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Abstract

Background A pneumothorax is common in patients admitted to the intensive care unit (ICU) with coronavirus disease
(COVID-19) when non-invasive or invasive mechanical ventilation is performed to maintain adequate oxygenation. The
aim of the present study was to investigate the effects of elevated inflammatory markers and an elevated systemic immune
inflammatory index (SII) on mortality in this patient population.

Materials and methods Between March 2020 and May 2021, 124 patients with severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) polymerase chain reacion positviity who were admitted to the ICU in our hospital and diagnosed with and
treated for a pneumothorax were evaluated retrospectively. Interleukin-6 (IL-6), C-reactive protein, neutrophil, lymphocyte,
platelet and white blood cell levels were measured. These parameters were used to calculate the neutrophil-lymphocyte ratio
(NLR) and SII, and the association of these parameters with pneumothorax-related mortality was examined.

Results This study included 39 female (31.5%) and 85 male (68.5%) patients. The mean age was 65.3 +12.6 years. Non-
invasive mechanical ventilation was performed in 13 (10.5%) patients, and 111 (89.5%) patients received invasive mechanical
ventilation. Tube thoracostomy was performed in 113 patients (91.1%), and 11 patients (8.9%) were treated with oxygen
therapy. The factors affecting mortality in the pneumothorax patients were the Charlson Comorbidity Index (four or higher),
IL-6 level and NLR. The IL-6 level was 53.4 in those who died versus 24.6 in those who survived (p=0.017). The NLR in
the patients who died was 16.9 as compared to 12.5 in those who survived (p=0.011).

Conclusion Elevated markers of infection were associated with an increased risk of mortality in pneumothorax patients with
COVID-19 who received invasive or non-invasive mechanical ventilation in the ICU. In this patient population, high levels of
positive end-expiratory pressure should be avoided, and inflammatory marker levels and the SII should be closely monitored.
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Introduction

Coronavirus disease (COVID-19) can cause lung damage
and insufficient respiratory capacity, both of which require
non-invasive or invasive mechanical ventilation. The latter
can lead to a pneumothorax when air fills the pleural space
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syndrome coronavirus 2 (SARS-CoV-2) polymerase chain
reaction (PCR) during hospitalization in the intensive care
unit (ICU) due to the need for mechanical ventilation result-
ing from decreased respiratory capacity.

In retrospective studies of COVID-19 patients, a pneu-
mothorax occurred in 1% of patients requiring hospitaliza-
tion, 2% of patients admitted to the ICU and 1% of infected
patients who died [1, 2]. Previous studies reported hyperin-
flammation in COVID-19 cases, together with an elevated
Systemic Immune Inflammation Index (SII) and elevated
neutrophil-lymphocyte ratio (NLR). However, the factors
affecting mortality in COVID-19 patients remain unclear.

In the present study, we investigated the effects of an
elevated SII and NLR on mortality in SARS-CoV-2 PCR-
positive patients admitted to the ICU who developed a pneu-
mothorax, with white blood cell (WBC), C-reactive protein
(CRP) and interleukin-6 (IL-6) levels used to calculate the
SII and NLR.

Materials and methods

Between March 2020 and May 2021, 124 patients admitted
to the ICU in our hospital with SARS-CoV-2 PCR positiv-
ity and diagnosed with and treated for a pneumothorax were
evaluated retrospectively. Between March 2020, the start of
the pandemic in our hospital, and May 2021, 11,800 patients
with COVID-19 disease were admitted to our ICU, of whom
3441 died. Thus, mortality due to COVID-19 was 29.16%
in our ICU. Of the COVID-19 positive cases admitted to the
ICU, 124 patients who had a pneumothorax and a positive
PCR were included in the present study. Patients who had
a high suspicion of COVID-19 infection and ground-glass
opacity on computerized thorax tomography but without a
positive PCR were not included. Furthermore, COVID-19
patients with a pneumothorax that developed outside the
ICU and patients without SARS-CoV-2 PCR positivity were
not included in the study.

The patients were divided into two groups: mild and
severe. The severe group comprised patients with arterial
blood gas levels of PaO, < 60 mmHg or PaCO, > 50 mmHg
who were treated with invasive mechanical ventilation.
The mild group comprised patients whose arterial blood
gas results did not warrant invasive mechanical ventilation
and who instead received non-invasive mechanical venti-
lation without intubation, with a normal oxygen mask or
a high flow nasal cannula. Patients with a pneumothorax
detected during follow-up were treated with a 28F (French)
chest tube. Those with a pneumothorax area of < 20%
(<2 cm) according to the classification of the British Tho-
rax Society pleural working group were medically treated
and followed up with oxygenation without any interven-
tion, under the condition that they had no symptoms and
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their general status was good [3]. IL-6, CRP, neutrophil,
lymphocyte, platelet and WBC levels were measured in
the patients who developed a pneumothorax when they
were in the ICU. These parameters were used to calculate
the NLR and SII. In eight patients, IL-6 levels were not
measured. Thus, these patients were not included in the
analyses (Fig. 1).

The SII was calculated as follows: (neutrophil
count X platelet count)/lymphocyte count). The NLR was
calculated as neutrophils/lymphocytes. The normal refer-
ence value ranges in our hospital for the inflammatory
markers WBC, CRP, neutrophils, lymphocytes, platelets
and IL-6 are 3.6-10.5x 10°/L, 0-5 g/L, 1.5-7.7x 10°/L,
1.1-4 x 10°/L, 60-400 x 10°/L and 0-3.4 pg/mL, respec-
tively. In addition, we used the modified Charlson Comor-
bidity Index (CCI) to calculate the comorbidity status of
the patients at the time of inclusion in the study [4]. We
examined the association of all the aforementioned param-
eters with pneumothorax-related mortality.

Statistical analysis

All statistical analyses were performed using IBM SPSS
Statistics for Windows, version 22.0, released 2013
(IBM Corp., Armonk, NY). Numeric variables were ana-
lysed using the mean + standard deviation and median
(min—-max), and numbers and percentages were used
for categorical variables. Prior to group comparisons of
numeric variables, parametric test assumptions (normal-
ity and homogeneity of variances) were controlled. The
differences between groups were analysed by a T test in
dependent groups. Categorical variables were analysed
using Fisher’s exact test. The Mann—Whitney U test was
used for the comparison of continuous variables. A p value
of <0.05 was considered statistically significant.

Patients with COVID-19
disease admitted to the ICU
between March 2020 and
May 2021 (2= 11,800)

U

Pneumothorax patients

: ents Patients with severe Patients who underwent
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(COVID-19 disease (7 =124)

0 0

Patients with mild Patients in whom tube
disease (7 = 13) th was not
performed (2 = 3)

Patients in whom tube
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Patients who
lunderwent tube
thoracostomy (7=5)

ICUtintensive care unit

Fig. 1 Flow diagram of the patients included in the study
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Table 1 Demographic and clinical characteristics of the patients Results
Variables N (number of  Per cent
patients) The study included 39 female (31.5%) and 85 male (68.5%)
patients. The mean age of the patients was 65.3 + 12.6 years
Gender Female 39 31.5 . . R .
Malo o 685 (min 23, max 95). Fifty-nine (47.6%) patients were
A 65 5 47.6 aged <65 years, and 65 patients (52.4%) were older than
< . . .
& 65 years. Eighty-one (65.3%) of the 124 patients were smok-
>65 65 524 . . .
. . . ers, with an average smoking history of 20.8 + 13.5 packs/
Side Right hemithorax 82 66.1 . . . .
Left hemithorax » 558 year. Eighty-two (66.1%) patients had right-sided pneumo-
. . ’ thorax, 32 (25.8%) patients had left-sided pneumothorax,
Bilateral hemithorax 10 8.1 . .
and 10 (8.1%) patients had bilateral pneumothorax. Non-
Charlson 0 5 4.0 . . . [ .
Comorbidity 3 » invasive mechanical ventilation was performed in 13 (10.5%)
Index ’ patients, and invasive mechanical ventilation was performed
2 14 11.3 . .
3 . 07 in the other 111 (89.5%) patients. Tube thoracostomy was
4 y 19'4 performed in 113 (91.1%) patients, and 11 (8.9%) patients
5 9 19'4 were treated with oxygen therapy. The mean hospitalization
p 4 11'3 period was 23.7 +17.2 (min 1, max 120) days. Table 1 shows
' the clinical and demographic characteristics of the patients.
7 13 10.5 . .
g 9 73 The median lymphocyte value was 51.2 (min 2.4, max
9 5 1.6 2437). The median NLR was 16.6 (min 0.06, max 6284).
10 1 0.8 The median CRP value was 103.9 (min 2.4, max 372.2).
1 5 1.6 The median IL-6 value was 46.7 (min 4.8, max 3802). The
4 | 0.8 median SII value was 4234.7.
. ) ’ When the factors affecting the prognosis were evaluated,
Prognosis Medium 13 10.5 .. . . C
Seri " 90,5 no statistical difference was found in terms of the patient’s
erious . . .
sex, age or CCI. A high WBC count, pneumothorax in the
Treatment Tube thoracostomy 113 91.1 . . .
lied t right hemithorax and tube thoracostomy were associated
apphied to Oxygen therapy 11 8.9 3 . .
pneumotho- with a worse prognosis. Table 2 shows the factors affecting
rax the prognosis.
Table.Z Prognostic f?CtorS Variables Medium Serious p-value
affecting the prognosis of the
patient n % n %
Gender Male 11 84.6 74 66.7 0.187
Female 2 154 37 33.3
Age <65 8 61.5 51 45.9 0.284
>65 5 38.5 60 54.1
Pneumothorax side Right hemithorax 7 53.8 75 67.6 0.006
Left hemithorax 2 154 30 27
Bilateral hemithorax 4 30.8 6 5.4
Tube thoracostomy No 8 61.5 3 2.7 <0.001
Yes 5 38.5 108 97.3
CCI 0-3 3 23.1 31 279 0.711
>4 10 76.9 80 72.1
NLR Median 14.8 16.2 0.794
WBC Median 14.3 10.8 0.046
CRP Median 73.7 104 0.446
IL-6 Median 26.4 49.4 0.172
SII Median 3364 4148 0.893

CCI Charlson Comorbidity Index, NLR neutrophil-lymphocyte ratio, WBC white blood cell, CRPC-reac-
tive protein, /L-6 interlockin-6, SII Systemic Immune Inflammation Index, StD standard deviation
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The factors affecting pneumothorax-related mortality
were a CCI of 4 and above, elevated IL-6 level and elevated
NLR. The NLR was 16.9 in the patients who died versus
12.5 in those who survived (p=0.011). The IL-6 level was
53.4 in those who died as compared to 24.6 in the patients
who survived (p=0.017). Table 3 lists the prognostic factors
affecting mortality.

Discussion

In a previous study, 1-2% of COVID-19 patients developed
a pneumothorax [5]. In our study, between the pandemic
period of March 2020 and May 2021, 11,800 patients with
COVID-19 disease were admitted to the ICU in our hospital.
In accordance with the literature, a pneumothorax developed
in 124 (1.05%) of these patients during the hospitalization
period. Of these patients, 107 (86.3%) died. Smoking is an
important predisposing factor in the development of a pneu-
mothorax [6]. In the present study, 81 (65.3%) of the 124
pneumothorax patients were smokers. Seventy-eight (96.3%)
of these patients died, and 29 (67.4%) of 43 (34.7%) non-
smokers with a pneumothorax died (p <0.001). Thus, in the
present study, smoking was an important predisposing factor

in the development of a pneumothorax, in accordance with
the literature.

A pneumothorax may be secondary to a decrease in
lung compliance in patients who have respiratory distress
due to COVID-19 disease and who receive high positive
end-expiratory pressure (PEEP) therapy, in conjunction
with mechanical ventilation. COVID-19 disease is thought
to induce cellular adhesion between type 1 and type 2
pneumocytes, leading to alveolar damage and a pneumo-
thorax, depending on the inflammatory response of lung
parenchyma and resulting ischemic damage [7]. In our
study, we focused on patients with respiratory distress due
to COVID-19 pneumonia who developed a pneumothorax
during their time in the ICU. The pneumothorax occurred
in the right hemithorax, left hemithorax and bilaterally in
82 (66.1%), 32 (25.8%) and 10 (8.1%) patients, respec-
tively. Mortality was 100% in the bilateral hemithorax
cases. A pneumothorax may be more common in the right
lung because the infection in COVID-19 disease spreads
more easily from the right main bronchus, which is short
and thick, to the right lung, leading to a decrease in lung
compliance. In our study, 68 (82.9%) of 82 patients who
developed isolated right pneumothorax died, whereas 29
(90%) of 32 patients who developed isolated left pneumo-
thorax died. Thus, although a pneumothorax in the right

Table 3 Prognostic factors

; ; Variables No mortality Yes mortality p-value
affecting mortality
N (number of patients) % N (number of patients) %

Gender Male 14 824 71 66.4 0.187
Female 3 17.6 36 33.6

Age <65 11 64.7 48 44.9 0.13
>65 6 353 59 55.1

Cigarette Yok 14 824 29 27.1  <0.001
Var 3 17.6 78 72.9

Age (year) Mean+StD 59.5+17.2 66.2+11.6 0.142

Pneumothorax side Right 14 82.4 68 63.6 0.237
Left 3 17.6 29 27.1
Bilateral 0 0o 10 9.3

Tube thoracostomy No 2 11.8 9 8.4 0.651
Yes 15 88.2 98 91.6

CCI 0-3 9 529 25 234 0.011
>4 8 47.1 82 76.6

NLR Median 12.5 16.9 0.012

WBC Median 12.6 11.0 0.785

CRP Median 89.1 106.7 0.362

IL-6 Median 24.6 534 0.017

N Median 3174.2 4105.6 0.100

Prognosis Middle 4 235 9 8.4 0.059
Serious 13 76.5 98 91.6

CClI Charlson Comorbidity Index, NLR neutrophil-lymphocyte ratio, WBC white blood cell, CRP C-reac-
tive protein, /L-6: interlockin-6, SII Systemic Immune Inflammation Index, StD standard deviation
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hemithorax was more common than in the left hemithorax,
mortality was higher in the latter group. However, the dif-
ference was not statistically significant (p =0.237). The
prognosis in cases of a pneumothorax in the right hemitho-
rax was poorer than that in cases of a pneumothorax in the
left hemithorax and bilateral hemothorax, with a statisti-
cally significant difference (p =0.006). Based on a review
of the literature, there appear to be no data on the relation-
ship of sides with COVID-19 disease and pneumothoraxes.
Thus, our study can contribute to the literature in this area.

Previous studies reported that the development of a
pneumothorax is an important prognostic factor in patients
with COVID-19 disease [8—11]. In our study, 107 (86.3%)
of the 124 patients with a pneumothorax died. Based on
these data and in accordance with the literature, a pneu-
mothorax in patients with COVID-19 disease considerably
increases the risk of mortality.

Yang et al. [12] and Zumla et al. [13] found that the
inflammatory response is an important prognostic factor
in COVID-19 disease and that the occurrence of an inflam-
matory cytokine storm increases mortality in patients with
the disease. Wan et al. [14] stated that a cytokine storm
in patients with COVID-19 disease increased morbidity,
including severe complications, which increased the risk
of mortality in this patient population. In accordance with
the literature and based on our findings, we conclude that
an increase in IL-6 levels increased pneumothorax-related
mortality in patients with COVID-19 disease.

In a meta-analysis that included three studies on
patients with COVID-19 disease and a poor prognosis,
the authors reported a statistically significant increase
in WBC and IL-6 levels in COVID-19 patients who died
[15-17]. In our study, similar to the literature, although a
high WBC count in the early period had a significant effect
on the prognosis (p =0.0046), we detected no statistically
significant relationship between CRP and WBC levels and
mortality.

In previous studies, COVID-19 patients with a poor prog-
nosis had lymphocytopenia affecting CD4 + and CD8 +cells,
as well as an increase in the NLR due to a decrease in mono-
cytes and eosinophils and an increase in neutrophils [18, 19].
In our study, pneumothorax patients with a high NLR had
a higher mortality rate than those with a lower NLR. This
finding was statistically significant (p=0.012) and consistent
with the literature.

In a study on COVID-19 patients in Italy, Fois et al. [20]
reported decreased survival among patients with a high SII.
The SII is used as a prognostic marker in patients with sepsis
[21]. SII has also been shown to be associated with worse
survival in small cell lung cancer, hepatocellular carcinoma,
head and neck cancers, colorectal cancer and gastric can-
cer [22-26]. In the present study, there was no statistical
association between the SII and prognosis and mortality in

COVID-19 patients with a pneumothorax (p =0.893 and
p=0.100, respectively).

Recent studies reported the presence of SARS-CoV-2
viral RNA in pleural fluid samples taken from a chest drain
[27, 28]. To prevent such occurrences, the team that inserts
the chest tube and the team that manages the drain after chest
tube insertion should carefully apply COVID-19 protective
measures.

Limitations of the study

The main limitations of this study were its retrospective
nature and the small number of patients. In addition, this was
a single centre rather than a multi-centre study, the patients
were evaluated by more than one physician, it was not com-
pared with other pneumothorax patients, and the duration of
the study was short.

Conclusions

A pneumothorax is common during non-invasive and inva-
sive mechanical ventilation performed for adequate oxy-
genation in COVID-19 patients admitted to the ICU with
pneumonia. Pneumothorax-related mortality in this patient
population increases in accordance with the presence of a
cytokine storm (i.e. increased levels of inflammatory mark-
ers), an elevated CII and an increased NLR. In patients with
COVID-19 disease who receive invasive or non-invasive
mechanic ventilation, high PEEP levels should be avoided,
and inflammatory marker levels and the SII should be
closely monitored.
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