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Respiratory Diseases of the

Newborn

Ronald B. Holtzman

GENERAL CONSIDERATIONS

With the exception of hyperbilirubinemia, respiratory
distress is the most common clinical disorder seen in
the neonate. Because numerous pulmonary and nonpul-
monary conditions cause respiratory disturbances in the
newharmn, many of which require urgent intervention, the
clinician faces the challenge of narrowing the differential
diagnosis expediently. By extracting salient features from
the obstetric and neonatal history, physical examination,
laboratory and imaging studies, and the clinical course,
the clinician can develop a systematic approach to the
diagnosis and management of neonates with respiratory
distress.

Ontogeny of Fetal Lung Development

Lung morphogenesis begins during the embryonic period
of fetal development (3-6 weeks). The lung buds arise as an
outpouching of epithelial cells lining the laryngotracheal
sulcus at the caudal end of the medial pharyngeal groove of
the foregut endoderm (Fig. 20.1). In mammalian species,
lung morphogenesis can be subdivided into five specific
phases.

Embryonic period (3-6 weeks): Epithelial cells of the
foregut endoderm coalesce to form a primitive tubule. By a
process of branching morphogenesis, the tubule gives rise
to the main, lobar, and segmental bronchi of the primitive
lung. This process is completed by week 6 after conception.
The primitive vascular bed is completed by weeks 6 to 7 by
connections to the right and left atria.

Pseudoglandular period (6-16 weeks): Continued branch-
ing of primitive tubules gives rise to terminal bronchioles
and primitive acinar structures. Previously undifferentiated
pulmonary epithelial cells now demonstrate characteristics
of type I (flat, squamous) and type I (containing glycogen
and surfactant protein) pneumocytes. The lung has a dis-
tinctly glandular appearance. During this period, ciliated
and nonciliated secretory cells are seen, in addition to the
smooth muscle and cartilage adjacent to the conducting
airways.

Canalicular period (16-26 weeks): Terminal bronchioles
give rise to respiratory bronchioles and ultimately acinar
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Figure 20.1 Lateral view of lung buds arising as an outpouching
of the foregut at the end of the fifth week of gestation. (From
Skanaslekis JE, Gray SW. Embiyology for surgeons, 2nd ed.
Baltimore, MD: Williams & Wilkins, 1994, with permission.)

structures, including acinar ducts and the primitive alveo-
lus. Epithelial cell differentiation is increasingly complex
in the distal acinus. Lamellar bodies containing surfactant
phospholipids and associated proteins are seen in type 1l
pneumocytes. The previously thick interstitial mesenchyme
becomes progressively thinner, and the capillaries that will
ultimately function in gas exchange surround the distal
acinus.

Saccular (26-36 weeks) and alveolar (36 weeks-ado-
lescence) periods: These periods of lung development are
characterized by further thinning of the lung mesenchyme,
formation of the capillary network, maturation of type I
and type 1l epithelial cells, and further growth of the distal
acinus. In humans, the alveolar period begins at near-term
gestation. Subsequent lung growth occurs by further sub-
division and proliferation of the alveoli and is most active
during the first decade of life. The process is completed by
early adolescence.
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Prenatal and Perinatal History

Relevant elements of the prenatal and perinatal history
may be helpful in identifying the cause of respira-
tory distress in a newborn. The amniotic fluid volume,
determined by antenatal ultrasonographic examination or
estimated clinically, may reflect processes that affect lung
growth and development. Oligohydramnios (seen in the
context of premature rupture of the membranes), intrauter-
ine growth restriction, and fetal genitourinary anomalies,
may be associated with pulmonary hypoplasia. Excessive
amniotic fluid, or polyhydramnios, is associated with up-
per airway obstruction, seen in the context of esophageal
atresia/trachecesophageal fistula and congenital diaphrag-
matic hernia. Prolonged rupture of the fetal membranes,
for more than 18 hours, and maternal chorioamnionitis
are considered as risk factors for the development of pneu-
monia/sepsis in the newborn. Meconium passage in utero
may occur in as many as 20% of term pregnancies. If fetal
gasping occurs, as in hypoxemia or acidosis, meconium
can be aspirated into the trachea of the fetus or newborn.
The aspiration of thick or particular meconium has been
associated with the development of meconium aspiration
syndrome (MAS) and the subsequent development of per-
sistent pulmonary hypertension of the newborn (PPHN).
Fetal distress is associated with MAS, PPHN, and delayed
transition.

Other historical elements may shed additional light on
the causes of newborn respiratory distress. Cesarean deliv-
ery, particularly if performed before the onset of labor, and
precipitous vaginal delivery are associated with retention
of fetal lung water, believed to be the pathophysiologic
basis of transient tachypnea of the newborn (TTN). Abrup-
tio placentae and fetal-maternal hemorrhage, resulting in
severe fetal anemia, may cause congenital heart failure and
passive lung congestion. Prematurity is associated with sur-
factant deficiency and respiratory distress syndrome (RDS).
Additionally, infection as a precipitating factor in preterm
labor and during birth may cause pneumonia/sepsis. Post-
maturity is associated with meconium passage, MAS, and
PPHN. Insulin-dependent maternal diabetes (White classi-
fications A, B, and C) is associated with RDS secondary to
inhibition of the synthesis and secretion of lung surfactant
and surfactant-associated proteins.

Physical Examination

The physical examination findings may belp identify the
cause of respiratory distress. The first issue to be addressed
is the gestational age, which is assessed with the Bal-
lard examination. RDS and pneumonia are more common
in premature infants, whereas aspiration syndromes and
PPHN are more common in postmature infants. In addi-
tion to assessing the gestational age, one determines the
infant’s growth pattern. A small-for-gestational-age new-
born may have been subjected to long-term uteroplacental

insufficiency, which increases the risk for PPHN. A large-for-
gestational-age infant who is born to a mother with diabetes
is at increased risk for RDS and also for certain types of
congenital heart defects. The following must be considered
as one proceeds through the physical examination:

m Central cvanosis of the infant's skin may indicate
hypoxemia. Central cvanosis is recognized as a bluish
discoloration of the tongue, mucous membranes, and
skin; it is associated with a blood concentration of
reduced hemoglobin of 3 g/dL or more. Central cvanosis
is abnormal in a quiet newborn more than 20 minutes old
but may be normal in a crying newborn for several days
after birth, as a result of right-to-left shunting through
the foramen ovale. Central cyanosis with a normal Paos
value (partial pressure of oxygen, arterial) may suggest
methemoglobinemia. Cyanotic spells that are relieved by
crying and breathing through the mouth suggest choanal
atresia. Peripheral cyanosis (acrocyanosis) is common
in normal newborns and may last for days to weeks.
However, acrocyanosis with cold extremities in a warm
environment may suggest vasoconstriction or inadequate
cardiac output, which occurs in sepsis or heart failure.
Pallor may suggest shock, cutaneous vasoconstriction,
anemia, or obstructed cardiac output. A plethoric infant
may have polycythemia.

m If examination of the head, eyes, ear, nose, and throat re-
veals a cleft palate, micrognathia, and glossoptosis asso-
ciated with upper airway obstruction, one suspects Pierre
Robin sequence. An enlarged tongue or macroglossia is
associated with trisomy 21 and Beckwith-Wiedemann
syndrome.

m If examination of the chest reveals a barrel shape,
one suspects increased lung volume, seen with a
pneumothorax. A bell-shaped chest suggests reduced
lung volume, seen in pulmonary hypoplasia. Retractions
usually suggest reduced lung compliance that is a
consequence of parenchymal disease, most commonly
RDS, pneumonia, or TTN. Stridor suggests obstruction
of the large airways. Laryngomalacia presents at birth
with stridor that is worsened by a supine position,
crying, and agitation. Unilateral vocal cord paralysis
may present with a weak or hoarse cry and stridor in
the context of a delivery requiring excessive cervical
traction, which can injure the recurrent laryngeal nerve.
Bilateral injurv to the vocal cords is associated with high-
pitched, crowing stridor, swallowing difficuities, and
recurrent apnea. Stridor and wheezing may be the result
of external tracheal compression by a vascular ring. The
chest roentgenogram may show hyperinflation, a right-
sided aortic arch, and tracheal narrowing. The barium
swallow may show indentation of the esophagus. The
diagnostic tool of choice for laryngeal and vocal cord
disorders is laryngoscopy.

m Examination of the heart may reveal a pathologic
murmur, a single or fixed second heart sound, a displaced
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point of maximal impulse (PMI), and distant heart
sounds. These findings are associated with dextrocardia
or congestive heart failure.

® Examination of the abdomen may reveal a scaphoid or
empty-appearing abdomen, which is seen in the con-
text of congenital diaphragmatic hernia. Conversely, a
distended abdomen can compromise the diaphragmatic
movement and may be caused by a tracheoesophageal
fistula with esophageal atresia or by an abdominal mass.
Additional findings suggestive of tracheoesophageal fis-
tula include excessive oral secretions, an inability to
pass an orogastric tube into the stomach, and respira-
tory symptoms, such as stridor resulting from associated
tracheomalacia, coughing, choking, and cyanosis with
teeding. An umbilicus that moves toward the side
during inspiration (belly dancer’s sign) in a large-for-
gestational-age infant with respiratory distress, whose
shoulders were delivered with difficulty, suggests paraly-
sis of the diaphragm.

8 Neuromuscular disorders present with generalized muscle
wedhiess and may be associated with  puimonary
hypoplasia, apnea, and respiratory failure.

Age at Onset and Progression
of Respiratory Distress

The postnatal age at which respiratory symptoms appear,
and the rate of progression of such symptoms, are
often related to the underlying cause of the respiratory
distress. Disorders that present acutely in the delivery room
include significant large airway obstruction, pulmonary
hypoplasia, severe surfactant deficiency, pleural effusion,
sizable intrathoracic masses, and apnea. Some disorders
present more gradually in the delivery room, such as
delayed transition to the extrauterine environment, TIN,
and hypothermia, and usually resolve within the first 12
to 72 hours of life. Other disorders progressively worsen
during the first 12 to 24 hours of life, including RDS,
MAS, air leak, pneumonia, and congenital heart disease.
Disorders that present more insidiously during the first
week of life include perinatally or nosocomially acquired
pneumonia, certain forms of congenital heart disease, and
relatively small intrathoracic lesions.

Diagnostic studies that may be useful in discerning the
cause of respiratory distress in a newborn and in deciding
on a course of treatment include chest roentgenography
and arterial blood gas measurement.

Chest Roentgenography

The chest roentgenogram can differentiate many underly-
ing causes of respiratory distress in neonates. An abnormal
thoracic conformity may be associated with lung disorders
and newborn respiratory distress. As previously mentioned,
a bell-shaped thorax is seen in the setting of pulmonary
hypoplasia. Conversely, an overdistended thorax, particu-
larly in association with downward displacement of the
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diaphragm and mediastinal shift, is seen with a pneumoth-
orax. A careful examination of the lung fields is essential
to determine the cause of respiratory disturbance. A bilat-
eral, homogeneous, ground-glass appearance of the lungs is
seen in infants with untreated RDS. Lung parenchymal infil-
trates, either focal or diffuse, unilateral or bilateral, are seen
in infants with pneumonia, significant atelectasis, retained
fetal lung water (in TTN}, or an aspiration syndrome. These
clinical entities may be difficult to distinguish radiograph-
ically, and the clinical course can provide further insight
into the underlying cause. Specifically, TTN often becomes
less severe within the first 72 hours of life, whereas pneu-
monia, RDS, and aspiration {untreated) generally worsen.
A bubbly appearance of the lungs is seen in pulmonary in-
terstitial emphysema. Relatively large cystic areas are seen
in chronic lung disease, cystic adenomatoid malformation,
congenital lobar emphysema, and congenital diaphrag-
matic hernia. Finally, opacified lung fields are seen in the
context of massive pulmonary hemorrhage or chylothorax.

Certain forms of congenital heart disease are associated
widh & dhidracieristic cardiac silhoueite. Roenigenographic
findings in transposition of the great vessels have been
described as an “egg on the side,” whereas the tetralogy of
Fallot classically appears as a “boot-shaped” heart. In pul-
monary hypoplasia, the thorax is bell-shaped, and the small
lung volumes may cause the heart to falsely appear as large.

In addition to the radiographic appearance of the lung
parenchyma, the pulmonary vascular markings may help
distinguish between the various causes of respiratory dis-
tress. The pulmonary vascular markings are increased in
congenital heart disease associated with congestive heart
failure (e.g., total anomalous pulmonary venous return
with obstruction), whereas they are often decreased in
PPHN.

Arterial Blood Gases

Arterial blood gas measurement and pulse oximetry help
direct the management of a neonate in respiratory distress,
and they may also provide insight into the underlying cause
of the respiratory distress (Table 20.1). A review of selected
causes of respiratory distress in the newborn follows.

TRANSIENT TACHYPNEA OF THE
NEWBORN

Epidemiology

TTN is the most common cause of respiratory distress in
newborns. Risk factors include near-term delivery, cesarean
delivery before labor, precipitous labor, maternal sedation,
fetal distress, and maternal diabetes.

Pathophysiology

TN most likely results from a delayed clearance of lung
fluid through the lymphatics. This may be caused by any
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ARTERIAL BLOOD GAS FINDINGS IN SELECTED CONDITIONS

Condition Pao, PaCO; O, Saturation Fioz (100%)

Hypoventilation i t 1

V/Q mismatch 1 NL to | 4
Parenchymal lung disease

Right-to-left shunt i NL to | No change
Congenital heart disease
PPHN

Methemoglobinemia NL H Blood brown

Abnormal hemoglobin
Nitrate toxicity

Paoy, partial pressure of oxygen, arterial: PaCQ;, partial pressure of carbon dioxide, arterial; Fiop, fraction
of inspired oxygen; V/Q, ventilation/perfusion ratio; NL, normal; PPHN, persistent pulmonary hypertension

of newborn.

process that raises the central venous pressure or by the
absence of extrathoracic pressure in an infant deiivered by
cesarean birth. Infants delivered by cesarean birth before
labor are subjected to mechanical forces. Furthermore, TTN
may develop because of a lack of exposure to the maternal
epinephrine released during normal labor, which inhibits
the chloride-mediated secretion of lung fluid and activates
the sodium-mediated channels through which the fluid
is reabsorbed. The clearance of fetal lung fluid is further
impaired by perinatal acidosis. In TTN, airway compression
by excess interstitial fluid results in air trapping and
ventilation/perfusion mismatch.

Clinical Presentation

infants present with tachypnea, retractions, audibie expira-
tion, and varying degrees of cyanosis. The chest x-ray film
(Fig. 20.2) usually reveals increased lung volumes, perihilar
densities, fluid in the lung fissures, and rarely pleural effu-
sions. Arterial blood gas measurement reveals hypoxemia,
usually corrected easily with a fraction of inspired oxygen
(F10,) of less than 50%, and hypercarbia.

Differential Diagnosis

The presenting features of RDS, such as bacterial pneu-
monia (particularly that caused by group B B-hemolytic
streptococci), air leak syndromes, and congenital lung mal-
formations are similar to those of TTN. Therefore, the
clinician should consider the empiric use of appropriate
antibiotics and additional diagnostic tests in an infant with
oxygen requirements and abnormal findings on the chest
x-ray film. RDS typically worsens with time and is char-
acterized by progressive atelectasis. An Fio, requirement
above 50% and cardiovascular instability are not typically
associated with TTN and may suggest another cause of
respiratory distress.

Figure 20.2 Chest radiograph typical of transient tachypnea of
the newborn showing perihilar densities and fluid in the minor
fissure of the right lung.

Treatment

TTN is by definition a self-limited disorder and usually
resolves within hours to a few days. Therapy is aimed at
supporting oxygenation, providing nutritional support, and
monitoring for hemodynamic instability and respiratory
failure.

RESPIRATORY DISTRESS SYNDROME

Epidemiology

RDS is the most common cause of severe respiratory
distress in the newborn. This is a disease of biochemical
immaturity, and the risk for RDS is inversely proportional



to the gestational age. Among premature infants (23-25
weeks) with a very low birth weight, the incidence of RDS is
virtually 100%. At 24 and 29 weeks of gestation, the risk for
RDS is more than 99% and more than 60%, respectively;
at 37 weeks of gestation, it is less than 1%. The risk for
RDS based on the gestational age may be further modified
by factors that either inhibit or accelerate lung maturation.
Infants born to insulin-dependent mothers with diabetes
(classes A,, B, and C), white infants, and infant boys are
at increased risk for RDS in comparison with gestationally
matched infants without these risk factors. In contrast,
certain conditions are associated with a modest degree of
stress in utero: mild uteroplacental insufficiency, maternal
hypertension (either chronic or induced by pregnancy),
maternal vascular disease, maternal diabetes (classes D, F,
and R), female sex, African American race, and antenatal
exposure to steroids. These conditions accelerate fetal
lung maturity and therefore decrease the risk for the
development of RDS. A ratio of lecithin to sphingomyelin
in the amniotic fluid of 2:1 or higher, particularly in
the prescice of phospliatidylgiyeerol, suggests fetai fung
maturity.

Pathophysiology

Pulmonary surfactant is a complex mixture of phospho-
lipids and associated proteins (Fig. 20.3). Mature surfactant
is composed primarily of dipalmitoylphosphatidylcholine
(DPPC). DPPC and the four known surfactant-associated
proteins are responsible for the adsorption and spreading
of surfactant at the alveolar-liquid interface (Fig. 20.4).
Surfactant lowers surface tension and thereby maintains
alveolar stability at low lung volumes. In the absence of
adequate quantities of mature surfactant, diffuse atelectasis
and volume loss oeeur. Increased microvascular permeabil-
ity may resultin pulmonary edema, which further interferes
with gas exchange. Another complicating factor is increased
pulmonary blood flow through a patent ductus arteriosus.
Serum proteins, particularly albumin, in the alveolar space

Neutral lipids

Other proteins

S Phosphatidylinosito!

Phosphatidylcholin

Phosphatidylethanolamine

Phosphatidylglycerol

Figure 20.3 Biochemical composition of pulmonary surfactant,
including lipids and associated proteins.
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also interfere with the spreading function of the available
surfactant. The result is decreased lung compliance, alveolar
hypoxia, and impaired gas exchange.

Clinical Presentation

Symptoms typically develop immediately after birth or a
few hours later. Chest wall retractions are caused by a poorly
compliant lung in the face of a highly compliant chest wall.
Expiratory grunting results from an effort to increase the
end-expiratory pressure to the level necessary to maintain
lung volume during expiration. The chest x-ray film (Fig.
20.5) typically reveals a ground-glass appearance with air
bronchograms. Blood gas measurement often demonstrates
hypoxemia. The Pco, value (partial pressure of carbon
dioxide) is normal or decreased but may increase as the
disease progresses and fatigue or respiratory failure ensues.
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Figure 20.5 Chest radiograph of a newborn with respiratory
distress syndrome. Both lung fields become homogeneously
opaque and have a "'ground-glass’’ appearance. Air bronchograms
are present.

Differential Diagnosis

The presenting features of bacterial pneumonia {partic-
ularly that caused by group B p-hemolytic streptococci),
TTN, and pulmonary edema may be both clinically and
radiographically identical to those of RDS. Therefore, it may
be advisable to consider antibiotic therapy for infants with
presumed RDS pending further laboratory investigation.
The condition of an infant with TTN typically improves
during the first 3 days after birth. In contrast, the condition
of an infant with RDS often deteriorates without treatment.

Treatment

RDS can be avoided by preventing preterm delivery and
enhancing fetal lung maturation with the administration
of antenatal corticosteroids. Conventional management
includes correction of hypoxia and acidosis, judicious
management of fluids, provision of nutritional support,
maintenance of an adequate oxygen-carrying capacity of
the blood, and the empiric administration of antibiotics.
Respiratory support includes conventional mechanical or
high-frequency ventilation with the goal of maximizing
alveolar recruitment and oxygenation and minimizing po-
tential barotrauma. Surfactant replacement therapy with
approved preparations has been available in the United
States since 1989. Surfactant compounds approved by the
U.S. Food and Drug Administration that are currently avail-
able in the United States include two natural surfactants
Survanta (obtained from an organic extraction of minced
bovine lung with added DPPC) and Infasurf (a calf lung
surfactant extract), and Exosurf, a synthetic mixture of
DPPC, hexadecanol, and tyloxapol. Surfactant replacement
therapy has been shown to decrease mortality, improve
oxygenation, decrease the duration of ventilatory support,

and perhaps decrease the incidence of air leak among
infants with RDS. Treatment strategies utilizing exogenous
surfactant can be either prophylactic or rescue in nature.
Prophylactic strategies are directed toward those infants
at highest risk for severe morbidity or mortality caused
by RDS.

PERSISTENT PULMONARY
HYPERTENSION OF THE NEWBORN

Epidemiology

PPHN is a clinical syndrome associated with a number
of pulmonary and nonpulmonary disorders, including
neonatal sepsis, pneumonia, MAS, severe perinatal acidosis,
RDS (particularly in term or near-term infants), postma-
turity, and conditions resulting in pulmonary hypoplasia,
including congenital diaphragmatic hernia. The incidence
of PPHN is increased in infants with hypothermia,
hvpoglvcernia. hvpoxia. and trisomyv 21. The incidence
is approximately 1 in 1,000 live births.

Pathophysiology

PPHN may be caused by pulmonary hypoplasia and
the associated diminished pulmonary capillary cross-
sectional area. Excessive muscularization of the pulmonary
arterioles resulting from chronic hypoxia in utero has
been found in the autopsy specimens taken from infants
with PPHN. Alveolar capillary dysplasia, a consequence of
misalignment of lung blood vessels, has been described in
infants with PPHN. PPHN typically results from a failure of
the normal decline in pulmonary vascular resistance after
birth A numher aof endogenous vasoactive substances have
been implicated in either increasing pulmonary vascular
resistance or inhibiting vasodilation, including nitric
oxide and endothelin 1. An elevated pulmonary vascular
resistance causes the diversion of blood away from the lungs
through fetal channels (patent ductus arteriosus, patent
foramen ovale), which results in progressive hypoxemia
and acidosis.

Clinical Presentation

Infants with PPHN are usually delivered at or after term.
They exhibit respiratory distress and cyanosis. Physical
examination may reveal a tricuspid or mitral insufhciency
murmur and a loud single second heart sound. The chest
x-ray film may reveal underlying parenchymal lung disease
or suggest decreased pulmonary blood flow. Right-to-left
shunting through the ductus arteriosus results in postductal
(descending aorta) oxygen saturation and in Pao; values
that are lower than the preductal (right arm}) values.
Although a differential in the oxygen saturation and Pao,
strongly supports the diagnosis of PPHN, a gradient may be
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absent in PPHN if the shunt is primarily at the atrial level
(patent foramen ovale). Echocardiography may be useful
in confirming the diagnosis and also in ruling out other
potential causes of newborn hypoxemia.

Differential Diagnosis

Heart disease, particularly subdiaphragmatic total anoma-
lous pulmonary venous return, transposition of the great
vessels, aortic or mitral stenosis, and hypoplastic left heart
syndrome, may all produce a clinical picture similar to that
of PPHN.

Treatment

The treatiment of infants with PPHN is directed at the
underlying cause (e.g., pneumonia, surfactant deficiency).
Concomitant supportive measures are directed toward re-
ducing the high pulmonary vascular pressures, instituting
ventilatory strategies to optimize oxygenation and reduce
barotrauma, and supporting altered hemodynamics. Alka-
linization, either through hyperventilation or the admin-
istration of bicarbonate, and hyperoxygenation have been
shown to reduce pulmonary vascular tone. Volume expan-
sion or inotropic agents may be needed to support cardiac
output. High-frequency ventilation may be most effective in
promoting alveolar recruitment and reducing barotrauma.
Limited success has been achieved with the use of selec-
tive pulmonary vasodilators in infants with PPHN. Inhaled
nitric oxide in doses as small as 6 to 20 parts/million
has been effective in promoting pulmonary vasodilation.
Although inhaled nitric oxide is now widely available, its
use in centers that are not additionally equipped to offer
extracorporeal membrane oxygenation remains controver-
sial. Extracorporeal membrane oxygenation remains the
final treatment option for infants with intractable PPHN,
allowing time for the lungs to recover from the patho-
physiologic event. Some success has been achieved with
surfactant replacement therapy in cases where PPHN com.-
plicates the underlying respiratory illnesses, such as MAS
and pneumonia.

MECONIUM ASPIRATION SYNDROME

Epidemiology

Meconium staining of the amniotic fluid has been reported
in 8% to 30% of all deliveries. Meconium aspiration in
utero may result from fetal gasping secondary to hypoxia
or acidosis. Intrapartum aspiration may be caused by in-
adequately removed particulate meconium. The incidence
of MAS among infants is 1% to 2%. Although meconium
staining of the amniotic fluid, which is a risk factor for
MAS, occurs in 10% of all deliveries, MAS actually devel-
ops in only a few cases. MAS has also been associated with
postmaturity and fetal depression/acidosis.
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Pathophysiology

Aspirated particulate meconium is quite viscous and
obstructs the airway. The obstruction may be partial
(ball valve), causing hyperinflation, or complete, causing
atelectasis. Commonly, a chemical pneumonitis develops
that is marked by leukocyte infiltration, alveolar necrosis,
and edema. The free fatty acids in the meconium, in
combination with albumin in the alveolar space, displace
and inactivate lung surfactant. These cumulative effects
may lead to abnormal lung compliance, atelectasis, air
leak, hypoxic pulmonary vasoconstriction, and PPHN.

Clinical Presentation

Infants with MAS have typicallv been delivered at or
after term with a history of meconium staining of the
amniotic fluid and often fetal distress. Respiratory distress,
manifested as tachypnea, grunting, retracting, and flaring,
develops shortly after birth and progresses during the first
24 hours. Initally, the chest x-ray film (Fig, 20.6) reveals
streaky, linear densities that progress to diffuse, patchy
infiltrates surrounded by areas of hyperinfiation. The lung
volume typically appears increased. However, because of
inactivation of surfactant by meconium, the x-ray film may
show decreased lung volumes and homogeneous densities.

Differential Diagnosis

Infants with MAS must be distinguished from those with
TTN, RDS, and pneumonia.

Figure 20.6 Meconium aspiration syndrome. A patchy infiltrate
is seen in both lung fields, with areas of hyperinflation and areas
of atelectasis. Some flattening of the right hemidiaphragm may
indicate air trapping.
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Treatment

Amniotic infusion, aimed at diluting the meconium and
preventing the development of oligohydramnios, has been
found to reduce incidence of meconium aspiration and the
severity of postnatal respiratory problems. In most cases,
MAS is effectively prevented by immediate suctioning of
the infant's mouth and hypopharynx before delivery of the
shoulders and by suctioning of the trachea. lrrespective
of treatment, MAS does develop in a small percentage of
newborns; aspiration may be antenatal. Therapy is largely
supportive. As in the treatment of infants with PPHN,
ventilatory strategies are used to optimize oxygenation,
reduce barotrauma, and support altered hemodynamics in
newborns with MAS. The empiric use of broad-spectrum
antibiotics has been suggested based on the receptive cul-
ture medium provided by meconium. Infants with MAS
not uncommonly have some degree of associated surfac-
tant inactivation and PPHN. Because of their altered lung
mechanics, they are at increased risk for air leak complica-
tions. The administration of above-normai concentrauons
of exogenous surfactant may overcome the surfactant in-
activation caused by meconium and has been shown 1o
reduce the need for extracorporeal membrane oxygenation.

EARLY-ONSET NEONATAL PNEUMONIA

Epidemiology

Pneumonia in the newborn may be acquired by the
transplacental passage of infectious organisms, direct in-
oculation into the upper airway following the rupture
of membranes, or hematogenous spread. Risk factors
for pneumonia inciude maternai fever, choricamnionitis,
preterm labor and prematurity, prolonged rupture of the
membranes, and maternal colonization with group B strep-
tococci. Organisms transmitted transplacentally include
Treponema pallidum, Listeria monocytogenes, Mycobacterium
tuberculosis, and herpes simplex virus. Organisms respon-
sible for pneumonia associated with amnionitis and as-
cending infection include group B streptococci, Escherichia
coli, Staphylococcus aureus, Klebsiella pneumoniae, viridans
streptococci, Haemophilus influenzae, and L. monocytogenes.

Clinical Presentation

The symptoms of early-onset pneumonia may appear
within hours or days of birth. They may be nonspecific,
including lethargy, poor feeding, temperature instability,
respiratory distress, and apnea. Associated symptoms sug-
gestive of septicemia, such as hemodynamic instability and
severe hypoxemia, carry a poor prognosis. The chest x-ray
film (Fig. 20.7) may reveal reticulogranular infiltrates and
air bronchograms. Rarely, pleural effusions are noted. The
clinical and radiographic findings may be indistinguishable

Figure 20.7 Neonatal pneumocnia. A patchy bronchoalveolar
infiltrate is seen bilaterally. An early pneumatocele is noted in the
right midlung field and also in the left lower lung. An endotracheal
aspirate was positive for Staphylococcus aureus in this patient.

from those of RDS. Tracheal cultures may be of some utility
in establishing the diagnosis and directing treatment.

Differential Diagnosis

RDS, TTN, MAS, and congenital heart disease must be
differentiated from early-onset pneumonia.

Treatment

The empiric treatment of early-onset neonatal pneumonia
often includes the parenteral administration of ampicillin
and an aminoglvenside or third-generation cephalosporin.
If an organism can be identified and the antibiotic suscep-
tibilities determined, appropriate and specific antibiotic
treatment can be selected. The duration of treatment ranges
from 10 to 14 days.

CONGENITAL DIAPHRAGMATIC HERNIA

Epidemiology

The reported incidence is 1 in 2,000 to 5,000 births. Two
thirds of the infants are boys, and the hernia is left-sided
in 85% to 90%. Associated cardiac, renal, gastrointestinal,
or chromosomal abnormalities are found in nearly one
third of the cases. Poor prognostic indicators include
polyhydramnios, prenatal diagnosis before 25 weeks of
gestation, and hydrops.

Pathophysiology

Congenital diaphragmatic hernia develops when the pleu-
roperitoneal canal fails to close because of the arrested





















