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OBJECTIVE: To assess pneumothorax prevalence in neonates across gestational age (GA) categories, identify associated variables,
and examine the impact of bubble CPAP (b-CPAP) implementation.

STUDY DESIGN: A cohort of 58,706 infants born at three hospitals over six years was analyzed, grouped by GA: =35 weeks,
29-34 weeks, and <28 weeks. Pneumothorax cases were matched with controls, and prevalence before and after b-CPAP adoption

was compared.

RESULTS: Pneumothorax occurred in 310 infants (0.53%): 0.39% in =35 weeks, 4.0% in 29-34 weeks, and 4.6% in <28 weeks GA.
Most cases occurred within 24 hours of birth, especially in =235 weeks (76%). In the =35-week group, pneumothorax was associated
with male sex, chorioamnionitis, and delivery room CPAP. In the 29-34-week group, it was linked to small for gestational age,

maternal diabetes, and surfactant use. In <28-week infants, delivery room intubation was the primary risk factor. Pneumothorax
prevalence in non-intubated infants was unchanged after b-CPAP implementation (0.35% vs. 0.41%; aOR = 0.85, 95% Cl: 0.62-1.16;

P=0.35).

CONCLUSION: Delivery room interventions, not NICU b-CPAP use, were associated with neonatal pneumothorax.
Journal of Perinatology; https://doi.org/10.1038/s41372-025-02408-9

INTRODUCTION
Pneumothorax is a serious condition with potentially severe
consequences depending on the timing, severity and clinical
setting, and frequently seen in the neonatal intensive care unit
(NICU) [1]. The incidence of pneumothorax varies according to
gestational age, baseline respiratory disease, and the level of
respiratory support such as the use of positive pressure ventilation
(PPV), mechanical ventilation, or continuous positive airway
pressure (CPAP) [2, 3]. The incidence of pneumothorax among
NICU admissions ranges from 0.5% to 2% and is associated with
an increased risk of mortality; however, the exact magnitude of
this risk remains unclear due to limited published data [4].
Maneuvers to closely monitor tidal volume (TV) and peak
inspiratory pressure (PIP) during invasive mechanical ventilation
was shown to be efficacious in decreasing the incidence of
pneumothorax in preterm infants [5]. However, despite advances
in neonatal respiratory care, pneumothorax remains a significant
concern due to its impact on neonatal morbidity and mortality [6].
Although there are multiple causes for respiratory distress in
neonates, two broad categories can be identified: transient
respiratory illness that usually occurs in late preterm and term
infants, and alveolar prematurity/surfactant deficiency that is
mainly observed in premature infants. Bubble CPAP (b-CPAP) has
been used for decades for respiratory support in premature
infants [7]. However, the efficacy and complications in late
preterm and term infants are rarely studied. A recent cohort
study suggested an increased incidence of pneumothorax in term
and late preterm infants resuscitated with CPAP in the delivery
room [8]. However, the association between pneumothorax and

respiratory management beyond delivery room resuscitation,
including subsequent respiratory support in the NICU such as b-
CPAP, has not been investigated.

The relationship between pneumothorax and the type of
respiratory support in late preterm infants is lacking. Differences
in CPAP devices and strategies in the NICU, such as b-CPAP
necessitate further investigation regarding their association with
pneumothorax. Understanding the risk factors, timing and clinical
course of pneumothorax in preterm and term infants is essential
for optimizing prevention and intervention strategies like the
need for chest tube placement.

We hypothesized that the development of pneumothorax is
more determined by the baseline respiratory illness and the
respiratory support in both preterm and term infants distinctly.
Thus, this study aimed to evaluate the prevalence of pneu-
mothorax in neonates at different gestational age (GA) categories
(= 35 0/7 weeks, 29 0/7-34 6/7 weeks, and < 28 6/7 weeks),
identify the risk factors associated with pneumothorax in the three
GA categories, and examine whether b-CPAP adoption in the NICU
is associated with pneumothorax. By systematically investigating
these questions, we aimed to provide insights that could guide
prevention/anticipation of neonatal pneumothorax.

METHODS

The study included a retrospective cohort of all infants born between
January 1, 2017, and February 29, 2024, across three NICUs within the
Cleveland Clinic Foundation, which collectively care for approximately
10,000 infants annually. This inclusive, population-based design was
selected to ensure sufficient sample size and statistical power to detect
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clinically meaningful differences in pneumothorax prevalence across GA
groups and to assess changes associated with the adoption of b-CPAP.
Given the large underlying population, the cohort was expected to provide
adequate power to detect modest effect sizes with narrow confidence
intervals, particularly for rare outcomes such as pneumothorax. A formal
power calculation was not performed prospectively, as all eligible infants
during the study period were included to maximize statistical robustness.
We reviewed the electronic medical records of the enrolled newborns. All
data were collected via a standardized form and were entered into a
secured REDCap program created specifically for this study. Data items
were coded and de-identified before analysis.

We extracted the maternal and neonatal demographic and clinical
characteristics from medical records. The study included all newborn
infants of all GA who had pneumothorax diagnosis. All cases were
reviewed, and the diagnosis was reassured via a chest radiograph
accompanied by a radiologist report. We excluded patients with
pneumothorax due to congenital anomalies of the lungs or airways,
cardiothoracic surgical procedure, and/or congenital lobar emphysema.
Controls without pneumothorax matched for GA and admission year were
included for comparisons.

Clinical and demographic data were collected, and that included sex,
race/ethnicity, birth weight (BW), method of delivery (C-section or vaginal),
use of antenatal steroids, presence or absence of chorioamnionitis,
maternal diabetes mellitus (DM), neonatal respiratory diseases, need of
delivery room resuscitation, and need for respiratory support (oxygen,
positive pressure ventilation (PPV), CPAP, administration of surfactant,
highest and lowest peak inspiratory pressure (PIP), highest and lowest
positive end expiratory pressure (PEEP), and endotracheal intubation.

Bubble CPAP implementation

A structured implementation of bubble CPAP (b-CPAP) began in 2018. The
program was first introduced at Hospital A in February 2018, initially
targeting infants with a GA > 32 weeks and/or birth weight >1500 g. The
implementation expanded in a stepwise fashion to include infants with
younger GA, and by December 2018, b-CPAP was fully adopted in Hospital
A. In January 2019, a similar implementation approach was initiated in
Hospital B and completed by December 2019. By mid-2020, all three
hospitals within the system had adopted b-CPAP. Prior to February 2018,
infants were managed using various modes of non-invasive respiratory
support, including ventilator-generated CPAP, infant flow systems, and
biphasic CPAP, delivered via different facial interfaces such as nasal prongs,
face masks, and RAM cannulas. After b-CPAP implementation, infants were
exclusively supported with b-CPAP at a pressure of 5-6 cm H,0, delivered
via short, curved nasal prongs (Hudson RCl nasal prongs, Teleflex,
Auckland, New Zealand; or Babi.Plus nasal prongs, Respiralogics, Reno,
NV). The timing of b-CPAP implementation by unit and GA category was
recorded, and the study population was stratified into two groups based
on whether b-CPAP had been implemented. The incidence of pneu-
mothorax was then compared between the pre- and post-implementation
groups.

Statistical analysis

We expressed categorical variables in numbers and percentages.
Continuous parametric variables were expressed in mean and standard
deviation and non-parametric variables in median and interquartile range.
We divided the enrolled subjects into three groups based on gestational
age, infants born > 35 0/7 weeks, 29 0/7-34 6/7 weeks, and < 28 6/7 weeks
of gestation. We compared cases and controls and used logistic regression
to control for the confounding variables that were significant in bivariate
analyses. We further identified infants who were not supported by
invasive mechanical ventilation at the time of pneumothorax and
compared the prevalence of pneumothorax before and after b-CPAP
implementation.

RESULTS

A total of 58,706 were born during the study duration; of them
56,580 had GA =35 0/7 weeks, 1,286 had GA of 29 0/7-34 6/
7 weeks, and 840 had GA <28 6/7 weeks. A total of 310 (0.53%)
infants had pneumothorax. The prevalence of pneumothorax in
the three GA categories was 0.39%, 4.0%, and 4.6% respectively
(Fig. 1).
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76% on day 0 41% on day 0 31% on day 0
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DR CPAP SGA DR Intubation
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n=310 (0.53%)
)
b-CPAP Era Comparison
Before b-CPAP: 0.35% pneumothorax

After b-CPAP: 0.41% pneumothorax
(aOR = 0.85, P = 0.35)

Fig. 1 Flow chart for the study population (n = 58,706). Incidence,
timing, chest tube placement, and key risk factors are shown.
Independent associations included delivery room (DR) CPAP in
infants =35 weeks (@OR = 2.38), small for gestational age (SGA) in
29-34 weeks (aOR = 3.81), and DR intubation in <28 weeks (aOR =
4.78). The overall pneumothorax rate was 0.53%. No significant
difference was observed before vs. after bubble-CPAP (b-CPAP)
implementation (0.35% vs. 0.41%; aOR = 0.85, P=0.35).

For newborns > 35 weeks GA, most pneumothoraces (76%)
occurred in the first 24 hours of life. Compared to controls,
infants with pneumothorax had significantly less females [OR =
0.62 (Cl:0.40-0.96) P =0.03], as well as less late preterm infants
(GA 35 0/7 - 36 6/7 weeks) [OR=0.42 (Cl:0.23-0.79) P = 0.008].
Pneumothorax was associated with maternal chorioamnionitis
[OR=2.07 (CI:1.13-3.79) P =0.02], maternal antenatal steroids
[OR=5.22 (Cl:2.09-13.0) P<0.001], and delivery room CPAP
[OR = 2.38 (Cl:1.06-5.36) P = 0.04]. Among infants who required
mechanical ventilation in the NICU, those who developed
pneumothorax were exposed to higher PIP (20.6+5 vs 1433
c¢cmH20, P =0.005). Demographic and clinical characteristics of
cases vs controls in the infants > 35 weeks category are
presented in Table 1.

For newborns 29-34 weeks GA, 41% of pneumothorax occurred
in the first 24 hours of life, and 24% occurred in the second day of
life. Compared to controls, pneumothorax was associated with
small for gestational age (SGA) [OR =3.81 (CI:1.30-11.2) P =0.02],
maternal diabetes [OR=3.01 (CI:1.06-8.59) P = 0.04], and surfac-
tant administration [OR=6.43 (Cl:2.16- 19.1) P=0.001]. In the
NICU, infants who developed pneumothorax had a prior exposure
to higher FiO2 (P=0.02) and higher PIP in those who were
mechanically ventilated (19.8+47 vs 134+32 <mH20,
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Table 1. Demographic and clinical characteristics of infants > 35 0/7 weeks.

Cases n =219 Controls n =235 aOR, 95% ClI, p value
Female sex 29.7 4.7 0.62 (0.40-0.96), 0.03
Caucasians race 59.8 54.9 1.24 (0.81-1.90), 0.33
Gestational age® 38.8 (1.6) 38.4 (1.7) 0.01
Gestational age <37 weeks 13.7 19.2 0.42 (0.23-0.79),0.008
Birth weight® 3208 (514) 3175 (558) 0.51
Birth weight <2500 g 8.22 10.2 0.64 (0.28-1.46),0.28
Small for GA status 10.5 8.51 2.10 (0.97-4.56), 0.06
Cesarean delivery 51.6 36.6 1.37 (0.89-2.10), 0.16
Maternal diabetes 19.2 15.7 1.22 (0.69-2.13), 0.49
Maternal chorioamnionitis 21.0 9.79 2.07 (1.13-3.79), 0.02
Maternal steroids 123 4.68 5.22 (2.09-13.0), <0.001
Meconium aspiration 20.6 14.9 0.81 (0.46-1.46), 0.49
Apgar score at 1 min® 8 (5,8) 8 (7,9 <0.001
Apgar score at 5 min® 8 (7,9) 9 (8,9) 0.004
Delivery room oxygen 77.6 42.6 2.27 (0.99-5.14), 0.05
Delivery room CPAP 739 39.2 2.38 (1.06-5.36), 0.04
Delivery room positive ventilation 22.8 1.1 1.30 (0.70-2.44), 0.41
Delivery room intubation 5.94 3.83 1.19 (0.37-3.85), 0.77
Surfactant therapy 7.31 3.83 1.37 (0.51-3.66), 0.53
Average highest FiO,? 0.46 (.26) 0.48 (.30) 0.52
Average lowest FiO,? 0.27 (.10) 0.23 (.9) 0.004
Average highest PEEP? 5.2 (0.8) 5.4 (0.5) 0.41
Average lowest PEEP? 5.0 (0.5) 5 (0) 0.37
Average highest PIP? 20.6 (5) 14.3 (3) 0.005
Average lowest PIP? 17.8 (4.7) 12 (0.6) <0.001

All values are presented as percentages except %in mean (standard deviation) and in median (25,75 quartiles). CPAP continuous positive airway pressure, FiO2
fraction of inspired oxygen, PEEP positive end expiratory pressure, PIP peak inspiratory pressure, aOR adjust odds ratios, and CI confidence intervals, that were

calculated in a regression model.

P =0.003). Demographic and clinical characteristics of cases vs
controls in the infants 29-34 weeks category are presented in
Table 2.

For newborns < 28 weeks GA, 31% of pneumothorax occurred
in the first day of life.

Mean age at diagnosis of pneumothorax was 3.1 (+ 3) days.
Compared to controls, pneumothorax was associated with
delivery room intubation [OR = 4.78 (Cl:1.02-22.4) P = 0.04], and
higher PIP in the NICU (19.3+56 vs 14.5+34.2 cmH,0,
P =0.001). Demographic and clinical characteristics of cases
vs controls in the infants < 28 weeks category are presented in
Table 3.

Table 4 provides more information on the characteristics of
pneumothorax at different gestational age groups. Regardless of
the GA category, most infants had chest radiographs in records
before pneumothorax occurred. The use of chest tube and the
need for mechanical ventilation after pneumothorax diagnosis
was more frequently encountered in the lowest GA category. Only
3% of infants > 35 weeks were intubated after the diagnosis of
pneumothorax as 8% were intubated before pneumothorax that
changed to 11% after pneumothorax. Intubation was required in
8% in the 29-34 weeks as it changed from 27% before
pneumothorax to 35% after pneumothorax. Infants <28 weeks
were mostly (77%) intubated before pneumothorax and that did
not change after pneumothorax.

Before the implementation of b-CPAP in the NICUs, the
prevalence of pneumothorax in non-intubated infants was
0.35% compared to 0.41% after implementation, odds ratio 0.85
(95% ClI: 0.62-1.16), p value 0.35.

Journal of Perinatology

DISCUSSION

The study reported an overall incidence of pneumothorax of
0.53%, with higher rates in preterm infants: 0.39% in those
=35 weeks GA, 4.0% in 29-34 weeks GA, and 4.6% in <28 weeks
GA. Across all GA groups, most pneumothoraces occurred within
the first 24 hours of life, though the timing of diagnosis varied
slightly in the most preterm infants. Several clinical variables were
significantly associated with pneumothorax, with notable differ-
ences among GA categories. For neonates =35 weeks GA,
pneumothorax was more common in male infants and was
significantly associated with maternal chorioamnionitis, and
delivery room CPAP. Among mechanically ventilated infants,
exposure to higher PIP was a significant factor. In the 29-34 weeks
GA cohort, SGA status, maternal diabetes, and surfactant
administration were significantly associated with pneumothorax,
along with exposure to higher FiO, and PIP in ventilated infants.
For infants <28 weeks GA, delivery room intubation and higher PIP
exposure in the NICU emerged as key risk factors. The introduction
of b-CPAP in the study NICUs during 2018-2019, did not change
the prevalence of pneumothorax in non- intubated infants across
any GA category. This suggests that while b-CPAP was widely
adopted as a primary respiratory support modality, it may not
have substantially influenced the overall pneumothorax risk.

The findings of this study aligning with previous studies
demonstrating that pneumothorax is more frequent in preterm
infants and those requiring advanced respiratory support. Male
sex was associated with increased risk for pneumothorax in full
term and late preterm and with GA =35 weeks. The association
between male sex and increased pneumothorax risk in late

SPRINGER NATURE
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Controls n =94 aOR, 95% ClI, p value

Table 2. Demographic and clinical characteristics of infants 29 0/7 - 34 6/7 weeks.
Cases n =52
Female sex 346
Caucasians race 65.4
Gestational age® 32.1 (1.8)
Birth weight® 1820 (427)
Small for GA status 30.8
Cesarean delivery 71.2
Maternal diabetes 30.1
Maternal chorioamnionitis 9.62
Maternal steroids 67.3
Apgar score at 1 min® 7 (5,8)
Apgar score at 5 min® 8 (7,9
Delivery room oxygen 98.1
Delivery room CPAP 86.5
DR room positive pressure ventilation 34.6
Delivery room intubation 7.69
Surfactant therapy 44.2
Average highest FiO2? 0.54 (30)
Average lowest Fi02? 0.31 (.18)
Average highest PEEP? 5.7 (0.9)
Average lowest PEEP? 5.2 (0.7)
Average highest PIP® 19.8 (4.7)
Average lowest PIP? 18.5 (4.9)

447 0.91 (0.36-2.30), 0.85
50.0 2.30 (0.93-5.70), 0.07
326 (1.7) 0.14

1921 (471) 0.20

13.8 3.81 (1.30-11.2), 0.02
69.2 0.66 (0.24-1.84), 0.43
17.0 3.01 (1.06-8.59), 0.04
7.45 1.43 (0.28-7.35), 0.67
77.7 0.32 (0.11-0.98), 0.04
7 (58) 0.97

8 (7,9 0.35

65.9 35.0 (3.00-409), 0.005
69.2 0.85 (0.15-4.73), 0.85
29.8 0.29 (0.09-0.89), 0.03
4.26 0.58 (0.06-5.76), 0.64
11.7 6.43 (2.16-19.1) 0.001
0.55 (31) 0.87

0.25 (.06) 0.02

5.1 (0.4) 0.01

5.0 (0.0) 0.13

134 (3.2) 0.003

129 (3.2) 0.01

All values are presented as percentages except %in mean (standard deviation) and in median (25,75 quartiles). CPAP continuous positive airway pressure, FiO2
fraction of inspired oxygen, PEEP positive end expiratory pressure, PIP peak inspiratory pressure, aOR adjust odds ratios, and C/ confidence intervals, that were

calculated in a regression model.

preterm and term neonates is consistent with existing literature,
which suggests that male neonates may have greater vulnerability
[9-11]. This increased susceptibility could be explained by
differences in lung development and surfactant composition
between sexes. Male infants are known to have a lower lecithin/
sphingomyelin ratio and reduced concentrations of saturated
phosphatidylcholine in amniotic fluid, indicating less lung
maturity [12].

The link between chorioamnionitis and pneumothorax supports
previous evidence that intrauterine inflammation contributes to
lung injury and altered pulmonary mechanics, predisposing
affected infants to barotrauma. The association between chor-
ioamnionitis and pneumothorax is to some extent controversial as
a pervious report showed a decreased risk for pneumothorax with
chorioamnionitis [13]. The relationship between antenatal steroid
exposure and pneumothorax should be interpreted with caution.
While prenatal steroids are expected to enhance lung maturity
and reduce the risk of pneumothorax, the observed positive
association in this study may reflect a confounding relationship.
Steroid administration could serve as a surrogate marker for
increased illness severity or anticipated respiratory compromise in
high-risk infants, rather than a direct contributor to pneumothorax
development.

The strong association between pneumothorax and increased PIP
in mechanically ventilated infants underscores the importance of
lung-protective ventilation strategies to mitigate barotrauma risk.

The study reported the novel finding that implementation of
b-CPAP in the NICU did not associate with changes in
pneumothorax incidences. The lack of significant change in
pneumothorax rates pre- and post-b-CPAP introduction in the
current study may reflect institutional practices emphasizing

SPRINGER NATURE

careful CPAP utilization with detailed and standardized guidelines,
and careful use of b-CPAP pressure, with avoidance of using
distending pressure higher than 5-6 cmH20. B-CPAP is not
necessarily like other types of CPAP giving he oscillatory nature of
the pressure offered by b-CPAP. Therefore, the study offers safety
data from 3 NICUs showing no pneumothoraces increases with
the use of b-CPAP in term and preterm infants. A previous report
associated the use of delivery room CPAP with pneumothorax [8].
The current study emphasizes the need for cautious use of CPAP
in the delivery room, particularly in infants with additional risk
factors for pneumothorax. While CPAP is a crucial intervention for
preventing intubation and surfactant therapy, excessive pressures
or inappropriate use may increase the risk of lung overdistension
and air leak syndromes. The findings also emphasize the
importance of optimizing mechanical ventilation settings to
minimize barotrauma, particularly in preterm infants who require
invasive respiratory support.

Pneumothorax is most seen immediately after birth, when
higher distending pressures may be needed to ventilate the
neonate, and in the resolution period of RDS, when pulmonary
compliance may rise quickly [14]. In a single center study
comparing term and preterm neonates with pneumothorax, most
term neonates presented with symptoms within 24 hours after
birth and recovered with a low frequency of invasive treatment
[11]. The current study demonstrated that the timing of
presentation was very early in infants > 35 weeks GA, 76%
happened in first day of life, in contrast only 31% happened in first
day of life in infants < 28 weeks GA. Although delivery room CPAP
has been associated with an increased risk of pneumothorax®
most infants in this study had at least one chest radiograph
without pneumothorax before it was detected on subsequent
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Table 3. Demographic and clinical characteristics of infants < 28 6/7 weeks.

Cases n =39 Controls n =44 aOR, 95% CI, p value
Female sex 46.2 523 0.65 (0.24-1.77), 0.40
Caucasians race 30.8 31.8 0.96 (0.32-2.89), 0.95
Gestational age® 25.9 (1.6) 259 (1.7) 0.90
Birth Weight® 817 (246) 789 (113) 0.59
Small for GA status 25.6 18.2 1.27 (0.39-4.14), 0.69
Cesarean delivery 82.1 68.2 2.69 (0.83-8.73), 0.10
Maternal diabetes 7.69 2.27 6.49 (0.47-91.6), 0.16
Maternal chorioamnionitis 23.1 27.3 0.52 (0.16-1.69), 0.28
Maternal steroids 89.7 79.6 3.51 (0.69-17.8), 0.28
Apgar score at 1 min® 2(1,5) 3.5 (2,6.5) 0.09
Apgar score at 5 min® 6 (3,7) 7 (58) 0.06
Delivery room oxygen 100 97.7 0.99
Delivery room CPAP 61.5 56.8 2.70 (0.74-9.83), 0.13
DR room positive pressure ventilation 79.5 81.8 0.66 (0.12-3.57) 0.63
Delivery room intubation 66.7 52.3 4,78 (1.02-22.4), 0.04
Surfactant therapy 744 77.3 0.57 (0.14-2.24), 0.42
Postnatal steroids 38.5 36.4 0.95 (0.31-2.85), 0.92
Average highest FiO,? 0.84 (.25) 0.81 (.27) 0.59
Average lowest FiO,? 0.40 (.22) 0.29 (.14) 0.007
Average highest PEEP? 6.2 (2.3) 5.4 (0.6) 0.09
Average lowest PEEP? 5.3 (1.6) 5.1 (0.3) 0.50
Average highest PIP? 19.3 (5.6) 14.5 (4.2) 0.001
Average lowest PIP? 16 (4.7) 13.3 (4.2) 0.02

All values are presented as percentages except %in mean (standard deviation) and in median (25,75 quartiles). CPAP continuous positive airway pressure, FiO2
fraction of inspired oxygen, PEEP positive end expiratory pressure, PIP peak inspiratory pressure, aOR adjust odds ratios, and CI confidence intervals, that were

calculated in a regression model.

imaging. This suggests a time lag between the initial respiratory
management and the radiographic appearance of pneumothorax.
While the underlying mechanism remains unclear, this novel
observation highlights the need for further clinical and/or
preclinical studies to elucidate the pathophysiological processes
responsible for this delayed presentation.

The choice of treatment for pneumothorax depends on the
severity of symptoms, varies from expectant management to
invasive treatment with either thoracentesis and/or thoracostomy
[15]. In this study, the clinical presentation of pneumothorax was
usually benign in infants > 35 weeks GA and mostly resolved
spontaneously, eighty percent of those babies did not require
chest tube placement compared to 33% of newborns < 28 weeks
GA. Preterm cases were also more likely to become intubated and
receive surfactant.

A major strength of this study is the large, multi-NICU dataset
spanning over seven years, allowing for a comprehensive analysis
of pneumothorax incidence and risk factors across different GA
groups. The use of a standardized data collection form and
rigorous statistical methods, including logistic regression to adjust
for confounding variables, enhances the validity of our findings.
The comparison between b-CPAP and other sorts of non-invasive
respiratory support is novel in this study. However, there are
limitations to consider. As a retrospective study, the analysis is
subject to potential documentation inconsistencies. The study did
not assess other ventilatory components beyond PIP and PEEP,
which could provide further insights into the role of specific
respiratory support strategies in pneumothorax risk. Additionally,
while we stratified subjects by GA, other potential confounders
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such as specific delivery room management were not fully
accounted for. While controls were matched by gestational age
and year of admission, potential residual confounders—such as
differences in illness severity or delivery room management—may
still influence the observed outcomes. Although the multivariable
model included several clinical (e.g., maternal risk factors, Apgar
scores, and delivery room intubation) and physiological indicators
(e.g., Pa0,, PaCO,, and oxygen requirement), these variables may
not fully capture the complexity of illness severity in preterm
infants. Furthermore, in certain subgroups, particularly among
infants <28 weeks’ gestation, some adjusted odds ratios were
associated with wide confidence intervals, limiting interpretability
and reflecting reduced statistical power. These limitations should
be considered when interpreting the findings.

This study provides insights into the epidemiology and risk
factors for neonatal pneumothorax in a large, contemporary
cohort. The findings highlight the role of perinatal factors,
respiratory management strategies, and mechanical ventilation
parameters in pneumothorax development. While b-CPAP imple-
mentation did not significantly alter pneumothorax incidence,
ongoing efforts should focus on refining non-invasive ventilation
strategies and optimizing respiratory support in at-risk infants.
Future research should explore advanced lung-protective ventila-
tion approaches in the prevention of pneumothorax. Further
investigation into the impact of prenatal factors such as
inflammation and fetal lung maturation on pneumothorax risk
could also provide novel insights into prevention strategies.

In conclusion, neonatal pneumothorax is associated with the
use of mechanical ventilation, intubation and higher PIP.
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Table 4. Characteristics of pneumothorax in different gestational age
groups.

=35 29-34 < 28
weeks weeks weeks
Laterality of pneumothorax
Right 44 37 51
Left 23 39 33
Bilateral 33 24 16
Chest x-ray prior to 65 75 82

pneumothorax

Support before pneumothorax

None 18 8 0
Free flow oxygen 9 2

Bubble CPAP 17 6 3
Non-invasive mechanical 48 57 20
ventilation

Intubation and 8 27 77
mechanical ventilation

Chest tube placement 20 57 77
Support after pneumothorax

None 30 8 3
Free flow oxygen 18 6

Bubble CPAP 5 0 3
Non-invasive mechanical 36 51 20
ventilation

Intubation and 11 35 74

mechanical ventilation

Age of pneumothorax

Day 0 76 41 31

Day 1 7 24 8

Day 2 6 20 15

Day 3 3 8 5

Day 4 2 2 10

Day 5 2 4 5

Day 6 0 0 5

Day 7 2 2 3

Day 8 and beyond 2 0 18

Age of pneumothorax, 0.75 (1.7) 1.28 (1.6) 3.13 (3.0

days®

All values are presented as percentages except %in mean (standard
deviation).

Furthermore, the use of bubble CPAP was not associated with
increased risk of pneumothorax, however, delivery room CPAP
was associated with pneumothorax in newborns > 35 weeks GA.
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The datasets generated and/or analyzed during the current study are available from
the corresponding author on reasonable request.

REFERENCES

1. SUPPORT Study Group of the Eunice Kennedy Shriver NICHD Neonatal Research
Network, Finer NN, Carlo WA, Walsh MC, Rich W, Gantz MG, Laptook AR, et al.
Early CPAP versus surfactant in extremely preterm infants. N Engl J Med.
2010;362:1970-9.

SPRINGER NATURE

2. Aly H, Massaro A, Acun C, Ozen M. Pneumothorax in the newborn: clinical pre-
sentation, risk factors and outcomes. J Matern Fetal Neonatal Med.
2014;27:402-6.

3. Bhatia R, Davis PG, Doyle LW, Wong C, Morley CJ. Identification of pneumothorax
in very preterm infants. J Pediatr. 2011;159:115-20.

4. Mosalli R. Clinical profile and outcome of neonatal pneumothorax: Seven years of
experience in a tertiary care center. Cureus. 2023;15:e37625.

5. Vellanki H, Antunes M, Locke RG, McGreevy T, Mackley A, Eubanks JJ, et al.
Decreased incidence of pneumothorax in VLBW infants after increased mon-
itoring of tidal volumes. Pediatrics. 2012;130:e1352-8.

6. Baudat-Nguyen J, Schneider J, Roth-Kleiner M, Barrielle L, Diebold P, Duvoisin G,
et al. Incidence and management of neonatal pneumothorax in a 10-hospital
regional perinatal network in Switzerland: A retrospective observational study.
Am J Perinatol. 2024;41:e3305-e3312.

7. Aly H, Mohamed MA. An experience with a bubble CPAP bundle: is chronic lung
disease preventable? Pediatr Res. 2020;88:444-50.

8. Smithhart W, Wyckoff MH, Kapadia V, Jaleel M, Kakkilaya V, Brown LS, et al.
Delivery room continuous positive airway pressure and pneumothorax. Pedia-
trics. 2019;144:€20190756.

9. Kliegman RM Extrpulmonary extravasation of air. In: Behrman RE, Vaughan VC,
Nelson WE, eds. Nelson Textbook of Pediatrics. 15th ed. Philadephia, PA: W.B.
Saunders; 1996,pp. 488-9.

10. Chernick V, Reed MH. Pneumothorax and chylothorax in the neonatal period. J
Pediatr. 1970;76:624-32.

11. Benterud T, Sandvik L, Lindemann R. Cesarean section is associated with more
frequent pneumothorax and respiratory problems in the neonate. Acta Obstet
Gynecol Scand. 2009;88:359-61.

12. Jovandaric MZ, Milenkovic SJ, Dotlic J, Babovic IR, Jestrovic Z, Milosevic B, et al.
Neonatal pneumothorax outcome in preterm and term newborns. Medicina
(Kaunas). 2022;58:965.

13. Donda K, Babu S, Rastogi D, Rastogi S. Risk factors for pneumothorax and its
association with ventilation in neonates. Am J Perinatol. 2024;41:¢1531-e1538.

14. Ringer SA Part 3: pneumothorax and air leak. In: Hansen AR, Puder M, editors.
Manual of neonatal surgical intensive care. 2nd ed. Shelton: People’s Medical
Publishing House; 2009, pp. 188-90.

15. Greenough A, Milner AD, Hannam S Pulmonary disease of the newborn. In:
Rennie JM, Roberton NRC, editors. Rennie & Roberton’s Textbook of Neonatology.
London (UK): Elsevier; 2012, p. 487.

AUTHOR CONTRIBUTIONS

MAAF conceptualized and designed the study, conducted the statistical analysis,
collected the data, interpreted the results, and drafted and submitted the manuscript.
MAMA, VN and HE collected the data. CA, MAM and HA helped designing the study,
interpreted the analysis, and reviewed, and revised the manuscript. All authors
approved the final manuscript for submission. HA and MAM: conceptualized the
study, supervised the data collection, figures and tables, and revising the manuscript.
MAAF and MAMA: data collection, writing the original draft, CA, VN, and HE: data
collection, preparation of the figure, and revising the manuscript.

COMPETING INTERESTS

The authors decalre no competing interests.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE

This study was approved by the institutional review board of the Cleveland Clinic
Foundation (IRB # 221381). Informed consent was exempted due to the retrospective
nature of the study. All methods were performed in accordance with the relevant
guidelines and regulations.

ADDITIONAL INFORMATION

Correspondence and requests for materials should be addressed to Hany Aly.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Journal of Perinatology


http://www.nature.com/reprints
http://www.nature.com/reprints

M.A.A. Farghaly et al.

Open Access This article is licensed under a Creative Commons

BY Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025

Journal of Perinatology SPRINGER NATURE


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Pneumothorax in newborns: a cohort study from three NICUs
	Introduction
	Methods
	Bubble CPAP implementation
	Statistical analysis

	Results
	Discussion
	References
	Author contributions
	Competing interests
	Ethics approval and consent to participate
	ADDITIONAL INFORMATION




