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ABSTRACT

Introduction: Pneumothorax is a serious complication associated with increased morbidity and mortality in
newborns. However, chest-tube insertion, which is recommended for treatment of this pathology, is an invasive
procedure, which can also lead to adverse clinical consequences.

Aim of the study: The aim of this study was to identify clinical features of infants with pneumothorax treated
without chest-tube insertion.

Material and methods: In this case series study we report the clinical characteristics and outcomes in
31 outborn infants with pneumothorax, who were successfully managed without chest-tube insertion.
Results: Pneumothorax occurred at the median age of 2 (range: 0-4) days. Ten (32%) infants had a tension
pneumothorax, and in five (16%) cases bilateral pneumothorax was observed. Mean birth weight of the new-
borns was 2287.42 +755.45 g and gestational age — 34.29 +3.2 weeks. The majority of infants were late preterm
(77%). Surfactant therapy was used in 23% of all cases. All infants had an underlying primary lung disease.
Twenty-three (74%) infants were on non-invasive respiratory support at the time of pneumothorax occurrence,
and 18 (78%) of them were switched to mechanical ventilation (MV) as soon as the diagnosis was confirmed.
CPAP was the most commonly used type of initial respiratory support. The majority of infants did not need
high ventilatory settings at the moment of pneumothorax occurrence. Needle aspiration was performed in
11 (35%) cases: in all 10 infants with tension pneumothorax and in one case of non-tension pneumothorax.
Twenty (65%) infants were managed expectantly. High-frequency oscillatory ventilation (HFOV) was used in
13 cases — 50% of infants who were on MV. In total, 26 newborns with pneumothorax were successfully cared
for on MV without chest tube placement.

Conclusions: A selected group of haemodynamically stable mechanically ventilated neonates with pneumo-
thorax could be successfully treated without chest-tube insertion.
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INTRODUCTION

Pneumothorax is a potentially serious complication
of the neonatal period. The incidence of symptomatic
pneumothorax in newborns is estimated to be as high as
0.05-0.1%. In term and late preterm neonates, the rate

ADDRESS FOR CORRESPONDENCE:

of radiologically confirmed pneumothorax ranges from
1% to 2%, whereas in very low birth weight infants it can
reach 3-9% [1, 2].

An established risk factor for pneumothorax is pre-
maturity, due to higher incidence of lung disease in this
population of newborns [3, 4]. Increased risk of pneu-
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mothorax exists in infants with respiratory distress syn-
drome (RDS), meconium aspiration syndrome (MAS),
pulmonary hypoplasia, and in those who require resus-
citation and/or respiratory support after birth [5]. This
complication is associated with increased morbidity and
a higher risk of death, and it occurs despite the use of
surfactant and modern ventilation regimens [6]. Pneu-
mothorax occurrence can lead to increased respiratory
distress, hypoxaemia, hypercapnia, hypotension, lung
collapse, etc. [7].

There is general agreement that infants with an as-
ymptomatic pneumothorax without underlying pulmo-
nary disease do not need treatment [5]. At the same time,
management of symptomatic pneumothorax is not clearly
defined in haemodynamically stable newborns undergo-
ing assisted ventilation and with a substantial amount of
air leak present on chest radiograph [1]. In such cases the
most common and traditionally recommended manage-
ment is chest-tube insertion; however, this invasive proce-
dure may result in substantial complications. Lung injury,
chylothorax, phrenic nerve paralysis, and haemorrhagic
pericardial effusion have been reported as complications
of chest-tube placement [8-13]. An effective alternative
for such a newborn with pneumothorax on mechanical
ventilation (MV) could be expectant conservative man-
agement that prevents the development of complications
associated with chest-tube insertion [1, 5]. One of the op-
tions of such management is the use of high-frequency
oscillatory ventilation (HFOV), which can ensure a suc-
cessful result with this approach [6].

Several recent reports described conservative manage-
ment for neonates with symptomatic pneumothorax, who
were on non-invasive respiratory support or mechanical
ventilation [1, 5, 6]. Infants with stable respiratory distress,
cardiovascular status, and blood gases on relatively low
ventilatory settings may not need chest-tube insertion [5].

Because the optimal method for the treatment of
clinically apparent pneumothorax in haemodynamically
stable newborns remains controversial, it is important to
study the effectiveness of expectant management, which
can be safer.

The aim of this study was to identify the clinical fea-
tures of infants with pneumothorax treated without chest-
tube insertion.

MATERIAL AND METHODS

In this case series study, we report clinical features and
outcomes of 31 outborn infants with pneumothorax, who
were successfully managed without chest-tube insertion.
In 11 of them needle aspiration was used, and 20 were
cared for with expectant management.

In 2016-2017 39 newborns with pneumothorax were
treated in our centre without chest-tube insertion. Eight
of them died, but their death was not due to progression
of pneumothorax. During the mentioned period of time

only six newborns were treated with chest-tube place-
ment. In this article we present the data of 31 infants who
were managed without chest-tube insertion and subse-
quently were successfully discharged.

The final decision on the method of treatment was
made by the medical team, based on clinical assessment
of each patient. In any case of haemodynamic deteriora-
tion due to a large and especially tension pneumothorax,
pleural drainage was used.

All infants included in the study had respiratory
symptoms or deterioration due to pneumothorax oc-
currence but were haemodynamically stable and able to
maintain a normal level of saturation with respiratory
support. In the case of technical feasibility in patients
with a diagnosis of pneumothorax, who required MV,
HFOV was applied immediately. Initial needle aspiration
was performed as an emergency intervention mainly in
cases of tension pneumothorax and clinical deterioration
in spite of respiratory support.

Standard protocols of respiratory support were ap-
plied to all newborns with arterial blood gas assessment
and routine monitoring of vitals. The presence of pneu-
mothorax was confirmed by X-ray data in all cases with
an appropriate repeated investigation. The indications for
emergency chest X-ray were acute deterioration in the in-
fant’s respiratory status and other clinical data consistent
with pneumothorax occurrence including the results of
chest transillumination.

Tension pneumothorax was defined as air trapped in
the pleural cavity under positive pressure and displacing
the mediastinum and its structures (including the lung)
toward the opposite side on the chest X-ray.

Endotracheal MV and continuous positive airway
pressure (CPAP) were provided with a Servo-i ventilator
(Maquet Medical Systems, Wayne, NJ, USA), and HFOV
was provided with a Sensormedics 3100A (CareFusion/
Viasys Healthcare, USA).

During the NICU stay, heart rate, arterial blood pres-
sure, haemoglobin oxygen saturation (SpO,), body tem-
perature, and urine output were monitored.

For the infants included in the study we collected the
most important perinatal data, characteristics of respira-
tory support, and morbidity.

The obtained data were analysed with the methods of
descriptive statistics, correlation (Spearman), and catego-
rical analysis. The measurements with normal distribution
are presented as mean +standard deviation, and nonpara-
metric data are presented as median (interquartile range)
unless otherwise specified or as median (min-max).

RESULTS

The mean birth weight of the newborns was 2287.42
+755.45 g and gestational age was 34.29 +3.2 weeks. The
majority of infants were preterm (24 - 77%), but only
four (17%) of them had very low birth weight (less than
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1500 g). Surfactant therapy was used in seven (23%)
cases, and the median age at first dose of surfactant ad-
ministration was 3.5 (3-16) hours. In eight (26%) infants
pneumothorax was diagnosed at the time of hospitalisa-
tion to the neonatal intensive care unit. The majority of
infants did not need resuscitation after birth but were
treated with CPAP because of respiratory deterioration.
Pneumothorax occurred in the median age of two (0-4)
days (Table 1).

At the moment of pneumothorax occurrence, eight
(26%) infants were on endotracheal MV, two (7%) - on
non-invasive MV, 19 (61%) — on CPAP, and two (7%)
term newborns were provided with free-flow oxygen
through nasal cannulas. CPAP was the most common-
ly used type of initial respiratory support. Higher initial
fraction of inspired oxygen (FiO,) and positive pressure
on CPAP were reliably associated with higher incidence
of tension pneumothorax (r, = 0.53 and r, = 0.58, respec-
tively; p < 0.05). Two infants, who only needed free-flow
oxygen, were term newborns with pneumonia, having
mild respiratory disorders. The majority of infants did not
need high ventilatory settings at the moment of pneumo-
thorax occurrence (Table 2).

Twenty-three (74%) infants in total were on non-in-
vasive respiratory support at the time of pneumothorax
occurrence, but 18 (78%) of them were switched to MV
as soon as the diagnosis was confirmed (Fig. 1). Hence,
26 newborns (84%) with pneumothorax in our cohort
were successfully managed on MV without chest tube
insertion.

All infants had an underlying primary lung disease,
mainly pneumonia and/or RDS (Table 3). It was not pos-
sible to exclude development of pneumonia in preterm
newborns with RDS in the majority of cases. Pneumonia
was a part of the clinical presentation of neonatal sepsis
in two infants (5%). Only three (27%) cases of RDS were
severe, and eight newborns (73%) had mild to moderate
disease.

Ten (32%) infants had tension pneumothorax, and in
five (16%) cases bilateral pneumothorax was diagnosed.
Tension pneumothorax was mostly seen in preterm new-
borns (80% vs. 20%; p = 0.81); it was bilateral (40% vs. 5%;
p =0.01) and occurred more often in infants who did not
require resuscitation at birth (90% vs. 10%; p = 0.04) but
developed RDS or pneumonia (70% vs. 14%; p = 0.002) and
were treated with surfactant (50% vs. 10%; p = 0.01) as well
as initially managed on CPAP (90% vs. 57%; p = 0.06). The
incidence of severe IVH was significantly higher in new-
borns with tension pneumothorax (20% vs. 0%; p = 0.03).

Needle aspiration was performed in 11 (35%) cases:
in all infants with tension pneumothorax and in one case
of non-tension pneumothorax. Repeated needle aspira-
tions were performed in two (6%) newborns with tension
pneumothorax. Twenty infants (65%) were managed ex-
pectantly. HFOV was used in 13 cases — 42% of all infants
and 50% of infants who were on MV (Figs. 1-3).

TABLE 1. Perinatal data of the patients

Characteristics NENT
(n=31)
Birth weight, ' 2287.42 (755.45)
Gestational age, weeks' 3429 (3.2)
Preterm? 24 (77)
Positive pressure ventilation at birth? 11(35)
Apgar score at the 1 min? 7 (2-8)
Apgar score at the 5" min? 7 (3-8)
Surfactant therapy (at least one dose)? 7(23)
Age at the first surfactant dose 3.5(3-16)
administration, hrs?
Presence of pneumothorax at the time 8(26)
of hospital admission?
Age at pneumothorax occurrence, hrs® 2(0-4)

"mean (SD), “number of cases (%), *median (min—max)

TABLE 2. Ventilatory settings at pneumothorax occurrence

Parameter v N CRAP
(n=38) (n=2) (n=19)
FiO, (%) 45 (40-100) | 45(35-55) | 35(21-60)
PIP (cm H,0) 19(18-28) | 19(18-20) -
PEEP (cm H,0) 5(0) 6(0) 6(5-8)
}’ri';ﬂ'e";'(‘;"( miny | 4065-60) 2750530 | -

Median (min—max); 2 infants had free-flow oxygen; MV — mechanical ventilation, NV — non-invasive
ventilation, CPAP — continuous positive airway pressure, Fi0,— fraction of inspired oxygen, PIP — peak
inspiratory pressure, PEEP — positive end-expiratory pressure

| Newborn infants with symptomatic pneumothorax (n = 31) |
v v Y
MV* (n = 26) (AP (n=3)| |FFO,(n=2)|
15 I

A4 + * \ 4

| Needle aspiration (n = 11) | | Expectant management (n = 20) |

A4 \ 4 ;

HFOV MV HFOV MV CPAP FFO,
n=9) || n=2)|| (=4 || (n=11)|| (n=3) || (n=2)
* Infants on mechanical ventilation (MV) before (n = 8) and immediately after (n = 18) the diagnosis

of pneumothorax was conformed; CPAP — continuous positive airway pressure, FFO, — free-flow
oxygen, HFOV — high-frequency oscillatory ventilation

A4

FIGURE 1. Flowchart of the study infants

The incidence of intraventricular haemorrhages was
23% (seven cases); severe haemorrhages occurred in two
newborns (7%) with tension pneumothorax. Duration of
the initial period of endotracheal MV was 66.42 +39.5
hours and total duration of MV was 81.19 +42.44 hours.
The length of NICU stay was 7.68 +3.99 days, and the
total length of hospital stay was 28.26 +13.31 days.
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TABLE 3. Primary lung morbidity

Diseases infants
(n=31)
RDS with possible pneumonia 10 (32)
RDS 1(3)
Pneumonia (aspiration or congenital) 19(61)
Pulmonary hypoplasia 1(3)

Number of cases (%); RDS— respiratory distress syndrome

DISCUSSION

Pneumothorax is a life-threatening complication,
which continues to occur in newborns, more often
preterm infants, despite the use of non-invasive respira-
tory support, early surfactant administration, and gentle
synchronised ventilation [1, 4, 6, 14]. Usually, infants with
an asymptomatic pneumothorax do not require specific
treatment [1]. At the same time, there are insufficient data

FIGURE 2. A) Chest X-ray of a preterm infant (gestational age — 31 weeks) with right tension pneumothorax. High-frequency oscillatory
ventilation (HFOV) was used, and needle aspiration was performed twice. B) Chest X-ray 24 hours later showing improvement in the right
tension pneumothorax. C) 48 hours later there was a small amount of air on the right side, but left tension pneumothorax occurred. The infant
continued to be on HFOV, and needle aspiration was performed on the left side. D) Resolution of the pneumothoraxes in 96 hours after right
tension pneumothorax had occurred and in 48 hours after left tension pneumothorax had occurred
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FIGURE 3. A) Chest X-ray of a preterm infant (gestational age — 30 weeks) with a left tension pneumothorax. High-frequency oscillatory
ventilation was used, and needle aspiration was performed twice. B) Resolution of the pneumothorax 24 hours later

on the efficacy and safety of less invasive or expectant
management of pneumothorax in newborns undergoing
assisted ventilation.

The Litmanovitz and Carlo study [5] demonstrated
successful treatment of newborns on MV with symp-
tomatic pneumothorax with expectant management. But
they avoided chest-tube placement in only 26% of 136
newborns on MV. In our study 26 (84%) infants were
successfully managed on MV without this intervention.
Also, in the aforementioned largest study, it was found
that the need for a subsequent chest-tube insertion was
higher after needle (catheter) aspiration than with the use
of conservative treatment alone. The authors linked it to
a possibility of lung injury during the puncture, which
could result in an increase in the amount of free air in
the pleural cavity [5]. In our study, needle aspiration was
performed in all cases of tension pneumothorax which,
however, did not lead to chest tube placement. Anoth-
er study also showed the success and safety of expectant
management of pneumothorax in newborns who needed
respiratory support (CPAP or MV) [1].

In the above-mentioned studies, infants who did not
require chest-tube placement had lower ventilatory settings
and better blood gas parameters at the time of pneumotho-
rax diagnosis; they were more mature as well [1, 5]. In our
study the mean GA was 34.29 +3.2 weeks, and infants did
not need high ventilatory settings at the time of pneumo-
thorax occurrence. However, before the onset of pneumo-
thorax, the majority of infants (74%) were on non-invasive
respiratory support (CPAP or NIV), and 18 of them (78%)
were intubated only after pneumothorax occurrence.

One of the options of expectant management of pneu-
mothorax is the application of HFOV. In animal studies,

it has been shown that short inspiratory time and small
tidal volume, which is created with high frequency venti-
lation, contribute to rapid reduction in air leak from the
affected lungs [15]. Also, at least two clinical trials have
shown the efficacy of HFOV application in newborns
with pneumothorax [6, 16]. HFOV provides better gas
exchange in the lungs and shorter time of MV admin-
istration in newborns with pneumothorax compared to
standard MV [17]. In our study, HFOV was used in 50%
of infants, who needed MV, and provided resolution of
the pneumothorax without a chest tube insertion. Taking
into account that this group included infants with tension
pneumothorax, who avoided chest-tube placement, there
are reasons to consider the need for early application of
this method of respiratory support in the treatment of
newborns with pneumothorax.

It must be noted that in the above-mentioned studies,
expectant management of pneumothorax treatment was
used in newborns with stable haemodynamics, who did
not have bradycardia and/or arterial hypotension.

Our study has limitations connected to its observa-
tional nature, lack of control group, and relatively small
number of patients. At the same time, our data do suggest
that haemodynamically stable newborns with clinically
apparent and even tension pneumothorax could be suc-
cessfully managed without chest-tube insertion, especially
with timely application of HFOV and/or needle aspiration.

In summary, pneumothorax, which could be managed
without chest-tube placement, was most commonly seen
in late preterm infants with pneumonia/RDS initially
treated with CPAP. The majority of them needed endotra-
cheal intubation and mechanical ventilation to maintain
oxygen saturation and other vital functions after pneu-
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mothorax occurrence. Needle aspiration was performed
in all newborns with tension pneumothorax diagnosed
with X-ray data. Twenty-six newborns with pneumotho-
rax were successfully cared for on mechanical ventilation
without chest-tube placement, which demonstrates the
feasibility, effectiveness, and safety of such an approach to
pneumothorax management in haemodynamically stable
newborns. However, a large-scaled randomised trial to
prove existent observational data is still needed.

CONCLUSIONS

A selected group of haemodynamically stable me-
chanically ventilated neonates with pneumothorax could
be successfully treated without chest-tube insertion.
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