance imaging (MRI) findings showing a dark liver, pancreas, and thyroid
gland
recurrence in future pregnancies
Neonatal hemochromatosis is the most common cause of liver failure in
neonates. This disease is associated with iron overload. It is unclear
whether iron overload causes the hepatic injury or if liver disease from
various causes leads to impaired protein synthetic function with reduced
iron-binding capacity followed by iron overload. Regardless of the
pathogenesis, NH has an unusual inheritance pattern that cannot be
explained by mendelian genetics. Atypical inheritance features include
the following:
Sporadic occurrence with unaffected offspring before delivering
the first infant with this disease
A high recurrence rate (up to 80%, independent of sex) with future affected pregnancies
leading to either a fetal loss or an ill infant
Documented cases of women giving birth to affected infants with different male parentage
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Lack of affected infants with the same father and different female parentage
Although mitochondrial inheritance may be suggested by the last two inheritance features
noted above, the high recurrence rate makes this unlikely. Based on this inheritance pattern,
conception with donor egg or donor sperm would not have avoided this fatal diagnosis because
NH has neither a mitochondrial nor an X-linked mode of transmission.
Neonatal hemochromatosis begins in utero, with severe cases resulting in hydrops and fetal
death, and milder cases associated with oligohydramnios, growth restriction, and/or premature
birth. Iron deposition in the liver, pancreas, thyroid, heart, adrenal glands, and kidneys leads to
multiorgan failure within a few days after birth. The liver is the organ most severely affected but
functional deficits of other organs may be apparent. The spleen, lymph nodes, and bone
marrow are spared. Infants typically present with hypoglycemia, marked coagulopathy,
hypoalbuminemia, and edema. Jaundice is apparent within the first few days after birth. Serum
aminotransferase concentrations are disproportionately low for the degree of hepatic injury,
perhaps because of extensive hepatic necrosis. Affected infants are frequently misdiagnosed
with overwhelming sepsis or a coagulation disorder. Some infants with NH may be incorrectly
diagnosed with tyrosinemia because their hepatic metabolic dysfunction leads to elevated
tyrosine levels.
Neonatal hemochromatosis is usually a diagnosis of exclusion and can be supported with
further diagnostic testing showing elevated ferritin (>800 ng/mL [1797 pmol/L]) and AFP
concentrations (>84,000 ng/mL [>188,748 pmol/L] in term infants and >200,000 ng/mL [449,400
pmol/L] in infants 32-37 weeks' gestation). While these tests are sensitive for detecting NH,
these blood tests are not specific for NH and thus have a low positive predictive value for the
diagnosis. When measured, the iron-binding capacity (transferrin) is low, consistent with
impaired synthetic ability of the liver, and the iron saturation percentage is typically high.
Although ultrasound imaging is nonspecific, MRI shows abnormal iron distribution in multiple
organs in approximately 90% of proven cases. The diagnosis of NH can be suggested by
histologic findings of the liver showing severe liver destruction with hepatic siderosis; however,
extraheptic siderosis is required to confirm the diagnosis. Because patients with NH usually
have a severe coagulopathy, salivary gland biopsy is preferred over liver biopsy because it
offers a safer and more specific method of diagnosis. Sometimes the diagnosis of NH is based
on autopsy results.
Neonatal hemochromatosis has been nearly universally fatal. Potential therapies are limited
because many neonates die before a diagnosis is made. Only a few patients benefit from
treatment with deferoxamine (an iron chelator) and antioxidants (such as N-acetylcysteine,
prostaglandin E1, selenium, and/or tocopherol polyethyelene glycol succinate [vitamin E]). Some
infants have survived after liver transplantation. However, if patients survive to have this option,
mortality remains high (more than 70%).
In 2004, Peter Whitington reported a more effective therapeutic option than either liver
transplantation or iron chelation/antioxidant cocktails. He hypothesized that NH may be an
immune-mediated disorder and suggested that alloimmune antibodies against a fetal antigen,
similar to Rh disease, would explain the unusual inheritance pattern. In this model, fetal liver
injury leads to the accumulation of iron, rather than iron overloading causing the liver damage.
To test this alloimmune-mediated hypothesis, Dr Whitington treated pregnant women with
previous pregnancies affected by NH with weekly intravenous immunoglobulin (IVIG) from 18
weeks' gestation until delivery. Since this original report, more than 30 infants have been
exposed to intrauterine IVIG. None of the infants has had intrauterine growth restriction, fetal
liver disease, oligohydramnios, or hydrops. While 24 infants had biochemical evidence of NH
(elevated serum ferritin and AFP levels), only six had clinical evidence of liver disease, most of
whom responded to antioxidants. None of the infants required liver transplantation. This
gestational regimen changed NH from a lethal to a nonlethal disease.
The mechanism of action of IVIG to prevent NH remains elusive. Perhaps IVIG reduces the
maternal immune response to a fetal antigen by flooding the placental immunoglobulin
transport mechanism with nonreactive antibodies. IVIG might blunt the maternal immune
response to fetal antigens. Alternatively, IVIG might promote nonspecific antibody binding,
which minimizes the binding of reactive alloantibodies to target antigens. These phenomena
could be occurring simultaneously. Other proposed mechanisms include the following:
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neutralization of bacterial toxins and antigens; competitive inhibition of complement activation;
downregulation of B- and T-cell function; modulation of soluble products; and/or an apoptosis
blockade.
For first-born infants with NH who have not received the benefit of maternal IVIG administration,
potential but unproven treatment options include IVIG administration to the newborn and/or an
exchange transfusion with IgG-augmented blood (Whitington PF, personal communication,
October 2005). These possible therapies require further investigation before use.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Recognize specific patterns of Mendelian inheritance
Identify the etiology, clinical manifestations, and approach to diagnosis and therapy of neonatal
ascites
Recognize the etiology and clinical manifestations of neonatal hypoglycemia
Know the etiology and differential diagnosis of metabolic and familial causes of cholestasis in
the neonate
Know the various laboratory and radiographic techniques to diagnose the metabolic and familial
causes of cholestasis in the neonate
Know the approach to treatment of neonates with metabolic and familial causes of cholestasis
in the neonate
Know the etiologies and pathophysiologies of acquired defects in hemostasis
Know the clinical and laboratory manifestations of acquired defects in hemostasis, including
disseminated intravascular coagulation and hemorrhagic disease of the newborn
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A preterm infant was delivered by a primiparous woman at 28 weeks' gestation after failed
tocolysis for preterm labor. Findings of all routine pregnancy investigations were within normal
limits. Intrapartum antibiotic prophylaxis (IAP) was initiated at the onset of labor after obtaining
a vaginal and rectal culture specimen, which was later reported to be positive for group B
streptococcus (GBS). A 980-g male infant was delivered 12 hours later. He had mild respiratory
distress after delivery which was responsive to nasal continuous positive airway pressure. He
was hemodynamically stable and his complete blood count was unremarkable. Empiric
treatment with ampicillin and gentamicin was initiated. The infant's blood culture was reported
to be sterile after incubation for 3 days. You review the effect of the Centers for Disease Control
and Prevention guidelines for the prevention of perinatal GBS disease on the natural history of
disease with the house staff. Importantly, the implementation of these guidelines has resulted in
a decrease in the incidence of early-onset GBS disease in neonates. Other potential effects on
the epidemiology of disease are discussed.
Of the following, IAP for prevention of perinatal GBS disease is MOST likely to be associated
with:
decreased incidence of invasive GBS infections in pregnant women
decreased incidence of late-onset GBS disease in infants
decreased severity of early-onset GBS disease in infants
decreased sensitivity of GBS isolates to penicillin
delayed presentation of early-onset GBS disease in neonates

You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Group B Streptococcus (GBS), also known as Streptococcus agalactiae, is an encapsulated
gram-positive bacterium that is a common inhabitant of the human gastrointestinal and
genitourinary tracts. GBS was considered a commensal organism until the late 1930s, when
severe infections affected both parturient women and newborns. By the 1960s, the organism
emerged as a prominent cause of neonatal infections. By the 1970s, GBS surpassed Escherichia
coli as the leading cause of neonatal infections and emerged as an important cause of maternal
infections. Although there has been an increasing incidence of E coli sepsis in very-lowbirthweight infants, GBS remains the leading cause of early-onset neonatal bacterial infections
in the United States.
Approximately 30% of women have asymptomatic GBS colonization at
some time during pregnancy, and about 20% are colonized at the time of
labor. GBS colonization usually is constant but can be transient or
intermittent. Nearly 50% of infants who pass through a colonized birth
canal become colonized. However, only 1% to 2% of colonized infants
develop invasive disease. Although most pregnant women have
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asymptomatic genital tract colonization, GBS can cause clinical
infections in these women including urinary tract infections (2%-4%),
amnionitis, endometritis, sepsis, or rarely, meningitis.
Invasive disease in young infants is categorized according to the time of onset after birth as
early-onset and late-onset disease. Early-onset disease occurs within the first week after birth
(range, 0 to 6 days). Infants become infected as a result of passage through a colonized birth
canal, aspiration of amniotic fluid, ascending infection through ruptured membranes, or very
rarely, hematogenous spread. Maternal GBS colonization is a prerequisite for early-onset
neonatal infections in nearly all cases. Most affected infants become ill within the first 24 hours.
The clinical spectrum involves respiratory distress, apnea, poor perfusion, and shock.
Approximately 75% of cases of GBS infection are early onset. Septicemia occurs in 25% to 40%
of cases, pneumonia in 35% to 55%, and meningitis in 5% to 10%. The mortality rate is 4% to
6% and is higher in preterm infants.
Late-onset disease typically occurs at 3 to 4 weeks after birth (range, 7 days to 3 months). Term
and preterm infants are equally susceptible. Late-onset GBS disease frequently presents with
bacteremia or meningitis. Focal infections such as osteomyelitis, septic arthritis, and cellulitis
occur less commonly but are typical of late-onset disease.Unlike early-onset disease, which is
transmitted vertically in most cases, transmission of late-onset disease is horizontal. Infants
acquire the organism in the hospital or the community as well as horizontally from a colonized
mother.
In the early 1980s, clinical trials demonstrated that administering antibiotics during labor to
women at risk of transmitting GBS to their newborns could prevent invasive disease in the first
week of life (ie, early-onset disease). These trials were the basis for the Centers for Disease
Control and Prevention (CDC) recommendations for intrapartum antibiotic prophylaxis (IAP) to
prevent perinatal GBS disease. The introduction of the first national consensus risk factor–
based guidelines in 1996 led to a 70% decline in the rate of early-onset GBS disease. In 2002,
new national guidelines were released based on evidence that the screening-based strategy was
superior to a risk factor–based strategy for preventing GBS infections in the neonate. CDC data
from 2004 showed a further decline in the incidence of early-onset GBS infection to 0.34 cases
per 1,000 live births. This surpasses the Healthy People 2010 objective of a reduction in the
incidence of early-onset disease to 0.5 cases per 1,000 live births for all races.
Although IAP has decreased the incidence of early-onset disease, it has not changed the
clinical spectrum of neonatal illness or caused a delay in the onset of clinical signs among
infants who get infected despite prophylaxis. IAP has also resulted in a decrease in the
incidence of invasive GBS infections (amnionitis and endometritis) among pregnant women by
21%. In contrast, the rate of late-onset neonatal GBS disease has remained fairly constant after
the institution of IAP, suggesting that this intervention is not effective against late-onset
disease. The use of IAP for the prevention of perinatal GBS disease has not been associated
with the emergence of GBS isolates resistant to penicillin or ampicillin.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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A 2.9-kg term newborn male infant is admitted to the neonatal intensive care unit for respiratory
distress and cyanosis. Pregnancy was marked by lack of prenatal care. Delivery was vaginal
and spontaneous. There was no meconium staining of the amniotic fluid. Apgar scores were 8
and 8 at 1 and 5 minutes, respectively. A chest radiograph obtained shortly after admission is
depicted in Figure 1.
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Oxygen saturation probes located on his right hand and right foot reveal readings of 93% and
81%, respectively.
Of the following, the MOST likely diagnosis for the infant in the vignette is:
congenital cystic adenomatoid malformation
congenital diaphragmatic hernia
neuroblastoma
pulmonary sequestration
tension pneumothorax

You selected

, the correct answer is

.
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(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

The radiographic findings in the infant in this vignette are consistent with the diagnosis of
congenital cystic adenomatoid malformation (CCAM). CCAM is a hamartomatous lesion
composed of cystic and adenomatous overgrowth of terminal bronchioles that is thought to
result from failure of normal bronchoalveolar differentiation during the pseudoglandular stage of
lung development. The different types of CCAMs are thought to originate at different levels of
the tracheobronchial tree.
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1. Type I CCAM contains one or more cysts measuring more than 2 cm in diameter,
surrounded by multiple smaller cysts. The cysts are lined by ciliated columnar epithelium
and their walls contain abundant elastic tissue. Type I CCAM is the most common type,
constituting approximately 70% of cases.
2. Type II CCAM contains cysts measuring up to 2 cm in diameter. These cysts are lined by
cuboidal or columnar epithelium and resemble dilated bronchioles.
3. Type III CCAM usually contains cysts less than 0.5 cm in diameter and are lined by
cuboidal epithelium.
Blood flow to CCAMs originates from the pulmonary arterial circulation.
The presentation of CCAM is variable. Many of these lesions are
identified on routine prenatal ultrasonography. Other CCAMs are
identified on chest radiographs obtained because of clinical symptoms
or as incidental findings in asymptomatic infants who have chest images
taken for other reasons. In general, the likelihood of respiratory distress
and its severity increases with the size of the lesion. Typical signs
include tachypnea, increased respiratory effort with grunting and
retractions, and cyanosis. Air trapping caused by restrictive connections
to the tracheobronchial tree and expansion of cysts may lead to progressive worsening of
respiratory distress. Large lesions can compromise alveolar growth and development by
compressing adjacent normal tissue; single or multiple large cysts can result in lung hypoplasia
and concomitant persistent pulmonary hypertension of the newborn. Large CCAMs that shift the
mediastinum may obstruct the inferior vena cava and compress the heart, resulting in an
increase in central venous pressure and hydrops (Figure 1).
Figure 1: Congenital cystic adenomatoid malformation

Congenital diaphragmatic hernia (CDH) is a developmental defect in the diaphragm that allows
abdominal viscera to herniate into the chest (Figure 2).
Figure 2: Congenital diaphragmatic hernia

Affected neonates usually present during the first few hours after birth with respiratory distress
that may be mild or so severe as to be incompatible with life. During embryogenesis, the
diaphragm develops anteriorly as a septum between the heart and liver. The final closure
occurs at the left foramen of Bochdalek between 8 and 10 weeks of gestation. At 10 weeks, the
bowel returns from the yolk sac to the abdominal cavity. If the bowel enters the abdominal
cavity before the foramen close, herniation of abdominal contents into the thorax may occur.
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Because the herniation coincides with critical periods of lung development, lung compression
by the herniated bowel results in pulmonary hypoplasia. In most cases of CDH, herniation
occurs on the left. Right-sided diaphragmatic hernia occurs in 11% and bilateral herniation in
2% of cases (Figure 2).
Neuroblastomas are derived from undifferentiated neural crest cells that differentiate into the
sympathetic nervous system. The primary locations of neuroblastoma correspond to the
locations of the sympathetic chain: adrenal medulla, retroperitoneum, pelvis, mediastinum, or
extracranial craniofacial space. Children with thoracic tumors (14% of cases) may have an
abnormal mediastinal mass on incidental chest radiography, or present with dysphagia, cough,
and respiratory distress. The mass is solid, not cystic, and located close to the mediastinum
(Figure 3).
Figure 3: Neuroblastoma

Pulmonary sequestration (PS) is defined as an area of nonfunctioning lung tissue that receives
its blood supply from the systemic circulation and does not communicate with the
tracheobronchial tree. Two classic forms of PS have been described: extralobar (ELPS) and
intralobar (ILPS). ELPS is an entirely separate segment of lung tissue and typically found in the
costophrenic sulcus of the left side of the chest. ELPS may also be located in the mediastinum,
pericardium, or within or below the diaphragm. ILPS accounts for 75% of PS and are usually
located in the posterobasal portion of the lower lobes. Infants may present with symptoms
determined by the location of the sequestration, such as respiratory distress or feeding
difficulties, or ILPS may be detected as an incidental prenatal or postnatal imaging finding. On
chest radiograph, pulmonary sequestration usually appears as a well-defined, solid, retrocardiac
mass in the cardiophrenic angle (Figure 4).
Figure 4: Pulmonary sequestration

A tension pneumothorax results from any lung parenchymal or bronchial injury that acts as a
one-way valve. Air moves into the pleural space but cannot exit. As pressure within the
intrapleural space builds, the heart and mediastinal structures are pushed to the contralateral
side. The mediastinum impinges on and compresses the contralateral lung. Hypoxia results
because collapse of the lung on the affected side and compression of the lung on the
contralateral side compromise gas exchange. Clinical symptoms include tachypnea, grunting,
pallor, or cyanosis. In unilateral pneumothorax, the mediastinum may be shifted away from the
affected side, and breath sounds may be diminished compared with the affected side. A large
tension pneumothorax is readily diagnosed by the presence of air in the pleural cavity
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separating the parietal and visceral pleura, collapse of the ipsilateral lobes, displacement of the
mediastinum to the contralateral side, and flattening of the diaphragm (Figure 5).
Figure 5: Tension pneumothorax
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American Board of Pediatrics Content Specification(s):
Understand the stages of normal and abnormal cellular development of all components of the
lung
Recognize the clinical features of extrapulmonary causes of respiratory distress, including
diaphragmatic hernia, diaphragmatic paralysis, and cord transection
Recognize the clinical features of congenital malformations of the lung, including congenital
pulmonary lymphangiectasia, the cystic lung diseases such as congenital lobar emphysema,
cystic adenomatoid malformation, and mediastinal tumors
Recognize the radiographic features of congenital malformations of the lung, including
congenital pulmonary lymphangiectasia, the cystic lung diseases such as congenital lobar
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emphysema, cystic adenomatoid malformation, and mediastinal tumors
Understand the pathophysiology of air leaks
Recognize the radiographic features of air leaks
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A 26-week-gestation premature female infant is born after spontaneous labor and rupture of
membranes. Her mother was healthy before the onset of labor and had no history of a thyroid
disorder. The birthweight was 900 g. The infant had respiratory distress that was treated with
three doses of surfactant and severe hypotension that was treated with dopamine and
hydrocortisone. She was supported with assisted ventilation for the first 10 days and had
persistent oxygen dependency. She was treated for suspected pneumonia and/or sepsis. A state
screening test conducted at 3 days of age and before any transfusion reveals a thyroxine (T 4 )
concentration of 2.8 µg/dL (36 nmol/L), just below the normal range for age, and a normal
thyroid-stimulating hormone (TSH) concentration of 19 mIU/L. Confirmatory serum studies are
ordered, including T4 and free thyroxine (FT 4 ). The FT4 concentration was in the low-normal
range.
Of the following, the MOST appropriate management plan at this time would be to:
follow clinically; no need to recheck values if no signs or symptoms
initiate L-thyroxine treatment and continue for life
initiate L-thyroxine treatment; discontinue in 3 years
recheck TSH at 2 weeks and 6 weeks; if TSH becomes abnormal, treat
recheck TSH in 2 weeks; if TSH still normal, no further testing needed
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.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
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Congenital hypothyroidism occurs in 1 in 3,000 to 1 in 4,000 newborn infants. It is either
primary, when it involves a disorder of the thyroid gland itself (malformation or inborn error of
thyroid synthesis), or secondary, involving a disorder of thyrotropin (TSH) production or release
(central). The primary form occurs more frequently and is usually associated with elevated
serum TSH values soon after birth. The latter is usually accompanied by other pituitary
hormone deficiencies.
Most infants with an initially low thyroxine (T 4 ) and normal TSH
concentration have a normal free thyroxine (FT 4 ) concentration and
subsequent thyroid function test results are normal. Some experts have
suggested following them clinically for signs of hypothyroidism.
However, some of these infants have true hypothyroidism, which will
result in irreversible mental retardation; therefore, the preferred
management is to repeat laboratory studies until the infant is clearly
hypothyroid (elevated TSH) or is at least 6 weeks old, because the delay
in TSH elevation may persist until then. L-thyroxine therapy should not be started for a low T4
value during significant illness because these low values may represent the euthyroid sick
syndrome, in which case thyroxine treatment may be harmful.
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Some infants with normal TSH but low T4 values may have true thyroid insufficiency. This
profile is seen in 3% to 5% of newborn infants. The pattern may result from hypothalamic
immaturity and is most commonly seen among preterm infants. Low T4 with normal TSH may
also occur in central hypothyroidism (1 in 25,000 to 1 in 50,000 newborn infants) or with true
primary hypothyroidism and delayed TSH elevation (1 in 100,000 newborns, but more prevalent
among very-low-birthweight infants).
Primary congenital hypothyroidism with delay in TSH elevation also can be seen in infants who
have significant illnesses that are often associated with exposure to exogenous iodine (from
povidone antiseptic or intravenous contrast solutions), glucocorticosteroids, dopamine, and/or
antibiotics. The duration of the delay in TSH elevation has been reported to vary from 11 to 176
days among very-low-birthweight infants, but rarely exceeds 6 weeks. Among term infants with
delayed TSH increase, the delay varied from 3 to 94 days and congenital heart disease is more
common than otherwise expected. Once the TSH rises, L-thyroxine replacement therapy is
recommended.
If T4 , FT4 , and TSH concentrations are all low, then central or secondary hypothyroidism should
be considered. Isolated TSH-releasing hormone deficiency may cause low-normal T4 and low or
normal TSH concentrations. Central hypothyroidism has been reported in association with
severe birth trauma or asphyxia, often with other pituitary hormone deficiencies.
A few infants with abnormal screening values will have true transient hypothyroidism. These
infants have transient elevation of TSH, unlike the infant in the vignette, and will have normal
serum T4 and TSH concentrations later. This condition occurs in 1 in 50,000 newborns in North
America. It also is more common in premature infants but can occur in apparently healthy term
infants. This condition can be caused by intrauterine exposure to antithyroid medications,
maternal antibodies to thyrotropin receptors, abnormal thyrotropin receptors (mutations), iodine
deficiency during pregnancy, or recent exposure to excess iodides. These causes can be
identified by obtaining an appropriate history.
Because transient hypothyroidism can interfere with brain development, this condition requires
thyroid replacement therapy. To help decide whether the condition is transient or permanent, the
thyroid medication can be stopped for at least a month after the third birthday. This will not
interfere with long-term neurodevelopment and should help the clinician decide whether it is
necessary to continue replacement therapy.
Do you want to add anything to your Learning Plan?
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Understand the causes of transient hypothyroidism in the neonate
Understand the proper use of laboratory tests (including screening tests) in the diagnosis of
thyroid dysfunction
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A 24-day-old preterm infant who was born at a gestational age of 25 weeks is receiving nasal
continuous positive airway pressure with a fraction of inspired oxygen of 0.3. She has had
ligation of patent ductus arteriosus in the past. Findings of her cranial ultrasonography have been
normal. She has been tolerating enteral feeds supplemented with parenteral nutrition. She
develops frequent episodes of apnea associated with bradycardia. A complete blood count shows
leukocytosis with left shift and a normal hematocrit. A blood culture is positive for Pseudomonas
aeruginosa. Ceftazidime and tobramycin are started. Concern is raised about potential ototoxicity
of tobramycin.
Of the following, the MOST accurate statement about tobramycin ototoxicity is that:
auditory brainstem response is the most sensitive technique
hearing loss affects low frequencies initially
hearing loss is generally reversible
hearing loss is more likely in the presence of mitochondrial DNA mutation
tobramycin is the least ototoxic of all aminoglycosides
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Aminoglycosides are among the most frequently used antibiotics in neonates. All consist of a
six-membered ring that has amino group constituents linked by glycosidic bonds to two or more
sugars. The commonly used aminoglycosides—gentamicin, tobramycin, netilmicin, and amikacin
—differ in the number and type of sugars linked at various places on the aminocyclitol ring. All
are highly active against most aerobic gram-negative bacteria. Tobramycin is most active against
Pseudomonas species, and amikacin usually is reserved for treatment of organisms such as
Serratia species that are resistant to other aminoglycosides.
Vestibular and auditory dysfunction can follow the administration of any
of the aminoglycosides. Progressive accumulation of these drugs is seen
in the perilymph and endolymph of the inner ear when concentrations in
plasma are high. Diffusion back into the bloodstream is slow with halflives of the aminoglycosides being five to six times longer in the otic fluid
than in plasma. Back-diffusion is concentration dependent and is
facilitated at the trough concentration of drug in plasma. Therefore,
ototoxicity is more likely to occur in patients with persistently elevated
concentrations of drug in plasma. However, temporary cochlear
dysfunction has been reported after a single dose of tobramycin when the concentration in
plasma is at its peak.
Ototoxicity is largely irreversible and results from progressive destruction of vestibular or
cochlear sensory cells, which are highly sensitive to damage by aminoglycosides. It is speculated
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that aminoglycosides interfere with the active transport system essential for the maintenance of
the ionic balance of the endolymph. This leads to impairment of electrical activity and nerve
conduction and eventually irreversible damage to the hair cells. With increasing dosage and
duration of exposure, damage progresses from the base of the cochlea, where high-frequency
sounds are processed, to the apex, which is necessary for the perception of low frequencies.
Once sensory cells are lost, regeneration does not occur; retrograde degeneration of the auditory
nerve follows, resulting in irreversible hearing loss. The degree of permanent dysfunction
correlates with the number of destroyed or altered sensory hair cells and is related to sustained
exposure to the drug. Repeated courses of aminoglycosides may lead to hearing impairment.
Drugs such as ethacrynic acid and furosemide potentiate the ototoxic effects of the
aminoglycosides in animals; data implicating furosemide in humans are less convincing.
Although all aminoglycosides are capable of affecting cochlear and vestibular function, some
preferential toxicity is evident. Streptomycin and gentamicin produce predominantly vestibular
effects, whereas amikacin, kanamycin, and neomycin primarily affect auditory function;
tobramycin affects both equally. Data from audiometry suggest that the incidence of hearing
impairment may be as high as 25% and appears to be equal for tobramycin, gentamicin, and
amikacin. Netilmicin is less ototoxic than other aminoglycosides, with 10% of patients developing
ototoxicity.
Hearing loss caused by aminoglycosides occurs initially in the high frequencies, therefore
conventional pure-tone audiometry is an insensitive measure; it only can detect later-onset
hearing loss in the speech (mid to low) frequencies. Auditory brainstem responses (ABRs) are
much better at detecting high-frequency losses. Transient evoked otoacoustic emissions (TEOAE)
are a more sensitive measure of aminoglycoside-induced outer hair cell dysfunction in the
cochlea.

Do you want to add anything to your Learning Plan?
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American Board of Pediatrics Content Specification(s):
Know the prenatal, perinatal, and neonatal risk factors associated with hearing impairment
Understand the methods employed to screen and evaluate hearing in newborns, including
auditory brainstem responses and otoacoustic emissions
For antibiotics used commonly in the neonate, know indications for their use, pharmacokinetics,
side effects, and toxicity
Know the treatment of pseudomonas aeruginosa
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A 12-week-old male infant, whose birthweight was 636 g and estimated gestational age at birth
was 24 weeks, has a swelling in the right thigh. Physical examination reveals tenderness to
touch, paucity of movement of right lower limb, and slight erythema of the skin. Prior clinical
course is characterized by the development of bronchopulmonary dysplasia, chronic treatment
with furosemide, and multiple episodes of feeding intolerance with need for prolonged
parenteral nutrition. Family history is negative for inherited bone disease.
Laboratory serum data reveal:
total calcium 9.6 mg/dL (2.4 mmol/L)
ionized calcium 4.8 mg/dL (1.2 mmol/L)
phosphorus 3.4 mg/dL (1.1 mmol/L)
alkaline phosphatase 962 U/L (16 µkat/L)
25-hydroxyvitamin D 32 ng/mL (80 mmol/L)
parathyroid hormone 35 pg/mL (35 ng/L)
A radiograph of the right lower limb reveals fracture of the femur (Figure 1).
Figure 1: Fracture of right femur

To understand the pathophysiology of bone disease in this infant, you analyze the biochemical
markers of bone turnover (bone formation and bone resorption).
Of the following, the MOST sensitive and specific biochemical marker of bone formation is:
collagen pyridinium crosslinks
hydroxyproline
osteocalcin
procollagen I carboxy-terminal propeptide
tartrate-resistant acid phophatase
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The infant in this vignette has fracture of the right femur. Increased fragility of bones is the
likely cause of this fracture, which might have occurred spontaneously or with handling of the
infant during care. In the absence of family history of bone disease, the likely cause of
increased fragility of bones in this infant is osteopenia and/or osteomalacia. These bone
abnormalities are associated with the following:
Extremely preterm infants with bronchopulmonary dysplasia
Treatment with drugs such as furosemide and corticosteroids
Deficient supply of minerals and vitamins
Gastrointestinal malabsorption of nutrients
Chronic liver disease with cholestasis
Prolonged immobilization
Parenteral nutrition–related toxicity from trace metals such as aluminum
The laboratory data in the infant in this vignette are consistent with hypophosphatemia. The
elevated serum alkaline phosphatase concentration is indicative of, but not specific for,
increased bone turnover.
Bone is a dynamic tissue; its formation and resorption are continuous
processes that account for its constant turnover and remodeling. Bone
formation is largely driven by osteoblasts, whereas bone resorption is
mostly performed by osteoclasts. The osteoblasts, derived from
mesenchymal precursor cells, function to synthesize the organic matrix
of the bone (osteoid). Approximately 90% to 95% of the osteoid is
composed of type I collagen. The incorporation of minerals (calcium,
phosphorus, and others) into the osteoid accounts for mineralization of
the bone. Normally, the inorganic mineral phase of the bone makes up
about two thirds of the weight of the bone. The osteoclasts, derived from hematopoietic
precursors of mononuclear phagocyte lineage, function to resorb the organic matrix of the
bone.
The term osteopenia refers to a decreased amount of bone tissue. Structurally, osteopenia is
characterized by decreased thickness of the bone cortex and/or decreased thickness or number
of the bone trabeculae. Osteopenia is caused by either insufficient deposition or increased
resorption of the organic bone matrix. The term osteomalacia refers to a decreased
incorporation of minerals into the organic bone matrix. Functionally, osteomalacia is
characterized by decreased bone mineral density and resultant increased fragility of the bone.
Bone matrix proteins or enzymes synthesized by osteoblasts or osteoclasts as well as
osteoclast-generated degradation products of bone matrix serve as useful biochemical markers
of bone formation and bone resorption. The concentrations of these markers in blood or urine
depend on the amount of marker secreted during bone formation or released during bone
resorption, on the peripheral metabolism of the marker, and on other biologic factors such as
circadian variation. The usefulness of each marker depends on its specificity for bone and on
the precision of its assay. Currently these markers are used in investigational settings and are
not generally available to clinicians.
The most sensitive and specific biochemical marker of bone formation is osteocalcin.
Osteocalcin, a gamma-carboxy-glutamic acid (GLA)–containing protein, also referred to as bone
GLA protein, is synthesized and secreted by osteoblasts. The secretion of osteocalcin from its
precursor, pro-osteocalcin, requires gamma-carboxylation under the influence of vitamin K.
Circulating osteocalcin is metabolized mainly in kidneys and excreted in the urine. The serum
concentration of osteocalcin correlates with both static and dynamic parameters of bone
formation.
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Procollagen I carboxy-terminal propeptide (PICP) is a soluble, trimeric, globular protein.
Following its release into the circulation as type I collagen, it is assembled into fibers in the
organic bone matrix. Although most type I collagen is found in the bone, it is not specific for
bone, because significant amounts are found in soft tissue. Also, the current immunoassay for
the measurement of PICP may not be optimal. Thus, the serum concentration of PICP does not
have the specificity or the sensitivity to be a useful marker of bone formation.
Collagen pyridinium crosslinks are markers of bone resorption. These crosslinks are derived
from complex amino acids, pyridinoline and deoxypyridinoline, which are generated from
hydroxylysine and lysine during posttranslational modification of collagen. These crosslinks are
released into circulation during resorption of the organic bone matrix and are excreted
unchanged in the urine. Thus, this marker of bone resorption is assessed by its urinary
excretion rather than by its circulating concentration.
Hydroxyproline is a product of posttranslational hydroxylation of proline in the procollagen
moiety. Because hydroxyproline is not reused in the synthesis of collagen, measurement of its
excretion in the urine provides a measure of bone resorption. However, hydroxyproline is not
specific for bone; it is a constituent of different types of collagen in other tissues. Also,
hydroxyproline is influenced by dietary protein. For these reasons, measurement of urinary
hydroxyproline is a poor marker of bone resorption.
Acid phosphatase is a lysosomal enzyme localized in bone, prostate, platelets, erythrocytes, and
spleen. The bone acid phosphatase is resistant to inhibition by tartrate. This tartrate-resistant
acid phophatase (TRAP) is present in osteoclasts and thus is a potential marker of bone
resorption. However, the drawbacks of serum TRAP include its lack of specificity for bone,
instability in frozen samples, chelation with calcium, and degradation by other enzymes. For
these reasons, the usefulness of this marker in the assessment of bone turnover is
questionable.
Do you want to add anything to your Learning Plan?
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American Board of Pediatrics Content Specification(s):
Recognize the relationship between the calcium and phosphorus content of parenteral nutrition
solutions and osteopenia
Understand the etiology, clinical manifestation, radiographic features, and approach to
treatment of osteopenia of prematurity
Understand the clinical and laboratory manifestations of deficiencies of fat-soluble vitamins
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A pediatrician asks you to examine an infant with dysmorphic features. Prominent features you
note in his examination include a beaked nose, broadened thumbs and great toes, maxillary
hypoplasia, and cryptorchidism, leading to a diagnosis of Rubinstein-Taybi syndrome. You are
asked to counsel the family regarding this condition and the child's future course.
Of the following, the feature MOST consistent with Rubinstein-Taybi syndrome in later life is:
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mental retardation
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, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Rubinstein-Taybi syndrome (RTS) was first described in 1963 and has an incidence of 1 in
100,000 to 125,000 births. The Table describes the common clinical manifestations of children
with RTS.
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* From Hennekam RC. Rubinstein-Taybi syndrome. Eur J Hum Genet. 2006:14:981-985, and
Jones KL. Smith's Recognizable Patterns of Human Malformation. 6 th ed. Philadelphia, PA:
Elsevier Saunders; 2006:88-91
In the neonatal period, the features most typical of RTS are broad great toes (100%), broad
thumbs with radial angulation (87%), and other broad fingers (87%).
Infants with RTS also have distinctive facial features, including:
Beaked nose with or without nasal septum extending below the alae nasi (90%)
Downward slanting palpebral fissures (88%)
High-arched eyebrows (73%)
Hypoplastic maxilla with narrow palate (100%)
Long eyelashes (87%)
Malpositioned ears with dysplastic helices (84%)
Although infants may have heavy eyebrows (76%), this feature is usually
apparent after the neonatal period and it is not associated with
synophris, which is a common clinical manifestation in infants with
Cornelia de Lange syndrome. Cryptorchidism occurs in approximately
78% of male infants with RTS. Other physical findings may include the
following: eye anomalies (nasolacrimal duct obstruction, ptosis,
glaucoma, strabismus, and refractive error), congenital heart defects
(patent ductus arteriosus and ventricular or atrial septal defect), joint
hypermobility, and skin anomalies (hirsutism, nevus flammeus, and
keloid formation). Most infants with RTS have developmental delay in reaching common
milestones, including: crawling, 15 months; sitting up, 11 months; walking, 30 months; speaking
first word, 25 months; and being toilet trained, 62 months. While most children with RTS can
read at 6 years of age or older, most are unable to progress passed a first-grade level. Children
with RTS have an intelligence quotient (IQ) in the range of 30 to 79, with half of all affected
patients having an IQ less than 50. Despite this cognitive delay, children display excellent social
skills. Hearing impairment has not been a consistent feature in RTS. Death during childhood is
unusual, and most commonly is related to congenital heart disease.
Respiratory infections (51%) and feeding difficulties (80%) are frequent problems in infancy, and
cardiac symptoms may affect one-third of the infants. In later childhood, children with RTS
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demonstrate speech difficulties (90%) and a stiff, unsteady gait (85%), prompting speech and
physical therapy. Postnatal growth deficiency is common, with adults having an average height
of 147 to 153 cm and an average weight of 48 to 55 kg. This is associated with osseus
immaturity (74%). Children with RTS may be at higher risk for tumors, mainly brain tumors and
leukemia, usually before 15 years of age.
Rubinstein-Taybi syndrome is generally sporadic and the diagnosis can be confirmed with
cytogenetic and molecular testing in half of all cases. Some patients may have a
submicroscopic deletion involving chromosome band 16p13.3. This site corresponds to the
genomic region encoding cyclic adenosine monophosphate response element binding protein
(CREB). Other infants may have 1 of 92 possible mutations in the CREB-binding protein (CBP).
Mutations in p300, a homolog of CBP, have also been found in patients with RTS.
Parents of a child with RTS should be counseled that there is an empirical recurrence risk of
0.1%. If a person with RTS has a child, the recurrence risk could be as high as 50%. In either
situation, reliable prenatal diagnosis is possible if a cytogenetic or molecular abnormality has
been detected. Families should be counseled about specific resources, including a support
group available at http://www.rubinstein-taybi.org.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Recognize the clinical features of syndromes, such as Waardenburg, Treacher Collins, Cornelia
de Lange, Mobius, Vater, Rubenstein-Taybi, Beckwith, etc
Recognize the clinical features of the Rubenstein-Taybi syndrome
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A child is born at term to a mother who had an episode of fever, fatigue, and lymphadenopathy
in the third trimester. The child's first examination reveals hepatosplenomegaly. You suspect
cytomegalovirus infection, and as you prepare to discuss the implications of splenic
enlargement, you review the anatomic features of the spleen.
Of the following, the anatomic feature of the spleen MOST important to its immunologic
functions is (are)
bursa of Fabricius
cords of Billroth
malpighian bodies
properdin
sequestered erythrocytes
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, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Galen thought of the spleen as the seat of depression (melancholia, “black bile”) and bodily
worry (hypochondria, “under the ribs”). We now ascribe these functions to another organ, and
think of the spleen instead as having sundry hematologic and immunologic functions. Of the
items listed in the vignette, the malpighian bodies are the most important for the immunologic
functions of the spleen, because these bodies represent centers of B-cell activity. The cords of
Billroth are part of the erythrocyte-processing function of the spleen and have little effect on
immunity. Properdin is part of the innate immune system, but is mainly manufactured in the
liver. Erythrocytes are not sequestered in healthy humans, and their sequestration in disease
states is a mechanical problem, not an immune function. The bursa of Fabricius is found in
birds and not in primates.
The spleen is the largest lymph node in the body, weighing on average
11 g in the term newborn and 150 g in the adult, but it has been reported
to reach 9 kg in some cases of malaria. It receives 6% of the cardiac
output despite being only 0.3% of the body's weight. Its structure
reflects its main function of filtering the blood through the mononuclearphagocyte system (MPS): the white pulp filters the plasma, the red pulp
filters the erythrocytes.
The white pulp preferentially skims the plasma from the blood using
arterioles branching at right angles from the arteries, leaving the rest of the red cell–rich blood
to pass on to the pulp cords in the red pulp (Figure 1).
Figure 1
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Adapted from Henry and Longo (2001).
The white pulp comprises T cells, B cells, monocytes, and macrophages that process foreign
antigens and mount an immune response as needed. The primary follicles are centers of B-cell
activity. Activated B cells can form a germinal center and enlarge the follicle into a secondary
follicle, or malpighian body, which can reach a size of 1 mm.
The pulp cords, or cords of Billroth, slow the passage of erythrocytes (7-9 µm diameter) by
allowing egress only through small slits (1-5 µm) in the basement membrane, into the pulp
sinuses, and on to the splenic venous system. This extra time in the pulp cords allows the MPS
to remove aged or abnormal erythrocytes that do not readily deform to pass through the slits.
The MPS also removes abnormalities in the erythrocyte, such as Howell-Jolly bodies (nuclear
remnants) and Heinz bodies (denatured hemoglobin).
Enlargement of the spleen can be caused by hyperplasia of the MPS, erythrocyte abnormalities,
and several other factors (Table).
Table. Selected Causes of Splenomegaly
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CMV = cytomegalovirus; EBV = Epstein-Barr virus; HIV = human immunodeficiency virus; MPS=
mononuclear-phagocyte system; PV = portal vein.
Adapted from Sills (2006).
The bursa of Fabricius is the organ in which lymphocytes mature into B cells. It is found
adjacent to the cloaca in birds. The bursa-equivalent in humans is the bone marrow.
Properdin, also called factor P, is a beta-globulin of molecular weight 53 kD (when monomeric)
involved in the initiation of the alternate complement pathway, also called the properdin
pathway. Although properdin is important for innate immunity, it is mostly of hepatic origin.
Erythrocytes are not sequestered in the spleen of healthy humans, as they are in horses and
dogs. The unhealthy human spleen, as during a sequestration crisis brought on by malaria or
sickle-cell disease, can become engorged when the decreased deformability of the cells
prevents them from passing through the 1- to 5-µm slits in the membranes between the pulp
cords and the pulp sinuses.
Platelets, however, are held in storage in the healthy human spleen, and administration of
adrenalin can cause contraction of the splenic capsule and release of enough platelets to
increase the platelet count by 50%.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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2006:1717-1724
American Board of Pediatrics Content Specification(s):
Understand the role of the spleen in normal and abnormal states
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Bronchopulmonary dysplasia frequently complicates the course of extremely preterm infants
and is associated with neurodevelopmental morbidity. You have met with a 28-year-old
primigravida woman and her husband several times to answer questions about prematurity and
potential complications while she was being treated for preterm labor. She is at 25 weeks'
gestation. The couple asks you what interventions can prevent or treat some of the
complications associated with prematurity, especially those associated with developmental
disabilities, such as bronchopulmonary dysplasia and intraventricular hemorrhage.
Of the following, the intervention MOST conclusively proven to reduce the incidence of
bronchopulmonary dysplasia is:
antenatal corticosteroids
high-frequency jet ventilation
permissive hypercapnea
surfactant
vitamin A
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, the correct answer is
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Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

Bronchopulmonary dysplasia (BPD), also termed chronic lung disease, occurs in about 60% of
infants born weighing less than 1,250 g. If mechanical ventilation is needed, the incidence of
BPD may be as high as 80%. The pathobiology may include a complex array of interrelated
factors such as pulmonary immaturity, surfactant deficiency, prenatal and postnatal infection,
oxygen toxicity, ventilator-associated trauma, genetic predisposition, underdeveloped
antioxidant defenses, nutritional deficits, and impaired wound healing. BPD is a significant
problem because it is associated with postnatal growth failure, chronic pulmonary dysfunction,
and developmental disabilities. Therefore, efforts to reduce the incidence of BPD continue to be
the focus of intense investigation.
Vitamin A has been conclusively determined to reduce the incidence of
BPD in infants born weighing less than 1,000 g. Vitamin A is biologically
important for growth and differentiation of epithelial cells. Deficiency of
vitamin A and of retinol-binding protein, which occur in extremely lowbirthweight infants, is associated with long-term respiratory morbidity.
The underlying pathogenic factors responsible for BPD in vitamin A–
deficient infants include impaired pulmonary mucus clearance, abnormal
water balance across the tracheobronchial epithelium, loss of cilia,
abnormal wound healing, and reduced airway distensibility. A metaanalysis of several large, randomized trials of intramuscular vitamin A supplementation (5,000 IU
three times per week for 4 weeks) revealed a small (7%), but real reduction in the requirement
for supplemental oxygen at 36 weeks' postmenstrual age (relative risk [RR] = 0.87; 95%
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confidence interval [CI] = 0.77-0.99; number needed to treat [NNT] = 15]. The incidence of BPD
(55%), however, remained high in vitamin A–treated patients.
Antenatal steroids have been proven to reduce mortality (RR = 0.62; 95% CI = 0.51-0.77; NNT =
23], respiratory distress syndrome (RR = 0.65; 95% CI = 0.47-0.75; NNT = 12), and surfactant use
in preterm infants (RR = 0.45; 95% CI = 0.22-0.93; NNT = 9). The incidence of BPD has not been
reduced with the use of antenatal steroids.
High-frequency ventilation, continuous positive airway pressure, other modes of mechanical
ventilation (such as volume-controlled ventilation), respiratory management strategies (such as
permissive hypercapnea and gentle ventilation) and inhaled nitric oxide have not been clearly
established to reduce the risk of BPD in susceptible infants. High-frequency jet ventilation,
when used as the primary mode of mechanical ventilation, has been found to be promising as a
mode of ventilation that may reduce the incidence of BPD. In a meta-analysis of two small
studies, prophylactic high-frequency jet ventilation reduced the risk of BPD (RR = 0.59; 95% CI
= 0.35-0.99). However, only 84 infants and 2 trials were included in the meta-analysis, raising
concern about overinterpretation of results.
A permissive hypercapnea ventilator management strategy has been hypothesized to reduce the
risk of lung injury caused by the volutrauma and barotrauma that contribute to the
pathogenesis of BPD. Randomized, controlled trials comparing a permissive hypercapnea
strategy to a normocarbia strategy have not demonstrated a significant reduction in the risk of
BPD. Post hoc analysis of the largest trial to date found that ventilator support was significantly
reduced at 36 weeks' postmenstrual age in the hypercapnea group (1% vs 16%, P<.01).
However, post hoc analysis is considered a hypothesis-generating exercise and results are
most appropriately viewed as unproven because the analysis is not powered to answer the
specific question.
Inhaled nitric oxide is a promising treatment that has been found to reduce the incidence of
BPD in several randomized trials of preterm infants with respiratory distress syndrome, two of
which included multiple institutions. Because the trials were designed differently, assessed
short-term outcomes, and had minimal effect on the incidence of BPD, additional research is
needed to prove efficacy, determine the specific populations of infants that benefit, and
understand the short- and long-term risk-to-benefit ratios. Inhaled nitric oxide was not one of
the possible answers in this question.
Surfactant treatment, both prophylactic and therapeutic, is associated with significant
improvement in survival, the incidence of respiratory distress syndrome, respiratory morbidity
(such as pneumothorax and pulmonary interstitial emphysema), and the composite outcome of
BPD or death. Surfactant replacement treatment has not reduced the incidence of BPD alone in
preterm infants at less than 30 weeks' gestation.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Understand that the requirements for vitamins in newborn infants, and the difference between
the preterm infant and the full-term infant
Know the medications, indications for, and complications of drugs used to enhance fetal lung
maturity
Understand the prevention of bronchopulmonary dysplasia, chronic lung disease
Understand the management of bronchopulmonary dysplasia/chronic lung disease
Understand the prevention of respiratory distress syndrome
Understand the risks and effects of high-frequency ventilation
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An elderly primiparous woman with no prenatal care has a vaginal delivery of a child with an
intact omphalocele. The child appears to be full term. She is grunting, retracting, and cyanotic.
No breath sounds can be heard over the right side of the chest, but you hear gurgling sounds.
You secure the airway with an endotracheal tube and provide positive pressure ventilation to
good effect. A chest radiograph confirms the diaphragmatic hernia. You suspect the child has
pentalogy of Cantrell.
Of the following, the finding MOST consistent with the pentalogy of Cantrell is:
absence of manubrium
coarctation of aorta
dysplasia of kidneys
exstrophy of bladder
open foramen of Bochdalek

You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
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The pentalogy of Cantrell comprises omphalocele, a defect of the lower sternum, a defect in the
pericardium, a defect in the anterior diaphragm, and a cardiac defect. A wide variety of cardiac
defects have been associated with the pentalogy, and coarctation of aorta is one of those
defects. Absence of manubrium, the upper part of the sternum, is not characteristic of the
pentalogy. Dysplasia of kidneys is not associated with the pentalogy, but may be associated
with other causes of omphalocele. Exstrophy of the bladder can also be associated with
omphalocele, but not with the pentalogy. Diaphragmatic hernia associated with the pentalogy
involves the anterior foramen of Morgagni, not the posterolateral foramen of Bochdalek.

Omphalocele, also known as exomphalos, occurs in 1.5 to 3 cases per
10,000 births. It is associated with advanced maternal age; trisomy of
chromosomes 13, 14, 15, 18, and 21 (30% of cases); BeckwithWiedemann syndrome (10% of cases); and VACTERL (abnormalities of
vertebrae, anus, cardiovascular tree, trachea, esophagus, renal system,
and limb buds) syndrome. Associated anomalies are seen in up to 70%
of cases, with cardiac defects in up to 50% of cases. The size of the
abdominal defect does not correlate with the existence of other
anomalies. The overall mortality rate of omphalocele is 80% with heart
disease, and it is 10% to 30% without heart disease.
Omphalocele results from the failure of closure of the lateral body folds starting in the fourth
week of development. The intestines migrate into the yolk sack in the sixth week and try to
return to the abdomen in the 10th week. However, if the lateral body folds have failed to form a
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complete abdomen, there is no space for the abdominal return. The intestines then develop with
a covering of amnion.
Treatment at birth includes prevention of damage to the membrane from mechanical
manipulation or drying (Figure 1).
Figure 1: Top, patient at 30 minutes of age. Bottom, bowel bag in use. (From Sheldon [1974].)

If the membrane remains intact through pregnancy and delivery, it can be allowed to slowly
epithelialize over the next few weeks to months. With the presence of some lateral abdominal
wall, a staged surgical closure can be performed.
Most often the failure of lateral body fold development centers on the umbilicus in the
midabdomen, but the failure can sometimes occur above or below the midabdomen. Failure of
lower abdominal closure can associate an omphalocele with bladder exstrophy, cloacal
exstrophy, and epispadias (Figure 2).
Figure 2: Intact omphalocele associated with an exstrophy of the cloaca. (From Wesselhoeft and
Randolf [1969].)
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Failure of upper-abdominal closure results in the pentalogy of Cantrell (Figure 3).
Figure 3: Illustration of surgical findings. Small bowel has herniated through pericardialdiaphragmatic defect into the pericardial cavity (From Toyama [1972].)

All the structures that meet in the upper midabdomen can be affected by incomplete
development: the abdominal wall, the pericardium, the lower part of the sternum, the anterior
diaphragm, and the heart. Various cardiac defects can be seen, including atrial septal defect,
ventricular septal defect, double superior vena cava, tricuspid atresia, coarctation of aorta,
tetralogy of Fallot, transposition of the great arteries, and ectopia cordis.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Understand the embryology and associated anomalies with omphalocele
Understand the clinical manifestations and the differential diagnosis of omphalocele in neonates
Understand the approach to therapy and complications of omphalocele in neonates
Realize the association of major congenital anomalies involving the GI tract with those involving
other organs

http://emb.aap.org/courseprodv2/Index.asp[4/6/2012 12:22:01 PM]

Education Module Learner

Assessment

November 07

Your Score

CME Credit Expired

Page     1 2 3 4 5 6 7 8 9 10    
My Learning Plan

Editorial
NeoPlus
Overview
Board
2007
1

January 07

2

February 07

3

March 07

4

April 07

5

May 07

6

June 07

7

July 07

8

August 07

9

September
07

10 October 07
November
07
December
12
07
11

At the delivery of her first child, a woman received intrapartum prophylaxis for group B
streptococcus (GBS) because of a positive cervical/rectal culture. She delivered by cesarean
section for failure to progress in labor. Her infant did well. During her second pregnancy, she
was seen at 9 weeks' gestation, at which time gestational age was confirmed. Her cervical/rectal
culture is positive for GBS at 35 weeks. Now at 37 weeks, she and her obstetrician discuss
delivery plans and opt to schedule her repeat cesarean delivery at 39 weeks' gestation. The
current status of the guidelines regarding group B streptococcal prophylaxis are reviewed as
the mother inquires about the need for antibiotics.
Of the following, the recommendation MOST consistent with the current guidelines for this
situation is that GBS prophylaxis should be given:
4 hours before repeat cesarean section
in association with labor or with ruptured membranes
in late pregnancy, so it will not be needed during delivery
only for vaginal deliveries, withheld for cesarean deliveries
only if the mother presents with fever or uterine tenderness
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, the correct answer is
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The recommendation most consistent with current guidelines would be for group B
Streptococcus (GBS) prophylaxis to be given if the mother develops labor or has rupture of
membranes. Although maternal fever would also favor GBS prophylaxis, it is not the only
situation for GBS prophylaxis applicable to this vignette.
From the 1960s into the 1970s, GBS emerged as one of the most
prevalent bacterial causes of disease among newborns. Early and late
forms of the disease were described, with the early form being acquired
from the maternal birth canal and often progressing rapidly from minimal
symptoms to death in spite of antibiotic administration. Epidemiologic
studies showed colonization rates of 5% to 25% of pregnant women, and
the number seemed to be increasing. Treatment strategies involving
prophylactic treatment of infants were discouraging, with persistent
infections and fatalities among prophylactically treated infants. In the
mid-1980s, although intrapartum use of ampicillin was documented to interrupt maternal-infant
transmission of GBS and to reduce the incidence of early-onset GBS infections significantly,
late-onset disease was not affected.
In 1996, the first set of consensus guidelines was distributed by the American Academy of
Pediatrics, the American College of Obstetricians and Gynecologists, and the Centers for
Disease Control and Prevention. These guidelines allowed for two strategies for prevention of
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maternal-infant transfer of GBS, one risk-based and the second screening-based. Although
both reduced the rate of infection in infants, the screening-based strategy has proved to be
superior, resulting in modifications to the recommendations to prevent GBS infection in
neonates.
In the initial guidelines, intrapartum antibiotic prophylaxis (IAP) against GBS (using penicillin in
most cases) was recommended for all mothers who were documented to have a positive
cervical/rectal culture for GBS at 35 to 37 weeks' gestation or who met the risk-based criteria at
the onset of labor (<37 weeks' gestation, rupture of membranes >18 hours, or maternal
temperature higher than 38.0ºC [100.4ºF]). In addition, IAP was recommended for mothers who
had a history of urinary tract infection with GBS (culture of GBS from a mid-stream urine
specimen is taken to be a surrogate for high genital colonization), or who had an infant affected
by GBS disease in the past. Within 3 years of the release of the consensus recommendations,
the incidence of early-onset GBS disease dropped by 70%, and the wide gap in incidence
between African-American and Caucasian patients was reduced by 75%.
The risk-based strategy was limited because of the low incidence of risk factors among women
whose infants developed early-onset GBS disease and the need to wait for risk factors to
develop before IAP could begin. Although the strategy of screening at 35 to 37 weeks' gestation
was more costly and resulted in more use of antibiotics, these effects were balanced by its
superiority in preventing early-onset GBS disease. A third strategy, prepartum antibiotics, was
not effective in eradicating GBS, and in many patients, the colonization recurred before delivery
and the infant was exposed.
Both strategies affected GBS-positive women planning to deliver by cesarean section,
especially those scheduled before the onset of labor or rupture of membranes. In this situation,
the risk of GBS sepsis is low and studies suggested that IAP may not be needed in such
circumstances. On the other hand, once labor has begun and especially once the membranes
are ruptured, vertical transmission of cervical organisms is a risk and IAP is recommended.
In summary, the current, revised guidelines recommend the following:
1. The screening approach is recommended over the risk-based strategy, because
screening is 50% more effective in preventing GBS disease.
2. Perform cultures on samples from all pregnant women's cervix/rectum at 35 to 37 weeks'
gestation, unless GBS risk has been documented with a urinary tract infection with GBS
or delivery of a previous infant who had GBS disease.
3. Cesarean delivery before the onset of labor or rupture of membranes needs no IAP.
(Results from culture at 35 to 37 weeks may become useful if labor ensues or if
membranes rupture before surgery is started.)
4. Women presenting in labor without culture results should be treated with the risk-based
approach, ie, use IAP for women presenting before 37 weeks, if rupture of membranes
exceeds 18 hours, or with maternal temperature higher than 38ºC (100.4ºF).
5. Use IAP if the mother's previous child was affected with GBS disease. History of GBS
colonization in a previous pregnancy does not mandate IAP, nor does her being negative
in a previous pregnancy eliminate the need for culture at 35 to 37 weeks in a current
pregnancy.
6. A history of GBS bacteriuria should lead to use of IAP.
7. GBS colonization (without urinary tract infection) should not be treated during pregnancy.
Do you want to add anything to your Learning Plan?
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A newborn male infant presents with central cyanosis that is unresponsive to oxygen therapy in
the delivery room. He was born via scheduled cesarean section at 40 weeks' gestation to a
gravida 3, para 2 mother with an uncomplicated prenatal history. On admission to the neonatal
intensive care unit, his postductal oxygen saturation is 72% in 100% oxygen delivered via
oxyhood. He demonstrates no respiratory distress, no cardiac murmur is heard, and his chest
radiograph appears normal. With a diagnostic consideration of persistent pulmonary
hypertension of the newborn, treatment with inhaled nitric oxide is proposed. The possibility of
congenital heart disease comes up.
Of the following, what is the congenital heart disease MOST likely to be worsened by initiation
of inhaled nitric oxide?
Hypoplastic left heart syndrome
Tetralogy of Fallot
Transposition of the great arteries
Tricuspid atresia
Truncus arteriosus

You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
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The use of inhaled nitric oxide (iNO) is contraindicated in congenital heart disease that is
dependent on right-to-left shunting across the ductus arteriosus (eg, critical aortic stenosis,
interrupted aortic arch, and hypoplastic left heart syndrome). In addition, iNO may worsen
pulmonary edema in infants who have obstructed total anomalous pulmonary venous return
because of the fixed venous obstruction. Before beginning iNO, echocardiography can obtain
the combined benefits of defining the cardiac anatomy and documenting pulmonary
hypertension.
Hypoplastic left heart syndrome (HLHS) consists of a number of
conditions involving underdevelopment of the left side of the heart, most
commonly, aortic atresia, severe mitral stenosis, and marked hypoplasia
of the left ventricle. Right-to-left shunting via the ductus arteriosus
provides retrograde perfusion of the ascending and transverse portions
of the aorta so that the subclavian, carotid, and coronary arteries are
supplied. Generally, HLHS presents after the patent ductus arteriosus
(PDA) closes sometime during the first week after birth.
If the atrial septal defect is highly restrictive or if total pulmonary resistance is high and
pulmonary blood flow is diminished, HLHS can present at birth with severe hypoxemia (Figure.
NOTE: If you have a problem playing the file, you may need to update your QuickTime
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software [go to http://www.apple.com/quicktime/download/, and click on "Free
Download."]) As is possible in the child in this vignette, iNO would decrease pulmonary
vascular resistance, facilitate flow to the lungs, and result in decrease in blood flow to the
systemic circulation.
The following conditions do not present with dependency on pulmonary artery–to-aorta
shunting across the ductus arteriosus. Thus iNO therapy will not worsen the infant's clinical
condition.
Tetralogy of Fallot comprises a tetrad of defects, including an overriding aorta, right ventricular
hypertrophy, subpulmonary stenosis, and malalignment of the ventricular septal defect (VSD).
The clinical presentation depends on the degree of pulmonary stenosis. More severe stenosis
leads to greater reduction of pulmonary blood flow and increased cyanosis.
Transposition of the great arteries (TGA) involves placement of the great vessels across the
plane of the interventricular septum so that the aorta arises from the right ventricle and the
pulmonary artery from the left ventricle. The most common form of TGA is the dextro type, in
which the origin of the aorta is anterior and to the right of the origin of the pulmonary artery.
This creates two parallel circulations, with systemic venous blood returning to the right atrium
being sent to the systemic circulation via the right ventricle, and pulmonary venous blood
returning to the left atrium being pumped via the left ventricle back to the pulmonary
circulation. Oxygen saturation is typically lower in the right hand (preductal) than in the lower
body (postductal). The affected infant's survival depends on mixing of these circulations at the
atrial level via a patent foramen ovale, at the ventricular level (approximately one-third of
patients also have a VSD), or by connection of the great vessels through a PDA.
In tricuspid atresia, there is no communication between the right atrium and right ventricle.
Numerous anatomic variations involve the presence or absence of a VSD, pulmonary stenosis,
or TGA. However, the common physiologic consequence is a total and obligatory right-to-left
atrial shunt.
Truncus arteriosus is a condition in which a single great vessel arises from the heart and the
aorta, and pulmonary and coronary arteries originate from the ascending portion of the vessel.
There is always an associated VSD. The various subtypes of truncus arteriosus relate to the
branching pattern of the pulmonary arteries. Hypoxemia results because the aorta contains
combined output from the left and right ventricles, but may be mild if pulmonary vascular
resistance is low and pulmonary blood is excessive. In that case, cyanosis may not be visible.
Do you want to add anything to your Learning Plan?
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Recognize the clinical features of a cyanotic neonate
Formulate a differential diagnosis of a cyanotic neonate
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Plan appropriate management for a cyanotic neonate and understand the potential adverse
effects of specific therapeutic approaches used
Understand the pathophysiology (including genetics) of a neonate with a left-to-right shunt
lesion
Plan appropriate management for a neonate with a left-sided cardiac obstructive lesion and
understand the potential adverse effects of specific therapeutic approaches used
Recognize the clinical features of persistent pulmonary hypertension
Recognize the laboratory, radiographic, and pathologic features of persistent pulmonary
hypertension
Know the management of persistent pulmonary hypertension
Understand the risks of administration of inhaled nitric oxide
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A randomized, multicenter trial comparing extracorporeal life support (experimental intervention)
and positive pressure ventilation (conventional intervention) in extremely preterm infants with
respiratory failure is reported (fictitious study). The primary outcome is death before discharge.
The results are depicted in Table 1.
Table 1
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Based on the data in Table 1, the number needed to treat (NNT) with extracorporeal life support
to avoid one death among infants treated with positive pressure ventilation is 12.5.
Of the following, the NNT with extracorporeal life support is CALCULATED as the reciprocal of
the:
absolute risk reduction
control event rate
experimental event rate
odds ratio
relative risk

You selected

, the correct answer is

.
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The use of evidence from the biomedical literature to guide and personalize clinical treatment of
individual patients requires an understanding of the measures that describe the relative benefit
(or harm) of a new, or experimental, treatment compared with a standard, or control, treatment.
Such measures include relative risk, relative risk reduction, odds ratio, absolute risk reduction
(ARR), and number needed to treat (NNT).
The number of patients treated with the experimental intervention that is
needed to prevent one bad outcome (death in the trial in this vignette) in
patients receiving the control treatment, or NNT, is calculated by
knowing the ARR. ARR is the absolute difference between the
experimental event rate and the control event rate. The NNT is calculated
by dividing 1 by the ARR. This can be quickly determined from data in
Table 1. The calculations for the positive pressure ventilation (PPV)
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death rate, or the control event rate, extracorporeal life support (ECLS)
death rate, or the experimental event rate, ARR, and NNT for the
fictitious study in the vignette are depicted in Table 2.
Table 2

The NNT conveys both clinical and statistical significance. Lower numbers of patients needed to
treat to prevent one bad event reflect significant clinical and statistical meaning. In general,
values for NNT less than 50 to 100 imply important effects that should be considered. Of course,
the NNT alone is insufficient to determine whether an experimental treatment is to become
accepted practice. In the fictitious study in this vignette, the NNT of 12.5 indicates that ECLS
has substantial benefit for reducing mortality. However, the potential risks and harm associated
with ECLS must be considered, especially the risk of intracranial bleeding in extremely preterm
infants. It is possible that mortality is reduced but morbidity increased enough to question the
value of ECLS in extremely preterm infants with respiratory failure.
The NNT also conveys a measure of magnitude of the effectiveness of an experimental
intervention. The magnitude of the difference between the experimental and control event rates
is proportional to the ARR and inversely related to the NNT. If the experimental and control
event risks differ by only a small amount, the NNT will be large. If the difference between study
groups is large, the ARR will be large and NNT small. In the example, if the ECLS death rate
increases to 0.08 and the PPV death rate remains 0.10, the ARR is relatively small (0.100.08=0.02); the NNT would then be increased to 50 (1/0.02).
The NNT is also directly related to the magnitude of the control event rate. If the control event
rate, or PPV death rate in the vignette, is reduced twofold, the NNT increases (1/[0.05-0.02]=33).
The NNT is also inversely related to an increase in the control event rate. If the control event
rate increases twofold, the NNT is reduced (1/[0.2-0.02)=6).
Other measures of benefit of an experimental intervention such as relative risk, relative risk
reduction, and odds ratio provide a relational measure between the experimental and control
outcomes but do not quantify differences in rates of events (death in this vignette study) (Table
3).
Table 3
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The odds ratio (0.18) indicates the odds of dying when treated with ECLS compared with the
odds of dying when treated with PPV. This measure indicates that death is less likely an
outcome with ECLS than with PPV but does not impart any notion of the magnitude of the
mortality rates with the interventions.
The relative risk, or risk ratio, is calculated by dividing the ECLS death rate (experimental event
rate) by the PPV death rate (control event rate) in the example in the vignette (Table 3). The
value of 0.2, or 20%, is the risk of death after ECLS as a percentage of the control (PPV) risk of
death. This measure of risk conveys information about the relative change in mortality rates in
infants receiving ECLS and PPV, but does not reveal the magnitude of the actual risks of
mortality. For example, the relative risk of 0.2 also would exist if the actual ECLS and PPV
mortality rates were fivefold greater, or 0.1 and 0.5, respectively (0.1/0.5 = 0.2). Note that if the
mortality rates are fivefold greater, the ARR (0.5-0.1=0.4), odds ratio ([40/360]/[200/200]=0.11),
and NNT (1/0.4=2.5) change substantially.
Relative risk reduction is another measure used to determine the effectiveness of an
experimental treatment. The relative risk reduction is an estimate of the percentage of control,
or baseline, risk that is removed with an experimental treatment. This measure of benefit is
calculated by dividing the ARR by the control event rate. Alternatively, the relative risk
reduction can be calculated by subtracting the relative risk from 1. In this vignette, the relative
risk reduction is 0.8 (Table 3), indicating that 80% of the risk of mortality is removed when
ECLS is used to treat extremely preterm infants with respiratory failure compared with PPV. Like
relative risk and odds ratio, relative risk reduction does not indicate the magnitude of the
baseline mortality risk.
The measures of the effectiveness of a treatment such as NNT, ARR, relative risk reduction,
relative risk, and odds ratio represent a single point estimate. The true value of effectiveness
actually may be greater or less than the point estimates. Confidence intervals indicate the range
of values that most likely include the true value. If 95% confidence intervals are calculated, the
true value for a measure of effectiveness is within this range 95% of the time. Confidence
intervals also convey statistical significance. Most commonly, 95% confidence intervals are
reported in the biomedical literature. If the 95% confidence intervals include the value 1, the P
value is greater than .05 and not statistically significant. Confidence intervals can be calculated
for each of the measures of effectiveness of a treatment.
Do you want to add anything to your Learning Plan?
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The central venous catheter–related bloodstream infection rate (CRBSI) in your newborn
intensive care unit is 12 infections per 1,000 catheter days during the past 3 months. This rate is
considerably higher than the rate during the previous 15 months (four infections per 1,000
catheter days). You are asked to review the current unit policies for central venous catheter care
and implement strategies to reduce the CRBSI rate. You discover that 75% of peripherally
inserted central catheters (PICCs) are in place for at least 10 days and most infections occur in
catheters that are in place for at least 14 days.
Of the following, the practice change in PICC care that is MOST likely to reduce the CRBSI rate
in the neonatal intensive care unit in the vignette is to:
add heparin to fluids infused through the catheter
change the antiseptic used for catheter insertion from 10% povidone iodine to 2% chlorhexidine gluconate
develop a protocol to ensure sterility of the PICC hub
lock all PICCs with a saline solution containing vancomycin and heparin
replace intravenous tubing sets used for parenteral fluids and lipids every 96 hours

You selected

, the correct answer is

.
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Bloodstream infections (BSIs), often associated with central venous catheters, may complicate
the course of critically ill neonates who require prolonged central venous access. BSIs increase
length of stay, hospital costs, and risks associated with antimicrobial agents.
Reports of catheter-related bloodstream infection (CRBSI) rates vary
widely because of differences in study design, populations, type of
catheter, and inclusion of cultures from catheters. In a recent
metaanalysis, the rate of CRBSI was approximately four infections per
1,000 catheter days among low-birthweight neonates with peripherally
inserted central catheters (PICCs). The National Nosocomial Infection
Surveillance System (NISS-2004) reported a CRBSI rate of approximately
9.1 infections per 1,000 catheter days among neonates who weighed less
than 1,000 g at birth. NISS data include information about infections
associated with several different centrally placed catheters, including umbilical catheters,
Broviac catheters (surgically placed/tunneled), and PICCs.
The organism most commonly responsible for CRBSI infections among neonates with central
venous catheters is coagulase-negative Staphylococcus (CONS). In a large randomized trial that
evaluated a chlorhexidine impregnated gauze for prevention of CRBSI in neonates, CONS was
responsible for 86% of all colonized catheters (>15 colonies per catheter tip) and 65% of
CRBSIs. Enterococcus was responsible for approximately 17% and Staphylococcus aureus for

http://emb.aap.org/courseprodv2/Index.asp[4/6/2012 12:23:49 PM]

Education Module Learner

another 9% of the CRBSIs.
Detailed evidence-based recommendations for the prevention of CRBSI were first published by
the Centers for Disease Control and Prevention (CDC) in 1973 and updated in 2002 (Table).
Table

BSI = bloodstream infection; CVC = central venous catheter.
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* Adapted from Garland and colleagues (2002).
† From CDC/HICPAC system of weighting recommendations based on scientific evidence. IA =
strongly recommended for implementation and supported by well-designed experimental,
clinical, or epidemiologic studies; IB = strongly recommended for implantation and supported by
some experimental, clinical, or epidemiologic studies and a strong theoretical rationale; IC =
required by state or federal regulations, rules or standards; II = suggested for implementation
and supported by suggestive clinical or epidemiologic trials or a theoretical rationale.
With wide acceptance and consistent implementation of guidelines, the rate of CRBSI in adult
intensive care units has declined by more than 40% during the last decade.
Although the recommendations were developed to provide guidelines for catheter care in
neonatal, pediatric, and adult patients, most of the guidelines are based on adult studies. Not all
recommendations for catheter care in adults are applicable to neonates with central venous
catheters because neonates are more likely to have their central catheters (such as PICCs) in
place for more than 10 days. Most central venous catheters placed in critically ill adults are
indwelling for less than 7 days.
Effective skin antisepsis before catheter placement is important in patients with central venous
catheters because the catheters are likely to telescope in and out of the insertion site and pull
bacteria that colonize the skin along the catheter by capillary action. In neonates, central venous
catheters are in place, on average, for more than 14 days, which is sufficient time for a
protective fibrin sheath to develop. After formation of a fibrin sheath, most CRBSI in neonates
with PICCs are associated with contamination of the catheter hub by organisms from the skin of
the neonate or caregivers. Organisms contaminating the hub gain access to the hub during
tubing changes or when the line is entered for medication administration. Organisms may
colonize the inner surface of the catheter hub and eventually migrate down the lumen of the
catheter and into the bloodstream. In some cases, CONS can be grown from a catheter hub a
week before an actual BSI occurs. The lifespan of the catheters is usually too short in older
children and adults for a protective fibrin sheath to form around the catheter at the insertion
site.
Several trials have identified the catheter hub as a primary source of CRBSIs in neonates and
others have shown a reduction in CRBSI rates after initiatives are taken to reduce hub
contamination. A randomized trial was performed to evaluate a novel vancomycin lock solution
to prevent CRBSIs in neonates whose PICCs were in place for an average of 20 days. Sixtyseven percent of infections were acquired from the hub and only 20% were acquired from the
catheter. The source of the CRBSIs was indeterminate in 13% of cases.
In the neonatal intensive care unit presented in the vignette, most catheters were in place for
more than 7 days and most infections occurred after 14 days of catheterization, thereby
suggesting that the unit should address initiatives that focus on maintaining hub sterility:
limiting the number of times a line is accessed each day
using a closed access system
thoroughly scrubbing the hub with alcohol before accessing for medications
making tubing changes on a sterile field as a two-person procedure
changing parenteral nutrition tubing every 72 hours and lipid tubing every 24 hours
completing lipid infusions within 12 hours if possible, or within 24 hours if three-in-one
solutions are used
Initiatives that effectively reduce CRBSIs in neonates with PICCs are generally multifaceted and
include recommendations from the CDC guidelines (Table). It is optimal for PICC placement in
neonates to be done by a dedicated team using proper hand hygiene, antisepsis of the insertion
site, and maximal barrier precautions during the insertion. The most effective antiseptic during
central line placement in neonates is unclear. The antisepsis studies for central line placement
in adults indicate that chlorhexidine gluconate is more effective at preventing CRBSIs than
povidine-iodine or alcohol. However, chlorhexidine has not been sufficiently studied in
neonates. Furthermore, chlorhexidine may be no more effective than povidone iodine in
neonates with PICCs because chlorhexidine is sometimes removed after line insertions and
neonatal PICCs are usually in place longer than the duration of chlorhexidine protection.
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Additional studies are needed to determine the optimal antiseptic agents in neonates.
Multifaceted initiatives to reduce CRBSI rates may also include catheter dressings, frequency of
dressing and intravenous tubing changes, and additives to intravenous fluids to reduce
thrombus formation or colonization. The addition of heparin to intravenous fluids has been
shown in a randomized trial to prolong patency of central venous catheters in neonates, but did
not decrease the CRBSI rate.
Locking PICCs with a vancomycin solution for at least 20 minutes twice a day reduced CRBSI
risk by 80% in neonates in a small randomized trial. Because most neonatal CRBSIs are
transmitted through an intraluminal route, the use of “antibiotic lock” solutions is logical as
long as the microorganisms do not develop vancomycin-resistance. Neither pediatric nor
neonatal trials with vancomycin lock solutions have shown any impact on nosocomial
colonization or infection by vancomycin-resistant organisms. Nevertheless, concerns remain
about development of vancomycin resistance with antibiotic lock solutions. The 2002 CDC
guidelines suggested that more information was needed before routine use of vancomycin lock
solutions is recommended. However, such solutions may be applicable to help curb high CRBSI
rates in neonatal intensive care units that have demonstrated compliance with other
recommended infection control guidelines and practices. Replacing administration sets more
frequently than every 72 hours will not decrease CRBSI rates, and may increase the risk
because the line has to be manipulated more frequently. It is recommended that tubings to
administer lipid or blood products should be replaced every 24 hours, not every 96 hours.
Do you want to add anything to your Learning Plan?
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American Board of Pediatrics Content Specification(s):
Understand the effective techniques for control of nosocomial infection in the nursery, neonatal
intensive care unit, and obstetrical unit
Recognize the causes and clinical manifestations of catheter complications of parenteral
nutrition
Understand the prevention of neonatal infection with Staphylococcus aureus and
Staphylococcus epidermidis
Understand the epidemiology and pathogenesis of neonatal infection with Staphylococcus
aureus and Staphylococcus epidermidis
Understand the causes and risk factors for sepsis
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A 6-week-old male infant, whose birthweight was 612 g and estimated gestational age at birth
was 24 weeks, has greenish yellow discoloration of the skin. Prior clinical course is
characterized by recurrent episodes of intolerance to enteral feeding and consequent
dependence on parenteral nutrition. Currently the infant is receiving expressed breast milk by
continuous gastric infusion to provide an intake of 30 mL/kg per day and supplemental
parenteral nutrition at 110 mL/kg per day.
Physical examination of the infant reveals marked icterus and abdominal distension with mildly
enlarged liver and spleen. The infant has no dysmorphic features or congenital anomalies. The
urine is dark in color; the stools are infrequent and clay-colored.
Laboratory serum data are as follows:
Total bilirubin 12.2 mg/dL (207 µmol/L)
Conjugated bilirubin 6.8 mg/dL (116 µmol/L)
Aspartate aminotransferase 90 U/L (1.5 µkat/L)
Alanine aminotransferase 42 U/L (0.7 µkat/L)
?-glutamyltransferase 648 U/L (11 µkat/K)
Alkaline phosphatase 890 U/L (14.9 µmol/L)
Abdominal ultrasonography reveals biliary sludging. Treatment with ursodeoxycholic acid is
started.
Of the following, the MOST significant mechanism of action of ursodeoxycholic acid in the
treatment of cholestasis is:
binding of bile acids
increase in hydrophilic bile acid pool
induction of hepatic microsomal enzymes
relaxation of sphincter of Oddi
stimulation of gall bladder contraction

You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

The infant in this vignette has clinical and biochemical evidence of neonatal cholestasis. The
cholestasis is defined as a serum conjugated bilirubin concentration in excess of 2.0 mg/dL (34
µmol/L), or a serum conjugated bilirubin fraction in excess of 15% of total bilirubin
concentration. The markedly raised serum concentrations of ?-glutamyltransferase and alkaline
phosphatase as well as the biliary sludging on abdominal ultrasonography indicate biliary stasis
(Figure). The slightly raised serum concentrations of aminotransferases indicate mild
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hepatocellular dysfunction.
Figure: Abdominal ultrasonography showing biliary sludging

The most likely cause of liver disease in the infant in this vignette is total parenteral nutrition
(TPN) cholestasis. The TPN cholestasis is most common among extremely-low-birthweight
(<1,000 g) infants, with a reported occurrence of 50% in infants receiving at least 2 weeks of
exclusive parenteral nutrition. The pathogenesis of TPN cholestasis is attributed largely to three
factors:
hepatotoxicity induced by specific components of TPN
biliary stasis caused by lack of enteral feeding
hepatocellular injury from associated medical conditions
Understanding the causes of TPN cholestasis allows one to develop guidelines for its treatment.
The TPN cholestasis is best reversed with establishment of full enteral feeding and
discontinuation of parenteral nutrition. If this goal cannot be achieved, the following measures
may help ameliorate TPN cholestasis.
Modification of TPN composition and administration
Avoidance of potentially hepatotoxic components of TPN solution (amino acid
methionine; lipid constituent phytosterol; trace minerals copper, manganese, and
aluminum)
Provision of essential nutrients (taurine, carnitine, choline, glutamine)
Cycling of TPN (intermittent administration with periodic breaks from intravenous
infusion)
Promotion of bile flow
Maintenance of at least low-dose enteral feeding
Use of choleretic drugs
Treatment of associated medical conditions
Correction of potential contributors of hepatocellular injury (hypoxia, hemodynamic
instability, sepsis)
Correction of cholestasis-induced nutritional deficiencies
Increase in percentage of fat as medium chain triglycerides
Administration of fat-soluble vitamins (water-soluble esters of vitamins A, D, E, and
K)
Enhancement of protein intake (use of branched chain amino acids)
Enhancement of energy intake (use of high rates of glucose infusion)
To understand the mechanism of action of ursodeoxycholic acid (UDCA),
it is important to review bile acid composition. Normally, four bile acids,
classified as primary or secondary, make up more than 95% of the bile
acid pool. The primary bile acids (cholic acid and chenodeoxycholic
acid) are synthesized in hepatocytes from cholesterol. The secondary
bile acids (deoxycholic acid and lithocholic acid) are formed by
metabolism of primary bile acids by colonic bacteria via enzymatic 7adehydroxylation. The more hydrophobic secondary bile acids, especially
lithocholic acid, are poorly soluble, and at high concentrations, can
cause hepatocellular injury. Moreover, these hydrophobic bile acids can decrease the activity of
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the enzyme cholesterol 7a-hydroxylase, the rate limiting step in bile acid synthesis.
Ursodeoxycholic acid is a naturally occurring hydrophilic bile acid, which increases the
hydrophilic component of the bile acid pool while decreasing the potentially hepatotoxic
hydrophobic component. With such a change, the secretion of primary bile acids by the
hepatocytes across the canalicular membranes is stimulated. Moreover, more than 95% of the
hydrophilic bile acids excreted into the gut are returned to the liver via enterohepatic
circulation, thereby conserving the bile acid pool. In addition, the hydrophilic bile acids, by
creating an osmotic driving force for water, electrolytes, and other solutes into bile, further
augment the bile flow. UDCA is safe when administered orally in doses ranging from 10 mg/kg
per day to 40 mg/kg per day, and may be efficacious in decreasing the duration and severity of
TPN cholestasis.
Cholecystokinin (CCK) is a peptide hormone released from the duodenal mucosa in response to
enteral feeding, especially dietary fat. CCK stimulates rhythmic contractions of the gallbladder
and simultaneous relaxation of the sphincter of Oddi that guards the exit of the common bile
duct into the duodenum. Cholecystokinin-octapeptide, also known as sincalide, is a synthetic
C-terminal octapeptide fragment of CCK and has the same effects as those of the biologically
active CCK molecule. Cholecystokinin-octapeptide appears to be safe when administered
intravenously in doses ranging from 0.04 µg/kg per day to 0.12 µg/kg per day. However, its
efficacy in prevention or treatment of TPN cholestasis in neonates remains unconfirmed.
Cholestyramine is a nonabsorbable, macromolecular copolymer with strong cationic binding
sites. By intestinal intraluminal binding of negatively charged bile acids, cholestyramine
increases fecal excretion of these compounds, especially that of chenodeoxycholic acid. The
resultant loss of bile acids stimulates the activity of the enzyme cholesterol 7a-hydroxylase, the
rate-limiting step in bile acid synthesis. The consequent increase in bile acid turnover may
augment bile flow. Cholestyramine may be safe in children when administered orally in a dose
of 240 mg/kg per day. However, its use in neonates is limited because of numerous side effects,
which include dyspepsia from bile acid irritation of the colon, fat malabsorption and resultant
loss of fat-soluble vitamins, and hyperchloremic metabolic acidosis. The efficacy of
cholestyramine in prevention or treatment of TPN cholestasis in neonates remains unproven.
Phenobarbital stimulates hepatic smooth endoplasmic reticulum, increases hepatic cytochrome
P-450 content, and induces hepatic microsomal enzymes. Its predominant action in bilirubin
metabolism involves conjugation of bilirubin catalyzed by the enzyme uridine diphosphate
glucuronyl transferase (UDPGT). Phenobarbital, therefore, is often used in the prevention and
treatment of unconjugated hyperbilirubinemia, particularly in infants with genetic disorders of
UDPGT enzyme. Phenobarbital has a mild choleretic effect, which may be of benefit in the
treatment of cholestasis. However, prolonged administration of phenobarbital is needed to
achieve the desirable effect. Phenobarbital may be safe when administered intravenously or
orally in doses ranging from 3.0 mg/kg per day to 5.0 mg/kg per day. However, the potential
short-term side effects of neurological and respiratory depression as well as the potential longterm adverse effects on neurodevelopment may preclude its use.
Rifampicin, an antimicrobial agent used currently almost exclusively in the treatment of
tuberculosis and other mycobacterial infections, may produce beneficial effects in cholestasis
by decreasing the pool of potentially toxic bile acids and by exerting a cholerectic action
through induction of hepatic microsomal enzymes. Rifampicin may be safe in adults with
chronic cholestasis in doses ranging from 3.0 mg/kg per day to 10.0 mg/kg per day. However,
its safety and efficacy in the treatment of neonatal cholestasis remains unknown.
Other approaches, such as the use of omega-3 fatty acid emulsion, are currently being
evaluated for their efficacy in the treatment of cholestasis.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Understand the appropriate therapy for infants who have parenteral nutrition-induced
cholestasis
Know the approach to treatment of neonates with metabolic and familial causes of cholestasis
in the neonate
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Teratogens are environmental insults to the fetus occurring after fertilization. In the 1950s,
thalidomide was briefly marketed as a sedative and was widely prescribed to pregnant women.
During the following years, the incidence of ear deficiencies and limb reduction anomalies,
including phocomelia and radial aplasia, increased sharply. Prenatal exposure to thalidomide
was linked to these defects, and drug distribution was halted. However, more than 4,000 infants
are known to have been affected.
Of the following, the error in morphogenesis resulting in thalidomide-associated phocomelia is
BEST categorized as a:
deformation
disruption
dysplasia
malformation
sequence
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, the correct answer is
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Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
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Major congenital anomalies are present in 2% to 3% of live born infants, and up to 15% of
infants exhibit minor anomalies or anatomic variants. The term congenital refers to the
presence of the defect at birth, and does not imply causality. Defects imposing medical and
social consequences for the infant, such as cleft palate and neural tube defects, are considered
major anomalies, while minor anomalies are structural alterations, such as epicanthal folds and
a single palmar crease, that pose no significant health or social burden. Physical differences
occurring in 4% or more individuals of a general population are considered normal phenotypic
variants.
Inborn errors of morphogenesis can be classified based on the developmental stage during
which the alteration occurs, the process causing the change, and the end result. The four
categories of morphogenic errors are malformation, deformation, disruption and dysplasia.
Malformations arise from abnormal processes during the initial formation
of a structure. This aberrant tissue formation may result in faulty
configuration (transposition of the great vessels), incomplete formation
(cleft palate) or agenesis (absence of radius). Malformations may be the
result of genetic derangements, including chromosome abnormalities
(10%) and single gene defects (4%). However, environmental insults,
teratogens, may also influence early structural formation. Examples of
teratogens include pharmacologic agents, such as thalidomide (as in the
vignette), and congenitally acquired viruses, such as rubella. Commonly,
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the cause of a malformation is multifactorial, both genetic and environmental (25%), but most
often the cause is unknown (40%-45%).
Deformations originate after organogenesis, and arise from unusual and prolonged mechanical
forces acting on normal tissue. Although external forces, such as uterine constraint, are usually
the cause of deformational anomalies, intrinsic compressive forces, such as edema, may be
implicated in some cases. Musculoskeletal tissues are commonly affected, and the result may
be a loss of symmetry, altered alignment, abnormal positioning, or distorted configuration.
Examples of deformations include tibial bowing and hip dislocation associated with breech
presentation, craniostenosis resulting from in utero constraint, and webbing of the neck
associated with the involution of a giant cystic hygroma. Deformations typically improve
postnatally, but resolution depends on the duration of the abnormal forces, and the extent of
subsequent growth.
Disruptions result from the breakdown of normal tissue after formation. The destructive
processes include mechanical compressive forces, hemorrhage, thrombosis, and other vascular
impairments. Disruptions may manifest as alterations of shape and configuration, division of
parts not usually divided, fusion of parts not usually fused, and the loss of previously present
parts. Examples of disruptions include a porencephalic cyst secondary to a vascular accident,
and limb amputations caused by amniotic bands.
Dysplasia arises from abnormal cellular organization or function, and typically affects a single
tissue type. Examples of morphogenic errors resulting from dysplasia include hamartomas,
ectodermal dysplasia, and the cartilage abnormalities that result in skeletal dysplasias.
Multiple malformations are present in 0.7% of live births, and a malformation sequence occurs
when all of the anomalies can be explained on the basis of a single problem. The
oligohydramnios sequence is an example in which musculoskeletal deformations and lung
hypoplasia result from the primary problem of amniotic fluid deficiency. The Pierre Robin
sequence is another example of a primary defect with secondary effects, in which mandibular
maldevelopment leads to micrognathia, cleft palate, and glossoptosis.
Finally, a malformation syndrome occurs in the presence of multiple structural defects that are
not explained on the basis of a single initiating defect. However, the pattern of anomalies
comprising a syndrome shares a cause, and may result from chromosomal abnormalities,
mutant gene disorders, or environmental teratogens.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)
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American Board of Pediatrics Content Specification(s):
Differentiate between a malformation, a deformation, and a disruption
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A 30-week-gestation premature infant is born after induction for maternal preeclampsia. The
birthweight is 1,480 g, and Apgar scores are 7 and 8 at 1 and 5 minutes, respectively. A cord
blood sample obtained for blood gases also revealed a calcium concentration of 9.1 mg/dL (2.3
mmol/L). The infant received peripheral alimentation initially, but quickly tolerated feedings of
breast milk per gavage. Serum calcium concentration, repeated at the beginning of the third
day, was 7.4 mg/dL (1.8 mmol/L). The calcium concentration was followed, and no specific
treatment was initiated because there were no symptoms of hypocalcemia. By the 10th day,
when the infant was receiving full feedings, the serum calcium concentration was 10 mg/dL (2.5
mmol/L).
Of the following, the factor MOST responsible for the transient fall and then rise of serum
calcium concentration in this infant is:
calcitonin
calcitrol (1,25 dihydroxy vitamin D3)
gastrointestinal absorption
parathyroid hormone
renal tubular maturation

You selected

, the correct answer is

.

Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
feature.)

The hormonal regulators of serum calcium concentration include parathyroid hormone, vitamin
D, and calcitonin. Parathyroid hormone is a peptide produced by the parathyroid glands in
response to low ionized calcium. Receptors sensitive to the extracellular fluid calcium
concentration are present in the parathyroid gland and in the kidneys. Parathyroid hormone
increases serum calcium concentration through four separate mechanisms:
stimulates reabsorption of calcium from bone
increases urinary excretion of phosphorus
decreases urinary excretion of calcium
increases renal synthesis of 1,25 dihydroxy vitamin D (calcitrol)
Serum calcium concentrations have been measured in a series of premature infants in the first
several days after birth as shown in the Figure.
Figure: Serum calcium concentration (mg/dL) in premature infants. (From Rigo and De Curtis
[2006]).
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The concentration is highest at 10 days after which calcium concentration levels off. The mean
concentration in cord blood is typically 90% of the concentration found at 10 days of age. After
the birth of a premature infant, the serum concentration of calcium falls to a nadir around 48
hours (around 75% of the subsequent steady state value). A transient fall in serum calcium
concentration is also seen in normal term infants but it is less dramatic and does not last as
long. Stressed infants, such as those of diabetic mothers and those with birth asphyxia, can
have an exaggerated and prolonged depression of the serum calcium concentration.
These transient episodes of hypocalcemia that begin just after birth have
been attributed to a delayed response of the parathyroid glands in the
production and/or release of parathyroid hormone to falling calcium
concentrations. The fetus receives a continuous transplacental calcium
infusion throughout gestation via active transport. About 28 g of calcium
is accumulated over 40 weeks, two thirds of which is transferred during
the last trimester. The placenta transfers as much as 120 to 150 mg of
calcium per kilogram of fetal weight per day. Fetal serum concentrations
exceed maternal values and functionally suppress fetal parathyroid
hormone production. Parathyroid hormone does not cross the placenta. The main regulator of
the maternal-fetal calcium gradient is thought to be parathormone-releasing protein and not
parathyroid hormone. Parathormone-releasing protein is produced by the placenta as well as
the fetal parathyroid gland and other fetal tissues.
At birth, when the continuous supply of calcium from the maternal circulation ceases, the
calcium concentration begins to fall. This stimulates both the rapid secretion of parathyroid
hormone already produced and the production of new parathyroid hormone. The initial response
occurs within seconds, but because the parathyroid glands were suppressed before birth, the
initial concentration of the hormone is low and less hormone is available for immediate
secretion. The production of new hormone is not instantaneous, because it depends on
messenger RNA production and, over time, the growth of the parathyroid glands. It generally
takes 2 days in a premature infant to achieve peak concentrations (1 day in a full-term infant
and a variable time in stressed infants). In each case, the timing of the change in parathyroid
hormone concentration corresponds with the course of the transient hypocalcemia.
Calcitonin is also a peptide hormone. It is produced by the parafollicular cells of the thyroid
gland. It is a physiologic antagonist to parathyroid hormone and reduces serum calcium by
inhibiting the activity of osteoclasts, slowing bone resorption. It can also increase renal
excretion of calcium and phosphorus. Calcitonin concentration at birth is higher than that of the
pregnant mother, rises to a peak at 24 to 48 hours of age, and then gradually declines to
childhood concentrations during the next month. This pattern does not correspond to the timing
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of transient hypocalcemia seen in newborn infants.
Calcitrol (1,25 dihydroxy vitamin D3) can be produced in the skin with the aid of ultraviolet light
(ergo, not in utero), or via ingestion and absorption of the vitamin. Hydroxylation occurs in two
steps. The liver produces the first hydroxylation (at the 25 position) and the proximal renal
tubules produce the second. The renal tubule responds to hypocalcemia, hypophosphatemia,
and parathyroid hormone by increasing the rate of 1-hydroxylation. The vitamin is then
transported through the circulation to the small intestine where it enhances calcium and
phosphorus absorption, and to bones where it assists in calcium resorption. Calcitrol is
transported by the placenta, and the initial neonatal concentration reflects the maternal
concentration. In preterm infants, calcitrol concentrations at birth are similar to those of adults
and are even higher in the first 3 months.
Renal tubular mechanisms that respond to parathyroid hormone and synthesize calcitrol do not
exhibit adaptive development during the period typical of transient hypocalcemia. Furthermore,
the gastrointestinal functions related to calcium absorption do not contribute to transient
hypocalcemia. In both cases, responsiveness to parathyroid hormone and calcitrol is similar to
that seen later in life.
Do you want to add anything to your Learning Plan?

(You must be an AAP member or PediaLink ® Learning Center Subscriber to use this
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At discharge planning rounds for an extremely-low-birthweight male infant who failed an
auditory brainstem response hearing screen on both ears, a medical student asks you to
discuss hearing loss among graduates of the neonatal intensive care unit. The infant's hospital
course was complicated by an episode of Escherichia coli sepsis at birth treated with 14 days of
intravenous ampicillin and gentamicin and chronic lung disease that required intermittent
furosemide treatment. He has no family history of hearing loss. His discharge physical
examination is significant for the presence of two right preauricular skin tags.
Of the following, the MOST accurate statement regarding hearing loss among neonates is that:
Bacterial sepsis is the most common nongenetic cause of hearing loss in neonates
Hearing loss resulting from aminoglycoside treatment is initially in the 500- to 1,000-Hz range
Most neonates with profound nonsyndromic hearing loss have at least one parent with hearing loss
Sensorineural hearing loss among neonates exposed to furosemide treatment is uncommon and usually
reversible
Syndromic hearing loss is more common than nonsyndromic hearing loss
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Congenital hearing loss occurs in 1 to 3 neonates per 1,000 births. The American Academy of
Pediatrics (AAP) describes congenital hearing loss as any loss that is permanent, bilateral or
unilateral, sensory or conductive, and averages 30 dB or more in the speech recognition
frequency region (500-4,000 Hz). Conductive hearing loss involves the outer or middle ear,
whereas sensorineural hearing loss involves the hair cells of the cochlea or the cochlear branch
of the eighth cranial nerve. Most sensorineural hearing loss is related to the cochlea. Hearing
loss associated with genetic syndromes can be conductive and/or sensorineural and
symmetrical or asymmetrical. Nonsyndromic hearing loss is usually sensorineural.
Approximately 50% of cases of hearing loss in infants are the result of environmental factors
such as acoustic trauma, ototoxic drugs, or infections (bacterial or viral); the rest are
attributable to genetic mutations or as yet unidentified factors. A brief overview of causes of
syndromic and nonsyndromic hearing loss and associated clinical history is shown in the
Table.
Table
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CMV = cytomegalovirus; HIV = human immunodeficiency virus.
* Adapted from Mafong DD, Shin EJ, Lalwani AK. Use of laboratory evaluation and radiologic
imaging in the diagnostic evaluation of children with sensorineural hearing loss. Laryngoscope.
2002;112(1):1-7.
Sensorineural hearing loss is a common morbidity in extremely-lowbirthweight (ELBW) neonates, especially those with complicated neonatal
courses. Exposures to potentially ototoxic medications increase the risk
for sensorineural hearing loss in ELBW infants. Loop diuretics such as
furosemide are commonly used to treat critically ill neonates or
neonates with chronic lung disease. Loop diuretics directly inhibit the
Na-K-2Cl transporter system in the stria vascularis, resulting in edema
and decreased endocochlear potential in the marginal cells, which
results in hearing loss. This phenomenon is most often associated with
bolus injections and can be minimized by slower administration of furosemide. Concurrent
administration of aminoglycoside antibiotics can potentiate furosemide-induced ototoxicity.
However, furosemide-induced hearing loss is very uncommon in neonates. Two recent reports
of ill neonates (24-43 weeks' gestation) did not find an association between hearing loss and
furosemide treatment. Furthermore there are no published reports of permanent furosemideinduced hearing loss in a neonate. Moreover, suspected furosemide-induced ototoxicity almost
always appears to be reversible. Still, clinical experience dictates prudent use of loop diuretics
in neonates, limiting the daily dose and duration of treatment based on the patient's needs. Use
of continuous intravenous furosemide infusions for treatment should be limited because such
an administration strategy may be associated with higher mean concentrations in the cochlear
duct.
In utero infections such as cytomegalovirus (CMV), herpes, toxoplasmosis, rubella, and syphilis
can cause neonatal sensorineural hearing loss. CMV is the most common congenital viral
infection affecting 0.2% to 2.5% of live births. Infection with CMV is ubiquitous, occurring in all
socioeconomic groups and without seasonal variation. CMV can be transmitted to a fetus or
newborn after a primary, recurrent, or reactivated infection, or reinfection with a different CMV
strain. Among infected infants, 10% to 15% manifest clinical signs at birth. CMV is the most
common nongenetic cause of hearing loss. Sensorineural hearing loss, the most common
abnormality in congenital CMV infection, occurs in about 30% to 65% of symptomatic infants
and 5% to 15% of asymptomatic infants. Most hearing impairment from congenital CMV
infection develops after the newborn period in symptomatic and asymptomatic infants and
tends to be progressive. About 50% of infected infants have further hearing deterioration
throughout childhood and into adolescence. In contrast to in utero infections, bacterial sepsis is
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an uncommon cause of hearing loss in neonates.
Aminoglycosides initially cause hearing loss in the high-frequency region (8,000 Hz) and only in
severe cases are lower frequencies affected. Conventional pure-tone audiometry is an
insensitive measure for detecting hearing loss secondary to aminoglycosides, because it can
only detect hearing loss in the low-frequency range. Brainstem auditory-evoked potentials are
better at detecting high-frequency hearing loss.
Approximately 77% of cases of congenital nonsyndromic hearing loss are autosomal recessive,
22% autosomal dominant, and 1% X-linked. Most infants with autosomal recessive congenital
nonsyndromic hearing loss have profound prelingual deafness. More than 90% of neonates with
profound autosomal recessive congenital nonsyndromic hearing loss are born to parents with
normal hearing. Dominant mutations lead to a more variable phenotype. With the recent
identification of many genetic loci involved in syndromic and nonsyndromic deafness, and the
subsequent discovery of a few of the genes responsible for deafness at these loci, genetic
testing is available for the evaluation of infants with deafness. For nonsyndromic deafness, at
least 28 genetic loci have been identified for the recessive type, 33 for the dominant type, 5 for
the X-linked type, and 2 for the mitochondrial type.
Among cases of hearing loss caused by genetic mutations, 70% have a nonsyndromic cause
with deafness as the sole manifestation, whereas the other 30% are associated with a
syndrome. More than 400 different genetic syndromes are associated with conductive or
sensorineural hearing loss. Conductive hearing loss may occur in syndromes that interfere with
the development of the external and middle ear. Preauricular ear tags and pits are frequent
findings during a routine physical examination of the neonate and may be associated with
hearing loss. Preauricular tags are small skin-colored nodules found along a line between the
angle of the mouth and tragus. Ear tags can be found in isolation or as a part of a genetic
syndrome. Ear tags occur in 1.7 cases per 1,000 births; bilateral ear tags occur in 6% of the
affected individuals. Isolated ear tags and pits can have an autosomal dominant inheritance.
Do you want to add anything to your Learning Plan?
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American Board of Pediatrics Content Specification(s):
Know the prenatal, perinatal, and neonatal risk factors associated with hearing impairment
Know the type of hearing impairments associated with congenital infections
Know the differences between sensorineural and conductive hearing loss
Understand the methods employed to screen and evaluate hearing in newborns, including
auditory brainstem responses and otoacoustic emissions
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A term infant is born by a spontaneous vaginal delivery to a young couple after an uncomplicated
pregnancy. The child's head circumference is 30 cm, length is 48 cm, and weight is 3,250 g. The
delivering physician asks you to examine the child. On your way into the nursery you consider the
possible findings that might be associated with microcephaly.
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Of the following, the finding that is MOST associated with normal intelligence and microcephaly is:
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complete anonychia
broad thumbs and toes
hepatosplenomegaly
ptosis and toe syndactyly
sloping forehead and prominent ears
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Congenital microcephaly is diagnosed when a newborn's head circumference is less than 2 standard
deviations below the mean for gestational age. This limit is 25 cm at 30 weeks' gestation and 32 cm at
term. By contrast, the 95 th percentiles are 30 cm and 38 cm, respectively. When a chart is not readily
available, the relationship between head circumference (HC) and length (L) during the first year after
birth, with 95% confidence limits, can be remembered by a simple formula:
HC = [ (L/2) + 9.5 ] ± 2.5
with all numbers in centimeters (Figure 1).
Figure 1: From Dine and colleagues (1981)
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With this formula, the child in the vignette has a measured HC (30 cm) less than the HC calculated
from the length (33.5+2.5 cm).
A small head (microcephaly) is a reflection of a small brain (micrencephaly),
and places the newborn at increased risk for mental retardation (intelligence
quotient =70). However, several studies looking at cohorts of all newborns,
and using a definition of microcephaly as less than 2 SD below the newborn
mean, have found normal intelligence (intelligence quotient >70) in up to 75%
of this group. This group probably includes many small-for-gestational-age
and premature infants whose head circumferences are proportional to their
lengths but who are grouped together as having “measurement microcephaly.”
With additional abnormal findings on physical examination, the chance of
normality decreases. Complete anonychia (absent nails) is most often associated with normal
intelligence. Broad thumbs and toes are associated with the Rubenstein-Taybi syndrome,
hepatosplenomegaly with TORCH (toxoplasmosis, other agents, rubella, cytomegalovirus, herpes
simplex virus) infections, ptosis, and toe syndactyly with Smith-Lemli-Opitz syndrome, and sloping
forehead and prominent ears with autosomal-recessive familial microcephaly, all of which are
associated with mental retardation.
A sloping forehead is associated with less than normal frontal brain growth. Without the inductive
pressure of brain growth, the head fails to grow appropriately. Rarely, complete craniosynostosis
blocks both skull and brain growth, as in Kleeblattschadel syndrome. In microcephaly, the death of
brain tissue can be from a genetic process (eg, trisomy 13), or a secondary process involving external
agents (eg, toluene embryopathy, Figure 2).
Figure 2: From Arnold and colleagues (1994)
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The Table lists some causes of microcephaly.
Table

The combination of anonychia with microcephaly is consistent with a rare autosomal recessive
syndrome usually associated with normal intelligence. Hypoplastic nails and microcephaly, in
association with other dysmorphic features, may be part of syndromes with mental retardation,
including trisomy 18, fetal alcohol, and fetal hydantoin syndromes.
Broad thumbs can be part of several syndromes, including Apert, Pfeiffer, Rubinstein-Taybi, and
Saethre-Chotzen syndromes. Of these, microcephaly is commonly seen only with Rubinstein-Taybi
syndrome, and is associated with mental retardation. Clinical features of the syndrome include broad
thumbs and toes, hypoplastic maxillae, downward-sloping palpebral fissures, beaked nose, and
narrow palate. This syndrome maps to chromosome 16 and involves a protein that regulates the
expression of several genes.
Hepatosplenomegaly and microcephaly imply a congenital infection. Fetal infection in the first and
second trimesters can impede brain growth, and third trimester infection can involve brain
destruction. Rubella and cytomegalovirus are the TORCH infections most often associated with brain
abnormalities. More recently, human immunodeficiency virus (Figure 3) and lymphocytic
choriomeningitis virus (Figure 4) have been shown to have significant effects on the fetal brain.
Figure 3
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Figure 4

Ptosis in the newborn may be associated with several neurologic disorders, but the combination with
toe syndactyly suggests Smith-Lemli-Opitz syndrome (Figure 5).
Figure 5

The syndrome is characterized by ptosis, anteverted nostrils, micrognathia, hypospadias,
cryptorchidism, and syndactyly of toes 2 and 3. The incidence of this autosomal-recessive syndrome
is 1 in 20,000 births. It maps to chromosome 11 and involves a defect in cholesterol synthesis,
resulting in low serum cholesterol concentrations and high precursor (7-dehydrocholesterol)
concentrations. This biochemical pattern can be detected in amniotic fluid as early as 16 weeks of
gestation, allowing prenatal diagnosis.

http://emb.aap.org/courseprodv2/Index.asp[4/6/2012 12:26:30 PM]

Education Module Learner

Sloping forehead and prominent ears with microcephaly are features of autosomal familial
microcephaly, affecting 1 in 40,000 births. A prominent nose may also be seen. Eight loci have been
identified and three genes have been cloned. Defects in any one pair of these alleles results in an
abnormal brain cytoarchitecture and mental retardation.
Diagnosis and treatment of a newborn with microcephaly should be individualized. Based on the
mother's history and the newborn's physical examination findings, further studies may include any or
all of the following: head imaging, karyotype, TORCH titers, urine culture for cytomegalovirus, serum
ammonia, amino acid analysis of plasma and urine, and maternal serum phenylalanine concentration.
Do you want to add anything to your Learning Plan?
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American Board of Pediatrics Content Specification(s):
Know the upper and lower limits of normal head circumference
Understand the diagnosis and management of an infant with microcephaly
Recognize the clinical features, inheritance pattern, and laboratory values associated with the SmithLemli-Opitz syndrome
Recognize the clinical features of the Rubenstein-Taybi syndrome
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A 15-day-old male infant who had been born at 28 weeks' gestation developed several painful
red macules and a hemorrhagic bulla on his right thigh. The macules varied in size from 1.5 to
3.0 cm in diameter. Within 12 hours, the macules vesiculated, some with hemorrhage, and
ulcerated (Figures 1 and 2).
Figure 1: Solitary lesion
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Figure 2: Extensive cutaneous infection and necrosis

The skin surrounding the ulcers was bright pink. The ulcers then developed a necrotic, black,
depressed appearance and the centers became encrusted. Culture specimens of the blood,
urine, cerebrospinal fluid, and vesicles were obtained and broad-spectrum antibiotics were
initiated. A biopsy of the ulcer showed a vasculitis with few inflammatory cells. Edema,
hemorrhage, and necrosis were found surrounding the veins and some arteries. Bacteria were
seen in the perivascular tissue and vessel walls. As the skin lesions evolved, the infant also
developed shock requiring vigorous fluid resuscitation, mechanical ventilation, and vasopressor
support.
Of the following, the organism MOST often associated with the skin lesions described for this
infant is:
Candida albicans
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Pseudomonas aeruginosa
Staphylococcus aureus
Streptococcus agalactiae
Treponema pallidum
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The skin of the newborn infant serves as a physical and immunologic barrier to invasion by
infectious organisms. During and following birth, the infant is quickly colonized by organisms
found on the cervix, vagina, and skin of caregivers. The initial colonization occurs on the
umbilicus, genitalia, groin, and abdomen, and spreads rapidly to other surfaces and mucous
membranes. The organisms most often found during initial colonization are Staphylococcus
epidermidis, diphtheroids, and gram-negative enteric organisms. Subsequently, organisms
present in the environment, such as Staphylococcus aureus, group B streptococci, and other
gram-negative microbes, also appear.
The intact skin protects the infant from microbial invasion. The presence
of vernix caseosa (shed epithelial cells, sebum, and hair) at birth and
stratum corneum physically block movement of microbes into the deeper
layers of the skin and blood vessels. Breach of skin barriers, as seen
during phlebotomy or placement of intravascular catheters, facilitates
microbial penetration.
The skin immune system is composed of cellular components
(keratinocytes, antigen-presenting cells, monocytes, macrophages,
granulocytes, mast cells, lymphocytes, and endothelial cells) and humeral components
(antimicrobial peptides, complement proteins, immunoglobulins, cytokines, and prostaglandins).
Langerhans cells are antigen-presenting cells unique to the skin. Microorganisms bind to
Langerhans cells and are presented to cellular immune components for processing and killing.
Microbial infections of the skin may be manifest as a maculopapular rash, vesicles, pustules,
bullae, abscesses, cellulitis, impetigo, erythema multiforme, and petechiae or purpura. Lesions
characteristic of a single organism are unusual because each of the aforementioned
manifestations of skin infections can be caused by several different microorganisms. An
exception to this generality are the ecthyma gangrenosum lesions found in the infant in the
vignette.
Ecthyma gangrenosum occurs in 2% to 6% of infections caused by Pseudomonas aeruginosa.
Although Pseudomonas is the predominant cause for ecthyma gangrenosum, other organisms
such as group B streptococcus, Aeromonas hydrophilia, Enterobacter species, Escherichia coli,
Proteus species, Pseudomonas cepacia, Serratia marcescens, Xanthomonas maltophilia,
Aspergillus species, mucorales, and Candida albicans have been infrequently associated with
this lesion.
Pseudomonas infection often occurs in patients with suppressed immune systems. The
organism may be spread hematogenously or by direct inoculation of the skin. As described for
the infant in the vignette, the lesion usually begins as a painful red or purpuric macule that
centrally vesiculates or becomes pustular. Bullae may also form. Surrounding tissues are pink
or violaceous. The lesion quickly ulcerates, develops raised edges, and becomes necrotic in the
center. A black, crusted eschar covers an erythematous base that microscopically is
characterized by a vasculitis, especially the veins. The ecthyma gangrenosum lesions are
caused by production of enzymes and proteases (especially elastase but also gelatinase,
collagenase, lecithinase, neutral and alkaline protease, cytotoxin, and phospholipase C),
endotoxin, and exotoxins A and S. The lesions are characteristically devoid of inflammatory
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cells. Pseudomonas organisms may be found in the adventitia and media of the dermal veins.
Culture of the base of these lesions, not the exudate or eschar, is necessary to determine the
microbial source of infection. The presence of ecthyma gangrenosum generally indicates
treatment with anti-Pseudomonas antibiotic agents.
Skin lesions associated with C albicans vary in presentation and include diffuse erythema with
or without pustules (especially congenital and systemic candidiasis), diffuse maculopapular
lesions, cutaneous abscesses at insertion sites of intravascular lines, confluent red and scaly
plaques with adjacent red satellite lesions in skin creases of the groin, axilla, and neck, and
rarely, as ecchymoses and necrosis (ecthyma gangrenosum). Crusting of lesions and
desquamation may follow these presenting lesions. All body surfaces may be involved including
the palms, soles, and face in the diffuse skin disorders (ie, congenital and systemic forms)
caused by C albicans.
Of note, congenital and local forms of candidiasis can be treated with topical agents alone
(nystatin, gentian violet, naftifine, terbinafine). Recurrent lesions may require oral fluconazole or
itraconazole. If systemically ill, intravenous treatment with amphotericin B for 14 to 21 days may
be needed. Intravenous fluconazole is also effective for C albicans but other Candida species
are often resistant; amphotericin B is the usual drug of choice for infections caused by
non–Candida albicans species. 5-Fluorocytosine, a pyrimidine antimetabolite that penetrates the
blood brain barrier, acts synergistically with amphotericin B against fungal pathogens such as
Cryptoccocus and Candida species.
Staphylococcus aureus is a frequent cause for skin infections. Superficial infections (such as
impetigo and bacterial folliculitis), cutaneous and subcutaneous abscesses (such as breast and
scalp abscesses), nonnecrotizing subcutaneous infections (such as funisitis and omphalitis),
necrotizing subcutaneous infections (such as necrotizing fasciitis), and toxin-mediated
disorders (staphylococcal scalded skin syndrome) may be caused by S aureus. Ecthyma
gangrenosum is rarely caused by S aureus and, when associated, it most often presents late in
the course of necrotizing fasciitis.
Infection caused by Streptococcus agalactiae, or group B streptococcus, is rarely accompanied
by skin manifestations. Cellulitis is the most frequently encountered skin disorder, occurs more
often with late-onset disease, and has a predilection for facial and submandibular skin.
Impetigo, cutaneous and subcutaneous abscesses, erythema nodosum–like lesions, necrotizing
fasciitis, and purpura fulminans have been reported with group B streptococcus. Ecthyma
gangrenosum is rarely caused by group B streptococcus.
Treponema pallidum, the spirochete that causes syphilis, is responsible for a wide variety of
skin manifestations in congenitally infected infants. At birth, fewer than half of all infected
infants have skin lesions. Lesions include papulosquamous plaques, erythematous macules,
hemorrhagic vesicles and bullae (pemphigus syphiliticus), annular lesions, and polymorphous
rashes. The palms, plantar surfaces of the feet, perioral skin, and anogenital region are common
sites for lesions to be found. Snuffles (syphilitic rhinitis) may be the first sign of congenital
syphilis and begins as a clear nasal discharge that becomes profuse, chronic, and hemorrhagic.
Papules and plaques at the mucocutaneous junctions of the nose, mouth, and anus are highly
infectious (condyloma lata) and, if chronic, lead to rhagades. Bullae resembling the early lesions
that develop into ecthyma gangrenosum are infrequently found in infants with congenital
syphilis. The bullae form on an erythematous base and after rupturing, maceration occurs, and
a crusty exudate appears.
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American Board of Pediatrics Content Specification(s):
Understand the causes and differential diagnosis of infections of the skin and mucous
membranes
Understand the clinical and laboratory features of infections of the skin and mucous
membranes
Understand the clinical manifestations of group B streptococcal infections
Understand the clinical manifestation and diagnostic criteria of neonatal infections with
Staphylococcus aureus and Staphylococcus epidermidis
Understand the clinical manifestations and diagnostic criteria of perinatal infections with
Treponema pallidum
Understand the clinical manifestations of neonatal infections with Candida, coccidiodomycosis,
cryptococcus, histoplasmosis, and Malassezia
Recognize the cutaneous and laboratory manifestations of congenital syphilis
Recognize the cutaneous and laboratory manifestations of severe candidiasis
Know the treatment of severe candidiasis
Know the etiology and cutaneous manifestations of nonpurpuric skin lesions
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A pediatric resident asks you to see the 3-month-old sister of a boy who is being followed up in the orthopedic
clinic for spastic cerebral palsy and developmental delay. As he was taking the history on the older boy, the
mother related that the younger child “is starting to do the same thing.” She relates that both this child and her
brother were normal at their term deliveries and both were discharged home before 2 days of age. The young
girl is now beginning to have postprandial irritability, episodic vomiting, somnolence, and delayed development
in a pattern similar to her older brother. Their 9-year-old brother is healthy, as are the parents.
Of the following, the diagnostic test REQUIRED to confirm the diagnosis in these children involves testing of:
chromosomes
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serum
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The children described in this vignette have arginase deficiency, the most infrequently diagnosed of the urea
cycle defects. The definitive diagnosis is made with an assay of erythrocytic arginase type 1.
The Figure illustrates the reactions of the urea cycle. Abnormalities of all six of the enzymes have been
described, but their clinical presentations vary. With the exception of ornithine transcarbamylase deficiency,
which is X-linked recessive in most cases, the defects are autosomal recessive.
Figure
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Arginase deficiency rarely presents in the neonatal period. Although the blockage in the reaction from arginine
to ornithine and urea is completely blocked in the liver, because hepatic arginase type 1 is the deficient enzyme,
the water-soluble arginine transfers to other tissues, many of which have inducible arginase type 2 enzyme. For
this reason, symptoms in the neonatal period, if any at all, are mild and usually missed. As noted in this
vignette, symptoms begin with episodic vomiting, irritability (especially postprandial), lethargy, and somnolence,
with progression to developmental retardation and spastic quadriplegia.
Ammonia concentrations may be elevated, but variably so, usually between 140 and 426
µg/dL (100-300 µmol/L), but acute neonatal hyperammonemic events are rarely
experienced. Laboratory examinations may reveal elevated serum arginine
concentrations, but self-restriction of protein intake makes this an unreliable test. Urinary
excretion of arginine will be somewhat increased, but not massively so because of the
action of arginase type 2 enzyme. Competitive inhibition of tubular resorption of other
amino acids (eg, ornithine, lysine, or cystine) by arginine may give a urinary excretion
pattern similar to cystinuria. As arginase is found in the cytosol, mitochondrial analysis
would not be helpful. Diagnosis should be confirmed using an arginase type 1 assay on
samples of liver biopsy, leukocytes, or erythrocytes, the most convenient tissue to sample.
The disease results from mutations in the gene for arginase type 1 (ARG1), found on chromosome 6q23. In
families with known mutations or polymorphisms at the ARG1 locus (not available for the children in the
vignette), diagnosis can be confirmed using molecular genetic techniques; prenatal diagnosis can be made
based on chorionic villus sampling. Prenatal diagnosis with an enzyme assay requires fetal blood or fetal liver
biopsy specimens; the enzyme is not active in cultures of fibroblasts.
Arginine concentrations are being evaluated in newborn screening programs in some states using tandem mass
spectrometry. Individuals detected early have responded favorably with normal growth and development to a
program of careful monitoring of protein intake, augmented with added sodium benzoate or sodium
phenylbutyrate, and supplementation of ornithine and lysine. Careful monitoring is required, and patients should
be referred to centers experienced in the management of this condition.
Defects in the other urea cycle enzymes commonly produce acute neonatal hyperammonemic coma after the
second day after birth, but arginosuccinic aciduria (deficiency of arginosuccinate lyase) may present as late as 1
to 2 weeks of age. The most common is ornithine transcarbamylase deficiency, the X-linked variant of urea
cycle abnormalities. Diagnostic testing using either enzyme assay or molecular genetic techniques is available
for each condition.
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Citrin deficiency has been related to the urea cycle enzyme defects, because its role is to transport glutamate
into the mitochondrion in exchange for the excretion of aspartate from the mitochondrion. The resultant
depletion of aspartate in the cytosol causes substrate inhibition of arginosuccinate synthetase, elevated
citrulline, and hyperammonemia. Clinical disease is different from the other conditions. The neonatal form
presents as intrahepatic cholestasis at 1 to 4 months of age, which often resolves, but can re-emerge as the
adult form in later life; the adult form presents after 10 years of age with hyperammonemic citrullemia. Death
from hyperammonemic cerebral edema often follows.
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American Board of Pediatrics Content Specification(s):
Understand the clinical manifestations, laboratory features, and treatment of disorders in the metabolism of the
urea cycle
Plan the evaluation of an infant or young child diagnosed with cerebral palsy
Recognize the disorders associated with cerebral palsy, including cognitive and communication disorders,
seizures, sensory impairments, orthopedic deformities, emotional, and behavioral disorders
Know the chromosomal disorders and syndromes associated with mental retardation
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