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OBJECTIVES: Pneumothorax is a catastrophic event associated with high morbidity and mortality, and it is
relatively common in neonates. This study aimed to investigate the association between ventilatory parameters
and the risk of developing pneumothorax in extremely low birth weight neonates.

METHODS: This single-center retrospective cohort study analyzed 257 extremely low birth weight neonates
admitted to a neonatal intensive care unit between January 2012 and December 2017. A comparison was carried
out to evaluate the highest value of positive end-expiratory pressure (PEEP), peak inspiratory pressure (PIP), and
driving pressure (DP) in the first 7 days of life between neonates who developed pneumothorax and those who
did not. The primary outcome was pneumothorax with chest drainage necessity in the first 7 days of life.
A matched control group was created in order to adjust for cofounders associated with pneumothorax (CRIB Il
score, birth weight, and gestational age).

RESULTS: There was no statistically significant difference in PEEP, PIP, and DP values in the first 7 days of life
between extremely low birth weight neonates who had pneumothorax with chest drainage necessity and those
who did not have pneumothorax, even after adjusting for potential cofounders.

CONCLUSIONS: Pressure-related ventilatory settings in mechanically ventilated extremely low birth weight
neonates are not associated with a higher risk of pneumothorax in the first 7 days of life.

KEYWORDS: Air Leak Syndrome; Critical Care; Extremely Low Birth Weight Neonates; Mechanical Ventilation;

Pneumothorax; Preterm.

B INTRODUCTION

Pneumothorax is a catastrophic event with poor respira-
tory outcomes (1,2), high mortality (3,4), and is associated
with a high rate of intraventricular hemorrhage (5,6).
Pneumothorax occurs most commonly in newborns (7),
especially in premature neonates. Among many risk factors,
invasive mechanical ventilation is considered one of the most
important risk factors for pneumothorax (2). There is great
concern in using high pressures in invasive mechanically
ventilated patients of this population, due to the risk of
barotrauma because of their immaturity and low weight.
High values of peak inspiratory pressure (PIP) and positive
end-expiratory pressure (PEEP) are often associated with
increased risk of pneumothorax (8). Due to its high
morbidity and mortality, prevention of pneumothorax is
crucial for better care for these newborns, and understanding
which ventilatory parameters are associated with high risk of
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pneumothorax allows for a more careful ventilation, with
adequate oxygenation, without exposing the newborn to
the risk of pneumothorax. There have been no studies that
evaluated ventilatory parameters and the risk of pneumo-
thorax in extremely low birth weight neonates.

The aim of this study was to identify the association
between pressure-related ventilatory settings (PEEP, PIP,
and driving pressure [DP]) and pneumothorax with chest
drainage necessity in extremely low birth weight newborns
in the first 7 days of life. The hypothesis was that higher
PEEP, PIP, and DP values may lead to an increased risk of
pneumothorax in extremely premature newborns.

B MATERIAL AND METHODS

A single-center retrospective cohort study was conducted
to analyze all newborns with birth weight less than 1,000 g,
born between January 2012 and December 2017, and
admitted to a tertiary neonatal intensive care unit in
Sao Paulo, Brazil. Neonates who died in the delivery room
and those with major malformations were excluded from the
study. All data were collected by a review of each patient’s
medical records, performed by a single researcher.

PEEP, PIP, and DP were documented every 3 hours in all
neonates who received invasive mechanical ventilation. The
driving pressure was calculated as (peak inspiratory pres-
sure-positive end-expiratory pressure) and expressed in
cmH20. If the patient had 2 or more values of PEEP, PIP,
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or DP within the 3-hour interval, the highest value was
considered. The patients were divided into two groups:
group A (those without pneumothorax in the first 7 days of
life), and group B (those with pneumothorax necessitating
chest drainage in the first 7 days of life). All patients who had
symptomatic pneumothorax underwent chest drainage
according to the unit’s protocol. No patient underwent
needle aspiration as the first-line approach.

For the group without pneumothorax, the highest values
of PEEP, PIP, and DP within the first 7 days of life was
considered. For the group with pneumothorax, the highest
values of PEEP, PIP, and DP in the 24 hour-period before
chest drain insertion was considered. As majority of the
pneumothorax occurs in patients with birth weight less than
750 g, a subsequent analysis with only patients with birth
weights less than 750 g was conducted. The primary outcome
of the study was pneumothorax with chest drainage necessity
in the first 7 days of life. A matched control group was created
to adjust for cofounders associated with pneumothorax (CRIB
I score, birth weight, and gestational age). We defined the
“Match tolerance” as a CRIB II score of 3, birth weight of
100 g, and gestational age of 1 week.

Gestational age was determined using data from the last
menstruation or obstetric ultrasound. Small for gestational
age was defined as birth weight lower than the 10™ per-
centile, according to Fenton’s growth chart. The clinical risk
index for babies (CRIB II) was used as a score to predict
severity. All newborns were ventilated using Puritan
Bennet™ 840 ventilators in pressure-controlled mode.

Results are presented as numbers with proportions or
medians with interquartile ranges. All continuous variables
were tested for normality using the Kolmogorov-Smirnov
test. Comparisons between groups were performed using
the Mann-Whitney U test for continuous variables and the
chi-square test for categorical data. A receiver operating
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characteristic (ROC) curve was used to identify a threshold
for ventilatory parameters and the risk of pneumothorax.
After the ROC curve analysis, we used a cutoff for PEEP of
7 cmH20, PIP of 20 cmH20, and DP of 14 cmH20, and
divided them into two groups. All analyses were perfor-
med with IBM SPSS Statistics for Macintosh, Version 25.0.
Statistical significance was set at p <0.05. The study protocol
was approved and informed consent was obtained from the
institution’s ethics committee (15762719.6.0000.0068 — CAP-
PESQ Comissdo de Ftica para Andlise de Projetos de
Pesquisa). The study was conducted in accordance with the
strengthening the reporting of observational studies in
epidemiology (STROBE) recommendations.

B RESULTS

During the study period, 279 newborns with birth weight
less than 1,000 g who were admitted to the neonatal
intensive care unit were identified. Twenty-two patients
with major malformations were excluded from the study,
resulting in a final population of 257 extremely premature
neonates.

In the final population, the median gestational age was
27.1 (26-29.1) weeks and birth weight was 746 (600-880) g.
The clinical characteristics of the newborns are shown in
Table 1. We identified 26 (10.1%) as extremely low birth
weight newborns who presented with pneumothorax with
chest drainage necessity in the first 7 days of life. The group
with pneumothorax had a lower gestational age, lower birth
weight, and a higher CRIB II score, compared to the group
that did not have pneumothorax in the first 7 days of life.

Regarding ventilatory parameters, none (neither PIP, PEEP,
nor DP) was related to a higher rate of pneumothorax
(Table 2). No ROC curve (for PEEP, PIP, or DP) showed an
area under the curve with statistical significance (Table 3).

Table 1 - Comparison of clinical characteristics between neonates with pneumothorax and those without pneumothorax in the first

7 days of life.

Parameter Overall (n=258) No pneumothorax (n=231) Pneumothorax (n=26) p-value
Gestational age (wk), median (IQR) 27.1 (26-29.1) 27.2 (26.1-29.2) 26.1 (24.2-27.1) 0.001?
Birth weight (g), median (IQR) 746 (600-880) 760 (605-892) 605 (520-700) 0.001?
CRIB Il score, median (IQR) 12 (10-14) 11 (10-14) 14.5 (11-16) <0.001?
Antenatal corticoid, n (%) 129 (62) 116 (50.2) 13 (50) 0.200°
Maternal chorioamnionitis, n (%) 29 (11.3) 27 (11.7) 2(7.7) 0.541°
Small for gestational age, n (%) 125 (48.6) 113 (48.9) 12 (46.1) 0.789°
Female gender, n (%) 123 (47.9) 111 (48.1) 12 (46.1) 0.854°
APGAR 5 score, median (IQR) 8 (6-9) 8 (6-9) 7 (5-8) 0.073°
Vaginal birth, n (%) 41 (16) 34 (14.7) 7 (26.9) 0.107°
Twin birth, n (%) 77 (30) 66 (28.6) 11 (42.3) 0.147°

2=Mann-Whitney U Test / ®=Chi-square.

Table 2 - Comparison of ventilatory settings between the group with pneumothorax and the group without pneumothorax in the first

7 days of life.
Ventilatory setting Overall No pneumothorax Pneumothorax p-value
Highest peak inspiratory pressure (cmH20), median (IQR) 19 (18-21) 18.5 (18-21) 19 (17-21) 0.991°
Peak inspiratory pressure>20 cmH20, n (%) 62 (29.7) 53 (22.9) 9 (34.6) 0.120°
Highest PEEP (cmH20), median (IQR) 7 (6-8) 7 (6-8) 7 (6-7) 0.984°
Highest PEEP>7 cmH20, n (%) 54 (25.8) 48 (20.7) 6 (23) 0.120°
Highest driving pressure (cmH20), median (IQR) 12 (11-14) 12 (11-14) 12 (10.5-13.5) 0.965°
Driving pressure >14 cmH20, n (%) 46 (22) 41 (17.7) 5(19.2) 0.118°

2=Mann-Whitney U Test / P=chi-square.
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Analyzing only neonates with birth weights less than 750 g,
no ventilatory parameter related to pressure was significantly
associated with a higher rate of pneumothorax (Table 4).
A matched control group was created to adjust for cofounders
associated with pneumothorax (CRIB II score, birth weight,
and gestational age). The median CRIB II score of the
matched-control group was 13 (12-15), the median gestational
age was 26.1 (25.1-27.3), and the median birth weight 665
(5630-720), with no significant difference compared to the
pneumothorax group. Likewise, there were no significant
differences between the matched-control group and the
pneumothorax group in terms of pressured-related ventilatory
settings (Table 5).

B DISCUSSION

In this retrospective cohort study, PEEP, PIP, and DP were
not related to an increased risk of pneumothorax in the first
7 days of life, even when adjusted for clinical characteristics
associated with higher pneumothorax rates (CRIB II score,
birth weight, and gestational age).

Table 3 - Receiver operating characteristic (ROC) area under the
curve for highest PIP, PEEP and DP during the first 7 days of life.

Area under
Parameter curve (95% ClI) p-value
Highest peak inspiratory pressure 0.494 0.919
Highest PEEP 0.475 0.680
Highest driving pressure 0.439 0.320

Cl: Confidence interval.
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Pneumothorax is a relatively common condition in prema-
ture neonates (9), especially in the first days of life (10), and
it is related to a high rate of mortality (4) and morbidities
such as bronchopulmonary dysplasia and intraventricular
hemorrhage. The first 7 days of life for a newborn of
extremely low weight constitute a period of great fragility
and instability (11). It is common for these newborns due to
their immaturity to require invasive mechanical ventilation
to maintain adequate oxygenation and ventilation, with
relatively high mean airway pressure, especially if there was
early fluid overload (12). However, due to their lung fragility,
there is great concerns in using high pressures in invasive
mechanical ventilation on these patients (13). Murphy et al.
reported that mechanical ventilation is strongly associated
with chest drainage insertion (14). Recently, a Cochrane
review showed that in targeted-volume ventilation, there
was a lower rate of pneumothorax compared with controlled
pressure ventilation (15). Therefore, it can be inferred that
tidal volume, together with lung compliance, and conse-
quently the degree of lung distensibility, could be the major
risk factors for air leak syndrome. That is, regardless of the
PIP or PEEP values, as long as a high tidal volume and
consequently alveolar hyperdistention is not produced,
taking into account a homogeneous lung, there would be
no increased risk of pneumothorax.

These data suggest that to avoid pneumothorax, strict tidal
volume control should be performed rather than restricting
pressure. In addition, new techniques for monitoring lung
aeration are emerging, such as the use of point-of-care ultra-
sound (POCUS) (16). For this purpose, using a ventilatory
mode such as volume-targeted ventilation could be beneficial.

Table 4 - Comparison of ventilatory settings between the group with pneumothorax and the group without pneumothorax in the first
7 days of life, among neonates with birth weight less than 750 grams.

Ventilatory setting Overall (N=130) No pneumothorax (N=108) Pneumothorax (N=22) p-value
Highest peak inspiratory pressure (cmH20), median (IQR) 19 (18-21) 19 (18-21) 19 (17-22) 0.943°
Peak inspiratory pressure >20 cmH20, n (%) 39 (30) 31 (28.7) 8 (36.3) 0.649°
Highest PEEP (cmH20), median (IQR) 7 (6-8) 7 (6-8) 7 (6-7.5) 0.864%
PEEP>7 cmH20, n (%) 35 (26.9) 29 (26.8) 6 (27.2) 0.766°
Highest driving pressure (cmH20), median (IQR) 12,5 (11-14) 13 (12-14) 12 (11-13.5) 0.358°
Driving pressure > 14 cmH20, n (%) 27 (20.7) 23 (21.3) 4 (18.2) 0.696°
2=Mann-Whitney U test / °=chi-square test.
Table 5 - Matched control group comparison, adjusted for gestational age, birth weight and CRIB Il score.
Parameter No pneumothorax (n=26) Pneumothorax (n=26) p-value
Gestational age (wk), median (IQR) 26.1 (25.1-27.3) 26.1 (24.2-27.1) 0.777°
Birth weight (g), median (IQR) 665 (530-720) 605 (520-700) 0.667°
CRIB Il score, median (IQR) 13 (12-15) 14.5 (11-16) 0.342°
Antenatal corticoid, n (%) 11 (50) 13 (50) 0.659°
Maternal chorioamnionitis, n (%) 6 (23.1) 2(7.7) 0.124°
Small for gestational age, n (%) 11 (42.3) 12 (46.1) 0.780°
Female gender, n (%) 14 (53.8) 12 (46.1) 0.579°
APGAR 5 score, median (IQR) 8 (5-9) 7 (5-8) 0.354°
Vaginal birth, n (%) 8 (30.8) 7 (26.9) 0.760°
Twin birth, n (%) 7 (26.9) 11 (42.3) 0.244°
Highest peak inspiratory pressure (cmH20), median (IQR) 19 (18-22) 19 (17-21) 0.639°
Peak inspiratory pressure>20 cmH20, n (%) 9 (36) 9 (34.6) 1.000°
Highest PEEP (cmH20), median (IQR) 7 (7-8) 7 (6-7) 0.082°
Highest PEEP>7 ¢cmH20, n (%) 10 (40) 6 (23) 0.479°
Highest driving pressure (cmH20), median (IQR) 12 (11-15) 12 (10.5-13.5) 0.358°
Driving pressure > 14 cmH20, n (%) 7 (28) 5(19.2) 0.803°

2=Mann-Whitney U test / P=chi-square test.
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This ventilation mode has several other proven benefits, such
as lower rate of mortality, bronchopulmonary dysplasia,
severe intraventricular hemorrhage, and reduction in the dura-
tion required for mechanical ventilation (17).

To our knowledge, there are no studies to date assessing
ventilatory settings and the risk of pneumothorax in extremely
low birth weight newborns. Ventilatory settings data were
accurately documented every 3 hours and no patients were
excluded due to lack of data. However, this study has some
limitations. First, this study is a retrospective and single-center
study, a prospective and multi-center study is necessary to
better assess the impact of ventilatory settings on this popu-
lation. Secondly, the Puritan Bennett® 840 Ventilator volume
sensor is a distal one, meaning that the tidal volume measured
is not reliable, especially in extremely premature neonates.
A new study evaluating the tidal volume is necessary. Thirdly,
due to the difficulty in evaluating the plateau pressure in this
population, the DP was calculated utilizing PIP.

Bl CONCLUSION

This study suggests that pressure-related ventilatory
settings (PEEP, PIP, and DP) are not associated with an
increased risk of pneumothorax in the first 7 days of life in
extremely low birth weight neonates.

B AUTHOR CONTRIBUTIONS

Matsushita FY conceptualized the study, drafted the initial manuscript,
collected data, conducted the initial analysis, contributed to the interpreta-
tion of the results, and reviewed the manuscript. Krebs VL] and Carvalho
WB conceptualized the study, coordinated and supervised the data
collection, contributed to the interpretation of the results, and reviewed
the manuscript. All authors approved the final version of the manuscript as
submitted and agree to be accountable for all aspects of the work.

B REFERENCES

1. Garcia-Mufioz Rodrigo F, Urquia Marti L, Galan Henriquez G, Rivero
Rodriguez S, Tejera Carrefio P, Molo Amords S, et al. Perinatal risk factors
for pneumothorax and morbidity and mortality in very low birth weight
infants. ] Matern Fetal Neonatal Med. 2017;30(22):2679-85. https:/ /doi.
org/10.1080/14767058.2016.1261281

2. Aly H, Massaro A, Acun C, Ozen M. Pneumothorax in the newborn:
clinical presentation, risk factors and outcomes. ] Matern Fetal Neonatal
Med. 2014;27(4):402-6. https:/ /doi.org/10.3109/14767058.2013.818114

10.

11.

12.

13.

14.

15.

16.

17.

CLINICS 2021,76:€2242

. Sly PD, Drew JH. Air leak in neonatal respiratory distress syndrome.

Anaesth Intensive Care. 1984;12(1):41-5. https://doi.org/10.1177/03100
57X8401200108

. Bhatia R, Davis PG, Doyle LW, Wong C, Morley CJ. Identification of

pneumothorax in very preterm infants. J Pediatr. 2011;159(1):115-120.e1.
https://doi.org/10.1016/j.jpeds.2010.12.016

. Lipscomb AP, Thorburn R], Reynolds EO, Stewart AL, Blackwell R],

Cusick G, et al. Pneumothorax and cerebral haemorrhage in preterm
infants. Lancet. 1981;1(8217):414-6. https://doi.org/10.1016/S0140-6736
(81)91794-3

. Pishva N, Parsa G, Saki F, Saki M, Saki MR. Intraventricular hemorrhage

in premature infants and its association with pneumothorax. Acta Med
Iran. 2012;50(7):473-6.

. Bruschettini M, Romantsik O, Ramenghi LA, Zappettini S, O’Donnell CP,

Calevo MG. Needle aspiration versus intercostal tube drainage for
pneumothorax in the newborn. Cochrane Database Syst Rev. 2016;(1):
CDO011724. https://doi.org/10.1002/14651858.CD011724.pub3

. Jeng MJ, Lee YS, Tsao PC, Soong W]J. Neonatal air leak syndrome and the

role of high-frequency ventilation in its prevention. ] Chin Med Assoc.
2012;75(11):551-9. https:/ /doi.org/10.1016/j.jcma.2012.08.001

. Horbar JD, Badger GJ, Carpenter JH, Fanaroff AA, Kilpatrick S, LaCorte

M, et al. Trends in mortality and morbidity for very low birth weight
infants, 1991-1999. Pediatrics. 2002;110(1 Pt 1):143-51. https://doi.org/
10.1542/peds.110.1.143

Irving I. Malformations and acquired lesions of lungs, pleura and med-
iastinum. In: Neonatal Surgery, 3 edn. London: Butterworth & Co Ltd.
1990. pp. 265-71.

Morton SU, Brodsky D. Fetal Physiology and the Transition to Extra-
uterine Life. Clin Perinatol. 2016;43(3):395-407. https://doi.org/10.1016/
j.clp.2016.04.001

Matsushita FY, Krebs VL], Ferraro AA, de Carvalho WB. Early fluid
overload is associated with mortality and prolonged mechanical ventila-
tion in extremely low birth weight infants. Eur J Pediatr. 2020;179(11):
1665-71. https:/ /doi.org/10.1007 /s00431-020-03654-z

Klinger G, Ish-Hurwitz S, Osovsky M, Sirota L, Linder N. Risk
factors for pneumothorax in very low birth weight infants. Pediatr Crit
Care Med. 2008;9(4):398-402. https://doi.org/10.1097 /PCC.0b013e3
1816c6e55

Murphy MC, Heiring C, Doglioni N, Trevisanuto D, Blennow M,
Bohlin K, et al. Effect of Needle Aspiration of Pneumothorax on Sub-
sequent Chest Drain Insertion in Newborns: A Randomized Clinical
Trial. JAMA Pediatr. 2018;172(7):664-9. https://doi.org/10.1001/
jamapediatrics.2018.0623

Klingenberg C, Wheeler KI, McCallion N, Morley CJ, Davis PG. Volume-
targeted versus pressure-limited ventilation in neonates. Cochrane Data-
base Syst Rev. 2017;10(10):CD003666. https:/ /doi.org/10.1002/14651858.
CDO003666.pub4

Singh Y, Tissot C, Fraga MV, Yousef N, Cortes RG, Lopez ], et al. Inter-
national evidence-based guidelines on Point of Care Ultrasound (POCUS)
for critically ill neonates and children issued by the POCUS Working
Group of the European Society of Paediatric and Neonatal Intensive Care
(ESPNIC). Crit Care. 2020,24(1):65. https://doi.org/10.1186/s13054-020-
2787-9

Keszler M. Volume-targeted ventilation: one size does not fit all. Evi-
dence-based recommendations for successful use.Arch Dis Child Fetal
Neonatal Ed.2019;104(1):F108-F112.


https://doi.org/10.1080/14767058.2016.1261281
https://doi.org/10.1080/14767058.2016.1261281
https://doi.org/10.3109/14767058.2013.818114
https://doi.org/10.1177/0310057X8401200108
https://doi.org/10.1177/0310057X8401200108
https://doi.org/10.1016/j.jpeds.2010.12.016
https://doi.org/10.1016/S0140-6736(81)91794-3
https://doi.org/10.1016/S0140-6736(81)91794-3
https://doi.org/10.1002/14651858.CD011724.pub3
https://doi.org/10.1016/j.jcma.2012.08.001
https://doi.org/10.1542/peds.110.1.143
https://doi.org/10.1542/peds.110.1.143
https://doi.org/10.1016/j.clp.2016.04.001
https://doi.org/10.1016/j.clp.2016.04.001
https://doi.org/10.1007/s00431-020-03654-z
https://doi.org/10.1097/PCC.0b013e31816c6e55
https://doi.org/10.1097/PCC.0b013e31816c6e55
https://doi.org/10.1001/jamapediatrics.2018.0623
https://doi.org/10.1001/jamapediatrics.2018.0623
https://doi.org/10.1002/14651858.CD003666.pub4
https://doi.org/10.1002/14651858.CD003666.pub4
https://doi.org/10.1186/s13054-020-2787-9
https://doi.org/10.1186/s13054-020-2787-9

	Association between ventilatory settings and pneumothorax
in extremely preterm neonates
	INTRODUCTION
	MATERIAL AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSION
	AUTHOR CONTRIBUTIONS
	REFERENCES


