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Preface

The 19th edition of Current Diagnosis & Treatment: Pediatrics (CDTP) features practical, up-to-date, well-referenced
information on the care of children from birth through infancy and adolescence. CDTP emphasizes the clinical aspects of
pediatric care while also covering important underlying principles. CDTP provides a guide to diagnosis, understanding, and
treatment of the medical problems of all pediatric patients in an easy-to-use and readable format.

INTENDED AUDIENCE

Like all Lange medical books, CDTP provides a concise yet comprehensive source of current information. Students will find
CDTP an authoritative introduction to pediatrics and an excellent source for reference and review. CDTP provides excellent
coverage of The Council on Medical Student Education in Pediatrics (COMSEP) curriculum used in pediatric clerkships.
Residents in pediatrics (and other specialties) will appreciate the detailed descriptions of diseases as well as diagnostic and
therapeutic procedures. Pediatricians, family practitioners, nurses and nurse practitioners, and other health-care providers
who work with infants and children will find CDTP a useful reference on management aspects of pediatric medicine.

COVERAGE

Forty-four chapters cover a wide range of topics, including neonatal medicine, child development and behavior, emergency
and critical care medicine, and diagnosis and treatment of specific disorders according to major problems and organ systems.
A wealth of tables and figures provides quick access to important information, such as acute and critical care procedures in the
delivery room, the office, the emergency room, and the critical care unit; anti-infective agents; drug dosages; immunization
schedules; differential diagnosis; and developmental screening tests. The final chapter is a handy guide to normal laboratory
values.

NEW TO THIS EDITION

The 19th edition of CDTP has been revised comprehensively by the editors and contributing authors. New references as well
as up-to-date and useful Web sites have been added, permitting the reader to consult original material and to go beyond the
confines of the textbook. As editors and practicing pediatricians, we have tried to ensure that each chapter reflects the needs
and realities of day-to-day practice.

CHAPTERS WITH MAJOR REVISIONS INCLUDE:

1 The Newborn Infant
9 Immunization
12 Poisoning
16 Oral Medicine & Dentistry
19 Cardiovascular Diseases
20 Gastrointestinal Tract
40 Infections: Bacterial & Spirochetal
41 Infections: Parasitic & Mycotic

NEW CHAPTERS INCLUDE:

6 Child & Adolescent Psychiatric Disorders & Psychosocial Aspects of Pediatrics
25 Sports Medicine
26 Rehabilitation Medicine
30 Pain Management & Palliative Care

Xviii
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PREFACE

CHAPTER REVISIONS

The eight chapters that have been extensively revised, with new authors added in several cases, reflect the substantially updated
material in each of their areas of pediatric medicine. The Gastrointestinal Tract chapter, with contributions from a new author,
has been thoroughly revised, particularly the sections on inflammatory bowel disease and gastroesophageal reflux, as well as new
sections on cyclic vomiting syndrome and eosinophilic esophagitis. Especially important are updates to the chapters on Infectious
Diseases, including information on methicillin-resistant staphylococcus and tropical diseases such as dengue and malaria. The
Neonatology chapter includes a major revision on hyperbilirubinemia. The Poisoning chapter has been revised to include more
references and guidelines. The Oral Medicine & Dentistry chapter has a new author and a focus on preventive dentistry. The
Cardiovascular chapter has been streamlined and includes a thoroughly updated section on ultrasound and a new section on
cardiac transplant and treatment of rejection. A new chapter on Pain Management & Palliative Care has been added. The
Rehabilitation Medicine & Sports Medicine chapter has been separated into two chapters to clarify and emphasize the unique
aspects of each. Child & Adolescent Psychiatric Disorders & Psychosocial Aspects of Pediatrics has been completely revised by
two new authors.

All other chapters are substantially revised and references have been updated. Eighteen new authors have contributed to
these revisions.
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The Newborn Infant

Elizabeth H. Thilo, MD
Adam A. Rosenberg, MD

The newborn period is defined as the first 28 days of life. In
practice, however, sick or very immature infants may require
neonatal care for many months. There are three levels of
newborn care. Level 1 refers to basic care of well newborns,
neonatal resuscitation, and stabilization prior to transport.
Level 2 refers to specialty neonatal care of premature infants
greater than 1500 g or more than 32 weeks’ gestation. Level
3 is subspecialty care of higher complexity ranging from 3A
to 3D based on newborn size and gestational age, availability
of general surgery, cardiac surgery, and extracorporeal mem-
brane oxygenation. Level 3 care is often part of a perinatal
center offering critical care and transport to the high-risk
mother and fetus as well as the newborn infant.

THE NEONATAL HISTORY

The newborn medical history has three key components:
(1) maternal and paternal medical and genetic history,
(2) maternal past obstetric history, and (3) current antepar-
tum and intrapartum obstetric history.

The mother’s medical history includes chronic medical
conditions, medications taken during pregnancy, unusual
dietary habits, smoking history, occupational exposure to
chemicals or infections of potential risk to the fetus, and any
social history that might increase the risk for parenting prob-
lems and child abuse. Family illnesses with genetic implica-
tions should be sought. The past obstetric history includes
maternal age, gravidity, parity, blood type, and pregnancy
outcomes. The current obstetric history includes the results of
procedures during the current pregnancy such as ultrasound,
amniocentesis, screening tests (rubella antibody, hepatitis B
surface antigen, serum quadruple screen for genetic disorders,
HIV), and antepartum tests of fetal well-being (eg, biophysical
profiles, nonstress tests, or Doppler assessment of fetal blood
flow patterns). Pregnancy-related maternal complications
such as urinary tract infection, pregnancy-induced hyperten-
sion, eclampsia, gestational diabetes, vaginal bleeding, and

preterm labor should be documented. Significant peripartum
events include duration of ruptured membranes, maternal
fever, fetal distress, meconium-stained amniotic fluid, type of
delivery (vaginal or cesarean section), anesthesia and analgesia
used, reason for operative or forceps delivery, infant status at
birth, resuscitative measures, and Apgar scores.

ASSESSMENT OF GROWTH
& GESTATIONAL AGE

It is important to know the infant’s gestational age because
normal behavior and possible medical problems can be
predicted on this basis. The date of the last menstrual period
is the best indicator of gestational age. Uterine fundal height
and early fetal ultrasound provide supporting information.
Postnatal physical characteristics and neurologic develop-
ment are also clues to gestational age. Table 1-1 lists the
physical and neurologic criteria of maturity used to estimate
gestational age by the Ballard score method. Adding the
scores assigned to each neonatal physical and neuromuscular
sign yields a score corresponding to gestational age.

Disappearance of the anterior vascular capsule of the lens
is also helpful in determining gestational age. Until 27-28
weeks’ gestation, the lens capsule is covered by vessels; by 34
weeks, this vascular plexus is completely atrophied. Foot
length, from the heel to the tip of the longest toe, also
correlates with gestational age in appropriately grown
infants. The foot measures 4.5 cm at 25 weeks’ gestation and
increases 0.25 cm per week until term.

If the physical examination indicates a gestational age
within 2 weeks of that predicted by the obstetric dates, the
gestational age is as assigned by the obstetric date. Birth
weight and gestational age are plotted on standard grids
(Figure 1-1) to determine whether the birth weight is
appropriate for gestational age (AGA), small for gestational
age (SGA) or large for gestational age (LGA). Another term
for SGA is intrauterine growth restriction (IUGR). Birth
weight for gestational age in normal neonates varies with

Copyright © 2009 by The McGraw-Hill Companies, Inc. Click here for terms of use.
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1

Table 1-1. New Ballard score for assessment of fetal maturation of newly born infants.?
Neuromuscular Maturity
Neuromuscular Score Record
Maturity Sign -1 0 1 2 3 4 5 Score Here
Posture ; é :
Square window
(wrist) l !7_‘ r\ r\ f\ P
>90° 90° 60° 45° 30° 0°
Arm recoil
140° 110° 90°
to to to
180° 180° 140° 110° <90°
Popliteal angle \ I Z S
180° 160° 140° 120° 100° 90° <90°
Scarf sign O O
/ —’ _“ n
— —_— —_—
Y, Y,
Heel to ear — — “~ — ~
Total Neuromuscular Maturity Score
Physical Maturity
Physical Score Record
Maturity Sign -1 0 1 2 3 4 5 Score Here
Skin Sticky, friable, ~ Gelatinous, Smooth, pink,  Superficial peel-  Cracking, Parchment, Leathery,
transparent red, translu-  visible veins ing &/or rash; pale areas; deep cracking;  cracked,
cent few veins rare veins no vessels wrinkled
Lanugo None Sparse Abundant Thinning Bald areas Mostly bald
Plantar Heel toe 40- > 50 mm: Faint red Anterior trans- Creases ante-  Creases over
surface 50 mm: -1 no crease marks verse crease rior 2/3 entire sole
< 40 mm: -2 only
Breast Imperceptible ~ Barely per- Flat areola; Stippled areola;  Raisedareola;  Full areols; 5-
ceptible no bud 1-to 2-mm bud  3- to 4-mm to 10-mm bud
bud
Eye/Ear Lids fused Lids open; Slightly curved ~ Well-curved Formed & firm  Thick cartilage;
loosely: -1 pinna flat; pinng; soft; pinng; soft but instant recoil ear stiff
tightly: -2 stays folded slow recoil ready recoil
Genitals Scrotum flat,  Scrotum Testesinupper  Testes descend-  Testes down;  Testes pendu-
(male) smooth empty; faint canal; rare ing; few rugae good rugae lous; deep
rugae rugae rugae
Genitals Clitoris promi- ~ Prominent cli-  Prominent clito- ~ Majora & minora  Majora large; ~ Majora cover
(female) nent & labia toris & small ris & enlarging  equally promi- minora small  clitoris &
flat [abia minora minora nent minora
Total Physical Maturity Score
Maturity Score -10 =5 0 5 10 15 20 25 30 35 40 45 50
Rating Weeks 20 22 24 26 28 30 32 34 36 38 40 42 44

See text for a description of the clinical gestational age examination.
Reproduced, with permission, from Ballard JL et al: New Ballard Score, expanded to include extremely premature infants. J Pediatr 1991;119:417.
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A Figure 1-1. Intrauterine growth curves for weight, length, and head circumference for singleton births in Colorado.
(Reproduced, with permission, from Lubchenco LO et al: Intrauterine growth in length and head circumference as estimated
from live births at gestational ages from 26 to 42 weeks. Pediatrics 1966,;37:403.)

race, maternal nutrition, access to obstetric care, and
environmental factors such as altitude, smoking, and drug
and alcohol use. Whenever possible, standards for new-
born weight and gestational age based on data derived
from the local or regional population should be used. Birth
weight related to gestational age is a screening tool that
should be supplemented by clinical data when entertaining
a diagnosis of IUGR or excessive fetal growth. These data
include the infant’s physical examination and other factors
such as parental size and the birth weight—gestational age
of siblings.

An important distinction, particularly in SGA infants, is
whether a growth disorder is symmetrical (weight, length,
and occipitofrontal circumference [OFC] all < 10%) or asym-
metrical (only weight < 10%). Asymmetrical growth restric-

tion implies a problem late in pregnancy, such as pregnancy-
induced hypertension or placental insufficiency. Symmetri-
cal growth restriction implies an event of early pregnancy:
chromosomal abnormality, drug or alcohol use, or congeni-
tal viral infections. In general, the outlook for normal growth
and development is better in asymmetrically growth-
restricted infants whose intrauterine brain growth has been
spared (Table 1-2).

The fact that SGA infants have fewer problems (such as
respiratory distress syndrome) than AGA infants of the same
birth weight but a lower gestational age has led to the
misconception that SGA infants have accelerated matura-
tion. SGA infants, when compared with AGA infants of the
same gestational age, actually have increased morbidity and
mortality rates.
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Table 1-2. Causes of variations in neonatal
size in relation to gestational age.

Infants large for gestational age
Infant of a diabetic mother
Infants small for gestational age
Asymmetrical
Placental insufficiency secondary to pregnancy-induced hyper-
tension or other maternal vascular disease
Maternal age > 35 years
Poor weight gain during pregnancy
Multiple gestation
Symmetrical
Maternal drug abuse
Narcotics
Cocaine
Alcohol
Chromosomal abnormalities
Intrauterine viral infection (eg, cytomegalovirus)

Knowledge of birth weight in relation to gestational age
allows anticipation of some neonatal problems. LGA infants
are at risk for birth trauma; LGA infants of diabetic mothers
are also at risk for hypoglycemia, polycythemia, congenital
anomalies, cardiomyopathy, hyperbilirubinemia, and hypo-
calcemia. SGA infants are at risk for fetal distress during labor
and delivery, polycythemia, hypoglycemia, and hypocalcemia.

American Academy of Pediatrics: Committee on Fetus and New-
born: Levels of neonatal care. Pediatrics 2004;114:1341 [PMID:
15520119].

Leviton A et al: The wealth of information conveyed by gestational
age. ] Pediatr 2005;146:123 [PMID: 15644836].

EXAMINATION AT BIRTH

The extent of the newborn physical examination depends
on the condition of the infant and the setting. Examina-

Table 1-3. Infant evaluation at birth—Apgar score.

tion in the delivery room consists largely of observation
plus auscultation of the chest and inspection for congeni-
tal anomalies and birth trauma. Major congenital anoma-
lies occur in 1.5% of live births and account for 20-25% of
perinatal and neonatal deaths. Because infants are physi-
cally stressed during parturition, the delivery room exam-
ination should not be extensive. The Apgar score (Table 1-3)
should be recorded at 1 and 5 minutes of age. In severely
depressed infants, a 10-minute score should also be
recorded. Although the 1- and 5-minute Apgar scores have
almost no predictive value for long-term outcome, serial
scores provide a useful description of the severity of
perinatal depression and the response to resuscitative
efforts.

Skin color is an indicator of cardiac output because of the
normal high blood flow to the skin. Stress that triggers a
catecholamine response redirects cardiac output away from
the skin to preserve oxygen delivery to more critical organs.
Cyanosis and pallor are thus two signs of inadequate skin
oxygenation and cardiac output.

Skeletal examination at delivery serves to detect obvious
congenital anomalies and to identify birth trauma, particu-
larly in LGA infants or those born after a protracted second
stage of labor in whom a fractured clavicle or humerus
might be found.

The number of umbilical cord vessels should be deter-
mined. Normally, there are two arteries and one vein. In
1% of deliveries (5-6% of twin deliveries), the cord has
only one artery and one vein. This minor anomaly slightly
increases the risk of associated defects. The placenta
should be examined at delivery. Small placentas are
always associated with small infants. The placental exam-
ination includes identification of membranes and vessels
(particularly in multiple gestations) as well as placental
infarcts or clots (placental abruption) on the maternal
side.

0
Heart rate Absent
Respiratory effort Absent
Muscle tone Limp
Response to catheter in nostril® No response
Color Blue or pale

Score

Slow (< 100) > 100

Slow, irreqular Good, crying
Active motion
Cough or sneeze
Completely pink

Some flexion
Grimace
Body pink; extremities blue

©1958 American Medical Association.

°0One minute and 5 minutes after complete birth of the infant (disregarding the cord and the placenta), the following objective signs should be observed and

recorded.
*Tested after the oropharynx is clear.

Reproduced, with permission, from Apgar V et al: Evaluation of the newborn infant—Second report. JAMA 1958;168:1985.
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EXAMINATION IN THE NURSERY

The examiner should have warm hands and a gentle
approach. Start with observation, then auscultation of the
chest, and then palpation of the abdomen. Examination of
the eyes, ears, throat, and hips should be performed last, as
these maneuvers are most disturbing to the infant. The heart
rate should range from 120-160 beats/min, and the respira-
tory rate from 30—60 breaths/min. Systolic blood pressure on
day 1 ranges from 50-70 mm Hg and increases steadily
during the first week of life. Blood pressure is influenced
more significantly by perinatal asphyxia and mechanical
ventilation than it is by gestational age. An irregularly irreg-
ular heart rate, usually caused by premature atrial contrac-
tions, is common, benign, and usually resolves in the first
days of life.

Approximately 15-20% of healthy newborns have one
minor anomaly. Those with a minor anomaly have a 3% risk
of an associated major anomaly. Approximately 0.8% of
newborns have two minor anomalies, and 0.5% have three
or more, with a risk of 10% and 20%, respectively, of a major
malformation. Common minor anomalies requiring no spe-
cial investigation in healthy infants include preauricular pits,
a single sacral dimple without other cutaneous abnormality
within 2.5 cm of the anus, a single transverse palmar crease,
and three or fewer café-au-lait spots in a white infant or five
or fewer in an African-American infant.

skin

Observe for bruising, petechiae (common over the present-
ing part), meconium staining, and jaundice. Peripheral
cyanosis is commonly present when the extremities are cool
or the infant is polycythemic. Generalized cyanosis merits
immediate evaluation. Pallor may be caused by acute or
chronic blood loss or by acidosis. In dark-skinned infants,
pallor and cyanosis should be assessed in the lips, mouth,
and nail beds. Plethora suggests polycythemia. Note vernix
caseosa (a whitish, greasy material covering the body that
decreases as term approaches) and lanugo (the fine hair
covering the preterm infant’s skin). Dry skin with cracking
and peeling of the superficial layers is common in postterm
infants. Edema may be generalized (hydrops) or localized
(eg, on the dorsum of the feet in Turner syndrome). Check
for birthmarks such as capillary hemangiomas (lower
occiput, eyelids, and forehead) and mongolian spots (blu-
ish-black pigmentation over the back and buttocks). Milia
(small white keratogenous cysts) are common on the cheeks,
forehead, nose, and nasolabial folds. Miliaria (blocked ducts
of sweat glands) occurs in intertriginous areas and on the
face or scalp. Milia can also appear as small vesicles (crystal-
lina), small erythematous papules (rubra), or pustules. Ery-
thema toxicum is a benign rash characterized by fleeting
erythematous papules and pustules filled with eosinophils.
Pustular melanosis leaves pigmented macules when the
pustules rupture. The pustules are noninfectious but contain

neutrophils. Jaundice in the first 24 hours is abnormal and
should be evaluated.

Head

Check for cephalohematoma (a swelling over one or both
parietal bones contained within suture lines) and caput
succedaneum (edema over the presenting part that crosses
suture lines). Subgaleal hemorrhages (beneath the scalp) are
uncommon but can cause extensive blood loss into this large
potential space with hypovolemic shock. Skull fractures may
be linear or depressed and may be associated with cephalo-
hematoma. Check for the presence and size of the fonta-
nelles. The anterior fontanelle varies from 1-4 ¢cm in any
direction; the posterior fontanelle should be less than 1 cm.
A third fontanelle is a bony defect along the sagittal suture in
the parietal bones and may be seen in syndromes, such as
trisomy 21. Sutures should be freely mobile, but are often
overriding just after birth. Craniosynostosis, a prematurely
fused suture, is more easily diagnosed a few days or more
after birth.

Face

Odd facies may be associated with a specific syndrome.
Bruising from birth trauma (especially with face presenta-
tion) and forceps application should be identified. Face
presentation may cause soft tissue swelling around the nose
and mouth and significant facial distortion. Facial nerve
palsy is obvious during crying; the unaffected side of the
mouth moves normally, giving a distorted grimace.

Eyes

Subconjunctival hemorrhages are a frequent result of birth
trauma. Less commonly, a corneal tear may occur and
present as a clouded cornea. Ophthalmologic consultation is
indicated in such cases. Extraocular movements should be
assessed. Occasional uncoordinated eye movements are
common, but persistent irregular movements are abnormal.
The iris should be inspected for abnormalities such as
Brushfield spots (trisomy 21) and colobomas. Retinal red
reflexes should be present and symmetrical. Dark spots,
unilateral blunted red reflex, absent reflex, or a white reflex
all require ophthalmologic evaluation. Leukokoria can be
caused by glaucoma (cloudy cornea), cataract, or tumor
(retinoblastoma). Infants with suspected or known congeni-
tal viral infection should have a retinoscopic examination
with pupils dilated to look for chorioretinitis.

Nose

Examine the nose for size and shape. In utero compression
can cause deformities. Because infants younger than 1 month
of age are obligate nose breathers, any nasal obstruction (eg,
bilateral choanal atresia or stenosis) can cause respiratory
distress. Unilateral choanal atresia can be diagnosed by
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occluding each naris. Patency is best checked by holding a
cold metal surface (eg, a chilled laryngoscope blade) under
the nose, and observing the fog from both nares on the
metal. Purulent nasal discharge at birth suggests congenital
syphilis.

Ears

Malformed or malpositioned (low-set or posteriorly rotated)
ears are often associated with other congenital anomalies.
The tympanic membranes should be visualized. Preauricular
pits and tags are common minor variants but may be
associated with hearing loss.

Mouth

Epithelial (Epstein) pearls are retention cysts along the gum
margins and at the junction of the hard and soft palates.
Natal teeth may be present and sometimes must be removed
to prevent their aspiration. Check the integrity and shape of
the palate. A small mandible and tongue with cleft palate is
seen with Pierre Robin syndrome and can result in respira-
tory difficulty, as the tongue occludes the airway. Prone
positioning can be beneficial. A prominent tongue can be
seen in trisomy 21 and Beckwith-Wiedemann syndrome.
Excessive oral secretions suggest esophageal atresia or a
swallowing disorder.

Neck

Redundant neck skin or webbing is seen in Turner syn-
drome. Cervical sinus tracts may be seen as remnants of
branchial clefts. Check for masses: midline (thyroid), ante-
rior to the sternocleidomastoid (branchial cleft cysts), within
the sternocleidomastoid (hematoma and torticollis), and
posterior to the sternocleidomastoid (cystic hygroma).

Chest & Lungs

Check for fractured clavicles (crepitus, bruising, and tender-
ness). Increased anteroposterior diameter (barrel chest) can
be seen with aspiration syndromes. Check air entry bilater-
ally and the position of the mediastinum and heart tones.
Decreased breath sounds with respiratory distress and a shift
in the mediastinum suggests pneumothorax (tension) or a
space-occupying lesion (eg, diaphragmatic hernia). Pneu-
momediastinum causes muffling of the heart sounds. Expi-
ratory grunting and decreased air entry are observed in
hyaline membrane disease. Rales are not of clinical signifi-
cance at this age.

Heart

Cardiac murmurs are common in the first hours and are
most often benign. Severe congenital heart disease in the
newborn infant may be present with no murmur at all. The
two most common presentations of heart disease in the new-

born infant are (1) cyanosis and (2) congestive heart failure
with abnormalities of pulses. In hypoplastic left heart and
critical aortic stenosis, pulses are diminished at all sites. In
aortic coarctation and interrupted aortic arch, pulses are
diminished in the lower extremities. Examination of the
newborn heart is described in detail in Chapter 19.

Abdomen

Check for softness, distention, and bowel sounds. If polyhy-
dramnios was present or excessive oral secretions are noted,
pass a soft catheter into the stomach to rule out esophageal
atresia. Most abdominal masses in the newborn infant are
associated with kidney disorders (eg, multicystic or dysplas-
tic, and hydronephrosis). When the abdomen is relaxed,
normal kidneys may be felt but are not prominent. A mark-
edly scaphoid abdomen plus respiratory distress suggests
diaphragmatic hernia. Absence of abdominal musculature
(prune belly syndrome) may occur in association with renal
abnormalities. The liver and spleen are superficial in the
neonate and discernible by light palpation. A distended blad-
der may be seen and palpated above the pubic symphysis.

Genitalia & Anus

Male and female genitals show characteristics according to
gestational age (see Table 1-1). In the female infant during
the first few days, a whitish vaginal discharge with or without
blood is normal. Check the patency and location of the anus.

Skeleton

Check for obvious anomalies such as absence of a bone,
clubfoot, fusion or webbing of digits, and extra digits. Exam-
ine for hip dislocation by attempting to dislocate the femur
posteriorly and then abducting the legs to relocate the femur.
Look for extremity fractures and for palsies (especially bra-
chial plexus injuries). Rule out myelomeningocele and other
spinal deformities (eg, scoliosis). Arthrogryposis (multiple
joint contractures) results from chronic limitation of move-
ment in utero that may result from lack of amniotic fluid or
from congenital neuromuscular disease.

Neurologic Examination

Normal newborns have reflexes that facilitate survival (eg,
rooting and sucking reflexes), and sensory abilities (eg,
hearing and smell) that allow them to recognize their mother
within a few weeks of birth. Although the retina is well
developed at birth, visual acuity is poor (20/400) because of
a relatively immobile lens. Acuity improves rapidly over the
first 6 months, with fixation and tracking becoming well
developed by 2 months.

Observe the newborn’s resting tone. Normal term new-
borns should exhibit flexion of the upper and lower extremi-
ties and symmetrical spontaneous movements. Extension of
the extremities should result in spontaneous recoil to the
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flexed position. Assess the character of the cry; a high-pitched
cry may indicate disease of the central nervous system (CNS)
such as hemorrhage. Hypotonia and a weak cry may indicate
systemic disease or congenital neuromuscular disorder. Check
the following newborn reflexes:

1. Sucking reflex in response to a nipple or the examiner’s
finger in the mouth. This reflex is observed by 14 weeks’
gestation.

2. Rooting reflex: Head turns to the side of a facial stimu-
lus. This reflex develops by 28 weeks’ gestation.

3. Traction response: The infant is pulled by the arms to a
sitting position. Initially, the head lags, then with active
flexion, comes to the midline briefly before falling
forward.

4. Palmar grasp with placement of the examiner’s finger in
the palm. This reflex develops by 28 weeks’ gestation and
disappears by age 4 months.

5. Deep tendon reflexes: Several beats of ankle clonus and
an upgoing Babinski reflex may be normal.

6. Moro (startle) reflex: Hold the infant supine while sup-
porting the head. Allow the head to drop 1-2 cm
suddenly. The arms will abduct at the shoulder and
extend at the elbow with spreading of the fingers.
Adduction with flexion will follow. This reflex develops
by 28 weeks’ gestation (incomplete) and disappears by
age 3 months.

7. Tonic neck reflex: Forcibly turn the infant’s head to one
side; the arm and leg on that side will extend while the
opposite arm and leg flex (“fencing position”). This
reflex disappears by age 8 months.

Adam M, Hudgins L: The importance of minor anomalies in the
evaluation of the newborn. NeoReviews 2003;4:€99.

Hernandez JA, Morelli JG: Birthmarks of medical significance.
NeoReviews 2003;4:263.

CARE OF THE WELL NEONATE

The primary responsibility of the Level 1 nursery is care of
the well neonate—promoting mother-infant bonding,
establishing feeding, and teaching the basics of newborn
care. Staff must monitor infants for signs and symptoms of
illness, including temperature instability, change in activ-
ity, refusal to feed, pallor, cyanosis, early or excessive
jaundice, tachypnea, respiratory distress, delayed (beyond
24 hours) first stool or first void, and bilious vomiting.
Several preventive measures are routine in the normal
newborn nursery.

Prophylactic erythromycin ointment is applied to the
eyes within 1 hour of birth to prevent gonococcal oph-
thalmia. Vitamin K (1 mg) is given intramuscularly or
subcutaneously within 4 hours of birth to prevent hemor-
rhagic disease of the newborn.

All infants should receive hepatitis B vaccine. Both hepa-
titis B vaccine and hepatitis B immune globulin (HBIG) are
administered if the mother is positive for hepatitis B surface
antigen (HBsAg). If maternal HBsAg status is unknown,
vaccine should be given, maternal blood should be tested for
HBsAg, and HBIG should be given to the neonate before 7
days of age if the test is positive.

Cord blood is collected from all infants at birth and used
for blood typing and Coombs testing if the mother is type O
or Rh-negative.

Rapid glucose testing should be performed in infants at
risk for hypoglycemia (infants of diabetic mothers, preterm,
SGA, LGA, or stressed infants). Values below 45 mg/dL
should be confirmed by laboratory blood glucose testing and
treated. Hematocrit should be measured at age 3—6 hours in
infants at risk for or those who have symptoms of polycythe-
mia or anemia.

State-sponsored newborn genetic screens (for inborn
errors of metabolism such as phenylketonuria [PKU], galac-
tosemia, sickle cell disease, hypothyroidism, and cystic fibro-
sis) are performed prior to discharge, after 24-48 hours of
age if possible. In many states, a repeat test is required at 8—
14 days of age because the PKU test may be falsely negative
when obtained before 48 hours of age. Not all state-man-
dated screens include the same panel of diseases. The most
recent addition in some states is a screen for congenital
adrenal hyperplasia. In infants with prolonged postpartum
hospitalization, genetic screening should be performed by 1
week of age. In addition to the state-mandated screen, some
centers offer expanded newborn screening by tandem mass
spectrometry to look for other inborn errors such as fatty
acid oxidation defects.

Infants should routinely be positioned supine to mini-
mize the risk of sudden infant death syndrome (SIDS).
Prone positioning is contraindicated unless there are com-
pelling clinical reasons for that position. Bed sharing with
adults and prone positioning are associated with increased
risk of SIDS.

FEEDING THE WELL NEONATE

A neonate is ready for feeding if he or she is (1) alert and
vigorous, (2) has no abdominal distention, (3) has good
bowel sounds, and (4) has a normal hunger cry. These signs
usually occur within 6 hours after birth, but fetal distress or
traumatic delivery may prolong this period. The healthy full-
term infant should be allowed to feed every 2—5 hours on
demand. The first breast feeding may occur in the delivery
room. For formula-fed infants, the first feeding usually
occurs by 3 hours of life. The feeding volume generally
increases from 0.5-1 oz per feeding initially to 1.5-2 oz per
feeding on day 3. By day 3, the average full-term newborn
takes about 100 mL/kg/d of milk.

A wide range of infant formulas satisfy the nutritional
needs of most neonates. Breast milk is the standard on which
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formulas are based (see Chapter 10). Despite low concentra-
tions of several vitamins and minerals in breast milk, bio-
availability is high. All the necessary nutrients, vitamins,
minerals, and water are provided by human milk for the first
6 months of life except vitamin K (1 mg IM is administered at
birth), vitamin D (200-300 IU/d is needed if minimal sun-
light exposure), and vitamin B, (0.3-0.5 mg/d if the mother
is a strict vegetarian and takes no B, supplement). Other
advantages of breast milk include (1) immunologic, anti-
microbial, and anti-inflammatory factors such as immuno-
globulin A (IgA) and cellular, protein, and enzymatic compo-
nents that decrease the incidence of upper respiratory and
gastrointestinal infections; (2) possible decreased frequency
and severity of childhood eczema and asthma; (3) improved
mother-infant bonding; and (4) improved neurodevelop-
mental outcome.

Although about 70% of mothers in the United States start
by breast feeding, only 33% continue to do so at 6 months.
Hospital practices that facilitate successful initiation of
breast feeding include rooming-in, nursing on demand, and
avoiding unnecessary supplemental formula. Nursery staff
must be trained to recognize problems associated with breast
feeding and provide help and support for mothers in the
hospital. An experienced professional should observe and
assist with several feedings to document good latch-on.
Good latch-on is important in preventing the common
problems of sore nipples, unsatisfied infants, breast engorge-
ment, poor milk supply, and hyperbilirubinemia.

Table 1-4 presents guidelines the nursing mother and
health care provider can use to assess successful breast
feeding.

American Academy of Pediatrics Committee on Fetus and New-
born: Controversies concerning vitamin K and the newborn.
Pediatrics 2003;112:191 [PMID: 12837888].

American Academy of Pediatrics Section on Breastfeeding Policy
Statement: Breastfeeding and the use of human milk. Pediatrics
2005;115:496 [PMID: 15687461].

Hunt CE, Hauck FR: Sudden infant death syndrome. CMAJ
2006;174:1861 [PMID: 16785462].

Ostrea EM et al: Drugs that affect the fetus and newborn via the
placenta or breast milk. Pediatr Clin North Am 2004;51:539
[PMID: 15157585].

Watson MS: Current status of newborn screening: Decision-
making about the conditions to include in screening pro-
grams. Ment Retard Dev Disabil Res Rev 2006;12:230 [PMID:
17183572].

EARLY DISCHARGE OF THE NEWBORN INFANT

Discharge at 24-36 hours of age is safe and appropriate for
most newborns if there are no contraindications (Table 1-5)
and if a follow-up visit within 48 hours is ensured. Most
infants with cardiac, respiratory, or infectious disorders are
identified in the first 12 hours of life. The exception may be
the infant treated intrapartum with antibiotic prophylaxis
for maternal group B streptococcal (GBS) colonization or

infection. The Centers for Disease Control and Prevention
(CDC) and the American Academy of Pediatrics (AAP)
recommend that such infants be observed in hospital for 48
hours because of the possibility of “partial treatment” and
delayed onset of symptomatic infection. Recent data show
that maternal antibiotics during labor do not change the type
or timing of symptoms related to GBS infection in full-term
infants. Thus, hospital observation beyond 24 hours may not
be necessary for the asymptomatic full-term infant who
received intrapartum chemoprophylaxis. Other problems,
such as jaundice and breast-feeding problems, typically
occur after 48 hours and can usually be dealt with on an
outpatient basis.

The AAP recommends a follow-up visit within 48 hours
for all newborns discharged before 72 hours of age. Infants
who are small or slightly premature—especially if breast
feeding—are at particular risk for inadequate intake. Sug-
gested guidelines for the follow-up interview and physical
examination are presented in Table 1-6. The optimal timing
of discharge must be determined in each case based on
medical, social, and financial factors.

CIRCUMCISION

Circumcision is an elective procedure to be performed only
in healthy, stable infants. The procedure has medical bene-
fits, including prevention of phimosis, paraphimosis, bala-
noposthitis, and urinary tract infection. Important later
benefits of circumcision include decreased incidence of
penile cancer, decreased incidence of sexually transmitted
diseases (including HIV), and decreased incidence of cervical
cancer in female sexual partners. Most parental decisions
regarding circumcision are religious and social, not medical.
The risks of circumcision include local infection, bleeding,
removal of too much skin, and urethral injury. The com-
bined incidence of complications is less than 1%. Local
anesthesia by dorsal penile nerve block or circumferential
ring block using 1% lidocaine without epinephrine, or topi-
cal anesthetic cream are safe and effective methods that
should always be used. Techniques allowing visualization of
the glans throughout the procedure (Plastibell and Gomco
clamp) are preferred to blind techniques (Mogen clamp) as
occasional amputation of the glans occurs with the latter
technique. Circumcision is contraindicated in infants with
genital abnormalities (eg, hypospadias). A coagulation
screen should be performed prior to the procedure in infants
with a family history of serious bleeding disorders.

HEARING SCREENING

Normal hearing is critical to normal language development.
Significant bilateral hearing loss is present in 1-3 infants per
1000 well neonates and in 2—4 per 100 neonates in the
intensive care unit population. Infants should be screened
for hearing loss by auditory brainstem evoked responses or



Table 1-4. Guidelines for successful breast feeding.

Milk supply

Baby's
activity

Feeding
routine

Breast
feeding

Baby's urine
output

Baby’s stool

First 8 Hours

You may be able to express a few drops of milk.

Baby is usually wide-
awake in the first hour
of life. Put baby to
breast within 30 min
after birth.

Baby may go into a
deep sleep 2-4 h after
birth.

Baby will wake up and
be alert and respon-
sive for several more
hours after initial
deep sleep.

First 8-24 Hours Day 2

Wake up your baby.
Babies may not
wake up on their
own to feed.

Baby should be more
cooperative and less
sleepy.

Day 3

Milk should come in between the second and fourth days.

Day 4 Day 5

Milk should be in.
Breasts may be firm
or leak milk.

Look for early feeding cues such as rooting, lip smacking, and hands to

face.

Use chart to write down time of each feeding.

Feed your baby every 1-4 h or as often as wanted—at least 8-12 times a day.

As long as the
mother is comfort-
able, nurse at both
breasts as long as
baby is actively suck-

ing.

Try to nurse both
sides each feeding,
aiming at 10 min per
side. Expect some
nipple tenderness.

Baby must have a
minimum of one wet
diaper in the first 24
h.

Baby may have a
second very dark
(meconium) stool.

Baby must have at
least one wet diaper
every 8-11 h.

Baby may have a
second very dark
(meconium) stool.

Consider hand
expressing or pump-
ing a few drops of

milk to soften the nip-

ple if the breast is too
firm for the baby to
latch on.

You should see an
increase in wet dia-
pers (up to four to six)
in 24 h.

Baby's stools should
be in transition from
black-green to
yellow.

May go one longer
interval (up to 5 h
between feeds) in a
24-h period.

Nurse a minimum of 10-30 min per side every
feeding for the first few weeks of life.

Once milk supply is well established, allow
baby to finish the first breast before offering
the second.

Baby’s urine should
be light yellow.

Baby should have six
to eight wet diapers
per day of colorless

or light yellow urine.

Baby should have The number of stools
three or four yellow,
seedy stools a day. ally after 4-6 weeks

of life.

may decrease gradu-

Day 6 Onward
Breasts should feel

softer after feedings.

Baby should appear
satisfied after feed-
ings.

Mother’s nipple ten-
derness is improving
or is gone.

Modified, with permission, from Gabrielski L: Lactation support services. The Children’s Hospital, Denver, 1999.
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Table 1-5. Contraindications
to early newborn discharge.

Contraindications to early newborn discharge
1. Jaundice at <24 h
2. High risk for infection (eg, maternal chorioamnionitis); discharge
allowed after 24 h with a normal transition
3. Known or suspected narcotic addiction or withdrawal
4. Physical defects requiring evaluation
5. Oral defects (clefts, micrognathia)
Relative contraindications to early newborn discharge (infants at
high risk for feeding failure, excessive jaundice)
1. Prematurity or borderline prematurity (< 38 weeks’ gestation)
2. Birth weight < 2700 g (6 Ib)
3. Infant difficult to arouse for feeding; not demanding regularly in
nursery
4. Medical or neurologic problems that interfere with feeding
(Down syndrome, hypotonia, cardiac problems)
5. Twins or higher multiples
6. ABO blood group incompatibility or severe jaundice in previous
child
7. Mother whose previous breast-fed infant gained weight poorly
8. Mother with breast surgery involving periareolar areas (if
attempting to nurse)

evoked otoacoustic emissions as early as possible because up
to 40% of hearing loss will be missed by risk analysis alone.
Primary care providers and parents should be advised of the
possibility of hearing loss and offered immediate referral in
suspect cases. With the use of universal screening, the aver-
age age at which hearing loss is confirmed has dropped from
24-30 months to 2-3 months. If remediation is begun by 6
months, language and social development are commensu-
rate with physical development.

American Academy of Pediatrics Committee on Fetus and New-
born Policy Statement: Hospital stay for healthy term new-
borns. Pediatrics 2004;113:1434 [PMID: 15121968].

Flynn P et al: Male circumcision for prevention of HIV and other
sexually transmitted diseases. Pediatrics 2007;119:821 [PMID:
17403855].

Morton CC, Nance WE: Newborn hearing screening—a silent
revolution. N Eng ] Med 2006;354:2151 [PMID: 16707752].

COMMON PROBLEMS
IN THE TERM NEWBORN
NEONATAL JAUNDICE
General Considerations

Sixty-five percent of newborns develop visible jaundice with a
total serum bilirubin (TSB) level higher than 6 mg/dL during
the first week of life. The normal newborn is deficient in
antioxidants such as vitamin E, catalase, and superoxide dis-
mutase. Bilirubin is a potent antioxidant and peroxyl scaven-
ger and may protect the newborn from oxygen toxicity in the

first days of life. Approximately 8-10% of newborns develop
excessive hyperbilirubinemia (TSB > 17 mg/dL), and 1-2%
have TSB above 20 mg/dL. Extremely high and potentially
dangerous TSB levels are rare. Approximately 1 in 700 infants
have TSB higher than 25 mg/dL, and 1 in 10,000 have TSB
above 30 mg/dL. Such high levels can cause kernicterus,
characterized by injury to the basal ganglia and brainstem.
Kernicterus caused by hyperbilirubinemia was common
in neonates with Rh-isoimmunization until the institution
of exchange transfusion for affected infants and postpar-
tum high-titer Rho (D) immune globulin treatment for
sensitized mothers. For several decades after the introduc-
tion of exchange transfusion and phototherapy aimed at
keeping the neonate’s TSB below 20 mg/dL, there were no
reported cases of kernicterus in the United States. Since the
early 1990s, however, there has been a reappearance of
kernicterus, with more than 120 cases reported to a volun-
tary registry. Common factors in the recent cases are
newborn discharge before 48 hours (all but one), breast
feeding (100%), delayed measurement of TSB, unrecog-
nized hemolysis, lack of early postdischarge follow-up, and
failure to recognize the early symptoms of encephalopathy.
Bilirubin is produced by the breakdown of heme (iron
protoporphyrin) in the reticuloendothelial system and bone
marrow. Heme is cleaved by heme oxygenase to iron, which
is conserved; carbon monoxide, which is exhaled; and
biliverdin, which is converted to bilirubin by bilirubin
reductase. Each gram of hemoglobin yields 34 mg of biliru-
bin (1 mg/dL = 17.2 mmol/L of bilirubin). This unconju-
gated bilirubin is bound to albumin and carried to the liver,
where it is taken up by hepatocytes. In the presence of the
uridyldiphosphoglucuronyl transferase (UDPGT; glucuro-
nyl transferase), bilirubin is conjugated to one or two glucu-

Table 1-6. Guidelines for early
outpatient follow-up evaluation.

History
Rhythmic sucking and audible swallowing for at least 10 min total
per feeding?
Infant wakes and demands to feed every 2-3 h (at least 8-10
feedings per 24 h)?
Do breasts feel full before feedings, and softer after?
Are there at least 6 noticeably wet diapers per 24 h?
Are there yellow bowel movements (no longer meconium)—at
least 4 per 24 h?
Is infant still acting hungry after nursing (frequently sucks hands,
rooting)?
Physical assessment
Weight, unclothed: should not be more than 8-10% below birth
weight
Extent and severity of jaundice
Assessment of hydration, alertness, general well-being
Cardiovascular examination: murmurs, brachial and femoral pulses,
respirations
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A Figure 1-2. Risk designation of full-term and near-term newborns based on their hour-specific bilirubin values.
(Reproduced, with permission, from Bhutani VK et al: Predictive ability of a predischarge hour-specific serum bilirubin test for
subsequent significant hyperbilirubinemia in healthy term and near-term newborns. Pediatrics 1999;103:6.)

ronide molecules. Conjugated bilirubin is then excreted
through the bile to the intestine. In the presence of normal
gut flora, conjugated bilirubin is metabolized to stercobilins
and excreted in the stool. Absence of gut flora and slow
gastrointestinal (GI) motility, both characteristic of the new-
born, cause a build up of conjugated bilirubin in the intesti-
nal lumen, where mucosal B-glucuronidase removes the
glucuronide molecules and leaves unconjugated bilirubin to
be reabsorbed (enterohepatic circulation).

Excess accumulation of bilirubin in blood depends on both
the rate of bilirubin production and the rate of excretion. It is
best determined by reference to an hour-specific TSB level
above the 95th percentile for age in hours (Figure 1-2).

1. Physiologic Jaundice

ESSENTIALS OF DIAGNOSIS

& TYPICAL FEATURES

» Visible jaundice appearing after 24 hours of age.
» Total bilirubin rises by < 5 mg/dL (86 mmol/L) per day.

» Peak bilirubin occurs at 3-5 days of age, with a total
bilirubin of no more than 15 mg/dL (258 mmol/L).

» Visible jaundice resolves by 1 week in the full-term
infant and by 2 weeks in the preterm infant.

Factors contributing to physiologic jaundice in neonates
include low UDPGT activity, relatively high red cell mass,
absence of intestinal flora, slow intestinal motility and
increased enterohepatic circulation of bilirubin. Hyperbili-
rubinemia outside of the ranges noted in Figure 1-2 is not
physiologic and requires further evaluation.

2. Pathologic Unconjugated
Hyperbilirubinemia

Pathologic unconjugated hyperbilirubinemia can be
grouped into two main categories: overproduction of biliru-
bin or decreased conjugation of bilirubin (Table 1-7). The
TSB is a reflection of the balance between these processes.
Visible jaundice with a TSB greater than 5 mg/dL before 24
hours of age is most commonly a result of significant
hemolysis.
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Table 1-7. Causes of pathologic
unconjugated hyperbilirubinemia.

oOverproduction of bilirubin
1. Hemolytic causes of increased bilirubin production (reticulocyte
count elevated)
a. Immune-mediated: positive direct antibody (DAT, Coombs) test
+ ABO blood group incompatibility, Rh incompatibility, minor
blood group incompatibility
b. Nonimmune: negative direct antibody (DAT, Coombs) test
« Abnormal red cell shapes: spherocytosis, elliptocytosis,
pyknocytosis, stomatocytosis
« Red cell enzyme abnormalities: glucose-6-phosphate dehy-
drogenase deficiency, pyruvate kinase deficiency, hexoki-
nase deficiency, other metabolic defects
¢. Patients with bacterial or viral sepsis
2. Nonhemolytic causes of increased bilirubin production (reticulo-
cyte count normal)
3. Extravascular hemorrhage: cephalohematoma, extensive
bruising, intracranial hemorrhage
b. Polycythemia
¢. Exaggerated enterohepatic circulation of bilirubin: bowel
obstruction, functional ileus
d. Breast milk-associated jaundice (“lack of breast milk jaundice”)
Decreased rate of conjugation
1. Crigler-Najjar syndrome
3. Type | glucuronyl transferase deficiency, autosomal-recessive
b. Type Il glucuronyl transferase deficiency, autosomal-dominant
2. Gilbert syndrome
3. ?Hypothyroidism

A. Increased Bilirubin Production

Increased bilirubin production may be caused by pathologic
destruction of neonatal red blood cells. Destruction may be
mediated by maternal antibodies (Coombs test—positive),
abnormal red cell membranes (spherocytosis), or abnormal
red cell enzymes (glucose-6-phosphate dehydrogenase
[G6PD] deficiency) causing decreased red cell life span.
Antibodies can be directed against the major blood group
antigens (type A or type B infant of a type O mother) or the
minor antigens of the Rh system (D, E, C, d, ¢, ¢, Kell, Duffy,
and others).

1. Antibody-mediated hemolysis (Coombs test-positive)
A.ABO BLOOD GrROUP INCOMPATIBILITY—This finding can
accompany any pregnancy in a type O mother. Hemolysis is
usually mild, but the severity is unpredictable because of
variability in the amount of naturally occurring maternal
anti-A or anti-B IgG antibodies. Although 20% of pregnan-
cies are “set-ups” for ABO incompatibility (mother O,
infant A or B), only 33% of infants in such cases have a
positive direct Coombs test and only 20% of these develop
jaundice that requires therapy. Persistent maternal anti-
bodies may cause the newborn to gradually become anemic
over the first few weeks of life, even to the point of
requiring transfusion.

B. Ru 1sotmmunizatioNn—This finding is less common
than ABO incompatibility. It increases in severity with each
immunized pregnancy because of increased maternal IgG
antibody production. Most Rh disease can be prevented by
giving high-titer Rho (D) immune globulin to the Rh-
negative woman after invasive procedures during pregnancy
or after miscarriage, abortion, or delivery of an Rh-positive
infant. Neonates are often anemic at birth, and hemolysis
rapidly causes hyperbilirubinemia and more severe anemia.
The most severe form of Rh isoimmunization, erythroblas-
tosis fetalis, is characterized by life-threatening anemia, gen-
eralized edema, and fetal or neonatal heart failure. Without
antenatal intervention, fetal or neonatal death may result.
The cornerstone of antenatal management is transfusion of
the fetus with Rh-negative cells, either directly into the
umbilical vein or into the fetal abdominal cavity. Photother-
apy is usually started in these infants upon delivery, with
exchange transfusion given if needed. Intravenous immune
globulin (IVIG; 0.5-1 g/kg) given to the infant as soon as the
diagnosis is made decreases the need for exchange transfu-
sion. Ongoing hemolysis occurs until all maternal antibody
is gone; therefore, these infants require monitoring for 2-3
months for anemia severe enough to require transfusion.

2. Nonimmune hemolysis (Coombs test-negative)

A. HEREDITARY sPHEROCYTOSIS—This condition is the most
common of the red cell membrane defects and causes
hemolysis by decreasing red cell deformability. Affected
infants may have hyperbilirubinemia severe enough to
require exchange transfusion. Splenomegaly may be present.
Diagnosis is suspected by peripheral blood smear and family
history. Because spherocytes are seen in any hemolytic pro-
cess, confirmation of diagnosis by osmotic fragility testing is
required after 2-3 months of age.

B. G6PD pericieNncy—This condition is the most common
red cell enzyme defect causing hemolysis, especially in infants
of African, Mediterranean, or Asian descent. Onset of jaundice
is at about 7 days of age, which is later than in physiologic
jaundice and isoimmune hemolytic disease. The role of GGPD
deficiency in neonatal jaundice is probably underestimated as
up to 10-13% of African Americans are G6PD-deficient.
Although the disorder is X-linked, even female heterozygotes
are at increased risk of hyperbilirubinemia. In most cases, no
triggering agent for hemolysis is found. Some infants who
develop severe jaundice with G6PD deficiency have been
found to have concomitant Gilbert syndrome. Their bilirubin
production is exaggerated by a decreased rate of bilirubin
conjugation. G6PD enzyme activity is high in reticulocytes.
Thus, neonates with a large number of reticulocytes may have
falsely normal enzyme tests. A low G6PD level should always
raise suspicions. Repeat testing in suspect cases with initially
normal results is indicated at 2-3 months of age.

3. Nonhemolytic increased bilirubin production—
Enclosed hemorrhage, such as cephalohematoma, intracra-
nial hemorrhage, or extensive bruising in the skin, can lead
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to jaundice. Polycythemia leads to jaundice by increased
red cell mass, with increased numbers of cells reaching
senescence daily. Ileus, either paralytic or mechanical,
related to bowel obstruction, leads to increased enterohe-
patic circulation.

B. Decreased Rate of Conjugation

1. UDPGT deficiency: Crigler-Najjar syndrome type |
(complete deficiency, autosomal recessive) and type
Il (partial deficiency, autosomal dominant)—These two
conditions result from mutations in the exon or encoding
region of the UDPGT gene that cause complete or nearly
complete absence of enzyme activity. Both are rare but can
cause severe unconjugated hyperbilirubinemia, bilirubin
encephalopathy, and death if untreated. In type II, the
enzyme can be induced with phenobarbital, which may
lower bilirubin levels by 30-80%. Liver transplantation is
curative (see Chapter 21).

2. Gilbert syndrome—This is a mild autosomal dominant
disorder characterized by decreased hepatic UDPGT activity
caused by genetic polymorphism at the promoter region of
the UDPGT gene. Approximately 9% of the population is
homozygous, and 42% is heterozygous, with a gene fre-
quency of 0.3. Affected individuals tend to develop hyperbil-
irubinemia in the presence of conditions that increase biliru-
bin load. They are also more likely to have prolonged
neonatal jaundice and breast milk jaundice.

C. Hyperbilirubinemia Caused by
Unknown or Multiple Factors

1. Racial differences—Asians (23%) are more likely than
whites (10-13%) or African Americans (4%) to have a peak
neonatal TSB greater than 12 mg/dL (206 mmol/L). Some
of these differences result from racial variations in preva-
lence of UDPGT gene polymorphisms or associated G6PD
deficiency.

2. Prematurity—Premature infants often have poor enteral
intake, delayed stooling, and increased enterohepatic circu-
lation. Red cell life span is shorter in premature infants.
Infants at 35-36 weeks’ gestation are 13 times more likely
than term infants to be readmitted for hyperbilirubinemia.
Even near-term infants (37 weeks’ gestation) are four times
more likely than term neonates to have TSB greater than 13
mg/dL (224 mmol/L).

3. Breast feeding and jaundice

A. BREAST MILK JAUNDICE—Unconjugated hyperbilirubin-
emia lasting until 2-3 months of age is common in breast-fed
infants. An increased prevalence of the Gilbert syndrome pro-
moter genotype is likely involved. Moderate unconjugated
hyperbilirubinemia for 6-12 weeks in a thriving breast-fed
infant without evidence of hemolysis, hypothyroidism, or
other disease strongly suggests this diagnosis.

Table 1-8. Signs of inadequate breast milk intake.

Weight loss of > 8-10% from birth

Fewer than six noticeably wet diapers per 24 h by day 3-4

Fewer than four stools per day, or still meconium, by day 3-4

Nursing fewer than eight times per 24 h, or for less than 10 min each
feeding

B. BREAST FEEDING—ASSOCIATED JAUNDICE—This common
entity is also called “lack-of-breast-milk jaundice.” Breast-fed
infants have a higher incidence (9%) of unconjugated serum
bilirubin levels greater than 13 mg/dL (224 mmol/L) than do
formula-fed infants (2%) and are more likely to have bilirubin
greater than 15 mg/dL (258 mmol/L) than formula-fed infants
(2% versus 0.3%). The pathogenesis is probably poor enteral
intake and increased enterohepatic circulation. There is no
apparent increase in bilirubin production as measured by
carbon monoxide exhalation. Although rarely severe enough
to cause bilirubin encephalopathy, nearly 100% of the infants
with kernicterus reported to the registry were breast fed, and
in 50%, breast feeding was the only known risk factor. Exces-
sive jaundice should be considered a possible sign of failure to
establish adequate milk supply and should prompt specific
inquiries (Table 1-8). If intake is inadequate, the infant should
receive supplemental formula and the mother should be
instructed to nurse more frequently and to use an electric
breast pump every 2 hours to enhance milk production.
Consultation with a lactation specialist should be considered.
Because hospital discharge of normal newborns occurs before
the milk supply is established and before jaundice peaks, a
follow-up visit 2 days after discharge is reccommended by the
AAP to evaluate adequacy of intake and jaundice.

3. Bilirubin Toxicity

Unconjugated bilirubin anion is the agent of bilirubin neu-
rotoxicity. The anion binds to the phospholipids (ganglio-
sides) of neuronal plasma membranes causing injury, which
then allows more anion to enter the neuron. Intracellular
bilirubin anion binds to the membrane phospholipids of
subcellular organelles, causing impaired energy metabolism,
altered excitatory amino acid homeostasis, excitotoxic neu-
ronal injury, and cell death. The blood-brain barrier
undoubtedly has a role in protecting the infant from brain
damage, but its integrity is impossible to measure clinically.
The amount of albumin available to bind the unconjugated
bilirubin anion and the presence of other anions that may
displace bilirubin from albumin binding sites are also impor-
tant. It is unknown whether there is a fixed level of bilirubin
above which brain damage always occurs. The term kernic-
terus describes the pathologic finding of staining of basal
ganglia and brainstem nuclei, as well as the chronic brain
injury. The term acute bilirubin encephalopathy describes the
signs and symptoms of brain damage in the newborn.
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Table 1-9. BIND scoring system.

1 Point (Nonspecific, Subtle)

Mental status Sleepy, poor feeding

2 Points (Progressive Toxicity)
Lethargy + irritability

3 Points (Advanced Toxicity)

Semi-coma, seizures, apnea

Muscle tone Slight decrease Hypertonia or hypotonia, depending Markedly increased (opisthotonus) or
on arousal state decreased
or or
Mild arching Bicycling

Cry High-pitched Shrill Inconsolable

BIND, bilirubin-induced neurologic dysfunction.

Adapted, with permission, from Bhutani VK, Johnson LH, Keren R: Treating acute bilirubin encephalopathy—before it’s too late. Contemp Pediatr 2005;22:57.

The risk of bilirubin encephalopathy is small in healthy,
term neonates even at bilirubin levels of 25-30 mg/dL (430-
516 mmol/L). Risk depends on the duration of hyperbiliru-
binemia, the concentration of serum albumin, associated
illness, acidosis, and the concentrations of competing anions
such as sulfisoxazole and ceftriaxone. Premature infants are
at greater risk than term infants because of the greater
frequency of associated illness affecting the integrity of the
blood-brain barrier, reduced albumin levels, and decreased
affinity of albumin binding sites. For these reasons, the
“exchange level” in premature infants may be lower than
that of a term infant.

Correlation between TSB and level of neurotoxicity is
poor. Although 65% of cases reported to the registry had
TSB levels above 35 mg/dL, 15% had levels below 30 mg/dL,
and 8% were below 25 mg/dL. Measurement of free,
unbound, unconjugated bilirubin (B;) may be a more mean-
ingful predictor of risk for brain injury, although this test is
not widely available. Currently the best means of assessing
neurotoxicity may be the auditory brainstem evoked
response, which shows predictable, early effects of bilirubin
toxicity.

4. Acute Bilirubin Encephalopathy

Lethargy, poor feeding.

Irritability, high-pitched cry.

Arching of the neck (retrocollis) and trunk (opisthotonos).
Apnea, seizures, coma (late).

vV vyVvyy

Newborns infants may be described as “sleepy and not
interested in feeding.” Although these symptoms are non-
specific, they are also the earliest signs of acute bilirubin
encephalopathy and should trigger detailed evaluation of
the jaundiced infant’s birth and postnatal history, feeding

and elimination history, and perhaps an urgent assessment
for signs of bilirubin-induced neurologic dysfunction
(BIND). A scoring system has been proposed (Table 1-9) to
monitor the severity and progression of bilirubin encepha-
lopathy. A score of 4—6 indicates progressive encephalopa-
thy likely to be reversible with aggressive treatment, whereas
a score of 7-9 represents advanced and possibly irreversible
damage.

5. Chronic Bilirubin
Encephalopathy (Kernicterus)

» Extrapyramidal movement disorder (choreoathetoid
cerebral palsy).

» Gaze abnormality, especially limitation of upward gaze.

» Auditory disturbances (deafness, failed auditory brain-
stem evoked response with normal evoked otoacoustic
emissions, auditory neuropathy, auditory dyssynchrony).

» Dysplasia of the enamel of the deciduous teeth.

Kernicterus is an irreversible brain injury characterized by
choreoathetoid cerebral palsy and hearing impairment.
Intelligence is probably normal but may be difficult to assess
because of associated hearing, communication, and coordi-
nation problems. The diagnosis is clinical but is strengthened
if audiologic testing shows auditory neuropathy and audi-
tory dyssynchrony in which the otoacoustic emission test is
normal but the auditory brainstem response is absent.
Infants with such findings are usually deaf. Infants with
milder kernicterus may have normal audiograms but abnor-
mal auditory processing and subsequent problems with
speech comprehension. Magnetic resonance imaging (MRI)
scanning of the brain is nearly diagnostic if it shows abnor-
malities isolated to the globus pallidus or the subthalamic
nuclei, or both.
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Evaluation of Hyperbilirubinemia

Because most newborns are discharged at 24-48 hours of
age, before physiologic jaundice peaks and before maternal
milk supply is established, a predischarge TSB or a transcu-
taneous bilirubin measurement (TcB) may help predict
which infants are at risk for severe hyperbilirubinemia. In all
infants, an assessment of risk for severe hyperbilirubinemia
should be performed before discharge (Table 1-10). As
recommended by the AAP, follow-up within 24-48 hours for
all infants discharged before 72 hours of age (depending on
the number of risk factors present) is imperative. Although
jaundice is usually visible above a TSB level of 5 mg/dL (86
mmol/L), visual estimation of the bilirubin level is inaccu-
rate. TSB should be measured and interpreted based on the
age of the infant in hours at the time of sampling. Infants
with a TSB level greater than the 95th percentile for age in
hours have a 40% risk of developing significant hyperbiliru-
binemia (see Figure 1-2). Serial bilirubin levels should be
obtained from a single laboratory whenever possible to make
interpretation of serial measurements more meaningful.

Infants with visible jaundice on the first day of life or who
develop excessive jaundice require further evaluation. The
minimal evaluation consists of:

+  Feeding and elimination history.
+  Birth weight and daily weight change since birth.
+  Examination for sources of excessive heme breakdown.

+ Assessment of blood type, Coombs testing, complete
blood count (CBC) with smear, serum albumin, and TSB.

+ G6PD test if jaundice presents later than usual, and in
African-American infants with severe jaundice.

+ Fractionated bilirubin level in infants who appear ill,
those with prolonged jaundice, acholic stool, or dark
urine

Treatment of Indirect Hyperbilirubinemia
A. Protoporphyrins

Tin and zinc protoporphyrin or mesoporphyrin (Sn-PP, Zn-
PP; Sn-MP, Zn-MP) are inhibitors of heme oxygenase, the
enzyme that initiates the catabolism of heme (iron protopor-
phyrin). Studies are underway involving a single injection of
these substances shortly after birth to prevent the formation
of bilirubin. Although results are promising, these drugs are
not yet approved for use in the United States.

B. Phototherapy

Phototherapy is the most common treatment for indirect
hyperbilirubinemia. It is relatively noninvasive and safe. Light
of wavelength 425-475 nm (blue-green spectrum) is
absorbed by unconjugated bilirubin in the skin and converted
to a water-soluble stereoisomer that can be excreted in bile
without conjugation. The minimum effective light dose is

Table 1-10. Factors affecting the risk of severe
hyperbilirubinemia in infants 35 or more weeks’
gestation (in approximate order of importance).

Major risk factors
Predischarge TSB or TcB level in the high-risk zone (> 95th
percentile; see Figure 1-2)
Jaundice observed in the first 24 h
Blood group incompatibility with positive direct Coombs test, other
known hemolytic disease (eg, G6PD deficiency), or elevated ETCO
Gestational age 35-36 weeks
Previous sibling required phototherapy
Cephalohematoma or significant bruising
Exclusive breast feeding, particularly if weight loss is excessive
East Asian race®
Minor risk factors
Predischarge TSB or TcB level in the high-intermediate risk zone
(75-95th percentile)
Gestational age 37-38 weeks
Jaundice observed before discharge
Previous sibling with jaundice
Macrosomic infant of a diabetic mother
Decreased risk (these factors are associated with decreased risk
of significant jaundice, listed in order of decreasing importance)
TSB or TcB level in the low-risk zone (see Figure 1-2)
Gestational age > 41 weeks
Exclusive bottle feeding
Black race?
Discharge from hospital after 72 h

°Race as defined by mother’s description.
ETCO, end-tidal carbon monoxide; G6PD, glucose-6-phosphate dehydro-
genase; TcB, transcutaneous bilirubin; TSB, total serum bilirubin.

10-14 uW/cm? irradiance. Intensive phototherapy employs
irradiance of 30 uW/cm® or higher. Irradiance can be
increased by increasing the exposed body surface area or by
moving the light source closer to the infant. Special blue
fluorescent tubes labeled F20 T12/BB or TL52/20W are most
commonly used. Fiberoptic blankets are useful as adjuncts
but are not adequate as sole therapy for term infants because
they do not cover sufficient surface area. Intensive photother-
apy should decrease TSB by 30-40% in the first 24 hours,
most significantly in the first 4-6 hours. The infant’s eyes
should be shielded to prevent retinal damage. Diarrhea,
which sometimes occurs during phototherapy, can be treated
if necessary by feeding a non—lactose-containing formula.
Phototherapy is started electively when the TSB is
approximately 5 mg/dL (86 mmol/L) lower than the
exchange level for that infant (eg, at 15-18 mg/dL [258-310
mmol/L] for a full-term infant). AAP guidelines for photo-
therapy and exchange transfusion in infants of 35 or more
weeks’ gestation are shown in Figures 1-3 and 1-4. Hyper-
bilirubinemic infants should be fed by mouth if possible to
decrease enterohepatic bilirubin circulation. Casein hydrol-
ysate formula to supplement breast milk decreases enterohe-
patic circulation by inhibiting mucosal B-glucuronidase
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Use total bilirubin, Do not subtract direct reacting of conjugated bilirubin.
Risk factors = isoimmune hemolytic disease, G6PD deficiency, asphyxia, significant lethargy,

temperature instability, sepsis, acidosis, or albumin < 3.0 g/dL (if measured).
* For well infants 35—-37 6/7 wk can adjust TSB levels for intervention around the medium risk line. It
is an option to intervene at lower TSB levels for intants closer to 35 wks and at higher TSB levels for

those closer to 37 6/7 wk.

* ltis an option to provide conventional phototherapy in hospital or at home at TSB levels 2—-3 mg/dL
(35-50 mmol/L) below those shown but home phototherapy should not be used in any infant with risk

factors.

A Figure 1-3. Guidelines for phototherapy in hospitalized infants of 35 or more weeks’ gestation. These guidelines are
based on limited evidence and levels shown are approximations. The guidelines refer to the use of intensive phototherapy (at
least 30 uW/cm? in the blue-green spectrum), which should be used when the total serum bilirubin (TSB) exceeds the line
indicated for each category. If TSB approaches the exchange level, the sides of the incubator or bassinet should be lined with
aluminum foil or white material. (Reproduced, with permission, from the AAP Subcommittee on Hyperbilirubinemia: Manage-
ment of hyperbilirubinemia in the newborn infant 35 or more weeks of gestation. Pediatrics 2004;114:297.)

activity. IVIG (0.5-1.0 g/kg) in severe antibody-mediated
hemolysis interrupts the hemolytic process. Although pho-
totherapy has been shown to decrease the need for exchange
transfusion, its long-term benefits, if any, in infants with less
severe jaundice are unknown.

C. Exchange Transfusion

Although most infants with indirect hyperbilirubinemia can
be treated with phototherapy, extreme indirect hyperbiliru-
binemia is a medical emergency. Infants should be admitted
at once to a neonatal intensive care unit where exchange
transfusion can be performed before irreversible neurologic
damage occurs. Intensive phototherapy should be instituted
immediately, during transport to the hospital if possible.
Double-volume exchange transfusion (approximately
160-200 mL/kg body weight) is most often used in infants
with extreme hyperbilirubinemia secondary to Rh isoimmu-
nization, ABO incompatibility, or hereditary spherocytosis.
The procedure decreases serum bilirubin acutely by approxi-
mately 50% and removes about 80% of sensitized or abnormal

red blood cells and offending antibody so that ongoing hemol-
ysis is decreased. Exchange transfusion is also indicated in any
infant with TSB above 30 mg/dL, in infants with signs of
encephalopathy, or when intensive phototherapy has not low-
ered TSB by at least 0.5 mg/dL/h after 4 hours. The decision to
perform exchange transfusion should be based on TSB, not on
the indirect fraction of bilirubin.

As TSB nears the potentially toxic range, serum albumin
should be determined. Albumin (1 g/kg) will aid in binding
and removal of bilirubin during exchange transfusion. Table
1-11 illustrates the bilirubin/albumin ratios at which
exchange transfusion should be considered.

Exchange transfusion is invasive, risky, and infrequently
performed. It should therefore be performed at a referral
center. Mortality is 1-5% and is greatest in the smallest, most
immature, and unstable infants. Sudden death during the
procedure can occur in any infant. There is a 5-10% risk of
serious complications such as necrotizing enterocolitis
(NEC), infection, electrolyte disturbances, or thrombocyto-
penia. Isovolemic exchange (withdrawal through an arterial
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* The dashed lines for the first 24 hours indicate uncertainty due a wide range of clinical
circumstances and a range of responses to phototherapy.

* Immediate exchange transfusion is recommended if inflant shows signs of acute bilirubin
encephalopathy (hypertonia, arching, retrocolitis, opisthotonos, fever, high pitched cry) or
if TSB is > 5 mg/dL (85 umol/L) above these lines.

* Risk factors—isoimmune hemolytic disease, G6PD deficiency, asphyxia, significant lethargy,
temperature instability, sepsis, acidosis.

* Measure serum albumin and calculate B/A ratio (see legend).

* Use total bilirubin. Do not subtract direct reading or conjugated bilirubin.

e [f infant is well and 35—-37 6/7 wk (median risk) can individualize TSB levels for exchange based
on actual gestational age.

A Figure 1-4. Guidelines for exchange transfusion in infants of 35 or more weeks’ gestation. These guidelines represent
approximations for which an exchange transfusion is indicated in infants treated with intensive phototherapy. For readmitted
infants, if the total serum bilirubin (TSB) level is above the exchange level, repeat TSB measurement every 2-3 hours and
consider exchange if the TSB remains above the level after 6 hours of intensive phototherapy. The total serum bilirubin/
albumin ratio (TSB [mg/dL]/Alb [g/dL]; 8.0 for infants at lower risk, 7.2 for medium risk, and 6.8 for higher risk) can be
used together with, but not in lieu of the TSB level as an additional factor in determining the need for transfusion. If the
TSB is at or approaching exchange level, send blood for an immediate type and crossmatch. (Reproduced, with permission,
from the AAP Subcommittee on Hyperbilirubinemia: Management of hyperbilirubinemia in the newborn infant 35 or more
weeks of gestation. Pediatrics 2004;114:297.)

line with infusion through a venous line) may decrease the
risk of some complications.

Watchko JF: Hyperbilirubinemia and bilirubin toxicity in the late
preterm infant. Clin Perinatol 2006;33:839 [PMID: 17148008].
Wennberg RP et al: Toward understanding kernicterus: A chal-

American Academy of Pediatrics Subcommittee on Hyperbiliru-
binemia: Clinical practice guideline: Management of hyperbili-
rubinemia in the newborn infant 35 or more weeks of gestation.
Pediatrics 2004;114:297 [PMID: 15231951].

De Almeida MF, Draque CM: Neonatal jaundice and breastfeed-
ing. NeoReviews 2007;8:e282.

Keren R, Bhutani VK: Predischarge risk assessment for severe
neonatal hyperbilirubinemia. NeoReviews 2007;8:e68.

Maisels MJ: Neonatal jaundice. Pediatr Rev 2006;27:443 [PMID:
17142466).

Shapiro SM et al: Hyperbilirubinemia and kernicterus. Clin Perinatol
2006;33:387 [PMID: 16765731].

lenge to improve the management of jaundiced newborns.
Pediatrics 2006;117:474 [PMID: 16452368].

HYPOGLYCEMIA

» Defined as blood glucose < 45 mg/dL.
» LGA, SGA, preterm, and stressed infants at risk.
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» May be asymptomatic.

» Infants can present with lethargy, poor feeding, irrita-
bility, or seizures.

General Considerations

Blood glucose concentration in the fetus is approximately 15
mg/dL less than maternal glucose concentration. Glucose
concentration decreases in the immediate postnatal period.
Concentrations below 45 mg/dL are considered hypoglyce-
mic. By 3 hours, the glucose concentration in normal full-
term infants stabilizes between 50 and 80 mg/dL. The two
groups of full-term newborn infants at high risk for hypogly-
cemia are infants of diabetic mothers (IDMs) and IUGR
infants.

A. Infants of Diabetic Mothers

The IDM has abundant glucose stores in the form of glyco-
gen and fat but develops hypoglycemia because of hyperin-
sulinemia induced by maternal and fetal hyperglycemia.
Increased energy supply to the fetus from the maternal
circulation results in a macrosomic infant. The large infant
is at increased risk for trauma during delivery. Some infants
have cardiomyopathy (asymmetrical septal hypertrophy)
which may present with murmur, respiratory distress or
cardiac failure. Microcolon is occasionally present in IDMs
and causes symptoms of low intestinal obstruction similar to
Hirschsprung disease. Other neonatal problems include
hypercoagulability and polycythemia, a combination that
predisposes the infant to large vein thromboses (especially
the renal vein). IDMs are often somewhat immature for
their gestational age and are at increased risk for hyaline
membrane disease, hypocalcemia, and hyperbilirubinemia.
Infants of mothers who were diabetic at conception have a
higher incidence of congenital anomalies, probably related
to first-trimester glucose control.

Table 1-11. Additional guidelines for
exchange transfusion: effects of albumin.

Bilirubin/Albumin Ratio at
Which to Consider Exchange
Transfusion (TSB [mg/

Risk Category dL]:Albumin [g/dL])
Infants > 38 weeks and well 8.0
Infants 35-38 weeks and well, or 7.2

> 38 weeks with higher risk
(hemolysis, G6PD, sepsis, acidosis)

Infants 35-38 weeks with higher 6.8
risk, as above

G6PD, glucose-6-phosphate dehydrogenase; TSB, total serum bilirubin.

B. Intrauterine Growth-Restricted Infants

The TUGR infant has reduced glucose stores in the form of
glycogen and body fat and is prone to hypoglycemia. In
addition, marked hyperglycemia and a transient diabetes
mellitus-like syndrome occasionally develop, particularly in
the very premature IUGR infant. These problems usually
respond to adjustment in glucose intake, although insulin is
sometimes needed transiently. Some IUGR infants have
hyperinsulinemia that persists for a week or more.

C. other Causes of Hypoglycemia

Hypoglycemia occurs in disorders with islet cell hyperplasia.
These include the Beckwith-Wiedemann syndrome, erythro-
blastosis fetalis, genetic forms of hyperinsulinism, inborn
errors of metabolism such as glycogen storage disease and
galactosemia, and endocrine disorders such as panhypopitu-
itarism and counterregulatory hormone deficiency. Hypogly-
cemia also occurs, probably secondary to stress, in infants
with birth asphyxia, hypoxia, and bacterial and viral sepsis.
Premature infants are at risk for hypoglycemia because of
decreased glycogen stores.

Clinical Findings

The signs of hypoglycemia in the newborn infant may be
nonspecific and subtle: lethargy, poor feeding, irritability,
tremors, jitteriness, apnea, and seizures. Hypoglycemia due
to increased insulin is the most severe and most resistant to
treatment. Cardiac failure may occur in severe cases, partic-
ularly in IDMs with cardiomyopathy. Hypoglycemia in
hyperinsulinemic states can develop within the first 30-60
minutes of life.

Blood glucose can be measured by heelstick using a bedside
glucometer. All infants at risk should be screened, including
IDMs, IUGR infants, premature infants, and any infant with
suggestive symptoms. All low or borderline values should be
confirmed by laboratory measurement of blood glucose con-
centration. It is important to continue surveillance of glucose
concentration until the baby has been on full enteral feedings
without intravenous supplementation for 24 hours. Relapse of
hypoglycemia thereafter is unlikely.

Infants with hypoglycemia requiring IV glucose infu-
sions for more than 5 days should be evaluated for less
common disorders, including inborn errors of metabolism,
hyperinsulinemic states, and deficiencies of counterregula-
tory hormones.

Treatment

Therapy is based on the provision of enteral or parenteral
glucose. Treatment guidelines are shown in Table 1-12. In
hyperinsulinemic states, glucose boluses should be avoided
and a higher glucose infusion rate used. After initial correc-
tion with a bolus of 10% dextrose in water (D,,W; 2 mL/kg),
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Table 1-12. Hypoglycemia: suggested
therapeutic regimens.

Screening Presence of
Test® Symptoms Action
20-45 mg/dL  No symptoms of Draw blood glucose?®; if the
hypoglycemia infant is alert and vigorous,
feed; follow with frequent
glucose monitoring.
If the infant continues to
have blood glucose < 40-45
mg/dL or is unable to feed,
provide intravenous glu-
cose at 6 mg/kg/min
(D;W at 3.6 mL/kg/h).
< 45 mg/dL Symptoms of Draw blood glucose®; pro-
hypoglycemia vide bolus of D;W (2 mL/
present kg) followed by an infusion
of 6 mg/kg/min (3.6 mL/
kg/h).
<20 mg/dL With or without Draw blood glucose®; pro-

vide bolus of D;,W followed
by an infusion of 6 mg/kg/
min.

symptoms of
hypoglycemia

If IV access cannot be
obtained immediately, an
umbilical vein line should
be used.

°Rapid bedside determination.
bLaboratory confirmation.

glucose infusion should be increased gradually as needed
from a starting rate of 6 mg/kg/ min. IDMs and IUGR infants
with polycythemia are at greatest risk for symptomatic
hypoglycemia. In such infants, hypoglycemia and polycythe-
mia should be treated with IV glucose and partial exchange
transfusion, respectively.

Prognosis

The prognosis of hypoglycemia is good if therapy is prompt.
CNS sequelae are more common in infants with hypoglyce-
mic seizures and in neonates with persistent hyperinsuline-
mic hypoglycemia. Hypoglycemia may also potentiate brain
injury after perinatal depression and should be avoided.

Boluyt N et al: Neurodevelopment after neonatal hypoglycemia: A
systematic review and design of an optimal future study. Pedi-
atrics 2006;117:2231 [PMID: 16740869].

Dekelbab BH, Sperling MA: Hypoglycemia in newborns and
infants. Adv Pediatr 2006;53:5 [PMID: 17089861].

Fourtner SH, Stanley CA: Genetic and nongenetic forms of hyper-
insulinism in neonates. NeoReviews 2004;5:¢370.

Garg M, Devaskar SU: Glucose metabolism in the late preterm
infant. Clin Perinatol 2006;33:853 [PMID: 17148009].

Hussain K, Aynsley-Green A: The effect of prematurity and
intrauterine growth restriction on glucose metabolism in the
newborn. NeoReviews 2004;5:€365.

Kahler SG: Metabolic disorders associated with neonatal hypogly-
cemia. NeoReviews 2004;5:e377.

Nold JL, Georgieff MK: Infants of diabetic mothers. Pediatr Clin
North Am 2004;51:619 [PMID: 15157588].

Rozance PJ, Hay W: Hypoglycemia in newborn infants: Features
associated with adverse outcomes. Biol Neonate 2006;90:74
[PMID: 16534190].

RESPIRATORY DISTRESS
IN THE TERM NEWBORN INFANT

Tachypnea, respiratory rate > 60 breaths/min.
Intercostal and sternal retractions.

Expiratory grunting.

Cyanosis in room air.

vV vyyYyywy

General Considerations

Respiratory distress is one of the most common symptom
complexes of the newborn. It may result from cardiopulmo-
nary and noncardiopulmonary causes (Table 1-13). Chest
radiography, arterial blood gases, and pulse oximetry are
useful in assessing the cause and severity of the distress. It is
important to consider the noncardiopulmonary causes (see
Table 1-13), because the natural tendency is to focus on the
heart and lungs. Most of the noncardiopulmonary causes
can be ruled out by the history, physical examination, and a
few simple laboratory tests. The most common pulmonary
causes of respiratory distress in the full-term infant are
transient tachypnea, aspiration syndromes, congenital pneu-
monia, and air leaks.

A. Transient Tachypnea
(Retained Fetal Lung Fluid)

Respiratory distress is typically present at birth, usually
associated with a mild to moderate oxygen requirement (25—
50% O,). The infant is usually full term or near term,
nonasphyxiated, and born following a short labor or cesar-
ean section without labor. The chest radiograph shows
perihilar streaking and fluid in interlobar fissures. Resolu-
tion usually occurs within 12-24 hours.

B. Aspiration Syndromes

The infant is typically full-term or near-term with fetal distress
prior to delivery or depression at delivery. Blood or meconium
is often present in the amniotic fluid. Respiratory distress is
present from birth, often manifested by a barrel chest appear-
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Table 1-13. Causes of respiratory
distress in the newborn.

Noncardiopulmonary
Hypothermia or hyperthermia
Hypoglycemia
Polycythemia
Metabolic acidosis
Drug intoxications or withdrawal
Insult to the central nervous system
Asphyxia
Hemorrhage
Neuromuscular disease
Phrenic nerve injury
Skeletal dysplasia
Cardiovascular
Left-sided outflow tract obstruction
Hypoplastic left heart
Aortic stenosis
Coarctation of the aorta
Cyanotic lesions
Transposition of the great vessels
Total anomalous pulmonary venous return
Tricuspid atresia
Right-sided outflow obstruction
Pulmonary
Upper airway obstruction
Choanal atresia
Vocal cord paralysis
Lingual thyroid
Meconium aspiration
Clear fluid aspiration
Transient tachypnea
Pneumonia
Pulmonary hypoplasia
Hyaline membrane disease
Pneumothorax
Pleural effusions
Mass lesions
Lobar emphysema
Cystic adenomatoid malformation

Reproduced, with permission, from Rosenberg AA: Neonatal adaptation. In
Gabbe SG et al (editors): Obstetrics: Normal and Problem Pregnancies.
Churchill Livingstone, 1996.

ance and coarse breath sounds. Pneumonitis may cause an
increasing O, need and may require intubation and ventila-
tion. The chest radiograph shows coarse irregular infiltrates,
hyperexpansion, and in the worst cases, lobar consolidation.
In some cases, because of secondary surfactant deficiency, the
radiograph shows a diffuse homogeneous infiltrate pattern.
When amniotic fluid contains meconium or blood, suc-
tioning the infant’s mouth and nose prior to delivery of the
chest is not recommended as it may provoke aspiration. If
the infant is not vigorous at birth, suctioning of the trachea
under direct vision is recommended before commencing
positive-pressure ventilation (PPV). Although tracheal suc-
tioning is recommended, it does not prevent all cases of
meconium or blood aspiration. Aspiration may have

occurred in utero as the stressed infant gasps. Infants who
aspirate are at risk of pneumothorax because of uneven
aeration with segmental overdistention and are at risk for
persistent pulmonary hypertension (see section on Cardiac
Problems in the Newborn Infant, later).

C. Congenital Pneumonia

Infants of any gestational age, with or without a history of
prolonged rupture of membranes, chorioamnionitis, or
maternal antibiotic administration, may be affected. Respi-
ratory distress may begin at birth or may be delayed for
several hours. The chest radiograph may resemble that of
retained lung fluid or hyaline membrane disease. Rarely,
there may be a lobar infiltrate.

The lungs are the most common site of infection in the
neonate. Infections usually ascend from the genital tract
before or during labor, with the vaginal or rectal flora the
most likely agents (group B streptococci, Escherichia coli, and
Klebsiella). Shock, poor perfusion, absolute neutropenia
(< 2000/mL), and elevated C-reactive protein provide cor-
roborating evidence for pneumonia. Gram stain of tracheal
aspirate may be helpful. Because no signs or laboratory
findings can confirm a diagnosis of pneumonia, all infants
with respiratory distress should have a blood culture per-
formed and should receive broad-spectrum antibiotic
therapy (ampicillin, 100 mg/kg in two divided doses, and
gentamicin, 4 mg/kg q24h or 2.5 mg/kg ql2h) until the
diagnosis of bacterial infection is ruled out.

D. Spontaneous Pneumothorax

Spontaneous pneumothorax occurs in 1% of all deliveries.
Risk is increased by manipulations such as PPV in the delivery
room. Respiratory distress (primarily tachypnea) is present
from birth and typically is not severe. Breath sounds may be
decreased on the affected side; heart tones may be shifted
toward the opposite side and may be distant. The chest
radiograph shows pneumothorax or pneumomediastinum.

Treatment usually consists of supplemental O, and watch-
ful waiting. Breathing 100% O, for a few hours may accelerate
reabsorption of extrapulmonary gas by creating a diffusion
gradient for nitrogen across the surface of the lung (nitrogen
washout technique). This is effective only if the infant was
breathing room air or a small O, supplement at the time of the
pneumothorax. Drainage by needle thoracentesis or tube
thoracostomy is occasionally required. There is a slightly
increased risk of renal abnormalities associated with spontane-
ous pneumothorax. Thus, careful physical examination of the
kidneys and observation of urine output are indicated. If
pulmonary hypoplasia with pneumothorax is suspected, renal
ultrasound is also indicated.

E. Other Pulmonary Causes

Other pulmonary causes of respiratory distress are rare.
Bilateral choanal atresia should be suspected if there is no air
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movement when the infant breathes through the nose. These
infants have good color and heart rate while crying at
delivery but become cyanotic and bradycardiac when they
resume normal nasal breathing. Other causes of upper air-
way obstruction usually produce some degree of stridor or
poor air movement despite good respiratory effort. Pleural
effusion is likely in hydropic infants. Space-occupying
lesions cause a shift of the mediastinum with asymmetrical
breath sounds and are apparent on chest radiographs.

Treatment

Whatever the cause, neonatal respiratory distress is treated
with supplemental oxygen sufficient to maintain a Pao, of
60-70 mm Hg and an oxygen saturation by pulse oximetry
(Spo,) of 92-96%. Pao, less than 50 mm Hg is associated
with pulmonary vasoconstriction, which can exacerbate
hypoxemia. Pao, greater than 100 mm Hg may increase the
risk of oxygen toxicity without additional benefit. Oxygen
should be warmed, humidified, and delivered through an air
blender. Concentration should be measured with a cali-
brated oxygen analyzer. An umbilical or peripheral arterial
line should be inserted in infants requiring more than 45%
Fi0, by 4-6 hours of life to allow frequent blood gas
determinations. Noninvasive monitoring with pulse oxime-
try should be used.

Other supportive treatment includes provision of IV
glucose and water. Unless infection can be ruled out,
blood cultures should be obtained and broad-spectrum
antibiotics started. Volume expansion (normal saline) can
be given in infusions of 10 mL/kg over 30 minutes for low
blood pressure, poor perfusion, and metabolic acidosis.
Sodium bicarbonate (1-2 mEq/kg) is given for metabolic
acidosis unresponsive to initial oxygen, ventilation, and
volume. Other specific testing should be done as indicated
by the history and physical examination. In most cases, a
chest radiograph, blood gas measurements, CBC, and
blood glucose determination allow a diagnosis.

Intubation and ventilation should be undertaken if there
is respiratory failure (Pao, < 60 mm Hg in 60-80% F10,,
Paco, greater than 60 mm Hg, or repeated apnea). Peak
pressures should be adequate to produce chest wall expan-
sion and audible breath sounds (usually 18-24 cm H,O).
Positive end-expiratory pressure (46 cm H,0) should be
used. Ventilation rates of 20-50 breaths/min are usually
required. The goal is to maintain a Pao, of 60—70 mm Hg
and a Paco, of 45-55 mm Hg.

Prognosis

Most respiratory conditions of the full-term infant are acute
and resolve in the first several days. Meconium aspiration
and congenital pneumonia carry a mortality rate of up to
10-20% and produce significant long-term pulmonary
morbidity. Mortality has been reduced by use of high-
frequency oscillatory ventilation, inhaled nitric oxide for

pulmonary hypertension, and extracorporeal membrane
oxygenation (ECMO).

Aly H: Respiratory disorders in the newborn: Identification and
diagnosis. Pediatr Rev 2004;25:201 [PMID: 15173453].

Flidel-Raman O, Shinwell ES: Respiratory distress in the term and
near-term infant. NeoReviews 2005;6:€289.

Hansen AK et al: Elective caesarean section and respiratory mor-
bidity in the term and near-term neonate. Acta Obstet Gynecol
Scand 2007;86:389 [PMID: 17486457].

Jain L, Eaton DC: Physiology of fetal lung fluid clearance and the
effect of labor. Semin Perinatol 2006;30:34 [PMID: 16549212].

Ross MG: Meconium aspiration syndrome—more than intra-
partum meconium. N Engl J Med 2005;353:946 [PMID:
16135842].

Sasidharan P: An approach to diagnosis and management of
cyanosis and tachypnea in term infants. Pediatr Clin North Am
2004;51:999 [PMID: 15275985].

HEART MURMURS (SEE ALSO SECTION ON
CARDIAC PROBLEMS IN THE NEWBORN INFANT)

Heart murmurs are common in the first days of life and do
not usually signify structural heart problems. If a murmur is
present at birth, it should be considered a valvular problem
until proved otherwise because the common benign transi-
tional murmurs (eg, patent ductus arteriosus) are not audi-
ble until minutes to hours after birth.

If an infant is pink, well-perfused, and in no respira-
tory distress, with palpable and symmetrical pulses (right
brachial pulse no stronger than the femoral pulse), the
murmur is most likely transitional. Transitional murmurs
are soft (grade 1-3/6), heard at the left upper to midster-
nal border, and generally loudest during the first 24
hours. If the murmur persists beyond 24 hours of age,
blood pressure in the right arm and a leg should be
determined. If there is a difference of more than 15 mm
Hg (arm > leg) or if the pulses in the lower extremities are
difficult to palpate, a cardiologist should evaluate the
infant for coarctation of the aorta. If there is no differ-
ence, the infant can be discharged home with follow-up in
2-3 days for auscultation and evaluation for signs of
congestive failure. If signs of congestive failure or cyanosis
are present, the infant should be referred for evaluation
without delay. If the murmur persists without these signs,
the infant can be referred for elective evaluation at age 2—
4 weeks. Some centers now recommend routine pulse
oximetry screening in the nursery to identify infants with
congenital heart disease. Oxygen saturation less than 95%
at sea level is evaluated by echocardiogram.

Frommelt MA: Differential diagnosis and approach to a heart
murmur in term infants. Pediatr Clin North Am 2004;51:1023
[PMID: 15331284].

Valmari P: Should pulse oximetry be used to screen for congenital
heart disease? Arch Dis Child Fetal Neonatal Ed 2007;92:F219
[PMID: 17449857].
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BIRTH TRAUMA

Most birth trauma is associated with difficult delivery (eg,
large fetus, abnormal presenting position, or fetal distress
requiring rapid extraction). The most common injuries are
soft tissue bruising, fractures (clavicle, humerus, or femur),
and cervical plexus palsies. Skull fracture, intracranial hem-
orrhage (primarily subdural and subarachnoid), and cervical
spinal cord injury can also occur.

Fractures are often diagnosed by the obstetrician, who
may feel or hear a snap during delivery. Clavicular fractures
may cause decreased spontaneous movement of the arm,
with local tenderness and crepitus. Humeral or femoral
fractures usually cause tenderness and swelling over the shaft
with a diaphyseal fracture, and always cause limitation of
movement. Epiphyseal fractures are harder to diagnose
radiographically owing to the cartilaginous nature of the
epiphysis. After 8-10 days, callus is visible on radiographs.
Treatment in all cases is gentle handling, with immobiliza-
tion for 8-10 days: the humerus against the chest with elbow
flexed; the femur with a posterior splint from below the knee
to the buttock.

Brachial plexus injuries may result from traction as the
head is pulled away from the shoulder during delivery.
Injury to the C5-C6 roots is most common (Erb-Duchenne
palsy). The arm is limp, adducted, and internally rotated,
extended and pronated at the elbow, and flexed at the wrist
(so-called waiter’s tip posture). Grasp is present. If the
lower nerve roots (C8-T1) are injured (Klumpke palsy),
the hand is flaccid. Isolated involvement of the cervical
roots is rare. If the entire plexus is injured, the arm and
hand are flaccid, with associated sensory deficit. Early
treatment for brachial plexus injury is conservative,
because function usually returns over several weeks. Refer-
ral should be made to a physical therapist so that parents
can be instructed on range-of-motion exercises, splinting,
and further evaluation if needed. Return of function begins
in the deltoid and biceps, with recovery by 3 months in
most cases.

Spinal cord injury can occur at birth, especially in
difficult breech extractions with hyperextension of the

Subgaleal hemorrhage
Extradural hemorrhage

A Figure 1-5. Sites of extracranial bleed-
ing in the newborn. (Adapted and repro-
duced, with permission, from Pape KE, Wig-
glesworth JS: Haemorrhage Ischemia and the
Perinatal Brain. B Lippincott, 1979.)

neck, or in midforceps rotations when the body fails to
turn with the head. Infants are flaccid, quadriplegic, and
without respiratory effort at birth. Facial movements are
preserved. The long-term outlook for such infants is
poor.

Facial nerve palsy is sometimes associated with forceps
use but more often results from in-utero pressure of the
baby’s head against the mother’s sacrum. The infant has
asymmetrical mouth movements and eye closure with
poor facial movement on the affected side. Most cases
resolve spontaneously in a few days to weeks.

Subgaleal hemorrhage into the large potential space
under the scalp (Figure 1-5) is associated with difficult
vaginal deliveries and repeated attempts at vacuum extrac-
tion. It can lead to hypovolemic shock and death from
blood loss and coagulopathy triggered by consumption of
clotting factors and release of thromboplastin from the
injured brain. This is an emergency requiring rapid
replacement of blood and clotting factors.

Noetzel MJ: Perinatal trauma and cerebral palsy: Is there a link.
Clin Perinatol 2006;33:355 [PMID:16765729].

Rosenberg AA: Traumatic birth injuries. NeoReviews 2003;4:e270.

Sutcliffe TL: Brachial plexus injury in the newborn. NeoReviews
2007;8:€239.

Uhring MR: Management of birth injuries. Clin Perinatol
2005;32:19 [PMID: 15777819].

INFANTS OF MOTHERS WHO ABUSE DRUGS

Current studies estimate that up to 15% of women use
alcohol and 5-15% use illicit drugs during pregnancy,
depending on the population studied and the methods of
ascertainment. Drugs most commonly used are tobacco,
alcohol, marijuana, cocaine, and methamphetamine.
Because mothers may abuse many drugs and give an
unreliable history of drug usage, it is difficult to pinpoint
which drug is causing the morbidity seen in a newborn
infant. Early hospital discharge makes recognition of these
infants based on physical findings and abnormal behavior
difficult.
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1. Cocaine & Methamphetamine

» Triad of no prenatal care, premature delivery, placental
abruption.

Possible intrauterine growth restriction.
Irritability.

Cocaine and methamphetamine are currently the most com-
mon hard drugs used during pregnancy, often in association
with other drugs such as tobacco, alcohol, and marijuana.
These stimulants can cause maternal hypertension, decreased
uterine blood flow, fetal hypoxemia, uterine contractions,
and placental abruption. Rates of stillbirth, placental abrup-
tion, IUGR, and preterm delivery are increased two- to
fourfold in users compared with nonusers. In the high-risk
setting of no prenatal care, placental abruption, and preterm
labor, urine toxicology screens should be performed on the
mother and infant. Meconium should be sent for drug
screening as it enhances diagnosis by indicating cumulative
drug exposure from the first trimester forward. Although no
specific malformation complex or withdrawal syndrome is
described for cocaine and methamphetamine abuse, infants
may show irritability and growth restriction.

Children of mothers who use methamphetamines are at
particularly high risk for neglect and abuse. Social services
evaluation is especially important to assess the home environ-
ment for these risks. The risk of SIDS is three to seven times
higher in infants of users than in those of nonusers (0.5-1% of
exposed infants). The risk may be lessened by environmental
interventions such as avoidance of tobacco smoke and supine
infant positioning.

2. Opioids

» CNS—irritability, hyperactivity, hypertonicity, incessant
high-pitched cry, tremors, seizures.

» Gl—vomiting, diarrhea, weight loss, poor feeding,
incessant hunger, excessive salivation.

» Metabolic and respiratory—nasal stuffiness, sneezing,
yawning, sweating, hyperthermia.

» Often IUGR.

Clinical Findings

The withdrawal signs of infants born to heroin-addicted
mothers or mothers who have been in methadone mainte-

nance programs are similar. The symptoms in infants born
to methadone-maintained mothers may be delayed in onset,
more severe, and more prolonged than those seen with
heroin addiction. Symptoms usually begin within 1-2 days
of life. The clinical picture is typical enough to suggest a
diagnosis even if a maternal history of narcotic abuse has not
been obtained. Confirmation should be made with urine and
meconium toxicology screening.

Treatment

If opioid abuse or withdrawal is suspected, the infant is not
a candidate for early discharge. Supportive treatment
includes swaddling the infant and providing a quiet, dimly
lit environment. Specific treatment should be avoided
unless the infant has severe symptoms or excessive weight
loss. No single drug has been identified as optimally effec-
tive. Phenobarbital is used at an initial loading dose of 10—
20 mg/kg IM, followed by a maintenance dose of 5 mg/kg/d
in two divided doses given orally. Opioids, diazepam, and
clonidine have also been used, although the present authors
prefer phenobarbital if irritability is the primary symptom
because of its safety and predictability. If diarrhea and
weight loss are prominent, or if adequate control of symp-
toms has not been achieved, tincture of opium (25-fold
dilution to 0.4 mg/mL morphine equivalent; 0.1 mL/kg q4h
to start) titrated to improve symptoms, or methadone
(0.05-0.1 mg/kg q6h) are more beneficial than phenobar-
bital alone. Treatment can be tapered over several days to 2
weeks. Disturbing the infant by procedures should be
minimized. It is also important to review maternal tests for
HIV, hepatitis B, and hepatitis C, as all are common in
intravenous drug users.

Prognosis

These infants often have chronic neurobehavioral handicaps;
however, it is difficult to distinguish the effects of in-utero
drug exposure from those of the environment. Infants of
opioid abusers have a four- to fivefold increased risk of SIDS.

3. Alcohol

Alcohol is the only recreational drug of abuse that is clearly
teratogenic and is the most common preventable cause of
mental retardation. Prevalence estimates of fetal alcohol
syndrome (FAS) in the United States range from 0.5-2 per
1000 live births with up to 1 in 100 having lesser effects (fetal
alcohol spectrum disorders). The effects of alcohol on the
fetus and newborn are determined by the degree and timing
of ethanol exposure and by the maternal, fetal, and placental
metabolism of ethanol, which is likely genetically deter-
mined. Although there is no clear evidence that minimal
amounts of alcohol are harmful, there is no established safe
dose. Fetal growth and development are adversely affected if
drinking continues throughout the pregnancy, and infants
can occasionally experience withdrawal similar to that asso-
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Table 1-14. Features observed in fetal
alcohol syndrome in the newborn.

Craniofacial
Short palpebral fissures
Thin vermillion of upper lip
Flattened philtrum
Growth
Prenatal and postnatal growth deficiency (small for gestational
age, failure to thrive)
Central nervous system
Microcephaly
Partial or complete agenesis of the corpus callosum
Optic nerve hypoplasia
Hypotonia, poor feeding

ciated with maternal opioid abuse. Clinical features of FAS
that may be observed in the newborn period are listed in
Table 1-14. This diagnosis is usually easier to recognize in
older infants and children.

4. Tobacco Smoking

Smoking has a negative effect on fetal growth rate. The more
the mother smokes, the greater is the degree of IUGR. There
is a twofold increase in low birth weight even in light smokers
(< 10 cigarettes per day). Smoking during pregnancy has been
associated with mild neurodevelopmental handicaps. The
possibility of multiple drug abuse also applies to smokers, and
the potential interaction of multiple factors on fetal growth
and development must be considered.

5. Toluene Embryopathy

Solvent toxicity may be intentional (paint, lacquer, or glue
sniffing) or environmental (dry cleaning industry). The active
organic solvent in these agents is toluene. Features attributable
to in-utero toluene exposure are prematurity, [UGR, micro-
cephaly, craniofacial abnormalities similar to those associated
with in-utero alcohol exposure (see Table 1-14), large anterior
fontanelle, hair patterning abnormalities, nail hypoplasia, and
renal anomalies. Long-term effects include postnatal growth
deficiency and developmental delay.

6. Marijuana

Marijuana is the most frequently used illegal drug. It does
not appear to be teratogenic, and although a mild absti-
nence-type syndrome has been described, infants exposed to
marijuana in utero rarely require treatment. Some long-term
neurodevelopmental problems, particularly disordered sleep
patterns, have been noted.

7. Other Drugs

Drugs with potential effects on the newborn fall in two
categories. First are drugs to which the fetus is exposed

because of therapy for maternal conditions. The human
placenta is relatively permeable, particularly to lipophilic
solutes. If possible, maternal drug therapy should be post-
poned until after the first trimester to avoid teratogenic
effects. Drugs with potential fetal toxicity include antineo-
plastics, antithyroid agents, warfarin, lithium, and angio-
tensin-converting enzyme inhibitors (eg, captopril and
enalapril). Anticonvulsants, especially high-dose or multi-
ple drug therapy, may be associated with craniofacial
abnormalities. The use of selective serotonin reuptake
inhibitors, benzodiazepines, and antipsychotic medications
appears to be generally safe, and risk should be balanced
against the risk of untreated psychiatric conditions in the
mother.

In the second category are drugs transmitted to the infant
in breast milk. Most drugs taken by the mother achieve some
concentration in breast milk, although they usually do not
present a problem to the infant. If the drug is one that could
have adverse effects on the infant, timing breast feeding to
coincide with trough concentrations in the mother may be
useful. The AAP (see below) has reviewed drugs contraindi-
cated in the breast-feeding mother.

American Academy of Pediatrics Committee on Drugs: The trans-
fer of drugs and other chemicals into human milk. Pediatrics
2001;108:776 [PMID: 11533352].

Austin MP: To treat or not to treat: Maternal depression, SSRI use
in pregnancy and adverse neonatal effects. Psychol Med
20065;36:1663 [PMID: 16863595].

Crome IB, Kumar MT: Epidemiology of drug and alcohol use in
young women. Semin Fet Neonat Med 2007;12:98 [PMID
17292681].

Kuschel C: Managing drug withdrawal in the newborn infant.
Semin Fet Neonat Med 2007;12:127 [PMID: 17321815].

Manning MA, Hoyme HE: Fetal alcohol spectrum disorders: A
practical clinical approach to diagnosis. Neurosci Biobehav Rev
2007;31:230 [PMID: 16962173].

MULTIPLE BIRTHS

» Monochorial twins

- Always monozygous and same sex.

- (an be diamniotic or monoamniotic.

+ Risk for twin-to-twin transfusion and higher risk of
congenital anomalies, neurodevelopmental prob-
lems, and cerebral palsy.

» Dichorial twins

- Either dizygous or monozygous; same sex or differ-

ent sex.

- Can have growth restriction due to abnormal placen-
tal implantation.
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+ Not at risk for twin transfusion syndrome; less risk
for anomalies and neurodevelopmental problems
than monochorial twins.

Twinning historically occurred at a rate of 1 in 80 pregnan-
cies (1.25%). The incidence of twinning and higher-order
multiple births in the United States has increased because of
in-vitro fertilization and other assisted reproductive tech-
nologies. In 2002, twins occurred in 1 in 32 live births in the
United States, with multiple births accounting for 3.3% of
all births.

A distinction should be made between dizygous (frater-
nal) and monozygous (identical) twins. Race, maternal par-
ity, and maternal age affect the incidence of dizygous, but
not monozygous, twinning. Drugs used to induce ovulation,
such as clomiphene citrate and gonadotropins, increase the
incidence of dizygotic or polyzygotic twinning. Monozygous
twinning also seems to be more common after assisted
reproduction. The incidence of malformations is also
increased in identical twins and may affect only one of the
twins. If a defect is found in one twin, the other should be
examined carefully for lesser degrees of the same defect.

Early transvaginal ultrasound and examination of the
placenta after birth can help establish the type of twinning:
Two amnionic membranes and two chorionic membranes
are found in all dizygous twins and in one third of monozy-
gous twins even when the placental disks appear to be fused
into one. A single chorionic membrane always indicates
monozygous twins. The rare monochorial, monoamniotic
situation (1% of twins) is especially dangerous, with a high
risk of antenatal cord entanglement and death of one or both
twins. Close fetal surveillance is indicated.

Complications of Multiple Births
A. Intrauterine Growth Restriction

There is some degree of [UGR in most multiple pregnancies,
especially after 32 weeks, although it is usually not clinically
significant with two exceptions. First, in monochorial twin
pregnancy an arteriovenous shunt may develop between the
twins (twin-twin transfusion syndrome). The twin on the
venous side (recipient) becomes plethoric and larger than
the smaller anemic twin (donor), who may ultimately die or
be severely growth restricted. The occurrence of polyhy-
dramnios in the larger twin and oligohydramnios in the
smaller may be the first sign of this problem. Second,
discordance in size (birth weights that are significantly dif-
ferent) can also occur when separate placentas are present if
one placenta develops poorly, because of a poor implanta-
tion site. In this instance, no fetal exchange of blood takes
place but the growth rates of the two infants are different.

B. Preterm Delivery

Length of gestation tends to be inversely related to the number
of fetuses. The mean age at delivery for singletons is 38.8

weeks, for twins 35.3 weeks, for triplets 32.2 weeks, and for
quadruplets 29.9 weeks. The prematurity rate in multiple
gestations is 5-10 times that of singletons, with 50% of twins
and 90% of triplets born before 37 weeks. There is an
increased incidence of cerebral palsy in multiple births, more
so with monochorial than dichorial infants. Prematurity is the
main cause of increased mortality and morbidity in twins,
although in the case of monochorial twins, intravascular
exchange through placental anastomoses, particularly after the
death of one twin, also increases the risk substantially.

C. Obstetric Complications

Polyhydramnios, pregnancy-induced hypertension, prema-
ture rupture of membranes, abnormal fetal presentations,
and prolapsed umbilical cord occur more frequently in
women with multiple fetuses. Multiple pregnancy should
always be identified prenatally with ultrasound examina-
tions; doing so allows the obstetrician and pediatrician or
neonatologist to plan management jointly. Because neonatal
complications are usually related to prematurity, prolonga-
tion of pregnancy significantly reduces neonatal morbidity.

Lopriore E et al: Incidence, origin, and character of cerebral injury
in twin-to-twin transfusion syndrome treated with fetoscopic
laser surgery. Am ] Obstet Gynecol 2006;194:1215 [PMID:
16647903 ].

Ong SSC et al: Prognosis for the co-twin following single-twin
death: A systematic review. BJOG 2006;113:992 [PMID:
16903844].

Pharoah POD: Risk of cerebral palsy in multiple pregnancies. Clin
Perinatol 2006;33:301 [PMID: 16765726].

Reddy UM et al: Infertility, assisted reproductive technology, and
adverse pregnancy outcomes: Executive summary of a National
Institute of Child Health and Human Development workshop.
Obstet Gynecol 2007;109:967 [PMID: 17400861].

Yeast JD: Polyhydramnios/oligohydramnios in twin pregnancy.
NeoReviews 2006;7:e305.

NEONATAL INTENSIVE CARE
PERINATAL RESUSCITATION

Perinatal resuscitation refers to the steps taken by the obstetri-
cian to support the infant during labor and delivery and the
resuscitative steps taken by the pediatrician after delivery.
Intrapartum support includes maintaining maternal blood
pressure, maternal oxygen therapy, positioning the mother to
improve placental perfusion, readjusting oxytocin infusions or
administering a tocolytic if appropriate, minimizing trauma to
the infant, obtaining all necessary cord blood samples, and
completing an examination of the placenta. The pediatrician
or neonatologist focuses on temperature support, initiation
and maintenance of effective ventilation, maintenance of per-
fusion and hydration, and glucose regulation.

A number of conditions associated with pregnancy,
labor, and delivery place the infant at risk for birth
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asphyxia: (1) maternal diseases such as diabetes, pregnancy-
induced hypertension, heart and renal disease, and collagen-
vascular disease; (2) fetal conditions such as prematurity,
multiple births, growth restriction, and fetal anomalies; and
(3) labor and delivery conditions, including fetal distress with
or without meconium in the amniotic fluid, and administra-
tion of anesthetics and opioid analgesics.

Physiology of Birth Asphyxia

Birth asphyxia can be the result of: (1) acute interruption of
umbilical blood flow (eg, prolapsed cord with cord compres-
sion), (2) premature placental separation, (3) maternal
hypotension or hypoxia, (4) chronic placental insufficiency,
and (5) failure to perform resuscitation properly.

The neonatal response to asphyxia follows a predictable
pattern (Figure 1-6). The initial response to hypoxia is an
increase in respiratory rate and a rise in heart rate and blood
pressure. Respirations then cease (primary apnea) as heart rate
and blood pressure begin to fall. The initial period of apnea
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A Figure 1-6. Schematic depiction of changes in rhesus
monkeys during asphyxia and on resuscitation by posi-
tive-pressure ventilation. (Adapted and reproduced, with
permission, from Dawes GS: Fetal and Neonatal Physiology.
Year Book, 1968.)

lasts 30—-60 seconds. Gasping respirations (3—6 per minute)
then begin, while heart rate and blood pressure gradually
decline. Secondary or terminal apnea then ensues, with further
decline in heart rate and blood pressure. The longer the
duration of secondary apnea, the greater is the risk for hypoxic
organ injury. A cardinal feature of the defense against hypoxia
is the underperfusion of certain tissue beds (eg, skin, muscle,
kidneys, and GI tract), which allows maintenance of perfusion
to core organs (ie, heart, brain, and adrenals).

Response to resuscitation also follows a predictable pat-
tern. During the period of primary apnea, almost any physi-
cal stimulus causes the infant to initiate respirations. Infants
in secondary apnea require PPV. The first sign of recovery is
an increase in heart rate, followed by an increase in blood
pressure with improved perfusion. The time required for
rhythmic, spontaneous respirations to occur is related to the
duration of the secondary apnea. As a rough rule, for each
minute past the last gasp, 2 minutes of PPV is required
before gasping begins, and 4 minutes is required to reach
rhythmic breathing. Not until some time later do spinal and
corneal reflexes return. Muscle tone gradually improves over
the course of several hours.

Delivery Room Management

When asphyxia is anticipated, a resuscitation team of at least
two persons should be present, one to manage the airway
and one to monitor the heartbeat and provide assistance.
The necessary equipment and drugs are listed in Table 1-15.

A. Steps in the Resuscitative
Process (see Figure 1-7)

1. Dry the infant well, and place him or her under a radiant
heat source. Do not allow the infant to become hyper-
thermic.

2. Position the infant to open the airway. Gently suction
the mouth, then the nose.

3. Quickly assess the infant’s condition. The best criteria
are the infant’s respiratory effort (apneic, gasping or,
regular) and heart rate (> 100 or < 100 beats/min). A
depressed heart rate—indicative of hypoxic myocardial
depression—is the single most reliable indicator of the
need for resuscitation.

4. Infants who are breathing and have heart rates above 100
beats/min usually require no further intervention other
than supplemental oxygen if cyanotic. Infants with heart
rates less than 100 beats/min and apnea or irregular
respiratory efforts should be stimulated vigorously. The
infant’s back should be rubbed with a towel while
oxygen is provided near the face.

5. If the infant fails to respond to tactile stimulation
within a few seconds, begin bag and mask ventilation,
using a soft mask that seals well around the mouth and
nose. For the initial inflations, pressures of 30-40 cm
H,0 may be necessary to overcome surface-active
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Table 1-15. Equipment for neonatal resuscitation.

Clinical Needs Equipment

Thermoregulation ~ Radiant heat source with platform, mattress
covered with warm sterile blankets, servocon-
trol heating, temperature probe, occlusive skin

cover (preterm)

Suction: bulb suction, mechanical suction with
sterile catheters (6F, 8F, 10F), meconium aspi-
rator

Ventilation: manual infant resuscitation bag
connected to manometer or with a pressure-
release valve capable of delivering 100% oxy-
gen, appropriate masks for term and preterm
infants, oral airways, stethoscope

Intubation: neonatal laryngoscope with No. 0
and No. 1 blades; endotracheal tubes (2.5, 3.0,
3.5 mm outer diameter with stylet): extra bulbs
and batteries for laryngoscope; scissors, adhe-
sive tape, gloves, end-tidal C0, detection
device

Nasogastric tube: 8F with 20-mL syringe

Airway
management

Gastric
decompression

Administration
of drugs and
volume
replacement

Sterile umbilical catheterization tray, umbilical
catheters (3.5F and 5F), volume expanders,
normal saline, drug box® with appropriate neo-
natal vials and dilutions, sterile syringes, nee-
dles, and alcohol sponges

Transport Warmed transport isolette with oxygen source

*Epinephrine 1:10,000; naloxone hydrochloride 1 mg/mL; sodium bicarbo-
nate 4.2% (5 mEq/10 mL); 10% dextrose.

Modified, with permission, from Rosenberg AA: Neonatal adaptation. In
Gabbe SG et al (editors): Obstetrics: Normal and Problem Pregnancies.
Churchill Livingstone, 1996.

forces in the lungs. Adequacy of ventilation is assessed
by observing expansion of the infant’s chest accompa-
nied by an improvement in heart rate, perfusion, and
color. After the first few breaths, lower the peak pres-
sure to 15-20 cm H,O. The chest movement should
resemble that of an easy breath rather than a deep sigh.
The rate of bagging should be 4060 breaths/min.

6. Most neonates can be resuscitated effectively with a bag
and mask. If the infant does not respond to bag and
mask ventilation, reposition the head (slight extension),
reapply the mask to achieve a good seal, consider suc-
tioning the mouth and the oropharynx, and try ventilat-
ing with the mouth open. If the infant does not respond
within 30 seconds, intubation is appropriate.

Failure to respond to intubation and ventilation can
result from (1) mechanical difficulties (Table 1-16),
(2) profound asphyxia with myocardial depression,
and (3) inadequate circulating blood volume.

Quickly rule out the mechanical causes listed in Table
1-16. Check to ensure that the endotracheal tube passes
through the vocal cords. A CO, detector placed between
the endotracheal tube and the bag can be helpful as a rapid
confirmation of proper tube position in the airway.
Occlusion of the tube should be suspected when there is
resistance to bagging and no chest wall movement. Very
few neonates (approximately 0.1%) require either cardiac
massage or drugs during resuscitation. Almost all new-
borns respond to ventilation if done effectively. Although
current AAP Neonatal Resuscitation Program (NRP)
guidelines recommend 100% oxygen for neonatal resusci-
tation when PPV is required, there is some evidence that
this may increase the risk of postresuscitative oxidative
injury. Resuscitation with room air or lower oxygen con-
centrations may be equally effective. At a minimum, when
possible, blended oxygen should be available in the deliv-
ery room. Use of lower oxygen concentrations is further
supported by review of oxygen saturations after birth in
normal newborns. Oxygen saturation rises slowly and
does not reach 90% for 5 minutes.

7. If mechanical causes are ruled out and the heart rate
remains less than 60 beats/min after intubation and PPV
for 30 seconds, cardiac compression should be initiated.
Simultaneous delivery of chest compressions and PPV is
likely to decrease the efficiency of ventilation. Therefore,
chest compressions should be interspersed with ventila-
tion at a 3:1 ratio (90 compressions and 30 breaths/min).

8. If drugs are needed, the drug and dose of choice is
epinephrine 1:10,000 solution (0.1-0.3 mL/kg) given
via the endotracheal tube or preferably through an
umbilical venous line. If volume loss is suspected, 10
mL/kg of a volume expander (normal saline) should
be administered through an umbilical vein line.

B. Continued Resuscitative Measures

The appropriateness of continued resuscitative efforts
should be reevaluated in infants who do not respond to
initial measures. In current practice, resuscitative efforts are
made even in apparent stillbirths (ie, infants whose Apgar
score at 1 minute is 0—1). Modern resuscitative techniques
have led to improved survival in such infants, with 60% of
survivors showing normal development. Although it is clear
that resuscitation of these infants should be performed,
subsequent continued support depends on the response to
resuscitation. If the Apgar score does not improve markedly
in the first 10 minutes of life, the mortality rate and the
incidence of severe developmental handicaps among survi-
vors are high.

C. Special Considerations

1. Preterm Infants
A. Minimizing heat loss improves survival. Prewarmed tow-
els should be available. The environmental temperature of
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the delivery suite should be raised to more than 25°C
(especially for infants weighing < 1500 g). A polyethylene
occlusive skin cover should be used to minimize heat loss in
the extremely low birth weight (< 1000 g) infant.

B. The lungs of preterm infants are especially prone to injury
from PPV due to volutrauma. For this reason, if possible,
ventilation efforts should be supported with nasal continu-
ous positive airway pressure (CPAP) rather than PPV. If PPV
is needed, a T-piece resuscitation device should be used to
allow precise regulation of pressure delivery.

c. In the infant of extremely low gestational age (< 27
weeks), intubation for administration of surfactant should
be considered.

D. Volume expanders should be infused slowly to minimize
rapid swings in blood pressure.

2. Narcotic depression—In the case of opioid administra-
tion to the mother within 4 hours of delivery, perform the

rics, 2006.)

Table 1-16. Mechanical causes of failed resuscitation.

Cause Examples

Malfunctioning bag, oxygen not
connected or running

Equipment failure

Endotracheal tube malposition
Occluded endotracheal tube

Esophagus, right main stem bronchus

Insufficient inflation pressure
to expand lungs

Pneumothorax, pleural effusions,
diaphragmatic hernia

Space-occupying lesions in the
thorax

Extreme prematurity, oligohy-
dramnios

Pulmonary hypoplasia

Reproduced, with permission, from Rosenberg AA: Neonatal adaptation. In
Gabbe SG et al (editors): Obstetrics: Normal and Problem Pregnancies.
Churchill Livingstone, 1996.
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resuscitation as described earlier. When the baby is stable
with good heart rate, color, and perfusion, but still has
poor respiratory effort, a trial of naloxone (0.1 mg/kg IM,
SC, IV, or IT) is indicated. Naloxone should not be
administered in place of PPV. Naloxone should not be
used in the infant of an opioid-addicted mother because it
will precipitate withdrawal.

3. Meconium-stained amniotic fluid

A. The obstetrician performs routine suctioning of the
mouth and nose after birth.

B. If the infant is active and breathing, requiring no resusci-
tation, the airway need not be inspected—only further suc-
tioning of the mouth and nasopharynx is required.

c. The airway of any depressed infant requiring ventilation
must be checked and cleared (by passage of a tube below the
vocal cords) before PPV is instituted. Special adapters are
available for use with regulated wall suction to allow suction
to be applied directly to the endotracheal tube.

D. Because most severe cases of meconium aspiration syn-
drome with pulmonary hypertension likely have their origins
in utero, resuscitative efforts should not be excessively
delayed with attempts to clear the airway of meconium.

4. Universal precautions—In the delivery suite, universal
precautions should always be observed.

Treatment of the Asphyxiated Infant

Asphyxia is manifested by multiorgan dysfunction, seizures,
hypoxic-ischemic encephalopathy, and metabolic acidemia.
The infant with significant perinatal hypoxia and ischemia is
at risk for dysfunction of multiple end organs (Table 1- 17).
The organ of greatest concern is the brain.

The features of hypoxic-ischemic encephalopathy are
decreased level of consciousness, poor tone, decreased spon-
taneous movement, periodic breathing or apnea, and sei-
zures. Brainstem signs (oculomotor and pupillary distur-
bances, absent gag reflex) may also be present. The severity
and duration of clinical signs correlate with the severity of the
insult. Other evaluations helpful in assessing severity in the
full-term infant include electroencephalogram (EEG) and
computed tomography (CT) scan. MRI, particularly diffu-
sion-weighted imaging, is useful, especially in the early evalu-
ation of infants with perinatal asphyxia.

A markedly abnormal EEG with voltage suppression and
slowing evolving into a burst-suppression pattern is associ-
ated with severe clinical symptoms. Brain CT scan early in
the course may demonstrate diffuse hypodensity and loss of
gray/white matter tissue differentiation, whereas later scans
may demonstrate brain atrophy and focal ischemic lesions.
Management is directed at supportive care and treatment of
specific abnormalities. Fluids should be restricted initially to
60-80 mL/kg/d; oxygenation should be maintained with
mechanical ventilation if necessary; blood pressure should be

Table 1-17. Signs and symptoms caused by asphyxia.

Hypoxic-ischemic encephalopathy, seizures

Respiratory distress due to aspiration or secondary surfactant deficiency,
pulmonary hemorrhage

Persistent pulmonary hypertension

Hypotension due to myocardial dysfunction

Transient tricuspid valve insufficiency

Anuria or oliguria due to acute tubular necrosis

Feeding intolerance; necrotizing enterocolitis

Elevated aminotransferases due to liver injury

Adrenal insufficiency due to hemorrhage

Disseminated intravascular coagulation

Hypocalcemia

Hypoglycemia

Persistent metabolic academia

Hyperkalemia

supported with judicious volume expansion (if hypovole-
mic) and pressors; and glucose should be in the normal
range of 45-100 mg/dL. Hypocalcemia, coagulation abnor-
malities, and metabolic acidemia should be corrected and
seizures treated with IV phenobarbital (20 mg/kg as loading
dose, with total initial 24-hour dosing up to 40 mg/kg).
Other anticonvulsants should be reserved for refractory
seizures. Hypothermia, either selective head cooling with
mild systemic hypothermia or whole body cooling, initiated
within 6 hours of birth, has been shown to improve outcome
at 18-month follow-up of infants with moderate neurologic
symptoms and an abnormal 1-lead amplitude-integrated
EEG. Efficacy has not been proved in the most severe cases of
neonatal encephalopathy.

Birth Asphyxia: Long-Term Outcome

Fetal heart rate tracings, cord pH, and 1-minute Apgar
scores are imprecise predictors of long-term outcome.
Apgar scores of 0-3 at 5 minutes in full-term infants are
associated with an 18-35% risk of death in the first year of
life and an 8% risk of cerebral palsy among survivors. The
risks of mortality and morbidity increase with more pro-
longed depression of the Apgar score. The single best
predictor of outcome is the severity of clinical hypoxic-
ischemic encephalopathy (severe symptomatology includ-
ing coma carries a 75% chance of death and a 100% rate of
neurologic sequelae among survivors). The major sequela
of hypoxic-ischemic encephalopathy is cerebral palsy with
or without mental retardation and epilepsy. Other prog-
nostic features are prolonged seizures refractory to therapy,
markedly abnormal EEG, and CT or MRI scan with evi-
dence of major ischemic injury. Other clinical features
required to support perinatal hypoxia as the cause of
cerebral palsy include the presence of fetal distress prior to
birth, a low arterial cord pH of less than 7.00, evidence of
other end-organ dysfunction, and absence of a congenital
brain malformation.
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THE PRETERM INFANT

Premature infants comprise the majority of high-risk newborns.
The preterm infant faces a variety of physiologic handicaps:

1. The ability to coordinate sucking, swallowing, and
breathing is not achieved until 34-36 weeks’ gestation.
Therefore, enteral feedings must be provided by gavage.
Further, preterm infants often have gastroesophageal
reflux and an immature gag reflex, which increases the
risk of aspiration of feedings.

2. Lack of body fat stores causes decreased ability to main-
tain body temperature.

3. Pulmonary immaturity—surfactant deficiency is associ-
ated with structural immaturity in infants younger than
26 weeks’ gestation. This condition is complicated by the
combination of noncompliant lungs and extremely
compliant chest wall, causing inefficient respiratory
mechanics.

4. Immature respiratory control leads to apnea and brady-
cardia.

5. Persistent patency of the ductus arteriosus compromises
pulmonary gas exchange because of overperfusion and
edema of the lungs.

6. Immature cerebral vasculature and structure predis-
poses to subependymal or intraventricular hemorrhage
and periventricular leukomalacia.

7. Impaired substrate absorption by the GI tract compro-
mises nutritional management.

8. Immature renal function (including both filtration and
tubular functions) complicates fluid and electrolyte
management.

9. Increased susceptibility to infection.

10. Immaturity of metabolic processes predisposes to
hypoglycemia and hypocalcemia.

1. Delivery Room Care

See section on Perinatal Resuscitation, earlier.

2. Care in the Nursery
A. Thermoregulation

Maintaining stable body temperature is a function of heat
production and conservation balanced against heat loss.
Heat production in response to cold stress occurs through
voluntary muscle activity, involuntary muscle activity (shiv-
ering), and thermogenesis not caused by shivering. New-
borns produce heat mainly through the last of these three
mechanisms. This metabolic heat production depends on
the quantity of brown fat, which is very limited in the
preterm infant. Heat loss to the environment can occur
through: (1) radiation—transfer of heat from a warmer to a
cooler object not in contact; (2) convection—transfer of heat
to the surrounding gaseous environment, influenced by air
movement and temperature; (3) conduction—transfer of
heat to a cooler object in contact; and (4) evaporation—
cooling secondary to water loss through the skin. Heat loss in
the preterm newborn is accelerated because of a high ratio of
surface area to body mass, reduced insulation by subcutane-
ous tissue, and water loss through the immature skin.

The thermal environment of the preterm neonate must
be regulated carefully. The infant can be kept warm in an
isolette, in which the air is heated and convective heat loss is
minimized. The infant can also be kept warm on an open bed
with a radiant heat source. Although evaporative and con-
vective heat losses are greater with radiant warmers, this
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system allows better access to an ill neonate. Ideally, the
infant should be kept in a neutral thermal environment
(Figure 1-8). The neutral thermal environment allows the
infant to maintain a stable core body temperature with a
minimum of metabolic heat production through oxygen
consumption. The neutral thermal environment depends on
the infant’s size, gestational age, and postnatal age. The
neutral thermal environment (for either isolette or radiant
warmer care) can be obtained by maintaining an abdominal
skin temperature of 36.5°C. Generally, when infants reach
1700-1800 g, they are able to maintain temperature while
bundled in an open crib.

B. Monitoring the High-Risk Infant

At a minimum, equipment to monitor heart rate, respira-
tions, and blood pressure should be available. Oxygen satu-
ration can be assessed continuously using pulse oximetry,
correlated with arterial oxygen tension (Pao,) as needed.
Transcutaneous PO, and Pco, can also be used to assess
oxygenation and ventilation. Arterial blood gases, electro-
Iytes, glucose, calcium, bilirubin, and other chemistries must
be measured on small volumes of blood. Early in the care of
a sick preterm infant, the most efficient way to sample blood
for tests as well as to provide fluids and monitor blood
pressure is through an umbilical arterial line. Once the infant
is stable and the need for frequent blood samples is reduced
(usually 4-7 days), the umbilical line should be removed. All
indwelling lines are associated with morbidity from throm-
bosis or embolism, infection, and bleeding.

Death from  Martin RJ: The physical environment. In: Klaus
heat MH, Fanaroff AA [editors]: Care of the High-
Risk Neonate, 5th ed. WB Saunders, 2001.)

C. Fluid and Electrolyte Therapy

Fluid requirements in preterm infants are a function of
(1) insensible losses (skin and respiratory tract), (2) urine
output, (3) stool output (< 5% of total), and (4) others, such
as nasogastric losses. In most circumstances, the fluid
requirement is determined largely by insensible losses plus
urine losses. The major contribution to insensible water loss
is evaporative skin loss. The rate of water loss is a function of
gestational age (body weight, skin thickness, and maturity),
environment (losses are greater under a radiant warmer than
in an isolette), and the use of phototherapy. Respiratory
losses are minimal when humidified oxygen is used. The
renal contribution to water requirement is influenced by the
limited ability of the preterm neonate either to concentrate
the urine and conserve water, or to excrete a water load.

Electrolyte requirements are minimal for the first 24-48
hours until there is significant urinary excretion. Basal
requirements thereafter are as follows: sodium, 3 mEq/kg/d;
potassium, 2 mEq/kg/d; chloride, 2-3 mEq/kg/d; and bicar-
bonate, 2-3 mEq/kg/d. In the infant younger than 30 weeks’
gestation, sodium and bicarbonate losses in the urine are often
elevated, thereby increasing the infant’s requirements.

Initial fluid management after birth varies with the
infant’s size and gestation. Infants of more than 1500 g
should start at 80—100 mL/kg/d of D,,W. Those weighing less
should start at 100-120 mL/kg/d of either D;,W or 5%
dextrose in water (D;W) (infants < 800 g and born before 26
weeks’ gestation often become hyperglycemic on D,;;W). The
most critical issue in fluid management is monitoring. Mon-
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Table 1-18. Use of parenteral alimentation solutions.

Volume Carbohydrate
(mL/kg/d) (g/dL) Protein (g/kg) Lipid (g/kg) Calories (kcal/kg)
Starting solution 100-150 DyoW 3 1 56-84
Target solution 150 Dy W 3-3.5 3 108
Starting solution 100-150 D1oW 3 1 56-84
Target solution 130 D15~DyW 3-3.5 3 118-130
Notes:

1. Advance dextrose in central hyperalimentation as tolerated per day as long as blood glucose remains normal.
2. Advance lipids by 0.5-1.0 g/kg/d as long as triglycerides are normal. Use 20% concentration.
3. Total water should be 100-150 mL/kg/d, depending on the child’s fluid needs.

Monitoring:

1. Blood glucose two or three times 3 day when changing dextrose concentration, then daily.
2. Electrolytes daily, then twice 3 week when the child is receiving a stable solution.
3. Every other week blood urea nitrogen and serum creatinine; total protein and serum albumin; serum calcium, phosphate, magnesium, direct bilirubin, and

(BC with platelet counts.

4. Triglyceride level after 24 h at 2 g/kg/d and 24 h at 3 g/kg/d, then every other week.

itoring body weight, urine output, fluid and electrolyte
intake, serum and urine electrolytes, and glucose allows fairly
precise determination of the infant’s water, glucose, and
electrolyte needs. Parenteral nutrition should be started early
and continued until an adequate enteral intake is achieved.

D. Nutritional Support

The average caloric requirement for the growing premature
infant is 120 kcal/kg/d. Expected weight gain is 10-20 g/kg/
d. Infants initially require IV glucose infusion to maintain
blood glucose concentration in the range of 60-100 mg/dL.
Infusions of 5-7 mg/kg/min (approximately 80-100 mL/
kg/d of D (W) are usually needed. Aggressive nutritional
support in the very low birth weight infant should be
started as soon as possible after birth, with parenteral
alimentation solutions containing 3 g/kg/d of amino acids,
given either peripherally or centrally via an umbilical vein
line or percutaneous catheter (Table 1-18). Small-volume
trophic feeds with breast milk or 20 kcal/oz premature
formula should be started by gavage at 10% or less of the
infant’s nutritional needs (< 10 mL/kg/d) as soon as possi-
ble, generally within the first few days after birth. After
several days of trophic feeds the infant can be slowly
advanced to full caloric needs over 5-7 days. Even
extremely small feedings can enhance intestinal readiness
to accept larger feeding volumes. Intermittent bolus feed-
ings are preferred because these appear to stimulate the
release of gut-related hormones and may accelerate matu-
ration of the GI tract, although in the extremely low birth
weight infant (< 1000 g) or the postsurgical neonate,
continuous-drip feeds are sometimes better tolerated. A

more rapid advancement schedule is used for infants
weighing more than 1500 g, and the slowest schedule for
those weighing less than 1000 g.

In general, long-term nutritional support for infants of
very low birth weight consists either of breast milk supple-
mented to increase protein, caloric density, and mineral con-
tent, or of infant formulas modified for preterm infants. In
these formulas, protein concentrations (approximately 2 g/
dL) and caloric concentrations (approximately 24 kcal/oz) are
relatively high. In addition, premature formulas contain some
medium-chain triglycerides—which do not require bile for
emulsification—as an energy source. Increased calcium and
phosphorus are provided to enhance bone mineralization.
Formulas for both full-term and premature infants are
enriched with long-chain polyunsaturated fatty acids in the
hope of enhancing brain and retinal development. The infant
should gradually be offered feedings of higher caloric density
after a substantial volume (100-120 mL/kg/d) of either breast
milk or formula (20 kcal/oz) is tolerated. Success of feedings is
assessed by passage of feeds out of the stomach without emesis
or large residual volumes, abdominal examination free of
distention, and normal stool pattern.

When the preterm infant approaches term, the nutritional
source for the bottle-fed infant can be changed to a transitional
formula (22 kcal/oz) until age 6-9 months. Additional iron
supplementation (2—4 mg/kg/d) is recommended for prema-
ture infants, beginning at about age 2 months. In some infants,
iron supplementation may be indicated earlier. In particular,
infants who are treated with erythropoietin (epoetin alfa) for
prevention or treatment of anemia of prematurity require a
higher dosage of 4-8 mg/kg/d.
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3. Apnea in the Preterm Infant

» Respiratory pause of sufficient duration to result in
cyanosis or bradycardia.

» Most common in infants born before 34 weeks’ gesta-
tion; onset before 2 weeks of age.

» Methylxanthines (eg, caffeine) provide effective treat-
ment.

General Considerations

Apnea is defined as a respiratory pause lasting more than 20
seconds—or any pause accompanied by cyanosis and brady-
cardia. Shorter respiratory pauses associated with cyanosis or
bradycardia also qualify as significant apnea but must be
differentiated from periodic breathing, which is common in
full-term and preterm infants. Periodic breathing is defined
as regularly recurring ventilatory cycles interrupted by short
pauses not associated with bradycardia or color change. By
definition, apnea of prematurity is not associated with a
predisposing factor. However, a variety of processes may
precipitate apnea (Table 1-19) and should be considered
before a diagnosis of apnea of prematurity is established.

Apnea of prematurity is the most frequent cause of
apnea. Most apnea of prematurity is mixed apnea character-
ized by a centrally (brainstem) mediated respiratory pause
preceded or followed by airway obstruction. Less common is
pure central or pure obstructive apnea. Apnea of prematu-
rity is the result of immaturity of both the central respiratory
regulatory centers and protective mechanisms that aid in
maintaining airway patency.

Clinical Findings

Onset is typically during the first 2 weeks of life. The
frequency of spells gradually increases with time. Pathologic

Table 1-19. Causes of apnea in the preterm infant.

Temperature instability—both cold and heat stress
Response to passage of a feeding tube
Gastroesophageal reflux
Hypoxemia
Pulmonary parenchymal disease
Patent ductus arteriosus
?Anemia
Infection
Sepsis (viral or bacterial)
Necrotizing enterocolitis
Metabolic causes
Hypoglycemia
Intracranial hemorrhage
Posthemorrhagic hydrocephalus
Seizures
Drugs (eg, morphine)
Apnea of prematurity

apnea should be suspected if spells are sudden in onset,
unusually frequent, or very severe. Apnea at birth or on the
first day of life is unusual but can occur in the nonventilated
preterm infant with respiratory distress syndrome. In the
full-term or near-term infant, presentation at birth suggests
neuromuscular abnormalities of an acute (asphyxia, birth
trauma, or infection) or chronic (eg, congenital hypotonia or
structural CNS lesion) nature.

All infants—regardless of the severity and frequency of
apnea—require a minimum screening evaluation, including
a general assessment of well-being (eg, tolerance of feedings,
stable temperature, normal physical examination), a check
of the association of spells with feeding, measurement of
Pao, or Sao,, blood glucose, hematocrit, and a review of the
drug history. Infants with severe apnea of sudden onset
require more extensive evaluation for primary causes, espe-
cially infection. Other specific tests are dictated by relevant
signs, for example, evaluation for necrotizing enterocolitis
(NEC) in an infant with apnea and abdominal distention or
feeding intolerance.

Treatment

Any underlying cause should be treated. If the apnea is due
simply to prematurity, symptomatic treatment is dictated by
the frequency and severity of apneic spells. Spells frequent
enough to interfere with other aspects of care (eg, feeding),
or severe enough to cause cyanosis or bradycardia necessitat-
ing bag and mask ventilation require treatment. First-line
therapy is methylxanthines. Caffeine citrate (20 mg/kg as
loading dose and then 5-10 mg/kg/d) is the drug of choice.
Side effects of caffeine include tachycardia and feeding intol-
erance. The dose used should be the smallest dose necessary
to decrease the frequency of apnea and eliminate severe
spells. Target drug level is usually 10-20 mcg/mL. Nasal
continuous positive airway pressure (CPAP), by treating the
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obstructive component of apnea, is effective in some infants.
Intubation and ventilation can eliminate apneic spells but
carry the risks associated with endotracheal intubation.
Although many preterm infants are treated medically for
possible reflux-associated apnea, there is little evidence to
support this intervention.

Prognosis

In most premature infants, apneic and bradycardiac spells
cease by 34-37 weeks postconception. Spells that require
intervention cease prior to self-resolving episodes. In infants
born at less than 28 weeks’ gestation, episodes may continue
past term. Apneic and bradycardiac episodes in the nursery
are not predictors of later SIDS, although the incidence of
SIDS is slightly increased in preterm infants. Thus, home
monitoring in infants who experienced apnea in the nursery
is rarely indicated.

4. Hyaline Membrane Disease

» Tachypnea, cyanosis, and expiratory grunting.
» Poor air movement despite increased work of breathing.

» Chest radiograph showing hypoexpansion and air
bronchograms.

General Considerations

The most common cause of respiratory distress in the
preterm infant is hyaline membrane disease. The incidence
increases from 5% of infants born at 35-36 weeks’ gestation
to more than 50% of infants born at 26-28 weeks’ gestation.
This condition is caused by a deficiency of surfactant. Surfac-
tant decreases surface tension in the alveolus during expira-
tion, allowing the alveolus to remain partly expanded and
maintain a functional residual capacity. The absence of
surfactant results in poor lung compliance and atelectasis.
The infant must expend a great deal of effort to expand the
lungs with each breath, and respiratory failure ensues (Figure
1-9).

Clinical Findings

Infants with hyaline membrane disease show all the clinical
signs of respiratory distress. On auscultation, air movement
is diminished despite vigorous respiratory effort. The chest
radiograph demonstrates diffuse bilateral atelectasis, causing
a ground-glass appearance. Major airways are highlighted by
the atelectatic air sacs, creating air bronchograms. In the
unintubated child, doming of the diaphragm and underex-
pansion occur.
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A Figure 1-9. Pressure-volume relationships for the
inflation and deflation of surfactant-deficient and surfactant-
treated preterm rabbit lungs. (Reproduced, with permission,
from Jobe AH: The developmental biology of the lung. In:
Fanaroff AA, Martin R [editors]: Neonatal-Perinatal Medicine:
Diseases of the Fetus and Infant, 6th ed. Mosby, 1997.)

Treatment

Supplemental oxygen, nasal CPAP, early intubation for sur-
factant administration and ventilation, and placement of
umbilical artery and vein lines are the initial interventions
required. A ventilator that can deliver breaths synchronized
with the infant’s respiratory efforts (synchronized intermit-
tent mandatory ventilation) should be used. High-frequency
ventilators are available for rescue of infants doing poorly on
conventional ventilation or who have air leak problems.
Surfactant replacement is used both in the delivery room as
prophylaxis for infants born before 27 weeks’ gestation and with
established hyaline membrane disease as rescue, preferably
within 2—4 hours of birth. Surfactant therapy decreases both the
mortality rate in preterm infants and air leak complications of
the disease. During the acute course, ventilator settings and
oxygen requirements are significantly lower in surfactant-
treated infants than in controls. The dose of the bovine-derived
beractant (Survanta) is 4 mL/kg, the calf lung surfactant extract
(Infasurf) is 3 mL/kg, and the porcine-derived poractant (Curo-
surf) is 1.25-2.5 mL/kg, given intratracheally. Repeat dosing is
indicated in infants who remain on the ventilator in more than
30—40% oxygen. A total of two to three doses given 8-12 hours
apart may be given. As the disease evolves, proteins that inhibit
surfactant function leak into the air spaces, making surfactant
replacement less effective. In stable infants, a trial of nasal CPAP
at 5-6 cm H,O pressure can be attempted prior to intubation
and surfactant administration. For those who require mechani-
cal ventilation, extubation to nasal CPAP should be done as
early as possible to minimize lung injury and evolution of
chronic lung disease. Antenatal administration of corticoster-
oids to the mother is an important strategy to accelerate lung
maturation. Infants whose mothers were given corticosteroids
more than 24 hours prior to preterm birth are less likely to have
respiratory distress syndrome and have a lower mortality rate.
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5. Chronic Lung Disease
in the Premature Infant

General Considerations

Chronic lung disease, defined as respiratory symptoms,
oxygen requirement, and chest radiograph abnormalities at
36 weeks postconception, occurs in about 20% of preterm
infants ventilated for surfactant deficiency. The incidence is
higher at lower gestational ages and in infants exposed to
chorioamnionitis prior to birth. The development of
chronic lung disease is a function of lung immaturity at
birth, inflammation, and exposure to high oxygen concen-
trations and ventilator volutrauma. Surfactant replacement
therapy or early nasal CPAP has diminished the severity of
chronic lung disease. The mortality rate from chronic lung
disease is very low, but there is still significant morbidity
secondary to reactive airway symptoms and hospital read-
missions during the first 2 years of life for intercurrent
respiratory infection.

Treatment

Long-term supplemental oxygen, mechanical ventilation,
and nasal CPAP are the primary therapies for chronic lung
disease of the premature. Diuretics (furosemide, 1-2 mg/
kg/d, or hydrochlorothiazide-spironolactone, 1-2 mg/kg/
d), inhaled [,-adrenergics, inhaled corticosteroids (flutica-
sone or budesonide), and systemic corticosteroids (dexa-
methasone, 0.2-0.5 mg/kg/d, or hydrocortisone, 1-3 mg/
kg/d) are used as adjunctive therapy. The use of systemic
corticosteroids remains controversial. Although a decrease
in lung inflammation can aid infants in weaning from
ventilator support, there are data associating dexametha-
sone use in the first several weeks of life with an increased
incidence of cerebral palsy. This risk must be balanced
against the higher risk of neurodevelopmental handicap in
infants with severe chronic lung disease. There is likely a
point in the course of these infants at which the benefit of
using systemic corticosteroids for the shortest amount of
time at the lowest dose possible outweighs the risk of
continued mechanical ventilation. After hospital discharge,
some of these infants will require oxygen at home. This can
be monitored by pulse oximetry with a target Sao, of 94—
96%. Some will continue to manifest pulmonary symptom-
atology into adolescence.
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6. Patent Ductus Arteriosus

Hyperdynamic precordium.

Widened pulse pressure.

Hypotension.

Presence of a systolic heart murmur in many cases.
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General Considerations

Clinically significant patent ductus arteriosus usually pre-
sents on days 3—7 as the respiratory distress from hyaline
membrane disease is improving. Presentation can be on days
1 or 2, especially in infants born before 28 weeks’ gestation
and in those who have received surfactant replacement
therapy. The signs include a hyperdynamic precordium,
increased peripheral pulses, and a widened pulse pressure
with or without a systolic heart murmur. Early presentations
are sometimes manifested by systemic hypotension without
a murmur or hyperdynamic circulation. These signs are
often accompanied by an increased need for respiratory
support and metabolic acidemia. The presence of patent
ductus arteriosus is confirmed by echocardiography.

Treatment

Treatment of patent ductus arteriosus is by medical or
surgical ligation. A clinically significant ductus can be closed



CHAPTER 1

with indomethacin (0.1-0.2 mg/kg IV q12-24h for three
doses) in about two thirds of cases. If the ductus reopens or
fails to close completely, a second course of drug may be
used. If indomethacin fails to close the ductus or if a ductus
reopens a second time, surgical ligation is appropriate. In
some cases, a more prolonged course of indomethacin can be
used to prevent recurrences. In addition, in the extremely
low birth weight infant (< 1000 g) who is at very high risk of
developing a symptomatic ductus, a prophylactic strategy of
indomethacin (0.1 mg/kg q24h for 3-5 days) on the first day
of life can be used. The major side effect of indomethacin is
transient oliguria, which can be managed by fluid restriction
until urine output improves. There may also be an increased
incidence of NEC with prolonged therapy. Transient
decrease in intestinal and cerebral blood flow caused by
indomethacin can be ameliorated by giving the drug as a
slow infusion over 1-2 hours. Indomethacin should not be
used if the infant is hyperkalemic, if the creatinine is higher
than 2 mg/dL, or if the platelet count is less than 50,000/mL.
There is an increased incidence of intestinal perforation if
used concomitantly with hydrocortisone in extremely low
birth weight infants (9% versus 2% for either drug alone).
Ibuprofen lysine can be used as an alternative to indometha-
cin given every 24 hours as an initial dose of 10 mg/kg and
then 5 mg/kg for two doses. Oliguria is less severe and less
frequent than with indomethacin.
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7. Necrotizing Enterocolitis

Feeding intolerance with gastric residuals or vomiting.
Bloody stools.

Abdominal distention and tenderness.

Pneumatosis intestinalis on abdominal radiograph.
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General Considerations

NEC is the most common acquired GI emergency in the
newborn. It is most common in preterm infants, with an
incidence of 10% in infants less than 1500 g. In full-term

infants, it occurs in association with polycythemia, congeni-
tal heart disease, and birth asphyxia. The pathogenesis of
NEC is multifactorial. Previous intestinal ischemia, bacterial
or viral infection, and immunologic immaturity of the gut
are all thought to play a role. In up to 20% of affected infants,
the only risk factor is prematurity. IUGR infants with a
history of absent or reversed end-diastolic flow in the umbil-
ical artery prior to delivery, have abnormalities of splanchnic
flow after delivery and have an increased risk of NEC.

Clinical Findings

The most common presenting sign is abdominal distention.
Other signs are vomiting, increased gastric residuals, heme-
positive stools, abdominal tenderness, temperature instabil-
ity, increased apnea and bradycardia, decreased urine out-
put, and poor perfusion. There may be an increased white
blood cell count with an increased band count or, as the
disease progresses, absolute neutropenia. Thrombocytope-
nia often occurs along with stress-induced hyperglycemia
and metabolic acidosis. Diagnosis is confirmed by the pres-
ence of pneumatosis intestinalis (air in the bowel wall) on a
plain abdominal radiograph. There is a spectrum of disease,
and milder cases may exhibit only distention of bowel loops
with bowel wall edema.

Treatment
A. Medical Treatment

NEC is managed by nasogastric decompression of the gut,
maintenance of oxygenation, mechanical ventilation if nec-
essary, and IV fluids to replace third-space GI losses. Enough
fluid should be given to restore good urine output. Other
measures include broad-spectrum antibiotics (usually ampi-
cillin, a third-generation cephalosporin or an aminoglyco-
side, and possibly additional anaerobic coverage), close
monitoring of vital signs, serial physical examinations, and
laboratory studies (blood gases, white blood cell count,
platelet count, and radiographs). Although there are no
proven strategies to prevent NEC, use of trophic feedings
and cautious advancement of feeds, as well as probiotic
agents in sick infants, may provide some protection.

B. Surgical Treatment

Indications for surgery are evidence of perforation (free air
present on a left lateral decubitus or cross-table lateral film),
a fixed dilated loop of bowel on serial radiographs, abdomi-
nal wall cellulitis, or deterioration despite maximal medical
support. All of these signs are indicative of necrotic bowel. In
the operating room, necrotic bowel is removed and ostomies
are created. In extremely low birth weight infants, the initial
surgical management may simply be the placement of peri-
toneal drains. Reanastomosis in infants with ostomies is
performed after the disease resolves and the infant is bigger
(usually > 2 kg and after 4—6 weeks).
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Course & Prognosis

Infants treated medically or surgically should not be refed
until the disease is resolved (normal abdominal examination
and resolution of pneumatosis), usually in 10-14 days.
Nutritional support during this time should be provided by
total parenteral nutrition.

Death occurs in 10% of cases. Surgery is needed in fewer
than 25% of cases. Long-term prognosis is determined by the
amount of intestine lost. Infants with short bowel require
long-term support with IV nutrition (see Chapter 20). Late
strictures—about 3—6 weeks after initial diagnosis—occur in
8% of patients whether treated medically or surgically, and
generally require operative management. Infants with surgi-
cally managed NEC have an increased risk of poor neurode-
velopmental outcome.
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8. Anemia in the Premature Infant
General Considerations

In the premature infant, the hemoglobin concentration
reaches its nadir at about 8-12 weeks and is 2-3 g/dL lower
than that of the full-term infant. The lower nadir in prema-
ture infants appears to be the result of decreased erythropoi-
etin response to the low red cell mass. Symptoms of anemia
include poor feeding, lethargy, increased heart rate, poor
weight gain, and perhaps periodic breathing.

Treatment

Transfusion is not indicated in an asymptomatic infant
simply because of a low hematocrit. Most infants become
symptomatic if the hematocrit drops below 20%. Infants on
ventilators and supplemental oxygen are usually maintained
with hematocrits above 30%. Alternatively, infants can be
treated with erythropoietin (350 U/kg/d for 7-10 days for
hematocrits < 28%). The therapeutic goal is to minimize
blood draws and use conservative guidelines for transfusion.

Aher S, Ohlsson A: Late erythropoietin for preventing red blood cell
transfusion in preterm and low birth weight infants. Cochrane
Database Syst Rev 2006;(3):CD004868 [PMID: 16856064].
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Child Fetal Neonatal Ed 2004;89:F101 [PMID: 14977890].

9. Intraventricular Hemorrhage

» Large bleeds cause hypotension, metabolic acidosis,
and altered neurologic status; smaller bleeds can be
asymptomatic.

» Routine cranial ultrasound scanning is essential for
diagnosis in infants born before 32 weeks’ gestation.

General Considerations

Periventricular—intraventricular hemorrhage occurs almost
exclusively in premature infants. The incidence is 20-30%
in infants born before 31 weeks’ gestation and weighing less
than 1500 g. The highest incidence occurs in infants of the
lowest gestational age (< 26 weeks). Bleeding most com-
monly occurs in the subependymal germinal matrix (a
region of undifferentiated cells adjacent to or lining the
lateral ventricles). Bleeding can extend into the ventricular
cavity. The proposed pathogenesis of bleeding is presented
in Figure 1-10. The critical event is ischemia with reperfu-
sion injury to the capillaries in the germinal matrix in the
immediate perinatal period. The actual amount of bleeding
is also influenced by a variety of factors that affect the
pressure gradient across the injured capillary wall. This
pathogenetic scheme applies also to intraparenchymal
bleeding (venous infarction in a region rendered ischemic)
and to periventricular leukomalacia (ischemic white matter
injury in a watershed region of arterial supply). CNS com-
plications in preterm infants are more frequent in infants
exposed antenatally to intrauterine infection.

Clinical Findings

Up to 50% of hemorrhages occur before 24 hours of age,
and virtually all occur by the fourth day. The clinical
syndrome ranges from rapid deterioration (coma, hypoven-
tilation, decerebrate posturing, fixed pupils, bulging ante-
rior fontanelle, hypotension, acidosis, or acute drop in
hematocrit), to a more gradual deterioration with more
subtle neurologic changes, to absence of any specific physi-
ologic or neurologic signs.

The diagnosis can be confirmed by real-time ultrasound
scan. This is performed whenever bleeding is suspected. If
symptoms are absent, routine scanning should be done at
10-14 days in all infants born before 29 weeks” gestation.
Hemorrhages are graded as follows: grade I, germinal matrix
hemorrhage only; grade I, intraventricular bleeding without
ventricular enlargement; grade III, intraventricular bleeding
with ventricular enlargement; or grade IV, any intraparen-
chymal bleeding. The amount of bleeding is minor (grade I
or II) in 75% of infants and major in the remainder. Follow-



CHAPTER 1

Ischemic insult to regions of
low baseline cerebral blood flow
(eg, germinal matrix)

Reperfusion

Free oxygen radical injury to
tissue and capillaries

Increased arterial flow:
Hypoxia
Hypercapnia
Blood pressure surges

Impaired venous outflow
Myocardial failure
Positive-pressure ventilation

Decreased interstitial tissue
pressure:
Infusion of hypertonic agents

Increased gradient across the wall of
injured capillaries

Vessel rupture

A Figure 1-10. Pathogenesis of periventricular and intraventricular hemorrhage.

up ultrasound examinations are scheduled based on the
results of the initial scan. Infants with no bleeding or germi-
nal matrix hemorrhage require only a single late scan at age
4-6 weeks to look for periventricular leukomalacia. An
infant with blood in the ventricular system is at risk for
posthemorrhagic ventriculomegaly. This is usually the result
of impaired absorption of cerebrospinal fluid (CSF) but can
also occur secondary to obstructive phenomena. An initial
follow-up scan should be done 1-2 weeks after the initial
scan. Infants with intraventricular bleeding and ventricular
enlargement should be followed every 7-10 days until ven-
tricular enlargement stabilizes or decreases.

Treatment

During acute hemorrhage, supportive treatment (restoration
of volume and hematocrit, oxygenation, and ventilation)
should be provided to avoid further cerebral ischemia. Pro-
gressive posthemorrhagic hydrocephalus is treated initially
with a subgaleal shunt. When the infant is large enough, this
can be converted to a ventriculoperitoneal shunt.

Although the incidence and severity of intracranial bleed-
ing in premature infants have decreased, strategies to prevent
this complication are still needed. Maternal antenatal corti-
costeroids appear to decrease the risk of intracranial bleed-
ing, and phenobarbital may have a role in the mother who
has not been prepared with steroids and is delivering before
28 weeks’ gestation. The route of delivery may be important
as infants delivered by cesarean section have a decreased rate

of intracranial bleed. Postnatal strategies are less effective.
Early indomethacin administration may have some benefit
in minimizing bleeding, especially in males, with unclear
influence on long-term outcome.

Prognosis

No deaths occur as a result of grade I and grade II hemor-
rhages. Grade III and grade IV hemorrhages carry a mortal-
ity rate of 10-20%. Posthemorrhagic ventricular enlarge-
ment is rarely seen with grade I hemorrhages but is seen in
54-87% of grade II-IV hemorrhages. Very few of these
infants will require a ventriculoperitoneal shunt. Long-term
neurologic sequelae are seen no more frequently in infants
with grade I and grade II hemorrhages than in preterm
infants without bleeding. In infants with grade III and grade
IV hemorrhages, severe sequelae occur in 20-25% of cases,
mild sequelae in 35% of cases, and no sequelae in 40% of
cases. Severe periventricular leukomalacia, large parenchy-
mal bleeds, and progressive ventriculomegaly greatly
increase the risk of neurologic sequelae. It is important to
note that extremely low birth weight infants without major
ultrasound findings remain at increased risk for both cere-
bral palsy and cognitive delays. Recent reports using quanti-
tative MRI scans demonstrate that subtle gray and white
matter findings not seen with ultrasound are prevalent in
preterm survivors and are predictive of neurodevelopmental
handicap. This is especially true in infants born weighing less
than 1000 g and before 28 weeks’ gestation.
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10. Retinopathy of Prematurity

» Risk of severe retinopathy is greatest in the most
preterm infants.

» Diagnosis depends on screening eye exams in at-risk
preterm infants.

» Examination evaluates stage of abnormal retinal vas-
cular development, extent of retinal detachment, and
distribution and amount of retina involved.

Retinopathy of prematurity occurs only in the incompletely
vascularized premature retina. The incidence of retinopathy
in infants weighing less than 1250 g is 66%, but only 6% have
retinopathy severe enough to warrant intervention. The
incidence is highest in infants of the lowest gestational age.
The condition appears to be triggered by an initial injury to
the developing retinal vessels. Hypoxia, shock, asphyxia,
vitamin E deficiency, and light exposure have been associ-
ated with this initial injury. After the initial injury, normal
vessel development may follow or abnormal vascularization
may occur, with ridge formation on the retina. The process
can regress at this point or may continue, with growth of
fibrovascular tissue into the vitreous associated with inflam-
mation, scarring, and retinal folds or detachment. The dis-
ease is graded by stages of abnormal vascular development
and retinal detachment (I-V), by the zone of the eye
involved (1-3, with zone 1 being the posterior region around
the macula), and by the amount of the retina involved, in
“clock hours” (eg, a detachment in the upper, outer quad-
rant of the left eye would be defined as affecting the left
retina from 12 to 3 o’clock).

Initial eye examination should be performed at 4-6 weeks
of age in infants with a birth weight less than 1500 g or in
those born before 28 weeks’ gestation, as well as in infants
weighing more than 1500 g with an unstable clinical course.
Follow-up occurs at 1- to 2-week intervals until the retina is
fully vascularized. Laser therapy is used in infants with
progressive disease at risk for retinal detachment. Although
this treatment does not always prevent retinal detachment, it

reduces the incidence of poor outcomes based on visual
acuity and retinal anatomy.
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11. Discharge & Follow-Up
of the Premature Infant

A. Hospital Discharge

Criteria for discharge of the premature infant include main-
taining normal temperature in an open crib, nippling all
feeds, gaining weight, and absence of apnea and bradycardia
spells requiring intervention. Infants going home on supple-
mental oxygen should not desaturate below 80% in room air
or should demonstrate the ability to arouse in response to
hypoxia. Factors such as support for the mother at home and
the stability of the family situation play a role in the timing
of discharge. Home nursing visits and early physician follow-
up can be used to hasten discharge.

B. Follow-Up

With advances in obstetric and maternal care, survival of
infants born after 28 weeks’ gestation or weighing as little as
1000 g at birth is now better than 90%. Seventy to 80%
survive at 26-27 weeks’ gestation and birth weights of 800—
1000 g. Survival at gestational age 25 weeks and birth weight
700-800 g is 50-70%, with a considerable drop-off below
this level (Figure 1-11).

These high rates of survival come with some morbidity.
Major neurologic sequelae, including cerebral palsy, cognitive
delay, and hydrocephalus, occur in 10-25% of survivors of
birth weight less than 1500 g. The rate of these sequelae tends
to be higher in infants with lower birth weights. Infants with
birth weights less than 1000 g also have an increased rate of
lesser disabilities, including learning, behavioral, and psychi-
atric problems. Risk factors for neurologic sequelae include
seizures, grade I1I or IV intracranial hemorrhage, periventric-
ular leukomalacia, ventricular dilation, white matter abnor-
malities on term-equivalent MRI examinations, severe I[UGR,
poor early head growth, need for mechanical ventilation,
chronic lung disease, NEC, and low socioeconomic class.
Maternal fever and chorioamnionitis are associated with an
increased risk of cerebral palsy. Other morbidities include
chronic lung disease and reactive airway disease, resulting in
increased severity of respiratory infections and hospital read-
missions in the first 2 years; retinopathy of prematurity with
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Mortality by birth weight
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associated loss of visual acuity and strabismus; hearing loss;
and growth failure. All of these issues require close multidisci-
plinary outpatient follow-up. Infants with residual lung dis-
ease are candidates for monthly palivizumab (Synagis) injec-
tions during their first winter after hospital discharge to
prevent infection with respiratory syncytial virus. Routine
immunizations should be given at the appropriate chrono-
logic age and should not be age-corrected for prematurity.
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THE LATE PRETERM INFANT

The rate of preterm births in the United States has increased
31% since 1981. The largest contribution to this increase is
from births between 34 and 36 completed weeks of gestation,
which now represent 70% of preterm births in the United
States. Compared with term infants, late preterm infants
have higher frequencies of respiratory distress, temperature
instability, hypoglycemia, kernicterus, apnea, seizures, feed-



THE NEWBORN INFANT

ing problems, and rehospitalization after hospital discharge.
The respiratory issues are caused by lack of clearance of lung
fluid or relative deficiency of pulmonary surfactant, or both.
Feeding issues are caused by lack of coordination of suck and
swallow, which can interfere with bottle feeding and delay
successful breast feeding, putting the infant at risk for poor
weight gain and dehydration. Related both to feeding issues
and immaturity, these infants have an eightfold increased
risk of developing a TSB level above 20 mg/dL when com-
pared with infants born after 40 completed weeks. As a
consequence, late preterm infants are overrepresented in the
kernicterus registry. Rehospitalizations due to jaundice,
proven or suspected infection, feeding difficulties, and fail-
ure to thrive are much more common than in term infants.
Late preterm infants should be considered preterm rather
than near term and require close in-hospital monitoring
after birth for complications. After nursery discharge, close
outpatient follow-up is indicated, especially if they are sent
home within 48-72 hours after birth.
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Raju TNK et al: Optimizing care and outcome for late-preterm
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Watchko JF: Hyperbilirubinemia and bilirubin toxicity in the late
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CARDIAC PROBLEMS
IN THE NEWBORN INFANT
STRUCTURAL HEART DISEASE

1. Cyanotic Presentations

» Cyanosis, initially without associated respiratory dis-
tress.

Failure to increase Pao, with supplemental oxygen.

» Chest radiograph with decreased lung markings sug-
gests right heart obstruction, while increased lung
markings suggest transposition or pulmonary venous
obstruction.

General Considerations

The causes of cyanotic heart disease in the newborn are
transposition of the great vessels, total anomalous pulmo-

nary venous return, truncus arteriosus (some types), tricus-
pid atresia, and pulmonary atresia or critical pulmonary
stenosis.

Clinical Findings

Infants with these disorders present with early cyanosis. The
hallmark of many of these lesions is cyanosis without associ-
ated respiratory distress. In most of these infants, tachypnea
develops over time either because of increased pulmonary
blood flow or secondary to metabolic acidemia from pro-
gressive hypoxemia. Diagnostic aids include comparing the
blood gas or oxygen saturation in room air to that in 100%
F10,. Failure of Pao, or Sao, to increase suggests cyanotic
heart disease. Note: A Pao,, if feasible, is the preferred
measure. Saturation in the newborn may be misleadingly
high despite pathologically low Pao, due to the left-shifted
oxyhemoglobin dissociation curve seen with fetal hemoglo-
bin. Other useful aids are chest radiography, electrocardiog-
raphy, and echocardiography.

Transposition of the great vessels is the most common
form of cyanotic heart disease presenting in the newborn.
Examination generally reveals a systolic murmur and single
S,. Chest radiograph shows a generous heart size and a
narrow mediastinum with normal or increased lung mark-
ings. There is little change in Pao, or Sao, with supplemental
oxygen. Total anomalous pulmonary venous return, in
which venous return is obstructed, presents early with severe
cyanosis and tachypnea because the pulmonary venous
return is obstructed, resulting in pulmonary edema. The
chest radiograph typically shows a small to normal heart size
with marked pulmonary edema. Infants with right heart
obstruction (pulmonary and tricuspid atresia, critical pul-
monary stenosis, and some forms of truncus arteriosus) have
decreased lung markings on chest radiographs and, depend-
ing on the severity of hypoxia, may develop metabolic
acidemia. Those lesions with an underdeveloped right heart
will have left-sided predominance on electrocardiography.
Although tetralogy of Fallot is the most common form of
cyanotic heart disease, the obstruction at the pulmonary
valve is often not severe enough to result in cyanosis in the
newborn. In all cases, diagnosis can be confirmed by echo-
cardiography.

2. Acyanotic Presentations

» Most newborns with acyanotic heart disease have left-
sided outflow obstruction.

» Differentially diminished pulses (coarctation) or decreased
pulses throughout (aortic atresia).

» Metabolic acidemia.
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» Chest radiograph showing large heart and pulmonary
edema.

General Considerations

Newborn infants who present with serious acyanotic heart
disease usually have congestive heart failure secondary to
left-sided outflow tract obstruction. Infants with left-to-right
shunt lesions (eg, ventricular septal defect) may have mur-
murs in the newborn period, but clinical symptoms do not
occur until pulmonary vascular resistance drops enough to
cause significant shunting and subsequent congestive heart
failure (usually at 3—4 weeks of age).

Clinical Findings

Infants with left-sided outflow obstruction generally do well
the first day or so until the ductus arteriosus—the source of
all or some of the systemic flow—narrows. Tachypnea,
tachycardia, congestive heart failure, and metabolic acidosis
develop. On examination, all of these infants have abnormal-
ities of the pulses. In aortic atresia (hypoplastic left heart
syndrome) and stenosis, pulses are all diminished, whereas
in coarctation syndromes, differential pulses (diminished or
absent in the lower extremities) are evident. Chest radio-
graphic films in these infants show a large heart and pulmo-
nary edema. Diagnosis is confirmed with echocardiography.

3. Treatment of Cyanotic
& Acyanotic Lesions

Early stabilization includes supportive therapy as needed (eg,
IV glucose, oxygen, ventilation for respiratory failure, and
pressor support). Specific therapy includes infusions of pros-
taglandin E; (0.025-0.1 pg/kg/min) to maintain ductal pat-
ency. In some cyanotic lesions (eg, pulmonary atresia, tricus-
pid atresia, and critical pulmonary stenosis) in which lung
blood flow is ductus-dependent, this improves pulmonary
blood flow and Pao, by allowing shunting through the
ductus to the pulmonary artery. In left-sided outflow tract
obstruction, systemic blood flow is ductus-dependent; pros-
taglandins improve systemic perfusion and resolve the aci-
dosis. Further specific management—including palliative
surgical and cardiac catheterization procedures—is dis-
cussed in Chapter 19. Neurodevelopmental outcome with
congenital heart disease depends on the lesion, severity of
neonatal presentation, and complications related to pallia-
tive and corrective surgery.

PERSISTENT PULMONARY HYPERTENSION

» Onset of symptoms on day 1 of life.

» Hypoxia with poor response to high concentrations of
inspired oxygen.

» Right-to-left shunts through the foramen ovale, ductus
arteriosus, or both.

» Most often associated with parenchymal lung disease.

General Considerations

Persistent pulmonary hypertension of the newborn (PPHN)
results when the normal decrease in pulmonary vascular
resistance after birth does not occur. Most affected infants
are full term or postterm, and many have experienced
perinatal asphyxia. Other clinical associations include hypo-
thermia, meconium aspiration syndrome, hyaline mem-
brane disease, polycythemia, neonatal sepsis, chronic intra-
uterine hypoxia, and pulmonary hypoplasia.

There are three underlying pathophysiologic mechanisms
of PPHN: (1) vasoconstriction due to perinatal hypoxia related
to an acute event such as sepsis or asphyxia; (2) prenatal
increase in pulmonary vascular smooth muscle develop-
ment, often associated with meconium aspiration syndrome;
and (3) decreased cross-sectional area of the pulmonary
vascular bed associated with lung hypoplasia (eg, diaphrag-
matic hernia).

Clinical Findings

Clinically, the syndrome is characterized by onset on the first
day of life, usually from birth. Respiratory distress is promi-
nent, and Pao, is usually poorly responsive to high concen-
trations of inspired oxygen. Many infants have associated
myocardial depression with systemic hypotension. Echocar-
diography reveals right-to-left shunting at the level of the
ductus arteriosus or foramen ovale, or both. The chest
radiograph usually shows lung infiltrates related to associ-
ated pulmonary pathology (eg, meconium aspiration and
hyaline membrane disease). If the majority of right-to-left
shunting is at the ductal level, pre- and postductal differences
in Pao, and Sao, will be observed.

Treatment

Therapy for PPHN involves treatment of other postasphyxia
problems such as seizures, renal failure, hypoglycemia, and
infection. Specific therapy is aimed at both increasing sys-
temic arterial pressure and decreasing pulmonary arterial
pressure to reverse the right-to-left shunting through fetal
pathways. First-line therapy includes oxygen and ventilation
(to reduce pulmonary vascular resistance) and crystalloid
infusions (10 mL/kg, up to 30 mL/kg) to improve systemic
pressure. Ideally, systolic pressure should be greater than 50
mm Hg. With compromised cardiac function, systemic pres-
sors can be used as second-line therapy (eg, dopamine, 5-20
mcg/kg/min; dobutamine, 5-20 mcg/kg/ min; or both). Met-
abolic acidemia should be corrected because acidemia exacer-
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bates pulmonary vasoconstriction. In some cases, a mild
respiratory alkalosis may improve oxygenation. Pulmonary
vasodilation can be enhanced using inhaled nitric oxide,
which is identical or very similar to endogenous endothe-
lium-derived relaxing factor, at doses of 5-20 ppm. High-
frequency oscillatory ventilation has proved effective in many
of these infants, particularly those with severe associated lung
disease. Infants for whom conventional therapy is failing
(poor oxygenation despite maximum support) may require
extracorporeal membrane oxygenation (ECMO). The lungs
are essentially at rest during ECMO, and with resolution of
pulmonary hypertension infants are weaned from ECMO
back to ventilator therapy. Approximately 10-15% of survi-
vors of PPHN have significant neurologic sequelae, with
cerebral palsy or cognitive delays. Other sequelae such as
chronic lung disease, sensorineural hearing loss, and feeding
problems have also been reported.

ARRHYTHMIAS

Irregularly irregular heart rates, commonly associated with
premature atrial contractions and less commonly with pre-
mature ventricular contractions, are common in the first
days of life in well newborns. These arrhythmias are benign.
Clinically significant bradyarrhythmias are seen in associa-
tion with congenital heart block. Heart block can be seen in
an otherwise structurally normal heart (associated with
maternal lupus) or with structural cardiac abnormalities. In
the absence of fetal hydrops, the bradyarrhythmia is often
well tolerated. Cardiac pacing may be required if there are
symptoms of inadequate cardiac output.

On ECG, tachyarrhythmias can be either wide complex
(ventricular tachycardia) or narrow complex (supraventricu-
lar tachycardia). Supraventricular tachycardia is the most
common neonatal tachyarrhythmia and may be a sign of
structural heart disease, myocarditis, left atrial enlargement,
and aberrant conduction pathways. Acute treatment is ice to
the face, and if unsuccessful, IV adenosine (50-200 mcg/kg). If
there is no response, the dose can be increased to 300 mcg/kg.
Long-term therapy is with digoxin or propranolol. Digoxin
should not be used in infants with Wolff-Parkinson-White
syndrome. Cardioversion is rarely needed for supraventricular
tachycardia but is needed acutely for hemodynamically unsta-
ble ventricular tachycardia.

Kothari DS, Skinner JR: Neonatal tachycardias: An update. Arch Dis
Child Fetal Neonatal Ed 2006;91:F136 [PMID: 16492952].

Larmay HJ, Strasburger JF: Differential diagnosis and manage-
ment of the fetus and newborn with an irregular or abnormal
heart rate. Pediatr Clin North Am 2004;51:1033 [PMID:
15275987].

Silberbach M, Hannan D: Presentation of congenital heart disease
in the neonate and young infant. Pediatr Rev 2007;28:123
[PMID: 17400823].

Steinhorn RH, Farrow KN: Pulmonary hypertension in the neo-
nate. NeoReviews 2007;8:e14.

GASTROINTESTINAL & ABDOMINAL
SURGICAL CONDITIONS IN THE NEWBORN
INFANT (SEE ALSO CHAPTER 20)

ESOPHAGEAL ATRESIA &
TRACHEOESOPHAGEAL FISTULA

» Polyhydramnios.

Excessive drooling and secretions; choking with
attempted feeding.

» Unable to pass an orogastric tube to the stomach.

General Considerations

Esophageal atresia is characterized by a blind esophageal
pouch with or without a fistulous connection between the
proximal or distal esophagus (or both) and the airway. In
85% of infants, the fistula is between the distal esophagus
and the airway. Polyhydramnios is common because of high
GI obstruction. Incidence is approximately 1 in 3000 births.

Clinical Findings

Infants present in the first hours of life with copious secre-
tions, choking, cyanosis, and respiratory distress. Diagnosis is
confirmed with chest radiograph after careful placement of a
nasogastric (NG) tube to the point at which resistance is met.
The tube will be seen radiographically in the blind pouch. If a
tracheoesophageal fistula is present to the distal esophagus, gas
will be present in the bowel. In esophageal atresia without
tracheoesophageal fistula, there is no gas in the bowel.

Treatment

The NG tube in the proximal pouch should be placed on low
intermittent suction to drain secretions and prevent aspiration.
The head of the bed should be elevated to prevent reflux of gastric
contents through the distal fistula into the lungs. IV glucose and
fluids should be provided and oxygen administered as needed.
Definitive treatment is surgical, and the technique used depends
on the distance between the segments of esophagus. If the
distance is not too great, the fistula can be ligated and the ends of
the esophagus anastomosed. If the ends of the esophagus cannot
be brought together, the initial surgery is fistula ligation and a
feeding gastrostomy. Echocardiography should be performed
prior to surgery to rule out a right-sided aortic arch (for which a
left-sided thoracotomy would be preferred).

Prognosis

Prognosis is determined primarily by the presence or
absence of associated anomalies. Vertebral, anal, cardiac,
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renal, and limb anomalies are the most likely to be observed
(VACTERL association). Evaluation for associated anoma-
lies should be initiated early.

INTESTINAL OBSTRUCTION

» Infants with high intestinal obstruction present soon
after birth with emesis.

» Bilious emesis suggests intestinal malrotation with
midgut volvulus until proved otherwise.

» Low intestinal obstruction is characterized by abdomi-
nal distention and late onset of emesis.

General Considerations

A history of polyhydramnios is common, and the fluid, if
bile-stained, can easily be confused with thin meconium
staining. The higher the location of the obstruction in the
intestine, the earlier the infant will develop vomiting and the
less prominent the distention will be. The opposite is true for
lower intestinal obstructions. Most obstructions are bowel
atresias, believed to be caused by an ischemic event during
development. Approximately 30% of cases of duodenal atre-
sia are associated with Down syndrome. Meconium ileus is a
distal small bowel obstruction caused by the viscous meco-
nium produced in utero by infants with pancreatic insuffi-
ciency secondary to cystic fibrosis. Hirschsprung disease is
caused by a failure of neuronal migration to the myenteric

Table 1-20. Intestinal obstruction.

plexus of the distal bowel. The distal bowel lacks ganglion
cells, causing a lack of peristalsis in that region with a
functional obstruction.

Malrotation with midgut volvulus is a surgical emergency
that appears in the first days to weeks as bilious vomiting
without distention or tenderness. If malrotation is not
treated promptly, torsion of the intestine around the supe-
rior mesenteric artery will lead to necrosis of the small bowel.
For this reason, bilious vomiting in the neonate always
demands immediate attention and evaluation.

Clinical Findings

Diagnosis of intestinal obstructions depends on plain
abdominal radiographs with either upper GI series (high
obstruction suspected) or contrast enema (lower obstruction
apparent) to define the area of obstruction. Table 1-20 sum-
marizes the findings expected.

Infants with meconium ileus are presumed to have cystic
fibrosis. Infants with pancolonic Hirschsprung disease, colon
pseudo-obstruction syndrome, or colonic dysgenesis or atre-
sia may also present with meconium impacted in the distal
ileum. Definitive diagnosis of cystic fibrosis is by the sweat
chloride test (Na* and CI” concentration > 60 mEq/L) or by
genetic testing. Approximately 10—20% of infants with cystic
fibrosis have meconium ileus. Infants with cystic fibrosis and
meconium ileus generally have a normal immunoreactive
trypsinogen on their newborn screen because of the associ-
ated severe exocrine pancreatic insufficiency in utero.
Intestinal perforation in utero results in meconium perito-
nitis with residual intra-abdominal calcifications. Many
perforations are completely healed at birth. If the infant has
no signs of obstruction, no immediate evaluation is needed.

Site of Obstruction clinical Findings

Duodenal atresia Down syndrome (30-500%); early

vomiting, sometimes bilious

Bilious vomiting with onset any-
time in the first few weeks

Malrotation and volvulus

Jejunoileal atresia,
meconium ileus

Bilious gastric contents > 25 mL
at birth; progressive distention
and bilious vomiting

Meconium plug syn-
drome; Hirschsprung
disease

Distention, delayed stooling
(> 24 h)

Plain Radiographs
“Double bubble” (dilated stomach and
proximal duodenum, no air distal)

Dilated stomach and proximal duode-
num; paucity of air distally (may be
normal gas pattern)

Multiple dilated loops of bowel; intra-
abdominal calcifications if in-utero per-
foration occurred (meconium peritonitis)

Diffuse bowel distention

Contrast Study
Not needed

UGl shows displaced duodenojejunal
junction with “corkscrew” deformity of
twisted bowel

Barium or osmotic contrast enema shows
microcolon; contrast refluxed into distal
ileum may demonstrate and relieve
meconium obstruction (successful in
about 50% of cases)

Barium or osmotic contrast enema out-
lines and relieves plug; may show transi-
tion zone in Hirschsprung disease;
delayed emptying (> 24 h) suggests
Hirschsprung disease

UGI, upper gastrointestinal contrast study.



THE NEWBORN INFANT

A sweat test to rule out cystic fibrosis should be done at a
later date.

Low intestinal obstruction may present with delayed stool-
ing (> 24 hours in term infants is abnormal) with mild
distention. Radiographic findings of gaseous distention should
prompt contrast enema to diagnose (and treat) meconium
plug syndrome. If no plug is found, the diagnosis may be small
left colon syndrome (occurring in IDMs) or Hirschsprung
disease. Rectal biopsy will be required to clarify these two
diagnoses. Imperforate anus is generally apparent on physical
examination, although a rectovaginal fistula with a mildly
abnormal-appearing anus can occasionally be confused with
normal. High imperforate anus in males may be associated
with rectourethral or rectovesical fistula.

Treatment

NG suction to decompress the bowel, IV glucose, fluid and
electrolyte replacement, and respiratory support as necessary
should be instituted. Antibiotics are usually indicated due to
the bowel distention and possibility of translocation of
bacteria. The definitive treatment for these conditions (with
the exception of meconium plug syndrome, small left colon
syndrome, and some cases of meconium ileus) is surgical.

Prognosis

Up to 10% of infants with meconium plug syndrome are
subsequently found to have cystic fibrosis or Hirschsprung
disease. For this reason, it is appropriate to obtain a sweat
chloride test and rectal biopsy in all of these infants before
discharge. The infant with meconium plug syndrome who is
still symptomatic after contrast enema should have a rectal
biopsy.

In duodenal atresia associated with Down syndrome, the
prognosis depends on associated anomalies (eg, heart defects)
and the severity of prestenotic duodenal dilation and subse-
quent duodenal dysmotility. Otherwise, these conditions usu-
ally carry an excellent prognosis after surgical repair.

ABDOMINAL WALL DEFECTS

1. Omphalocele

Omphalocele is a membrane-covered herniation of abdomi-
nal contents into the base of the umbilical cord. There is a
high incidence of associated anomalies (cardiac, GI, and
chromosomal—eg, trisomy 13). The sac may contain liver
and spleen as well as intestine.

At delivery, the omphalocele is covered with a sterile
dressing soaked with warm saline to prevent fluid loss. NG
decompression is performed, and IV fluids, glucose, and
antibiotics are given. If the contents of the omphalocele will
fit into the abdomen and can be covered with skin, muscle,
or both, primary surgical closure is done. If not, staged
closure is performed, with placement of a Gore-Tex patch
over the exposed contents, and gradual coverage of the patch

by skin over days to weeks. A large ventral hernia is left,
which is repaired in the future.

2. Gastroschisis

In gastroschisis, the uncovered intestine extrudes through a
small abdominal wall defect lateral to the umbilical cord.
There is no membrane or sac and no liver or spleen outside
the abdomen. Gastroschisis is associated with intestinal atre-
sia in approximately 10% of infants. The evisceration is
thought to be related to abnormal involution of the right
umbilical vein, although the exact cause is unknown. The
prevalence of gastroschisis has been increasing over the past
20 years, from 0.03% to 0.1%. Environmental factors,
including use of drugs such as methamphetamine and
cocaine, may be involved.

Therapy initially involves placing the bowel of the infant
into a silastic bowel bag to decrease fluid and electrolyte losses
as well as to conserve heat. IV fluids, antibiotics, and low
intermittent gastric suction are required. The infant is placed
right side down to preserve bowel perfusion. Subsequent
therapy involves replacement of the bowel into the abdominal
cavity. This is done as a single primary procedure if the
amount of bowel to be replaced is small. If the amount of
bowel is large, staged closure with placement of a silastic silo
and gradual reduction of the bowel into the underdeveloped
abdominal cavity over several days is the preferred method of
treatment. Postoperatively, third-space fluid losses may be
extensive; fluid and electrolyte therapy, therefore, must be
monitored carefully. Bowel motility, especially duodenal, may
be slow to return if the bowel was dilated, thickened, matted
together, and covered with a fibrinous “peel” at delivery.
Prolonged intravenous nutrition may be required.

DIAPHRAGMATIC HERNIA

» Respiratory distress from birth.
» Poor breath sounds; flat or scaphoid abdomen.

Bowel loops seen in the chest with mediastinal shift to
opposite side on chest radiograph.

This congenital malformation consists of herniation of
abdominal organs into the hemithorax (usually left-sided)
through a posterolateral defect in the diaphragm. It presents
in the delivery room as severe respiratory distress in an infant
with poor breath sounds and scaphoid abdomen. The rapid-
ity and severity of presentation depend on several factors: the
degree of pulmonary hypoplasia resulting from lung com-
pression by the intrathoracic abdominal contents in utero;
degree of associated pulmonary hypertension; and associated
anomalies, especially chromosomal abnormalities and con-
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genital cardiac defects. Affected infants are prone to develop-
ment of pneumothorax during attempts at ventilation of the
hypoplastic lungs.

Treatment includes intubation, mechanical ventilation, and
decompression of the GI tract with an NG tube. An IV infusion
of glucose and fluid should be started. A chest radiograph
confirms the diagnosis. Surgery to reduce the abdominal con-
tents from the thorax and close the diaphragmatic defect is
delayed until after the infant is stabilized and pulmonary hyper-
tension and compliance have improved, usually after 24-48
hours. Both pre- and postoperatively, pulmonary hypertension
may require therapy with high-frequency oscillatory ventilation,
inhaled nitric oxide, or ECMO. The survival rate for infants with
this condition is improving, and now approaches 80-90%, with
survival dependent on the degree of pulmonary hypoplasia and
presence of congenital heart disease or chromosomal abnormal-
ities. Use of a gentle ventilation style and permissive hypercarbia
is recommended to avoid barotrauma and further lung injury.

GASTROINTESTINAL BLEEDING
Upper Gastrointestinal Bleeding

Upper GI bleeding sometimes occurs in the newborn nurs-
ery, but is rarely severe. Old blood (“coffee-grounds” mate-
rial) in the stomach of the newborn may be either swallowed
maternal blood or infant blood from gastritis or stress ulcer.
Bright red blood from the stomach is most likely from acute
bleeding, again due to gastritis. Treatment generally consists
of gastric lavage (a sample can be sent for Apt testing or
blood typing to determine if it is mother’s or baby’s blood)
and antacid medication. If the volume of bleeding is large,
intensive monitoring, fluid and blood replacement, and
endoscopy are indicated. Coagulation studies should also be
sent. (See Chapter 20.)

Lower Gastrointestinal Bleeding

Rectal bleeding in the newborn is less common than upper GI
bleeding and is associated with infections (eg, Salmonella
acquired from the mother perinatally), milk intolerance (blood
streaks with diarrhea), or, in ill infants, NEC. An abdominal
radiograph should be obtained to rule out pneumatosis intesti-
nalis or other abnormalities in gas pattern suggesting inflamma-
tion, infection, or obstruction. If the radiograph is negative and
the examination is benign, a protein hydrolysate or predigested
formula (eg, Nutramigen or Pregestimil) should be tried. The
nursing mother should be instructed to avoid all dairy products
in her diet. If the amount of rectal bleeding is large or persistent,
endoscopy may be needed.

GASTROESOPHAGEAL REFLUX
(SEE ALSO CHAPTER 20)

Physiologic regurgitation is common in infants. Reflux is
pathologic and should be treated when it results in failure to
thrive owing to excessive regurgitation, poor intake due to

dysphagia and irritability, apnea or cyanotic episodes, or
chronic respiratory symptoms of wheezing and recurrent
pneumonias. Diagnosis is clinical, with confirmation by pH
probe or impedance study. Barium radiography is helpful to
rule out anatomic abnormalities but is not diagnostic of
pathologic reflux.

Initial steps in treatment include thickened feeds (rice
cereal, 1 tbsp/oz of formula) for those with frequent regurgita-
tion and poor weight gain. Gastric acid suppressants such as
ranitidine (2 mg/kg bid) or lansoprazole (1.5 mg/kg/d) can
also be used, especially if there is associated irritability. Proki-
netic agents such as metoclopramide are of little benefit and
have significant side effects. Because most infants improve by
12-15 months of age, surgery is reserved for the most severe
cases, especially those with chronic neurologic or respiratory
conditions that exacerbate reflux, and those who have life-
threatening events caused by reflux.

Chabra S: Management of gastroschisis: Prenatal, perinatal, and
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Neonat Med 2006;11:191 [PMID: 16616711].

Eggink BH et al: Outcome of gastroschisis: A 20-year case review
of infants with gastroschisis born in Galveston, Texas. ] Pediatr
Surg 2006;41:1103 [PMID: 16769342].

Goyal A et al: Oesophageal atresia and tracheo-oesophageal fistula.
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Kays DW: Congenital diaphragmatic hernia: Real improvements
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INFECTIONS IN THE NEWBORN INFANT

The fetus and the newborn are susceptible to infections. There
are three major routes of perinatal infection: (1) blood-borne
transplacental infection of the fetus (eg, cytomegalovirus,
rubella, and syphilis); (2) ascending infection with disrup-
tion of the barrier provided by the amniotic membranes (eg,
bacterial infections after 12-18 hours of ruptured mem-
branes); and (3) infection on passage through an infected
birth canal or exposure to infected blood at delivery (eg,
herpes simplex, hepatitis B, HIV, and bacterial infections).

Susceptibility of the newborn infant to infection is related
to immaturity of both the cellular and humoral immune
systems at birth. This feature is particularly evident in the
preterm neonate. Passive protection against some organisms
is provided by transfer of IgG across the placenta during the
third trimester of pregnancy. Preterm infants, especially
those born before 30 weeks’ gestation, do not have the full
amount of passively acquired antibody.
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BACTERIAL INFECTIONS

1. Bacterial Sepsis

» Most infants with early-onset sepsis present at < 24
hours of age.

» Respiratory distress is the most common presenting
symptom.

» Hypotension, acidemia, and neutropenia are associ-
ated clinical findings.

» The presentation of late-onset sepsis is more subtle.

General Considerations

The incidence of early-onset (< 5 days) neonatal bacterial
infection is 4-5 in 1000 live births. If rupture of the mem-
branes occurs more than 24 hours prior to delivery, the
infection rate increases to 1 in 100 live births. If early rupture
of membranes with chorioamnionitis occurs, the infection
rate increases further to 1 in 10 live births. Regardless of
membrane rupture, infection rates are five times higher in
preterm than in full-term infants.

Clinical Findings

Early-onset bacterial infections appear most commonly on
day 1 of life, and the majority appear at less than 12 hours.
Respiratory distress due to pneumonia is the most common
presenting sign. Other features include unexplained low
Apgar scores without fetal distress, poor perfusion, and
hypotension. Late-onset bacterial infection (> 5 days of age)
presents in a more subtle manner, with poor feeding, leth-
argy, hypotonia, temperature instability, altered perfusion,
new or increased oxygen requirement, and apnea. Late-onset
bacterial sepsis is more often associated with meningitis or
other localized infections.

Low total white count, absolute neutropenia (< 1000/mL),
and elevated ratio of immature to mature neutrophils all suggest
neonatal bacterial infection. Thrombocytopenia is also a com-
mon feature. Other laboratory signs are hypoglycemia or hyper-
glycemia with no change in glucose administration, unex-
plained metabolic acidosis, and elevated C-reactive protein. In
early-onset bacterial infection, pneumonia is invariably present;
chest radiography shows infiltrates, but these infiltrates cannot
be distinguished from those resulting from other causes of
neonatal lung disease. Presence of a pleural effusion makes a
diagnosis of pneumonia more likely. Definitive diagnosis is
made by positive cultures from blood, CSF, and the like.

Early-onset infection is most often caused by group B
B-hemolytic streptococci (GBS) and gram-negative enteric
pathogens (most commonly Escherichia coli). Other organ-

isms to consider are Haemophilus influenzae and Listeria
monocytogenes. Late-onset sepsis is caused by coagulase-
negative staphylococci (most common in infants with
indwelling central venous lines), Staphylococcus aureus, GBS,
Enterococcus, and gram-negative organisms.

Treatment

A high index of suspicion is important in diagnosis and
treatment of neonatal infection. Table 1-21 presents guide-
lines for the evaluation and treatment of full-term infants
with risk factors or clinical signs of infection. Because the risk
of infection is greater in the preterm infant and because
respiratory disease is a common sign of infection, any pre-
term infant with respiratory disease requires blood cultures
and broad-spectrum antibiotic therapy for 48-72 hours
pending the results of cultures. Early-onset sepsis is usually
caused by GBS or gram-negative enteric organisms; broad-
spectrum coverage, therefore, should include ampicillin plus
an aminoglycoside or third-generation cephalosporin—for
example, ampicillin, 100-150 mg/kg/d divided q12h, and
gentamicin, 2.5 mg/kg per dose ql2-24h (depending on
gestational age), or cefotaxime, 100 mg/kg/d divided q12h. In
infants older than 34 weeks’ gestation, gentamicin can also be
given at a dosage of 4 mg/kg q24h. Late-onset infections can
also be caused by the same organisms, but coverage may need

Table 1-21. Guidelines for evaluation of neonatal
bacterial infection in the full-term infant.

Clinical
Signs of Evaluation and
Risk Factor Infection Treatment
Delivery 12-18 h after None Observation

rupture of membranes

Delivery > 12-18 h after ~ None
rupture of membranes,
chorioamnionitis

Delivery > 12-18 h after ~ None
rupture of membranes,
chorioamnionitis,
maternal antibiotics®

With or without risk
factors

(BC, blood culture, broad-
spectrum antibiotics for
48-72 h®

(BC, blood culture, broad-

spectrum antibiotics for
48-72 h?

(BC, blood and CSF cul-
tures, perhaps urine cul-
ture (see below); broad-
spectrum antibiotics®

Present

I clinical signs are absent, close observation without treatment may be
sufficient.

dMinimum of 24 h of observation is indicated if no treatment is given.
‘Irrespective of age at presentation, any infant who appears infected by
clinical criteria should undergo CSF examination. Urine culture is indicated in
the evaluation of infants who were initially well but have developed
symptoms after 2-3 days of age.

(BC, complete blood count; CSF, cerebrospinal fluid.



CHAPTER 1

Vaginal and Rectal GBS Cultures at 35-37 Weeks’ Gestation
for ALL Pregnant Women?@

IAP INDICATED

* Previous infant with invasive GBS disease

* GBS bacteriuria during current pregnancy

* Positive GBS screening culture during current
pregnancy (unless a planned cesarean delivery is
performed in the absence of labor or membrane
rupture)

* Unknown GBS status AND any of the following:
* Delivery at <37 weeks’ gestation
* Membranes ruptured for >18 hours
e Intrapartum fever (temperature > 38.0°C [>100.4°F])b

* Previous pregnancy with a positive GBS screening
culture (unless a culture also was positive during the
current pregnancy or previous infant with invasive
GBS disease)

* Planned cesarean delivery performed in the absence
of labor or membrane rupture (regardless of GBS
culture status)

* Negative vaginal and rectal GBS screening culture in
late gestation, regardless of intrapartum risk factors

2 Exceptions: women with GBS bacteriuria during the pregnancy or a women with a previous infant with invasive GBS disease.
b |f chorioamnionitis is suspected, broad-spectrum antimicrobial therapy that includes an agent known to be active against GBS should
replace GBS IAP. GBS = group B streptococcus, IAP = intrapartum antimicrobial prophylaxis.
A Figure 1-12. Indications for intrapartum antimicrobial prophylaxis to prevent early-onset group B streptococcal (GBS)
disease using a universal prenatal culture screening strategy at 35-37 weeks’ gestation for all pregnant women. (Reproduced,
with permission, from the American Academy of Pediatrics: Red Book 2003 Report of the Committee on Infectious Disease, 2003.)

to be expanded to include staphylococci. In particular, the
preterm infant with an indwelling line is at risk for infection
with coagulase-negative staphylococci, for which vancomycin
is the drug of choice at a dosage of 10-15 mg/kg q8-24h,
depending on gestational and postnatal ages. Initial broad-
spectrum coverage should also include a third-generation
cephalosporin (cefotaxime or ceftazidime, 100 mg/kg/d
divided q12h, when Pseudomonas aeruginosa is strongly sus-
pected). To prevent the development of vancomycin-resis-
tant organisms, vancomycin should be stopped as soon as
cultures and sensitivities indicate that it is not needed. Other
supportive therapy includes IVIG (500-750 mg/kg) in infants
with overwhelming infection. The duration of treatment for
proved sepsis is 10-14 days of IV antibiotics. In sick infants,
the essentials of good supportive therapy should be provided:
IV glucose and nutritional support, volume expansion, use of
pressors as needed, and oxygen and ventilator support.
Prevention of neonatal GBS infection has been achieved
with intrapartum administration of penicillin given more
than 4 hours prior to delivery. The current guideline
(Figure 1-12) is to perform a vaginal and rectal GBS culture
at 35-37 weeks’ gestation in all pregnant women. Prophy-
laxis with penicillin is given to GBS-positive women and to
those who have unknown GBS status at delivery with risk
factors for infection. Figure 1-13 presents a suggested
strategy for the infant born to a mother who received
intrapartum prophylaxis for prevention of early-onset GBS
or for suspected chorioamnionitis. Some authors also rec-
ommend selective neonatal prophylaxis with 50,000 U/kg

of penicillin G given IM if adequate intrapartum treatment
has not been given.

2. Meningitis

Any newborn with bacterial sepsis is at risk for meningitis.
The incidence is low in infants with early-onset sepsis and
much higher in infants with late-onset infection. The
workup for any newborn with possible signs of CNS infec-
tion should include a lumbar puncture because blood cul-
tures can be negative in neonates with meningitis. Diagnosis
is suggested by a CSF protein level higher than 150 mg/dL,
glucose less than 30 mg/dL, leukocytes of more than 25/uL,
and a positive Gram stain. The diagnosis is confirmed by
culture. The most common organisms are GBS and gram-
negative enteric bacteria. Although sepsis can be treated with
antibiotics for 10-14 days, meningitis often requires 21 days.
The mortality rate of neonatal meningitis is approximately
10%, with significant neurologic morbidity present in one
third of the survivors.

3. Pneumonia

The respiratory system can be infected in utero or on passage
through the birth canal. Early-onset neonatal infection is
usually associated with pneumonia. Pneumonia should also
be suspected in older neonates with a recent onset of tach-
ypnea, retractions, and cyanosis. In infants already receiving
respiratory support, an increase in the requirement for
oxygen or ventilator support may indicate pneumonia. Not
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| Maternal IAP for GBS?2
1
Yes

Y

| Signs of Neonatal Sepsis?
1
No
Y

| Gestational Age < 35 weeks?

1
No Yes

Y

| Duration of IAP Before Delivery < 4h?¢
1
No

¥ Yes

No Evaluation
No Therapy
Observe >48 hourf

Maternal Antimicrobial Agents
for Suspected Chorioamnionitis?

Yes

!

Full Diagnostic Evaluation®
Empiric Therapy®

Limited Evaluationd
Observe >48 Hours
if Sepsis Is Suspected, Full Diagnostic
Evaluation® and Empiric Therapy®

a|f no maternal IAP for GBS was administered despite an indication being present, data are insufficient

on which to recommend a single management strategy.

Includes complete blood cell (CBC) count with differential, blood culture, and chest radiograph if respiratory

abnormalities are present. When signs of sepsis are present, a lumber puncture, if feasible, should be perfomed.
CDuration of therapy varies depending on results of blood culture, cerebrospinal fluid findings (if obtained),

and the clinical course of the infant. If laboratory results and clinical course do not indicate bacterial

infection, duration may be as short as 48 hours.

dcee including (WBC) count with differential and blood culture.

€ Applies only to penicillin, ampicillin, or cefazolin and assumes recommended dosing regimens.
A healthy-appearing infant who was >38 weeks gestation at delivery and whose mother received >4 hours of IAP
before delivery may be discharged home after 24 hours if other discharge criteria have been met and a person
able to comply fully with instructions for home observation will be present. If any one of these conditions is not met,
the infant should be observed in the hospital for at least 48 hours and until criteria for discharge are achieved.

A Figure 1-13. Empiric management of a neonate born to a mother who received intrapartum antimicrobial prophylaxis
(IAP) for prevention of early-onset group B streptococcal (GBS) disease or chorioamnionitis. (Reproduced, with permission, from
the American Academy of Pediatrics: Red Book 2003 Report of the Committee on Infectious Disease, 2003.)

only common bacteria but also viruses (cytomegalovirus,
respiratory syncytial virus, adenovirus, influenza, herpes
simplex, parainfluenza) and Chlamydia can cause the dis-
ease. In infants with preexisting respiratory disease, intercur-
rent pulmonary infections may contribute to the ultimate
severity of chronic lung disease.

4. Urinary Tract Infection

Infection of the urine is uncommon in the first days of life.
Urinary tract infection in the newborn can occur in associ-
ation with genitourinary anomalies and is caused by gram-
negative enteric pathogens, Enterococcus, or other organ-
isms. Urine should always be evaluated as part of the
workup for late-onset infection. Culture should be obtained
either by suprapubic aspiration or bladder catheterization.
Antibiotic IV therapy is continued for 7-10 days if the blood
culture is negative and clinical signs resolve quickly. Evalu-
ation for genitourinary anomalies, starting with an ultra-

sound examination and a voiding cystourethrogram, should
be done subsequently.

5. Omphalitis

A normal umbilical cord stump atrophies and separates at
the skin level. A small amount of purulent material at the
base of the cord is common and can be minimized by
keeping the cord open to air and cleaning the base with
alcohol several times a day. The cord can become colonized
with streptococci, staphylococci, or gram-negative organ-
isms that can cause local infection. Infections are more
common in cords manipulated for venous or arterial lines.
Omphalitis is diagnosed when redness and edema develop in
the soft tissues around the stump. Local and systemic cul-
tures should be obtained. Treatment is with broad-spectrum
IV antibiotics (usually nafcillin, 50-75 mg/kg/d divided q8—
12h, or vancomycin and a third-generation cephalosporin).
Complications are determined by the degree of infection of
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the cord vessels and include septic thrombophlebitis, hepatic
abscess, necrotizing fasciitis, and portal vein thrombosis.
Surgical consultation should be obtained because of the
potential for necrotizing fasciitis.
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FUNGAL SEPSIS

» Risk factors include low birth weight, indwelling cen-
tral lines, and multiple antibiotic exposures.

» Colonization with Candida species is common; Sys-
temic infection occurs in 2-5% of infants.

» Presents with often subtle clinical deterioration,
thrombocytopenia, and hyperglycemia.

With the survival of smaller, sicker infants, infection with
Candida species has become more common. Infants of low
birth weight with central lines who have had repeated expo-
sures to broad-spectrum antibiotics are at highest risk. For
infants of birth weight less than 1500 g, colonization rates of
27-64% have been demonstrated. Many of these infants
develop cutaneous lesions, although the GI tract appears to
be the initial site of colonization. A much smaller percentage
(2-5%) develops systemic disease.

Clinical features of fungal sepsis can be indistinguishable
from those of late-onset bacterial sepsis but may be more
subtle. Thrombocytopenia may be the earliest and only sign.
Deep organ involvement (renal, eye, or endocarditis) is
commonly associated with systemic candidiasis. Treatment
is with amphotericin B (0.5-1.5 mg/kg/d). In severe infec-
tions, flucytosine (50-150 mg/kg/d) can be added for syner-
gistic coverage. (See Chapter 41.) Fluconazole can also be
considered as an alternative treatment. Prophylaxis with oral
nystatin at 0.5-1 mL PO qid or fluconazole at 3—6 mg/kg/d
as a single dose diminishes intestinal colonization with yeast
and decreases the frequency of systemic disease.

Malassezia furfur is also seen in infants with central lines
receiving IV fat emulsion. To eradicate this organism, as well as
Candida species, it is necessary to remove the indwelling line.

Benjamin DK et al: Neonatal candidiasis among extremely low
birth weight infants: Risk factors, mortality rates, and neurode-
velopmental outcomes at 18-22 months. Pediatrics 2006;117:84
[PMID: 16396864].

Long SS, Stevenson DK: Reducing candida infections during
neonatal intensive care: Management choices, infection con-
trol, and fluconazole prophylaxis. J Pediatr 2005;147:135
[PMID: 16126036].

Manzoni P et al: Risk factors for progression to invasive fungal
infection in preterm neonates with fungal colonization. Pediat-
rics 2006;118:2359 [PMID: 17142519].

CONGENITAL VIRAL & PARASITIC INFECTIONS
(SEE ALSO CHAPTERS 38 & 41)

» (Can be acquired in utero, perinatally, and postnatally.
» (an be asymptomatic in the newborn period.

» Clinical symptom complexes include IUGR, chorioretini-
tis, cataracts, cholestatic jaundice, thrombocytopenia,
skin rash, and brain calcifications.

» Diagnosis can be confirmed using polymerase chain
reaction (PCR) testing, antigen and antibody studies,
and culture.

1. Cytomegalovirus Infection

Cytomegalovirus (CMV) is the most common virus transmit-
ted in utero. The incidence of congenital infection ranges from
0.2-2.2% of live births. Transmission of CMV can occur
during either primary or reactivated maternal infection. Chil-
dren, especially in the day care setting, are an important source
of infection. The incidence of primary infection in pregnancy
is 1-4%, with a 40% transplacental transmission rate. Of these
infants, 85-90% are asymptomatic at birth, while 10-15%
have clinically apparent disease—hepatosplenomegaly, pete-
chiae, small size for gestational age, microcephaly, direct
hyperbilirubinemia, thrombocytopenia, intracranial calcifica-
tions, and chorioretinitis. The risk of neonatal disease is higher
when the mother acquires the infection in the first half of
pregnancy. The incidence of reactivated infection in preg-
nancy is less than 1%, with an incidence of clinically apparent
disease of 0-1%. Diagnosis in the neonate should be con-
firmed by culture of the virus from urine. Rapid diagnosis is
possible with antigen detection techniques and PCR testing.
Diagnosis can also be confirmed in utero from an amniocen-
tesis specimen. Although not routinely recommended, ganci-
clovir therapy has been used in some severely ill neonates.
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The mortality rate in patients with symptomatic congen-
ital CMV may be as high as 20%. Sequelae such as hearing
loss, mental retardation, delayed motor development, cho-
rioretinitis and optic atrophy, seizures, language delays, and
learning disability occur in 90% of symptomatic survivors.
The incidence of complications is 5-15% in asymptomatic
infants; the most frequent complication is hearing loss,
which can be progressive.

Perinatal infection can also occur when virus is acquired
around the time of delivery. These infections generally cause
no symptoms or sequelae. Hepatitis, pneumonitis, and neuro-
logic illness may occur in compromised seronegative prema-
ture infants. The virus can be acquired postnatally through
blood transfusion or ingestion of CMV-infected breast milk.
Transfusion risk can be minimized by using frozen, washed
red blood cells or CMV antibody—negative donors.

2. Rubella

Congenital rubella infection occurs as a result of maternal
rubella infection during pregnancy. The frequency of fetal
infection and damage to the fetus is as high as 80% in
mothers infected during the first trimester. Fetal infection
rates decline in the second trimester before increasing again
in the third trimester. Fetal damage generally does not occur
in infections acquired after 18 weeks’ gestation. Features of
congenital rubella include adenopathy, bone radiolucencies,
encephalitis, cardiac defects (pulmonary arterial hypoplasia
and patent ductus arteriosus), cataracts, retinopathy, growth
restriction, hepatosplenomegaly, thrombocytopenia, and
purpura. Affected infants can be asymptomatic at birth but
develop clinical sequelae during the first year of life. The
diagnosis should be suspected in cases of a characteristic
clinical illness in the mother (rash, adenopathy, and arthri-
tis) confirmed by serologic testing. Diagnosis can be con-
firmed by an increase in serum rubella-specific IgM or
culture of pharyngeal secretions in the infant. Congenital
rubella is now rare because of widespread immunization.

3. Varicella

Congenital varicella infection is rare (< 5% after infection
acquired during the first or second trimester) but may cause
a constellation of findings, including limb hypoplasia, cuta-
neous scars, microcephaly, cortical atrophy, chorioretinitis,
and cataracts. Perinatal exposure (5 days before to 2 days
after delivery) can cause severe to fatal disseminated varicella
in the infant. If maternal varicella infection develops within
this perinatal risk period, 1 vial of varicella immune globulin
should be given to the newborn. If varicella immune globu-
lin is not available, IVIG can be used instead. If this has not
been done, the illness can be treated with IV acyclovir (30
mg/kg/d divided q8h).

Hospitalized premature infants of at least 28 weeks’
gestation whose mothers have no history of chickenpox—
and all infants younger than 28 weeks’ gestational age—

should receive varicella immune globulin following any
postnatal exposure. Susceptible women of childbearing age
should be immunized with varicella vaccine.

4. Toxoplasmosis

Toxoplasmosis is caused by the protozoan Toxoplasma gon-
dii. Maternal infection occurs in 0.1-0.5% of pregnancies
and is usually asymptomatic. When primary infection occurs
during pregnancy, up to 40% of the fetuses become infected,
of whom 15% have severe damage. The sources of transmis-
sion include exposure to cat feces and ingestion of raw or
undercooked meat. Although the risk of transmission
increases to 90% near term, fetal damage is most likely to
occur when maternal infection occurs in the second to sixth
month of gestation.

Clinical findings include growth restriction, chorioretini-
tis, seizures, jaundice, hydrocephalus, microcephaly, cerebral
calcifications, hepatosplenomegaly, adenopathy, cataracts,
maculopapular rash, thrombocytopenia, and pneumonia. The
majority of affected infants are asymptomatic at birth but
show evidence of damage (chorioretinitis, blindness, low IQ,
and hearing loss) at a later time. The serologic diagnosis is
based on a positive IgA or IgM in the first 6 months of life or
a persistent IgG beyond 12 months. Infants with suspected
infection should have eye and auditory examinations and a CT
scan of the brain. Organism isolation from placenta or cord
blood and PCR tests are also available for diagnosis in the
neonate and from amniocentesis specimens.

Spiramycin treatment of primary maternal infection is
used to try to reduce transmission to the fetus. Neonatal
treatment using pyrimethamine and sulfadiazine with folinic
acid can improve long-term outcome. (See Chapter 41.)

PERINATALLY ACQUIRED VIRAL INFECTIONS
1. Herpes Simplex (See also Chapter 38)

Herpes simplex virus infection is usually acquired at the birth
during transit through an infected birth canal. The mother
may have either primary or reactivated secondary infection.
Primary maternal infection, because of the high titer of organ-
isms and the absence of antibodies, poses the greatest risk to
the infant. The risk of neonatal infection with vaginal delivery
in this setting is 33-50%. Seventy percent of mothers with
primary herpes at the time of delivery are asymptomatic. The
risk to an infant born to a mother with recurrent herpes
simplex is much lower (< 0-5%). Time of presentation of
localized (skin, eye, or mouth) or disseminated disease (pneu-
monia, shock, or hepatitis) in the infant is usually 5-14 days of
age. CNS disease usually presents at 14-28 days with lethargy
and seizures. In about 10% of cases, presentation is as early as
day 1 of life, suggesting in-utero infection. In about one third
of patients, localized skin, eye, and mouth disease is the first
indication of infection. In another third, disseminated or CNS
disease precedes skin, eye, and mouth findings, whereas the
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remaining third have disseminated or CNS disease in the
absence of skin, eye, and mouth disease. Preliminary diagnosis
can be made by scraping the base of a vesicle and finding
multinucleated giant cells. Viral culture from vesicles, usually
positive in 2472 hours, makes the definitive diagnosis. PCR
technology can assist in diagnosis but may be falsely negative
in the CSF early in the course. If a lumbar puncture performed
shortly after the onset of symptoms is negative, a repeat test
should be performed if herpes simplex virus disease is consid-
ered a strong possibility.

Acyclovir (60 mg/kg/d given q8h) is the drug of choice for
neonatal herpes infection. Localized disease is treated for 14
days, and a 21-day course is used for disseminated or CNS
disease. Treatment improves survival of neonates with CNS
and disseminated disease and prevents the spread of localized
disease. Prevention is possible by not allowing delivery
through an infected birth canal (eg, by cesarean section within
6 hours after rupture of the membranes). However, antepar-
tum cervical cultures are poor predictors of the presence of
virus at the time of delivery. Furthermore, given the low
incidence of infection in the newborn from secondary mater-
nal infection, cesarean delivery is not indicated for asympto-
matic mothers with a history of herpes. Cesarean deliveries are
performed in mothers with active lesions (either primary or
secondary) at the time of delivery. Infants born to mothers
with a history of herpes simplex virus infection but no active
lesions can be observed closely after birth. Cultures should be
obtained and acyclovir treatment initiated only for clinical
signs of herpes virus infection. In infants born to mothers with
active lesions—regardless of the route of delivery—cultures of
the eye, oropharynx, umbilicus, and rectum should be per-
formed 24 hours after delivery. If the infant is colonized
(positive cultures) or if symptoms consistent with herpes
infection develop, treatment with acyclovir should be started.
In cases of maternal primary infection at the time of vaginal
delivery, infant specimens should be obtained and acyclovir
started pending the results of cultures. The major problem
facing perinatologists is the high percentage of asymptomatic
primary maternal infection. In these cases, infection in the
neonate is not preventable. Therefore, cultures should be
obtained and acyclovir started, pending the results of those
cultures, in any infant who presents at the right age with
symptoms consistent with neonatal herpes.

The prognosis is good for localized skin and mucosal
disease that does not progress. The mortality rate for dissemi-
nated and CNS herpes is high, with significant morbidity
among survivors despite treatment. Recurrences are common,
and examination of the CSF should occur each time.

2. Hepatitis B & C (See also Chapter 21)

Infants can be infected with hepatitis B at the time of birth.
Clinical illness is rare in the neonatal period, but infants
exposed in utero are at high risk of becoming chronic hepatitis
B surface antigen (HBsAg) carriers and developing chronic
active hepatitis, and later hepatocellular carcinoma. The pres-

ence of HBsAg should be determined in all pregnant women.
If the result is positive, the infant should receive hepatitis B
immune globulin (HBIG) and hepatitis B vaccine as soon as
possible after birth, followed by two subsequent vaccine doses
at 1 and 6 months of age. If HBsAg has not been tested prior
to birth in a mother at risk, the test should be run after delivery
and hepatitis B vaccine given within 12 hours after birth. If the
mother is subsequently found to be positive, HBIG should be
given as soon as possible (preferably within 48 hours, but not
later than 1 week after birth). Subsequent vaccine doses should
be given at 1 and 6 months of age. In premature infants born
to HBsAg-positive mothers, vaccine and HBIG should be
given at birth, but a three-vaccine hepatitis B series should be
given after a weight of 2000 g is attained.

Perinatal transmission of hepatitis C occurs in about 5%
of infants born to mothers who carry the virus. At present,
no prevention strategies exist. Up to 12 months of age, the
only reliable screen for hepatitis C infection is PCR. After
that time, the presence of hepatitis C antibodies in the infant
strongly suggests that infection has occurred.

3. Enteroviral Infection

Enteroviral infections occurs most frequently in the late sum-
mer and early fall. Infection is usually acquired in the perinatal
period. There is often a history of maternal fever, diarrhea,
and rash in the week prior to delivery. The illness appears in
the infant in the first 2 weeks of life and is most commonly
characterized by fever, lethargy, irritability, diarrhea, and rash.
More severe forms occasionally occur, especially if infection
occurs before 1 week of age, including meningoencephalitis,
myocarditis, hepatitis, pneumonia, shock, and disseminated
intravascular coagulation. Diagnosis can be confirmed by
culture (rectum, CSF, or blood) or by PCR techniques.

No therapy has proved efficacy. The prognosis is good for
all symptom complexes except severe disseminated disease,
which carries a high mortality rate.

4. HIV Infection (See also Chapter 39)

Human immunodeficiency virus (HIV) can be acquired in
utero or at the time of delivery, or can be transmitted postpar-
tum via breast milk. Transmission of virus occurs in 13-39%
of births to infected mothers. Treating the mother with
zidovudine starting at 14-34 weeks’ gestation and intrapar-
tum, and the infant for the first 6 weeks of life (2 mg/kg PO
qid) decreases vertical transmission to 7%. Shorter courses of
zidovudine and cesarean delivery are also associated with
decreased disease transmission. The combination of zidovu-
dine treatment and cesarean delivery can lower transmission
to 2%. The addition of other anti-HIV therapy may further
reduce the risk of ante- and intrapartum transmission. Cur-
rent guidelines for antiretroviral drugs in pregnant HIV-
infected women are similar to those for nonpregnant patients
(eg, highly active antiretroviral combination therapy). In cases
of unknown HIV status at presentation in labor, rapid HIV
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testing and intrapartum treatment should be offered. The risk
of transmission is increased in mothers with advanced disease,
high viral loads, low CD4 counts, and intrapartum events such
as chorioamnionitis and prolonged membrane rupture that
increase exposure of the fetus to maternal blood.

Newborns with congenitally acquired HIV are often
asymptomatic. Jaundice, giant cell hepatitis, and thrombocy-
topenia have been reported at birth. Failure to thrive, lym-
phadenopathy, hepatosplenomegaly, oral thrush, chronic diar-
rhea, bacterial infections with common organisms, and an
increased incidence of upper and lower respiratory diseases,
including lymphoid interstitial pneumonitis, may appear early
or may be delayed for months to years.

Infants of HIV-infected women should be tested by HIV
DNA PCR at less than 48 hours, at 1-2 months, and at 2—4
months. If an infant aged 4 months has a negative PCR
result, infection can be reasonably excluded. HIV-positive
mothers should be counseled not to breast feed their infants.

Protection of health workers caring for infected mothers
and infants is important. Testing should be performed in all
pregnant women. Because such testing fails to identify some
infected patients, universal precautions should always be
used. Gloves should be worn during all procedures involving

blood and blood-contaminated fluids, intubation, and pro-
cedures using needles. When a splash exposure is possible,
mask and eye covers should be used.

OTHER INFECTIONS
1. Congenital Syphilis

The infant is usually infected in utero by transplacental
passage of Treponema pallidum. Active primary and second-
ary maternal syphilis leads to fetal infection in nearly 100%
of infants, latent disease in 40%, and late disease in 10%.
Fetal infection is rare before 18 weeks’ gestation. Fetal
infection can result in stillbirth or prematurity. Findings of
early congenital syphilis (presentation before age 2 years)
include mucocutaneous lesions, lymphadenopathy, hepato-
splenomegaly, bony changes, and hydrops. Later manifesta-
tions (beyond age 2 years) include Hutchinson teeth and
mulberry molars, keratitis, chorioretinitis, glaucoma, hear-
ing loss, saddle nose, saber shins, and mental retardation.
Newborn infants are often asymptomatic. An infant should
be evaluated for congenital syphilis if he or she has proven or
probable congenital syphilis, as defined in Table 1-22, or was

Table 1-22. Recommended treatment of neonates (< 4 weeks of age) with proven or possible congenital syphilis.

Clinical Status
Proven or highly probable disease®

Normal physical exam and serum quantitative nontreponemal titer the same

or less than fourfold the maternal titer:

1. (3) No penicillin treatment or inadequate or no documentation of
penicillin treatment?; (b) mother was treated with erythromycin or
other nonpenicillin regimen; (c) mother received treatment < 4 wk
before delivery

2. (a) Adequate therapy given > 1 month before delivery; (b) mother has

no evidence of reinfection or relapse
3. Adequate therapy before pregnancy and mother’s nontreponemal

serologic titer remained low and stable during pregnancy and at delivery

Antimicrobial Therapy®

Aqueous crystalline penicillin G, 100,000-150,000 U/kg/d, adminis-
tered as 50,000 U/kg per dose IV q12h during the first 7 days of life
and q8h thereafter for a total of 10 days

or

Penicillin G procaine, 50,000 U/kg/d, IM in a single dose for 10 days

Aqueous crystalline penicillin G IV for 10 days®

or

Penicillin G procaine,® 50,000 U/kg/d, IM in a single dose for 10 days®
or

Clinical, serologic follow-up, and penicillin G benzathine, 50,000 U/
kg, IM in a single dose!

Clinical, serologic follow-up, and penicillin G benzathine, 50,000 U/
kg, IM in a single dose®

None'

°If more than 1 day of therapy is missed, restart the entire course.

bAbnormal PE, serum quantitative nontreponemal titer more than fourfold the mother’s, or positive darkfield or fluorescent antibody test of body fluids.
‘Penicillin G benzathine and penicillin G procaine are approved for IM administration only.

9A complete evaluation (CSF analysis, CBC and bone radiography) is not needed if administering 10 days of IV therapy, but may be done to support a diagnosis
of congenital syphilis. If a single dose is used, evaluation must be done and be normal and follow up must be certain.

Some experts would not treat the infant but would provide close serologic follow-up.

'Some experts would treat with a single IM benzathine penicillin dose if follow-up is uncertain.

(BC, complete blood count; CSF, cerebrospinal fluid; IM, intramuscularly; 1V, intravenously.

Reprinted, with permission, from the American Academy of Pediatrics: Red Book 2006 Report of the Committee on Infectious Diseases, 2006.
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born to a mother with positive nontreponemal tests con-
firmed by a positive treponemal test but without docu-
mented adequate treatment (parenteral penicillin G),
including the expected fourfold decrease in nontreponemal
antibody titer. Infants of mothers treated less than 1 month
before delivery also require evaluation. Evaluation should
include physical examination, a quantitative nontreponemal
serologic test for syphilis, CBC, CSF examination for cell
count and protein, Venereal Disease Research Laboratory
testing, and long bone radiographs. Guidelines for therapy
are presented in Table 1-22.

2. Tuberculosis (See also Chapter 40)

Congenital tuberculosis (TB) is rare but may occur in the
infant of a mother with hematogenously spread TB or by
aspiration of infected amniotic fluid in cases of tuberculous
endometritis. Women with pulmonary TB are not likely to
infect the fetus until after delivery. Postnatal acquisition is
the most common mechanism of neonatal infection. Man-
agement in these cases is based on the mother’s evaluation.

1. Mother or other household contact with a positive skin
test and negative chest radiograph, or mother with an
abnormal chest radiograph but no evidence of tubercu-
lous disease after clinical evaluation: Investigate family
contacts. Treat the mother or household contact for
tuberculosis.

2. Mother has an abnormal chest radiograph consistent
with tuberculous disease: Mother and infant should be
separated until the mother is evaluated for active TB.
Investigate family contacts.

3. Mother with clinical or radiographic evidence of acute
and possibly contagious TB: Evaluate the infant for
congenital TB (skin test, chest radiograph, lumbar punc-
ture, and cultures) and the mother for HIV. Treat the
mother and infant. If the infant is receiving isoniazid and
the mother has no risks for multidrug-resistant TB,
separation is not necessary.

If congenital TB is suspected, multidrug therapy should
be initiated.

3. Conjunctivitis

Neisseria gonorrhoeae may colonize an infant during passage
through an infected birth canal. Gonococcal ophthalmitis
presents at 3—7 days with copious purulent conjunctivitis.
The diagnosis can be suspected when gram-negative intracel-
lular diplococci are seen on a Gram-stained smear and
confirmed by culture. Treatment is with IV or IM ceftriax-
one, 25-50 mg/kg (not to exceed 125 mg) given once.
Prophylaxis at birth is with 0.5% erythromycin ointment.
Infants born to mothers with known gonococcal disease
should also receive a single dose of ceftriaxone.

Chlamydia trachomatis is another important cause of
conjunctivitis, appearing at 5 days to several weeks of age

with congestion, edema, and minimal discharge. The organ-
ism is acquired at birth after passage through an infected
birth canal. Acquisition occurs in 50% of infants born to
infected women, with a 25-50% risk of conjunctivitis. Prev-
alence in pregnancy is over 10% in some populations.
Diagnosis is by isolation of the organism or by rapid antigen
detection tests. Treatment is with oral erythromycin (30 mg/
kg/d in divided doses q8—12h) for 14 days. Topical treatment
alone will not eradicate nasopharyngeal carriage, leaving the
infant at risk for the development of pneumonitis.

4. Parvovirus B19 Infection

Parvovirus B19 is a small, nonenveloped, single-stranded
DNA virus that causes erythema infectiosum (fifth disease)
in children, with a peak incidence at ages 67 years. Trans-
mission to the mother is primarily by respiratory secretions.
The virus replicates initially in erythroid progenitor cells and
induces cell-cycle arrest, resulting in severe anemia, myo-
carditis, and nonimmune hydrops in approximately 3% and
fetal death in up to 10% of fetuses infected in the second
trimester. Resolution of the hydrops may occur in utero,
either spontaneously or after fetal transfusion. Mothers who
have been exposed may have specific serologic testing for
antibody response, and serial ultrasound, Doppler exams,
and percutaneous umbilical cord blood sampling of the fetus
for anemia. If the fetus survives, the long-term outcome is
good with no late effects from the infection.
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HEMATOLOGIC DISORDERS
IN THE NEWBORN INFANT
BLEEDING DISORDERS

Neonatal coagulation is discussed in Chapter 28. Bleeding in
the newborn infant may result from inherited clotting defi-
ciencies (eg, factor VIII deficiency) or acquired disorders—
hemorrhagic disease of the newborn, disseminated intravascu-
lar coagulation, liver failure, and isolated thrombocytopenia.

1. Vitamin K Deficiency
Bleeding of the Newborn

» Frequently exclusively breast fed, otherwise clinically
well infant.

» Bleeding from mucous membranes, Gl tract, skin, or
internal (intracranial).

» Prolonged prothrombin time (PT), relatively normal
partial thromboplastin time (PTT), normal fibrinogen
and platelet count.

Vitamin K deficiency bleeding is caused by the deficiency of
the vitamin K—dependent clotting factors (II, VII, IX, and X).
Bleeding occurs in 0.25-1.7% of newborns who do not
receive vitamin K prophylaxis after birth, generally in the

first 5 days to 2 weeks, but as late as 12 weeks in an otherwise
well infant. There is an increased risk in infants of mothers
receiving therapy with anticonvulsants that interfere with
vitamin K metabolism. Early vitamin K deficiency bleeding
(0-2 weeks) can be prevented by either parenteral or oral
vitamin K administration, whereas late disease is most effec-
tively prevented by administering parenteral vitamin K. Sites
of ecchymoses and surface bleeding include the GI tract,
umbilical cord, circumcision site, and nose, although devas-
tating intracranial hemorrhage can occur. Bleeding from
vitamin K deficiency is more likely to occur in exclusively
breast-fed infants because of very low amounts of vitamin K
in breast milk, with slower and more restricted intestinal
colonization. Differential diagnosis includes disseminated
intravascular coagulation and hepatic failure (Table 1-23).

Treatment consists of 1 mg of vitamin K SC or IV. IM
injections should be avoided in infants who are actively
bleeding. Such infants may also require factor replacement
in addition to vitamin K administration.

2. Thrombocytopenia

» Generalized petechiae; oozing at cord or puncture
sites.

» Thrombocytopenia, often marked (platelets < 10,000~
20,000/mL).

» Inan otherwise well infant, suspect isoimmune throm-
bocytopenia.

» In a sick or asphyxiated infant, suspect disseminated
intravascular coagulation.

Table 1-23. Features of infants bleeding from vitamin K deficiency
(VKDB), disseminated intravascular coagulation (DIC), or liver failure.

VKDB
Clinical Well infant; no prophylactic vitamin K
Bleeding Gl tract, umbilical cord, circumcision, nose
Onset 2-3 days to 2 weeks
Platelet count Normal
Prothrombin time Prolonged
Partial thromboplastin time  Normal or prolonged
Fibrinogen Normal
Factor V Normal

DIC Liver Failure

Sick infant; hypoxia, sepsis, etc Sick infant; hepatitis, inborn errors

of metabolism, shock liver

Generalized Generalized

Any time Any time

Decreased Normal or decreased
Prolonged Prolonged

Prolonged Prolonged

Decreased Decreased
Decreased Decreased

Gl, gastrointestinal.
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Infants with thrombocytopenia have generalized petechiae
(not just on the presenting part) and platelet counts less than
150,000/mL (usually < 50,000/mL; may be < 10,000/mL).
Neonatal thrombocytopenia can be isolated in a seemingly well
infant or may occur in association with a deficiency of other
clotting factors in a sick infant. The differential diagnosis for
thrombocytopenia is presented in Table 1-24. Treatment of
neonatal thrombocytopenia is transfusion of platelets (10 mL/
kg of platelets increases the platelet count by approximately
70,000/mL). Indications for transfusion in the full-term infant
are clinical bleeding or a total platelet count less than 20,000—
30,000/mL. In the preterm infant at risk for intraventricular
hemorrhage, transfusion is indicated for counts less than
40,000-50,000/mL.

Isoimmune (alloimmune) thrombocytopenia is analo-
gous to Rh isoimmunization, with a human platelet antigen
[HPA]-1a (in 80%) or HPA-5b (in 15%)—-negative mother
and an HPA-la or HPA-5b—positive fetus. Transplacental
passage of IgG antibody leads to platelet destruction. If
platelet transfusion is required for acute bleeding, washed

Table 1-24. Differential diagnosis
of neonatal thrombocytopenia.

Disorder Clinical Tips

Immune

Passively acquired antibody;
idiopathic thrombocyto-
penic purpura, systemic
lupus erythematosus,
drug-induced

Isoimmune sensitization to
HPA-1a antigen

Proper history, maternal throm-
bocytopenia

No rise in platelet count from
random donor platelet transfu-
sion. Positive antiplatelet anti-
bodies in baby’s serum,
sustained rise in platelets by
transfusion of mother’s platelets

Sick infants with other signs con-
sistent with infection

Infections
Bacterial infections

Congenital viral infections
Syndromes

Absent radii

Fanconi anemia

Congenital anomalies, associated
pancytopenia

Sick infants, abnormalities of clot-
ting factors

Disseminated intravascular
coagulation (DIC)

Giant hemangioma

Hyperviscous infants, vascular
catheters

Thrombosis

Isolated decrease in platelets is
not uncommon in sick infants
even in the absence of DIC (?
localized trapping)

High-risk infant with respiratory
distress syndrome, pulmonary
hypertension, etc

HPA, human platelet antigen.

maternal platelets may be the most readily available antigen-
negative platelet source, because 98% of the general popula-
tion will also be HPA-la or HPA-5b—positive. Treatment
with steroids has been disappointing. Treatment with IVIG
infusion, 1 g/kg/d for 2-3 days, until the platelet count has
doubled or is over 50,000/mL, is potentially beneficial.
Twenty to 30% of infants with isoimmune thrombocytope-
nia will experience intracranial hemorrhage, half of them
before birth. Antenatal therapy of the mother with IVIG with
or without steroids may reduce this risk.

Infants born to mothers with idiopathic thrombocyto-
penic purpura are at low risk for serious hemorrhage despite
the thrombocytopenia, and treatment is usually unnecessary.
If bleeding does occur, IVIG can be used.

ANEMIA

» Hematocrit < 45% at term birth.

Acute blood loss-signs of hypovolemia, normal reticu-
locyte count.

» Chronic blood loss—pallor without hypovolemia, ele-
vated reticulocyte count.

» Hemolytic anemia—accompanied by excessive hyper-
bilirubinemia.

The newborn infant with anemia from acute blood loss
presents with signs of hypovolemia (tachycardia, poor perfu-
sion, and hypotension), with an initially normal hematocrit
that falls after volume replacement. Anemia from chronic
blood loss is evidenced by pallor without signs of hypovole-
mia, with an initially low hematocrit and reticulocytosis.

Anemia can be caused by hemorrhage, hemolysis, or failure
to produce red blood cells. Anemia occurring in the first 2448
hours of life is the result of hemorrhage or hemolysis. Hemor-
rhage can occur in utero (fetoplacental, fetomaternal, or twin-
to-twin), perinatally (cord rupture, placenta previa, placental
abruption, or incision through the placenta at cesarean sec-
tion), or internally (intracranial hemorrhage, cephalohe-
matoma, or ruptured liver or spleen). Hemolysis is caused by
blood group incompatibilities, enzyme or membrane abnor-
malities, infection, and disseminated intravascular coagulation,
and is accompanied by significant hyperbilirubinemia.

Initial evaluation should include a review of the perinatal
history, assessment of the infant’s volume status, and a
complete physical examination. A Kleihauer-Betke test for
fetal cells in the mother’s circulation should be done. A CBC,
blood smear, reticulocyte count, and direct and indirect
Coombs tests should be performed. This simple evaluation
should suggest a diagnosis in most infants. Most infants
tolerate anemia quite well due to the increased oxygen
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availability in the extrauterine environment; however, treat-
ment with erythropoietin or transfusion might be needed if
the infant fails to thrive or develops signs of cardiopulmo-
nary compromise. Additionally, if blood loss is the cause of
the anemia, early supplementation with iron will be needed.
It is important to remember that hemolysis related to blood
group incompatibility can continue for weeks after birth.
Serial hematocrits should be followed, because late transfu-
sion may be needed.

POLYCYTHEMIA

» Hematocrit > 65% (venous) at term.
» Plethora, tachypnea, retractions.
» Hypoglycemia, irritability, lethargy, poor feeding.

Polycythemia in the newborn is manifested by plethora,
cyanosis, respiratory distress with tachypnea and oxygen
need, hypoglycemia, poor feeding, emesis, irritability, and
lethargy. Hyperbilirubinemia is expected. The consequence
of polycythemia is hyperviscosity with decreased perfusion
of the capillary beds. Clinical symptomatology can affect
several organ systems (Table 1-25). Renal vein, other deep
vein, or artery thrombosis is a severe complication. Screen-
ing can be done by measuring a capillary (heelstick) hemat-
ocrit. If the value is greater than 68%, a peripheral venous
hematocrit should be measured. Values greater than 65%
should be considered consistent with hyperviscosity. The
diagnosis of polycythemia should not be based solely on a
capillary hematocrit.

Elevated hematocrits occur in 2-5% of live births. Delayed
cord clamping is the most common cause of benign neonatal
polycythemia. Although 50% of polycythemic infants are
AGA, the prevalence of polycythemia is greater in the SGA and
LGA populations. Other causes of increased hematocrit

Table 1-25. Organ-related symptoms of hyperviscosity.

Central nervous system
Cardiopulmonary

Irritability, jitteriness, seizures, lethargy

Respiratory distress, secondary to con-
gestive heart failure, or persistent pul-
monary hypertension

Vomiting, heme-positive stools, disten-
tion, necrotizing enterocolitis

Gastrointestinal

Renal Decreased urinary output, renal vein
thrombosis

Metabolic Hypoglycemia

Hematologic Hyperbilirubinemia, thrombocytopenia

include (1) twin-twin transfusion, (2) maternal-fetal transfu-
sion, and (3) chronic intrauterine hypoxia (SGA infants and
LGA infants of diabetic mothers).

Treatment is recommended for symptomatic infants.
Treatment for asymptomatic infants based strictly on hemato-
crit is controversial. Definitive treatment is isovolemic partial
exchange transfusion with normal saline, effectively decreasing
the hematocrit. The amount to exchange (in milliliters) is
calculated using the following formula:

Number of Milliliters to exchange
= (PVH - DH)/PVH x BV(mL/kg) x Wt(kg)

where PVH is peripheral venous hematocrit, DH is desired
hematocrit, BV is blood volume in mL/kg, and Wt is weight
in kilograms.

Blood is withdrawn at a steady rate from an umbilical
venous line while the replacement solution is infused at the
same rate through a peripheral IV line over 15-30 minutes.
The desired hematocrit value is 50-55%; the assumed blood
volume is 80 mL/kg.
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RENAL DISORDERS IN THE NEWBORN
INFANT (SEE ALSO CHAPTER 22)

Renal function depends on postconceptional age. The glo-
merular filtration rate is 20 mL/min/1.73 m?* in full-term
neonates and 10-13 mL/min/1.73 m? in infants born at 28—
30 weeks’ gestation. The speed of maturation after birth also
depends on postconceptional age. Creatinine can be used as
a clinical marker of glomerular filtration rate. Values in the
first month of life are shown in Table 1-26. Creatinine at
birth reflects the maternal level and should decrease slowly
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Table 1-26. Normal values of serum creatinine (mg/dL).

Gestational Age at AT )

Birth (weeks) 0-2 28
<28 1.2 0.7
29-32 1.1 0.6
33-36 1.1 0.45
36-42 0.8 0.3

over the first 3-4 weeks. An increasing serum creatinine is
never normal.

The ability to concentrate urine and retain sodium also
depends on gestational age. Infants born before 28-30 weeks’
gestation are compromised in this respect and can easily
become dehydrated and hyponatremic. Preterm infants also
have an increased bicarbonate excretion and a low tubular
maximum for glucose (approximately 120 mg/dL).

RENAL FAILURE

» Clinical setting—birth depression, hypovolemia, hypo-
tension, shock.

» Low or delayed urine output (< 1 mL/kg/h).

Rising serum creatinine; hyperkalemia; metabolic aci-
dosis; fluid overload.

Renal failure is most commonly seen in the setting of birth
asphyxia, hypovolemia, or shock from any cause. The nor-
mal rate of urine flow is 1-3 mL/kg/h. After a hypoxic or
ischemic insult, acute tubular necrosis may ensue. Typically,
2-3 days of anuria or oliguria is associated with hematuria,
proteinuria, and a rise in serum creatinine. The period of
anuria or oliguria is followed by a period of polyuria and
then gradual recovery. During the polyuric phase, excessive
urine sodium and bicarbonate losses may be seen.

The initial management is restoration of the infant’s
volume status. Thereafter, restriction of fluids to insensible
water loss (40-60 mL/kg/d) without added electrolytes, plus
milliliter-for-milliliter urine replacement, should be insti-
tuted. Serum and urine electrolytes and body weights should
be followed frequently. These measures should be continued
through the polyuric phase. After urine output has been
reestablished, urine replacement should be decreased to
between 0.5 and 0.75 mL for each milliliter of urine output
to see if the infant has regained normal function. If that is the
case, the infant can be returned to maintenance fluids.

Finally, many of these infants experience fluid overload
and should be allowed to lose enough water through urination

to return to birth weight. Hyperkalemia, which may become
life-threatening, may occur in this situation despite the lack of
added IV potassium. If the serum potassium reaches 7-7.5
mEq/L, therapy should be started with glucose and insulin
infusion, giving 1 unit of insulin for every 3 g of glucose
administered, in addition to binding resins per rectum. Cal-
cium chloride (20 mg/kg bolus) and correction of metabolic
acidosis with bicarbonate are also helpful for arrhythmia
resulting from hyperkalemia.

Peritoneal dialysis is occasionally needed for the manage-
ment of neonatal acute renal failure, for removal of waste
products and excess fluid. Hemodialysis, although possible, is
difficult due to the small blood volume of the infant and
problems with vascular access. Although most acute renal failure
in the newborn resolves, ischemic injury severe enough to result
in acute cortical necrosis and chronic renal failure can occur.

URINARY TRACT ANOMALIES

Abdominal masses in the newborn are most frequently caused
by renal enlargement. Most common is a multicystic or dysplas-
tic kidney; congenital hydronephrosis is second in frequency.
Chromosomal abnormalities and syndromes with multiple
anomalies frequently include renal abnormalities. An ultra-
sound examination is the first step in diagnosis. In pregnancies
complicated by oligohydramnios, renal agenesis or obstruction
secondary to posterior urethral valves should be considered.
Only bilateral disease or disease in a solitary kidney is
associated with oligohydramnios, significant morbidity, and
death. Such infants will generally also have pulmonary hypopla-
sia, and die from pulmonary rather than renal insufficiency.
Ultrasonography identifies many infants with renal anoma-
lies (most often hydronephrosis) prior to birth. Postnatal evalu-
ation of infants with hydronephrosis should include renal ultra-
sound and a voiding cystourethrogram at about 1week of age,
depending on the severity of the antenatal findings. Earlier
postnatal ultrasound might underestimate the severity of the
hydronephrosis due to low glomerular filtration rates in the first
days of life, although cases in which oligohydramnios or severe
renal abnormality are suspected will be accurately diagnosed
even on the first day of life. Until the presence and severity of
vesicoureteral reflux is evaluated, these infants should receive
antibiotic prophylaxis with low-dose penicillin or amoxicillin.

RENAL VEIN THROMBOSIS

History of IDM, birth depression, dehydration.
Hematuria, oliguria.

Thrombocytopenia, polycythemia.

Renal enlargement on exam.
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Renal vein thrombosis occurs most often in dehydrated poly-
cythemic newborns. At particular risk is the IDM with polycy-
themia. If fetal distress is superimposed on polycythemia and
dehydration, prompt reduction in blood viscosity is indicated.
Thrombosis usually begins in intrarenal venules and can
extend into larger veins. Hematuria, oliguria, thrombocytope-
nia, and possibly an enlarged kidney raise suspicion for this
diagnosis. With bilateral renal vein thrombosis, anuria ensues.
Diagnosis can be confirmed with an ultrasound examina-
tion that includes Doppler flow studies of the kidneys.
Treatment involves correcting the predisposing condition and
systemic heparinization for the thrombosis. Use of throm-
bolytics for this condition is controversial. Prognosis for a full
recovery is uncertain. Some infants will develop significant
atrophy of the affected kidney and systemic hypertension.

Chua AN, Sarwal MM: Acute renal failure management in the
neonate. NeoReviews 2005;6:€369.

Hubert KC, Palmer JS: Current diagnosis and management of fetal
genitourinary abnormalities. Urol Clin N Am 2007;34:89
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newborn. Semin Fet Neonat Med 2006;11:207 [PMID: 16584932].

NEUROLOGIC PROBLEMS IN
THE NEWBORN INFANT

SEIZURES

Usual onset at 12-48 hours.

» Most common seizure type is characterized by a
constellation of findings.

» Most common causes include hypoxic-ischemic enceph-
alopathy, intracranial bleeds, and infection.

Newborns rarely have well-organized tonic-clonic seizures
because of their incomplete cortical organization and a
preponderance of inhibitory synapses. The most common
type of seizure is characterized by a constellation of findings,
including horizontal deviation of the eyes with or without
jerking; eyelid blinking or fluttering; sucking, smacking,
drooling, and other oral-buccal movements; swimming,
rowing, or paddling movements; and apneic spells. Strictly
tonic or multifocal clonic episodes are also seen.

Clinical Findings
The differential diagnosis of neonatal seizures is presented in
Table 1-27. Most neonatal seizures occur between 12 and 48

hours of age. Later-onset seizures suggest meningitis, benign
familial seizures, or hypocalcemia. Information regarding ante-

Table 1-27. Differential diagnosis of neonatal seizures.

Diagnosis

Hypoxic-ischemic
encephalopathy

Intracranial hemorrhage

Comment

Most common cause (60%), onset in first
24 h

Up to 15% of cases, periventricular-

intraventricular hemorrhage, subdural or
subarachnoid bleeding, stroke

Infection 12% of cases

Hypoglycemia Small for gestational age, infant of a

diabetic mother (IDM)

Hypocalcemia, hypo- Infant of low birth weight, IDM

magnesemia

Hyponatremia Rare, seen with syndrome of inappropriate

secretion of antidiuretic hormone (SIADH)

Associated acidosis, altered level of con-
sciousness

Disorders of amino and
organic acid metabo-
lism, hyperammonemia

Pyridoxine dependency Seizures refractory to routine therapy;
cessation of seizures after administration

of pyridoxine
Developmental defects Other anomalies, chromosomal syndromes
Drug withdrawal
No cause found 10% of cases

Benign familial neonatal
seizures

natal drug use, the presence of birth asphyxia or trauma, and
family history (regarding inherited disorders) should be
obtained. Physical examination focuses on neurologic features,
other signs of drug withdrawal, concurrent signs of infection,
dysmorphic features, and intrauterine growth. Screening
workup should include blood glucose, ionized calcium, and
electrolytes in all cases. Further workup depends on diagnoses
suggested by the history and physical examination. If there is
any suspicion of infection, a lumbar puncture should be done.
Hemorrhages and structural disease of the CNS can be
addressed with ultrasound, CT, and MRI scans. Metabolic
workup should be pursued when appropriate. EEG should be
done; the presence of spike discharges must be noted and the
background wave pattern evaluated. At times correlation
between EEG changes and clinical seizure activity is absent.

Treatment

Adequate ventilation and perfusion should be ensured.
Hypoglycemia should be treated immediately with a 2-mL/
kg infusion of D,,W followed by 6 mg/kg/min of D,;,W (100
mL/kg/d). Other treatments such as calcium or magnesium
infusion and antibiotics are indicated to treat hypocalcemia,
hypomagnesemia, and suspected infection. Electrolyte
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abnormalities should be corrected. Phenobarbital (20 mg/kg
IV) should be administered to stop seizures. Supplemental
doses of 5 mg/kg can be used if seizures persist, up to a total
of 40 mg/kg. In most cases, phenobarbital controls seizures.

If seizures continue, therapy with fosphenytoin, sodium
valproate, or lorazepam may be indicated. For refractory
seizures, a trial of pyridoxine is indicated.

Prognosis

Outcome is related to the underlying cause of the seizure.
The outcomes for hypoxic-ischemic encephalopathy and
intraventricular hemorrhage have been discussed earlier in
this chapter. In these settings, seizures that are difficult to
control carry a poor prognosis for normal development.
Seizures resulting from hypoglycemia, infection of the CNS,
some inborn errors of metabolism, and developmental
defects also have a high rate of poor outcome. Seizures
caused by hypocalcemia or isolated subarachnoid hemor-
rhage generally resolve without sequelae.

HYPOTONIA

One should be alert to the diagnosis of congenital hypotonia
when a mother has polyhydramnios and a history of poor
fetal movement. The newborn may present with poor respi-
ratory effort and birth asphyxia. For a discussion of causes
and evaluation, see Chapter 23.

INTRACRANIAL HEMORRHAGE'

1. Subdural Hemorrhage

Subdural hemorrhage is related to birth trauma; the bleeding
is caused by tears in the veins that bridge the subdural space.
Prospective studies relating incidence to specific obstetric
complications are not available.

The most common site of subdural bleeding is in rup-
tured superficial cerebral veins with blood over the cerebral
convexities. These hemorrhages can be asymptomatic or
may cause seizures, with onset on days 2-3 of life, vomiting,
irritability, and lethargy. Associated findings include retinal
hemorrhages and a full fontanelle. The diagnosis is con-
firmed by CT scan.

Specific treatment entailing needle drainage of the sub-
dural space is rarely necessary. Most infants survive; 75% are
normal on follow-up.

2. Primary Subarachnoid Hemorrhage

Primary subarachnoid hemorrhage is the most common
type of neonatal intracranial hemorrhage. In the full-term
infant, it can be related to trauma of delivery, whereas

subarachnoid hemorrhage in the preterm infant is seen in
association with germinal matrix hemorrhage. Clinically,
these hemorrhages can be asymptomatic or can present
with seizures and irritability on day 2, or rarely, a massive
hemorrhage with a rapid downhill course. The seizures
associated with subarachnoid hemorrhage are very charac-
teristic—usually brief, with a normal examination interic-
tally. Diagnosis can be suspected on lumbar puncture and
confirmed with CT scan. Long-term follow-up is uniformly
good.

3. Neonatal Stroke

Focal cerebral ischemic injury can occur in the context of
intraventricular hemorrhage in the premature infant and
hypoxic-ischemic encephalopathy. Neonatal stroke has
also been described in the context of underlying disor-
ders of thrombolysis, maternal drug use (cocaine), a
history of infertility, preeclampsia, prolonged membrane
rupture, and chorioamnionitis. In some cases, the origin
is unclear. The injury often occurs antenatally. The most
common clinical presentation of an isolated cerebral
infarct is with seizures, and diagnosis can be confirmed
acutely with diffusion-weighted MRI scan. The most fre-
quently described distribution is that of the middle cere-
bral artery.

Treatment is directed at controlling seizures. Long-term
outcome is variable, ranging from near-normal to hemiple-
gias and cognitive deficits.
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[PMID: 15701914].
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come at school age. Pediatrics 2004;113:95 [PMID: 14702455].
Tekgul H et al: The current etiologic profile and neurodevelop-
mental outcome of seizures in term newborn infants. Pediatrics

2006;117:1270 [PMID: 16585324].

Zupanc ML: Neonatal seizures. Pediatr Clin North Am
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METABOLIC DISORDERS
IN THE NEWBORN INFANT?
HYPERGLYCEMIA

Hyperglycemia may develop in preterm infants, particularly
those of extremely low birth weight who are also SGA.
Glucose concentrations may exceed 200-250 mg/dL, partic-
ularly in the first few days of life. This transient diabetes-like
syndrome usually lasts approximately 1 week.

Intraventricular hemorrhage is discussed earlier, in the section on the
Preterm Infant.

*Hypoglycemia is discussed earlier, in the section on Common Prob-
lems in the Term Newborn.
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Management may include simply reducing glucose intake
while continuing to supply IV amino acids to prevent protein
catabolism with resultant gluconeogenesis and worsened
hyperglycemia. Intravenous insulin infusions will be needed in
infants who remain hyperglycemic despite glucose infusion
rates of only 5-6 mg/kg/min or less.

HYPOCALCEMIA (SEE ALSO CHAPTER 32)

» lrritability, jitteriness, seizures.
» Normal blood glucose.

» Possible dysmorphic features, congenital heart disease
(DiGeorge syndrome).

Calcium concentration in the immediate newborn period
decreases in all infants. The concentration in fetal plasma is
higher than that of the neonate or adult. Hypocalcemia is
usually defined as a total serum concentration less than 7
mg/dL (equivalent to a calcium activity of 3.5 mEq/L),
although the physiologically active fraction, ionized calcium,
should be measured whenever possible. Ionized calcium is
usually normal even when total calcium is as low as 6-7 mg/
dL. An ionized calcium level above 0.9 mmol/L (1.8 mEq/L;
3.6 mg/dL) is not likely to be detrimental.

Clinical Findings
The clinical signs of hypocalcemia and hypocalcemic tetany
include a high-pitched cry, jitteriness, tremulousness, and
seizures.

Hypocalcemia tends to occur at two different times in the
neonatal period. Early-onset hypocalcemia occurs in the first
2 days of life and has been associated with prematurity,
maternal diabetes, asphyxia, and rarely, maternal hypopar-
athyroidism. Late-onset hypocalcemia occurs at approxi-
mately 7—10 days and is observed in infants receiving modi-
fied cow’s milk rather than infant formula (high phosphorus
intake) or in infants with hypoparathyroidism (DiGeorge
syndrome, 22ql1 deletion). Mothers in underdeveloped
countries may have vitamin D deficiency, which can also
contribute to late-onset hypocalcemia. Hypomagnesemia
should be sought and treated in cases of hypocalcemia that
are resistant to treatment.

Treatment
A. Oral Calcium Therapy

The oral administration of calcium salts, often along with
vitamin D, is the preferred method of treatment for chronic
forms of hypocalcemia resulting from hypoparathyroidism.
(See Chapter 32.)

B. Intravenous Calcium Therapy

IV calcium therapy is usually needed for infants with symp-
tomatic hypocalcemia or an ionized calcium level less than
0.9 mmol/L. A number of precautions must be observed
when calcium is given intravenously. The infusion must be
given slowly so that there is no sudden increase in calcium
concentration of blood entering the right atrium, which
could cause severe bradycardia and even cardiac arrest.
Furthermore, the infusion must be observed carefully,
because an IV infiltrate containing calcium can cause full-
thickness skin necrosis requiring grafting. For these reasons,
IV calcium therapy should be given judiciously and through
a central venous line if possible. IV administration of 10%
calcium gluconate is usually given as a bolus of 100-200 mg/
kg (1-2 mL/kg) over approximately 10-20 minutes, followed
by a continuous infusion (0.5-1 g/kg/d) over 1-2 days. Ten
percent calcium chloride (20 mg/kg or 0.2 mL/kg per dose)
may result in a larger increment in ionized calcium and
greater improvement in mean arterial blood pressure in sick
hypocalcemic infants and thus may have a role in the
newborn. Note: Calcium salts cannot be added to IV solu-
tions that contain sodium bicarbonate because they precipi-
tate as calcium carbonate.

Prognosis

The prognosis is good for neonatal seizures entirely caused
by hypocalcemia that is promptly treated.

INBORN ERRORS OF METABOLISM
(SEE ALSO CHAPTER 34)

» Altered level of consciousness (poor feeding, lethargy,
seizures) in a previously well-appearing infant.

Tachypnea without hypoxemia or distress.
Hypoglycemia, respiratory alkalosis, metabolic acidosis.
» Recurrent “sepsis” without proven infection.

Each individual inborn error of metabolism is rare, but collec-
tively they have an incidence of 1 in 1000 live births. Expanded
newborn genetic screening will undoubtedly aid in the diag-
nosis of these disorders; however, many infants will present
prior to these results being available. The diseases are consid-
ered in detail in Chapter 34. These diagnoses should be
entertained when infants who were initially well present with
sepsis-like syndromes, recurrent hypoglycemia, neurologic
syndromes (seizures or altered levels of consciousness), or
unexplained acidosis (suggestive of organic acidemias).

In the immediate neonatal period, urea cycle disorders
present as an altered level of consciousness secondary to
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hyperammonemia. A clinical clue that supports this diag-
nosis is hyperventilation with primary respiratory alkalo-
sis, along with a lower-than-expected blood urea nitrogen.
The other major diagnostic category to consider consists

of infants with severe acidemia secondary to organic
acidemias.
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The field of developmental and behavioral pediatrics has
emerged as a subspecialty that addresses not only typical
development but also the diagnosis and evaluation of atypi-
cal behavior and development. This chapter provides an
overview of typical development, identifies developmental
variations, and discusses several developmental disabilities.
First, it discusses normal development, but does not cover
the newborn period or adolescence (see Chapters 1 and 3,
respectively). Second, it addresses behavioral variations,
emphasizing that these variations reflect the spectrum of
normal development and not pathology. Third, it deals with
developmental and behavioral disorders and their treatment.
The developmental principle, that is, the concept of ongoing
change and maturation, is integral to the daily practice of
pediatrics. For example, we recognize that a 3-month-old
infant is very different from a 3-year-old and from a 13-year-
old adolescent, not only with respect to what the child can
do, but also in terms of the kind of illness he or she might
have. From the perspective of the general pediatrician all of
these areas should be viewed in the context of a “medical
home.” The medical home is defined as the setting that
provides consistent, continuous, culturally competent, com-
prehensive and sensitive care to children and their families.
It is a setting that advocates for all children, whether they are
typical or have developmental challenges or disabilities. By
incorporating the principles of child development—the con-
cept that children are constantly changing—the medical
home is the optimum setting to understand and enhance
typical development and to address variations, delays, and
deviations as they may occur in the life-trajectory of the child
and family.

NORMAL DEVELOPMENT

Typical children follow a trajectory of increasing physical
size (Figures 2—1 through 2-10) and increasing complexity
of function (Figures 2-7 and 2-8 and Tables 2-1 and 2-2).

Table 2-3 provides the theoretical perspectives of human
behavior, taking into consideration the work of Freud, Erik-
son, and Piaget.

The first 5 years of life are a period of extraordinary
physical growth and increasing complexity of function. The
child triples his or her birth weight within the first year and
achieves two thirds of his or her brain size by age 2'/>-3 years.
The child progresses from a totally dependent infant at birth
to a mobile, verbal person who is able to express his or her
needs and desires by age 23 years. In the ensuing 3 years the
child further develops the capacity to interact with peers and
adults, achieves considerable verbal and physical prowess,
and becomes ready to enter the academic world of learning
and socialization.

It is critical for the clinician to identify disturbances in
development during these early years because there may be
windows of time or sensitive periods when appropriate
interventions may be instituted to effectively address devel-
opmental issues.

THE FIRST 2 YEARS

From a motor perspective, children develop in a cephalocau-
dal direction. They can lift their heads with good control at 3
months, sit independently at 6 months, crawl at 9 months,
walk at 1 year, and run by 18 months. The child learning to
walk has a wide-based gait at first. Next, he or she walks with
legs closer together, the arms move medially, a heel-toe gait
develops, and the arms swing symmetrically by 18-24
months.

Clinicians often focus on gross motor development, but
an appreciation of fine motor development and dexterity,
particularly the grasp, can be instructive not only in moni-
toring normal development but also in identifying devia-
tions in development. The grasp begins as a raking motion
involving the ulnar aspect of the hand at age 3—4 months.
The thumb is added to this motion at about age 5 months as
the focus of the movement shifts to the radial side of the

Copyright © 2009 by The McGraw-Hill Companies, Inc. Click here for terms of use.
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Boys, 2 to 20 years Name
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hand. The thumb opposes the fingers for picking up objects
just before age 7 months, and the neat pincer grasp emerges
at about age 9 months. Most young children have symmetri-
cal movements. Children should not have a significant hand
preference before 1 year of age and typically develop handed-
ness between 18 and 30 months.

Language is a critical area to consider as well. Communi-
cation is important from birth (Table 2-2 and Figure 2-11),
particularly the nonverbal, reciprocal interactions between
infant and caregiver. By age 2 months, these interactions

begin to include melodic vowel sounds called cooing and
reciprocal vocal play between parent and child. Babbling,
which adds consonants to vowels, begins by age 6-10
months, and the repetition of sounds such as “da-da-da-da”
is facilitated by the child’s increasing oral muscular control.
Babbling reaches a peak at age 12 months. The child then
moves into a stage of having needs met by using individual
words to represent objects or actions. It is common at this
age for children to express wants and needs by pointing to
objects or using other gestures. Children usually have 5-10
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Table 2-1. Developmental charts.

Activities to be observed:
Holds head erect and lifts head.
Turns from side to back.
Regards faces and follows objects through visual field.
Drops toys.
Becomes alert in response to voice.
Activities related by parent:
Recognizes parents.
Engages in vocalizations.
Smiles spontaneously.

Activities to be observed:
Grasps cube—first ulnar then later thumb opposition.
Reaches for and brings objects to mouth.
Makes “raspberry” sound.
Sits with support.
Activities related by parent:
Laughs.
Anticipates food on sight.
Turns from back to side.

6-8 months

Activities to be observed:
Sits alone for a short period.
Reaches with one hand.
First scoops up a pellet then grasps it using thumb
opposition.
Imitates “bye-bye.”
Passes object from hand to hand in midline.
Babbles.
Activities related by parent:
Rolls from back to stomach.
Is inhibited by the word no.

Activities to be observed:

Stands alone.

Imitates pat-a-cake and peek-a-boo.

Uses thumb and index finger to pick up pellet.
Activities related by parent:

Walks by supporting self on furniture.
Follows one-step verbal commands, eg, “Come here,

"u

Give it to me.”

1 year

Activities to be observed:
Walks independently.
Says “mama” and “dada” with meaning.
(an use a neat pincer grasp to pick up a pellet.
Releases cube into cup after demonstration.

Gives toys on request.

Tries to build a tower of 2 cubes.
Activities related by parent:

Points to desired objects.

Says 1 or 2 other words.

Activities to be observed:
Builds tower of 3-4 cubes.
Throws ball.
Seats self in chair.
Dumps pellet from bottle.
Activities related by parent:
Walks up and down stairs with help.
Says 4-20 words.
Understands a 2-step command.
Carries and hugs doll.
Feeds self.

Activities to be observed:
Speaks short phrases, 2 words or more.
Kicks ball on request.
Builds tower of 6-7 cubes.
Points to named objects or pictures.
Jumps off floor with both feet.
Stands on either foot alone.

Uses pronouns.

Activities related by parent:
Verbalizes toilet needs.
Pulls on simple garment.
Turns pages of book singly.
Plays with domestic mimicry.

Activities to be observed:
Walks backward.
Begins to hop on one foot.
Uses prepositions.
Copies a crude circle.
Points to objects described by use.
Refers to self as I.

Holds crayon in fist.
Activities related by parent:
Helps put things away.

Carries on a conversation.

3 years

Activities to be observed:
Holds crayon with fingers.
Builds tower of 9-10 cubes.

(continued)
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Table 2-1. Developmental charts. (Continued)

Imitates 3-cube bridge.

Copies circle.

Gives first and last name.
Activities related by parent:

Rides tricycle using pedals.

Dresses with supervision.

3-4 years

Activities to be observed:

Climbs stairs with alternating feet.

Begins to button and unbutton.

“What do you like to do that's fun?” (Answers using plurals,

personal pronouns, and verbs.)

Responds to command to place toy in, on, or under table.

Draws a circle when asked to draw a person.

Knows own sex. (“Are you a boy or a girl?”)

Gives full name.

Copies a circle already drawn. (“Can you make one like this?”)
Activities related by parent:

Feeds self at mealtime.

Takes off shoes and jacket.

4-5 years

Activities to be observed:
Runs and turns without losing balance.
May stand on one leg for at least 10 seconds.
Buttons clothes and laces shoes. (Does not tie.)
Counts to 4 by rote.
“Give me 2 sticks.” (Able to do so from pile of 4 tongue
depressors.)
Draws a person. (Head, 2 appendages, and possibly 2 eyes.
No torso yet.)
Knows the days of the week. (“What day comes after
Tuesday?”)
Gives appropriate answers to: “What must you do if you are
sleepy? Hungry? Cold?”
Copies + in imitation.
Activities related by parent:
Self-care at toilet. (May need help with wiping.)
Plays outside for at least 30 minutes.
Dresses self except for tying.

5-6 years

Activities to be observed:
(Can catch ball.

Skips smoothly.

Copies a + already drawn.

Tells age.

Concept of 10 (eg, counts 10 tongue depressors). May recite to
higher number by rote.

Knows right and left hand.

Draws recognizable person with at least 8 details.

(an describe favorite television program in some detail.
Activities related by parent:

Does simple chores at home (eg, taking out garbage, drying

silverware).
Goes to school unattended or meets school bus.
Good motor ability but little awareness of dangers.

6-7 years

Activities to be observed:
Copies a A.
Defines words by use. (“What is an orange?” “To eat.”)
Knows if morning or afternoon.
Draws a person with 12 details.
Reads several one-syllable printed words. (My, dog, see, boy.)

7-8 years

Activities to be observed:
Counts by 2s and 5s.
Ties shoes.
Copies a ¢
Knows what day of the week it is. (Not date or year.)
No evidence of sound substitution in speech (eg, fr for thr).
Draws a man with 16 details.
Reads paragraph #1 Durrell:
Reading:
Muff is a little yellow kitten. She drinks milk. She sleeps on a chair.
She does not like to get wet.
Corresponding arithmetic:

7 6 6 8
oo 4 3

Adds and subtracts one-digit numbers.
8-9 years

Activities to be observed:
Defines words better than by use. (“What is an orange?”
“A fruit.”)
(an give an appropriate answer to the following:
“What is the thing for you to do if . . .
—you've broken something that belongs to someone
else?”
—a playmate hits you without meaning to do so?”
Reads paragraph #2 Durrell:
Reading:
A little black dog ran away from home. He played with two big
dogs. They ran away from him. It began to rain. He went under
a tree. He wanted to go home, but he did not know the way. He
saw a boy he knew. The boy took him home.

(continued)
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Table 2-1. Developmental charts. (Continued)

Corresponding arithmetic:

45
67 16 14 84
4 7 8 36

Is learning borrowing and carrying processes in addition and
subtraction.

9-10 years

Activities to be observed:

Knows the month, day, and year.

Names the months in order. (15 seconds, 1 error.)

Makes a sentence with these 3 words in it: (1 or 2. Can use words
orally in proper context.)

1. work . .. money . .. men
2. boy . .. river . .. ball
Reads paragraph #3 Durrell:
Reading:

Six boys put up a tent by the side of a river. They took things to eat
with them. When the sun went down, they went into the tent to
sleep. In the night, a cow came and began to eat grass around the
tent. The boys were afraid. They thought it was a bear.

Should comprehend and answer the question: “What was the cow
doing?”

Corresponding arithmetic:

5204 23 837
2530 X3 x7

Learning simple multiplication.
10-12 years

Activities to be observed:
Should read and comprehend paragraph #5 Durrell:
Reading:
In 1807, Robert Fulton took the first long trip in a steamboat. He
went one hundred and fifty miles up the Hudson River. The boat
went five miles an hour. This was faster than a steamboat had

ever gone before. Crowds gathered on both banks of the river
to see this new kind of boat. They were afraid that its noise and
splashing would drive away all the fish.
Answer: “What river was the trip made on?”
Ask to write the sentence: “The fishermen did not like the boat.”
Corresponding arithmetic:

;%8 972 3062

Should do multiplication and simple division.
12-15 years

Activities to be observed:
Reads paragraph #7 Durrell:
Reading:

Golf originated in Holland as a game played on ice. The game in
its present form first appeared in Scotland. It became unusually
popular and kings found it so enjoyable that it was known as
“the royal game.” James IV, however, thought that people
neglected their work to indulge in this fascinating sport so that
it was forbidden in 1457. James relented when he found how
attractive the game was, and it immediately regained its
former popularity. Golf spread gradually to other countries,
being introduced in America in 1890. It has grown in favor until
there is hardly a town that does not boast of a private or
public course.

Ask to write a sentence: “Golf originated in Holland as a game
played on ice.”

Answers questions:

“Why was golf forbidden by James Iv?”
“Why did he change his mind?”
Corresponding arithmetic:

536)4762 Y3 7Y%
=

Reduce fractions to lowest forms.
Does long division, adds and subtracts fractions.

Modified from Leavitt SR, Goodman H, Harvin D: Use of developmental charts in teaching well child care. Pediatrics 1963;31:499.

comprehensible words by 12—-18 months; by age 2 years they
are putting 2-3 words into phrases, 50% of which their
caregivers can understand (see Tables 2-1 and 2-2 and
Figure 2—-11). The acquisition of expressive vocabulary varies
greatly between 12 and 24 months of age. As a group, males
and children who are bilingual tend to develop expressive
language more slowly during that time. It is important to
note, however, that for each individual, milestones should
still fall within the expected range. Gender and exposure to
two languages should never be used as an excuse for failing
to refer a child who has significant delay in the acquisition of
speech and language for further evaluation. It is also impor-
tant to note that most children are not truly bilingual. Most

children have one primary language, and any other lan-
guages are secondary.

Receptive language usually develops more rapidly than
expressive language. Word comprehension begins to
increase at age 9 months, and by age 13 months the child’s
receptive vocabulary may be as large as 20-100 words. After
age 18 months, expressive and receptive vocabularies
increase dramatically, and by the end of the second year
there is typically a quantum leap in language development.
The child begins to put together words and phrases and
begins to use language to represent a new world, the sym-
bolic world. Children begin to put verbs into phrases and
focus much of their language on describing their new abili-
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Table 2-2. Normal speech and language development.

Language

“Dada” or “mama” nonspecifically
One word other than “mama” or “dada”

Age Speech
1 month Throaty sounds
2 months Vowel sounds (“eh”), coos
2'/2 months Squeals
3 months Babbles, initial vowels
4 months Guttural sounds (“ah,” “go”)
5 months
7 months Imitates speech sounds
8 months
10 months
12 months Jargon begins (own language)
13 months Three words
16 months Six words

18-24 months
24-30 months

Two-word phrases
Three-word phrases
Approximately 270 words; uses pronouns

Approximately 900 words; intelligible
4-word phrases

Approximately 1540 words; intelligible 5-
word phrases or sentences

Approximately 2560 words; intelligible 6-
or 7-word sentences

Articulation
Vowels: \ah\, \uh\, \ee\

Consonants: m, p, b

Vowels: \o\, \u\

Syllables: da, ba, ka
Approximates names: baba/bottle
Understandable: 2-3 words

Consonants: t, d, w, n, h
Understandable 2-word phrases
Understandable 3-word phrases
Approximately 270 words; uses phrases

Approximately 900 words; intelligible 4-
word phrases

Approximately 1540 words; intelligible
5-word phrases

Approximately 2560 words; intelligible
6- or 7-word sentences

2 years Vowels uttered correctly

3 years Some degree of hesitancy and
uncertainty common

4 years

6 years

7-8 years Adult proficiency

Data on articulation from Berry MF: Language Disorders of Children. Appleton-Century-Crofts, 1969; and from Bzoch K, League R: Receptive-Expressive

Emergent Language Scale. University Park Press, 1970.

ties, for example, “I go out.” They begin to incorporate
prepositions, such as “I” and “you” into speech and ask
“why?” and “what?” questions more frequently. They also
begin to appreciate time factors and to understand and use
this concept in their speech (see Table 2-1).

The Early Language Milestone Scale (see Figure 2—11) is
a simple tool for assessing early language development in the
pediatric office setting. It is scored in the same way as the
Denver IT (Figure 2-12) but tests receptive and expressive
language areas in greater depth.

One may easily memorize the developmental milestones
that characterize the trajectory of the typical child; however,
these milestones become more meaningful and clinically
useful if placed in empirical and theoretical contexts. The
work of Piaget and others is quite instructive and provides
some insight into behavioral and affective development (see
Table 2-3). Piaget described the first 2 years of life as the
sensorimotor period, during which infants learn with
increasing sophistication how to link sensory input from the
environment with a motor response. Infants build on prim-

itive reflex patterns of behavior (termed schemata; sucking is
an example) and constantly incorporate or assimilate new
experiences. The schemata evolve over time as infants
accommodate new experiences and as new levels of cognitive
ability unfold in an orderly sequence. Enhancement of neu-
ral networks through dendritic branching and pruning
(apoptosis) occurs.

In the first year of life, the infant’s perception of reality
revolves around itself and what it can see or touch. The
infant follows the trajectory of an object through the field of
vision, but before age 6 months the object ceases to exist
once it leaves the infant’s field of vision. At age 9—12 months,
the infant gradually develops the concept of object perma-
nence, or the realization that objects exist even when not
seen. The development of object permanence correlates with
enhanced frontal activity on the electroencephalogram. The
concept attaches first to the image of the mother or primary
caregiver because of his or her emotional importance and is
a critical part of attachment behavior (discussed later). In the
second year, children extend their ability to manipulate
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Table 2-3. Perspectives of human behavior.
Theories of Development
Age Freud Erikson Piaget
Birth to 18 oral Basic trust ver-  Sensorimotor
months sus mistrust
18 months- Anal Autonomy ver-  Symbolic (pre-
3 years sus shame, operational)
doubt
3-6 years Oedipal Initiative ver- Intuition (pre-
sus quilt operational)
6-11 years Latency Industry versus Concrete
inferiority operational
12-17 years ~ Adolescence Identity versus  Formal opera-

(genital)

role confusion

tional

Skill Areas

Language

Body actions; crying;
naming; pointing

Sentences; telegraph
jargon

Connective words;
can be readily under-
stood

Subordinate sen-
tences; reading and
writing; language
reasoning

Reason abstract; using
language; abstract
manipulation

Motor

Reflex sitting,
reaching, grasp-
ing, walking

Climbing, running

Increased coordi-
nation; tricycle;
jumping
Increased skills;
sports, recre-
ational coopera-
tive games

Refinement of
skills

Psychopathology

Autism; anaclitic depression,
colic; disorders of attach-
ment; feeding, sleeping
problems

Separation issues; negativism;
fearfulness; constipation; shy-
ness, withdrawal

Enuresis; encopresis; anxiety;
aggressive acting out; pho-
bias; nightmares

School phabias; obsessive
reactions; conversion reac-
tions; depressive equivalents

Delinquency; promiscuity;
schizophrenia; anorexia ner-
V0s3; suicide

Adapted and reproduced, with permission, from Dixon S: Setting the stage: Theories and concepts of child development. In Dixon S, Stein M (editors):

Encounters with Children, 2nd ed. Year Book, 1992.

objects by using instruments, first by imitation and later by
trial and error.

Freud described the first year of life as the oral stage
because so many of the infant’s needs are fulfilled by oral
means. Nutrition is obtained through sucking on the breast
or bottle, and self-soothing occurs through sucking on fin-
gers or a pacifier. During this stage of symbiosis with the
mother, the boundaries between mother and infant are
blurred. The infant’s needs are totally met by the mother,
and the mother has been described as manifesting “narcissis-
tic possessiveness” of the infant. This is a very positive
interaction in the bidirectional attachment process called
bonding. The parents learn to be aware of and to interpret
the infant’s cues, which reflect its needs. A more sensitive
emotional interaction process develops that can be seen in
the mirroring of facial expressions by the primary caregiver
and infant and in their mutual engagement in cycles of
attention and inattention, which further develop into social
play. A parent who is depressed or cannot respond to the
infant’s expressions and cues can have a profoundly adverse
effect on the child’s future development. Erikson’s terms of
basic trust versus mistrust are another way of describing the
reciprocal interaction that characterizes this stage. Turn-
taking games, which occur between ages 3 and 6 months, are
a pleasure for both the parents and the infant and are an
extension of mirroring behavior. They also represent an early
form of imitative behavior, which is important in later social
and cognitive development. More sophisticated games, such

as peek-a-boo, occur at approximately age 9 months. The
infant’s thrill at the reappearance of the face that vanished
momentarily demonstrates the emerging understanding of
object permanence. Age 8—9 months is also a critical time in
the attachment process because this is when separation
anxiety and stranger anxiety become marked. The infant at
this stage is able to appreciate discrepant events that do not
match previously known schemata. These new events cause
uncertainty and subsequently fear and anxiety. The infant
must be able to retrieve previous schemata and incorporate
new information over an extended time. These abilities are
developed by age 8 months and give rise to the fears that may
subsequently develop: stranger anxiety and separation anxi-
ety. In stranger anxiety, the infant analyzes the face of a
stranger, detects the mismatch with previous schemata or
what is familiar, and responds with fear or anxiety, leading to
crying. In separation anxiety, the child perceives the differ-
ence between the primary caregiver’s presence and his or her
absence by remembering the schema of the caregiver’s pres-
ence. Perceiving the inconsistency, the child first becomes
uncertain and then anxious and fearful. This begins at age 8
months, reaches a peak at 15 months, and disappears by the
end of 2 years in a relatively orderly progression as central
nervous system (CNS) maturation facilitates the develop-
ment of new skills. A parent can put the child’s understand-
ing of object permanence to good use by placing a picture of
the mother (or father) near the child or by leaving an object
(eg, her sweater) where the child can see it during her
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A Figure 2-11. Early Language Milestone Scale-2. (Reproduced, with permission, from Coplan J: Early Language Milestone Scale. Pro Ed, 1993.)
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absence. A visual substitute for the mother’s presence may
comfort the child.

Once the child can walk independently, he or she can
move away from the parent and explore the environment.
Although the child uses the parent, usually the mother, as
“home base,” returning to her frequently for reassurance,
he or she has now taken a major step toward indepen-
dence. This is the beginning of mastery over the environ-
ment and an emerging sense of self. The “terrible twos”
and the frequent self-asserting use of “no” are the child’s
attempt to develop a better idea of what is or might be
under his or her control. The child is starting to assert his
or her autonomy. Ego development during this time
should be fostered but with appropriate limits. As children
develop a sense of self, they begin to understand the
feelings of others and develop empathy. They hug another
child who is in perceived distress or become concerned
when one is hurt. They begin to understand how another
child feels when he or she is harmed, and this realization
helps them to inhibit their own aggressive behavior. Chil-
dren also begin to understand right and wrong and parental
expectations. They recognize that they have done some-
thing “bad” and may signify that awareness by saying “uh-
oh” or with other expressions of distress. They also take
pleasure in their accomplishments and become more
aware of their bodies.

An area of child behavior that has often been over-
looked is play. Play is the child’s work and a significant
means of learning. Play is a very complex process whose
purpose can include the practice and rehearsal of roles,
skills, and relationships; a means of revisiting the past; a
means of actively mastering a range of experiences; and a
way to integrate the child’s life experiences. It involves
emotional development (affect regulation and gender iden-
tification and roles), cognitive development (nonverbal
and verbal function and executive functioning and creativ-
ity), and social/motor development (motor coordination,
frustration tolerance, and social interactions such as turn-
taking). Of interest is the fact that play has a developmental
progression. The typical 6- to 12-month-old engages in the
game of peek-a-boo, which is a form of social interaction.
During the next year or so, although children engage in
increasingly complex social interactions and imitation,
their play is primarily solitary. However, they do begin to
engage in symbolic play such as by drinking from a toy cup
and then by giving a doll a drink from a toy cup. By age 2—
3 years children begin to engage in parallel play (engaging
in behaviors that are imitative). This form of play gradually
evolves into more interactive or collaborative play by age
3—4 years and is also more thematic in nature. There are of
course wide variations in the development of play, reflect-
ing cultural, educational, and socioeconomic variables.
Nevertheless, the development of play does follow a
sequence that can be assessed and can be very informative
in the evaluation of the child.

Brain maturation sets the stage for toilet training. After
age 18 months, toddlers have the sensory capacity for
awareness of a full rectum or bladder and are physically able
to control bowel and urinary tract sphincters. They also take
great pleasure in their accomplishments, particularly in
appropriate elimination, if it is reinforced positively. Chil-
dren must be given some control over when elimination
occurs. If parents impose severe restrictions, the achieve-
ment of this developmental milestone can become a battle
between parent and child. Freud termed this period the anal
stage because the developmental issue of bowel control is
the major task requiring mastery. It encompasses a more
generalized theme of socialized behavior and overall body
cleanliness, which is usually taught or imposed on the child
at this age.

AGES 2-4 YEARS

Piaget characterized the 2- to 6-year-old stage as preopera-
tional. This stage begins when language has facilitated the
creation of mental images in the symbolic sense. The child
begins to manipulate the symbolic world; sorts out reality
from fantasy imperfectly; and may be terrified of dreams,
wishes, and foolish threats. Most of the child’s perception of
the world is egocentric or interpreted in reference to his or
her needs or influence. Cause-effect relationships are con-
fused with temporal ones or interpreted egocentrically. For
example, children may focus their understanding of divorce
on themselves (“My father left because I was bad” or “My
mother left because she didn’t love me”). Illness and the need
for medical care are also commonly misinterpreted at this
age. The child may make a mental connection between a
sibling’s illness and a recent argument, a negative comment,
or a wish for the sibling to be ill. The child may experience
significant guilt unless the parents are aware of these misper-
ceptions and take time to deal with them.

At this age, children also endow inanimate objects with
human feelings. They also assume that humans cause or
create all natural events. For instance, when asked why the
sun sets, they may say, “The sun goes to his house” or “It is
pushed down by someone else.” Magical thinking blossoms
between ages 3 and 5 years as symbolic thinking incorpo-
rates more elaborate fantasy. Fantasy facilitates develop-
ment of role playing, sexual identity, and emotional
growth. Children test new experiences in fantasy, both in
their imagination and in play. In their play, children often
create magical stories and novel situations that reflect
issues with which they are dealing, such as aggression,
relationships, fears, and control. Children often invent
imaginary friends at this time, and nightmares or fears of
monsters are common. At this stage, other children
become important in facilitating play, such as in a pre-
school group. Play gradually becomes more cooperative;
shared fantasy leads to game playing. Freud described the
oedipal phase between ages 3 and 6 years, when there is
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strong attachment to the parent of the opposite sex. The
child’s fantasies may focus on play-acting the adult role
with that parent, although by age 6 years oedipal issues are
usually resolved and attachment is redirected to the parent
of the same sex.

EARLY SCHOOL YEARS: AGES 5-7 YEARS

Attendance at kindergarten at age 5 years marks an accelera-
tion in the separation-individuation theme initiated in the
preschool years. The child is ready to relate to peers in a
more interactive manner. The brain has reached 90% of its
adult weight. Sensorimotor coordination abilities are matur-
ing and facilitating pencil-and-paper tasks and sports, both
part of the school experience. Cognitive abilities are still at
the preoperational stage, and children focus on one variable
in a problem at a time. However, most children have mas-
tered conservation of length by age 5'/2 years, conservation of
mass and weight by 6'/2 years, and conservation of volume by
8 years.

By first grade, there is more pressure on the child to
master academic tasks—recognizing numbers, letters, and
words and learning to write. Piaget described the stage of
concrete operations beginning after age 6 years, when the
child is able to perform mental operations concerning con-
crete objects that involve manipulation of more than one
variable. The child is able to order, number, and classify
because these activities are related to concrete objects in the
environment and because these activities are stressed in early
schooling. Magical thinking diminishes greatly at this time,
and the reality of cause-effect relationships is better under-
stood. Fantasy and imagination are still strong and are
reflected in themes of play.

MIDDLE CHILDHOOD: AGES 7-11 YEARS

Freud characterized ages 7-11 years as the latency years,
during which children are not bothered by significant
aggressive or sexual drives but instead devote most of their
energies to school and peer group interactions. In reality,
throughout this period there is a gradual increase in sex
drive, manifested by increasingly aggressive play and interac-
tions with the opposite sex. Fantasy still has an active role in
dealing with sexuality before adolescence, and fantasies often
focus on movie and music stars. Organized sports, clubs, and
other activities are other modalities that permit preadoles-
cent children to display socially acceptable forms of aggres-
sion and sexual interest.

For the 7-year-old child, the major developmental tasks
are achievement in school and acceptance by peers. Aca-
demic expectations intensify and require the child to con-
centrate on, attend to, and process increasingly complex
auditory and visual information. Children with significant
learning disabilities or problems with attention, organiza-
tion, and impulsivity may have difficulty with academic
tasks and subsequently may receive negative reinforcement

from teachers, peers, and even parents. Such children may
develop a poor self-image manifested as behavioral difficul-
ties. The pediatrician must evaluate potential learning
disabilities in any child who is not developing adequately at
this stage or who presents with emotional or behavioral
problems. The developmental status of school-aged chil-
dren is not documented as easily as that of younger
children because of the complexity of the milestones. In the
school-aged child, the quality of the response, the atten-
tional abilities, and the child’s emotional approach to the
task can make a dramatic difference in success at school.
The clinician must consider all of these aspects in the
differential diagnosis of learning disabilities and behavioral
disorders.
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BEHAVIORAL &
DEVELOPMENTAL VARIATIONS

Behavioral and developmental variations and disorders
encompass a wide range of issues of importance to pediatri-
cians. Practitioners will be familiar with most of the prob-
lems discussed in this chapter; however, with increasing
knowledge of the factors controlling normal neurologic and
behavioral development in childhood, new perspectives on
these disorders and novel approaches to their diagnosis and
management are emerging.

Variations in children’s behavior reflect a blend of
intrinsic biologic characteristics and the environments with
which the children interact. The next section focuses on
some of the more common complaints about behavior
encountered by those who care for children. These behav-
ioral complaints are by and large normal variations in
behavior, a reflection of each child’s individual biologic
and temperament traits and the parents’ responses. There
are no cures for these behaviors, but management strategies
are available that can enhance the parents’ understanding
of the child and the child’s relationship to the environment.
These strategies also facilitate the parents’ care of the
growing infant and child.
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The last section of this chapter discusses developmental
disorders of cognitive and social competence. Diagnosis and
management of these conditions requires a comprehensive
and often multidisciplinary approach. The health care pro-
vider can play a major role in diagnosis, in coordinating the
child’s evaluation, in interpreting the results to the family,
and in providing reassurance and support.
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Wolraich ML et al: The Classification of Child and Adolescent
Mental Diagnoses in Primary Care: Diagnostic and Statistical
Manual for Primary Care (DSM-PC) Child and Adolescent
Version. American Academy of Pediatrics, 1996.

NORMALITY & TEMPERAMENT

The physician confronted by a disturbance in physiologic
function rarely has doubts about what is abnormal. Varia-
tions in temperament and behavior are not as straightfor-
ward. Labeling such variations as disorders implies that a
disease entity exists.

The behaviors described in this section are viewed as part
of a continuum of responses by the child to a variety of
internal and external experiences. Variations in tempera-
ment have been of interest to philosophers and writers since
ancient times. The Greeks believed there were four tempera-
ment types: choleric, sanguine, melancholic, and phlegmatic.
In more recent times, folk wisdom has defined temperament
as a genetically influenced behavioral disposition that is
stable over time. Although a number of models of tempera-
ment have been proposed, the one usually used by pediatri-
cians in clinical practice is that of Thomas and Chess, who
describe temperament as being the “how” of behavior as
distinguished from the “why” (motivation) and the “what”
(ability). Temperament is an independent psychological
attribute that is expressed as a response to an external
stimulus. The influence of temperament is bidirectional: The
effect of a particular experience will be influenced by the
child’s temperament, and the child’s temperament will influ-
ence the responses of others in the child’s environment.
Temperament is the style with which the child interacts with
the environment.

The perceptions and expectations of parents must be
considered when a child’s behavior is evaluated. A child that
one parent might describe as hyperactive might not be
characterized as such by the other parent. This truism can be
expanded to include all the dimensions of temperament.
Thus, the concept of “goodness of fit” comes into play. For
example, if the parents want and expect their child to be

Table 2-4. Theories of temperament.

Thomas and Temperament is an independent psychologic
Chess attribute, biologically determined, which is expressed
as a response to an external stimulus. It is the child’s
behavioral style: an interactive model.

Rothbart Temperament is 3 function of biologically based
individual differences in reactivity and self-requla-
tion. It is subsumed under the concept of “personal-
ity” and goes beyond mere “behavioral style.”

Buss and Temperament is a set of genetically determined

Plomin personality traits that appear early in life and are
different from other inherited and acquired person-
ality traits.

Goldsmithand ~ Temperament is the individual’s differences in the

Campos probability of experiencing emotions and arousal.

predictable but that is not the child’s behavioral style, the
parents may perceive the child as being bad or having a
behavioral disorder rather than as having a developmental
variation. An appreciation of this phenomenon is important
because the physician may be able to enhance the parents’
understanding of the child and influence their responses to
the child’s behavior. When there is goodness of fit, there will
be more harmony and a greater potential for healthy devel-
opment not only of the child but also of the family. When
goodness of fit is not present, tension and stress can result in
parental anger, disappointment, frustration, and conflict
with the child.

Other models of temperament include those of Roth-
bart, Buss and Plomin, and Goldsmith and Campos (Table
2—4). All models seek to identify intrinsic behavioral char-
acteristics that lead the child to respond to the world in
particular ways. One child may be highly emotional and
another less so (ie, calmer) in response to a variety of
experiences, stressful or pleasant. The clinician must recog-
nize that each child brings some intrinsic, biologically
based traits to its environment and that such characteristics
are neither good nor bad, right nor wrong, normal nor
abnormal; they are simply part of the child. Thus, as one
looks at variations in development, one should abandon
the illness model and consider this construct as an aid to
understanding the nature of the child’s behavior and its
influence on the parent-child relationship.
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COMMON DEVELOPMENTAL CONCERNS

CoLIC

» An otherwise healthy infant aged 2-3 months seems
to be in pain, cries for > 3 hours a day, for > 3 days a
week, for > 3 weeks (“rule of threes”).

Infant colic is characterized by severe and paroxysmal crying
that occurs mainly in the late afternoon. The infant’s knees
are drawn up and its fists are clenched, flatus is expelled, the
facies is pained, and there is minimal response to attempts at
soothing. Studies in the United States have shown that
among middle-class infants, crying occupies about 2 hours
per day at 2 weeks of age, about 3 hours per day by 6 weeks,
and gradually decreases to about 1 hour per day by 3 months.
The word “colic” is derived from Greek kolikos (“pertaining
to the colon”). Although colic has traditionally been attrib-
uted to gastrointestinal disturbances, this has never been
proved. Colic is a behavioral sign or symptom that begins in
the first few weeks of life and peaks at age 2—3 months. In
about 30-40% of cases, colic continues into the fourth and
fifth months.

A colicky infant, as defined by Wessel, is one who is
healthy and well fed but cries for more than 3 hours a day,
for more than 3 days a week, and for more than 3 weeks—
commonly referred to as the rule of threes. The important
word in this definition is “healthy.” Thus, before the diagno-
sis of colic can be made, the pediatrician must rule out
diseases that might cause crying. With the exception of the
few infants who respond to elimination of cow’s milk from
its own or the mother’s diet, there has been little firm
evidence of an association of colic with allergic disorders.
Gastroesophageal reflux is often suspected as a cause of
colicky crying in young infants. Undetected corneal abra-
sion, urinary tract infection, and unrecognized traumatic
injuries, including child abuse, must be among the physical
causes of crying considered in evaluating these infants. Some
attempts have been made to eliminate gas with simethicone
and to slow gut motility with dicyclomine. Simethicone has
not been shown to ameliorate colic. Dicyclomine has been
associated with apnea in infants and is contraindicated.

This then leaves characteristics intrinsic to the child (ie,
temperament) and parental caretaking patterns as contribut-
ing to colic. Behavioral states have three features: (1) they are
self-organizing—that is, they are maintained until it is nec-
essary to shift to another one; (2) they are stable over several
minutes; and (3) the same stimulus elicits a state-specific
response that is different from other states. The behavioral
states are (among others) a crying state, a quiet alert state, an
active alert state, a transitional state, and a state of deep sleep.

The states of importance with respect to colic are the crying
state and the transitional state. During transition from one
state to another, infant behavior may be more easily influ-
enced. Once an infant is in a stable state (eg, crying), it
becomes more difficult to bring about a change (eg, to
soothe). How these transitions are accomplished is probably
influenced by the infant’s temperament and neurologic
maturity. Some infants move from one state to another easily
and can be diverted easily; other infants sustain a particular
state and are resistant to change.

The other component to be considered in evaluating the
colicky infant is the feeding and handling behavior of the
caregiver. Colic is a behavioral phenomenon that involves
interaction between the infant and the caregiver. Different
caregivers perceive and respond to crying behavior differ-
ently. If the caregiver perceives the crying infant as being
spoiled and demanding and is not sensitive to or knowl-
edgeable about the infant’s cues and rhythms—or is hur-
ried and “rough” with the infant—the infant’s ability to
organize and soothe him- or herself or respond to the
caregiver’s attempts at soothing may be compromised.
Alternatively, if the temperament of an infant with colic is
understood and the rhythms and cues deciphered, crying
can be anticipated and the caregiver can intervene before
the behavior becomes “organized” in the crying state and
more difficult to extinguish.

Management

Several approaches can be taken to the management of colic.

1. Parents may need to be educated about the developmen-
tal characteristics of crying behavior and made aware
that crying increases normally into the second month
and abates by the third to fourth month.

2. Parents may need reassurance, based on a complete
history and physical examination, that the infant is not
sick. Although these behaviors are stressful, they are a
normal variant and are usually self-limited. This discus-
sion can be facilitated by having the parent keep a diary
of crying and weight gain. If there is a diurnal pattern
and adequate weight gain, an underlying disease process
is less likely to be present. Parental anxiety must be
relieved, because it may be contributing to the problem.

3. For parents to effectively soothe and comfort the infant,
they need to understand the infant’s cues. The pediatri-
cian can help by observing the infant’s behavior and
devising interventions aimed at calming both the infant
and the parents. One can encourage a quiet environment
without excessive handling. Rhythmic stimulation such
as gentle swinging or rocking, soft music, drives in the
car, or walks in the stroller may be helpful, especially if
the parents are able to anticipate the onset of crying.
Another approach is to change the feeding habits so that
the infant is not rushed, has ample opportunity to burp,
and if necessary can be fed more frequently so as to
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decrease gastric distention if that seems to be contribut-
ing to the problem.

4. Medications such as phenobarbital elixir and dicyclo-
mine have been found to be somewhat helpful, but their
use is to be discouraged because of the risk of adverse
reactions and overdosage. A trial of ranitidine hydro-
chloride might be of help if gastroesophageal reflux is
contributing to the child’s discomfort.

5. For colic that is refractory to behavioral management, a
trial of changing the feedings, and eliminating cow’s
milk from the formula or from the mother’s diet if she is
nursing, may be indicated.
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FEEDING DISORDERS
IN INFANTS & YOUNG CHILDREN

» Inadequate or disordered intake of food due to any of
the following conditions:

- Poor oral motor coordination.

- Fatigue resulting from a chronic disease.

+ Lack of appetite.

- Behavioral issues relating to parent-child interaction.
- Pain associated with feeding.

Children have feeding problems for various reasons includ-
ing oral motor dysfunction, cardiopulmonary disorders
leading to fatigue, gastrointestinal disturbances causing pain,
social or emotional issues, and problems with regulation.
The common denominator, however, is usually food refusal.
Infants and young children may refuse to eat if they find

eating painful or frightening. They may have had unpleasant
experiences (emotional or physiologic) associated with eat-
ing, they may be depressed, or they may be engaged in a
developmental conflict with the caregiver that is being played
out in the arena of feeding. The infant may refuse to eat if the
rhythm of the feeding experience with the caregiver is not
harmonious. The child who has had an esophageal atresia
repair and has a stricture may find eating uncomfortable.
The very young infant with severe oral candidiasis may
refuse to eat because of pain. The child who has had a
choking experience associated with feeding may be terrified
to eat (oral motor dysfunction or aspiration). The child who
is forced to eat by a maltreating parent or an overzealous
caregiver may refuse feeds. Children who have required
nasogastric feedings or who have required periods of fasting
and intravenous nutrition in the first 1-2 months of life are
more likely to display food refusal behavior upon introduc-
tion of oral feedings.

Depression in children may be expressed through food
refusal. Food refusal may develop when the infant’s cues
around feeding are not interpreted correctly by the parent.
The infant who needs to burp more frequently or who needs
time between bites but instead is rushed will often passively
refuse to eat. Some will be more active refusers, turning their
heads away to avoid the feeder, spitting out food, or pushing
away food.

Chatoor and coworkers have proposed a developmental
and interactive construct of the feeding experience. The
stages through which the child normally progresses are
establishment of homeostasis (0-2 months), attachment
(2-6 months), and separation and individuation (6 months
to 3 years). During the first stage, feeding can be accom-
plished most easily when the parent allows the infant to
determine the timing, amount, pacing, and preference of
food intake. During the attachment phase, allowing the
infant to control the feeding permits the parent to engage
the infant in a positive manner. This paves the way for the
separation and individuation phase. When a disturbance
occurs in the parent-child relationship at any of these
developmental levels, difficulty in feeding may ensue, with
both the parent and the child contributing to the dysfunc-
tional interaction. One of the most striking manifestations
of food refusal occurs during the stage of separation and
individuation. Conflict may arise if the parent seeks to
dominate the child by intrusive and controlling feeding
behavior at the same time the child is striving to achieve
autonomy. The scenario then observed is of the parent
forcing food on the child while the child refuses to eat. This
often leads to extreme parental frustration and anger, and
the child may be inadequately nourished and developmen-
tally and emotionally thwarted.

When the pediatrician is attempting to sort out the
factors contributing to food refusal, it is essential first to
obtain a complete history, including a social history. This
should include information concerning the parents’ percep-
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tion of the child’s behavior and their expectations of the
child. Second, a complete physical examination should be
performed, with emphasis on oral-motor behavior and other
clues suggesting neurologic, anatomic, or physiologic abnor-
malities that could make feeding difficult. The child’s emo-
tional state and developmental level must be determined.
This is particularly important if there is concern about
depression or a history of developmental delays. If evidence
of oral-motor difficulty is suspected, evaluation by an occu-
pational therapist is warranted. Third, the feeding interac-
tion needs to be observed live, if possible. Finally, the
physician needs to help the parents understand that infants
and children may have different styles of eating and different
food preferences and may refuse foods they do not like. This
is not necessarily abnormal but reflects temperamental dif-
ferences and variations in the child’s way of processing
olfactory, gustatory, and tactile stimuli.

Management

The goal of intervention is to identify factors contributing to
the disturbance and to work to overcome them. The parents
may be encouraged to view the child’s behavior differently
and try not to impose their expectations and desires. Alter-
natively, the child’s behavior may need to be modified so
that the parents can provide adequate nurturing.

When the chief complaint is failure to gain weight, a
different approach is required. The differential diagnosis
should include not only food refusal but also medical disor-
ders and maltreatment. The most common reason for failure
to gain weight is inadequate caloric intake. Excessive weight
loss may be due to vomiting or diarrhea, to malabsorption,
or to a combination of these factors. In this situation more
extensive diagnostic evaluation may be needed. Laboratory
studies may include a complete blood count; erythrocyte
sedimentation rate; urinalysis and urine culture; blood urea
nitrogen; serum electrolytes and creatinine; and stool exam-
ination for fat, occult blood, and ova and parasites. Some
practitioners also include liver and thyroid profiles. Occa-
sionally an assessment of swallowing function or evaluation
for the presence of gastroesophageal reflux may be indicated.
Because of the complexity of the problem, a team approach
to the diagnosis and treatment of failure to thrive, or poor
weight gain, may be most appropriate. The team should
include a physician, nurse, social worker, and dietitian.
Occupational and physical therapists, developmentalists,
and psychologists may be required.

The goals of treatment of the child with poor weight gain
are to establish a normal pattern of weight gain and to
establish better family functioning. Guidelines to accom-
plishing these goals include the following: (1) establish a
comprehensive diagnosis that considers all factors contribut-
ing to poor weight gain; (2) monitor the feeding interaction
and ensure appropriate weight gain; (3) monitor the devel-
opmental progress of the child and the changes in the family
dynamics that facilitate optimal weight gain and psychoso-

cial development; and (4) provide support to the family as
they seek to help the child.
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SLEEP DISORDERS

» Children younger than age 12 years:
- Difficulty initiating or maintaining sleep that is
viewed as a problem by the child or caregiver.
+ May be characterized by its severity, chronicity,
frequency, and associated impairment in daytime
function in the child or family.

+ May be due to a primary sleep disorder or occur in
association with other sleep, medical, or psychiatric
disorders.

» Adolescents—difficulty initiating or maintaining sleep,
or early morning awakening, or nonrestorative sleep,
or a combination of these problems.

Sleep is a complex physiologic process influenced by intrin-
sic biologic properties, temperament, cultural norms and
expectations, and environmental conditions. Between 20%
and 30% of children experience sleep disturbances at some
point in the first 4 years of life. The percentage decreases to
10-12% in school-aged children. Sleep disorders fall into
two categories. Dyssomnias refer to problems with initiating
and maintaining sleep or to excessive sleepiness. Parasom-
nias refer to abnormalities of arousal, partial arousal, and
transitions between stages of sleep.

Sleep is controlled by two different biologic clocks. The
first is a circadian rhythm—daily sleep-wake cycle. The sec-
ond is an ultradian rhythm that occurs several times per
night—the stages of sleep. Sleep stages cycle every 50-60
minutes in infants to every 90 minutes in adolescents. The
circadian clock is longer than 24 hours. Environmental cues
entrain the sleep-wake cycle into a 24-hour cycle. The cues
are light-dark, ambient temperature, core body temperature,
noise, social interaction, hunger, pain, and hormone pro-
duction. Without the ability to perceive these cues (ie,
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blindness or autism) a child might have difficulty entraining
a 24-hour sleep-wake cycle.

Two major sleep stages have been identified clinically
and with the use of polysomnography (electroencephalog-
raphy, electro-oculography, and electromyelography): rapid
eye movement (REM) and nonrapid eye movement
(NREM) sleep. In REM sleep, muscle tone is relaxed, the
sleeper may twitch and grimace, and the eyes move errati-
cally beneath closed lids. In adults and children, REM sleep
occurs throughout the night but is increased during the
latter half of the night. NREM sleep is divided into four
stages. In the process of falling asleep, the individual enters
stage 1, light sleep, characterized by reduced bodily move-
ments, slow eye rolling, and sometimes opening and closing
of the eyelids. Stage 2 sleep is characterized by slowing of eye
movements, slowing of respirations and heart rate, and
relaxation of the muscles but with repositioning of the body.
Most mature individuals spend about half of their sleep
time in this stage. Stages 3 and 4 (also called delta or slow-
wave sleep) are the deepest NREM sleep stages, during
which the body is relaxed, breathing is slow and shallow,
and the heart rate is slow. The deepest NREM sleep occurs
during the first 1-3 hours after going to sleep. Most para-
somnias occur early in the night during deep NREM sleep.
Dreams and nightmares that occur later in the night occur
during REM sleep.

Sleep is clearly a developmental phenomenon. Infants are
not born with a sleep-wake cycle. REM sleep is more com-
mon than NREM sleep in newborns and decreases by 3-6
months of age. Sleep spindles and vertex waves are usually
not seen until 9 weeks of age. By 3—6 months, stage 1 through
4 NREM sleep can be seen. By 6-12 months an infant’s
electroencephalogram (EEG) can be read using adult crite-
ria. Infants also do not make melatonin until 9—12 weeks of
age. Melatonin is a hormone that decreases core body tem-
perature, which appears to play a role in sleep onset and
sleep maintenance. This hormone is sensitive to light. It
crosses the placenta and is present in breast milk.

Like the sleep EEG, sleep patterns slowly mature through-
out infancy, childhood, and adolescence until they become
adultlike. Newborns sleep 16-20 hours per day in 2- to 5-
hour blocks. Over the first year of life the infant slowly
consolidates sleep at night into a 9- to 12-hour block and
naps gradually decrease to one per day by about 12 months.
Most children stop napping between 3 and 5 years of age.
School-aged children typically sleep 10-11 hours per night
without a nap. Adolescents need 9-9'/2 hours per night but
often only get 7-7'/4 hours per night. This is complicated by
an approximate 2-hour sleep phase delay in adolescence that
is due to physiologic changes in hormonal regulation of the
circadian system. Often adolescents are not tired until 2
hours after their typical bedtime but still must get up at the
same time in the morning. Some school districts have imple-
mented later start times for high-school students because of
this phenomenon.

1. Parasomnias

Parasomnias, consisting of arousal from deep NREM sleep, are
probably the most frightening for parents. They include night
terrors, sleeptalking, and sleepwalking (somnambulism).

A. Night Terrors and Sleepwalking

Night terrors commonly occur within 2 hours after falling
asleep, during the deepest stage of NREM sleep, and are
often associated with sleepwalking. They occur in about 3%
of children. During a night terror, the child may sit up in bed
screaming, thrashing about, and exhibiting rapid breathing,
tachycardia, and sweating. The child is often incoherent and
unresponsive to comforting. The episode may last up to half
an hour, after which the child goes back to sleep and has no
memory of the event the next day. The parents must be
reassured that the child is not in pain and that they should let
the episode run its course.

Management of night terrors is by reassurance of the
parents plus measures to avoid stress, irregular sleep sched-
ule, or sleep deprivation which prolongs deep sleep when
night terrors occur. Scheduled awakening (awakening the
child 30-45 minutes before the time the night terrors usually
occur) can be used in children with nightly or frequent night
terrors.

Sleepwalking also occurs during slow-wave sleep and is
common between 4 and 8 years of age. It is typically benign
except that injuries can occur while the child is walking
around. Steps should be taken to ensure that the environ-
ment is free of obstacles and that doors to the outside are
locked. Parents may also wish to put a bell on their child’s
door to alert them that the child is out of bed. As with night
terrors, steps should be taken to avoid stress and sleep
deprivation. Scheduled awakenings may also be used if the
child sleep walks frequently and at a predictable time.

B. Nightmares

Nightmares are frightening dreams that occur during REM
sleep, typically followed by awakening, which usually occurs in
the latter part of the night. The peak occurrence is between
ages 3 and 5 years, with an incidence between 25% and 50%.
A child who awakens during these episodes is usually alert. He
or she can often describe the frightening images, recall the
dream, and talk about it during the day. The child seeks and
will respond positively to parental reassurance. The child will
often have difficulty going back to sleep and will want to stay
with the parents. Nightmares are usually self-limited and need
little treatment. They can be associated with stress, trauma,
anxiety, sleep deprivation that can cause a rebound in REM
sleep, and medications that increase REM sleep.

2. Dyssomnias

The dyssomnias comprise problems with going to sleep and
maintaining sleep, and nighttime awakenings. Although
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parasomnias are frightening, dyssomnias are frustrating.
They can result in daytime fatigue for both the parents and
the child, parental discord about management, and family
disruption.

Several factors contribute to these disturbances. The
quantity and timing of feeds in the first years of life will
influence nighttime awakening. Most infants beyond age 6
months can go through the night without being fed. Thus,
under normal circumstances, night waking for feeds is prob-
ably a learned behavior and is a function of the child’s
arousal and the parents’ response to that arousal.

Bedtime habits can influence settling in for the night as
well as nighttime awakening. If the child learns that going to
sleep is associated with pleasant parental behavior such as
rocking, singing, reading, or nursing, going back to sleep
after nighttime arousal without these pleasant parental
attentions may be difficult. This is called a sleep onset
association disorder and usually is the reason for night
waking. Every time that the child gets to the light sleep
portion of the sleep-wake cycle he or she may wake up. This
is usually brief and not remembered the next morning, but
for the child who does not have strategies for getting to
sleep, getting back to sleep may require the same interven-
tions needed to get to sleep initially, such as rocking,
patting, and drinking or sucking. Most of these interven-
tions require a parent. Night waking occurs in 40-60% of
infants and young children. Parents need to set limits for the
child while acknowledging the child’s individual biologic
rhythms. They should resist the child’s attempts to put off
bedtime or to engage them during nighttime awakenings.
The goal is to establish clear bedtime rituals, to put the child
to bed while still awake, and to create a quiet, secure
bedtime environment.

The child’s temperament is another factor contributing
to sleep. It has been reported that children with low sensory
thresholds and less rhythmicity (regulatory disorder) are
more prone to night waking. Night waking often starts at
about 9 months as separation anxiety is beginning. Parents
should receive anticipatory guidance prior to that time so
that they know to reassure their child without making the
interaction prolonged or pleasurable.

Finally, psychosocial stressors and changes in routine can
play a role in night waking.

3. Sleep-Disordered Breathing

Sleep-disordered breathing or obstructive sleep apnea is
characterized by obstructed breathing during sleep accom-
panied by loud snoring, chest retractions, morning head-
aches and dry mouth, and daytime sleepiness. Obstructive
sleep apnea occurs in 1-3% of preschoolers. It has its highest
peak in childhood between the ages of 2 and 6 years, which
corresponds with the peak in adenotonsillar hypertrophy. It
has been associated with daytime behavioral disorders,
including attention-deficit/hyperactivity disorder. A thor-
ough physical examination is important to look for ade-

notonsillar hypertrophy, hypotonia, and facial anomalies
that may predispose the child to obstruction during sleep.
Lateral neck films may be helpful. The gold standard for
diagnosis is polysomnography. (See also Chapter 17.)

4. Restless Legs Syndrome &
Periodic Limb Movement Disorder

Restless legs syndrome and periodic limb movement disor-
der are common disorders in adults and frequently occur
together. The frequency of these disorders in children is
unknown. Restless legs syndrome is associated with an
uncomfortable sensation in the lower extremities that occurs
at night when trying to fall asleep, is relieved by movement,
and is sometimes described by children as “creepy-crawly”
or “itchy bones.” Periodic limb movement disorder is stereo-
typed, repetitive limb movements often associated with a
partial arousal or awakening. The etiology of these disorders
is unknown but there has been some association with iron
deficiency. A diagnosis of restless legs syndrome is generally
made by history and a diagnosis of periodic limb movement
disorder can be made with a sleep study.

A complete medical and psychosocial history should be
obtained and a physical examination performed. A detailed
sleep history and diary should be maintained to which both
parents contribute. Lateral neck films and polysomnography
may be indicated to complete the evaluation, especially if
sleep-disordered breathing is suspected. It is important to
consider disorders such as gastroesophageal reflux, which
may cause discomfort or pain when recumbent.

Management of Sleep Disorders

The key to treatment of children who have difficulty going to
sleep or who awaken during the night and disturb others is
to recognize that both the child and the parents play signifi-
cant roles in initiating and sustaining what may be an
undesirable behavior. Thus, it becomes important for the
physician and parents to understand normal sleep patterns,
the parents’ responses that inadvertently reinforce undesir-
able sleep behavior, and the child’s individual temperament
traits. It is also important to remember that individual
circadian rhythms do not change immediately; they require
consistency and regularity over a period of time before
change will occur. Keeping sleep logs or diaries and patience
are essential. There is currently little evidence base for
pharmacologic management of sleep disorders. It is impor-
tant to review adequate sleep hygiene and underlying causes
such as sleep-disordered breathing, acute or chronic pain,
allergies, and developmental or psychiatric disorders before
considering any type of pharmacologic management.

Chervin RD et al: Inattention, hyperactivity, and symptoms of
sleep-disordered breathing. Pediatrics 2002;109:449 [PMID:
11875140].
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ders. Child Adolesc Psychiatr Clin North Am 1996;5:569.



88 CHAPTER 2

France KG et al: Fact, act, and tact: A three-stage approach to
treating the sleep problems of infants and young children. Child
Adolesc Psychiatr Clin North Am 1996;5:581.

Grigg-Damberger M: Neurologic disorders masquerading as pedi-
atric sleep problems. Pediatr Clin North Am 2004;51:89 [ISBN:
15008584].

Mindel JA, Owens JA: A Clinical Guide to Pediatric Sleep: Diagnosis
and Management of Sleep Problems. Lippincott Williams &
Wilkins, 2003.

Owens JA et al: The use of pharmacotherapy in the treatment of
pediatric insomnia in primary care: Rational approaches. A
consensus meeting summary. J Clin Sleep Med 2005;1:49
[PMID: 17561616].

Rhode Island Hospital-sponsored site on sleep and sleep disorders
in children: http://www.kidzzzsleep.org

TEMPER TANTRUMS &
BREATH-HOLDING SPELLS

» Behavioral responses to stress, frustration, and loss of
control.

» Tantrum—child may throw him- or herself on the
ground, kick, scream, or strike out at others.

» Breath-holding spell—child engages in a prolonged
expiration that is reflexive and may become pale or
cyanotic.

» Rule out underlying organic disease in children with
breath-holding spells (eg, CNS abnormalities, Rett
syndrome, seizures).

1. Temper Tantrums

Temper tantrums are common between ages 12 months and
4 years, occurring about once a week in 50-80% of children
in this age group. The child may throw him- or herself down,
kick and scream, strike out at people or objects in the room,
and hold his or her breath. These behaviors may be consid-
ered normal as the young child seeks to achieve autonomy
and mastery over the environment. They are often a reflec-
tion of immaturity as the child strives to accomplish age-
appropriate developmental tasks and meets with difficulty
because of inadequate motor and language skills, impulsive-
ness, or parental restrictions. In the home, these behaviors
may be annoying. In public, they are embarrassing.

Some children tolerate frustration well, are able to
persevere at tasks, and cope easily with difficulties; others
have a much greater problem dealing with experiences
beyond their developmental level. Parents can minimize
tantrums by understanding the child’s temperament and
what he or she is trying to communicate. Parents must also
be committed to supporting the child’s drive to master his
or her feelings.

Management

Appropriate intervention can provide an opportunity for
enhancing the child’s growth. The tantrum is a loss of
control on the child’s part that may be a frightening event
and a blow to the child’s self-image. The parents and the
physician need to view these behaviors within the child’s
developmental context rather than from a negative, adver-
sarial, angry perspective.

Several suggestions can be offered to parents and physi-
cians to help manage tantrums:

1. Minimize the need to say “no” by “child-proofing” the
environment so that fewer restrictions need to be
enforced.

2. Use distraction when frustration increases; direct the
child to other, less frustrating activities; and reward the
positive response.

3. Present options within the child’s capabilities so that he
or she can achieve mastery and autonomy.

4. Fight only those battles that need to be won, and avoid
those that arouse unnecessary conflict.

5. Do not abandon the preschool child when a tantrum
occurs. Stay nearby during the episode without intrud-
ing. A small child may need to be restrained. An older
child can be asked to go to his or her room. Threats serve
no purpose and should not be used.

6. Do not use negative terms when the tantrum is occur-
ring. Instead, point out that the child is out of control
and give praise when he or she regains control.

7. Never let a child hurt him- or herself or others.

8. Do not “hold a grudge” after the tantrum is over, but do
not grant the child’s demands that led to the tantrum.

9. Seek to maintain an environment that provides positive
reinforcement for desired behavior. Do not overreact to
undesired behavior, but set reasonable limits and pro-
vide responsible direction for the child.

10. Approximately 5-20% of young children have severe
temper tantrums that are frequent and disruptive. Such
tantrums may result from a disturbance in the parent-
child interaction, poor parenting skills, lack of limit-
setting, and permissiveness. They may be part of a larger
behavioral or developmental disorder or may emerge
under adverse socioeconomic conditions, in circum-
stances of maternal depression and family dysfunction, or
when the child is in poor health. Referral to a psychologist
or psychiatrist is appropriate while the pediatrician con-
tinues to support and work with the family.

2. Breath-Holding Spells

Whereas temper tantrums can be frustrating to parents,
breath-holding spells can be terrifying. The name for this
behavior may be a misnomer in that it connotes prolonged
inspiration. In fact, breath-holding occurs during expiration
and is reflexive—not volitional—in nature. It is a paroxys-
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mal event occurring in 0.1-5% of healthy children from age
6 months to 6 years. The spells usually start during the first
year of life, often in response to anger or a mild injury. The
child is provoked or surprised, starts to cry—briefly or for a
considerable time—and then falls silent in the expiratory
phase of respiration. This is followed by a color change.
Spells have been described as either pallid (acyanotic) or
cyanotic, with the latter usually associated with anger and the
former with an injury such as a fall. The spell may resolve
spontaneously, or the child may lose consciousness. In severe
cases, the child may become limp and progress to opisthoto-
nos, body jerks, and urinary incontinence. Only rarely does
a spell proceed to asystole or a seizure.

Management

For the child with frequent spells, underlying disorders such
as seizures, orthostatic hypotension, obstructive sleep apnea,
abnormalities of the CNS, tumors, familial dysautonomia,
and Rett syndrome need to be considered. An association
exists among breath-holding spells, pica, and iron-deficiency
anemia. These conditions can be ruled out on the basis of the
history, physical examination, and laboratory studies. Once
it has been determined that the child is healthy, the focus of
treatment is behavioral. Parents should be taught to handle
the spells in a matter-of-fact manner and monitor the child
for any untoward events. The reality is that parents cannot
completely protect the child from upsetting and frustrating
experiences and probably should not try to do so. Just as in
temper tantrums, parents need to help the child control his
or her responses to frustration. Parents need to be careful not
to be too permissive and submit to the child’s every whim for
fear the child might have a spell.

If loss of consciousness occurs, the child should be placed
on his or her side to protect against head injury and aspira-
tion. Maintaining a patent oral airway is essential, but
cardiopulmonary resuscitation should be avoided. There are
no prophylactic medications. Atropine, 0.01 mg/kg given
subcutaneously, has been used with some benefit in spells
accompanied by bradycardia or asystole.

Breningstall GN: Breath holding spells. Pediatr Neurol 1996;14:91
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Needleman R et al: Psychosocial correlates of severe temper
tantrums. ] Dev Behav Pediatr 1991;12:77.

Needleman R et al: Temper tantrums: When to worry. Contemp
Pediatr 1989;6:12.

WELL CHILD SURVEILLANCE & SCREENING

The American Academy of Pediatrics (AAP) recently pub-
lished guidelines for surveillance and screening at well child
visits. Surveillance is a procedure for recognizing children at

risk for a developmental disorder and involves asking parents
if they have concerns about their child’s development. The
PEDS (Pediatric Evaluation of Developmental Status) can be
used for this purpose. Screening involves use of a standard-
ized tool to clarify identified risk. An evaluation would be
done by a specialist and would involve a more definitive
evaluation of a child’s development.

Surveillance should occur at all well child visits. Screen-
ing of development should occur at 9, 18, and 30 months.
Because a 30-month visit is not part of the standard well
child visit schedule and may not be reimbursed, screening
may occur at 24 months instead. It is also recommended that
autism-specific screening should occur at the 18-month visit.
Clinicians should keep in mind that if they are administering
a screen because they are concerned and the child passes the
screen, they should still schedule an early follow-up visit to
ensure that appropriate progress has been made and that
there are no further concerns.

Although an autism-specific screen was only recom-
mended at the 18-month visit in the AAP guidelines, the
Autism Workgroup of the AAP has recommended a second
autism-specific screen at 24-30 months in order to pick up
children missed at the 18-month screen. Because the average
age of regression is 20 months, some children may be missed
by a single screen at 18 months. Screening for autism earlier
than 14 months, with the tools that are currently available,
yields too many false-positive results. Development of screen-
ing tools for children younger than 18 months are ongoing.

Implementation of screening requires planning for timing
of screening administration during office visits, defining the
process for referral, and designing handouts prior to begin-
ning screening. Aside from the important process of seeking to
optimize the child’s development with the use of these screen-
ings they also demonstrate to the parent the interest their
caretaker has not only for the child’s physical wellbeing but
also for the child’s developmental and psychosocial wellbeing.
Parents of children who received a developmental assessment
expressed greater satisfaction with their care provider.

American Academy of Pediatrics: Identifying infants and young
children with developmental disorders in the medical home: An
algorithm for developmental surveillance and screening. Pedi-
atrics 2006;118:405 [PMID: 1681859].
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Screening of Autism Traits Questionnaire (ESAT). Design and
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Halfon N et al: Satisfaction with health care for young children.
Pediatrics 2004;113:1926 [PMID: 15173468].
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DEVELOPMENTAL DISORDERS

Developmental disorders include abnormalities in one or more
aspects of development, such as verbal, motor, visual-spatial,
attentional, and social abilities. These problems are diagnosed
by comparing the child’s performance level with norms accu-
mulated from observation and testing of children of the same
age. Problems with development are often noted by parents
when a child does not meet typical motor and language
milestones. Developmental disorders may also include difficul-
ties with behavior or attention. Attention-deficit/hyperactivity
disorder (ADHD) is the most common neurodevelopmental
disorder. ADHD occurs in 2-10% of school-aged children and
may occur in combination with a variety of other learning or
developmental issues. Mild developmental disorders are often
not noted until the child is of school age.

Many biologic and psychosocial factors may influence a
child’s performance on developmental tests. In the assess-
ment of the child, it is important to document adverse
psychosocial factors, such as neglect or poverty, which can
negatively influence developmental progress. Many of the
biologic factors that influence development are genetic and
are discussed throughout this section.

Evaluation

The neurodevelopmental evaluation must focus on (1) defin-
ing the child’s level of developmental abilities in a variety of
domains, including language, motor, visual-spatial, atten-
tional, and social abilities; (2) attempting to determine the
etiology for the child’s developmental delays; and (3) planning
a treatment program. These objectives are best achieved by a
multidisciplinary team that includes the physician, a psychol-
ogist, a speech or language therapist, an occupational thera-
pist, and an educational specialist. The psychologist will usu-
ally carry out standardized testing of intellectual ability
appropriate to the child’s age. The motor and language spe-
cialists will also carry out clinical testing to document the
deficits in their areas and to organize a treatment program.
The educational specialist will usually carry out academic
testing for the school-aged child and plan a course of special
education support through the school. The physician is usu-
ally the integrator of the information from the team and must
also obtain a detailed medical and developmental history and
conduct the physical and neurologic examinations.

Medical & L
Neurodevelopmental Examination

The medical history should begin with pregnancy, labor, and
delivery to identify conditions that might compromise the

child’s CNS function. The physician must ask the child’s
parents about prenatal exposures to toxins, medications,
alcohol, drugs, smoking, and infections; maternal chronic
illness; complications of pregnancy or delivery and neonatal
course. Problems such as failure to thrive, chronic illnesses,
hospitalizations, and abuse can interfere significantly with
normal development. Major illnesses or hospitalizations
should be discussed. Any CNS problems, such as trauma,
infection, or encephalitis should be documented. The pres-
ence of metabolic diseases, such as diabetes or phenylketo-
nuria, and exposure to environmental toxins such as lead
should be determined. Chronic diseases such as chronic
otitis media, hyper- or hypothyroidism, and chronic renal
failure can interfere with normal development. The presence
of motor or vocal tics, seizures, or sleep disturbances should
be documented. In addition, parents should be questioned
about any motor, cognitive, or behavioral regression.

The physician should review and document the child’s
temperament, difficulties with feeding, and subsequent
developmental milestones. The child’s difficulties with tan-
trums, poor attention, impulsivity, hyperactivity, or aggres-
sion should be documented.

A detailed history of school-related events should be
recorded, including previous special education support,
evaluations through the school, history of repeating grades,
difficulties with specific academic areas, problems with
peers, and the teacher’s impressions of the child’s difficulties,
particularly related to attentional problems, impulsivity, or
hyperactivity. Input from teachers can be invaluable and
should be sought prior to the evaluation.

Perhaps the most important aspect of the medical history
is a detailed family history of learning strengths and weak-
nesses, emotional or behavioral problems, learning disabili-
ties, mental retardation, or psychiatric disorders. Parental
learning strengths and weaknesses, temperament difficulties,
or attentional problems may be passed on to the child. For
instance, dyslexia (deficits in decoding skills that result in
reading difficulties) is often inherited.

The neurodevelopmental examination should include a
careful assessment of dysmorphic features such as epicanthal
folds, palpebral fissure size, shape of the philtrum, low-set or
posteriorly rotated ears, prominent ear pinnae, unusual der-
matoglyphics (eg, a single palmar crease), hyperextensibility of
the joints, syndactyly, clinodactyly, or other unusual features.
A detailed physical and neurologic examination needs to be
carried out with an emphasis on both soft and hard neurologic
findings. Soft signs can include motor incoordination, which
can relate to handwriting problems and academic delays in
written language or drawing. Visual motor coordination abil-
ities can be assessed by having the child write, copy designs, or
draw a person.

The child’s growth parameters, including height, weight,
and head circumference, need to be assessed, along with
hearing and visual acuity. Cranial nerve abnormalities and
oral-motor coordination problems need to be noted. The
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examiner should watch closely for motor or vocal tics. Both
fine and gross motor abilities should be assessed. Dyspraxia
(motor planning difficulties or imitating complex motor
movements) and disorders of fine motor coordination are
fairly common. Tandem walking, one-foot balancing, and
coordinating a skip may often show surprising abnormali-
ties. Tremors can be noted when watching a child stack
blocks or draw.

The developmental aspects of the examination can
include an assessment of auditory processing and perceptual
ability with simple tasks, such as twofold to fivefold direc-
tions, assessing right and left directionality, memory for a
series of spoken words or digit span, and comprehension of
a graded paragraph. In assessing expressive language abili-
ties, the examiner should look for difficulties with word
retrieval, formulation, and articulation, and adequacy of
vocabulary. Visual-perceptual abilities can be assessed by
simple visual memory tasks, puzzles, or object assembly, and
evaluating the child’s ability to decode words or organize
math problems. Visual-motor integration and coordination
can be assessed again with handwriting, design copying, and
drawing a person. Throughout the assessment the clinician
should pay special attention to the child’s ability to focus
attention and concentrate, and to other aspects of behavior
such as evidence of depression or anxiety.

Additional questionnaires and checklists—such as the
Child Behavior Checklist by Achenbach; ADHD scales such
as the Conners’ Parent/Teacher Rating Scale; and the Swan-
son, Nolan and Pelham Questionnaire-IV, which includes
the Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition, Text Revision (DSM-IV-TR) criteria for
ADHD-——can be used to help with this assessment.

Referral of family to community resources is critical, as is
a medical home (described earlier in the chapter).

American Academy of Pediatrics Council on Children with Dis-
abilities: Care coordination in the medical home: Integrating
health and related systems of care for children with special
health care needs. Pediatrics 2005;116:1238 [PMID: 16264016].

Medical Home Initiatives for Children with Special Needs Project
Advisory Committee, American Academy of Pediatrics: The
medical home. Pediatrics 2002;110:184 [PMID: 12093969].

Reynolds CR, Mayfield JW: Neuropsychological assessment in
genetically linked neurodevelopmental disorders. In Goldstein
S, Reynolds CR (editors): Handbook of Developmental and
Genetic Disorders in Children. Guilford, 1999.

ATTENTION-DEFICIT/
HYPERACTIVITY DISORDER

Attention-deficit/hyperactivity disorder (ADHD) is a com-
mon neurodevelopmental disorder that may affect 2-10% of
school-aged children and may persist into adolescence and
adulthood. It is associated with a triad of symptoms: impul-
sivity, inattention, and hyperactivity. DSM-IV-TR has
described three ADHD subtypes: hyperactive-impulsive,
inattentive, and combined. To be classified according to

Table 2-5. Attention-deficit/hyperactivity
disorder subtypes.

Subtype Symptoms®

Fidgetiness

Difficulty remaining seated in the class
Excessive running or climbing

Difficulty in engaging in quiet activities
Excessive talking and blurting out answers
before questions have been completed
Difficulty awaiting turns

Interrupting and intruding on others

Failure to give close attention to detail
Difficulty sustaining intention in task
Failure to listen when spoken to directly
Failure to follow instructions

Difficulty organizing tasks and activities
Reluctance to engage in tasks

Losing utensils necessary for tasks or
activities

Easy distractibility

Forgetfulness in daily activities

Hyperactive-impulsive

Inattentive

*The child must exhibit six or more of these symptoms.

Adapted, with permission, from American Psychiatric Association: Diagnostic
and Statistical Manual of Mental Disorders, 4th ed. American Psychiatric
Association, 1994.

either subtype, the child must exhibit six or more of the
symptoms listed in Table 2-5.

The majority of children with ADHD have a combined
type with symptoms of inattention as well as hyperactivity
and impulsivity. Although symptoms begin in early child-
hood, they can diminish between ages 10 and 25 years.
Hyperactivity declines more quickly, and impulsivity and
inattentiveness often persist into adolescence and adulthood.
ADHD may be combined with other psychiatric conditions,
such as mood disorder in approximately 20% of patients,
conduct disorders in 20%, and oppositional defiant disorder
in up to 40%. Up to 25% of children with ADHD seen in a
referral clinic have tics or Tourette syndrome. Conversely,
well over 50% of individuals with Tourette syndrome also
have ADHD.

ADHD has a substantial genetic component. Several can-
didate genes have been identified, although there is strong
evidence that ADHD is a disorder involving multiple genes.
ADHD is also associated with a variety of genetic disorders
related to developmental disorders, including fragile X syn-
drome, Williams syndrome, Angelman syndrome, XXY syn-
drome (Klinefelter syndrome), and Turner syndrome. Fetal
alcohol syndrome (FAS) is also strongly associated with
ADHD. CNS trauma, CNS infections, prematurity, and a
difficult neonatal course with brain injury can also be associ-
ated with later ADHD. Metabolic problems such as hyperthy-
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roidism can sometimes cause ADHD. These organic causes of
ADHD should be considered in the evaluation of any child
presenting with attentional problems, hyperactivity, or impul-
sivity. However, in the majority of children who have ADHD
the cause remains unknown.

Management

The treatment of ADHD varies depending on the complexity
of the individual case, including comorbid disorders such as
anxiety and learning disabilities. It is important to educate the
family regarding the symptoms of ADHD and to clarify that it
is a neurologic disorder that at times is difficult for the child to
control. Behavior modification techniques usually help these
children and should include structure with consistency in
daily routine, positive reinforcement whenever possible, and
time out for negative behaviors. It is important to try to boost
the child’s self-esteem because psychological complications
are common in ADHD. A variety of educational interventions
can be helpful, including preferential seating in the classroom,
a system of consistent positive behavior reinforcement, consis-
tent structure, the repetition of information when needed, and
the use of instruction that incorporates both visual and audi-
tory modalities. Many children with ADHD have significant
social difficulties, and social skills training can be helpful.
Individual counseling is beneficial in alleviating poor self-
esteem, oppositional behavior, and conduct problems.

The National Institute of Mental Health Collaborative
Multisite Multimodal Treatment Study of Children With
Attention-Deficit/Hyperactivity Disorder (MTA) evaluated
579 children with ADHD who were randomly assigned to four
treatment groups: state-of-the-art medication management,
intensive behavioral intervention, a combination of medica-
tion and behavior management, and a community treatment
control group. This study found that children treated with
state-of-the art medication management, which included
blinded placebo-controlled dosage adjustment, monthly visits,
and parent and teacher questionnaires, had better outcomes
than children in the other groups. All groups improved over
the course of the study, with those receiving intensive medica-
tion management and combined therapy doing better than
children receiving behavioral intervention alone and commu-
nity management. Combined therapy was not significantly
better than intensive medication management alone for core
ADHD symptoms. However, only the combined group
showed significant improvement over the controls in other
symptoms such as parent-child interaction, aggression, and
social skills.

Stimulant medications (methylphenidate and dextroam-
phetamine) are available in short- and long-acting prepara-
tions. A newer medication, atomoxetine, has been found to
be effective in some children with ADHD as a second-line
drug. Alternative medications for the treatment of ADHD
include clonidine or guanfacine, which are o,-adrenergic
presynaptic agonists that decrease norepinephrine levels.

They are particularly helpful for individuals who are hyper-
reactive to stimuli and may decrease motor tics in patients
who have Tourette syndrome.

It is most important that, no matter what medication is
used, the diagnosis is correct and the correct dosage is
prescribed. A recent study has demonstrated that one of the
major factors contributing to treatment failure is inadequate
dosing or the failure to recognize the presence of comorbid
conditions such as learning disability, anxiety disorders, and
depression.

Seventy to 90% of children with normal intellectual
abilities respond well to stimulant medications. Stimulants
enhance both dopamine and norepinephrine neurotrans-
mission, which seems to improve impulse control, atten-
tion, and hyperactivity. The main side effects of methyl-
phenidate and dextroamphetamine include appetite
suppression and resulting weight loss, as well as sleep
disturbances. Atomoxetine is a selective inhibitor of the
presynaptic norepinephrine transporter, which increases
norepinephrine and dopamine, and has a similar side-effect
profile to the stimulants. Cardiovascular effects of stimu-
lant medications have undergone significant scrutiny over
the past 2 years. It is unclear whether stimulants increase
the risk of sudden death over the risk in the general
population, especially in children without any underlying
risk. Prior to beginning a stimulant medication, it is recom-
mended that clinicians obtain any history of syncope,
palpitations, chest pain, and family history of sudden death
prior to age 30 that may predispose a child to sudden death.
Some individuals experience increased anxiety, particularly
with higher doses of stimulant medications. Stimulants
may exacerbate psychotic symptoms. They may also exac-
erbate motor tics in 30% of patients, but in 10% motor tics
may be improved.

Long-acting and short-acting forms of stimulant medica-
tions are available. The initial dose of methylphenidate can
be 5, 10, 15, or 20 mg daily divided two or three times a day.
Adderall, a stimulant that combines four dextro- and levo-
amphetamine salts, is a more long-acting medication, and
often a single morning dose suffices for the day. Starting
doses can be 5, 7.5, 10, 12.5, or 15 mg, although higher doses
may also be used.

Alternative medications for the treatment of ADHD
include clonidine or guanfacine, which are o,-adrenergic
presynaptic agonists that decrease norepinephrine levels.
They are particularly helpful for individuals who are hyper-
reactive to stimuli and may be helpful in decreasing motor
tics in patients who have Tourette syndrome. Tricyclic
antidepressant medications such as imipramine may also
be effective treatment for ADHD, but the cardiovascular
side effects at high dosages can include severe arrhythmias.
Bupropion is an antidepressant medication that can also be
effective for treatment of ADHD symptoms. Its use is
contraindicated in patients with a history of seizures,
because it will lower the seizure threshold. It has also been
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known to cause seizures in individuals who have anorexia
or bulimia. It is used more commonly in adolescents and
adults with ADHD than in children with the disorder.
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AUTISM SPECTRUM DISORDERS

» Three core deficits:
- Qualitative impairments in communication
- Qualitative impairments in reciprocal social interaction

- Presence of stereotypic, restrictive, and repetitive
patterns of behavior, interests, and activities.

Autism is a neurologic disorder characterized by (1) qualitative
impairments in social interaction; (2) qualitative impair-
ments in communication; and (3) restricted repetitive and
stereotyped patterns of behavior, interests, and activities.
Autism is currently grouped under the Pervasive Develop-
mental Disorders in the DSM-IV with Asperger Disorder,
Pervasive Developmental Disorder Not Otherwise Specified,
Childhood Disintegrative Disorder, and Rett Syndrome.
Asperger disorder is characterized by impairment in social
interaction and restricted interest/repetitive behaviors. Indi-
viduals with Asperger disorder should not have significant
delays in cognitive, language, or self-help skills. Pervasive

developmental disorder not otherwise specified is character-
ized by impairment in reciprocal social interaction along
with impairment in communication skills, or restricted
interest or repetitive behaviors. Children with pervasive
developmental disorder not otherwise specified do not meet
full criteria for autism due to mild or atypical symptoms.
Childhood disintegrative disorder is characterized by typical
development for at least 2 years followed by a regression in
at least two of the following three areas: social interaction,
communication, and behavior (characterized by restricted
interests or repetitive behaviors.) Rett syndrome is a genetic
syndrome caused by a mutation on the X chromosome that
is characterized by regression in skills in the first year of life.
Table 2-6 lists the DSM-IV-TR criteria for diagnosis of an
autism spectrum disorder.

Autism spectrum disorders are relatively common, occur-
ring in approximately 1 in 150 children. Males are overrepre-
sented 3—4:1, with reports as high as 9.5:1 (especially when
higher functioning individuals are included). No known
etiology can be found in 80-90% of cases. A genetic syn-
drome such as fragile X syndrome or chromosome 15q
duplication is found in 10-20% of cases. There is a strong
familial component. Parents of one child with autism of
unknown etiology have a 2-9% chance of having a second
child with autism. The concordance rate among monozygotic
twins is high, and there is an increased incidence of speech,
language, reading, attention, and affective disorders in family
members of children with autism.

Evaluation & Management

Children with autism are often not diagnosed until age 3—4
years, when their disturbances in reciprocal social interaction

Table 2-6. Criteria for diagnosis of
an autism spectrum disorder.

Qualitative impairment in social interaction (at least 2)
Impairment in nonverbal behaviors such as eye contact
Failure to develop peer relationships
Lack of seeking to share enjoyment or interests
Lack of social or emotional reciprocity

Qualitative impairment in communication (at least 1)
Delay in or lack of spoken language
If speech is present, lack of ability to initiate or sustain

conversation
Stereotyped and repetitive/idiosyncratic language
Lack of pretend/social imitative play

Restricted interests/repetitive behavior (at least 1)
Preoccupation with restricted interest
Inflexible adherence to nonfunctional routines or rituals
Stereotyped and repetitive motor mannerisms (hand flapping)
Persistent preoccupation with parts of objects

Reprinted, with permission, from American Psychiatric Association: Diagnos-
tic and Statistical Manual of Mental Disorders, 4th ed, text revision.
American Psychiatric Association, 2000.
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and communication become more apparent. However,
impairments in communication and behavior can often be
recognized in the first 12-18 months of life. The most com-
mon characteristics during the first year are a consistent failure
to orient to one’s name, regard people directly, use gestures,
and to develop speech. Even if one of these skills is present, it
is often diminished in frequency, inconsistent, or fleeting. On
the contrary, for all children every interaction should be an
opportunity to engage. Sharing affect or enjoyment is an
important precursor to social interaction. By 18 months a
child should have “joint attention,” which occurs when two
people attend to the same thing at the same time. This is
usually accomplished by shifting eye gaze, pointing, or saying
“look.” Toddlers should point to get needs met (“I want that”)
and to show (“look at that”) by 1 year of age and they should
do it regularly. By 18 months a toddler should be able to
follow a point, imitate others, and engage in functional play
(using toys in the way that they are intended to be used, such
as rolling a car, throwing a ball, or holding a baby doll).
Restricted interests and repetitive behaviors sometimes do not
emerge until after age 2, but usually are present before age 2.

There is mounting evidence that a diagnosis of autism
spectrum disorder can be made reliably by age 2 years and is
stable over time. Because there is evidence that early interven-
tion is particularly important for children with autism, great
interest has arisen in developing a screening instrument that
can be used in very young children. The Modified Checklist
for Autism in Toddlers (M-CHAT) is designed for children
16-30 months of age. It is a parent report measure with 23 yes/
no questions. This test is still undergoing study to determine
sensitivity and specificity but preliminary outcomes show
good sensitivity and specificity. Specificity is greater if parents
of children who screen positive on the M-CHAT receive a
follow-up phone call asking for specific examples of failed
items to confirm accuracy. The M-CHAT has also been
evaluated in both low-risk and high-risk groups.

An autism-specific screen is recommended at 18 months.
A second autism-specific screen has been recommended at
24-30 months. The second screen was recommended
because some of the symptoms may be more obvious in an
older child, and because about 30% of children with autism
spectrum disorders experience a regression in skills, on
average at 20 months. Screening at 18 months would miss
many of these children.

When behaviors raising concern for autism are noted, the
child should be referred to a team of specialists experienced
in the assessment of autism spectrum disorders. The child
should also be referred to a local early intervention program
and to a speech and language pathologist to begin therapy as
soon as possible. All children with autism should have a
formal audiology evaluation. Laboratory tests such as high-
resolution chromosome analysis, DNA for fragile X syn-
drome, and fluorescence in situ hybridization (FISH) for 15q
duplication should be considered. Metabolic screening, lead
level, thyroid studies, and a Wood lamp test for tuberous

sclerosis may also be done if indicated by findings in the
history and physical examination. Neuroimaging is not rou-
tinely indicated even in the presence of macrocephaly
because children with autism often have relatively large
heads. Neuroimaging should be done if microcephaly or
focal neurologic signs are noted.

Approximately 15-30% of children with autism demon-
strate plateauing or loss of skills (usually language and social
skills only) between 12 and 24 months of age. The loss is
usually gradual. It can co-occur with atypical development
and can be fluctuating. It usually occurs before the child
attains a vocabulary of 10 words. If a child presents with
regression, he or she should be referred to a child neurologist.
A sleep-deprived EEG or an overnight EEG should be consid-
ered when there is a history of regression. The EEG must have
adequate sampling of slow-wave sleep to rule out epilepti-
form discharges during slow-wave sleep. It should be noted
that the recommendations for treatment of that type of EEG
abnormality are still being debated.

According to the National Research Council, “A substan-
tial subset of children with autistic spectrum disorders are
able to make marked progress during the period that they
receive intensive early intervention, and nearly all children
with autistic spectrum disorders appear to show some bene-
fit. Children with ASD who begin treatment before age 3 to
3'/2 years make the greatest gains with intervention.” As with
any child, treatment should be based on the individual needs
of the child. It is clear, however, that intervention must begin
early and must be comprehensive and intensive. Many spe-
cialists advocate 20-25 hours or more per week of structured
behavioral treatments such as applied behavioral analysis,
that target development of social attention, peer interactions,
functional language, and appropriate play. There are many
models for this type of intervention and much variability in
what is available in different areas of the country. Families
should be encouraged to find a model that best suits the
needs of the child and the family.

Many complementary and alternative treatments for
autism have been proposed. Research is currently underway
to evaluate some of these treatments.
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INTELLECTUAL DISABILITY/
MENTAL RETARDATION

The field of developmental disabilities has been evolving
and redefining the constructs of disability and intellectual
disability and thereby using new terms to reflect that
evolution. The term retardation was first used in an
educational context to describe educationally compro-
mised students. Indeed, during the early 20th century,
educators and psychologists struggled to identify the
causes of the problems these students encountered. Inter-
estingly, their “differential diagnoses” included biologic,
environmental, and emotional etiologies, not dissimilar to
those we deal with in the 21st century. In addition, it
was—and continues to be—acknowledged that the term
mental retardation and earlier terms such as idiocy, feeble-
mindedness, and mental deficiency are pejorative, demean-
ing, and dehumanizing.

Recently, a rethinking of the construct of disability has
emerged that shifts the focus from limitations in intellectual

functioning and adaptive capability (a person-centered trait)
to a human phenomenon with its source in biologic or social
factors and contexts. The current view is a social-ecological
conception of disability that articulates the role of disease or
disorder leading to impairments in structure and function,
limitations in activities, and restriction in participation in
personal and environmental interactions. The term intellec-
tual disability, which is consistent with this broader view, is
increasingly being used and reflects an appreciation of the
humanness and potential of the individual. The diagnostic
criteria currently remain the same; however, the construct
and context has changed.

Having noted this, it is important to acknowledge that
significant delays in the development of language, motor
skills, attention, abstract reasoning, visual-spatial skills, and
academic or vocational achievements are associated with
intellectual disability/mental retardation (ID/MR). Deficits
on standardized testing in cognitive and adaptive functioning
greater than two standard deviations below the mean for the
population are considered to fall in the range of ID/MR
(Table 2-7). The most common way of reporting the results
of these tests is by using an intelligence quotient. The intelli-
gence quotient is a statistically derived number reflecting the
ratio of age-appropriate cognitive function and the child’s
actual level of cognitive function. A number of accepted
standardized measurement tools, such as the Wechsler Intel-
ligence Scale for Children, third edition, can be used to assess
these capacities. To receive a diagnosis of ID/MR a child must
not only have an intelligence quotient of less than 70, but also
must demonstrate adaptive skills more than two standard
deviations below the mean. Adaptive function refers to the
child’s ability to function in his or her environment and can
be measured by a parent or teacher interview recorded using
an instrument such as the Vineland Adaptive Behavior Scales.

The prevalence of ID/MR is approximately 3% in the
general population, although some states have reported a
prevalence of less than 2%. Mild levels of ID/MR are more
common and more likely to have a sociocultural cause than
are more severe levels. Poverty, deprivation, or a lack of
exposure to a stimulating environment can contribute to
developmental delays and poor performance on standardized
tests. In addition, physical problems such as hearing loss,
blindness, and brain trauma can lead to developmental delays

Table 2-7. Categories of intellectual
disability/mental retardation (ID/MR).

Mental ID/MR Range Intelligence Quotient (1Q)

Mild 1D/MR 50-69
Moderate ID/MR 35-49
Severe ID/MR 20-34
Profound ID/MR <20
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Table 2-8. Causes of intellectual
disability/mental retardation (ID/MR).

Cause Percentage of Cases

Chromosomal abnormalities 4-28
Fragile X syndrome 2-5

Monogenetic conditions 4-14
Structural CNS abnormalities 7-17
Complications of prematurity 2-10
Environmental or teratogenic causes 5-13
“Cultural-familial” 1D/MR 3-12
Metabolic or endocrine causes 1-5

Unknown 30-50

Adapted from Curry () et al: Evaluation of mental retardation: Recommen-
dations of a consensus conference. Am | Med Genet 1997;72:468.

and low intelligence quotient test scores. Great strides in our
identification of genetic causes of ID/MR have been made
since the 1990s because of the Human Genome Project. More
than 750 genetic disorders have been associated with ID/MR,
and over 200 of those disorders are carried on the X chromo-
some alone. In approximately 60% of cases, the cause of the
mental retardation can be identified. Table 2—8 summarizes
the findings of several studies examining the causes of mental
retardation.

Evaluation

Children who present with developmental delays should be
evaluated by a team of professionals as described at the
beginning of this section. For children 0-3'/2 years of age, the
Bayley Scales of Infant Development, second edition, is a well-
standardized developmental test. For children older than 3
years of age standardized cognitive testing, such as the Wech-
sler Preschool and Primary Scale of Intelligence-Revised; the
Wechsler Intelligence Scale for Children, third edition; the
Stanford-Binet IV; or the Kaufman Assessment Battery for
Children should be administered to assess cognitive function
over a broad range of abilities, including verbal and nonverbal
scales. For the nonverbal patient, a scale such as the Leiter-R
will assess skills that do not involve language.

A full psychological evaluation in school-aged children
should include an emotional assessment if psychiatric or
emotional problems are suspected. Such problems are com-
mon in children with developmental delays or ID/MR. A
hearing test and a vision screening or ophthalmologic evalu-
ation are important to determine whether hearing and vision
are normal.

Diagnostic testing should be carried out in an effort to
find the cause of ID/MR. Because chromosomal abnormal-
ities occur in 4-28% of patients with ID/MR, cytogenetic

testing is important in cases without a known cause. A
consensus panel has recommended a high-resolution karyo-
type so that small deletions or duplications can be visual-
ized. In addition, FISH studies are available. These studies
use a fluorescent DNA probe that hybridizes to a region of
DNA where a deletion or duplication is suspected. Microde-
letion syndromes—such as Prader-Willi syndrome or
Angelman syndrome, caused by a deletion at 15q; velocar-
diofacial syndrome, caused by a deletion at 22q; Smith-
Magenis syndrome, caused by a deletion at 17p; and Will-
iams syndrome, caused by a 7p deletion—can be assessed
with FISH studies. Sometimes the deletion is so small that it
may not be visualized through the microscope even with
high-resolution cytogenetic studies. If clinical features con-
sistent with any of the microdeletion syndromes are present,
then FISH studies should be ordered to look for a small
deletion in a specific region. In addition, duplications may
be present. For example, duplication at 15q has been associ-
ated with pervasive developmental disorder or autistic spec-
trum disorders and with ID/MR. This duplication can be
identified by FISH testing.

Structural abnormalities of the brain can occur in many
individuals with ID/MR. Magnetic resonance imaging is supe-
rior to computed tomography in identifying structural and
myelination abnormalities. Computed tomography is the
study of choice in evaluation of intracranial calcifications,
such as those seen in congenital infections or tuberous sclero-
sis. The value of computed tomography and magnetic reso-
nance imaging studies in a child with a normal-sized head and
no focal neurologic signs is unclear, and they are not routinely
carried out. Neuroimaging is important in patients with
microcephaly, macrocephaly, seizures, loss of psychomotor
skills, or specific neurologic signs such as spasticity, dystonia,
ataxia, or abnormal reflexes. Neuroimaging is not routinely
carried out in children with known genetic disorders such as
Down syndrome, fragile X syndrome, or microdeletion syn-
dromes because the CNS abnormalities have been well
described and documentation of the abnormalities usually
does not affect management.

Metabolic screening has a relatively low yield (0-5%) in
children who present with developmental delay or ID/MR.
Many patients with metabolic disorders such as hypothy-
roidism, phenylketonuria, and galactosemia are identified
through newborn screening. Most patients with metabolic
problems will present with specific indications for more
focused testing, such as failure to thrive, recurrent unex-
plained illnesses, plateauing or loss of developmental skills,
coarse facial features, cataracts, recurrent coma, abnormal
sexual differentiation, arachnodactyly, hepatosplenomegaly,
deafness, structural hair abnormalities, muscle tone changes,
and skin abnormalities. Thyroid function studies should be
carried out in any patient who has a palpably abnormal
thyroid or exhibits clinical features associated with hypothy-
roidism. Serum amino acids, urine organic acid, and muco-
polysaccharide screens should be considered in children with
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developmental delays and a suggestive history. Preliminary
laboratory findings such as lactic acidosis, hyperuricemia,
hyperammonemia, or a low or high cholesterol level require
additional metabolic workup.

Serial follow-up of patients is important as the physical
and behavioral phenotype changes over time and diagnostic
testing improves with time. Although cytogenetic testing
may have been negative 10 years earlier, advances in high-
resolution techniques, FISH testing, and fragile X DNA
testing may now reveal an abnormality that was not identi-
fied previously. A stepwise approach to diagnostic testing
may also be more cost-effective, so that the test most likely to
be positive is done first.

Management

Once a diagnosis of ID/MR is made, treatment should include a
combination of individual therapies, such as speech and lan-
guage therapy, occupational therapy or physical therapy, special
education support, behavioral therapy or counseling, and med-
ical intervention, which may include psychopharmacology. To
illustrate how these interventions work together, three disorders
are described in detail in the next section.

Burack JA et al (editors): Handbook of Mental Retardation and
Development. Cambridge University Press, 1999.

Curry CJ et al: Evaluation of mental retardation: Recommenda-
tions of a consensus conference. Am ] Med Genet 1997;72:468
[PMID: 9375733].

Hagerman RJ: Neurodevelopmental Disorders: Diagnosis and Treat-
ment. Oxford University Press, 1999.

Schalock RL et al: The renaming of mental retardation: Under-
standing the change to the term intellectual disability. Intellect
Dev Disab 2007;45:116 [PMID: 17428134].

Smith JD, Smallwood G: From whence came mental retardation?
Asking why while saying goodbye. Intellect Dev Disab
2007;45:132 [PMID: 17428137].

The Arc of the United States (grassroots advocacy organization for
people with disabilities): http://www.thearc.org

SPECIFIC FORMS OF INTELLECTUAL
DISABILITY & ASSOCIATED TREATMENT ISSUES

1. Fragile X Syndrome

The most common inherited cause of mental retardation is
fragile X syndrome, which is caused by a trinucleotide
expansion (CGG repeated sequence) within the fragile X
mental retardation I (FMR1) gene. Individuals with men-
tal retardation of unknown origin should receive FMRI
DNA testing to see if they have an expansion of the CGG
repeat causing dysfunction of this gene. The CGG
sequence at FMRI in the normal population includes 5-50
repeats. Carriers of the premutation have 54-200 repeats,
and have been considered unaffected. However, there is
mounting evidence for a specific phenotype in these indi-
viduals. Women with the premutation have a higher
incidence of premature ovarian failure, anxiety, and mild

facial dysmorphisms. Individuals with the premutation
have normal levels of FMRI protein but increased levels of
mRNA. It should be noted that seemingly unaffected
females can pass an expansion of the CGG repeat to the
next generation. Approximately 1 in 250 women and 1 in
700 men in the general population are premutation carri-
ers. When a premutation of more than 90 repeats is passed
on by a female to her offspring, it will expand to a full
mutation (more than 200 repeats) 100% of the time, which
usually causes mental retardation or learning disabilities.
The full mutation is associated with methylation of the
gene, which turns off transcription, resulting in a defi-
ciency in the FMRI protein product. These deficiencies
result in mental retardation or significant learning and
emotional problems.

Fragile X syndrome includes a broad range of symptoms.
Patients can present with shyness, social anxiety, and learn-
ing problems, or they can present with mental retardation.
Girls are usually less affected by the syndrome because they
have a second X chromosome that is producing FMRI1
protein. Approximately 70% of girls with the full mutation
have cognitive deficits in addition to emotional problems,
such as mood lability, ADHD, anxiety, and shyness. Approx-
imately 85% of males with the syndrome have mental retar-
dation and autistic-like features, such as poor eye contact,
hand flapping, hand biting, and tactile defensiveness. About
20% of fragile X males meet the criteria for autism.

Children with fragile X syndrome usually present with
language delays, hyperactivity, and tantrum behavior in early
childhood. Although prominent ears and hyperextensible fin-
ger joints are common, approximately 30% of children with
the syndrome may not have these features, and the diagnosis
must be suspected because of behavioral problems and devel-
opmental delays alone. As the boys move into puberty, macro-
orchidism develops with an average adult volume of 50 mL, or
twice the normal volume. The child’s face may become longer
during puberty, and the majority of these children continue to
have prominent ears.

Management

All young children with fragile X syndrome benefit from
language and motor therapy because delays in these areas are
universal. Because approximately 10% of boys with the
syndrome will be nonverbal at age 5 years, the use of
augmentative communication techniques—such as signing;
the use of pictures to represent food, toys, or activities; or the
use of computers that can be programmed for communica-
tion—are helpful. Tantrums and hyperarousal to stimuli,
along with hyperactivity, are common. Sensory integrative
occupational therapy can be helpful in calming hyperarousal
to stimuli and in improving the child’s fine and gross motor
coordination and motor planning. Speech and language
therapy can decrease oral hypersensitivity, improve articula-
tion, enhance verbal output and comprehension, and stimu-
late abstract reasoning skills.
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If the behavioral problems are severe, it can be helpful to
involve a behavioral psychologist who emphasizes positive
reinforcement, time outs, consistency in routine, and the use
of both auditory and visual modalities, such as a picture
sequence, to help with difficult transition times and new
situations.

Psychopharmacology can also be useful to treat ADHD,
aggression, anxiety, or severe mood instability. Clonidine or
guanfacine may be helpful in low doses, beginning in the
preschool period to treat hyperarousal, tantrums, or severe
hyperactivity. Stimulant medications such as methylphenidate,
dextroamphetamine, and Adderall are usually beneficial by age
5 years and occasionally earlier. Relatively low doses are used
(eg, 0.2-0.3 mg/kg per dose of methylphenidate) because irri-
tability is often a problem with higher doses.

Shyness and social anxiety combined with mild ADHD
are commonly seen in girls who have fragile X syndrome.
The social anxiety is sometimes so severe that selective
mutism (refusal to speak in some environments, especially
school) is seen in girls who have the full mutation. The
treatment for selective mutism includes fluoxetine, language
therapy, and counseling.

Anxiety may also be a significant problem for boys with
fragile X syndrome, and the use of a selective serotonin
reuptake inhibitor (SSRI) such as fluoxetine, sertraline, flu-
voxamine, or paroxetine is often helpful. SSRIs may also
decrease aggression or moodiness, although in approxi-
mately 25% of cases, an increase in agitation or even hypo-
mania may occur. The use of a more limited serotonin agent,
buspirone, may also be helpful for anxiety, particularly if the
patient cannot tolerate SSRIs.

Anticonvulsants such as carbamazepine, valproic acid,
and gabapentin can be used to treat seizures, which occur in
20% of children with fragile X syndrome. They can also be
helpful in treating more severe mood instability that does
not improve with an SSRI, clonidine, or a stimulant medica-
tion. The use of carbamazepine and valproic acid requires
careful monitoring of blood levels, liver function studies,
electrolytes, blood count, and platelet level.

Aggression may become a significant problem in child-
hood or adolescence for boys with fragile X syndrome.
Counseling can often be helpful, although medication may
be needed. Stimulants, clonidine, and an SSRI may decrease
aggression, although sometimes an atypical antipsychotic
may be needed. If psychotic features are present, such as
paranoia, delusions, or hallucinations, or if thinking is
severely disorganized, then an atypical antipsychotic is usu-
ally helpful. Risperidone has been used most frequently in
pediatrics and has a low risk for extrapyramidal symptoms.
Side effects include sedation, excessive appetite and subse-
quent weight gain, and an increase in prolactin, which can
cause breast tenderness and gynecomastia in boys. Usually a
low dose of risperidone is well tolerated, and 0.5-2 mg at
bedtime usually improves aggression, decreases hyperactiv-
ity, and stabilizes mood.

An important component of treatment is genetic coun-
seling. Parents should meet with a genetic counselor after the
diagnosis of fragile X syndrome is made because there is a
high risk that other family members are carriers or may be
affected by the syndrome. A detailed family history is essen-
tial, and all siblings of the proband should have FMRI DNA
testing. If the mother received the gene from her father, then
all of her sisters are obligate carriers, and their children are at
50% risk of having the fragile X mutation.

It is also helpful to link up a newly diagnosed family to a
parent support group. Educational materials and parent
support information may be obtained by calling the National
Fragile X Foundation at 1-800-688-8765.

Hagerman RJ, Cronister AC (editors): Fragile X Syndrome: Diag-
nosis, Treatment, and Research, 3rd ed. Johns Hopkins Univer-
sity Press, 2001.

Fragile X Research Foundation: http://www.fraxa.org

National Fragile X Foundation: http://www.FragileX.org

2. Fetal Alcohol Spectrum Disorders

Alcohol exposure in utero is associated with a broad spec-
trum of developmental problems, ranging from learning
disabilities to severe mental retardation. Fetal alcohol spec-
trum disorders (FASD) is an umbrella term describing the
range of effects that can occur in an individual exposed to
alcohol prenatally. The Institute of Medicine in 1996 defined
the diagnostic categories in individuals with documented
prenatal maternal alcohol exposure as follows.

A. Fetal Alcohol Syndrome

Fetal alcohol syndrome (FAS) refers to the full syndrome
associated with prenatal alcohol exposure. The diagnosis of
FAS requires the presence of a characteristic pattern of facial
abnormalities (short palpebral fissures, thin upper lip, and
indistinct or smooth philtrum, for which there are standard
measurements), growth deficiency, and evidence of CNS
damage and neurodevelopmental abnormalities.

B. Partial Fetal Alcohol Syndrome

The diagnosis of partial fetal alcohol syndrome requires the
presence of some but not all components of the facial
anomalies as well as growth retardation, CNS neurodevel-
opmental abnormalities, or behavioral or cognitive abnor-
malities that are inconsistent with the child’s developmen-
tal level and cannot be explained by familial background or
environment.

Partial fetal alcohol syndrome is a category that has been
controversial, and some clinicians feel that the criteria are
too vague and imprecise to be of clinical help. What is most
important, if the child does not have all of the criteria for
FAS, is the documentation of prenatal alcohol exposure
and the presence of neurodevelopmental dysfunction
(encephalopathy).
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C. Alcohol-Related
Neurodevelopmental Disorder

Alcohol-related neurodevelopmental disorder does not
require the presence of dysmorphic facial features, but it
does require the presence of neurodevelopmental abnormal-
ities or evidence of a pattern of behavioral or cognitive
abnormalities. These abnormalities may include learning
disabilities; poor impulse control; and problems in memory,
attention, and judgment.

D. Alcohol-Related Birth Defects

The diagnosis of alcohol-related birth defects requires the
presence of congenital anomalies, including malformations
and dysplasias in cardiac, skeletal, renal, ocular, or auditory
areas (ie, sensorineural hearing loss).

Animal and human data support these diagnostic catego-
ries, including the controversial alcohol-related neurodevel-
opmental disorder diagnosis, which does not include dysmor-
phic features. The prevalence of FAS, partial fetal alcohol
syndrome, and alcohol-related neurodevelopmental disorder
combined is approximately 1 per 100 in the general popula-
tion. These are common problems. Thus, the physician
should always ask about alcohol (and other drug) intake
during pregnancy. This is particularly true when evaluating a
child presenting with developmental disturbances. The exact
amount of alcohol consumption that leads to teratogenesis
remains unclear. However, there is strong evidence that binge
drinking during the first trimester, the critical period of
embryogenesis, leads to FASD.

Evaluation & Management

Essential to the evaluation of a child with FASD, or one
suspected of having FASD, is an assessment by a multidisci-
plinary team. Growth deficiency, facial features, brain dys-
function, and the documentation of prenatal alcohol expo-
sure are the most significant areas to be assessed.

The majority of children with alcohol-related syn-
dromes present with ADHD symptoms, with or without
significant developmental delays. To adequately assess
involvement in other organs the following tests are recom-
mended: an ophthalmologic examination, a hearing test,
and a careful cardiac examination, with ultrasonography if
abnormalities are detected. A careful examination for dys-
morphic features and bony abnormalities is necessary.
Renal function studies (ie, creatinine) should be conducted
and a renal ultrasound obtained. Mental health problems
are observed in over 90% of children and adolescents
affected by alcohol in utero. Depression, panic attacks,
anxiety, and mood instability are common. Because psy-
chotic ideation is present in 20-40% of individuals with
alcohol-related syndromes, a thorough emotional or psy-
chiatric evaluation is essential. Long-term therapy and
special education services are usually needed, and psycho-
pharmacologic intervention may be helpful.

For treatment of ADHD symptoms, a dextroamphet-
amine preparation should be tried initially, although meth-
ylphenidate may also be helpful. SSRIs can help relieve
anxiety, panic attacks, and depression, although mania or
hypomanias, a side effect, may occur in 25-50% of patients.
Mood instability may be severe, although it usually responds
to a mood stabilizer such as valproate or carbamazepine.
One should be cautious with lithium because kidney dys-
function, secondary to malformations or hypoplasia, occa-
sionally occurs. Psychotic features can be treated with an
atypical or typical antipsychotic agent. However, consulta-
tion with a psychiatrist is advised under these circumstances.
A speech and language evaluation and an occupational
therapy evaluation in childhood usually lead to documenta-
tion of problems, and ongoing therapy is usually helpful. The
most significant problem in FASD is the high rate of legal
problems, incarceration, and alcohol or drug abuse in ado-
lescence and adulthood. A coordinated intensive treatment
program must be put in place early on if the outcome for
these children is to be improved. Long-term counseling and
advocacy, along with intensive job training can be of help in
preventing social and legal problems for children with FASD.

American Academy of Pediatrics, Committee on Substance Abuse
and Committee on Child with Disabilities: Fetal alcohol syn-
drome and alcohol-related neurodevelopmental disorders.
Pediatrics 2000;106:358 [PIMD: 10920168].

Claren SK: Fetal alcohol syndrome. In Wolraich ML (editor):
Disorders of Development and Learning, 3rd ed. BC Decker, 2003.

Hagerman RJ: Fetal Alcohol Syndrome in Neurodevelopmental Disor-
ders: Diagnosis and Treatment. Oxford University Press, 1999.

Mattson SN, Schoenfeld AM, Riley, EP: Teratogenic effects of
alcohol on brain and behavior. Alcohol Res Health 2001;25:185
[PIMD: 11810956].

Streissguth AP: Fetal Alcohol Syndrome: A Guide for Families and
Communities. Brookes/Cole, 1997.

National Organization on Fetal Alcohol Syndrome: http://
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Adolescence

David W. Kaplan, MD, MPH
Kathryn A. Love-Osborne, MD

Adolescence is a period of rapid physical, emotional, cogni-
tive, and social growth and development. Generally, adoles-
cence begins at age 11-12 years and ends between ages 18
and 21. Most teenagers complete puberty by age 16—18 years;
in western society, however, for educational and cultural
reasons, the adolescent period is prolonged to allow for
further psychosocial development before the individual
assumes adult responsibilities.

The developmental passage from childhood to adult-
hood encompasses the following steps: (1) completing
puberty and somatic growth; (2) developing socially, emo-
tionally, and cognitively, and moving from concrete to
abstract thinking; (3) establishing an independent identity
and separating from the family; and (4) preparing for a
career or vocation.

DEMOGRAPHY

In the United States in 2006, there were 21.3 million adoles-
cents aged 15-19 years and 21.1 million aged 20-24 years.
Adolescents and young adults (ages 15-24 years) constitute
14% of the U.S. population. In the next several decades, the
proportion of racial and ethnic minority adolescents is
expected to increase. It is projected that by 2040 the percent-
age of non-Hispanic whites will drop below 50%. Hispanics
are becoming the second most populous racial and ethnic

group.

MORTALITY DATA

In adolescents, cultural and environmental rather than organic
factors pose the greatest threats to life. The three leading causes
of death in the adolescents aged 15-19 years in 2004 were
unintentional injury (50.0%), homicides (14.1%), and suicides
(12.4%). These three causes of violent death accounted for
76.5% of all adolescent deaths. Although deaths from automo-
bile crashes have decreased in the past decade, alcohol use
remains the underlying cause of most teenage motor vehicle

deaths. Almost two thirds of motor vehicle deaths involving
young drinking drivers occur on Friday, Saturday, or Sunday,
and 70% occur between 8:00 PM and 4:00 AM.

There is continued concern with the problem of youth
violence in the United States. The concern is stimulated by the
high rate of homicides involving handguns among young
males, the number of firearm-related suicides, and school
shootings. Youths 12—17 years old are twice as likely as adults
to be victims of serious violent crimes, including aggravated
assault, rape, robbery, and homicide. Violent crimes commit-
ted by juveniles constitute about 25% of all violent crimes.
Nationally, 18.5% of high-school students reported carrying a
weapon at least once in the preceding 30 days. Violent crime
victimization among adolescents has declined substantially
since the early 1990s. In 2005, adolescents aged 12-19 were
victimized at an all time low rate of 44.0 per 1000. This rate is
less than half that reported for 1994. Adolescents who have
been violently victimized are more likely to have physical and
mental health problems, substance abuse problems, and prob-
lems at school.

MORBIDITY DATA

Demographic and economic changes in the American family
have had a profound effect on children and adolescents.
Between 1955 and 1990, the divorce rate rose from about
400,000 to nearly 1.2 million per year. Between 1960 and
1990, the number of children involved in divorce increased
from 460,000 to 1.1 million per year. The percentage of
children and adolescents living in two-parent households has
decreased significantly, from 79% in 1980 to 68% in 2004.
After peaking at 22% in 1992, the percentage of children
living in families whose income was below the official pov-
erty threshold fell during the late 1990s to 17%. However,
the rate of poverty differs significantly by race and family
structure. In 2005, 34% of black children and 28% of
Hispanic children lived in families with incomes below the
official poverty threshold. In 2005, 43% of children living in

Copyright © 2009 by The McGraw-Hill Companies, Inc. Click here for terms of use.
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single-mother families were poor, compared with 9% of
children living in married-couple families.

The major causes of morbidity during adolescence are
psychosocial and often correlated with poverty: unintended
pregnancy, sexually transmitted infections (STIs), substance
abuse, smoking, dropping out of school, depression, running
away from home, physical violence, and juvenile delin-
quency. High-risk behavior in one area is frequently associ-
ated with problems in another (Figure 3-1). For example,
teenagers who live in a dysfunctional family (eg, problems
related to drinking or physical or sexual abuse) are much
more likely than other teenagers to be depressed. A
depressed teenager is at greater risk for drug and alcohol
abuse, academic failure, inappropriate sexual activity, STIs,
pregnancy, and suicide.

Early identification of the teenager at risk for these
problems is important in preventing immediate complica-
tions and future associated problems. Early indicators for
problems related to depression include the following:

. Decline in school performance.

. Excessive school absences or cutting class.

. Frequent or persistent psychosomatic complaints.

. Changes in sleeping or eating habits.

. Difficulty in concentrating or persistent boredom.

. Signs or symptoms of depression, extreme stress, or
anxiety.

AN Ul W N

A Figure 3-1. Interrelation of high-risk
adolescent behavior.

7. Withdrawal from friends or family, or change to a new
group of friends.
8. Unusually severe violent or rebellious behavior, or radi-
cal personality change.
9. Contflict with parents.
10. Sexual acting-out.
11. Conflicts with the law.
12. Suicidal thoughts or preoccupation with themes of death.
13. Drug and alcohol abuse.
14. Running away from home.
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DELIVERY OF HEALTH SERVICES

How, where, why, and when adolescents seek health care
depends on ability to pay, distance to health care facilities,
availability of transportation, accessibility of services, time
away from school, and privacy. Many common teenage health
problems, such as unintended pregnancy and the need for
contraception; STIs; and substance abuse, depression, and
other emotional problems, have moral, ethical, and legal impli-
cations. Teenagers are often reluctant to confide in their par-
ents for fear of punishment or disapproval. Recognizing this
reality, health care providers have established specialized pro-
grams such as teenage family planning clinics, drop-in centers,
STI clinics, hotlines, and adolescent clinics. Establishing a
trusting and confidential relationship with adolescents is basic
to meeting their health care needs. Patients who sense that the
physician will inform their parents about a confidential prob-
lem may lie or fail to disclose information essential for proper
diagnosis and treatment.

GUIDELINES FOR ADOLESCENT
PREVENTIVE SERVICES

The American Medical Association guidelines for adolescent
preventive services and the American Academy of Pediatrics’
Bright Futures: Guidelines for Health Supervision of Infants,
Children, and Adolescents cover health screening and guidance,
immunization, and health care delivery. The goals of these
guidelines are (1) to deter adolescents from participating in
behaviors that jeopardize health; (2) to detect physical, emo-
tional, and behavioral problems early and intervene promptly;
(3) to reinforce and encourage behaviors that promote health-
ful living; and (4) to provide immunization against infectious
diseases. The guidelines recommend that adolescents between
ages 11 and 21 years have annual routine health visits. Health
services should be developmentally appropriate and culturally
sensitive, and confidentiality between patient and physician
should be ensured.

RELATING TO THE ADOLESCENT PATIENT

Adolescence is one of the physically healthiest periods in
life. The challenge of caring for adolescents lies not in
managing complex organic disease, but in accommodating
the cognitive, emotional, and psychosocial growth that
influences health behavior. How the physician initially

ADOLESCENCE

approaches the adolescent may determine the success or
failure of the visit. The physician should behave simply and
honestly, without an authoritarian or excessively profes-
sional manner. Because the self-esteem of many young
adolescents is fragile, the physician must be careful not to
overpower and intimidate the patient. To establish a com-
fortable and trusting relationship, the physician should
strive to present the image of an ordinary person who has
special training and skills.

Because individuals vary in the onset and termination of
puberty, chronologic age may be a poor indicator of physi-
cal, physiologic, and emotional development. In communi-
cating with an adolescent, the physician must be sensitive to
the patient’s developmental level, recognizing that outward
appearance and chronologic age may not give an accurate
assessment of cognitive development.

Working with teenagers can be emotionally draining.
Adolescents have a unique ability to identify hidden emo-
tional vulnerabilities. The physician who has a personal need
to control patients or foster dependency may be disap-
pointed in caring for teenagers. Because teenagers are con-
sumed with their own emotional needs, they rarely provide
the physician with the ego rewards that younger or older
patients do.

The physician should be sensitive to the issue of counter-
transference, the emotional reaction elicited in the physician
by the adolescent. How the physician relates to the adoles-
cent patient often depends on the physician’s personal char-
acteristics. This is especially true of physicians who treat
families that are experiencing parent-adolescent conflicts. It
is common for young physicians to overidentify with the
teenage patient and for older physicians to see the conflict
from the parents’ perspective.

Overidentification with the parents is readily sensed by
the teenager, who is likely to view the physician as just
another authority figure who cannot understand the prob-
lems of being a teenager. Assuming a parental-authoritarian
role may jeopardize the establishment of a working relation-
ship with the patient. In the case of the young physician,
overidentification with the teenager may cause the parents to
become defensive about their parenting role and discount
the physician’s experience and ability.

THE SETTING

Adolescents respond positively to settings and services that
communicate sensitivity to their age. A pediatrician’s waiting
room with toddlers’ toys and infant-sized examination tables
makes adolescent patients feel they have outgrown the prac-
tice. A waiting room filled with geriatric or pregnant patients
can also make a teenager feel out of place.

It is not uncommon to see a teenage patient who has been
brought to the office against his or her wishes, especially for
evaluations of drug and alcohol use, parent-child conflict,
school failure, depression, or a suspected eating disorder.
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Even in cases of acute physical illness, the adolescent may feel
anxiety about having a physical examination. If future visits
are to be successful, the physician must spend time on the
first visit to foster a sense of trust and an opportunity to feel
comfortable.

CONFIDENTIALITY

It is helpful at the beginning of the visit to talk with the
adolescent and the parents about what to expect. The physi-
cian should address the issue of confidentiality, telling the
parents that two meetings, one with the teenager alone and
one with only the parents, will take place. Adequate time
must be spent with both the patient and the parents, or
important information may be missed. At the beginning of
the interview with the patient, it is useful to say, “T am likely
to ask you some personal questions. This is not because I am
trying to pry into your personal affairs, but because these
questions may be important to your health. I want to assure
you that what we talk about is confidential, just between the
two of us. If there is something I feel we should discuss with
your parents, [ will ask your permission first unless I feel it is
life-threatening.”

THE STRUCTURE OF THE VISIT

Caring for adolescents is time-intensive. In many adolescent
practices, a 40-50% no-show rate is not unusual. The stated
chief complaint often conceals the patient’s real concern. For
example, a 15-year-old girl may say she has a sore throat but
actually may be worried about being pregnant.

By age 11 or 12 years, patients should be seen alone. This
gives them an opportunity to ask questions they may be
embarrassed to ask in front of a parent. Because of the physical
changes that take place in early puberty, some adolescents are
too self-conscious to undress in front of a parent. If an
adolescent comes in willingly, for an acute illness or for a
routine physical examination, it may be helpful to meet with
the adolescent and parent together to obtain the history. In
angry adolescents brought in against their will, it is useful to
meet with the parents and patient for 3—5 minutes to allow the
parents to describe the conflict and voice their concerns. The
adolescent should then be seen alone. This approach conveys
that the physician is primarily interested in the adolescent
patient, yet gives the physician an opportunity to acknowledge
the parents’ concerns.

The Interview

The first few minutes may dictate whether or not a trusting
relationship can be established. A few minutes just getting to
know the patient is time well spent. For example, immediately
asking “Do you smoke marijuana?” when a teenager is brought
in for suspected marijuana use confirms the adolescent’s nega-
tive preconceptions about the physician and the purpose of the
visit. It is preferable to spend a few minutes asking nonthreat-

ening questions, such as “Tell me a little bit about yourself so I
can get to know you,” “What do you like to do most?” “Least?”
and “What are your friends like?” Neutral questions help
defuse some of the patient’s anger and anxiety. Toward the end
of the interview, the physician can ask more directed questions
about psychosocial concerns.

Medical history questionnaires for the patient and the
parents are useful in collecting historical data (Figure 3-2).
The history should include an assessment of progress with
psychodevelopmental tasks and of behaviors potentially det-
rimental to health. The review of systems should include
questions about the following:

1. Nutrition: number and balance of meals; calcium, iron,
and cholesterol intake; body image.

2. Sleep: number of hours, problems with insomnia or
frequent waking.

3. Seat belt or helmet: regularity of use.

4. Self-care: knowledge of testicular or breast self-examina-
tion, dental hygiene, and exercise.

5. Family relationships: parents, siblings, relatives.

6. Peers: best friend, involvement in group activities, gangs,
boyfriends, girlfriends.

7. School: attendance, grades, activities.

8. Educational and vocational interests: college, career,
short-term and long-term vocational plans.

9. Tobacco: use of cigarettes, snuff, chewing tobacco.

10. Substance abuse: frequency, extent, and history of alco-
hol and drug use.

11. Sexuality: sexual activity, contraceptive use, pregnancies,
history of STI, number of sexual partners, risk for HIV
infection.

12. Emotional health: signs of depression and excessive stress.

The physician’s personal attention and interest is likely to
be a new experience for the teenager, who has probably
received medical care only through a parent. The teenager
should leave the visit with a sense of having a personal
physician.

Physical Examination

During early adolescence, many teenagers may be shy and
modest, especially with a physician of the opposite sex. The
examiner should address this concern directly, because it can
be allayed by acknowledging the uneasiness verbally and by
explaining the purpose of the examination, for example,
“Many boys that I see who are your age are embarrassed to
have their penis and testes examined. This is an important part
of the examination for a couple of reasons. First, I want to
make sure that there aren’t any physical problems, and sec-
ond, it helps me determine if your development is proceeding
normally.” This also introduces the subject of sexual develop-
ment for discussion.

A pictorial chart of sexual development is useful for
showing the patient how development is proceeding and
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TEEN HEALTH HISTORY

This information is strictly confidential. Its purpose is to help your caregiver give you better care. We request
that you fill out the form completely, but you make skip any question that you do not wish to answer.

NAME Date
FIRST MIDDLE INITIAL LAST

BIRTHDATE AGE GRADE Name that you like to be called

1. Why did you come to the clinic today?

Medical History STRICTLY CONFIDENTIAL

2. Are you allergic to any medicines? —--——---—-—-—-—-—-—-—-—"—-—"—-——"——"——~——~——~——~——~——— YES NO
Name of medicines

3. Are you taking any medicines now? —-—-——————————————— YES NO
Name of medicines

4. Do you have any long-term health conditions? ~------——-——-—----"-"-"-"-"-"-"—-—————— YES NO
Condition

5. Date or age at your last tetanus (or dT) shot

School Information
6. What grade do you usually make in English?
(Example: A, B, C, D, E, F)

7. What grade do you usually make in Math?

8. How many days were you absent from school semester

9. How many days were you absent last semester because of illness?
10. How do you get along at school?

1 2 3 4 5 6 7
TEARRIBLE GREAT
11. Have you ever been suspended? - - - - —-—-—-—-—-—-———————————————————————— YES NO
12. Have you ever dropped out of school?-----------————————————— - ——————. YES NO
13. Do you plan to graduate from high school - - - - ---------"--"--—-—-—-————————— YES NO

Job/Career Information

14. Are you working? ———————————— - - - - YES N
If YES, What is your job? S No
How many hours do you work par week?

15. What are your future plans or career goals?

Family Information
16. Who do you live with? (Check all apply.)

Both natural parents Stepmother Brother(s)-ages:
Mother Stepfather Sister(s)-ages:
Father Guardian Other: Explain
Adoptive parents Alone
17. Have there been any changes in your family? Check all that apply.
a. Marriage d. Serious illness g. Births
b. Separation e. Loss of job h. Deaths
c. Divorce f. Move to new home i. Other

18. Father’s/stepfather’s occupation or job:
Mother’s/stepmother’s occupation or job:

A Figure 3-2. Adolescent medical history questionnaire. (continued)
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STRICTLY CONFIDENTIAL
19. How do you get along at home?

1 2 3 4 5 6 7

TERRIBLE GREAT
20. Have you ever run away from home? - - ————-—————————————————————— YES NO
21. Have you ever lived in foster care or an institution? -- - - - - - - - - ———————————— —- YES NO

Self Information
22. On the whole, how do you like yourself?

1 2 3 4 5 6 7
NOT VERY MUCH ALOT
23. What do you do best?

24. If you could, what would you like to change about yourself?

25. List any habits you would like to break,

26. Do you feel people expect too much fromyou? - - - - - ——--——--—— - —— - —— - —————— YES NO
27. How do you get along with your friends/peers?

1 2 3 4 5 6 7

TERRIBLE GREAT
28. Do you feel you have friends you can counton? - - - - —-—-————————— —— —— —— —— ——- YES NO
29. Have you ever felt really sad or depressed for more than 3 days in a row? ——————————- YES NO
30. Have you ever thought of suicide as a solution to your problems? - - - — - ——————————. YES NO
31. Have you gotten into any trouble because of your anger/temper? - - - ————————————- YES NO

Health Concern
32. On a scale of 1-7, how would you rate your general health?

1 2 3 4 5 6 7
TERRIBLE GREAT
33. Do you have any questions or concerns about any of the following? (Check those that apply.)
Height/weight Skin acne Family violence/physical
Blood pressure Arms, legs/muscle or abuse
Head/headaches joint pain Feeling down or depressed
Dizziness/passing out Frequent or painful Dating
Eyes/vision urination Sex
Ears/hearing/earaches —— Wetting the bed —— Worried about VD/STD
Nose/frequent colds Sexual organs/genitals —— Masturbation

Mouth/teeth Trouble sleeping Sexual abuse/rape
Neck/back —— Tiredness Having children/parenting/
Chest/breathing/coughing —— Diet food/appetite adoption

Breasts —— Eating disorder Cancer/or dying

Heart —— Smoking/drugs/alcohol —— Other (explain)
Stomach/pain/vomiting —— Future plans/jobs

Diarrhea/constipation
Health Behavior Information
34. Have you lost or gained any weight in the lastyear? - - - - - - - - - - —————— —— —— YES NO
Gained () How much?
Lost () How much?
35. In the past year, have you tried to lose weight or control your weight by vomiting,

Worried about parents

taking diet pills or laxatives, or starving yourself? - - - - - ——-———-—————— - —— - —— — —— YES NO
36. Do you ever drive after drinking or when high? - - - - - - —--—-—---—-—--——————————— YES NO
37. Do you ever smoke cigarettes or use snuff or chewing tobacco? - - - - - - —————————— YES NO
38. Do you ever smoke marijuana? ——————————————————————————————————— YES NO
39. Do you ever drink alcoholic beverages? - - - ———-—-—--—-—-—-———-————————— - ——— —— YES NO
40. Do you ever use street drugs (speed, cocaine, acid, crack, etc.)? - - - ——-——————————- YES NO
41. Does anyone in your household smoke? ——-——-—-—-—--—-—-—-—-—-——-——-——-——————————— YES NO
42. Does anyone in your family have a problem with drugs or alcohol? - - - - ----—-—-————- YES NO

A Figure 3-2. (Continued)



ADOLESCENCE

STRICTLY CONFIDENTIAL

43. Have you ever been in trouble with the police orthelaw? _ _ _ __ __ _____________ YES NO
44.Have you begun dating? _ _ _ _ _____ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _____________ YES NO
45. Do you currently have a boyfriend or girlfriend? _ _ _ _ __ __ __ ________________ YES NO
If YES, how old is he/she?
46. Do you think you might be gay/lesbian/homosexual? _ _ _ _ ____ __ _____________ YES NO
47.Have you ever had sex (sexual intercourse)? _ _ __ __ __ __ __ __ __ __ _________ YES NO
48. Are you interested in receiving information on preventing pregnancy? _ _ _ _ _ __ __ __ __ YES NO
49. If you have had sex, are you (or your partner) using any kind of birth control? _ _ _ _ __ __. YES NO
50. If you have had sex, have you ever been treated for gonorrhea or chlamydia
or any other sexually transmitted disease? - - - - —--—--—--—--—--—--—-——————————- YES NO
For males only
51. Have you been taught how to use a condom correctly? - - - - - ——-——-————————————- YES NO
52. If you have had sex, do you use a condom every time or almost every time? - —— - ————— YES NO
53. Have you ever fatheredachild? - - - - - - - - - — - — - - — - — - — YES NO

For females only

54. How old were you when your periods began? - ———----—-———-—-—-—————————————— e
55. What date did your last period start? - ——-—------------—— - - - ——— - ————

56. Are your periods regular (once a month)? - - - - - - - - - - - - - - - — - — - —— ————————. YES NO
57. Do you have painful or excessively heavy periods? - - - - - — - ——— - — - —— — - — - ————— YES NO
58. Have you ever had a vaginal infection or been treated for a female disorder? — - - —————- YES NO
59. Do you think you might be pregnant? - - - - - - - - - - - - - - - - - -\ - ————————————— YES NO
60. Have you ever been pregnant?———-—-——=—-—————————————————————————— YES NO
Everyone
61. Do you have any other problems you would like to discuss with the caregiver? — ———-—--—-- YES NO
Past Medical History
62. Were you born prematurely or did you have any serious problems as an infant? --—---- YES NO
63. Are you allergic to any medicings? —————————————————————————————————" YES NO
If YES, what?
64. List any medications that you are taking, and the problems for which the medication was
given:
MEDICATION REASON HOW LONG
65. Have you ever been hospitalized? -----—-------"-"-"-"-"-"-"-"-"-"-"-~-~—~—~"—~"—"—~—~—~—- YES NO
If Yes, describe your problem and your age at the time.
AGE PROBLEM
66. Have you had any injuries? - ——-——--——--——-—-——-—-——————————————————————- YES NO
If YES, describe the injury and your age when it occurred.
AGE KIND OF INJURY
67. Have you had any serious illnesses? - - - - ——-—-—-——-————— = —— —— —— —— —— —— —— —— YES NO
If YES, state the kind of illness and your age when it started.
AGE ILLNESS

A Figure 3-2. (Continued)
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Family History

Have any members of your family, alive or dead (parents, grandparents, uncles, aunts, brothers, or sisters),
had any of the following problems? If YES, please state the age of the person when the condition occurred
and the person’s relationship to you.

PROBLEM YES NO DON'T KNOW AGE RELATIONSHIP

A. Seizure disorder
Epilepsy

B. Mental retardation
Birth detects.

C. Migraine headaches

D. High blood pressure
High cholesterol

E. Heart attack or stroke at
less than age 60

F. Lung disease
Tuberculosis

G. Liver or intestinal disease

H. Kidney disease

I. Allergies
Asthma
Eczema

J. Arthritis

K. Diabetes

L. Endocrine problems
Other glandular problems

M. Obesity
Eating disorder

N. Cancer

O. Blood disorders
Sickle cell anemia

P. Emotional problems
Suicide

Q. Alcoholism
Drug problems

A Figure 3-2. (Continued)



BOYS
HEIGHT SPURT
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APEX STRENGTH SPURT
Height Spurt 10-12 in (25-30 cm)

Weight 44 Ib (20 kg)
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A Figure 3-3. Adolescent male sexual maturation and growth.

what changes to expect. Figure 3-3 shows the relationship
between height, penis and testes development, and pubic
hair growth in the male, and Figure 3—4 shows the relation-
ship between height, breast development, menstruation, and
pubic hair growth in the female. Although teenagers may not
admit that they are interested in this subject, they are usually
attentive when it is raised. This discussion is particularly
useful in counseling teenagers who lag behind their peers in
physical development.

Because teenagers are sensitive about their changing
bodies, it is useful to comment during the examination:
“Your heart sounds fine. I feel a small lump under your
right breast. This is very common during puberty in boys.
It is called gynecomastia and should disappear in 6 months
to a year. Don’t worry, you are not turning into a girl.”

If a teenage girl has not been sexually active and has no
gynecologic complaints or abnormalities, a pelvic examina-
tion is usually not necessary until about age 18 years. The
following are indications for a pelvic examination in a
younger teenage girl:

1. A history of sexual intercourse. (The pelvic examination
should be done for purposes of contraceptive counseling
and to rule out STI.)

2. Abnormal vaginal discharge.

3. Menstrual irregularities.

4. Suspicion of anatomic abnormalities, such as imperfo-
rate hymen.

5. Pelvic pain.

6. Patient request for an examination.

Bright Futures: Guidelines for Health Supervision of Infants, Chil-
dren, and Adolescents. EIk Grove Village, IL: American Academy
of Pediatrics, 2007.

Ford C, English A, Sigman G: Confidential Health Care for
Adolescents: Position paper for the Society for Adolescent
Medicine. ] Adolesc Health 2004;35:160 [PMID: 15298005].

GROWTH & DEVELOPMENT

PUBERTY

Pubertal growth and physical development are a result of
activation of the hypothalamic-pituitary-gonadal axis in late
childhood. Before puberty, pituitary and gonadal hormone
levels are low. At onset of puberty, the inhibition of gonado-
tropin-releasing hormone in the hypothalamus is removed,
allowing pulsatile production and release of the gonadotro-
pins: luteinizing hormone (LH) and follicle-stimulating hor-
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GIRLS
HEIGHT SPURT

PEAK
Height 3 inly

GROWTH RATE
Height 2 inly
Weight 6 Ib/y

Weight 17.5 Ib/y

AGE RANGE
A 11.5-16.5y

AGE RANGE 10-16.5y
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Average Weight 106 Ib (48 kg)
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A Figure 3-4. Adolescent female sexual maturation and growth.

mone (FSH). In early to middle adolescence, pulse frequency
and amplitude of LH and FSH secretion increase, stimulat-
ing the gonads to produce estrogen or testosterone. In
females, FSH stimulates ovarian maturation, granulosa cell
function, and estradiol secretion. LH is important in ovula-
tion and also is involved in corpus luteum formation and
progesterone secretion. Initially, estradiol inhibits the release
of LH and FSH. Eventually, estradiol becomes stimulatory,
and the secretion of LH and FSH becomes cyclic. Estradiol
levels progressively increase, resulting in maturation of the
female genital tract and breast development.

In males, LH stimulates the interstitial cells of the testes
to produce testosterone. FSH stimulates the production of
spermatocytes in the presence of testosterone. The testes also
produce inhibin, a Sertoli cell protein that inhibits the
secretion of FSH. During puberty, circulating testosterone
levels increase more than 20-fold. Levels of testosterone
correlate with the physical stages of puberty and the degree
of skeletal maturation.

PHYSICAL GROWTH

A teenager’s weight almost doubles in adolescence, and
height increases by 15-20%. During puberty, major organs
double in size, except for lymphoid tissue, which decreases
in mass. Before puberty, there is little difference in the
muscular strength of boys and girls. The body’s muscula-
ture increases both in size and in strength during puberty,
with maximal strength lagging behind the increase in size
by many months. Boys attain greater strength and mass,
and strength continues to increase into late puberty.
Although motor coordination lags behind growth in stat-
ure and musculature, it continues to improve as strength
increases.

The pubertal growth spurt begins nearly 2 years earlier in
girls than in boys. Girls reach peak height velocity between
ages 11'/2 and 12 years, and boys, between ages 13'/2 and 14
years. Linear growth at peak velocity is 9.5 cm/y £ 1.5 cm in
boys and 8.3 cm/y £ 1.2 cm in girls. Pubertal growth lasts



about 2—4 years and continues longer in boys than in girls.
By age 11 years in girls and age 12 years in boys, 83-89% of
ultimate height is attained. An additional 18-23 cm in
females and 25-30 cm in males is achieved during late
pubertal growth. Following menarche, growth is rarely more
than 5-7.5 cm.

In boys, the quantity of body fat increases before onset of
the height spurt, continues until the growth spurt has finished,
and then gradually increases. Muscle mass doubles between 10
and 17 years. Girls, by contrast, store fat gradually from about
6 years of age and do not decrease the quantity of fat, although
its location changes. There is an increase in subcutaneous fat
in the pelvis, breasts, and upper back.

SEXUAL MATURATION

Sexual maturity rating (SMR) is useful for categorizing genital
development. SMR staging includes age ranges of normal
development and specific descriptions for each stage of pubic
hair growth, penis and testis development in boys, and breast
maturation in girls. Figures 3—3 and 3—4 show this chronologic
development. SMR 1 is prepuberty and SMR 5 is adult
maturity. In SMR 2 the pubic hair is sparse, fine, nonpig-
mented, and downy; in SMR 3, the hair becomes pigmented
and curly and increases in amount; and in SMR 4, the hair is
adult in texture but limited in area. The appearance of pubic
hair precedes axillary hair by more than 1 year. Male genital
development begins with SMR 2, in which the testes become
larger and the scrotal skin reddens and coarsens. In SMR 3, the
penis lengthens; and in SMR 4, the penis enlarges in overall
size and the scrotal skin becomes pigmented.

Female breast development follows a predictable sequence.
Small, raised breast buds appear in SMR 2. In SMR 3, the
breast and areolar tissue generally enlarge and become ele-
vated. The areola and nipple form a separate mound from the
breast in SMR 4, and in SMR 5 the areola assumes the same
contour as the breast.

There is great variability in the timing and onset of
puberty and growth, and psychosocial development does not
always parallel physical changes. Chronologic age, therefore,
may be a poor indicator of physiologic and psychosocial
development. Skeletal maturation correlates well with
growth and pubertal development.

Teenagers began entering puberty at earlier ages in the last
century because of better nutrition and socioeconomic condi-
tions. In the United States, the average age at menarche is
12.16 years in African-American girls and 12.88 in white girls.
Among girls reaching menarche, the average weight is 48 kg,
and the average height is 158.5 cm. Menarche may be delayed
until age 16 years or may begin as early as age 10. Although the
first measurable sign of puberty in girls is the beginning of the
height spurt, the first conspicuous sign usually is development
of breast buds between 8 and 11 years. Although breast
development usually precedes the growth of pubic hair, the
sequence may be reversed. A common concern for girls at this
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time is whether the breasts will be of the right size and shape,
especially because initial breast growth is often asymmetrical.
The growth spurt starts at about age 9 years in girls and peaks
at age 11'/2, usually at SMR 3—4 breast development and stage
3 pubic hair development. The spurt usually ends by age 14
years. Girls who mature early will reach peak height velocity
sooner and attain their final height earlier. Girls who mature
late will attain a greater final height because of the longer
period of growth before the growth spurt. Final height is
related to skeletal age at onset of puberty as well as genetic
factors. The height spurt correlates more closely with breast
developmental stages than with pubic hair stages.

The first sign of puberty in the male, usually between ages
10 and 12 years, is scrotal and testicular growth. Pubic hair
usually appears early in puberty but may do so any time
between ages 10 and 15 years. The penis begins to grow
significantly a year or so after the onset of testicular and
pubic hair development, usually between ages 10 and 13"/2.
The first ejaculation usually occurs about 1 year after initia-
tion of testicular growth, but its timing is highly variable.
About 90% of boys have this experience between ages 11 and
15 years. Gynecomastia, a hard nodule under the nipple,
occurs in a majority of boys, with a peak incidence between
ages 14 and 15 years. Gynecomastia usually disappears
within 6 months to 2 years. The height spurt begins at age 11
years but increases rapidly between ages 12 and 13, with the
peak height velocity reached at age 13'/2 years. The period of
pubertal development lasts much longer in boys and may not
be completed until age 18 years. The height velocity is higher
in males (8-11 cm/y) than in females (6.5-9.5 cm/y). The
development of axillary hair, deepening of the voice, and the
development of chest hair in boys usually occur in midpu-
berty, about 2 years after onset of growth of pubic hair. Facial
and body hair begin to increase at age 16—17 years.

Biro FM et al: Pubertal maturation in girls and the relationship to
anthropometric changes: Pathways through puberty. J Pediatr
2003;142:643 [PMID: 12838192].

Chumlea WC et al: Age at menarche and racial comparisons in US
girls. Pediatrics 2003;111:110 [PMID: 12509562].

Herman-Giddens ME et al: Navigating the recent articles on girls’
puberty in Pediatrics: What do we know and where do we go
from here? Pediatrics 2004;113:911 [PMID: 15060243].

Rogol AD et al: Growth at puberty. ] Adolesc Health 2002;
31(Suppl):192 [PMID: 12470915].

Rosen DS: Physiologic growth and development during adoles-
cence. Pediatr Rev 2004;25:194 [PMID: 15173452].

Tanner JM, Davies PW: Clinical longitudinal standards for height
and height velocity for North American children. J Pediatr
1985;107:317 [PMID: 3875704].

PSYCHOSOCIAL DEVELOPMENT

Adolescence is a period of progressive individuation and
separation from the family. Adolescents must learn who they
are, decide what they want to do, and identify their personal
strengths and weaknesses. Because of the rapidity of physical,
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emotional, cognitive, and social growth during adolescence,
it is useful to divide it into three phases. Early adolescence is
roughly from 10 to 13 years of age; middle adolescence, from
14 to 16 years; and late adolescence, 17 years and later.

Early Adolescence

Early adolescence is characterized by rapid growth and
development of secondary sex characteristics. Body image,
self-concept, and self-esteem fluctuate dramatically. Con-
cerns about how personal growth and development deviate
from that of peers may be a great worry, especially short
stature in boys and delayed breast development or delayed
menarche in girls. Although there is a certain curiosity about
sexuality, young adolescents generally feel more comfortable
with members of the same sex. Peer relationships become
increasingly important. Young teenagers still think con-
cretely and cannot easily conceptualize about the future.
They may have vague and unrealistic professional goals, such
as becoming a movie star or a lead singer in a rock group.

Middle Adolescence

During middle adolescence as rapid pubertal development
subsides, teenagers become more comfortable with their new
bodies. Intense emotions and wide swings in mood are
typical. Although some teenagers go through this experience
relatively peacefully, others struggle. Cognitively, the midad-
olescent moves from concrete thinking to formal operations
and abstract thinking. With this new mental power comes a
sense of omnipotence and a belief that the world can be
changed by merely thinking about it. Sexually active teenag-
ers may believe they do not need to worry about using
contraception because they can’t get pregnant (“it won’t
happen to me”). Sixteen-year-old drivers believe they are the
best drivers in the world and think the insurance industry is
conspiring against them by charging high rates for automo-
bile insurance. With the onset of abstract thinking, teenagers
begin to see themselves as others see them and may become
extremely self-centered. Because they are establishing their
own identities, relationships with other people, including
peers, are narcissistic. Experimenting with different images is
common. As sexuality increases in importance, adolescents
may begin dating and experimenting with sex. Relationships
tend to be one-sided and narcissistic. Peers determine the
standards for identification, behavior, activities, and fashion
and provide emotional support, intimacy, empathy, and the
sharing of guilt and anxiety during the struggle for auton-
omy. The struggle for independence and autonomy is often
a stressful period for both teenagers and parents.

Late Adolescence

During late adolescence, the young person generally
becomes less self-centered and more caring of others. Social
relationships shift from the peer group to the individual.
Dating becomes much more intimate. By 10th grade, 43% of

adolescents have had sexual intercourse, and by 12th grade,
63%. Abstract thinking allows older adolescents to think
more realistically about their plans for the future. Older
adolescents have rigid concepts of what is right or wrong.
This is a period of idealism.

Sexual Orientation

Sexual orientation develops during early childhood. One’s
gender identity is established by age 2 years, and a sense of
masculinity or femininity usually solidifies by age 5 or 6
years. Homosexual adults describe homosexual feelings dur-
ing late childhood and early adolescence, years before engag-
ing in overt homosexual acts.

Although only 5-10% of American young people
acknowledge having had homosexual experiences and only
5% feel that they are or could be gay, homosexual experi-
mentation is common, especially during early and middle
adolescence. Experimentation may include mutual mastur-
bation and fondling the genitals and does not by itself cause
or lead to adult homosexuality. Theories about the causes of
homosexuality include genetic, hormonal, environmental,
and psychological models.

The development of homosexual identity in adolescence
commonly progresses through two stages. The adolescent feels
different, develops a crush on a person of the same sex without
clear self-awareness of a gay identity, and then goes through a
coming-out phase in which the homosexual identity is defined
for the individual and revealed to others. The coming-out
phase may be a difficult period for the young person and the
family. The young adolescent is afraid of society’s bias and
seeks to reject homosexual feelings. This struggle with identity
may include episodes of both homosexual and heterosexual
promiscuity, STIs, depression, substance abuse, attempted
suicide, school avoidance and failure, running away from
home, and other crises.

In a clinical setting, the issue of homosexual identity most
often surfaces when the teenager is seen for an STI, family
conflict, school problem, attempted suicide, or substance
abuse rather than as a result of a consultation about sexual
orientation. Pediatricians should be aware of the psychosocial
and medical implications of homosexual identity and be
sensitive to the possibility of these problems in gay adoles-
cents. Successful management depends on the physician’s
ability to gain the trust of the gay adolescent and on the
physician’s knowledge of the wide range of medical and
psychological problems for which gay adolescents are at risk.
Pediatricians must be nonjudgmental in posing sexual ques-
tions if they are to be effective in encouraging the teenager to
share concerns. Physicians who for religious or other personal
reasons cannot be objective must refer the homosexual patient
to another professional for treatment and counseling.

Eisenberg ME, Resnick MD: Suicidality among gay, lesbian and
bisexual youth: The role of protective factors. ] Adolesc Health
2006;39:662 [PMID: 17046502].
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Russell ST, Joyner K: Adolescent sexual orientation and suicide
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Ryan C, Futterman D: Caring for gay and lesbian teens. Contemp
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BEHAVIOR & PSYCHOLOGICAL HEALTH

It is not unusual for adolescents to seek medical attention for
seemingly minor complaints. In early adolescence, teenagers
may worry about normal developmental changes such as
gynecomastia. They may present with vague symptoms, but
have a hidden agenda of concerns about pregnancy or an
STIL. Adolescents with emotional disorders often present
with somatic symptoms such as abdominal pain, headaches,
dizziness, syncope, fatigue, sleep problems, and chest pain
that appear to have no biologic cause. The emotional basis of
such complaints may be varied: somatoform disorder,
depression, or stress and anxiety.

PSYCHOPHYSIOLOGIC SYMPTOMS
& CONVERSION REACTIONS

The most common somatoform disorder of adolescence is
conversion disorder or conversion reaction. (A conversion
reaction is a psychophysiologic process in which unpleasant
feelings, especially anxiety, depression, and guilt, are com-
municated through a physical symptom.) Psychophysiologic
symptoms result when anxiety activates the autonomic ner-
vous system, causing tachycardia, hyperventilation, and
vasoconstriction. The emotional feeling may be threatening
or unacceptable to the individual, who expresses it as a
physical symptom rather than verbally. The process is
unconscious, and the anxiety or unpleasant feeling is dissi-
pated by the somatic symptom. The degree to which the
conversion symptom lessens anxiety, depression, or the
unpleasant feeling is referred to as primary gain. Conversion
symptoms not only diminish unpleasant feelings but also
release the adolescent from conflict or an uncomfortable
situation. This is called secondary gain. Secondary gain may
intensify the symptoms, especially with increased attention
from concerned parents and friends. Adolescents with con-
version symptoms tend to have overprotective parents and
become increasingly dependent on their parents as the
symptom becomes a major focus of concern in the family.

Clinical Findings

Symptoms may appear at times of stress. Nervous, gas-
trointestinal, and cardiovascular symptoms are common and
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include paresthesias, anesthesia, paralysis, dizziness, syn-
cope, hyperventilation, abdominal pain, nausea, and vomit-
ing. Specific symptoms may reflect existing or previous
illness (eg, pseudoseizures in adolescents with epilepsy) or
modeling of a close relative’s symptom (eg, chest pain in a
boy whose grandfather died of a heart attack).

Conversion symptoms are more common in girls than in
boys. Although they occur in patients from all socioeco-
nomic levels, the complexity of the symptom may vary with
the sophistication and cognitive level of the patient.

Differential Diagnosis

History and physical findings are usually inconsistent with a
physical cause of symptoms. Conversion symptoms occur
most frequently during stress and in the presence of individ-
uals meaningful to the patient. The common personality
traits of these patients include egocentricity, emotional labil-
ity, and dramatic and attention-seeking behaviors.

Conversion reactions must be differentiated from hypo-
chondriasis, which is a preoccupation with developing or
having a serious illness despite medical reassurance that
there is no evidence of disease. Over time, the fear of one
disease may give way to concern about another. In contrast
to patients with conversion symptoms, who seem relieved if
an organic cause is considered, patients with hypochondria-
sis become more anxious when such a cause is considered.

Malingering is uncommon during adolescence. The
malingering patient consciously and intentionally fabricates
false or exaggerated physical or psychological symptoms.
Such patients are motivated by external incentives such as
avoiding work, evading criminal prosecution, obtaining
drugs, or obtaining financial compensation. These patients
may be hostile and aloof. Parents of patients with conversion
disorders and malingering have a similar reaction to illness.
They have an unconscious psychological need to have sick
children and reinforce their child’s behavior.

Somatic delusions are physical symptoms, often bizarre,
that accompany other signs of mental illness. Examples are
visual or auditory hallucinations, delusions, incoherence or
loosening of associations, rapid shifts of affect, and confusion.

Treatment

The physician must emphasize from the outset that both
physical and emotional causes of the symptom will be consid-
ered. The relationship between physical causes of emotional
pain and emotional causes of physical pain should be
described to the family, using examples such as stress causing
an ulcer or making a severe headache worse. The patient
should be encouraged to understand that the symptom may
persist and that at least a short-term goal is to continue normal
daily activities. Medication is rarely helpful. If the family will
accept it, psychological referral is often the best initial step
toward psychotherapy. If the family resists psychiatric or
psychological referral, the pediatrician may need to begin to



CHAPTER 3

deal with some of the emotional factors responsible for the
symptom while building rapport with the patient and family.
Regular appointments should be scheduled. During visits, the
teenager should be seen first and encouraged to talk about
school, friends, the relationship with the parents, and the
stresses of life. Discussion of the symptom itself should be
minimized; however, the physician should be supportive and
must never suggest that the pain is not real. As parents gain
insight into the cause of the symptom, they will become less
indulgent and facilitate resumption of normal activities. If
management is successful, the adolescent will gain coping
skills and become more independent, while decreasing sec-
ondary gain.

If the symptom continues to interfere with daily activities
and if the patient and parents feel that no progress is being
made, psychological referral is indicated. A psychotherapist
experienced in treating adolescents with conversion reac-
tions is in the best position to establish a strong therapeutic
relationship with the patient and family. After referral is
made, the pediatrician should continue to follow the patient
to ensure compliance with psychotherapy.

American Psychiatric Association: Diagnostic and Statistical Man-
ual of Mental Disorders, 4th ed, text revision. American Psychi-
atric Press, 2000.

Kreipe RE: The biopsychosocial approach to adolescents with
somatoform disorders. Adolesc Med Clin 2006;17:1 [PMID:
16473291].

Silber TJ, Pao M: Somatization disorders in children and adoles-
cents. Pediatr Rev 2003;24:255 [PMID: 12897265].

DEPRESSION (SEE ALSO CHAPTER 6)

Symptoms of clinical depression (lethargy, loss of interest,
sleep disturbances, decreased energy, feelings of worthlessness,
and difficulty concentrating) are common during adolescence.
The intensity of feelings, often in response to seemingly trivial
events such as a poor grade on an examination or not being
invited to a party, makes it difficult to differentiate severe
depression from normal sadness or dejection. In less severe
depression, sadness or unhappiness associated with problems
of everyday life is generally short-lived. The symptoms usually
result in only minor impairment in school performance, social
activities, and relationships with others. Symptoms respond to
support and reassurance.

Clinical Findings
The presentation of serious depression in adolescence may be
similar to that in adults, with vegetative signs such as depressed
mood, crying spells or inability to cry, discouragement, irrita-
bility, a sense of emptiness and meaninglessness, negative
expectations of oneself and the environment, low self-esteem,
isolation, helplessness, diminished interest or pleasure in activ-
ities, weight loss or weight gain, insomnia or hypersomnia,
fatigue or loss of energy, feelings of worthlessness, and dimin-
ished ability to think or concentrate. However, it is not unusual

for a serious depression to be masked because the teenager
cannot tolerate the severe feelings of sadness. Such a teenager
may present with recurrent or persistent psychosomatic com-
plaints, such as abdominal pain, chest pain, headache, lethargy,
weight loss, dizziness, syncope, or other nonspecific symptoms.
Other behavioral manifestations of masked depression include
truancy, running away from home, defiance of authorities, self-
destructive behavior, vandalism, drug and alcohol abuse, sex-
ual acting out, and delinquency.

Differential Diagnosis

A complete history and physical examination, including a
careful review of the patient’s medical and psychosocial
history, should be performed. The family history should be
explored for psychiatric problems.

The teenager should be questioned about the previously
listed symptoms of depression, and specifically about sui-
cidal ideation or preoccupation with thoughts of death. The
history should include an assessment of school performance,
looking for signs of academic deterioration, excessive
absence or cutting class, changes in work or other outside
activities, and changes in the family (eg, separation, divorce,
serious illness, loss of employment by a parent, a recent
move to a new school, increasing quarrels or fights with
parents, or the death of a close relative). The teenager may
have withdrawn from friends or family or switched alle-
giance to a new group of friends. The physician should
inquire about possible physical and sexual abuse, drug and
alcohol abuse, conflicts with the police, sexual acting out,
running away from home, unusually violent or rebellious
behavior, or radical personality changes. Patients with vague
somatic complaints or concerns about having a fatal illness
may have an underlying affective disorder.

Adolescents presenting with symptoms of depression
require a thorough medical evaluation to rule out any
contributing or underlying medical illness. Among the med-
ical conditions associated with affective disorders are eating
disorders, organic central nervous system disorders (tumors,
vascular lesions, closed head trauma, and subdural hemato-
mas), metabolic and endocrinologic disorders (systemic
lupus erythematosus, hypothyroidism, hyperthyroidism,
Wilson disease, hyperparathyroidism, Cushing syndrome,
Addison disease, or premenstrual syndrome), infections
(infectious mononucleosis or syphilis), and mitral valve
prolapse. Marijuana use, phencyclidine abuse, amphetamine
withdrawal, and excessive caffeine intake can cause symp-
toms of depression. Common prescription and over-the-
counter medications, including birth control pills, anticon-
vulsants, and B-blockers, may cause depressive symptoms.

Some routine laboratory studies are indicated to rule out
organic disease: a complete blood count and erythrocyte
sedimentation rate, urinalysis, serum electrolytes, blood urea
nitrogen, serum calcium, thyroxine and thyroid-stimulating
hormone (TSH), Venereal Disease Research Laboratory or
rapid plasma reagin, and liver enzymes. Although metabolic



markers such as abnormal secretion of cortisol, growth
hormone, and thyrotropin-releasing hormone have been
useful in confirming major depression in adults, these neu-
robiologic markers are less reliable in adolescents.

The risk of depression appears to be greatest in families
with a history of early-onset and chronic depression. Depres-
sion of early onset and bipolar illness are more likely to occur
in families with a multigenerational history of depression.
The lifetime risk of depressive illness in first-degree relatives
of adult depressed patients is between 18% and 30%.

Treatment

The primary care physician may be able to counsel adoles-
cents and parents if depression is mild or is the result of an
acute personal loss or frustration and if the patient is not
contemplating suicide or other life-threatening behaviors. If
there is evidence of a long-standing depressive disorder,
suicidal thoughts, or psychotic thinking, or if the physician
does not feel prepared to counsel the patient, psychological
referral should be made.

Counseling involves establishing and maintaining a posi-
tive supportive relationship; following the patient at least
weekly; remaining accessible to the patient at all times;
encouraging the patient to express emotions openly, defin-
ing the problem, and clarifying negative feelings, thoughts,
and expectations; setting realistic goals; helping to negotiate
interpersonal crises; teaching assertiveness and social skills;
reassessing the depression as it is expressed; and staying alert
to the possibility of suicide.

Patients with bipolar disease or those with significant
depression that is unresponsive to supportive counseling
should be referred to a psychiatrist for evaluation and antide-
pressant medication. The Food and Drug Administration has
issued a “black box warning” alerting providers that using
antidepressants in children and adolescents may increase the
risk of suicidal thoughts and behavior. Adolescents taking
these medications should be monitored closely.

Belmaker RH: Bipolar disorder. N Engl ] Med 2004;351:476
[PMID: 15282355].

Brent DA, Birmaher B: Clinical practice. Adolescent depression. N
Engl ] Med 2002;347:667 [PMID: 12200555].

Mann JJ: The medical management of depression. N Engl ] Med
2005;353:1819 [PMID: 16251538].

March J et al: Fluoxetine, cognitive-behavioral therapy, and their
combination for adolescents with depression: Treatment for
Adolescents with Depression Study (TADS) randomized con-
trolled trial. JAMA 2004;292:807 [PMID: 15315995].

Simon GE: The antidepressant quandary—considering suicide
risk when treating adolescent depression. N Engl ] Med
2006;355:2722 [PMID: 17192536].

ADOLESCENT SUICIDE (SEE ALSO CHAPTER 6)

In 2004, 4316 adolescents and young adults 15-24 years
committed suicide. There were 1700 suicides among those
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aged 15-19 years, and 2616 among those aged 20-24 years.
In the younger group, males had a suicide rate five times
higher than females, and white males had the highest rate,
15.5 per 100,000. The incidence of unsuccessful suicide
attempts is three times higher in females than in males. The
estimated ratio of attempted suicides to actual suicides is
estimated to be 100:1-50:1. Firearms account for 50% of
suicide deaths in both males and females.

Mood swings are common in adolescence. Short periods
of depression are common and may be accompanied by
thoughts of suicide. Normal adolescent mood swings rarely
interfere with sleeping, eating, or normal activities. Acute
depressive reactions (transient grief responses) to the loss of
a family member or friend may cause depression lasting for
weeks or even months. An adolescent who is unable to work
through this grief can become increasingly depressed. A
teenager who is unable to keep up with schoolwork, does not
participate in normal social activities, withdraws socially, has
sleep and appetite disturbances, and has feelings of hopeless-
ness and helplessness should be considered at increased risk
for suicide.

Angry teenagers attempting to influence others by their
actions may be suicidal. They may be only mildly depressed
and may not have any long-standing wish to die. Teenagers
in this group, usually females, may attempt suicide or make
an impulsive suicidal gesture as a way of getting back at
someone or gaining attention by frightening another person.
Adolescents with serious psychiatric disease such as acute
schizophrenia or psychotic depressive disorder are also at
risk for suicide.

Risk Assessment

The physician must determine the extent of the teenager’s
depression and the risk that he or she might inflict self-
injury. Evaluation should include interviews with both the
teenager and the family. The history should include the
medical, social, emotional, and academic background. The
physician should inquire about:

1. Common signs of depression

2. Recent events that could be the cause of an underlying
depression

3. Evidence of long-standing problems in the home, at
school, or with peers

4. Drug or substance use and abuse

5. Signs of psychotic thinking, such as delusions or halluci-
nations

6. Evidence of masked depression, such as rebellious
behavior, running away from home, reckless driving, or
other acting-out behavior

The physician should always ask depressed patients about
thoughts of suicide, for example by asking, “Are things ever
so bad that life doesn’t seem worth living?” If the response is
affirmative, a more specific question should be asked, for
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example, “Have you thought of taking your life?” If the
patient has thoughts of suicide, the immediacy of risk can be
assessed by determining if the patient has a concrete, feasible
plan. Although patients who are at greatest risk have a
concrete plan that can be carried out in the near future,
especially if they have rehearsed the plan, the physician
should not dismiss the potential risk of suicide in the
adolescent who does not describe a specific plan. The physi-
cian should pay attention to his or her own instincts. Subtle
nonverbal signs may indicate that the patient is at greater risk
than may be apparent.

Treatment

The primary care physician is often in a unique position to
identify an adolescent at risk for suicide, because many
teenagers who attempt suicide seek medical attention in the
weeks preceding the attempt. These visits are often for vague
somatic complaints. If the patient shows evidence of depres-
sion, the physician must assess the severity of the depression
and suicidal risk. The pediatrician should always seek emer-
gency psychological consultation for any teenager who is
severely depressed, psychotic, or acutely suicidal. It is the
psychologist’s or psychiatrist’s responsibility to assess the
seriousness of suicidal ideation and decide whether hospital-
ization or outpatient treatment is most appropriate. Adoles-
cents with mild depression and low risk for suicide should be
followed closely, and the extent of the depression should be
assessed on an ongoing basis. If it appears that the patient is
worsening or is not responding to supportive counseling,
referral should be made.

American Academy of Child and Adolescent Psychiatry: Summary
of the practice parameters for the assessment and treatment of
children and adolescents with suicidal behavior. ] Am Acad
Child Adolesc Psychiatry 2001;40:495 [PMID: 11314578].

American Academy of Pediatrics Committee on Adolescence:
Suicide and suicide attempts in adolescents. Pediatrics
2000;105:871 [PMID: 10742349].

Hatcher-Kay C, King CA: Depression and suicide. Pediatr Rev
2003;24:363 [PMID: 14595033].

Zametkin AJ et al: Suicide in teenagers: Assessment, management,
and prevention. JAMA 2001;286:3120 [PMID: 11754678].

SUBSTANCE ABUSE

Substance abuse is a complex problem for adolescents and
the broader society. See Chapter 4 for an in-depth look at
this issue.

EATING DISORDERS (SEE CHAPTER 5)

OVERWEIGHT (SEE ALSO CHAPTER 10)

Obesity is defined as body mass index (BMI) greater than the
95th percentile for age. Overweight is defined as BMI greater
than the 85th percentile for age. (Growth charts are available

at the Centers for Disease Control and Prevention web site,
http://www.cdc.gov/growthcharts; see also Chapter 2). These
definitions have changed to reflect adult obesity definitions. It
is important to note that mean BMI changes with age. For a
13-year-old, a BMI above 25 constitutes obesity, whereas in
adolescents older than 18 years, BMI above 30 defines obesity.

Background

The National Health and Nutrition Examination Survey
reported an increase in overweight among adolescents aged 12—
19 from 5% in 1966—1970 to 17% in 2003—2004. The changes in
BMI during and after adolescence are important predictors of
adult adiposity. Generally, the longer a child remains over-
weight, the more likely obesity will persist into adulthood. The
medical risks associated with obesity are discussed in Chapter
10. The psychosocial hazards of overweight are great in adoles-
cence, causing alienation, distorted peer relations, poor self-
esteem, guilt, depression, or altered body image.

Diagnosis

BMI should be recorded for all adolescents at the time of their
annual physical examination. When overweight or obesity is
diagnosed, additional information should be documented:
blood pressure; condition of the skin, thyroid, heart, and
abdomen. In patients with BMI in the 85-95% range, waist
circumference at the umbilicus should be measured. Athletes
with increased muscle mass may have elevated BMI but
normal waist circumference, indicating that their weight may
be normal for their muscular build. Acanthosis nigricans is a
cutaneous finding characterized by velvety hyperpigmenta-
tion, most prominent behind the neck, in the axilla, and in the
groin. Acanthosis nigricans is more common in dark-skinned
persons and is a marker for insulin resistance. Endocrine
causes of obesity, such as hypothyroidism and Cushing dis-
ease, can generally be excluded by the history and physical
examination. If an adolescent is healthy and has no delay of
growth or sexual maturation, an underlying endocrinologic,
neurologic, or genetic cause is unlikely. Laboratory evaluation
should include fasting lipids, glucose, and liver function tests
to assess for nonalcoholic fatty liver disease.

Treatment

Poorly motivated adolescents may be alienated by an aggres-
sive discussion of weight loss. Instead, providers may give
basic information about healthy diet and regular exercise and
be available for future visits if patients become interested in
weight loss. For the highly motivated patient, treatment
should be appropriate to age and developmental level. The
adolescent should be taught appropriate eating and exercise
habits to maintain weight reduction yet meet nutritional needs
for growth and development. Providers are more likely to
engage the adolescents by helping them to choose concrete,
attainable goals (decreasing soda or other sugared drinks from
three to two per day, decreasing portion sizes, or moderate



exercise for 30 minutes 3 days a week). If patients are success-
ful with these goals, they may be more likely to continue
positive lifestyle changes. Appetite-suppressing drugs such as
sibutramine have been used in older adolescents but are
expensive and not usually covered by insurance. Bypass sur-
gery has been used in some centers when the overweight
adolescent has severe comorbidities of obesity. An age-appro-
priate behavior modification program incorporating dietary
counseling and exercise is optimal, although a report from the
U.S. Preventive Services Task Force did not find sufficient
evidence that behavioral counseling is effective. In fact some
studies indicate that increased activity is more important than
dietary changes in long-term weight management. Lifestyle
activity recommendations, such as walking and taking the
stairs, may be more effective in the long run than regimented
exercise programs. Avoiding labeling any food as “forbidden”
improves long-term success with healthful eating behaviors.
Behavioral treatment involving parents improves long-term
maintenance of weight loss in children; parental involvement
in adolescent weight loss programs has produced mixed
results. In general, the most important factor in successful
weight loss and weight maintenance is motivation. Monthly
follow-up visits may help to maintain motivation, especially
initially. Unfortunately, no program has been proven effective
for long-term weight reduction.

Fernandez J et al: Waist circumference percentiles in nationally
representative samples of African-American, European-Ameri-
can, and Mexican-American children and adolescents. ] Pediatr
2004;145:439 [PMID: 15480363].

National Center for Health Statistics: Prevalence of overweight
among children and adolescence: United States, 2002—2004.
Available at: http://www.cdc.gov/nchs/products/pubs/pubd/hestats/
overweight/overwght_child_03.htm.

U.S. Preventive Services Task Force: Screening and Interventions for
overweight in children and adolescents: Recommendation state-
ment. Pediatrics 2005;116:205 [PMID: 15995054].

SCHOOL AVOIDANCE

A teenager who has missed more than 1 week of school for a
physical illness or symptom, and whose clinical picture is
inconsistent with serious illness, should be suspected of
having primary or secondary emotional factors that contrib-
ute to the absence. Investigation of absences may show a
pattern, such as missing morning classes or missing the same
days at the beginning or end of the week.

School avoidance should be suspected in children who
are consistently absent in spite of parents’ and professionals’
attempts to encourage school attendance. Adolescents with
school avoidance often have a history of excessive school
absences or separation difficulties as a younger child. They
may have a record of recurrent somatic complaints. Parents
of a school avoider often feel helpless to compel their
adolescent to attend school, may lack the sophistication to
distinguish malingering from illness, or may have an under-
lying need to keep the teenager at home.
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A complete history and physical examination should be
performed, reviewing the patient’s medical, educational,
and psychiatric history. Signs of emotional problems should
be explored. After obtaining permission from the patient
and parents, the physician may find it helpful to speak
directly with school officials and some key teachers. The
adolescent may be having problems with particular teachers
or subjects or experiencing adversity at school (eg, school-
yard bullying or an intimidating instructor). Some students
get so far behind academically that they see no way of
catching up and feel overwhelmed. Separation anxiety,
sometimes of long duration, may be manifested in subcon-
scious worries that something may happen to the mother
while the teenager is at school.

The school nurse may give useful information, including
the number of visits to the nurse during the last school year.
An important part of the history is how the parents respond to
the absences and somatic complaints. The parent(s) may be
making a subconscious attempt to keep the adolescent at
home, which may be coupled with secondary gains for the
patient, such as increased parental attention.

Treatment

The importance of returning to school quickly after a period
of avoidance needs to be emphasized. The pediatrician
should facilitate this process by offering to speak with school
officials to excuse missed examinations, homework, and
papers. The pediatrician should speak directly with teachers
who are punitive with the objective of making the transition
back to school as easy as possible. The longer adolescents stay
out of school, the more anxious they may become about
returning and the more difficult the return becomes. If an
illness or symptom becomes so severe that an adolescent
cannot go to school, the patient and the parents must be
informed that a visit to a medical office is necessary. The
physician focuses visits on the parents as much as on the
adolescent to alleviate parental guilt about sending the child
to school. If the adolescent cannot stay in school, hospitaliza-
tion should be recommended for in-depth medical and
psychiatric evaluation. Parents should be cautioned about
the possibility of relapse after school holidays, summer
vacation, or an acute illness.

Hanna GL et al: Separation anxiety disorder and school refusal in
children and adolescents. Pediatr Rev 2006;27:56 [PMID:
16452275].

Suveg C et al: Separation anxiety disorder, panic disorder, and
school refusal. Child Adolesc Psychiatr Clin N Am 2005;14:773
[PMID: 16171702].

SCHOOL FAILURE

The amount and complexity of course work increase signifi-
cantly in middle school, at about the same time as the rapid
physical, social, and emotional changes of puberty. To per-
form well academically, young adolescents must have the
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necessary cognitive capacity, study habits, concentration,
motivation, interest, and emotional focus. Academic failure
presenting at adolescence has a broad differential:

. Limited intellectual abilities

. Specific learning disabilities

. Depression or emotional problems

. Physical causes such as visual or hearing problems
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. Excessive school absenteeism secondary to chronic dis-
ease such as asthma or neurologic dysfunction

. Lack of ability to concentrate

. Attention-deficit/hyperactivity disorder

. Lack of motivation

. Drug and alcohol problems
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Each of these causes must be explored. Evaluation
requires a careful history, physical examination, and appro-
priate laboratory tests, as well as standardized educational
and psychological testing.

Treatment

Management must be individualized to address specific
needs, foster strengths, and implement a feasible program.
For children with specific learning disabilities, an individual
prescription for regular and special education courses, teach-
ers, and extracurricular activities is important. Counseling
helps these adolescents gain coping skills, raise self-esteem,
and develop socialization skills. If the patient has hyperactiv-
ity or attention-deficit disorder along with poor ability to
concentrate, a trial of stimulant medication (eg, methyl-
phenidate or dextroamphetamine) may be useful. If the
teenager appears depressed or if other serious emotional
problems are uncovered, psychological evaluation should be
recommended.

Wilens TE et al: Attention-deficit/hyperactivity disorder in adults.
JAMA 2004;292:619 [PMID: 15292088].

Wolraich ML et al: Attention-deficit/hyperactivity disorder among
adolescents: A review of the diagnosis, treatment, and clinical
implications. Pediatrics 2005;115:1734 [PMID: 15930238].

BREAST DISORDERS

The breast examination should become part of the routine
physical examination in girls as soon as breast budding
occurs. The preadolescent thus comes to accept breast
examination as a routine part of health care, and the
procedure serves as an opportunity to offer reassurance
about patient concerns. The breast examination begins with
inspection of the breasts for symmetry and Tanner or sexual
maturity rating (SMR) stage. Asymmetrical breast develop-
ment is common in young adolescents, and is generally
transient, although 25% of women may continue to have
some degree of asymmetry into adulthood. Organic causes

of breast asymmetry include unilateral breast hypoplasia,
amastia, absence of the pectoralis major muscle, and unilat-
eral virginal hypertrophy (massive enlargement of the breast
during puberty).

Palpation of the breasts is performed with the patient
supine and the ipsilateral arm placed behind the head. The
examiner palpates the breast tissue with the flat of the fingers
in concentric circles from the sternum, clavicle, and axilla in
to the areola. The areola should be compressed gently to
check for discharge.

Instructions for breast self-examination and its purpose
can be given to older adolescents during this portion of the
physical examination, and the patient older than 18 years
should be encouraged to begin monthly self-examination
after each menstrual flow. Because the vast majority of breast
lesions in teens are benign, teaching younger adolescents
breast self-examination may lead to unnecessary anxiety and
overconcern with normal variants.

BREAST MASSES

Most breast masses in adolescents are benign (Table 3-1).
Rare malignancies of adolescent girls include hemangiosar-
coma, rhabdomyosarcoma, ductal carcinoma, cystosarcoma
phyllodes, and metastatic tumor.

Table 3-1. Breast masses in adolescent females.

Common
Fibroadenoma
Fibrocystic changes
Breast cysts (including retroareolar cysts)
Breast abscess or mastitis
Fat necrosis (after trauma)

Less common or rare (benign)
Lymphangioma
Hemangioma
Juvenile papillomatosis
Giant fibroadenoma
Neurofibromatosis
Nipple adenoma or keratoma
Mammary duct ectasia
Intramammary lymph node
Lipoma
Hematoma
Hamartoma
Galactocele

Rare (malignant potential)
Adenocarcinoma
Juvenile secretory carcinoma
Fibrosarcoma
Fibrous histiocytoma
Cystosarcoma phyllodes
Intraductal carcinoma
Rhabdomyosarcoma, lymphoma, neuroblastoma
Lymphosarcoma, hemangiosarcoma
Metastatic cancer




1. Fibroadenoma

Fibroadenoma accounts for about two thirds of all breast
masses in adolescents. It presents as a rubbery, well-demar-
cated, slowly growing, nontender mass in any quadrant, but
is most common in the upper outer quadrant. The natural
history of fibroadenomas is growth over 6-12 months fol-
lowed by stabilization. The average size is 2-3 cm in diame-
ter. In 10-25% of cases, multiple or recurrent lesions occur.

2. Cysts

Breast cysts are generally tender and spongy, with exacerbation
of symptoms premenstrually and improvement after menses.
Often they are multiple. Spontaneous regression occurs over
two or three menstrual cycles in about 50% of cases.

It is reasonable to follow suspected fibroadenoma or cyst in
adolescents for two or three menstrual cycles. About 25% of
fibroadenomas become smaller, and about 50% of cysts resolve.
If a presumed fibroadenoma does not change after two to three
cycles, ultrasound will differentiate a solid tumor from a cyst.
Patients with solid tumors larger than 2.5 ¢cm in diameter
should be referred for fine-needle aspiration or excisional
biopsy. Those with tumors less than 2.5 cm in diameter may be
followed every 3—-6 months, because many of these tumors will
shrink or remain the same. Persistent cystic lesions may be
drained by needle aspiration. Patients with suspicious lesions
should be referred immediately to a breast surgeon (Table 3-2).

3. Fibrocystic Breasts

Fibrocystic breast disease sometimes occurs in older adoles-
cents and becomes more common with age. It is character-
ized by cyclic tenderness and nodularity bilaterally and is
believed to be influenced by the estrogen-progesterone bal-
ance. Reassuring the young woman about the benign nature
of the process and emphasizing the importance of breast self-
examination as she becomes an adult may be all that is
needed. Support bras may provide symptomatic relief. Oral
contraceptive pills (OCPs) often improve symptoms. Studies
have shown no association between methylxanthines and
fibrocystic breasts; however, some women report reduced
symptoms when they discontinue caffeine. The efficacy of
vitamins E, B}, and A is unknown. Evening primrose oil was
beneficial in 44% of patients in one study. A trial of 1000 mg
three times a day for 3 months may be helpful.

4. Breast Abscess

The female with a breast abscess usually complains of unilat-
eral breast pain, and examination reveals overlying inflam-
matory changes. The examination may be misleading in that
the infection may extend much deeper than suspected. A
palpable mass is found only late in the course. Although
breast feeding is the most common cause of mastitis, trauma
and eczema involving the areola are factors in teenagers.
Staphylococcus aureus is the most common pathogen. Other
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Table 3-2. Breast lesions.

Fibroadenoma  Rubbery, well demarcated, nontender, slowly grow-
ing; most commonly found in the upper outer

quadrant of the breast. Usually < 5 cm.

Adenocarci- Hard, nonmobile, well-circumscribed, painless
noma mass; generally indolent clinical course; occurs also
in males but less frequently.

Cystosarcoma  Firm, rubbery mass that may suddenly enlarge;
phyllodes associated with skin necrosis; most often benign.
Giant juvenile  Remarkable large fibroadenoma with overlying
fibroade- dilated superficial veins; accounts for 5-10% of
noma fibroadenomas in adolescents; benign but requires
excision to prevent breast atrophy and for cosmetic
reasons.
Intraductal A cylindric tumor arising from the ductal epithelium;
papilloma often subareolar but may be in the periphery of the

breast in adolescents, with associated nipple dis-
charge. Most are benign but require excision for
cytologic diagnosis.

Localized inflammatory process in one breast; fol-
lows trauma in about half of cases. Subsequent
scarring may be confused with cancer.

Fat necrosis

Virginal or Massive enlargement of both breasts or, less often,
juvenile one breast; attributed to end-organ hypersensitivity
hypertrophy  to normal hormonal levels just before or within a

few years after menarche.

Miscellaneous  Fibroma, galactocele, hemangioma, intraductal
granuloma, interstitial fibrosis, keratoma,
lipoma, granular cell myoblastoma, papilloma, scle-

rosing adenosis.

aerobic and anaerobic organisms have also been implicated.
Fluctuant abscesses should be surgically incised and drained.
Fluid should be sent for culture. Oral antibiotics with appro-
priate coverage for methicillin-resistant S aureus should be
given for 2—4 weeks. Ice packs for the first 24 hours and heat
thereafter may relieve symptoms.

Cyclic mastodynia, fibrocystic disease, or chest wall pain
may also be causes of breast pain, but no associated inflam-
matory signs are present in these conditions.

GALACTORRHEA

In teenagers, nipple discharge can be white, clear, red,
brown, yellow, or green. Galactorrhea is most often benign;
however, a careful history and workup are necessary. The
most common causes of galactorrhea are medications, stim-
ulation or irritation of the nipple, or pregnancy. Prolactino-
mas are the most common pathologic cause of galactorrhea
in adolescents of both sexes and generally present as amen-
orrhea or failure of sexual maturation. Hypothyroidism is
the second most common cause in adolescence but has been
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Table 3-3. Medications and herbs
associated with galactorrhea.

Amphetamines

Antidepressants (selective serotonin reuptake inhibitors, tricyclic anti-
depressants)

Antihypertensives

Antipsychotics

Anxiolytics

Dihydroergotamine

Herbs (eg, anise, blessed thistle, fennel, fenugreek seed, nettle)

Histamine receptor blockers (eg, cimetidine)

Hormonal contraceptives

Isoniazid (INH)

Marijuana

Metoclopramide

Muscle relaxants (eg, cyclobenzaprine)

Opiates

Rimantadine

Sumatriptan

Valproic acid

reported only in girls, usually prepubertally. Ductal ectasia,
with dilation of the mammary ducts, fibrosis, and inflamma-
tion, is benign and can present with bloody or brown nipple
discharge. Bloody discharge with a mass can also result from
papillomatosis, which has malignant potential.

Galactorrhea may be present postpartum and after spon-
taneous or induced abortions. Numerous prescribed and
illicit drugs are possible causes (Table 3-3). Stimulation of
the intercostal nerves (following surgery or due to herpes
zoster infection), stimulation of the nipples, central nervous
system disorders (hypothalamic injury), or emotional dis-
tress may produce galactorrhea.

Clinical Findings

TSH and serum prolactin levels should be determined. Ele-
vated TSH confirms the diagnosis of hypothyroidism. Ele-
vated prolactin and normal TSH, often accompanied by
amenorrhea, in the absence of medications suggest a hypotha-
lamic or pituitary tumor, and a magnetic resonance imaging
scan is indicated. When the prolactin level is normal, uncom-
mon causes such as adrenal, renal, or ovarian tumors should
be considered. Males with a negative workup and normal
puberty need to be followed intensively. Males with elevated
prolactin levels require a magnetic resonance imaging scan
every 12—-18 months even if the galactorrhea resolves, because
of the significant risk of a small pituitary adenoma that may
become apparent with serial examinations.

Treatment

Treatment depends on the underlying cause. Prolactinomas
may be removed surgically or suppressed with dopamine
agonists such as bromocriptine. Bromocriptine may also be
beneficial to some amenorrheic females with normal serum

prolactin levels. The female with a negative workup and
persistent galactorrhea may be followed with menstrual
history and serum prolactin level every 6-12 months. In
many cases, symptoms resolve spontaneously and no diag-
nosis is made. The female with an elevated serum prolactin
concentration but negative prolactinoma workup may be
treated with bromocriptine if her symptoms are bothersome
or may be observed with a magnetic resonance imaging scan
every 1-2 years for several years.

GYNECOMASTIA

Gynecomastia is a common concern of male adolescents, 60—
70% of whom have transient subareolar breast tissue during
SMR stages 2 and 3. Causes include testosterone-estrogen
imbalance, increased serum prolactin level, and abnormal
serum protein binding levels.

Clinical Findings
In type I idiopathic gynecomastia, the adolescent has a
unilateral (20% bilateral) tender, firm mass beneath the
areola. Generalized breast enlargement is classified as type II.
Pseudogynecomastia refers to excessive fat tissue or promi-
nent pectoralis muscles.

Differential Diagnosis

Gynecomastia may be drug-induced (Table 3—4). Testicular,
adrenal, or pituitary tumors, Klinefelter syndrome, primary
hypogonadism, thyroid or hepatic dysfunction, or malnutri-
tion may also be associated with gynecomastia (Table 3-5).
Onset of gynecomastia in late (rather than early or middle)
adolescence is more likely to be indicative of organic disease.

Treatment

If gynecomastia is idiopathic, reassurance about the common
and benign nature of the process can be given. Resolution may
take up to 2 years. Surgery is reserved for those with significant
psychological trauma or severe breast enlargement.

ACOG Committee Opinion: Breast concerns in the adolescent.
Obstet Gynecol 2006;108:1329 [PMID: 17077268].

Arca MJ, Caniano DA: Breast disorders in the adolescent patient.
Adolesc Med Clin 2004;15:473 [PMID: 15625988].

De Silva et al: Disorders of the breast in children and adolescents,
part 2: Breast masses. ] Pediatr Adolesc Gynecol 2006;19:415
[PMID: 17174833].

GYNECOLOGIC DISORDERS
IN ADOLESCENCE
PHYSIOLOGY OF MENSTRUATION

The ovulatory menstrual cycle is divided into three consecutive
phases: follicular (the first 14 days), ovulatory (midcycle), and



Table 3-4. Drugs associated with gynecomastia.

Antibiotics
Isoniazid
Ketoconazole
Metronidazole
Anti-ulcer drugs
Cimetidine
Omeprazole
Ranitidine
Cardiovascular drugs
Captopril
Digoxin
Enalapril
Methyldopa
Reserpine
Verapamil
Chemotherapeutic drugs
Busulfan
Vincristine
Drugs and substances of abuse
Alcohol
Amphetamines
Marijuana
Opiates
Hormones or related agents
Anabolic steroids
Estrogens
Chorionic gonadotropin
Psychoactive medications
Tricyclic antidepressants, eg, amitriptyline
Antipsychotics, eg, chlorpromazine, fluphenazine, haloperidol
Anxiolytics, eg, chlordiazepoxide, diazepam

luteal (days 16-28). During the follicular phase, pulsatile
gonadotropin-releasing hormone from the hypothalamus stim-
ulates anterior pituitary secretion of FSH and LH. Under the
influence of FSH and LH, a dominant ovarian follicle emerges
by days 5-7 of the menstrual cycle, and the other follicles
become atretic. Rising estradiol levels produced by the maturing

Table 3-5. Disorders associated with gynecomastia.

Klinefelter syndrome

Traumatic paraplegia

Male pseudohermaphroditism

Testicular feminization syndrome

Reifenstein syndrome

17-Ketosteroid reductase deficiency

Endocrine tumors (seminoma, Leydig cell tumor, teratoma, feminizing
adrenal tumor, hepatoma, leukemia, hemophilia, bronchogenic
carcinoma, leprosy, etc)

Hypothyroidism

Hyperthyroidism

Cirrhosis

Herpes zoster

Friedreich ataxia
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follicle cause proliferation of the endometrium. By the midfolli-
cular phase, FSH is beginning to decline secondary to estradiol-
mediated negative feedback, whereas LH continues to rise as a
result of estradiol-mediated positive feedback.

The rising LH initiates progesterone secretion and lutein-
ization of the granulosa cells of the follicle. Progesterone in
turn further stimulates LH and FSH. This leads to the LH
surge, which causes the follicle to rupture and expel the
oocyte.

During the luteal phase, LH and FSH gradually decline.
The corpus luteum secretes progesterones. The endo-
metrium enters the secretory phase in response to rising
levels of estrogen and progesterone, with maturation 8-9
days after ovulation. If no pregnancy occurs or placental
human chorionic gonadotropin is released, luteolysis begins;
estrogen and progesterone levels decline; and the endome-
trial lining is shed as menstrual flow approximately 14 days
after ovulation.

During the first 2 years after menarche, the majority of
cycles are anovulatory (50-80%). Between 10% and 20% of
cycles remain anovulatory for up to 5 years after menarche.

PELVIC EXAMINATION

A pelvic examination may be indicated to evaluate abdominal
pain or menstrual disorders or to detect a suspected STI in the
sexually active adolescent. Urine STI screening can be utilized
in asymptomatic patients. The first Papanicolaou (Pap) smear
should be performed within 3 years of the initiation of sexual
activity or age 21 years, whichever comes first. Pap smears
should be performed earlier in adolescents with a history of
sexual abuse with penile penetration. The adolescent may be
apprehensive about the first examination. It should not be
rushed, and an explanation of the procedure and its purpose
should precede it. The patient can be encouraged to relax by
slow, deep breathing and by relaxation of her lower abdominal
and inner thigh muscles. A young adolescent may wish to have
her mother present during the examination, but the history
should be taken privately. A female chaperone should be
present with male examiners.

The pelvic examination begins by placing the patient in the
dorsal lithotomy position after equipment and supplies are
ready (Table 3—6). The examiner inspects the external genita-
lia, noting the pubic hair maturity rating, the size of the clitoris
(2-5 mm is normal), Skene glands just inside the urethral
meatus, and Bartholin glands at 4 o’clock and 8 o’clock
outside the hymenal ring. In cases of alleged sexual abuse or
assault, the presence of any lacerations, bruises, scarring, or
synechiae about the hymen, vulva, or anus should be noted.

A vaginal speculum is then inserted at a 45-degree twist
and angled 45 degrees downward. (A medium Pedersen
speculum is most often used in sexually experienced patients;
a narrow Huffman is used for virginal patients.) The vaginal
walls are inspected for estrogen effects, inflammation, or
lesions. The cervix should be dull pink. Cervical ectropion is
commonly observed in adolescents; the columnar epithelium
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Table 3-6. Items for pelvic exam tray.

Table 3-7. Causes of amenorrhea.

Medium and virginal speculums (use warm water before exam)
Gloves

Applicator sticks, sterile

Large swabs to remove excess discharge

Cervical spatulas and brushes and available PAP media or slides
Microscope slides and cover slips if provider is to perform tests
Test tube (if swab is to be placed in saline and prepared elsewhere )
NaCl and KOH if provider is to perform tests

Gonorrhea test media

Chlamydia test media

Lubricant

Facial tissue

extends outside the cervical os onto the face of the cervix until
later adolescence, when it recedes.

Specimens are obtained, including a wet preparation for
leukocytes, trichomonads, and clue cells (vaginal epithelial
cells stippled with adherent bacteria); potassium hydroxide
preparation for yeast and whiff test; cervical swab for gonor-
rhea and Chlamydia; and endocervical and cervical samples
for Pap smear testing if indicated. A cervical brush and
spatula are typically used together. Pap smears should be
interpreted by a cytopathologist at a laboratory using the
Bethesda system of classification. Liquid-based Pap testing is
often used with reflex human papillomavirus testing if the
Pap result is atypical squamous cells of uncertain etiology.

The speculum is then removed, and bimanual examina-
tion is performed to assess uterine size and position, adnexal
enlargement or tenderness, or cervical motion tenderness.
Bimanual examination may reveal beading in the adnexa
secondary to endometriosis.

MENSTRUAL DISORDERS
1. Amenorrhea

Amenorrhea is the absence of menarche when normally antic-
ipated. Primary amenorrhea is defined as no menstrual peri-
ods or secondary sex characteristics by age 14 years or no
menses in the presence of secondary sex characteristics by age
15 years. Constitutional delay is normal pubertal progression
at a delayed onset or rate. Secondary amenorrhea is the
absence of menses for at least three cycles after regular cycles
have been present. In some instances, evaluation should begin
immediately, without waiting for the specified age or duration
of lapsed periods, such as in patients with suspected preg-
nancy, short stature with the stigmata of Turner syndrome, or
an anatomic defect.

A. Evaluation for Primary Amenorrhea

Primary amenorrhea may be the result of anatomic abnor-
malities, chromosomal deviations, or physiologic delay
(Table 3-7).

Hypothalamic-pituitary axis
Hypothalamic suppression
Emotional stress
Depression
Chronic disease
Weight loss
Obesity
Severe dieting
Strenuous athletics
Drugs (post-birth control pills, phenothiazines)
Central nervous system lesion
Pituitary lesion: adenoma, prolactinoma
Craniopharyngioma, brainstem, or parasellar tumors
Head injury with hypothalamic contusion
Infiltrative process (sarcoidosis)
Vascular disease (hypothalamic vasculitis)
Congenital conditions®
Kallmann syndrome
Ovaries
Gonadal dysgenesis®
Turner syndrome (X0)
Mosaic (XX/X0)
Injury to ovary
Autoimmune disease
Infection (mumps, oophoritis)
Toxins (alkylating chemotherapeutic agents)
Irradiation
Trauma, torsion (rare)
Polycystic ovary syndrome
Ovarian failure
Premature menopause
Resistant ovary
Uterovaginal outflow tract
Millerian dysgenesis®
Congenital deformity or absence of uterus, uterine tubes, or
vagina
Imperforate hymen, transverse vaginal septum, vaginal agenesis,
agenesis of the cervix®
Testicular feminization (absent uterus)?
Uterine lining defect
Asherman syndrome (intrauterine synechiae postcurettage or
endometritis)
Tuberculosis, brucellosis
Defect in hormone synthesis or action (virilization may be present)
Adrenal hyperplasia®
Cushing disease
Adrenal tumor
Ovarian tumor (rare)
Drugs (steroids, ACTH)

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

The history should include whether puberty has com-
menced, level of exercise, nutritional intake, presence of stres-
sors, and the age at menarche for female relatives. Adrenal
androgens are largely responsible for axillary and pubic hair;
estrogen is responsible for breast development, maturation of
the external genitalia, vagina, and uterus, and menstruation.



A careful physical examination should be done, noting the
percentage of ideal body weight for height and age, SMR stage,
vaginal patency, presence of the uterus (assessed through
rectoabdominal examination or ultrasonography if pelvic
examination is not appropriate), signs of virilization (acne,
clitoromegaly of > 5 mm, or hirsutism), or stigmata of Turner
syndrome (< 152 cm tall, shieldlike chest, widely spaced
nipples, increased carrying angle of the arms, and webbed
neck). If pelvic examination reveals normal female external
genitalia and pelvic organs, the patient should be given a
challenge of medroxyprogesterone, 10 mg orally twice daily
for 5 days (or 10 mg/d for 7-10 days) (Figure 3-5). If
withdrawal bleeding occurs within 7 days after administration
of medroxyprogesterone, normal anatomy and adequate
estrogen effect are implied. If physical examination reveals an
absent uterus (Figure 3-6), karyotyping should be performed
to differentiate testicular feminization from miillerian duct
defect, because these two entities are managed differently.

Laboratory studies should include complete blood count,
erythrocyte sedimentation rate, and TSH. If systemic illness
is suspected, a urinalysis and a chemistry panel (including
renal and liver function tests) should be obtained. If short
stature is present, a bone age should be done. If the diagnosis
remains unclear after preliminary evaluation, or if no with-
drawal bleeding occurs after a medroxyprogesterone chal-
lenge, FSH, LH, and prolactin levels should be obtained. Low
levels of gonadotropins indicate a more severe hypothalamic
suppression, caused by anorexia nervosa, chronic disease, or
a central nervous system tumor. Involvement of a gynecolo-
gist or endocrinologist is helpful at this point. If gonadotro-
pin levels are high, ovarian failure or gonadal dysgenesis is
implied, and a karyotype should be obtained.

B. Evaluation and Treatment
of Secondary Amenorrhea

Secondary amenorrhea results when estrogen stimulation is
unopposed, maintaining the endometrium in the prolifera-
tive phase. The most common causes are pregnancy, stress,
and polycystic ovary syndrome (PCOS). Ovarian failure can
also present as secondary amenorrhea, caused by mosaic
Turner syndrome or autoimmune oophoritis.

The history should focus on issues of stress, chronic illness,
drugs, weight change, strenuous exercise, sexual activity, and
contraceptive use. A review of systems should include ques-
tions about headaches, visual changes, hirsutism, constipa-
tion, cold intolerance, and galactorrhea.

Physical examination should include ophthalmoscopic
and visual field examination, palpation of the thyroid, deter-
mination of blood pressure and heart rate, compression of
the areola to check for galactorrhea, and a search for signs of
androgen excess (eg, hirsutism, clitoromegaly, severe acne,
or ovarian enlargement).

The first laboratory study obtained is a pregnancy test,
even if the patient denies sexual activity. If the teenager is not
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pregnant, a progesterone challenge (medroxyprogesterone,
10 mg orally bid for 5 days or 10 mg/d for 7-10 days) should
be done to determine whether the uterus is primed with
estrogen (Figure 3-7).

Most patients who have withdrawal flow after progeste-
rone challenge have mild hypothalamic suppression due to
weight change, athletics, stress, or illness; however, disorders
such as PCOS, adrenal disorders, ovarian tumors, thyroid
disease, and diabetes mellitus should be excluded by history
and physical examination and appropriate laboratory stud-
ies. (See Primary Amenorrhea, earlier, and Figure 3-6.)

If withdrawal flow occurs after the progesterone chal-
lenge (see Figure 3-5), but the adolescent continues to have
problems with amenorrhea, serum levels of estradiol, FSH,
LH, and prolactin should be checked. An elevated FSH level
accompanied by a low estrogen level implies ovarian failure,
in which case blood for karyotype and antiovarian antibodies
(if the karyotype is normal) should be obtained and laparos-
copy considered. If gonadotropin levels are low or normal
and the estradiol level is low, hypothalamic amenorrhea is
likely; however, one must consider the possibilities of a
central nervous system tumor (prolactinoma or craniopha-
ryngioma), pituitary infarction from postpartum hemor-
rhage or sickle cell anemia, uterine synechiae, or chronic
disease. Further evaluation may be necessary.

If signs of virilization are present (see Figure 3—6), deter-
mining levels of free testosterone, 17-hydroxyprogesterone,
and dehydroepiandrosterone sulfate will help to distinguish
PCOS from adrenal causes of virilization and amenorrhea.
Although elevation of testosterone and dehydroepiandros-
terone sulfate may occur in patients with PCOS, the eleva-
tion is not as dramatic as with androgen-producing adrenal
or ovarian tumors, adrenal hyperplasia, or Cushing syn-
drome. Endocrinologic consultation will assist in differenti-
ating the cause of significantly elevated androgens.

PCOS is a spectrum of disorders accompanied by symptoms
of obesity, insulin resistance, hirsutism, acne, oligomenorrhea,
and infertility. PCOS is very common, with a prevalence esti-
mated at 5-10%. Although a classic LH:FSH ratio of more than
2.5:1 is described in PCOS, up to 40% of patients do not have
elevated LH levels. Because of insufficient FSH, androstenedi-
one cannot be converted to estradiol in the ovarian follicle, and
anovulation and production of excess androgens result. OCPs
containing a low androgenic progestin (desogestrel or norgesti-
mate) help to regulate menses and improve acne and hirsutism.
Patients who do not wish to take an OCP can be given proges-
terone (10 mg daily) for the first 10 days of each month to allow
withdrawal flow; however, this treatment does not suppress
ovarian androgen production. Hirsute patients should have a
lipid profile checked, because PCOS patients have an increased
risk of dyslipidemias. OCPs may reduce terminal hair growth,
but antiandrogens such as spironolactone reduce the growth
and diameter of terminal hair and may be useful for more severe
hirsutism. Weight loss in obese patients helps to suppress
ovarian androgen production. Insulin-sensitizing medications,
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Primary amenorrhea

History and family history

Physical examination:

Tanner stage, percent IBW

Pelvic exam—normal female, uterus present, hymen
patent (if uterus absent, see Figure 3—6)

No virilization (if present, see Figure 3—6)

Identify:

Pregnancy by urine or serum hCG (not by history)

Turner syndrome

Anatomic abnormality (imperforate hymen, transverse vaginal septum)

?L?eii?irutzs) by Puberty has begun, but no Late-onset puberty but
age 14 menarche by age 15 progressing
Test for estrogen Constitutional delay
Medroxyprogesterone acetate
10 mg PO bid x 5 d Confirm:
Family history
Rule out:
Anatomic defect
Rx:
Reassurance
Wait
|
Low estrogen Normal estrogen
(no bleeding) (withdrawal bleed)
FSH, LH LH
HIGH LOW LOW HIGH
| or NORMAL
Karyotype
ABNORMAL NORMAL
Gonadal dysgenesis Ovarian failure Severe hypothalamic Mild hypothalamic Polycystic ovary
suppression suppression suppression
Rx: Rx: Rule out: Rx: Rx:
Hormone replacement|| Hormone replacement Anorexia nervosa Reassurance Birth control pills,
Sexuality counseling Sexuality counseling Chronicldisease Wait with low androgenic

Gyn consult

Gyn consult

CNS tumor
Mixed gonadal
dysgenesis
Do:
Gyn-Endo consult

Correct any
underlying factors

profile (Ortho
Tricyclen, Desogen)

A Figure 3-5. Evaluation of primary amenorrhea in a normal female. CNS, central nervous system; FSH, follicle-
stimulating hormone; hCG, human chorionic gonadotropin; IBW, ideal body weight; LH, luteinizing hormone.
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Primary amenorrhea
Physical examination:

Pelvic exam

Absent uterus
(will have breast
development)

Normal female
See Figure 3-5

Acne

Virilized female
Hirsutism

Clitoromegaly > 5 mm

KARYOTYPE

ULTRASOUND OR LAPAROSCOPY

XY

XX

but both may be elevated

TESTOSTERONE (T)
DHEAS

T <200 ng/dL
DHEAS < 700 ng/dL

T > 200 ng/dL
DHEAS > 700 ng/dL

Testicular feminization

Lab confirmation:

High LH

Normal FSH

High testosterone
Endocrinology consultation

Mullerian duct defect

Rx:
Sexual counseling
IVP to rule out renal
anomaly
Gynecology consultation

Polycystic ovary
syndrome

Rx:
Cycle with progesterone
or birth control pills with
low androgenic profile
Electrolysis after 6 months

Adrenal or ovarian
tumor
Adrenal hyperpiasia
Cushing syndrome or
disease
Do:
Gyn-Endo consult
17-Ketosteroids
Dexamethasone
suppression test

of birth control pills: ACTH stimulation test

consider metformin

A Figure 3-6. Evaluation of primary amenorrhea in a female without a uterus or with virilization. ACTH, adrenocortico-
tropic hormone; DHEAS, dehydroepiandrosterone sulfate; FSH, follicle-stimulating hormone; IVP, intravenous pyelogram;

LH, luteinizing hormone.

such as metformin, have been shown to improve menstrual
regularities in adolescents with PCOS.

2. Dysmenorrhea

Dysmenorrhea is the most common gynecologic complaint
of adolescent girls, with an incidence of about 80% by age 18
years. Yet many teenage girls do not seek help from a
physician, relying instead on female relatives, friends, and
the media for advice. Therefore, the physician should ask
about menstrual cramps when taking a review of systems.

Dysmenorrhea can be divided into primary and second-
ary dysmenorrhea on the basis of whether underlying pelvic
disease exists (Table 3-8). Primary dysmenorrhea accounts
for 80% of cases of adolescent dysmenorrhea and most often
affects women younger than age 25 years.

Pelvic examination is normal in females with primary dys-
menorrhea. The pelvic examination has diagnostic benefits and
provides an opportunity to educate and reassure the patient
about her normal reproductive function. However, if the
patient has never been sexually active and the history is consis-

tent with primary dysmenorrhea, a trial of a nonsteroidal anti-
inflammatory drug is justified. Patients should be instructed to
begin nonsteroidal anti-inflammatory drugs at the first sign of
menses or dysmenorrhea and continue them for 2-3 days.
Recommended doses are ibuprofen, 400-800 mg every 6 hours,
or naproxen, 220-550 mg twice a day. If the patient does not
respond to nonsteroidal anti-inflammatory drugs, OCPs are an
effective treatment for primary dysmenorrhea. If patients do
not respond to either of these treatments, secondary dysmenor-
rhea is more likely and a pelvic examination is indicated.

Secondary dysmenorrhea is menstrual pain due to an
underlying pelvic lesion (see Table 3-8). Although uncom-
mon in adolescents, when present it is most often due to
infection or endometriosis. In one study of adolescent
females with chronic pelvic pain, more than 40% who had
not received a definitive diagnosis by the third visit were
found to have endometriosis.

The clinician evaluating a patient with secondary dysmen-
orrhea should take a sexual history and conduct a pelvic
examination even if the patient is not sexually active. Testing
for gonorrhea and Chlamydia, a complete blood count and
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Patient with SECONDARY AMENORRHEA

@ History —>— —€«— Pregnancy Test

Physical examination —>

Identity:
Pregnancy
Drugs
Chronic disease

@ Progesterolne challenge

Y

Positive (withdrawal bleed)
1

Nonhirsute Hirsute

D ) Mild hypothalamic Androgen excess
dysfunction (anovulatory) *

Obtain LH:FSH ratio,

and free testosterone,
consider DHEAS,
17-OH.P, androstenedione

CBC, urinalysis,
erythrocyte sedimentation
rate, T, thyroid-stimulating
hormone (as indicated)

Correct

. Polycystic
underlying ovaries
factors y
@ Adrenal problem -€—
Repeat
progesterone

every 3 months -
(after ruling out Birth control
pregnancy) pills

/

* Endocrinology
Consider consultation
metformin

If oligomenorrhea
persists, consider
LH, FSH, prolactin,
thyroid function
tests

Y

Negative (no withdrawal bleed)

Assess:
Estradiol
FSH
LH
Prolactin

1

Y

Normal estrogen Low estrogen

Interfering )
hormones L°W+FSH ngh+FSH
@ Severe @ Ovarian failure
hypothalamic
An‘d rogen or dysfunction +
cortisol excess T
or ain
Prolactin excess chromosomes
CTMS;?n Gynecology or
or endocrinology consultation
Pituitary +
microcadenoma Hormone
or hyperplasia replacement
Check: Y therapy
Ty

Thyroid-stimulating hormone
Erythrocyle sedimentation rate

Neurologic
examination

A Figure 3-7. Evaluation of secondary amenorrhea. CBC, complete blood count; (T, computed tomography; DHEAS,
dehydroepiandrosterone sulfate; FSH, follicle-stimulating hormone; LH, luteinizing hormone; MRI, magnetic resonance
imaging scan; 17-0H-P, 17-hydroxyprogesterone; T,, thyroxine.

erythrocyte sedimentation rate, and a pregnancy test should
be done. Gynecologic consultation is indicated to look for
endometriosis or congenital problems by ultrasonography or
laparoscopy. Treatment depends on the cause (see Table 3-8).

3. Dysfunctional Uterine Bleeding

Dysfunctional uterine bleeding may consist of menorrhagia
(normal intervals with excessive flow) or metrorrhagia
(irregular intervals with excessive flow). It results when an
endometrium that has proliferated under unopposed estro-

gen stimulation finally begins to slough, but does so incom-
pletely, causing irregular, painless bleeding. The unopposed
estrogen stimulation occurs during anovulatory cycles, com-
mon in younger adolescents who have not been menstruat-
ing for long. Anovulation may also occur in older adoles-
cents during times of stress or illness (Figure 3-8).

Clinical Findings

Typically, the adolescent has had several years of regular
cycles and then begins to have menses every 2 weeks, or
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Table 3-8. Dysmenorrhea in the adolescent.

Etiology

Primary Dysmenorrhea®

Primary

Excessive amount of
prostaglandin Fyo,
which attaches to
myometrium, causing
uterine contractions,
hypoxia, and ischemia.
Also, directly sensitizes
pain receptors.

Secondary Dysmenorrhea”

Onset and Duration

Begins with onset of
flow or just prior
and lasts 1-2 d.

Does not start until
6-18 mo after men-
arche, when cycles
become ovulatory.

Symptoms

Lower abdominal
cramps radiating to
lower back and thighs.
Associated nausea,
vomiting, diarrhea, and
urinary frequency also
due to excess prosta-
glandins.

Pelvic Exam

Normal. May wait to
examine if never sex-
vally active and his-
tory is consistent with
primary dysmenor-
rhea.

Treatment

Mild—heating pad,
warm baths, NSAIDs.
Moderate to severe—
NSAIDs at onset of flow
or pain. Consider OCPs.

Infection

Endometriosis

Complication
of pregnancy

Congenital
anomalies

V)

Pelvic
adhesions

Most often due to an
STl such as chlamydia
or gonorrhea.

Aberrant implants of
endometrial tissue in
pelvis or abdomen;
may result from
reflux.

Spontaneous abortion,
ectopic pregnancy.

Transverse vaginal
septum, septate
uterus, or cervical ste-
nosis.

Increased uterine con-
tractions, or increased
risk for pelvic infec-
tion.

Previous abdominal
surgery or pelvic
inflammatory
disease.

Recent onset of pel-
vic cramps.

Generally starts
more than 2 y after
menarche.

Acute onset.

Onset at menarche.

Onset after place-
ment of 1UD or
acutely if due to
infection.

Delayed onset after
surgery or PID.

Pelvic cramps, excessive
bleeding, intermenstrual
spotting or vaginal dis-

charge.

Pelvic pain, may occur
intermenstrually.

Pelvic cramps associated
with a delay in menses.

Pelvic cramps.

Pelvic cramps, heavy
menstrual bleeding,
may have vaginal dis-
charge.

Abdominal pain, may or
may not be associated
with menstrual cycles;
possible alteration in
bowel pattern.

Mucopurulent or puru-
lent discharge from
cervical os, cervical
friability, cervical
motion tenderness,
adnexal tenderness,
positive test for STI.

Two thirds are tender
on exam, especially
during late luteal
phase.

Positive hCG, enlarged
uterus or adnexal
mass.

Underlying congenital
anomaly may be
apparent. May require
exam under anesthe-
sia.

Normal, or see infec-
tion above.

Variable.

Appropriate antibiotics.

Hormonal suppression by
0CPs, DMPA or danazol.
Surgery may be neces-
sary for extensive dis-
ease.

Immediate gynecologic
consult.

Gynecologic consult for
ultrasound, hysteros-
copy, or laparoscopy.

NSAIDs or mefenamic
acid may be drug of
choice because they
also reduce flow. Appro-
priate antibiotics and
consider removal of 1UD
if infection is present.

Surgery. Consider a trial
of tricyclic antidepres-
sants.

°No pelvic pathology.

bUnderlying pathology present. (Always perform pelvic exam if secondary dysmenorthea suspected or patient is sexually active. Tests for Chlamydia and
gonorrhea, complete blood test, and erythrocyte sedimentation rate should be obtained.)
DMPA, depot medroxyprogesterone ace