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Abstract

Background and Objectives: Pneumothorax is a pathological condition characterized by the
presence of air between the visceral and parietal pleura. To investigate incidence, clinical charac-
teristics, risk factors, management and perinatal outcome among newborns with pneumothorax in
a tertiary care center. Materials and Methods: A prospective observational study was conducted
in Maternity hospital with tertiary NICU from 2015-2019. We included all neonates with pneumo-
thorax born in our hospital and compared demographic characteristics, perinatal risk factors, an-
thropometric parameters, concurrent diseases, clinical course and method of chest drainage be-
tween full term (237 GW) and preterm (<37GW) newborns. Results: Mong 30.378 neonates, 74 de-
veloped pneumothorax (2, 4/1000 newborns). The incidence of neonatal pneumothorax (NP) was
higher in preterm group (59, 5%), with a mean age 34,62 GW in whole group. The mode of deliv-
ery was c. section in 68.9%. NP occurred mostly on the right side (47,3%), on the second day of
life , in males (67,6%). Chest drainage was performed in 64,9% of cases. Of 74 NP cases, 64 (85.1%)
recovered, 6 (8,1%) died. Conclusion: Pneumothorax is a pathological condition of the newborn,
which, if not diagnosed in time and treated adequately, leads to a fatal outcome.
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1. INTRODUCTION

Pneumothorax implies the presence of air in the pleural space between the visceral
and parietal pleura [1].

With the first inspiratory breath, the newborn creates a transpulmonary pressure
greater than 100 cm of water column and opens the lungs that were closed in-utero. After
a couple of breaths, this pressure normalizes and the lungs take over their function. If the
transpulmonary pressure remains elevated for a long time, the alveoli rupture occurs,
accumulating air between the visceral and parietal pleura. The air created in the inter-
pleural space leads to a pathological condition called neonatal pneumothorax (NP).
Pneumothorax developed in this way is called spontaneous (primary, idiopathic) [2]. The
reason for the development of secondary pneumothorax in newborns may be respirato-
ry distress syndrome (RDS), mechanical ventilation (MV), pneumonia, sepsis, aspiration
of meconium, blood and amniotic fluid, or congenital lung malformations [3]. The con-
sequences of primary and secondary pneumothorax are high pressure within the pleural
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space followed by lung collapse on the affected side, immediate hypoxia, hypercapnia
and subsequent circulation collapse [4].

Based on the size of the pulmonary collapse, pneumothorax can be partial or total,
unilateral or bilateral. A small amount of air can be asymptomatic and be resorbed by
the body, while the presence of a larger amount of air endangers the life of the newborn
[5, 6].

AIM: To investigate (evaluate) incidence, clinical characteristics, risk factors, man-
agement and perinatal outcome among newborns with pneumothorax in a tertiary care
center.

2. MATERIAL AND METHODS

A prospective observational study was conducted at the Clinic for Gynecology and
Obstetrics of the University Clinical Center of Serbia, Belgrade from January 2015 to De-
cember 2019. During this period, 30.378 newborns were born in our maternity hospital.
In a tertiary NICU with 14 beds and 3911 admissions over a five-year period, we select-
ed all infants with pneumothorax (NP) confirmed by X-ray and lung ultrasound.

Data were collected from medical records of newborns and their mothers. Informed
consent for the treatment of pneumothorax was obtained from the mothers of all treated
patients.

All methods were carried out in accordance with relevant guidelines and regula-
tions. In our institution protocol for the treatment of Pneumothorax were approved /
Ramadani method /, which was performed for the first time at the Institute for Neona-
tology in Belgrade, Serbia.

Patients were assessed on the basis of demographic characteristics (sex, gestational
age, birth weight, APGAR score in the 5 minute and need for resuscitation), perinatal
(gestational disorders — gestational diabetes mellitus (GDM), hypertension, preeclamp-
sia, HELLP syndrome, placental abruption, premature preterm rupture of the membrane
(PPROM), mode of delivery, multiple pregnancies) and neonatal data (underlying pul-
monary disorders - respiratory distress syndrome (RDS), pneumonia, meconium aspira-
tion syndrome (MAS), transient tachypnea of the newborn (TTN) and comorbidities: in-
traventricular haemorrhage (IVH), retinopathy of prematurity (ROP), seizures, sepsis),
as well as pneumothorax characteristics (laterality, age of occurrence, need for surfac-
tant, oxygen therapy, nasal continuous positive airway pressure (nCPAP) and mechani-
cal ventilation (MV) before NP, type of treatment (conservative or drainage), duration of
drainage, MV and oxygen therapy post NP ) and outcome.

We compared differences between term (=37 GW) and preterm (<37GW) newborns
with NP and assessed risk factors for thoracal drainage.

In our hospital, chest drainage is performed according to Ramadani method. Special
drainage iron-trocar 10 Ch, cut to half diameter 2 cm long to the top and sharpened at the
top like a "needle" (Figure 1). After application of the trocar to a depth of 1 cm, an 8 Ch
catheter is inserted into the groove with tweezers to a depth of 2 cm, after which the
trocar is removed and the catheter remains in the thoracic cavity and is connected to the
permanent thoracic drainage system.
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Figure 1. Special iron drain-trocar for thoracic drainage.

3. RESULTS

Among the 30,378 newborns born in our maternity ward, 74 developed pneumo-
thorax (2.4 / 1000 newborns). 3911 newborns were admitted to the NICU and 1.89% of
newborns were treated for NP. Six (8.1%) newborns with NP died. Fifty (67.6%) were
boys and twenty-four (32.4%) were girls. The average gestational age was 34.62 +/- 4.03
(GW), and the mean birth weight (BW) was 2570 +/- 970 g. Nine (12.2%) newborns were
small for gestational age (SGA) and sixteen (21.6%) large for gestational age (LGA). Six-
ty-four (86.4%) were born in a singleton pregnancy. Fifty-one newborns (68.9%) were
born by caesarean section. APGAR score in the 5th minute and the need for resuscitation
were found in 14 (18.9%) patients. The most common gestational disorders in the group
with NP were gestational hypertension, preeclampsia, HELLP in 13 (17.6%) cases, GDM
(9.5%), placental abruption (5.4%) and preterm premature of membrane (PPROM) in
6.8% of cases. Out of the twenty-two neonates with NP, (29.7%) have RDS or other un-
derlying lung disorders such as pneumonia 75.7%, MAS 4.1%, TTN 12.2% or persistent
neonatal pulmonary hypertension (PPHN) 2.7%. Among other neonatal disorders, sepsis
was found in 17 (23%) patients with NP, seizures in 14 (18.9%), IVH gr III-IV in 4.1% and
ROP in 5.4%. Three newborns (4.1%) have anomalies (Table 1).

Table 1. Demographic and perinatal data.

Variables No (%)
Demographic data

Gender-male 50 (67,6)
Gestational age <37 gw 44 (59,46)
Gestational week- mean+/-SD 34,62+/-4,03
Birth weight -mean+/- SD 2570 +/-970,04
SGA 9 (12,2)
LGA 16 (21,6)
Singleton 64 (86,4)
Perinatal data
Gestational diabetes 7 (9,5)
Hypertensia, Preeclampsia, HELLP 13 (17,6)
Placental abruption 4 (5,4)
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PROM 5 (6,8)
C. section 51 (68,9)
APGAR score<5 at 5t min, resuscitation 14 (18,9%)
Underlying lung disorders
RDS 22 (29,7)
Pneumonia 56 (75,7)
Meconium aspiration syndrome 3(4,1)
PPHN 2(2,7)
Transent tachypnoea of the newborn 9(12,2)
Neonatal comorbidities
IVH 3(4,1)
ROP 4 (54%)
Seizuries 14 (18,9)
Sepsis 17 (23)
Anomalies 3(4,1)

GW-gestational week; SGA-small for gestational week; LGA-long for gestational week; PROM-

premature rupture of membrane; RDS-respiratory distress syndrome; PPHN-persistens pulmonary
hypertension of neonate; IVH-intraventricular haemorrhage; ROP- retinopathy of prematurity.

NP most often occurred on the right side (47.3%), on the second day of life (median
27h- range2-144h). Prior to NP onset, 25 newborns (35.1%) were on mechanical ventila-
tion (MV) and 31 (41.9%) on nCPAP. 39.2 % received surfactant before NP. The median
FiO2 and O2 saturation prior to NP onset were 55 +/- 13.67% and 81.89 +/- 12.34%, re-
spectively. Chest drainage was performed in 48 (64.9%) of cases, and conservative
treatment in 26 (35.1%) newborns. The drain was removed mainly after three days
(82.4%). The newborns received MV and oxygen therapy 5 a median (range 0-17), and
a median 8 (range 2-30) days after the onset of NP. Out of 74 patients with NP, 64
(85.1%) recovered, 6 (8.1%) died, and 5 (6.8%) were transported to other tertiary centers
for surgery or other reasons. All transported newborns survived. Among the dead in-
fants, one was born at term, 4 were extremely premature (less than 28 GV) 4 and one
was born with anomalies (Congenital cystic adenomatoid malformation of lung) (Table
2).

Table 2. Clinical characteristics and management of neonatal pneumothorax (NP).

Laterality No (%)
right 35 (47,3)
left 27 (36,5)
bilateral 12 (16,2)
Time of PTX
Hours median (range) 27 (2-144)
Treatment
Thoracal drainage (TD) 48 (64,9)
Conservative 26 (35,1)
Before PTX
FiO2 median +/-SD 55 +/-13,67
Sat O2 median+/-SD 81,89 +/-12,34
Surfactant before PTX 29 (39,2)
Treatment before PTX
Oxygen therapy 17 (23)
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nCPAP 31 (41,9)
MV 25 (35,1)
Treatment after PTX

Drain <3 days 33 (82,4)

MV days median (range) 5(0-17)
Oxygen therapy days median (range) 8 (2-30)

Outcome

Recovered 63 (85,1)

death 6 (8,1)

Transported to surgery 5 (6,8)

Preterm infants with NP had RDS and AS <5 in the 5% minute (p <0.05) significantly more often
than neonates born at term (Table 3).

Table 3. Characteristic of preterm neonates with NP.

variable preterm term P
44 (59,46) 30 (40,54)
male 26 (59,1) 24 (80) NS
Female 18 (40,9) 6 (24) NS
AS <5 13 (29,5) 1(3,3) 0,005
Sepsis 12 (27,3) 5 (16,7) NS
RDS 22 (50) 0 0,000
Pneumonia 8 (18,2) 10 (33,3) NS
TTN 8 (18,2) 1(3,3) 0,055
O2 before NP 7 (15,9) 10 (33,3) NS
nCPAP before NP 21 (47,7) 10 (33,3) NS
MV before NP 16 (36,4) 10 (33,3) NS
MYV days median 5 (0-17) 3(0-7) NS
02 days median 9 (2-30) 7 (2-16) NS
Outcome
recovered 37 (84,1) 26 (86,7) NS
death 5(11,4) 1(3,3) NS
transported 2 (4,5) 3 (10) NS

When comparing NP groups with and without thoracic drainage, we found that the
predisposing factor for thoracic drainage was preterm delivery, AS <5 in the fifth minute
with resuscitation, sepsis, RDS, and prolonged MV stay (Table 4).

Table 4. Differences between groups with and without thoracic drainage.

Drai N
variable Conservative No (%) ralnage(o %) ° p
o
26 (35,1) 48 (64,9)
Gender
22 (84,6 28 (58,3 NS
Male (84,6) (58,3)
Female 4(15,4) 20 (41,7) 0,021
Preterm 11 (42,3) 33 (68,8) 0,027
AS<5 1(3,8) 13 (27,1) 0,015
C. section 20 (76,9) 31 (64,6) NS
GDM 4(15,4) 3(6,3) NS

HTA, PE, HELLP 2(7,7) 11 (22,9) NS
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Placental abruption 3(11,5) 1(2,1) NS
PROM 1(3,8) 4 (8,3) NS

Sepsis 2(7,7) 15 (31,3) 0,021

RDS 4 (154) 18 (37,5) 0,047
Pneumonia 7 (26,9) 11 (22,9) NS
TTN 4 (154) 5 (10.4) NS

MV days median 3 (0-8) 5(0-17) 0,003

(range)

4. DISCUSSION

The incidence of NP in the newborn age is 1 to 2%, most often asymptomatic in 98%
of cases. It is more common in premature babies, as much as 5-7% in newborns weighing
less than 1500 grams [6]. In our study, the incidence of NP was 2.4/1000 (1.89% in NICU),
similar to the results from Tuzla 2/1000 [7], Oman 2.5/1000, [8], 1% to 2% in Turkey [9],
Portugal 1.5% in NICU [10], but less than in Saudi Arabia, 3.9% in NICU [11], Egypt, 9.1%
[12], Iran, 5.8% [13] and Canada, 2.5-6.7% [14]. In a Danish study, the frequency of NP
was 1.4/1000 [6], and in South India 1.3/1000 [15].

Premature birth and respiratory distress syndrome (RDS) are the most important
causes of neonatal pneumothorax. The cause of RDS is insufficient production of
surfactant in the lungs of a premature baby [14]. The basis of the manifestation of RDS
can occur due to lung immaturity or disorders in the synthesis and function of the
surfactant due to pathological processes (asphyxia, conatal pneumonia, gestational
hypertension, GDM as well as preeclampsia of the pregnant woman) [16 - 18]. A higher
probability of developing RDS in male newborns was investigated in animal models, in
prematurely born male and female lambs [19]. Poor respiratory adaptation can result
from gender differences in the composition of the phospholipid constituents of the sur-
factant and its function. Studies have shown a higher lecithin/sphingomyelin (L/S) ratio
and higher concentrations of saturated phosphatidylcholine in amniotic fluid during
human pregnancy with female fetuses, indicating a higher degree of lung maturity (in
terms of surfactant composition) in females [20].

Male gender dominates as a risk factor for the development of pneumothorax in
most studies, which was confirmed in our study, where two thirds of the sample with NP
were male newborns [21 - 23].

Newborns born by caesarean section (CS) often have “wet lungs” followed by forced
breathing which can lead to pneumothorax. Among neonates born by CS at term or
moderately prematurely (30 - 36 weeks), the incidence of NP and respiratory problems is
significantly increased. These problems can be avoided by postponing childbirth and
administering antenatal steroid therapy where appropriate and possible [24].

Pneumothorax is more common in preterm infants (34.62 +/- 4 GW), as shown by the
results of other studies [10, 11, 24], although there are authors who found more children
born at term with NP [6]. In our study, the percentage of LGA (21.6%) among neonates
with NP was slightly higher compared to the general population. As shown by other
authors, NP is more common in infants born by caesarian section [10, 24].

The risk of developing pneumothorax is increased in neonates with respiratory dis-
tress syndrome (RDS), meconium aspiration syndrome (SAM), transient neonatal tach-
ypnea (TTN), pulmonary hypoplasia, persistent pulmonary hypertension (PPHN), and
in neonates with applied resuscitation after birth. Lung disease is the underlying condi-
tion in 59-61% of infants with pneumothorax.The association of RDS, pneumonia, TTN
and sepsis with NP is also significant in our neonates [10, 11, 24], although MAS is not
represented in our results in a high percentage as in the mentioned studies. The low
APGAR score in the 5th minute and resuscitation at birth is an important factor in the
development of NP, as shown by other authors [7, 11, 24]. In our sample, the time of oc-
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currence of NP is at the beginning of the second day (median 27h), which is slightly later
in relation to other authors [3, 15], especially in children born at term [3].

In the diagnosis of pneumothorax, methods of translumination, lung ultrasound,
chest X-ray are used. Lung ultrasound is used as a rapid method of diagnosing pneu-
mothorax, when treatment can be initiated, as well as for monitoring of small pneumo-
thorax. Although translumination and ultrasound of the lungs are increasingly used,
chest radiography is a method of diagnosing and monitoring the treatment of pneumo-
thorax [25].

Treatment of pneumothorax depends on the severity of the clinical picture, ie? the
amount of air in the interpleural space. Smaller amounts of air (partial pneumothorax)
are treated conservatively, by positioning (lying on the side of the pneumothorax), while
larger pneumothorax requires urgent surgical chest drainage [26]. Treatment methods
for larger pneumothorax include needle aspiration (NA) and chest drainage (CD). Nee-
dle aspiration, when needle is inserted between the ribs and removed after cessation of
air aspiration, is recommended as the first line for the treatment of spontaneous pneu-
mothorax [27]. In neonates on mechanical ventilation, some clinicians believe that needle
aspiration will not provide adequate treatment and delay the placement of the thoracic
drain [28].

Complications of thoracic drainage in neonates include thoracic injury, as well as
scarring of the breast, especially in female neonates [29].

In our institution, larger pneumothoraxes in newborns were treated with a needle
and rinsing catheter (Ramadani method), which was performed for the first time at the
Institute for Neonatology in Belgrade, Serbia [30].

The largest number of newborns was on nCPAP (41.9%) and on MV (35.1%) before
the onset of pneumothorax. Thoracic drainage was performed in 64.9% of infants with
NP. We believe that the low mortality in our sample (8.1%) compared to other studies
where it reached 30-60% [10 - 13], is a consequence of the applied method according to
Ramadani in thoracic drainage.

When we compared preterm infants and neonates with NP, we found that AS was
less than 5 in the 5th minute, RDS and TTN (borderline) were significantly more common
in the first group. Although 5/6 of babies with NP who died were born prematurely
(11.4% vs. 3.3%), this difference was not significant.

Newborns who were treated by thoracic drainage due to pneumothorax were more
often born prematurely than children without drainage, they had lower AS at birth, and
RDS and sepsis were also a risk factor for NP onset also, children with thoracic drainage
were longer on MV.

5. CONCLUSION

Neonatal pneumothorax is a condition associated with a life-threatening decline in
lung function. In a high percentage of cases the failure to respond quickly results in
death. Male sex, cesarean delivery and the application of nCPAP are associated with the
development of NP. Our study also showed that prematurity, AS less than 5, RDS and
sepsis are risk factors for the use of thoracic drainage in NP. A lower percentage of
deaths in our study is attributed to the method of NP treatment according to Ramadani.
Further research with a larger number of patients and multicentric studies should shed
light on risk factors in order to develop new guidelines for NP management.

Supplementary Materials:

Figure 1. Special iron drain-trocar for thoracic drainage.

Table 1. Demographic and perinatal data.
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