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ABSTRACT

Objectives: To identify the incidence, clinical characteristics, predisposing factors,
morbidity, and mortality among hospitalized neonates with pneumothorax.
Methods: The records of 2204 infants admitted to the neonatal intensive care unit at
King Fahad Medical City, Saudi Arabia, between 2011 and 2014 were reviewed. All
newborns hospitalized in the neonatal intensive care unit with pneumothorax were
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included in the study. Participants were evaluated for baseline characteristics, predisposing
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factors of neonatal pneumothorax (NP), accompanying disorders, and mortality.
Results: Pneumothorax was diagnosed in 86 patients, with an incidence of 3.9%. The
most common predisposing factors of NP were bag mask ventilation, followed by
hypoplastic lung disease, and mechanical ventilation. Twenty-five (29.1%) newborns
with pneumothorax died. The most common accompanying disorder was premature
rupture of membrane. On multivariate analysis, pulmonary hemorrhage, a birth weight
< 2500 g, and low Apgar score (< 7) at one minute were independently associated
with mortality. Conclusions: This study highlights the extent of NP problems among

hospitalized neonates and the most common predisposing factors of NP.

neumothorax in newborns has a significant

mortality and morbidity. It occurs more

frequently in the first three days of the

neonatal period than at any other time
of life, and demands prompt management.'”?
The rate of occurrence can increase up to 30% in
patients who have an underlying lung discase (e.g.,
meconium aspiration syndrome (MAS)) or who
need mechanical ventilation at birth.! Other factors
such as continuous positive airway pressure and
positive pressure ventilation further increase the
incidence of pneumothorax.'*

The early diagnosis and treatment of neonatal
pneumothorax (NP) are vital, as it may help avoid
complications and reduce morbidity and mortalicy.**
Saudi Arabia does not have a nationalized registry for
pneumothorax to strategize better health promotion
towards the predominant risk factors and causative
agents. Currently, there are limited studies on the
epidemiology of NP from developing countries
including the Middle East.>® Thus, we conducted
this study to identify the incidence, clinical
characteristics, predisposing factors, morbidity,
and mortality among hospitalized neonates with
pneumothorax. From this preliminary data, we

aim to improve the standard of care and introduce
clinical process improvement methods for neonates
admitted to neonatal intensive care units (NICU)
with pneumothorax.

METHODS
We reviewed records of neonates with pneumothorax
admitted to the NICU of King Fahad Medical
City, Saudi Arabia, between 2011 and 2014. All
newborns hospitalized in the NICU with chest
X-ray confirmed pneumothorax were included in
this study.

Patients were evaluated for the following: (1)
baseline characteristics (gestational age, gender,
maternal age, birth weight, Apgar score, and
pneumothorax type), (2) predisposing factors of
NP (steroids use, bag mask ventilation, continuous
positive airway pressure (CPAP), mechanical
ventilation, hypoplastic lung disease, and MAS),
(3) accompanying disorders (premature rupture of
membrane (PROM), intraventricular hemorrhage
(IVH), patent ductus arteriosus (PDA), retinopathy
of prematurity (ROP), pulmonary hemorrhage, and
necrotizing enterocolitis (NEC)), (4) treatment
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of NP (intervention, ventilation mode, oxygen
duration, and length of hospital stay), and (5)
outcomes (survived, died).

The subjects were categorized as term (2 37
weeks) or preterm (< 37 weeks) neonates according
to their gestational age. Pneumothorax was divided
into spontancous pneumothorax (an intrapleural
air collection in the absence of intubation, positive
ventilation, or underlying pulmonary pathology)
and secondary pneumothorax (with underlying
lung pathology).”® Some subjects had more than one
accompanying disorder or predisposing factor and
these were recorded. Study approval was obtained
from the hospital institutional review board.

Data was described as average (mean + standard
deviation (SD), median) and percentages. All the
inferences were drawn at 95% confidence interval
(CI). Chi-square and odds ratio (OR) were applied
for non-metric data. Binary logistic regression
analysis was done for survival analysis. A backward
elimination approach in a multiple logistic-regression
model was performed. In this model, the significant
factors from the univariate analysis were removed
one at a time, starting with the factor that had the
largest p-value, until all remaining factors had a two-
sided p-value < 0.050. OR and p-values were reported
for each factor alone and for the factors found to be
significant from the backward elimination. Data
analysis was performed using SPSS Statistics (SPSS
Statistics Inc., Chicago, USA) version 18, JavaStat,
and MS Excel software.

RESULTS

During the study period, 2204 neonates were
admitted to the NICU. NP was diagnosed in
86 patients (43 term, and 43 preterm), giving an
incidence of 3.9%. Twenty-five (29.1%) neonates
admitted with pneumothorax died during the study
period. Out of the total neonates studied, 45 (52.3%)
were male. The mean gestational ages and birth
weights were 33.1+6.3 weeks and 2029.0+1063.5 g,
respectively. In 66 (76.7%) neonates, the underlying
cause of NP could be identified (secondary), whereas
in 20 (23.3%) no reason for NP could be found
(spontancous) [Table 1].

The most common predisposing factors of NP
was bag mask ventilation in 24 (36.4%) neonates,
followed by hypoplastic lung disease in 17 (25.7%)
newborns, and mechanical ventilation in 14 (21.2%)

Table 1: Characteristics of neonates admitted with
pneumothorax (n = 86).

Variables n (%)
Gender
Male 45(52.3)
Female 41(47.7)
Birth weight, mean + SD, g 2029.0 £1063.5
<2500 48(55.8)
>2500 38 (44.2)
Gestational age, mean + SD, weeks 331463
<37 43 (50.0)
>37 43 (50.0)
Maternal age, mean + SD, years 312454
One minute Apgar score
7-10 43(50.0)
4-6 29 (33.7)
0-3 14 (16.3)
Five minute Apgar score
7-10 69(80.2)
46 14 (16.3)
0-3 3(35)
Pneumothorax type
Spontancous 20 (23.3)
Secondary 66(767)

SD: standeard deviation.

neonates. Only six (9.1%) neonates had MAS as a
predisposing factor [Figure 1]. The most common
accompanying disorder was PROM in 77 (89.5%)

neonates [Figure 2].
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Figure 1: Number of neonates with predisposing
factors of neonatal pneumothorax (n = 66).
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Figure 2: Accompanying disorders in neonates with
pneumothorax (n = 86).

Figure 3 shows the modalities of treatment for
NP. Forty-cight (55.8%) neonates were managed
with chest drain while 34 (39.5%) did not need any
management. The mean length of hospital stay was
26.5+4.4 days. The most utilized mode of ventilation
was nasal cannula and mechanical ventilation in 31
(36.0%) and 30 (34.9%) neonates, respectively.

When considered individually, a significant
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Figure 3: Treatment and management of neonatal
pneumothorax.

relationship existed between mortality and the birth
weight, gestation age, Apgar scores at one and five
minutes, type of pneumothorax, IVH, pulmonary
hemorrhage, and steroid use [ Table 2].

On binary logistic regression analysis, newborns
with pulmonary hemorrhage had a 13.7-fold
increased risk of dying from pneumothorax
compared with newborns without pulmonary
hemorrhage (p = 0.015). Moreover, birth weight <
2500 g (p = 0.038) and low Apgar score (< 7) (p =
0.010) at one minute were independently associated

with mortality [ Table 3].

Table 2: Survival analysis across studied factors
among neonates with neonatal pneumothorax.

Variables Died, Survived, OR
n=25 n=61 [95% CI]
Gender
Male 10 (22.2) 35(77.8) 0.5[0.2-1.3]
Female 15 (36.6) 26 (63.4)

Birth weight, g

<2500 2(458)  26(542)  99[27-365]"
> 2500 3(7.9) 35(92.1)

Gestation age, weeks
Preterm 19 (44.2) 24 (55.8) 49 [1.7-14.0]*
Term 6(140)  37(86.0)

One minute Apgar score
<7 2(512)  21(488)  14.0[37-52.1]°
>7 3(70)  40(93.0)

Five minute Apgar score

<7 11(647)  6(353)  72[23-228]
>7 14 (20.3) 55(79.7)
Maternal age, years
<30 12(86)  30(714)  095[0.4-24]
> 30 13(29.5) 31(70.5)
Pneumothorax type
Spontancous 0(0.0) 20 (100.0) 0.04[0.0-0.4]*
Secondary 25(37.9) 41(62.1)
PROM 22(286)  55(71.4)  1.25[5.0-0.3]
MAS 0(0.0)  6(100.0) 5.5[0.5-57.1]
PDA 323.1)  10(769)  1.4[0.4-5.7)
NEC 0(0.0)  2(100.0)  1.7[0.1-19.9]
IVH §(42.1)  11(57.9)  10.0[0.7-6.3]
ROP 1(1L1)  8(889)  3.6[0.4-30.6]
Pulmonary 5(71.4) 2(28.6)  5.0[1.3-50.0]*
hemorrhage
Steriod use 15 (50.0) 15(50.0)  4.3[1.6-11.6]*

*Significant p-value. OR: odda ratio; CI: confidence interval;
PROM: premature rupture of membrane; MAS: meconium
aspiration syndrome; PDA: patent ductus arteriosus; NEC:
necrotising enterocolitis; IVH: intraventricular hemorrhage;
ROP: retinopathy of prematurity.
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Table 3: Binary logistic regression analysis of all

significant variables.
Variables OR [95% CI] p-value
Gestation age < 37 2.0 [0.0-5.9] 0.585
weeks
Birth Weight <2500¢g 12.5[1.15-100.0] 0.038*
One minute Apgar 9.1[1.7-50.0] 0.010*
Score <7
Five minute Apgar 2.5[0.6-10.0] 0.202
Score <7
Pulmonary 13.7[1.7-114.4] 0.015*
hemorrhage
IVH 2.5[0.6-11.1] 0.228

*Significant p-value. OR: odda ratio; CI: confidence interval;
IVH: intraventricular hemorrhage.

DISCUSSION

The first inspiratory effort in the infant produces
transpulmonary pressure higher than 100 cm of
the water column and opens the lungs that were
collapsed in utero. After the first few breaths,
this pressure is normalized, and the lungs start to
function. If this transpulmonary pressure remains
high for a long time, it leads to pneumothorax. This
type of pneumothorax is recognized as spontaneous
pneumothorax (primary). Secondary pneumothorax
occurs in neonates with an underlying pathology like
respiratory distress syndrome, MAS, pulmonary
hypoplasia, as well as in resuscitated neonates.”®
Pneumothorax has substantial mortality and
morbidity effects on NICU patients. The incidence
of NP in our NICU was 3.9%. Approximately,
29.1% of neonates in our study died. The reported
incidence of NP in other studies was 0.5%—10%,’!!
and the mortality rate varied from 20% to 38%.'>!¢

Factors associated with pneumothorax are male
sex, lower birth weight, prematurity, low Apgar
score, and previous lung disease in the immediate
perinatal period.”'”"*° Our study of demographic
characteristics revealed that pneumothorax was more
common among low birth weight neonates (< 2500
g), neonates with secondary pneumothorax, and
boys. A study conducted by O’Keefe et al,” showed
a higher ratio of boys to girls (1.66:1). Ngerncham et
al,’ also found male sex to be one of the risk factors
of pneumothorax during the first 24 hours of life.
However, the greater incidence of pneumothorax in
boys remains unexplained.

Predisposing factors of NP were mechanical
ventilation, MAS, resuscitation, bag mask

ventilation, and CPAP.*** In this study, underlying
causes of NP were identified in 76.7% of neonates
while NP was idiopathic in 23.3% of neonates.
Bag mask ventilation was documented as the major
cause of NP. The use of ventilator support during
the neonatal period is necessary due to the frequent
occurrence of a respiratory failure. Around 8.7% to
14% of ventilated neonates experienced at least one
episode of NP. In our study, 14 (21.2%) nconates
had mechanical ventilation as a predisposing factor
of NP. There is an increased need for clinicians to
improve mechanical ventilation strategies to reduce
complications and improve patient outcomes.

The most common accompanying disorders in
our study were PROM, IVH, and PDA. Similarly,
another study also reported PROM and IVH as the
most accompanying disorders."

Asymptomatic pneumothorax does not
necessitate specific treatment for infants without
underlying pulmonary disease. Needle aspiration,
chest tube insertion, and ventilator support should
be considered if the patient presents with respiratory
distress and poor blood gas changes.” In our study,
34 (39.5%) neonates did not need any management,
whereas chest drain/tube placement was done in
48 (55.8%) neonates, and 4 (4.7%) neonates were
managed with needle aspiration.

The mortality rate was significantly higher in
neonates with a low birth weight < 2500 g, one
minute Apgar score < 7,and pulmonary hemorrhage.

The Apgar score at five minutes was documented
as a vital parameter in assessing the neonates’
well-being. Consistent with our results, a study
conducted by Navaci et al,'® showed that there was
no significant difference between mortality rate and
Apgar score at five minutes. The mortality rate in
neonates with gestation age < 37 weeks and IVH
were not significantly associated with NP.

Because pneumothorax can cause sudden
cardiopulmonary deterioration, early diagnosis and
appropriate treatment can be crucial. Regardless
of all the efforts in making an early diagnosis and
treatment of the NP and the underlying diseases, the
mortality rate is still high.

An important strength of the present study was
that these preliminary data add to the understanding
of the epidemiology of NP in Saudi Arabia. Our
results will serve as the basis for future research and
contribute to developing and optimizing strategies
to combat these problems. This includes educating
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healthcare providers in the NICU about the factors
that affect the morbidity and mortality of neonates
with pneumothorax to improve the standards of
NICU. The only study limitation was that our data
were collected from a single hospital.

CONCLUSION
This study highlights the utility of conducting more
extensive studies at a multicenter level in order to
gauge the extent of NP problems amonghospitalized
neonates and common predisposing factors of NP.
The mortality rate was shown to increase with
low birth weight, one minute Apgar score < 7,
and pulmonary hemorrhage. Further nationwide
studies are needed to fully assess the magnitude
of NP and provide a base for the development of
general guidelines, and preventive programs for

health education of healthcare providers working
in the NICU.
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