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Abstract
Transient tachypnea of newborn (TTN) results from failure of the newborn to effectively clear the fetal lung fluid soon after
birth. TTN represents the most common etiology of respiratory distress in term gestation newborns and sometimes requires
admission to the neonatal intensive care unit. TTN can lead to maternal-infant separation, the need for respiratory support,
extended unnecessary exposure to antibiotics and prolonged hospital stays. Recent evidence also suggests that TTN may be
associated with wheezing syndromes later in childhood. New imaging modalities such as lung ultrasound can help in the
diagnosis of TTN and early management with distending pressure using continuous positive airway pressure may prevent
exacerbation of respiratory distress.

Introduction

The immediate survival of a newly born infant following
separation from the placenta depends on the lungs for gas
exchange. In preparation for birth, the newborn must
undergo various dynamic and complex changes to ensure a
smooth transition to extrauterine life. For the lungs to allow
for adequate ventilation and oxygenation, several steps must
first occur: (1) establishment of continuous breathing, (2)
alveolar distension, (3) clearance of lung fluid, (4) secretion
of surfactant, (5) fall in pulmonary vascular resistance and
an increase in pulmonary blood flow, and (6) cessation of
right to left shunting at the atrial and ductal levels followed
by closure of the ductus arteriosus [1, 2].

Failure of the newborn to effectively clear the fetal lung
fluid soon after birth can lead to respiratory distress from
retained fetal lung fluid, also referred to as Transient
Tachypnea of Newborn (TTN)—to reflect that tachypnea is

the most common clinical feature. In most cases, TTN is
self-limited and resolves without the need for medical
intervention. Nevertheless, TTN represents the most com-
mon etiology of respiratory distress in newborns at term
gestation admitted to a neonatal intensive care unit (NICU)
[3] and, rarely, can lead to hypoxic respiratory failure as a
consequence of persistent pulmonary hypertension of the
newborn (PPHN) [4]. Therefore, TTN may lead to increased
monitoring, maternal–infant separation, the need for
respiratory support, potentially unnecessary interventions,
including antibiotic therapy and prolonged hospital stays
[2]. At hospitals that do not provide IV fluid or gavage
feeding support of newborns, the inability to feed orally due
to respiratory distress itself may necessitate transfer and
resultant separation of mother and newborn. An in-depth
understanding of the wide spectrum of clinical presentation
of TTN and its associated morbidities will allow clinicians
to better identify newborns who may be at greatest risk to
require respiratory support. This review focuses on the
pathophysiology of TTN, current management strategies to
prevent and treat TTN and the long-term outcomes of
newborns diagnosed with TTN.

Fetal lung fluid and the first breaths

Fetal lung fluid is actively produced by the lungs rather than
from amniotic fluid [5]. The ionic composition of lung fluid
is higher in chloride (Cl−) and lower in sodium (Na+) and

* Ziad Alhassen
zalhassen@ucdavis.edu

1 Department of Pediatrics, University of California Davis, UC
Davis Children’s Hospital, Sacramento, CA, USA

2 Department of Pediatrics, Emory University, Children’s
Healthcare of Atlanta, Atlanta, GA, USA

3 Department of Pediatrics, Case Western Reserve University, UH
Rainbow Babies & Childrenʼs Hospital, Cleveland, OH, USA

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41372-020-0757-3&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41372-020-0757-3&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41372-020-0757-3&domain=pdf
http://orcid.org/0000-0001-6734-253X
http://orcid.org/0000-0001-6734-253X
http://orcid.org/0000-0001-6734-253X
http://orcid.org/0000-0001-6734-253X
http://orcid.org/0000-0001-6734-253X
http://orcid.org/0000-0001-6098-2155
http://orcid.org/0000-0001-6098-2155
http://orcid.org/0000-0001-6098-2155
http://orcid.org/0000-0001-6098-2155
http://orcid.org/0000-0001-6098-2155
mailto:zalhassen@ucdavis.edu


bicarbonate concentration compared to amniotic fluid. Lung
fluid arises from active Cl− secretion (by type 2 pneumo-
cytes) by the developing lung epithelium with concomitant
passive flow of Na+ and water into the fetal alveolar space
(Fig. 1) [6, 7]. Fetal lung fluid is critical for normal lung
growth and function [8]. Studies in fetal lambs have shown
that the amount of fetal lung fluid is directly proportional to
lung growth and development. Drainage of lung fluid in
fetal lambs resulted in significant pulmonary hypoplasia
while obstruction of outflow of lung fluid resulted in pul-
monary hyperplasia and hyperexpansion [9].

Fetal lung fluid production increases from about
1.5 ml/kg/h in mid-gestation to 5 ml/kg/h near term to reach
fetal lung volumes of 25–30 ml/kg, approximating the
functional residual capacity (FRC) of a term newborn
(Figs. 1 and 2) [10, 11]. The distending pressure provided
by the fetal lung fluid, which is 1 to 2 mmHg greater relative
to the amniotic fluid, is essential for normal lung develop-
ment [12]. This pressure differential also results in lung
fluid to be passively expelled from the trachea into the
oropharynx, where it is either swallowed or expelled, thus
contributing to the amniotic fluid [13].

From the onset of labor to the delivery of the newborn,
~100 ml of lung liquid needs to be cleared in a term new-
born infant. The primary mechanism responsible for airway
liquid clearance at birth is believed to result from Na+

uptake across the airway epithelium, which reverses the
osmotic gradient leading to airway liquid reabsorption [14].
Toward the end of gestation, there is a surge of fetal

glucocorticoids and thyroid hormones that activates the Na+

absorptive channels [15]. The stress of labor and birth
results in the production of fetal epinephrine, which acti-
vates epithelial Na+ channels (ENaC) and reverses the
process of lung fluid secretion to fluid absorption [16].
Aquaporin 4 and 5 (AQP4 and AQP5) water channels are
expressed in type 1 alveolar pneumocytes and mediate the
bulk of water transport across the apical membrane of
alveolar epithelia [17]. AQP5 is the predominant water
channel on type 1 alveolar cells. AQP1 is mainly located in
pulmonary capillary endothelium (Fig. 1) [18]. AQP5
expression has been found to be higher in TTN patients
when compared to controls. It is unclear whether this
upregulation of APQ5 is a contributing factor to the
development of TTN or a compensatory mechanism to aid
in clearing alveolar lung fluid [19]. The mechanical squeeze
during vaginal delivery also contributes to the expulsion of
the fetal lung fluid, albeit to a lesser extent [20]. Most
interstitial liquid moves into the pulmonary circulation and
some drains via the lung lymphatics [21]. Following birth,
the ongoing epinephrine surge and the abrupt rise in oxygen
tension accelerate lung fluid absorption, and most of the
lung liquid is cleared from the airways within 2–6 h
[11, 22]. Nitric oxide (NO) which is produced from
L-Arginine via the enzyme NO synthase (NOS) plays a vital
role in regulating pulmonary vasomotor tone and pulmon-
ary blood flow [23]. In fetal lambs, NO instillation into the
fetal lung decreases lung liquid production [24]. Asymme-
trical dimethylarginine (ADMA) is an endogenous analog
of L-arginine, which directly inhibits NOS (Fig. 1). ADMA
levels were found to be elevated in patients with TTN
compared to control newborns. While the exact mechanism
is unknown, the role of ADMA in the pathogenesis of TTN
may be due to a combination of increased synthesis of
ADMA via protein arginine methyltransferases and reduced
breakdown of ADMA via dimethylarginine dimethylami-
nohydrolase [25].

TTN is thought to be influenced by the absence of the
stress or hormonal influences of labor, which decreases Na+

reabsorption, resulting in fetal lung fluid retention [26]. As
air can only enter the lungs once the newborn’s head is
delivered and breathing starts, respiratory activity may play
the final and possibly more significant role in airway liquid
clearance [27, 28]. Recent evidence suggests that the
pathophysiology associated with TTN may not be exclu-
sively due to lung fluid retention but also as a result from
the presence of higher lung fluid volumes at the onset of
respiration after birth (Fig. 1) [29]. Greater volumes mean
that more fluid must be contained within lung tissue fol-
lowing lung aeration, resulting in higher interstitial tissue
pressures and a possibility of liquid pooling back into the
airways when the lungs are at FRC [30]. Airway liquid
clearance results from transepithelial pressure gradients

Fig. 1 Illustration detailing mechanisms of lung fluid secretion and
clearance during fetal gestation and after birth. During fetal
gestation, type 2 alveolar pneumocytes actively secrete chloride (Cl−)
into the alveolar space. Sodium (Na+) and water passively accompany
Cl−. The fluid secretion peaks at 5 ml/kg/h at a maximum volume
of 25–30 ml/kg in late gestation. During labor, epithelial sodium
channels (ENaC) become activated by adrenergic stimulation. Baso-
lateral Na+/K+ ATPase helps move Na+ into the interstitium along
with Cl− and water. Most interstitial lung liquid moves into the pul-
monary circulation; some drains via the lung lymphatics. The darker
blue hue represents normal vaginal delivery and the lighter hue
represents delayed fluid resorption in TTN. Modified from Patho-
physiology of fetal lung development by Mathew et al. in Essentials of
Neonatal Edition (Elsevier); Copyright Satyan Lakshminrusimha.
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generated during inspiration, which provides the pressure
gradient for liquid to move across the epithelium into the
surrounding lung tissue (Fig. 2). This has been shown in
term newborn rabbits where pulmonary interstitial pressures
increased initially from birth to 2 h, and became sub-
atmospheric at 5 h favoring movement of the interstitial
fluid into the pulmonary capillaries [31]. Premature rabbits
also showed the same increase in interstitial pressures at 2 h,
but their subsequent drop in interstitial pressures was
significantly slowed in atelectatic regions, thereby promot-
ing fluid movement from the circulation into interstitial
space [32].

Additional studies in spontaneously breathing newborn
rabbits using phase-contrast X-ray imaging have shown that
lung aeration occurs almost entirely during inspiration with
no liquid clearance occurring between breaths [27, 28]. At
birth, a term infant can generate mean inspiratory pressures
of approximately −50 cm H2O (range −28 to −105 cm
H2O) to achieve an inspired volume of around 40 ml. The
first breaths generate even higher expiratory pressures
(mean 71 cm H2O; range 18–115 cm H2O) to facilitate air
distribution within the lung and promote lung fluid clear-
ance [33]. Furthermore, the newborn’s first breaths are
characterized by short deep inspirations followed by pro-
longed expiratory phases through a partially closed larynx,
known as expiratory braking, often observed during crying
immediately after birth [34, 35]. Accordingly, newborns
who have decreased respiratory effort at birth are at
increased risk to develop TTN.

Epidemiology and risk factors

TTN was originally described in 1966 as the clinical
manifestation of delayed clearance of fetal lung fluid [36].
TTN is the most common cause of respiratory distress in
term and late-preterm infants with an estimated incidence
of 4.0–5.7 per 1000 term births [37, 38]. TTN is estimated

to occur in ~10% of 33–34 weeks gestation and 5% of
35–36 weeks gestation newborns [39]. The prevalence in
premature infants is likely higher, although an accurate
estimation is difficult because respiratory distress syn-
drome (RDS) and TTN can coexist in premature newborns
[40, 41]. The Antenatal Late Preterm Steroids (ALPS)
trial, a large multicenter, double-blind randomized con-
trolled trial, examined the effects of antenatal beta-
methasone injection at 340/7 through 366/7 weeks gestation
on pulmonary morbidity [42]. The primary outcome was a
neonatal composite of need for respiratory support or
neonatal death within 72 h of birth. There was a sig-
nificant reduction in the primary outcome observed in the
betamethasone (beta) treated group compared to the pla-
cebo group (165 of 1427 infants [11.6%] compared to 202
of 1400 [14.4%], respectively). In addition, severe
respiratory complications, TTN, surfactant use, and
bronchopulmonary dysplasia also occurred significantly
less frequently in the beta group. In a similar study pub-
lished before the ALPS, Stutchfield et al. randomized
mothers undergoing elective Cesarian section (C-section)
at 37–39 weeks to beta vs. placebo (no treatment) with a
primary outcome of admission to a special care nursery
for respiratory morbidity [43]. The overall rates of
respiratory problems would be expected to be lower in
this early term population, but were halved for those
pretreated with betamethasone compared to control
babies: the incidence of TTN was 4% in the control group
and 2.1% in offspring from mothers treated with beta-
methasone prior to elective C-section delivery [43]. There
is clear evidence that antenatal corticosteroids decrease
the incidence of TTN, however, any potential long-term
adverse effects of this intervention remain to be seen. In
fact, this study suggested that if one waited until 39 weeks
there was little need for the steroid pre-treatment and
provides some evidence for targeting 39 weeks as a
minimum for elective induction and delivery.

Fig. 2 Airway liquid retention and role of respiration. The fetal
fluid-filled lungs do not participate in gas exchange but the lung
volume approximates the functional residual capacity (FRC) of the air-
filled lung after birth. Following delivery of the head and air breathing,

the pressure from inspiration creates a pressure differential that pro-
motes airway liquid to move into the lung tissue, which can raise
interstitial pressure. A high interstitial pressure at end-expiration may
shift fluid back into the alveoli. Copyright Satyan Lakshminrusimha.
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Cesarean deliveries are now well known to be associated
with an increased occurrence of TTN. In addition, the
absence of labor in infants born via elective C-section has a
significant impact on respiratory morbidity. Infants born via
elective C-section prior to the onset of labor have an inci-
dence of respiratory morbidity of 3.55% compared to 1.22%
among infants born via C-section following onset of labor.
In contrast, infants born via vaginal delivery have the lowest
incidence of respiratory morbidity at 0.53% [37]. Delaying
elective C-section until after 39 weeks gestation has been
shown to reduce respiratory morbidity, which led to the
current recommendation by the American College of
Obstetrics and Gynecology in 2013 to avoid nonmedically
indicated vaginal or cesarean deliveries at less than
39 weeks gestation [3, 44, 45]. A study that looked at the
cost analysis of an elective repeat cesarean delivery at
37–39 weeks gestation and neonatal outcomes found a
fivefold increase in the mean cost at discharge due to the
increased risk of developing TTN via elective C-section
compared to vaginal births [46].

Maternal history of asthma, hypertension, and gestational
diabetes have shown to be associated with an increased risk
of developing TTN [37, 47]. Fetal risk factors include
perinatal asphyxia, male sex, lower gestational age, small
for gestational age, and macrosomia (Fig. 3) [41].

Diagnosis and clinical features

TTN is a diagnosis of exclusion and cannot be made until
other causes of respiratory distress have been ruled out. The
infant’s clinical presentation, physical examination and
chest X-ray are helpful in making a diagnosis of TTN. TTN
tends to present shortly after birth with tachypnea, grunting,
nasal flaring, retractions, and occasionally cyanosis. Typi-
cally, the tachypnea is between 60 and 80 breaths per
minute, however, the degree of tachypnea can sometimes be

substantial and exceed 80–100 breaths per minute. TTN can
be associated with hyperinflation of the lungs, which may
give the infant a barrel-shaped chest on physical exam
(Fig. 3) [48].

Due to the nonspecific symptoms of TTN, if the newborn
shows worsening respiratory distress, an alternative diag-
nosis needs to be considered. There are several causes of
newborn respiratory distress other than TTN that can pre-
sent at birth: (1) Aspiration (as a consequence of meconium
stained amniotic fluid [or amniotic fluid by itself] or blood
after a placental abruption), (2) Congential anomalies (e.g.,
congenital diaphragmatic hernia, congenital lobar emphy-
sema, or cystic adenomatoid malformations), (3) HYaline
membrane disease (also known as RDS or surfactant defi-
ciency), (4) PNeumonia, Primary Ciliary Dyskinesia (5)

Fig. 3 Risk factors, symptoms
and signs, management of
transient tachypnea of the
newborn and associated
childhood respiratory
complications. List of prenatal,
maternal and infant risk factors
of transient tachypnea of the
newborn (TTN). Genetic
polymorphisms and maternal
asthma may increase risk of
childhood asthma in newborns
who have TTN.

Fig. 4 Differential diagnosis of transient tachypnea of the newborn
with associated roentgenograms. Differential diagnosis of tachypnea
in the newborn can be remembered by using the mnemonic
“TACHYPNEA” T: transient tachypnea of the newborn, A: Aspiration
C: Congential anomalies, HY: Hyaline membrane disease, P: Pneu-
monia, Primary Ciliary Dyskinesia, E: Effusion, and A: Air-leak
syndromes.
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Effusion, and (6) Air-leak syndromes (e.g., pneumothorax
or pneumomediastium). The common causes of tachypnea
can be remembered by using the mnemonic “TACHYP-
NEA” (Fig. 4). Primary ciliary dyskinesia (PCD) is rare but
requires consideration because 75–85% of babies with PCD
have a history of neonatal respiratory distress [49].

Imaging features

Retained lung fluid or TTN will cause engorgement of the
lymphatics and capillaries. Chest radiography (X-ray) can
reveal retained lung fluid by showing diffuse streaky pul-
monary interstitial opacities, edema of the interlobar septae
and fluid in the fissures (Fig. 5). The prominent perihilar
pulmonary vascular markings observed on chest X-ray are
sometimes referred to as a “sunburst” pattern. There may be
some degree of hyperinflation and fluid may be seen at the
costophrenic angles with widening of the intercostal spaces.
One key feature of TTN is interval improvement of the
radiographic imaging in 48–72 h, however, complete dis-
appearance of radiographic findings may take up to 7 days
[1, 48].

Ultrasound of the lung has become an emerging method
of diagnosing TTN (vs. other lung problems) and studies
have shown lung ultrasound to be a reliable imaging
modality (Fig. 6) [50–52]. A normal lung ultrasound char-
acteristically shows hypoechogenic tissue with the presence
of smooth pleural lines and A-lines in a normal-term infant
without respiratory distress (Fig. 6a). The pleural line is a
regular echogenic line under the skin and superficial layers
of the thorax and moves continuously with respiration
(lung-sliding). The A-lines are a series of echogenic lines
parallel to the pleural line equidistant from one another
below the pleural line. In patients with TTN, the following
features are observed: thickening or fuzziness of the pleural

line, partial or complete disappearance of A-lines, and
appearance of B-lines (also known as lung comets—
hyperechoic narrow-based artifacts spreading from the
pleural line to the edge of the screen). Interstitial syndrome
is the presence of more than 3 B-lines in every examined
area and is observed in TTN (Fig. 6b). In addition, there is a
difference in lung echogenicity between the superior fields
and inferior fields on a longitudinal scan in approximately
three-fourths of patients with TTN. This sharp cut-off point
between the upper and lower lung fields is known as the
double lung point (DLP) [52]. Neonates with RDS have
“compact” or coalesced B-lines without horizontal rever-
berations resulting in “white lung,” consolidation and air
bronchograms (Fig. 6c). DLP is usually not a feature of
RDS. Potential limitations of lung ultrasonography include
variance in sonographer skill and only being able to view
lesions closest to the pleural surface [53]. Experienced
neonatal lung ultrasonographers can distinguish between
RDS and TTN and this could be a useful clinical tool as we
gain experience with this modality.

Management

Since the prenatal risk factors (C-section, maternal diabetes,
macrosomia, family history of asthma) are widespread,
most newborns at risk of developing TTN are delivered at
hospitals without a higher level of NICU care available.
Given the limited resources, newborns with TTN who
require respiratory support often need to be transferred to a
higher level of care, which leads to separation of the
mother from her newborn. The availability of a therapy to
improve the natural course of TTN, reduce the need for
respiratory support and need for intensive care would be
advantageous.

Diuretic therapy has been studied as a potential medi-
cation to aid in lung fluid clearance. A systematic review
including two randomized trials [54, 55] involving 100
patients comparing furosemide with placebo in newborns
with TTN did not show a change in duration of hospital stay
or severity of symptoms [56]. Inhaled β-agonists have been
hypothesized to stimulate lung fluid absorption by up reg-
ulating the ion channels involved in lung fluid resorption.
Initially, some small studies showed improvement of
respiratory symptoms and reduction in the duration of
supplemental oxygen with the use of short acting inhaled β-
agonists [57–59]. However, a recent systematic review
concluded that there is insufficient evidence to determine
the efficacy and safety of short acting β-agonists in the
management of TTN [60]. To test the hypothesis that a
relative deficiency in catecholamines may play a role in the
etiology of TTN, a small randomized trial of 20 patients
compared the effect of inhaled epinephrine vs. placebo on
TTN resolution [61]. Inhaled epinephrine did not reduce the

Fig. 5 X-ray findings of transient tachypnea of the newborn.
Retained lung fluid may result in diffuse streaky pulmonary interstitial
opacities, and fluid in the minor fissures. Prominent perihilar pul-
monary vascular markings observed are sometimes referred to as a
“sunburst” pattern. There may be a degree of hyperinflation and
pleural effusions that are usually small. Occasionally mild cardiome-
galy can be seen.
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duration of treatment with oxygen or the need for respira-
tory support.

Finally, fluid restriction in patients with TTN has been
shown to reduce the duration of symptoms and decrease the
duration of respiratory support [62, 63]. Clinicians should
be aware, however, that commonly practiced intravascular
neonatal fluid administration may represent fluid overload
relative to the enteral intake of the healthy breastfed infant
(term newborns receive ~15 ml/kg of breast milk in the first
couple of days) [64]. Larger scale clinical trials are needed
before fluid restriction becomes fully implemented into
practice. We are continuing to learn more about the fun-
damental mechanisms involved in control of lung fluid
absorption; for example, it is possible that the natriuretic
peptide system could play a role, particularly in interfacing
with the β-adrenergic system [65–67]. These and other
investigations may provide the therapeutic means to reg-
ulate the pathophysiology contributing to the clinical
symptomatology of TTN.

The diagnosis of TTN is one of exclusion, which is based
on a constellation of clinical symptoms and radiographic
findings. The question of which infants will require diag-
nostic testing and when to transfer the newborn from a
community hospital or newborn nursery to a level II or III
NICU for further evaluation and management remains a
difficult one to answer. Hein et al. [68] recommended the
“rule of 2 h.” If the newborn continues to show symptoms
of respiratory distress with no improvement in symptoms 2
h after birth, a chest radiograph should be obtained. New-
borns need to be transferred to a higher level of care if
symptoms worsen, respiratory support or oxygen adminis-
tration is required to maintain oxyhemoglobin saturations
between 90 and 95% or if the chest X-ray confirms a

diagnosis other than TTN as the cause of respiratory
distress.

Newborns with continued respiratory distress require
continuous oxyhemoglobin saturation monitoring to
assess need for supplemental oxygen, which should be
provided if the SpO2 is <90% [69]. Neonates who show
increased work of breathing and persistent tachypnea may
require continuous positive airway pressure (CPAP) to
maintain FRC and normal oxyhemoglobin saturations.
Blood gas analysis will help determine ventilation status
and guide escalation or weaning of respiratory support
depending on the partial pressure of carbon dioxide. If the
patient has tachypnea with respiratory rates (RR) over
65–80 breaths per minute, the newborn may be placed nil
per os due to the risk of aspiration with oral feeds. During
this time, gavage feedings, IV fluids or a combination of
both may be started. Starting a term infant at 10% dex-
trose fluid via an IV line or oral feedings via a gavage tube
at 60 ml/kg/day should be sufficient to maintain eugly-
cemia. Many clinicians feel comfortable giving gavage
feedings as long as there is not significant increased work
of breathing and the RR remains <80. If the infant remains
on IV hydration after the first 24 h of life, then electrolytes
will need to be added to the IV fluids. Most cases of TTN
will resolve within 48 h but if tachypnea persists, echo-
cardiography should be considered to rule out congenital
heart disease.

If infection is suspected due to clinical symptoms and
risk factors, with signs of systemic illness rather than simple
tachypnea, then a complete blood count, C-reactive protein,
and blood culture should be drawn. Routine use of empiric
antibiotics in TTN may be detrimental, resulting in altera-
tions in gut microflora and an increase in antibiotic resistant

Fig. 6 Lung ultrasound as a
diagnostic tool for newborn
lung pathology. a Normal lung
showing horizontal A-lines
(reverberation artifact from
pleural line). b In TTN, A-lines
are obscured and B-lines are
separated giving the appearance
of comet tails. c Patient with
respiratory distress syndrome
(RDS) showing an irregular and
thickened pleural line,
consolidation, and so-called
“coalesced B-lines:” referring to
the inability to distinguish B-
lines, absence of A-lines,
making a “white lung”
appearance. Ultrasound pictures
provided by J. Lauren Ruoss,
MD and colleagues I. Prelipcean
and D. Rajderkar, University of
Florida.
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organisms [70]. Empiric antibiotics may be considered in
patients with prolonged tachypnea and systemic signs of
illness. If the newborn has signs of hypotension and/or
encephalopathy, a lactate and ammonia level may be done
to help rule out inborn errors of metabolism. Central lines
may be placed if the patient is mechanically ventilated, has
an oxygen requirement >40%, or is hypotensive and
requires vasoactive medications.

There have been cases in which TTN resulted in
respiratory failure and death. Keszler et al. found that babies
with TTN are overrepresented in the extracorporeal mem-
brane oxygenation (ECMO) population [71]. “Malignant
TTN” has been used to describe severe respiratory mor-
bidity and subsequent mortality in newborns delivered by
elective cesarean delivery who developed PPHN [71]. This
is thought to develop due to a combination of two factors,
one of which is absorption atelectasis. When delivering high
oxygen concentrations, nitrogen is replaced by oxygen. In
contrast to nitrogen, oxygen is extremely soluble in blood
and diffuses very rapidly into the pulmonary vasculature,
which leads to insufficient amounts of gas inside the alveoli
to maintain patency and leads to alveolar collapse [72]. The
second contributing factor is the formation of reactive
oxygen species as a result of high alveolar oxygen expo-
sure, which can lead to increased pulmonary vascular
reactivity and PPHN [73].

One possible strategy when managing these newborns
may be early use of distending pressure (CPAP) [4]. Osman
et al. [74] performed a randomized control trial to examine
the efficacy of delivering early CPAP via Neopuff in
reducing the severity and duration of respiratory distress in
TTN. The trial was performed in late-preterm/term infants
who were delivered by C-section and who presented with
respiratory distress shortly after birth. In the group that
received CPAP, the duration of tachypnea was shorter and
treatment resulted in fewer admissions to the NICU. The
use of early prophylactic CPAP in late-preterm/term new-
borns delivered by C-section has also been shown to
decrease NICU admissions: 259 eligible newborns (340/
7–386/7 gestation) born via cesarean delivery were rando-
mized to receive 20 min of prophylactic CPAP (n= 134) or
no treatment (n= 125) [75]. Thereafter, newborns were
observed for respiratory distress over a 2-h period. By the
end of the observation period, 20/134 (14.9%) of the
newborns in the intervention group required ongoing
respiratory support compared to 31/125 (24.8%; p= 0.046)
in the control group. Four of 134 (3%) compared to 11/125
(8.8%; p= 0.045) required admission to the NICU,
respectively. Of the 15 infants admitted, 7/259 (2.7%) were
diagnosed with TTN: 1 infant (0.7%) with TTN was in the
intervention group, 6 (4.8%) in the control group (p=
0.059) and the remaining 8 infants were diagnosed with
delayed transition [75].

Long-term outcomes and the association with
asthma

As the name implies, the transient nature of the sympto-
matic phase of TTN usually lasts for a few days in the
immediate newborn period. There are some studies that
have evaluated the long-term outcomes in children who had
history of TTN in the newborn period, which may suggest
that the mechanisms involved in the pathogenesis of TTN
may have long-term implications beyond the newborn
period. While there are no studies that have delved into the
mechanism of these long-term respiratory morbidities,
there have been several studies reporting an association
between TTN and respiratory symptoms in later childhood.
Shohat et al. [76] reported home follow-up data for 67
children between the ages of 4 and 5 years of age who had
a history of TTN and compared them to a similar number of
age-matched controls that were born at the same time at a
single center in Israel. They found a higher incidence of
recurrent wheezing (p < 0.02) and asthma (p < 0.03) with
atopy in the TTN group. Using the health claims database
for Manitoba, Schaubel et al. [77] evaluated the impact of
neonatal history on asthma-related hospitalizations in the
0–4 year age group. In addition to other risk factors such as
low birth weight (<1500 g), male gender and prematurity,
they also noted TTN in the newborn period to be associated
with development of asthma (odds ratio=;1.36). While
these odds were not higher than some of the other risk
factors, other studies reported in different populations have
found a similar association. A study of hospital discharge
records from Scotland [78] assessed the diagnosis of
asthma at the time of discharge and, after tracing back their
neonatal records, found a higher cumulative incidence of
asthma in children with history of respiratory morbidity in
the neonatal period (hazard ratio= 1.7, 95% CI 1.4–2.2).
Two large population database studies reported the asso-
ciation of TTN with childhood asthma. A study by
Birnkrant et al. [79] that looked at a directory of 18,379
term infants from which 2137 patients with a known
diagnosis of asthma were compared to matched controls
demonstrated that TTN was associated with childhood
asthma [adjusted odds ratio (OR)= 1.50, 95% confidence
interval (CI): 1.13–1.99; P= 0.0052]. This association of
asthma and TTN was found to be more pronounced among
male infants, non-white males, males whose mothers lived
in an urban area and males whose mothers did not have
asthma [79]. The authors proposed that TTN may be a
marker of deficient pulmonary function reflecting inherited
susceptibility to asthma. Another retrospective review
identified 12,763 babies born at term in 1995 in Manitoba
and specifically looked at children diagnosed with a
wheezing syndrome (defined as bronchiolitis, acute bron-
chitis, chronic bronchitis, asthma, or prescription for
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asthma medication) up to age 7 years in this cohort [80].
Three hundred and eight of these infants (2.4%) had a
diagnosis of TTN at birth. Risk factors that were identified
for the development of TTN included male sex, urban
location, birth weight ≥4500 g and maternal history of
asthma. In addition, infants with the diagnosis of TTN at
birth had a statistically significant risk of developing a
wheezing disorder in childhood (adjusted hazard ratio
[HR]= 1.17, 95% CI 1.02–1.34) [80]. A retrospective
analysis by Cakan et al. [81] of all the births at a Turkish
hospital over a 1-year period identified 103 children with a
history of TTN, and 33 had onset of wheezing between
1 month and 1 year of age. Only ten among this group had
three or more wheezing attacks reported and no additional
follow-up beyond 1 year of age was available in this study.
A historical cohort study from Iran [82] followed 70 infants
with history of TTN 4 years later with a telephone follow-
up to determine if they had any long-term respiratory
symptoms. In comparison to a similar number of controls,
they found higher incidence of wheezing in children with a
history of TTN (RR= 2.8, p= 0.014) even though the
incidence of asthma was similar in both groups. Interest-
ingly, there are some studies that have shown a higher
incidence of TTN in infants born to mothers with asthma
[83–85]. Schatz et al. [84] first suggested that babies born
to mothers with asthma are at higher risk for development
of TTN, but the mechanism for this association was
uncertain. Another retrospective review of mothers with
asthma complicating their pregnancy (n= 2289) in com-
parison to a fourfold larger randomly selected control
group of non-asthmatic mothers (n= 9156) showed that
infants of asthmatic mothers were more likely [OR, 1.79;
95% CI, 1.35–2.37] than infants of control mothers to
exhibit TTN [83]. Furthermore, stratified analysis by sex
and gestational age showed significant associations in male
infants (OR, 1.91; 95% CI, 1.35–2.71) as opposed to
female infants (OR, 1.51; 95% CI, 0.92–2.47) and in term
infants (OR, 2.02; 95% CI, 1.42–2.87) as opposed to pre-
term infants (OR, 1.51; 95% CI, 0.94–2.43) [83]. This
could suggest that the association between the development
of asthma later in life and TTN may not arise from TTN
itself, but because from other genetic determinants that are
common to the pathogenesis of TTN and asthma. In other
words, maternal asthma may be associated with these
infants having a higher risk of TTN as well as a higher risk
of asthma later in life. The genetic factors that determine
this risk remain unidentified but there are several potential
gene polymorphisms [86–90] that have been reported
(Fig. 3) in association with TTN. Of these, the poly-
morphisms in the beta adrenergic receptor (ADRB) might
be one of the most promising connections. This is because
genetic polymorphisms in ADRB genes have been linked
to asthma [91], but there are a lot of variations between

different populations [92]. Further mechanisms involved in
this complex interplay among maternal asthma, risk of
TTN and the subsequent development of asthma later in
life in children needs to be explored further.

Conclusion

TTN is a respiratory disorder thought to be due to inade-
quate or delayed clearance of fetal lung fluid after birth.
Failure to clear this fluid results in a clinical syndrome of
respiratory distress with a broad differential diagnosis. The
volume of lung liquid present in the airways at birth may
exacerbate symptoms as some of the liquid in the interstitial
lung tissue may re-enter the alveoli at the end of expiration.
Therefore, targeting mechanisms to prevent re-entry of fluid
into the lung, such as CPAP, are likely to improve
respiratory function and prevent further worsening of TTN.
Although TTN may seem to some as a “nuisance” disease,
separation from mothers, need for NICU admission, and in
some cases deterioration with hypoxemia and/or PPHN
requiring ECMO can have significant consequences.
Finally, there are epidemiological factors that lead us to
associate TTN with later wheezing and asthma-related
symptoms.
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Content specifications Understand the pathophysiology that under-
lines Transient Tachypnea of Newborn (TTN). Recognize the clinical
manifestations of TTN and the imaging modalities that may help in the
diagnosis of TTN. Understand the benefits in providing Continuous
Positive Airway Pressure (CPAP) for TTN. Recognize the possible
long-term association of TTN with wheezing-related syndromes.

Education gap It can be challenging to diagnose TTN and identify
patients who may be at greatest risk of respiratory deterioration.
Optimal management has not been established, and caring for patients
with TTN, particularly at community hospitals, can be difficult.
Increasing knowledge of the pathophysiology leads to improved
therapeutic options.

Objectives Define the molecular mechanisms involved in lung fluid
clearance. Identify the clinical symptoms and signs, radiologic findings
and risk factors associated with TTN. List the differential diagnosis of
TTN. Explain the different treatment options for TTN.
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