
Abstract 

Spontaneous pneumothorax (SP) is a rare complication of
COVID-19 pneumonia; it affects both intubated and non-intubat-
ed patients. The pathogenesis includes barotrauma and pneumato-

cele formation. In the following article, we present case series of
18 patients with COVID-19 associated pneumothorax - a detailed
demographic and clinical analysis were performed. The study
revealed that men were more affected than women, especially
above the age of 55 years; whilst, the distribution of intubated
patients and those with spontaneous breathing were equal.
Importantly, tube thoracostomy was the preferred method of treat-
ment. The lethal outcome was observed in all patients on mechan-
ical ventilation, due to the severe course of the underlying disease.
The occurrence of pneumothorax in patients with COVID-19 is
associated with poorer outcome of the disease, especially in those
placed on mechanical ventilation.

Introduction

At the end of 2019, a new coronavirus serovar, SARS-CoV-2,
which is associated with clusters of severe pneumonia was identi-
fied in Wuhan, China. On 11th February 2020, the World Health
Organization (WHO) named the new coronavirus disease,
COVID-19. A month later, a rapid increase in the number of
infected individuals along with new outbreaks in various parts of
the world declared COVID-19 a pandemic. By the end of 2020,
there were approximately 79 million confirmed cases worldwide
with over 1.5 million deaths [1,2]. 

The principal lung presentation of COVID-19 is interstitial
pneumonia, where one of its complications is spontaneous pneu-
mothorax (SP). It is reported to be a rare event registered in less
than 2% of patients with COVID-19 that require hospitalization
[3,4]. The medical literature consists mainly of case reports [5-7].
The largest study about the current topic comprises 60 cases with
COVID-19 and pneumothorax [8]. 

Here, we report the largest case series in Bulgaria of COVID-
19 related pneumothorax including non-intubated and intubated
patients. Our study aims to analyze the demographic and clinical
characteristics of a small cohort of patients with spontaneous
pneumothorax associated with COVID-19 pneumonia. 

Materials and Methods

This retrospective study included 18 patients with COVID-19
pneumonia and pneumothorax hospitalized in the University
Hospital “Sveti Georgi”, Plovdiv, Bulgaria for the period October
to December 2020. Patients with COVID-19 and iatrogenic pneu-
mothorax, due to central venous catheterization, were excluded.
This study was conducted in accordance with Good Clinical
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Practice guidelines and ethical principles stated in the Declaration
of Helsinki. We evaluated the patient demographic characteristics:
the affected side, the size of the pneumothorax, the comorbidities
and the breathing mode. The imaging method of choice was con-
ventional chest radiography. We evaluated the treatment methods,
complications and outcome. In addition, the average duration of
the chest drainage and the average hospital stay were assessed. All
statistical analyses were conducted in SPSS v.19 (SPSS, Chicago,
IL, USA). Pearson’s Chi-squared or Fisher’s exact 2-tailed tests
were used for the analysis of categorical data, while continuous
variables were analyzed using Student’s t-test; p-values <0.05
were considered to be statistically significant.

Results

Demographic characteristics of the patients
In our study, we included 18 patients with COVID-19 pneumo-

nia and pneumothorax: 11 (61.1%) were males and 7 (38.9 %)
females. Pearson’s Chi-square test showed that there were no sta-
tistically significant differences regarding the gender structure

(p>0.05, Chi-square=0.89). The registered mean age in the group
was 67.83±3.5 years. The patients were divided into four age
groups. The first (0-35 years) was presented by 1 male patient; the
second group (36-55 years) consisted of 2 males and no females;
the biggest group (56-75 years) had 5 (50%) male and 5 (50 %)
female patients. Finally, the last group (over 75 years) was present-
ed by 3 (60%) males and 2 (40%) females. Тhere were no statisti-
cally significant differences (p>0.05) in gender and age structures
of the group (Table 1).

Localization and size of the pneumothorax
Pneumothorax affected the right side of 10 patients (55.6%),

the left side of 6 patients (33.3%) and bilateral in 2 of the cases
(11.1%). Pearson’s Chi-square test showed that there was no statis-
tically significant difference (p>0.05, Chi-square=5.33) regarding
the localization. According to the size of the pneumothorax, we
divided the patients into four groups measuring the distance
between the visceral pleura of the collapsed lung and the thoracic
wall at the level of the lung hilum (British Thoracic Society guide-
lines) [9]. For that purpose, we used conventional chest X-ray.
Small pneumothorax (<2 cm) was registered in 3 (16.7%) of the
patients, whilst large pneumothorax (>2 cm) in 10 (55.6%). A total
collapse of the lung was observed in 2 (11.1%) of the patients and
3 (16.7%) had tension pneumothorax with shifted mediastinum.
There was a statistically significant difference regarding the size of
the pneumothorax in the group (p<0.05, Chi-square=9.11). Most of
the patients presented with large pneumothorax (Figure 1).

Comorbidities and breathing mode
Among the patients with COVID-19 and pneumothorax, 12 had

arterial hypertension (66.7%), 2 had diabetes mellitus (11.1%), 1 had
atrial fibrillation (5.6%) and 3 had no other comorbidities (16.7%).
Pearson’s Chi-square test showed a statistically significant differ-
ence (p<0.05, Chi-square=17.11) regarding the comorbidities’ distri-
bution. Arterial hypertension was predominant in the group.

The patients aged between 56-75 years were the most affected,
followed by those aged over 75 years. All of them had other
comorbidities.
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Table 1. Demographic and clinical characteristics of the patients
with pneumothorax and COVID-19.

Total (n)

Gender
Male         11
Female     7
Age group      Male     Female      Total
0-35 years     1      -  1
36-55 years   2   - 2
56-75 years   5           5          10
>75 years      3      2      5
Side affected
Right        10
Left       6
Bilateral       2
Size
Small <2 cm         3
Large >2 cm      10
Total collapse      2
Tension pneumothorax       3
Other comorbidities
No comorbidities             3
Arterial hypertension     12
Atrial fibrillation           1
Diabetes mellitus            2
Breathing mode
Intubated and ventilated          9
Spontaneous        9
Management
Chest drain     17
VATS pleurodesis         1
Complications
Persistence of pneumothorax        5
None        13
Outcome
De-hospitalized        5
Death       13

Figure 1. Large right-sided pneumothorax (>2 cm) in a patient
with COVID-19.
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9 (50%) of the patients were with spontaneous breathing, 8
were males and only 1 was female. 9 (50%) were intubated and
ventilated (including the tracheostomised): 6 females and 3 males.
All of them were placed on pressure-controlled ventilation (peak
pressure <30 cm H2O, PEEP > 10 cm H2O). Our case series sug-
gested that most of the female patients with COVID-19 and pneu-
mothorax were on mechanical ventilation.

Management, complications and outcome
In the present study, tube thoracostomy was performed in 17

patients (94.4%) and video-assisted thoracoscopic surgery with
pleurodesis in 1 (5.6%). The persistence of pneumothorax as a
complication was observed in 5 patients (27.8%), all of whom
were on mechanical ventilation. In these cases, the insertion of
additional chest tube was performed. The lethal outcome was reg-
istered in 13 patients (72.2%) - 6 men and 7 women. 5 of the
patients (all men) were discharged. The highest mortality rate was
registered in the age groups 56-75 years (7 cases) and over 75
years (5 cases). The Pearson’s test showed that there was no statis-
tically significant difference in the patients’ age distribution
regarding the disease outcome (p>0.05, Chi-square = 3.56).

The mean duration of the thoracic drainage in the group was
7.3 days. The registered mean hospital stay was 11.1 days.

Discussion

Pneumothorax is characterized as a serious but relatively rare
complication in patients with COVID-19. It has been reported in 1%
of the hospitalized patients, in 2% of those in the ICU, and in 1% of
those who have died from the infection. Chen et al. described only 1
case out of 99 confirmed patients, whilst Yang et al. found only one
with pneumothorax out of 92 autopsied patients [3,10,11]. 

The major pathogenetic mechanism of pneumothorax in
patients with COVID-19 is due to diffuse alveolar damage caused
by the virus itself. It leads to alveolar rupture followed by intersti-
tial emphysema and the formation of pneumatocele.
Multinucleated syncytial cells and atypically enlarged pneumo-
cytes are observed in the alveolar spaces as a result of the viral
cytopathic effect. Pneumocyte desquamation and formation of
hyaline membranes that are associated with acute respiratory dis-
tress syndrome may also be detected. Rupture of the pneumatocele
leads to pneumothorax. This can occur in both non-intubated
patients due to severe cough as a possible cause. In addition, those
on pressure-controlled mechanical ventilation as a result of the
positive pressure barotrauma [12-15]. 

A detailed study of COVID-19 associated pneumothorax was
performed by Martinelli et al. [8] who followed up 60 patients.
They found that it was 3 times more common in men and mainly
right-sided. In addition, it was more common after the age of 50.
Both patients on mechanical ventilation and those with sponta-
neous breathing were almost equally affected, but the survival rate
in the first group was lower. As a therapeutic method of choice, the
authors suggested the placement of a chest drain [8].

In our study, we present the largest case series of pneumotho-
raxes associated with COVID-19 in Bulgaria. All data were col-
lected for the period October-December 2020; during that time,
Bulgaria registered the year’s highest infection rate. In our group,
males were more affected than females, which is consistent with
the demographics of pneumothorax. Moreover, there was a severe
course of COVID-19 in men. SP was more common in the age
group 56-75 years; these patients were more likely to have another

underlying lung disease. It was noted that the right side was more
affected and that most cases were presented with large (>2 cm)
pneumothorax. 

The principal therapeutic method of choice in more than 90%
of our patients was tube thoracostomy. It was technically easy to
perform, even at the patient’s bedside. This was of particular value,
especially in patients placed on mechanical ventilation. In 5 of the
ventilated patients, the persistence of pneumothorax was observed
on the control X-ray 24 h after the initial drainage, which was
explained by the persistent alveolar permeability and active
inflammation of COVID-19. Unfortunately, lethal outcome was
observed in all intubated patients and was primarily because of the
severe course of the underlying lung disease. The probable mech-
anism of pneumothorax in these cases was barotrauma, as well as
the diffuse alveolar damage from the virus which led to the forma-
tion of interstitial emphysema and pneumatocele. The data in our
study were similar to those reported by Martinelli et al. [8]. The
design of our study does not include follow-up of the discharged
patients. 

The outcome in patients with COVID-19 pneumonia and pneu-
mothorax reported in our study as well as other authors was
dependent on the severity of the underlying lung injury and the
impaired gas exchange. High-volume surgical interventions are
recommended for this to be avoided. Thus, the placement of a
chest drain should be a therapeutic method of choice, even if it is
for a longer period (15-20 days) [16-20]. 

Conclusions

We investigated the demographic and clinical features of a
small cohort of patients with pneumothorax associated with
COVID-19 pneumonia. Our results suggested that the occurrence
of pneumothorax is a serious complication, which is related to a
poorer outcome of the disease and a high mortality rate in ventilat-
ed patients. Further investigations on that problem are warranted.
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