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Abstract
The intent of this chapter is to address three
other common pulmonary causes of respiratory
distress in the high-risk infant. These other
forms of parenchymal lung disease range in
severity from mild, as seen in transient
tachypnea, to severe as is often the case in
pulmonary hemorrhage. It is worth noting
that on occasion, one or more of these condi-
tions may coexist in the same patient. The
treatment for all conditions is largely support-
ive or involves the use of targeted antimicro-
bial therapy.

55.1 Salient Points

• Pulmonary hemorrhage occurs as a result of
extreme pulmonary vascular congestion
where blood-tinged secretions suctioned from
the endotracheal tube may quickly evolve into
frank blood. The volume of blood loss can be
life-threatening, resulting in hypovolemic
shock.

• The management of pulmonary hemorrhage is
largely supportive with the goals of correcting
hypoxic and hypercapnic respiratory failure,
maintaining cardiac output, replacing blood
and volume loss, and correcting abnormalities
in clotting studies.

• Transient tachypnea of the newborn (TTN) is a
transient early-onset respiratory distress with
radiographic findings of lung hyperinflation
increased pulmonary vascular markings and
cardiomegaly.

• Risk factors for developing TTN include elec-
tive cesarean section without labor, prematu-
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rity, multiple gestation, male gender, maternal
diabetes, macrosomia, prolonged maternal
administration of hypotonic fluid, and maternal
asthma.

• Neonatal pneumonia may be acquired pre- or
post-natally and may be of bacterial, viral,
fungal, or protozoal origin.

• The incidence of neonatal pneumonia is ten
times higher for preterm infants then term
infants.

• The onset of neonatal pneumonia can be con-
genital, early onset, and late onset. Congenital
or intrauterine pneumonia is usually caused by
organisms ascending from the maternal uro-
genital tract before or during labor or via the
transplacental route. Early-onset pneumonia
is usually acquired in the perinatal period.
Late-onset pneumonia is diagnosed when
symptoms arise after 48 h of life and the path-
ogens are typically acquired from the infant’s
environment.

• It is difficult to diagnose pneumonia, especially
when it coincides with RDS. If the index of
suspicion for infection is high, the accepted
treatment is antibiotics for 48 h while awaiting
culture results and following other clinical and
laboratory parameters.

55.2 Pulmonary Hemorrhage

Pulmonary hemorrhage (PH) occurs as a result of
extreme pulmonary congestion where blood-
tinged secretions suctioned from the endotracheal
tube may quickly evolve into frank blood. The
volume of blood loss can be life-threatening,
resulting in hypovolemic shock. PH usually pre-
sents in the second to fourth day of life andmay be
associated with lung tissue damage from respira-
tory distress syndrome, infection, mechanical
ventilation, and oxygen-induced lung injury.
Patients at highest risk for a PH include extremely
preterm infants (<28 weeks’ gestation) and mul-
tiples. Other predisposing factors include hyp-
oxia, acidosis, hypervolemia, hypoproteinemia,
congestive heart failure, and coagulation abnor-
malities. Kluckow confirmed an association
between pulmonary hemorrhage and a large

patent ductus arteriosus (PDA) with high pulmo-
nary blood flow (references Kluckow and Evans
2000).

Pulmonary hemorrhage occurs when a buildup
of filtrate containing plasma and whole blood pro-
duces hemorrhagic edema fluid leading to an
increase in capillary pressure and subsequent rup-
ture (Cole et al. 1973). The presence of blood in
the sputum of an otherwise stable intubated infant
should raise the possibility of erosion or ulcera-
tion of the carina/upper airway by an endotracheal
tube or trauma from a suction catheter.

Pulmonary hemorrhage was present in the
lungs of up to 68% of infants who died in the
first week of life and was associated with the
need for cardiopulmonary resuscitation in the
neonatal intensive care unit (Kostelanetz and
Dhanireddy 2004). Blood aspiration syndrome is
a distinct and separate entity associated with
maternal hemorrhage and early-onset respiratory
distress (Gordon et al. 2003).

The clinical picture of pulmonary hemorrhage
is quite dramatic and warrants immediate atten-
tion. The infant may present with signs of hypo-
volemic shock, cyanosis, bradycardia, and apnea.
Red or pink-tinged secretions suctioned from the
oropharynx or endotracheal tube may, at any time,
progress to massive bleeding. The radiographic
picture demonstrates patchy infiltrates, as seen in
Fig. 1, or a complete white out.

The management of pulmonary hemorrhage is
largely supportive with the goals of correcting hyp-
oxic and hypercapnic respiratory failure,
maintaining cardiac output, replacing blood and
volume loss, and correcting abnormalities in
clotting studies. The initiation of mechanical ven-
tilation with settings adjusted to achieve high mean
airway pressures may tamponade small pulmonary
vessels. High-frequency oscillatory ventilation is
often helpful. There is increasing evidence that
closure of the patent ductus arteriosus with early
medical therapy may reduce the risk of pulmonary
hemorrhage. It is widely accepted that pulmonary
hemorrhage in the preterm infant is secondary to a
patent ductus arteriosus coupled with an acute
change in pulmonary compliance and fall in pul-
monary vascular resistance, resulting in pulmonary
over circulation and edema. Recent data indicate
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that small-for-gestational-age preterm infants with
a moderate to large PDA are at greatest risk (Scholl
and Yanowitz 2015).

While surfactant therapy has been implicated in
the pathogenesis of pulmonary hemorrhage, it also
has a therapeutic role in its management (Findlay
et al. 1995; Long et al. 1992; Pandit et al. 1995;
Pappin et al. 1994; Raju and Langenberg 1993;
Amizuka et al. 2003). This is due to the deactiva-
tion of surfactant by the hemorrhagic fluid.

In a small study, the introduction of
hemocoagulase via the endotracheal tube every
4–6 h in addition to mechanical ventilation
increased survival, decreased the length of pulmo-
nary hemorrhage, and decreased the need for pro-
longed mechanical ventilation due to the
pulmonary hemorrhage (Shi et al. 2005). The
outcome of pulmonary hemorrhage depends on
the severity of the infant’s underlying cardiorespi-
ratory status. Mortality rates as high as 50% occur
in ELBW infants. Morbidities include peri-
ventricular leukomalacia, intraventricular hemor-
rhage, cerebral palsy, and cognitive delays.

55.3 Transient Tachypnea
of the Newborn

Transient tachypnea of the newborn (TTN) was
originally described by Avery et al. in 1966 as the
clinical manifestation of delayed clearance of fetal

lung fluid (Avery et al. 1966). In her work, Avery
characterized early-onset respiratory distress in
eight late premature infants with radiographic
findings of lung hyperinflation increased pulmo-
nary vascular markings and cardiomegaly. Symp-
toms were mild and transient with infants
improving in a 2–5-day period. Until recently, it
was believed that once TTN resolves, there are no
long-term consequences for the infant (Avery et al.
1966; Martin et al. 2015; Miller et al. 1980).
However, a large retrospective study of term
infants suggests that TTN might be significantly
associated with childhood asthma with increased
propensity in males. This study also suggests that
TTN is a marker of diminished pulmonary func-
tion, which may reflect an inherited susceptibility
to develop asthma (Liem et al. 2007).

The incidence of TTN is approximately 1% of
live births. Risks for developing TTN include
elective cesarean section without labor, prematu-
rity, multiple gestation, male gender, maternal
diabetes, and macrosomia (Gross et al. 1983;
Rawlings and Smith 1984). Prolonged maternal
administration of hypotonic fluid and maternal
asthma have also been suggested as a cause for
TTN (Martin et al. 2015; Hook et al. 1997;
Demissie et al. 1998) (Fig. 2).

Most of the published work related to the path-
ophysiology of TTN is consistent with Avery’s
original conclusions that TTN is the result of
delayed fetal lung fluid clearance (Jain and Dudell
2006; Birnkrant et al. 2006). The lung’s functional
residual capacity comprises a potential air space
of 20–30 mL/kg body weight. This space is filled
in utero with fetal lung fluid containing high
potassium and chloride and low bicarbonate and
protein. Shifts between body compartments are
controlled by a chloride active pump (Liem et al.
2007; Adams et al. 1963; Barker and Olver 2002;
Bland 1988; Cummings et al. 1993). Two to three
days prior to delivery, the fetus begins to clear
lung fluid in anticipation of transition to extrauter-
ine life. This process begins with a decrease in
fetal lung fluid secretion. The major clearance
takes place with the onset of labor. At this time,
the lung epithelium becomes a sodium-absorbing
membrane, and lung fluid flow is directed from
the air space to the interstitium via the epithelial

Fig. 1 Diffuse, patchy infiltrates, and right-sided atelecta-
sis caused by pulmonary hemorrhage
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sodium channel (ENaC). The importance of
endogenous steroids in this process is demon-
strated by the relationship between low expres-
sion of serum and glucocorticoid-inducible
kinase, ENaC, and poor lung liquid clearance
(Janér et al. 2015). The expression of these epi-
thelial ion transport channels is also directly
related to gestational age so that TTN, like RDS,
is largely a developmental condition with decreas-
ing incidence as gestation progresses. In addition,
low protein containing lung fluid exhibits low
oncotic pressure, which is another driving force
for lung fluid to enter the vascular system.

Mechanical compression via vaginal delivery
plays a relatively minor role in lung fluid clearance.
Milner et al. (1978) showed that when infants were
not delivered through the vaginal canal and were
not exposed to vaginal compression, they had
higher interstitial and alveolar fluid volume. Fur-
thermore, these infants also had a decrease in their
lung gas volume. This hypothesis is not supported
by later animal and human studies that showed no
increase in functional residual capacity (FRC) in
vaginally delivered infants (Jain and Dudell 2006;
Hägnevik et al. 1991). Results by Birnkrant and a
retrospective study by Liem et al. (2007; Birnkrant
et al. 2006) found an association between TTN and
the development of wheezing syndromes. These
data support the hypothesis of fetal lung fluid clear-
ance at the cell pump level and not the mechanical
compression theory as the pathophysiologic basis
for TTN.

TTN commonly presents soon after birth with
tachypnea, grunting, nasal flaring, subcostal
retractions, and possible cyanosis. An arterial
blood gas is likely to show mild respiratory aci-
dosis with hypoxemia. Chest radiographs demon-
strate perihilar streaking due to periarterial
lymphatic engorgement. TTN may also present
in premature infants in association with respira-
tory distress syndrome. TTN is transient in nature
with resolution of symptoms often within 8–12 h,
but tachypnea may persist for up to 5 days. Infants
may require oxygen support but rarely over 40%
inspired oxygen. In the case of rare respiratory
acidosis, CPAP may be instituted. Due to diffi-
culty in distinguishing TTN from pneumonia,
infants may receive a course of antibiotics. The
radiographic findings of TTN should spontane-
ously resolve by 48 h (Martin et al. 2015). Lung
ultrasound has been used for early diagnosis of
TTN and may allow a less-invasive approach to
respiratory support in infants exhibiting early
signs of respiratory distress (Copetti and
Cattarossi 2006; Raimondi et al. 2014).

55.4 Neonatal Pneumonia

The lungs are often a portal of entry for early onset
sepsis/pneumonia in the neonatal period. Pneu-
monia may be acquired pre- or postnatally and
be of bacterial, viral, fungal, or protozoal origin.
Morbidity is high, prompting a high index of
suspicion when facing an infant with signs of
respiratory distress. An immature immune system
and poor mechanical defense mechanisms may
increase susceptibility to invasion of pathogens
into the lungs. Furthermore, when an infant has
comorbidities such as respiratory distress syn-
drome (RDS), meconium aspiration syndrome,
or chronic lung disease (CLD), both vulnerability
to and consequences of pneumonia may be
enhanced.

The incidence of neonatal pneumonia is ten
times higher for preterm infants then term infants.
Barnett and Klein (Barnett and Klein 2001)
reported intrauterine and early-onset pneumonia
in 10–38% of stillbirths and in 20–63% of autop-
sies from live births that died in the first 28 days of
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life. The difficulty of reporting incidence is in the
inconsistency of defining pneumonia in infants
less than 1 month of age. The majority of late-
onset pneumonias are diagnosed in premature
infants, and most were on ventilatory support at
the time of diagnosis. A small single center study
by Apisarnthanarak et al. (2003) showed 28% of
ventilated infants developed ventilator-associated
pneumonia (VAP), and, in 1986, Halliday et al.
(1984) reported a 35% incidence of pneumonia in
intubated patients with RDS. Despite efforts by
the Center for Disease Control (CDC) and
National Nosocomial Infection Surveillance Sys-
tem (NNIS), there is still no gold standard for
diagnosing VAP in the neonatal period. For
infants <1 year of age, the CDC has published
clinical, radiographic, and laboratory criteria for
VAP (Buonocore Chap. 55, “Pulmonary Hemor-
rhage, Transient Tachypnea, and Neonatal Pneu-
monia”). The incidence in developed countries
ranges from 2.7 to 10.9 episodes per 1000 venti-
lator days. In developing countries, the incidence
has been reported as high as 37.2 cases per 1000
ventilator days (Cernada et al. 2014). Over the last
decade, VAP prevention bundles have been
largely successful in reducing the incidence of
hospital-acquired pneumonias.

The etiology of neonatal pneumonia can be
divided into three categories: congenital, early
onset, and late onset. Congenital or intrauterine
pneumonia is usually caused by ascending organ-
isms from the maternal urogenital tract before or
during labor or via the transplacental route. Micro-
organisms such as viruses (cytomegalovirus,
rubella, herpes simplex virus, adenovirus, varicella
zoster virus, enteroviruses, and influenza A), bac-
teria (Listeria monocytogenes, Mycobacterium
tuberculosis, Treponema pallidum), and protozoa
(Toxoplasma gondii) are known causes of congen-
ital pneumonia. Early-onset pneumonia is usually
due to introduction of bacteria from the birth canal
during the delivery process, especially in a situa-
tion of prolonged membrane rupture (Levine 1991;
Airede 1992). Gasping due to asphyxia and/or
meconium aspiration may introduce organisms
into the respiratory system. Other factors, such as
prematurity and maternal urinary tract infection,
have a major role in increasing the risk of neonatal

pneumonia. Group B Streptococcus [GBS]
remains the primary cause of pneumonia in the
term neonate (Apisarnthanarak et al. 2003). Overt
GBS sepsis was seen in 1% of colonized infants or
1–4/1000 live births if no intrapartum antibiotic
prophylaxis was given. In the USA, guidelines for
intrapartum chemoprophylaxis have proven suc-
cessful with a significant decrease in GBS sepsis
to 0.41 per 1000 births (Stoll et al. 2011). Algo-
rithms provide for the management of
GBS-positive mothers as well as infants exposed
to prophylaxis treatment. Unfortunately, other
microorganisms known to cause early-onset pneu-
monia have increased in importance since the
implementation of the GBS guidelines. The com-
mon pathogens that may influence the infant in the
immediate postpartum period are Escherichia coli
[E.coli], Klebsiella spp., Proteus mirabilis,
H. influenzae, group D Streptococci, Listeria
monocytogenes, and pneumococci. In very low
birth weight infants, rates of E. coli sepsis
(5/1000) exceed that of GBS (2/1000). In addition,
nonbacterial pneumonia may be seen in the early
postnatal period such as caused by Candida
(Gerberding et al. 1989; Aldana-Valenzuela et al.
2005), viruses (Takahashi et al. 2007; Barker et al.
1990; Faden et al. 2005), and Chlamydia
(Numazaki et al. 2003).

Late-onset pneumonia is diagnosed when
symptoms arise after 48 h of life. The pathogens
are commonly acquired from the environment or
nosocomial. Late-onset pneumonia is more com-
mon in premature infants or infants on prolonged
ventilatory support (Yuan et al. 2007). Gram-
negative bacteria (E. coli, Serratia marcescens,
Proteus spp., Klebsiella spp., Pseudomonas
spp.), coagulase-negative Staphylococci (Philip
1994; Chartrand and McCracken 1982), and
Staphylococcus aureus along with GBS are
among the most common bacterial organisms iso-
lated in late-onset pneumonia. Viral organisms
such as CMV (Takahashi et al. 2007; Bradshaw
andMoore 2003), VZV, RSV, parainfluenza, influ-
enzas A and B (Yusuf et al. 2007), Rhinovirus
(Calvo et al. 2007), Enterovirus (Abzug 2004),
and Coronavirus are also seen in this type of
pneumonia. Recent data indicate that with
increased testing, 6% of all NICU sepsis
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evaluations may detect a respiratory virus via mul-
tiplex polymerase chain reaction (Ronchi et al.
2014). In addition, fungal etiologies have been
implicated. Infections are acquired mainly
through skin colonization and breakdown,
through gastrointestinal translocation of organ-
isms, and from the respiratory tract of family and
care providers. The colonization of an infant in the
intensive care unit with common or unusual flora
can be due to a weak immune system, health-care
provider exposure, and interventions (endotra-
cheal tube, mechanical ventilation, and multiple
courses of antibiotics) (Frakking et al. 2007;
Gupta 2002; Webber et al. 1990; Garland et al.
1992).

It is difficult to diagnose pneumonia with great
certainty. Isolation of bacteria or viruses from the
trachea or the oropharynx does not necessarily cor-
relate with invasive infection, but may instead,
reflect colonization. Radiographic studies are diffi-
cult to interpret and cannot differentiate atelectasis
or fluid from infiltrate secondary to pneumonia. The
workup for suspected neonatal pneumonia includes
blood and airway cultures (nasopharyngeal or tra-
cheal if intubated). Sherman (Sherman et al. 1984)
showed that tracheal secretions with a positive gram
stain in relation to neonatal bacteremia had a 74%
sensitivity and 47% positive predictive value and
concluded that gram stain of tracheal secretionsmay
be of practical value in the diagnosis of congenital
bacteremia. Positive airway culture alone may be
more suggestive of early than late-onset pneumonia;
however, in neither case is it sensitive (Ruderman
et al. 1994; Brook et al. 1980). Although radio-
graphic studies are frequently nonspecific, it is
more common to find pleural effusions in bacterial
and fungal infections. Other nonspecific laboratory
values such as C-reactive protein (CRP) and WBC
counts, especially immature to mature neutrophils
ratio (I/T), may aid in the diagnosis of pneumonia.

The difficulty in diagnosing pneumonia, espe-
cially when it coincides with RDS, presents the
clinician with a therapeutic dilemma. Low abso-
lute neutrophil count (ANC), high I/T ratio
(>0.2), and CRP (>1) have shown to have posi-
tive predictive values of bacterial sepsis (Makhoul
et al. 2006; Berger et al. 1995). Leslie et al. (1981)
showed high I/T, low total neutrophil counts, and

positive gram stain to be more consistent with
early-onset bacterial pneumonia than RDS. How-
ever, diagnostic difficulty remains, and if the
index of suspicion for sepsis is high, the accepted
treatment route is antibiotics for 48 h while
awaiting culture results and following the above
markers trends. It is also appropriate to treat every
infant who deteriorates from a respiratory stand-
point, especially if the infant was asymptomatic
for the first 6 h of life.

The recommended empiric choice for early-
onset pneumonia is ampicillin in conjunction
with an aminoglycoside (gentamicin). For late-
onset pneumonia, empiric therapy may constitute
nafcillin or vancomycin and an aminoglycoside.
When cultures are definitive and sensitivities are
known, antimicrobial therapy should be tailored
for the specific organism. The prognosis of neo-
natal pneumonia depends on the underlying etiol-
ogy and overall condition of the infant.
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