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Abstract

Background: To determine the factors affecting the development of pneumothorax in critically ill children admitted to pediatric
intensive care unit (PICU).
Methods: This was a single-centered retrospective case control study comparing the clinical features of mechanically ventilated
patients, who developed pneumothorax with matched control cases.
Results: The study screened 2850 patients admitted to the PICU over a 3 year period. Among 1140 patients who were mechanically
ventilated, 4.4% (n = 50) developed pneumothorax. Median age was 24 months. Patients with pneumothorax were found to have
median pediatric risk of mortality (PRISM):26, Pediatric logistic organ dysfunction (PELOD):22 and multiorgan disfuction (MODS):3
whereas in the control group they were 15.5, 12, and 3, respectively. PRISM and PELOD were significantly higher in pneumothorax
group. Pneumothorax was observed on the 11.6th day of mechanical ventilation (MV). Pneumothorax was mainly secondary to pneu-
monia (n = 18, 36%) and MV-related reasons (n = 13, 26%). The risk of pneumothorax was higher when P-mean was > 14 cmH2O and
tidal volume (TV) was > 10 mL/kg (P < 0.05). The mean albumin level was 2.7 g/dL in the pneumothorax group compared with 3.6
g/dL in the control group (P < 0.001). The number of days on mechanical ventilator and the duration of hospital stay were statisti-
cally significant in pneumothorax group (P < 0.05). The mortality outcome was 44% (n = 22) in the pneumothorax group compared
with 6.7% (n = 2) in the control group (P < 0.001).
Conclusions: Pneumothorax in critically ill children was related to increased morbidity, mortality and prolonged length of stay in
hospital. Higher pediatric risk of mortality (PRISM) and Pediatric logistic organ dysfunction (PELOD) scores were associated with
increased risk of pneumothorax. Hypoalbuminemia as a reflection of malnutrition status of patients might be a risk factor.
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1. Background

Pneumothorax is a life-threatening condition on the
differential diagnosis of respiratory distress and chest
pain which requires rapid recognition and quick interven-
tion in children (1, 2). Pneumothorax can be classified
into three subgroups as traumatic, iatrogenic and sponta-
neous. Spontaneous pneumothorax can be categorized as
primary and secondary. Asthma, cystic fibrosis, necrotiz-
ing pneumonia, malignancy, tobacco use (smoking) and
connective tissue disorders are factors that might cause
secondary pneumothorax (3, 4). Traumatic pneumotho-
rax can be seen after pulmonary interrupter trauma or ia-
trogenic pneumothorax (IP) (5), might be due to high res-
piratory settings including barotrauma/volutrauma sec-

ondary to mechanical ventilation (MV) or after an inva-
sive procedure such as catheterization and resuscitation
(6-8). The incidence of pneumothorax is estimated to be
6 - 8/100.000 in general population and 7.4 - 18/100.000
in the intensive care unit in the United States of America
(9, 10). The physical examination shows serious symptoms
and signs (2). Diagnosis can be made with posteroanterior
X-ray, ultrasonography and computed tomography scan of
the chest (2, 11). In adults pneumothorax is known to be re-
lated to prolonged length of stay, and increased morbid-
ity and mortality (12, 13). Nevertheless, in patients of inten-
sive care unit few data define the prognostic factors asso-
ciated with IP. The current evidences for management of
primary spontaneous pneumothorax are not satisfactory
and besides, the real incidence and prognostic factors of
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pneumothorax in children hospitalized in pediatric inten-
sive care unit (PICU) are not known (8, 14). It is important
to emphasize that data regarding pneumothorax studies,
including those in pediatric patients, in literature are defi-
cient. The studies evaluating the incidence and outcomes
of the pneumothorax on mechanically ventilated children
will be valuable.

2. Objectives

Therefore, we aimed to identify risk factors associated
with the development of pneumothorax in mechanically
ventilated critically ill children admitted to a tertiary PICU
over a 3-year period. Secondarily, we suggested that devel-
opment of pneumothorax in patients of PICU can be pre-
vented. Therefore, it is important to identify risk factors
that cause pneumothorax.

3. Methods

This is a retrospective matched case-control study in-
cluding pediatric patients hospitalized in PICU during
April 2012 through August 2015. After approval from the
Local Ethics Committee, 50 patients who developed pneu-
mothorax and 30 control cases that were followed-up on
mechanical ventilator at PICU, were included in the study.
In control group, totally 30 patients were matched for
gender, age and diagnosis with patients in pneumotho-
rax group during the same time period from patients who
were mechanically ventilated and did not have pneumoth-
orax. The cases were matched according to respiratory and
non-respiratory diseases. Patients younger than 1 months
of age (to exclude birth-related conditions and neonatal
period), patients with incomplete medical records, pa-
tients who had sustained pneumothorax as a result of an
external or surgical trauma and those who had diagnosis
of pneumothorax prior to PICU admission were excluded.

Children admitted to PICU requiring mechanical ven-
tilation were eligible for the study independent of the pri-
mary diagnosis at admission. The analysis of multiple
organ dysfunction syndrome (MODS) regarding dysfunc-
tion of the cardiovascular, neurologic, respiratory, hema-
tologic, hepatic and renal system was accomplished (15).
For the assessment of severity of disease the pediatric risk
of mortality (PRISM) III score and pediatric logistic or-
gan dysfunction (PELOD) score was used (16, 17). The pa-
tients were divided into two groups to compare the out-
comes. MV-related pneumothorax was defined when there
was no demonstrable cause of pneumothorax, whereas ia-
trogenic (procedure-related) pneumothorax was defined
it was developed after a medical intervention (5). The
control group consisted of mechanically ventilated chil-
dren who did not develop pneumothorax followed up at

the same time in PICU. In our center, we performed posi-
tive pressure ventilation as a part of protective lung strat-
egy and as a consequence of this strategy permissive hy-
percapnia was allowed. During follow-up of the patients
we prefer minimally invasive techniques for diagnosis of
pneumothorax. Unfortunately due to technical insuffi-
ciency high-frequency oscillatory ventilation could not be
performed as a part of lung protective strategy in pneu-
mothorax group. The type of mechanical ventilation (non-
invasive (BIPAP/CPAP or invasive), the MV parameters of
mode and setting, the laboratory parameters, the length of
time duration on mechanical ventilation and in the PICU
and hospitalization stay were recorded (13). All patients
suspected to have pneumothorax were screened with chest
x-ray daily for pneumothorax throughout their PICU stay.
The patients with no absolute signs of pneumothorax in
physical examination were diagnosed with only postero-
anterior X-ray graphics of the chest (16).

3.1. Statistical Analysis

The data were analyzed statistically with a software
(Statistical Package for Social Sciences 9 for Windows 20).
The normality tests were done. The collected variables
were analyzed by using the Student t-test, Pearson chi-
square test and Man Whitney U Test. Statistically signifi-
cant P values were considered as < 0.05.

4. Results

The study screened 2850 patients admitted to the PICU
over a 3-year period and it was found that among 1140
patients who were mechanically ventilated 4.4% (n = 50)
of the patients had developed pneumothorax. Thirty
matched cases that were followed-up on mechanical ven-
tilator at PICU were included in control group. One of our
cases had diagnosis of bilateral pneumothorax and three
of the cases had diagnosis of recurrent pneumothoraces.
In the pneumothorax group there were 27 males compared
with13 males in the control group. Median age was 24
months in both groups. Patients with pneumothorax were
found to have median PRISM: 26, PELOD: 22 and MODS:
3, whereas in the control group they were 15.5, 12, and 3,
respectively. PRISM and PELOD were significantly higher
in patients with pneumothorax group (P < 0.001 and P =
0.002, respectively). Pneumothorax was observed on the
11.6th day of MV. Demographic characteristics are shown in
Table 1. We constructed a ROC curve to determine the accu-
racy of predicting pneumothorax and the area under the
curve (AUC) for PRISM and PLEOD was 0.760 (95% (CI) confi-
dence interval, 0.657 - 0.863; P < 0.001) and 0.702 (95% CI, a
positive predictive value 0.586 - 0.818; P = 0.003). ROC curve
for PRISM and PELOD is demonstrated in Figure 1. When the
PRISM was 24, sensitivity of 52.6% and specificity of 85.7%
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were demonstrated. One point increase in the PRISM had
a positive predictive value (PPV) of 80% and negative pre-
dictive value (NPV) of 62.5% and when the PELOD was 22,
sensitivity of 52.6% and specificity of 85.7% were observed.
One point increase in the PELOD had a PPV of 80% and NPV
of 62.5% (Figure 1).

Upon suspicion of the clinical signs of pneumothorax
68% (n = 34) of the patients were diagnosed with physi-
cal examination and postero-anterior X-ray graphics of the
chest and 32% (n = 16) had no sign in physical examina-
tion. In pneumothorax group, drop of the O2 saturation
level below 85% was the most common clinical manifes-
tation (62%). This symptom was followed by bradycardia
(31.3%), subcutaneous emphysema (26%), respiratory acido-
sis (10%) and finally cardiopulmonary arrest (2%). Etiology
of pneumothorax was mainly secondary to pneumonia (n
= 18, 36%). This was followed by MV-related pneumothorax
(n = 13, 26%), reasons of iatrogenic pneumothorax were as
follows; after resuscitation (n = 10, 20%), subclavian or jugu-
lar catheter insertion (n = 4, 8%), and tracheostomy proce-
dure (n = 3, 6%) and others (n = 2, 4%). In pneumothorax and
control group, sepsis was detected in 24 and 12 of the pa-
tients, respectively. Acinetobacter was the most common
agent for sepsis. The relationship between pneumothorax
and sepsis was not significant.

In the pneumothorax group, 40 patients had inva-
sive and 10 patients non-invasive supports, whereas 29 pa-
tients in the control group received invasive and 1 patient
non-invasive support. Invasive mechanical ventilation was
found to be a statistically significant risk factor for pneu-
mothorax in both groups (P < 0.05).

MV parameters of the two groups are summarized at
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Figure 1. ROC curve analysis for PRISM and PELOD

Table 2. P-mean (cmH2O), tidal volume (TV) (mL/kg) and Fi-
O2 values were significant in the two groups (P < 0.05). The
risk of pneumothorax was higher when P-mean was > 14
cmH2O and TV was > 10 mL/kg (P < 0.05). This suggests that
high P-mean and volutrauma increased the risk of develop-
ing pneumothorax.

The mean albumin level was 2.7 g/dL in the pneumoth-
orax group and 3.6 g/dL in the control group and differ-
ence was significant (P < 0.001). Lactate levels were also
recorded in two groups (Table 1). In ROC curve the accu-
racy of predicting pneumothorax and the AUC for plasma
albumin concentration was 0.837 (95% CI, 0.748 - 0.927; P <
0.001) (Figure 2). It was demonstrated that 2.85 g/dL level
of the albumin has sensitivity of 52.6% and specificity of
85.7%. Albumin level of 1 g/dL had a PPV of 80% and NPV of
62.5% (Figure 2).

In pneumothorax group; 56% (n = 28) of the patients
was followed-up only with high Fi-O2, 8% (n = 4) with sim-
ple needle aspiration and underwater drainage, 36% (n =
18) chest tube was surgically administered.

The number of days on MV, the duration of PICU stay,
and the length of hospital stay were 28.4, 31.1 and 57.1 days
in the pneumothorax group compared with 9.9, 17.9 and
29.3 in the control group, respectively. In pneumothorax
group MV-days and length of hospitalization stay were sta-
tistically significant compared with controls (P < 0.05).
The difference in PICU stay was numerically higher in pneu-
mothorax group; but did not reach statistical significance.
The mortality outcome was 44% (n = 22) in the pneumotho-
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Figure 2. ROC curve analysis for albumin level
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Table 1. Demographic Characteristics of the Patientsa

Characteristics Control Group (N = 30) Pneumothorax Cases (N = 50) P Value

Weight, kgb 19.4 ± 20.7 18.5 ± 15 > 0.05

Age, moc 24 24 > 0.05

Day of MVb 4.7 ± 3.7 7.7 ± 10.7 > 0.05

Day of Pxb NA 11.6 ± 16.9 NA

PRISM 15.9 ± 7 27.8 ± 13.3 < 0.001

PELOD 16.5 ± 10.5 24.1 ± 14.6 0.002

MODS 3.1 ± 1 2.7 ± 1.2 > 0.05

Albumin 3.6 ± 0.7 2.7 ± 0.6 < 0.001

Lactate 2.3 ± 1.5 3.5 ± 3.3 > 0.05

MV-duration 9.9 ± 9.8 28.4 ± 36.1 < 0.05

PICU-days 17.9 ± 21 31.1 ± 35.8 > 0.05

Hospital-days 29.3 ± 28.1 57.1 ± 53.4 < 0.05

Mortality, No. (%) 2 (6.7) 22 (44) < 0.001

Abbreviations: MODS: multiorgan disfuction; NA, not assigned; PELOD: pediatric logistic organ dysfunction; PICU: pediatric intensive care unit; PRISM: pediatric risk of
mortality.
aValues are expressed as mean ± SD unless otherwise indicated.
bMean values.
cMedian.

Table 2. MV Parameters and Statistical Comparison of the Two Groups

Parameters Control Group (N = 30) Pneumothorax Cases (N = 50) P Value

P-peak 20.4 ± 5.7 21.1 ± 5.7 > 0.05

P-mean 10.1 ± 2 13.6 ± 5.6 < 0.001

PEEP 5.7 ± 0.8 6.5 ± 3 > 0.05

Fi-O2 72.5 ± 17.4 81.9 ± 19.2 < 0.05

TV 8.1 ± 1.3 9.8 ± 2 < 0.001

Frequency 26.7 ± 7.2 29.6 ± 9.4 > 0.05

Abbreviations: MV, mechanical ventilation, TV, tidal volume.

rax group compared with 6.7% (n = 2) in the control group
(P < 0.001).

5. Discussion

The current study demonstrates the potential risk fac-
tors that may cause pneumothorax in PICU patients. In
addition to that it shows important data regarding preva-
lence of pneumothorax in PICU patients in our region
Ankara, Turkey) in a tertiary center. In a study (18), pneu-
mothorax overall prevalence was 3%, whereas this was 4.4%
in the current study. The different prevalence rates might
be explained by different patient populations included in
the studies. Also, in our study patients had higher PRISM
and PELOD scores compared with the reported results of
the mentioned study. This indicates that the current study

included more complicated poor prognostic patient pop-
ulation. It is understandable to detect higher prevalence
rates in our study. Although in the current study rate of
pneumothorax was higher than in some of the reported
studies, in a recent report of Agency for Healthcare Re-
search and Quality (0.14 IP/1000 discharges) and other pe-
diatric studies (from 0.15 to 0.56 IP/1000 discharge) (19)
the rate of pneumothorax was lower than ours. In addi-
tion, these studies evidently have underestimated the rate
of pneumothorax because they evaluated the administra-
tive data, which was a significant limitation of the studies
(20). Therefore, it is not appropriate to compare these stud-
ies with results of the current study. In contrast to these
data a study from India reported a 10.4% prevalence rate of
pneumothorax in PICU patients (21), which was very high
compared to reported rate of 4.4% in the current study.

Two studies found that the risk of spontaneous pneu-
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mothorax was observed 4.2 fold in males compared with fe-
males and there was an accumulation at median age of 15,
as adolescents (22, 23). We did not observe statistical differ-
ences between groups regarding gender and median age.

Pneumothorax was observed in average on 11.6th day of
mechanical ventilation. In a recent pediatric study, pneu-
mothorax developed on 6.5th day when the diagnosis was
respiratory diseases, and on 8th day when there was a
non-respiratory etiology (21). In a study reported by Silva
and colleagues; duration of MV, PICU and hospital stays
were similar between both groups (18). In a study evalu-
ating 1238 pediatric patients admitted to PICU, those with
pneumothorax had higher mortality rate (P < 0.001), and
longer duration of hospitalization (P < 0.001) (21). Simi-
lar to our study ventilated patients who developed pneu-
mothorax had a longer duration of mechanical ventilation
compared with ventilated patients without pneumotho-
rax (P < 0.001) (21). This study also reported significantly
higher than expected mortality rate in patients with pneu-
mothorax (18) which is very similar to our results. Our
study showed that the mean duration of hospital stay was
7 days longer in patients with pneumothorax compared
with control group. Hsu et al. demonstrated that in pa-
tients on MV, pneumothorax was associated with a signif-
icant increase in the length of stay (LOS) in intensive care
unit and mortality rate (7). In a study reported by Zhan et
al., patients with pneumothorax had extra 4.4 days added
to the duration of hospitalization. According to this study,
the increased hospitalization stay was added an extra cost
of $18000 and 6% risk of hospital death (24). Considering
increasing health care expenses the economic issues are
very important especially in developing countries. There-
fore, it is very important to define factors associated with
pneumothorax to put preventive measures in action.

The association between invasive procedure and pneu-
mothorax has been evaluated in many reports. However,
the possible non-invasive risk factors that might be associ-
ated with pneumothorax have not been evaluated in these
studies. In the current study we evaluated the nutritional
status of patients by checking the albumin level at admis-
sion. Therefore, we can evaluate possible association of
pneumothorax with nutritional status of the patients. In
a study, a low body weight was also associated with high
risk of pneumothorax (21). In another study, body weight
less than 80 kg was associated with pneumothorax (HR:
2.4 [95% CI, 1.3 - 4.2]), this might be related to malnutri-
tion status of the patients (8). In addition to that in the
current study, the patients with pneumothorax had lower
body weight compared to control group (6 kg vs. 10 kg). In
the same context, it has been observed that albumin level
of pneumothorax group was significantly lower compared
with control group. It might be interpreted as malnutri-
tion being an increased risk for pneumothorax. In other

point of view, as an acute phase protein, hypoalbumine-
mia is associated with morbidity/mortality regardless of
the implicated disease (25). Critically ill pediatric patients
with hypoalbuminemia at admission had poor outcome
and hypoalbuminemia is defined as a predictive factor for
poor prognosis. It is associated with a higher mortality, a
LOS in the PICU, as well as longer ventilator use (26). Fol-
lowing the first week of sepsis, infection, trauma, serum
albumin level of patients is reduced by about 10 - 15 g/L. In
these severe conditions hypoalbuminemia is explained by
two mechanisms; increased vascular permeability and de-
creased synthesis by cytokines such as interleukin-1 (IL-1)
(10) and 6 (IL-6) and tumor necrosis factorα (TNFα) (27, 28).
Mouse models of pneumothorax have demonstrated in-
creased level of TNFa (13). In current study in pneumotho-
rax group, hypoalbuminemia might have been associated
with increased TNFa. In addition, increased IL-6 and TNFα
has been reported in lavage fluids of patients with pneu-
mothorax (29). In pneumothorax group decreased level
of albumin might be secondary to increased level of IL-6
and TNFα. There are various explanations and hypothe-
ses regarding the association of hypoalbuminemia and in-
creased risk of pneumothorax. Hypoalbuminemia may in-
dicate the deficiency of collagen protein and it may disrupt
expansion capacity of lungs. The other point is that hypoal-
buminemia is the negative acute phase reactant which
might be indicator of increased inflammatory response
in these patients. In patients with hypoalbuminemia on-
cotic pressure decreases and this will cause leakage of flu-
ids to interstitial field. The increased interstitial pressure
will cause capillary leak syndrome and pulmonary edema.
In order to overcome pulmonary edema the pressure lev-
els of mechanical ventilator increases which will increase
the risk of barotraumas. The increased risk of barotrauma
may lead to increased risk of lung injury and pneumotho-
rax. In addition, the patients with hypoalbuminemia may
have malnutrition. The poor nutritional status of patients
increases the risk of pneumothorax. The pediatric inten-
sivists should pay more attention to the nutritional sta-
tus and albumin level of hospitalized patients. Early inter-
ventions can be planned to prevent further deterioration
of malnutrition status of these patients. Besides, higher
PRISM and PELOD score indicating the severity of illness in
these children, can be another possible explanation for de-
velopment of pneumothorax. In this group of patients al-
bumin is decreased as a negative acute phase reactant.

Prior studies have stated that respiratory diseases
and pneumonia are important factors predisposing pul-
monary barotrauma in mechanically ventilated patients
(2, 30). Consistent with the previously established studies,
etiology of pneumothorax was mainly secondary to pneu-
monia (n = 18, 36%), followed by MV-related (n = 13, 26%)
cases and after resuscitation (n = 10, 20%). Insertion of a
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catheter accounted for 8% of pneumothorax cases in our
PICU in contrast to an Indian study with 13.2% and this high
incidence was attributed to the technique which was not
aided with ultrasound guidance (21). The lower incidence
rate of pneumothorax in our patients could be explained
by placement of central venous catheter by experienced
staff that had at least 2 years of catheter placement expe-
rience using ultrasound guided technique. Pneumotho-
rax can be induced by thoracic procedures involving the
neck (25, 30). This rate was 6% (n = 3) in the current study
caused by tracheotomy. However, in literature it has been
reported that the invasive thoracic procedures were the
most common cause of IP. Among the patients who were
followed up in PICU, MV was found to be a risk factor for
pneumothorax and this difference was statistically signifi-
cant between the two groups being consistent with litera-
ture (21, 27). This finding underlines that barotrauma, volu-
trauma and high oxygen levels may cause the pneumotho-
rax.

A study reported that, the risk factor for pneumotho-
rax was higher in some diseases such as sepsis and sep-
tic shock (21). We found sepsis in 24 patients in the pneu-
mothorax group and in 12 patients in the control group.
In contrast to this study, the relationship between pneu-
mothorax and sepsis in some reports was found to be non-
significant. In pneumothorax group, drop of O2 saturation
level below 85% was the most common clinical manifesta-
tion (62%). This was followed by bradycardia (31.3%), subcu-
taneous emphysema (26%), respiratory acidosis (10%) and
cardiopulmonary arrest (2%).

In our experience, 68% (n = 34) of the pneumotho-
rax cases was diagnosed with physical examination and
X-ray radiography. However 32% (n = 16) of the patients
with pneumothorax had no physical signs, and were diag-
nosed with X-ray radiography of the chest in the upright
antero-posterior (AP) position. As previously established,
the plain radiograph of the chest is the main radiological
instrument for diagnosis of pneumothorax with a sensi-
tivity of 80% in upright posture and 36% - 48% in the AP
position (31, 32). Nowadays ultrasonography has become
more accessible for diagnosis of pneumothorax with a re-
ported sensitivity of 86% - 98% and a specificity of 97% -
100% (25, 33). Chest computed tomography (CT) is a gold
standard tool to for diagnosis and determining of the size
of pneumothorax (11). However, the risk of transportation
of hemodynamically unstable patients for a tomography
scan limits the use of CT for diagnosis of pneumothorax in
PICU patients (34).

The management modalities of pneumothorax can be
listed as just observation without intervention, needle as-
piration of air, insertion of an intercostal catheter, and in-
vasive procedures like pleurodesis or pleurectomy (4). The
current data shows that 56% (n = 28) of the patients had

high Fi-O2 in follow-up. This is consistent with the litera-
ture which states that the most of the patients were man-
aged without a therapeutic procedure (22, 35). Simple as-
piration is being used more frequently in treating mini-
mal pneumothoraces. A review of 91 consecutive cases has
revealed that this technique was especially successful for
patients where the amount of the pneumothorax was less
than 40% of the chest size (36). A 10 years study carried
out at a tertiary children’s hospital reported that, if inter-
costal catheter management did not resolve the air leak of
a spontaneous pneumothorax within five days, surgical ap-
proach was necessary to accomplish a full resolution (4).

Authors are aware of limitations of the present study
related to its single-centered and retrospective design. Due
to limited number of patients, they were matched accord-
ing to respiratory and non-respiratory diseases. The basic
strengths of this study are the large amount of clinical and
diagnostic data delivered from a tertiary referral unit re-
garding the pediatric age group which was not sufficiently
emphasized in the literature.

In conclusion; pneumothorax in critically ill children
still remains an important issue related to increased mor-
bidity, mortality and prolonged LOS in hospital. Higher
PRISM and PELOD scores were associated with increased
possibility of pneumothorax. In the light of our prelimi-
nary results hypoalbuminemia might be a risk factor for
pneumothorax. For further research, a multicenter ap-
proach with larger sample size is required in order to un-
derline this possibility for better management strategies
since hypoalbuminemia is an easily detectable and man-
ageable finding.
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