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With the advent of surfactant and gentle ventilation, the incidence of neonatal pneumothorax has decreased over the last two
decades. Pneumothorax associated with respiratory distress syndrome is more common in preterm infants, but term infants often
present with isolated pneumothorax. The use of CPAP or non-invasive respiratory support in the delivery room for a term infant
with respiratory distress increases transpulmonary pressures and increases the risk of pneumothorax. Prompt diagnosis with a high
index of suspicion, quick evaluation by transillumination, chest X-ray or lung ultrasound is critical. Management includes
observation, needle thoracocentesis and if necessary, chest tube placement. This manuscript reviews the incidence, pathogenesis,
diagnosis and management of a term infant with isolated pneumothorax, summarizing the combination of established knowledge
with new understanding, including data on diagnostic modes such as ultrasound, reviewing preventative measures, and
therapeutic interventions such as needle thoracocentesis and a comparison of pigtail vs. straight chest tubes.
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INTRODUCTION
Respiratory distress in the term neonate represents a large
proportion of newborns who require admission to the neonatal
intensive care unit (NICU) [1]. An underlying pulmonary disease
such as meconium aspiration syndrome (MAS) or transient
tachypnea of the newborn (TTN) [2, 3], which often requires
positive pressure ventilation (PPV) or continuous positive airway
pressure (CPAP), increases the risk of a pneumothorax [4]. Albeit,
much less common, a spontaneous pneumothorax in an other-
wise healthy newborn should always be included in the
differential diagnosis of respiratory distress. Prompt recognition
that a pneumothorax is causing or exacerbating respiratory
distress is critical to improve outcomes and decrease morbidity
and mortality related to this condition. The presence of
pneumothorax significantly increases hospital length of stay
(median 4 days, 95% confidence interval, 3.1–8.5 days) [5, 6].
The optimal means to prevent, diagnose, and manage pneu-
mothoraces in term neonates have not yet been established and
current evidence will be reviewed in this manuscript.

INCIDENCE
A large retrospective study of 19 US hospitals evaluating
respiratory morbidity included data on approximately 166,000
term infants (37 to 40-week gestational age-GA), which showed an
incidence of symptomatic pneumothorax requiring NICU admis-
sion of 0.1% (159 neonates) [7]. Data from the Kids Inpatient
Database (KID) from the US showed a prevalence of 0.02% among
infants born at ≥37 weeks GA [6]. A Danish study including almost
49,000 neonates found a similar incidence of symptomatic
pneumothorax in 34 term neonates (0.07%) with all except one
patient having an underlying pulmonary disease (TTN in 62% and
MAS in 10%) [8]. Delivery by cesarean section increases the risk of

pneumothorax possibly due to increased risk of TTN [9]. In a
subgroup analysis comparing term and preterm neonates with
pneumothorax from a single center, the majority of term neonates
presented with symptoms within 24 h after birth (98% in term
infants compared to 70% in preterm) and recovered with a low
frequency of invasive treatment (12% in term, 40% in preterm) [9].
These data suggest that pneumothorax is seen in 0.02 to 0.1% (or
1 in 1000 to 5000 term infants), and a high proportion of
pneumothoraces in the term population are mild or
asymptomatic.

PATHOPHYSIOLOGY
The transpulmonary pressure gradient (Ptp) is the difference
between alveolar pressure (Palv) and pleural pressure (Ppl) [10].
During normal breathing, the pressure in the pleural space is
negative, and when the diaphragm contracts, it creates a negative
pressure in the alveolar space, which pulls air into the lung and
expands outward due to the surface tension between the parietal
and visceral pleura [11]. Soon after birth, term infants generate
high negative intrapleural pressure (–40 to –50 cm H2O) during
the first breath [12]. Subsequently, in a normal spontaneously
breathing newborn infant, diaphragmatic activity results in
negative pleural pressure (e.g. –3 to –10 cm H2O, mean – 5 cm
H2O) [13], and at the end of inspiration, the alveolar pressure
equilibrates with atmospheric pressure and is 0 (Fig. 1A) resulting
in a mean peak Ptp of 5 cm H2O. In a sedated or paralyzed
endotracheally intubated patient on synchronized mechanical
ventilation, the alveolar pressure is positive and so is the pleural
pressure resulting in a small transpulmonary gradient (Fig. 1B). In a
neonate in severe distress with increased work of breathing, a very
high negative pleural pressure can be generated (Fig. 1C). When
CPAP or other non-invasive positive pressure support is given,
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alveolar pressure is positive, resulting in an even higher
transpulmonary gradient, which increases the risk of air-leak
[10]. This situation is common in term infants in respiratory
distress with retractions that can generate high negative pleural
pressure while receiving mask CPAP in the delivery room [10]. In
addition, parenchymal lung disease associated with expiratory
flow obstruction is common in MAS and TTN due to airway
narrowing from meconium or retained lung liquid, respectively
(Fig. 1C and Fig. 2). This expiratory obstruction can create a ball-
valve effect resulting in alveolar overdistension from further
increase in transpulmonary pressures and rupture (Fig. 2).

The classical studies of Macklin have suggested that air after
extrusion from the ruptured alveolus follows along the perivas-
cular sheaths of the lung, either out to the visceral pleural surface
and into the pleural cavity or will pass to the root of the lung, into
the mediastinum and then through the mediastinal pleura into
the pleural cavity [14]. This proposed mechanism suggests that
pneumomediastinum and pneumothorax are part of the same air-
leak spectrum in neonates. The lungs of the newborn infant
expand rapidly, but not all alveoli expand at the same time [15,
16]. When a baby takes their first few breaths, their diaphragm can
produce a high transpulmonary pressure (Fig. 2) [17]. However, if
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Fig. 1 The role of transpulmonary pressure (Ptp) in creation of pulmonary air leak syndromes. Ptp is the difference between alveolar
pressure (Palv) and pleural pressure (Ppl). During normal respiration (A), diaphragmatic contraction results in negative Ppl leading to inhalation.
At the end of inhalation, Palv is the same as atmospheric pressure. During invasive mechanical ventilation in a sedated or paralyzed neonate,
Palv and Ppl are both positive and Ptp is low (B). A newly born infant in respiratory distress has high negative Ppl. Providing delivery room CPAP
(DR CPAP) or CPAP in the early neonatal period results in positive Palv. This leads to high Ptp increasing the risk for an air leak. C The presence of
meconium aspiration or retained lung liquid leads to a ball-valve effect leading to expiratory obstruction and alveolar distension resulting in
further elevation of Palv increasing the risk of air leak. Copyright Satyan Lakshminrusimha.
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some of the bronchial or bronchiolar passages are obstructed by
aspirated meconium or retained lung liquid, the high transpul-
monary pressure can be exerted on a small number of expanded
alveoli or groups of alveoli. In newborns, the pores of Kohn,
Martin’s and Lambert’s channels and the intersegmental bronch-
ioles, which are effective collateral channels in normal lungs, are
not well developed. This makes it difficult for the high-pressure air
in these groups of alveoli to pass easily into adjacent, unexpanded
alveoli [14]. This high pressure can cause the overdistended alveoli
to rupture, and air can escape into the perivascular sheaths and
cause a pneumomediastinum or pneumothorax. Thus, foreign
material aspirated into (e.g., meconium) or retained in the lungs
(e.g., fetal lung fluid) of newborns can cause alveolar rupture due
to high pressure in a small number of expanded alveoli, with air
escaping into the pleural space directly or through the
perivascular sheaths [18]. During respiration, the bronchi and
bronchioles dilate with inhalation and contract with exhalation.
A partial bronchial obstruction during inhalation becomes a
complete obstruction in exhalation because the obstructing mass
acts as a ball valve (Fig. 2). A partial obstruction allows air to pass
into the distal alveoli during inhalation, but on exhalation the
bronchus is completely obstructed, and air cannot be expelled.
Consequently, the alveoli distend until they rupture. Ruptured
alveoli on the pleural surface result in a pneumothorax. If pressure
in the mediastinum is great enough, air may escape and track into
the subcutaneous tissue of the neck and chest to cause
subcutaneous emphysema.
A persistent air leak is one that exists for greater than five to

seven days, but the incidence in a term neonate is unclear except
for some postoperative patients with congenital anomalies of the
airway or lung. It is more common in preterm neonates. In a small
retrospective review of 42 term and preterm neonates with
pneumothorax, risk factors for persistent pneumothorax or
mortality included underlying primary lung pathology, need for
mechanical ventilation, and bilateral pneumothorax [19].

DIAGNOSIS
Pneumothorax should be considered within the differential
diagnosis of every neonate who is showing signs of respiratory
distress. A pneumothorax may be asymptomatic, symptomatic or
under tension. Prompt diagnosis is critical as development of a
tension pneumothorax can lead to acute hypoxia, respiratory

failure, severe hemodynamic compromise and death. The most
common clinical signs are respiratory distress associated with
decreased air entry on the affected side when auscultating over
the hemithorax. Diffuse rales and rhonchi may be appreciated
throughout both lung fields. Rarely, bulging of the chest anteriorly
may be noticed if a large collection of air remains in the
mediastinum. A tension pneumothorax is when thoracic pressure
is increased to a degree that it impedes venous return to the
heart. When the pneumothorax is under tension, the patient may
be tachycardic and the cardiac impulse may be displaced.
Transillumination with a bright light applied to the chest can be
helpful in making a diagnosis especially in preterm infants with a
thin chest wall [20] but is not accurate in term infants [21] or
preterm infants with a thicker chest wall. Traditionally, chest
radiography has been the diagnostic imaging choice. Since most
neonatal X-rays are taken with the infant supine on the warmer or
incubator, and air is usually anterior, one border of the cardiac
silhouette is usually sharper than the other (Fig. 3). With a large
pneumothorax, mediastinal shift and a lung border with free air
next to it may be visible (Fig. 3).
Recently, point-of-care ultrasound (POCUS) has been shown to

have similar accuracy in detecting a pneumothorax compared to
radiography with a shorter time to diagnosis [22]. Evidence-based
POCUS guidelines [23] and crashing neonatal protocols (such as
“Sonographic Assessment of life-threatening Emergencies—
Revised” (SAFE-R)) protocol or crashing neonatal protocol (CNP)
recommend use of POCUS for rapid diagnosis of pneumothorax in
emergency situations [24]. The three cardinal signs of pneu-
mothorax on lung ultrasound are: (1) absence of lung sliding, (2)
absence of B-lines, (3) and presence of A lines (Fig. 4A, B) [25].
Lung sliding occurs when visceral and parietal pleura slide against
each other to create the ultrasound feature. The absence of lung
slide (which indicates air between the two pleural surfaces
pretending direct contact). The “lung point” is seen at the junction
of lung sliding (showing normal lung) and no lung sliding
(showing pneumothorax) (Fig. 4A). When present, “lung point” is
diagnostic of pneumothorax with 100% specificity (Fig. 4A, B).
However, in a large tension pneumothorax, the lung point may
not be identified as the transition zone between normally
apposed pleura and pneumothorax does not exist. Lung POCUS
can help in differentiating between small and large pneu-
mothoraces, based on the location of the lung point indicating
the extent of the pneumothorax. POCUS can’t be used to estimate
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the degree of overdistension in alveoli or quantify air-leak in
pneumothorax [20]. Additional M-mode of “barcode” or “strato-
sphere” sign can further confirm pneumothorax, whereas normal
lung appears differently as “seashore” sign in M-mode.

MANAGEMENT
Preventative measures
Continuous positive airway pressure use in the delivery room (DR
CPAP) for term neonates has increased since recommendations
changed to consider use in term and late preterm neonates by
various governing bodies [26], which has resulted in a higher
prevalence of various pulmonary air leak syndromes including
pneumothorax [27]. In a large, nested cohort study, pneumothorax
associated with DR CPAP was higher in neonates using 21%
oxygen than those receiving supplemental oxygen, implying that
caution should be applied for the use of CPAP in term and late
preterm infants for transient grunting, nasal flaring and tachypnea
in the delivery room [28]. Stocks et al. attempted to de-implement
term and late preterm neonates from being exposed to DR CPAP
administration, especially to neonates that did not need PPV or
supplemental oxygen administration in the DR. This decrease in
DR CPAP was achieved without a significant increase in other
adverse outcomes, such as NICU admissions, and showed a
decrease in DR related pneumothoraces [29].
Adult literature suggests that inhaling higher concentrations of

oxygen improves resolution of a symptomatic pneumothorax
[30, 31]. Such use of hyperoxia is based on the theory that the
inhalation of 100% oxygen reduces the partial pressure of
nitrogen in the alveolus compared to the pleural space. This
gradient causes the nitrogen to diffuse from the pleural space into
the alveoli, resulting in the reabsorption of air. Studies in term
infants show that a nitrogen washout does not result in faster
resolution of the pneumothorax and results in unnecessary
exposure to increased oxygen [30, 31]. Furthermore, compared
to nitrogen, oxygen has high solubility in blood and can quickly
diffuse into the pulmonary vasculature. This can cause insufficient
gas levels in the alveoli, resulting in alveolar collapse, especially if
oxygen is delivered without pressure using an oxyhood (absorp-
tion atelectasis) [32]. Exposure to 100% oxygen has been
associated with increased oxidative stress and pulmonary vascular
hyperactivity [33, 34].
Some ventilatory strategies have been shown to improve the

risk of pneumothorax. A Cochrane Review from 2017, there was a
significant reduction in pneumothorax for the infants ventilated

using volume targeted ventilation vs. pressure limited ventilation
[35]. Ventilator breaths should also be synchronized as much as
possible to the infant’s breaths as asynchrony can increase the risk
of pneumothoraxes [5]. In preterm infants, high frequency
oscillator ventilation (HFOV) has an increased risk of creating
acute air leak [36]. However, some data suggests that high
frequency ventilation may be protective against air leaks.
Gonzalez et al. showed there was decreased gas flow through
the chest tube after receiving high frequency jet ventilation (HFJV)
[37]. Surfactant administration is most often used in the preterm
population for respiratory distress syndrome, but it is also
sometimes used in term infants, most commonly for meconium
aspiration syndrome. There is thought to be some association
between surfactant administration and risk for pneumothorax, but
2 small systematic reviews showed no difference in development
of pneumothorax with surfactant [38]. The use of volume-targeted
ventilation will minimize volutrauma with changing compliance
following surfactant administration and potentially reduce the risk
of air leak.
The mechanism through which HFJV ameliorates an air leak is

not clear, but it is thought to be due to low tidal volumes that are
otherwise unachievable via conventional ventilation. HFOV
ventilation strategy using minimal mean airway pressure of 8-9
and high frequency (hertz of 10), as described in a case series of 5
preterm infants with unilateral pneumothorax, showed avoidance
of increasing the air leak and avoiding progression of pneu-
mothorax [39]. Such a strategy avoids the complication of chest
tube insertion altogether in preterm infants. However, this
approach may not be translatable to term neonates.

Needle thoracentesis vs. chest tube thoracostomy
Needle thoracentesis consists of aspirating air through a small
hypodermic needle or angiocath, where the needle is inserted into
the second or third intercostal space at the midclavicular line and
aspirating via a syringe. With the advent of ultrasonography, it
may be possible to locate the optimal site for needle insertion at
the bedside. Chest tube thoracostomy is the placement of a
catheter in the fourth to sixth intercostal space at the midaxillary
line. This can be done via a straight or pigtail catheter using
Seldinger’s technique. Usually, this tube is placed to water seal or
to continuous low wall suction (Fig. 5). A recent Cochrane review
cites two controlled trials comparing needle aspiration to chest
tube drainage and concluded that there was insufficient evidence
to establish the efficacy and safety of needle aspiration alone.
However, there were no differences in mortality and needle

Fig. 4 Features for the use of POCUS for the rapid diagnosis of pneumothorax. Ultrasound features of the lung. In B-mode (A) and M-mode
(B). Normal lung showing the “seashore” sign is on the left side and lung-point and other features of pneumothorax (on the right side
including the “barcode” sign in M-mode) are shown. Image courtesy Dr. Yogen Singh.
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aspiration reduces the need for chest tube placement [40]. A
retrospective cohort of 189 term and preterm infants with
pneumothorax showed that approximately 20% of neonates were
able to be treated with needle thoracentesis alone and concluded
that it was reasonable to try needle aspiration prior to inserting a
chest tube [28]. Another study of a total of 76 patients showed
that needle aspiration reduced the rate of chest tube insertion in
symptomatic infants (by 55%) and that needle aspiration should
be the initial method to evacuate the air from the pleural space
[41]. Pneumothoraces resulting from respiratory distress syndrome
are more likely to require chest tube drainage compared to
pneumothorax resulting from TTN [8].

Straight chest tube vs. pigtail catheter
Pigtail catheters are a safe and effective alternative to traditional chest
tubes and recent data has shown improved outcomes with pigtail
catheters [42, 43]. One study looking at complications of percuta-
neous catheters showed that pigtails resulted in more immediate
radiological success compared to traditional straight catheters [43]. No
other significant differences were noted. However, Reed et al. in a
case series, suggested that pigtail catheters, as a result of their curve
or because of the guidewire, may be more responsible for thoracic
organ perforation, especially when they are placed emergently [44].
Traditional teaching is to insert the needle 1 cm into the chest, and
then insert the guidewire, but in neonates, the chest wall thickness is
often less than 1 cm, 1 cm insertion can result in thoracic organ injury,
especially in emergent settings. It is safer to use the 4th intercostal
space (ICS) as the distance between the chest wall and the border of
the heart is longer at the 4th ICS compared to the 5th and 6th ICS. It is
also safer to insert the needle 0.5 cm rather than the full 1 cm.

Drainage sets
The chest drainage system usually consists of a water seal, suction
control and a drainage collection chamber (Fig. 5). They are
designed to allow air or fluid to be suctioned out of the pleural
cavity, prevent backflow, and restore negative pressure in the
pleural space to allow for the lung to re-expand. Most chest tubes
with suction are based on a three-chamber system (Fig. 5). The
drainage from the chest flows into the chest tube and into the first
chamber which allows for measurements and recording. The
middle chamber is the water seal and air leak chamber which
allows for air to exit the pleural space and prevents air from
reentering the pleural cavity on inhalation. The third chamber
allows for controlled suction, where there is a connection via
tubing from the wall source of suction to the suction control
chamber. The wall source of suction is increased until there is
gentle bubbling in the suction control chamber. The level of
suction applied to the chest tube is adjusted on the drainage
system, not the wall suction source, and is typically set between
–10 and –20 cm H2O. Tidaling can occur when the patient’s
pressure float ball near the bottom of the water seal column
moves up and down with the baby’s respirations. It moves up with
spontaneous inhalation, due to higher negative pleural pressure
and down during spontaneous exhalation. If a patient is on
positive pressure ventilation, the reverse occurs [45].

Emergency equipment and bedside considerations
Typical equipment kept at bedside in the event of failure of the
chest tube drainage system are smooth or non-toothed clamps, as
well as a sterile bottle of water that can be used as a makeshift
water seal. After needle aspiration, if the neonate is still unstable
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and the decision is made to insert a chest tube, it is reasonable to
keep the angiocatheter used for the thoracentesis attached to a
sterile bottle of water as a makeshift water seal, as the team is
preparing for chest tube insertion. Petroleum gauze is also kept at
the bedside and can be used as an occlusive dressing over the
insertion site of inadvertent, premature removal of a chest tube to
prevent entrainment of air into the pleural space in a sponta-
neously breathing infant.
Routine assessment of the drainage system is important. In

addition to assessing output in the collection chamber,
monitoring of the water seal and air leak chamber is imperative
to assess the overall function of the system. While intermittent
gentle bubbling in the water seal is indicative of an air leak in the
patient, continuous bubbling in the water seal could reflect a
bronchopleural fistula. Continuous bubbling could also demon-
strate an air leak in the drainage system and corrective action
must be taken. This could be secondary to an extrathoracic
location of one of the side ports of the chest tube or a
connection tube site leak.

Removal of the chest tube
Resolution of pneumothorax by chest X-ray or ultrasound and lack
of active bubbling from the chest tube are indications for removal
of the chest tube, as they indicate resolution of the pneumothorax
without ongoing air leak. At this point, clinicians will often put the
chest tube to water seal to determine if the pneumothorax
reaccumulates. Some centers clamp the chest tube for a short
period to check for reaccumulation, but this practice can be
associated with development of a tension pneumothorax if there
is a persistent air leak. Currently, the data comes from adult
studies that show it appears to be safe and may be extrapolated
to the neonatal population [46].

Long term consequences
Most term neonates have good outcomes following a pneu-
mothorax. However, pneumothorax (especially one requiring
intervention) has been shown to require a longer duration of
hospital stay [40]. A delay in early recognition and management
can be associated with significant mortality [47]. In a Danish study
with 71 cases of symptomatic pneumothoraces, one third of the
infants that had TTN required drainage [8]. Complications of chest
tube placement to evacuate a pneumothorax include chest injury
as well as breast scarring [48]. However, overall, symptomatic
spontaneous pneumothorax in the full-term infant seems to be a
relatively benign entity with spontaneous resolution and few long-
term consequences [49].

Conclusion
Pneumothorax should be considered in the differential diagnosis
in any neonate with respiratory distress. In term infants, it is more
likely to be associated with TTN or MAS in which the retained fluid
or meconium can create a ball-valve effect causing alveolar
overdistension and eventual rupture. DR CPAP can also increase
the risk of pneumothorax. The pores of Kohn which allow passage
of air between alveoli are reduced in infants, and this does not
allow for the air to pass to adjacent alveoli, creating uneven
distension. X-ray remains the current diagnostic modality in most
institutions, but point-of-care ultrasound is becoming more widely
used to diagnose pneumothorax. Often, the neonate can be
observed and does not need intervention. Needle thoracentesis
may be used as a first line intervention and is associated with
decreased rates of chest tube placement. Pigtail chest tubes have
been shown to be as effective as standard straight chest tubes,
with potentially fewer complications. Overall, pneumothorax in a
term neonate, if identified promptly, has few consequences other
than a longer length of hospital stay. As with much else in
neonatology, further study must be done for several aspects of
term neonates with pneumothorax, such as the role of ultrasound

vs. chest X-ray in confirming the diagnosis, therapeutic interven-
tions such as needle aspiration in various disease processes, best
practices on removal of chest tubes, instances in which straight
catheters or pigtail catheters are preferred, and more.
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