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ABSTRACT

Background: The clinical features and outcomes of mechanically ventilated patients with COVID-19 infection who
develop a pneumothorax has not been rigorously described or compared to those who do not develop a
pneumothorax.

Purpose: To determine the incidence, clinical characteristics, and outcomes of critically ill patients with COVID-
19 infection who developed pneumothorax. In addition, we compared the clinical characteristics and outcomes
of mechanically ventilated patients who developed a pneumothorax with those who did not develop a
pneumothorax.

Methods: This study was a multicenter retrospective analysis of all adult critically ill patients with COVID-19
infection who were admitted to intensive care units in 4 tertiary care centers in the United States.

Results: A total of 842 critically ill patients with COVID-19 infection were analyzed, out of which 594 (71%) were
mechanically ventilated. The overall incidence of pneumothorax was 85/842 (10%), and 80/594 (13%) in those
who were mechanically ventilated. As compared to mechanically ventilated patients in the non-pneumothorax
group, mechanically ventilated patients in the pneumothorax group had worse respiratory parameters at the
time of intubation (mean PaO:FiO, ratio 105 vs 150, P<0.001 and static respiratory system compliance: 30ml/
cmH30 vs 39ml/cmH;0, P = 0.01) and significantly higher in-hospital mortality (63% vs 49%, P = 0.04).
Conclusion: The overall incidence of pneumothorax in mechanically ventilated patients with COVID-19 infection
was 13%. Mechanically ventilated patients with COVID-19 infection who developed pneumothorax had worse
gas exchange and respiratory mechanics at the time of intubation and had a higher mortality compared to those
who did not develop pneumothorax.
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1. Introduction

Pneumothorax is a common complication of mechanical ventilation
during critical illness [1], and is an independent risk factor for mortality
in this setting [2-4]. Pneumothorax is known to complicate diffuse
pulmonary infections such as Pneumocystis jirovecii pneumonia and is
associated with increased mortality in patients with Human Immuno-
deficiency Virus infection [3,5]. Pneumothorax and other forms of
barotrauma are common in patients with acute respiratory failure
caused by two coronaviruses: Severe Acute Respiratory Syndrome
(SARS) and Middle East Respiratory Syndrome (MERS) [6,7]. Currently,
the Coronavirus Disease 2019 (COVID-19) pandemic has been a major
cause of respiratory failure and death worldwide. Several case reports
and series have described the occurrence of pneumothorax and pneu-
momediastinum in critically ill patients with COVID-19 pneumonia
[8-13]. Although a few recent studies have described the clinical fea-
tures and outcomes of COVID-19 patients who developed barotrauma,
including pneumothorax [14,15], the clinical features and outcomes of
these patients have not been systematically compared to mechanically
ventilated patients with COVID-19 who did not develop pneumothorax.
In this multicenter analysis, we described the incidence, clinical char-
acteristics, and outcomes of critically ill patients with COVID-19 who
developed pneumothorax during their intensive care unit (ICU) stay. We
also compared the clinical characteristics and outcomes of mechanically
ventilated patients who developed a pneumothorax with those of me-
chanically ventilated patients who did not develop a pneumothorax.

Materials and Methods: This study was a retrospective analysis of
all adult critically ill patients with COVID-19 who were admitted to the
ICU in 4 US tertiary care centers (Albany Medical Center, Albany, NY;
Stony Brook University Hospital, Stony Brook, NY; Westchester Medical
Center, Valhalla, NY and Froedtert Hospital, Milwaukee, WI) between
the dates of March 1st and July 31st’ 2020. This study was approved by
the Institutional Review Board of the respective institutions. Patients
with COVID-19 were identified by using institutional databases, and
patients with pneumothorax were identified by ICD-10 billing Code
(J93.9 or J93.83) or comprehensive chart review depending on the
institution. COVID-19 infection was diagnosed via real-time reverse
transcription-polymerase chain reaction from a nasopharyngeal swab.
Patients who developed an iatrogenic pneumothorax (e.g., from central
venous catheter insertion) were excluded from the pneumothorax group
and were included in the non-pneumothorax group. We compared the
clinical characteristics and outcomes of mechanically ventilated patients
who developed pneumothorax (cases) with those who did not develop
pneumothorax (controls). We selected control cases randomly from the
cohort of mechanically ventilated patients without pneumothorax in a
1:2 (case: control) ratio by using a random number generator.

Patient data collected included: a) Demographics: age, sex, race/
ethnicity; b) Comorbidities: coronary arterial disease, chronic pulmo-
nary disease, diabetes mellitus, hypertension and cancer; ¢) Admission
laboratory parameters: ferritin, procalcitonin, C-reactive protein (CRP),
and D-dimer levels; d) Level of respiratory support: high flow nasal
canula, non-invasive positive pressure ventilation, invasive mechanical
ventilation and extracorporeal membrane oxygenation (ECMO); e)
Radiographic findings of first pneumothorax: laterality of pneumo-
thorax, presence of tension pneumothorax and presence of pneumo-
mediastinum; g) Respiratory parameters before occurrence of
pneumothorax: Pao2/Fio2 (PF) ratio, positive end expiratory pressure
(PEEP), plateau pressure, peak pressure if plateau pressure was not
available, driving pressure (plateau pressure minus PEEP), tidal volume
and tidal volume per kilogram of ideal body weight, FIO2, static respi-
ratory compliance (tidal volume/driving pressure) or dynamic respira-
tory compliance (tidal volume/(Peak pressure-PEEP); h) COVID-19
treatment received: Remdesivir, therapeutic anti-coagulation, cortico-
steroids, and convalescent plasma; and i) Outcome: in-hospital mortal-
ity, ventilator-free days at day 28, ICU-free days at day 28 and hospital-
free days at day 28.
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We performed analyses to determine a) the incidence of pneumo-
thorax in critically ill patients with COVID-19 infection; b) the clinical
characteristics and outcomes of critically ill patients with COVID-19
infection who developed pneumothorax; and c) the in-hospital mortal-
ity, ventilator-free days at day 28, ICU-free days at day 28 and hospital-
free days at day 28 of mechanically ventilated patients with COVID-19
infection who developed a pneumothorax compared with those of me-
chanically ventilated patients who did not develop a pneumothorax.

1.1. Statistical analysis

Continuous variables were represented as mean, median and stan-
dard deviation. Statistical inference for continuous variables was done
by Mann-Whitney non-parametric test with significance accepted at
p<0.05. Categorical data were presented as frequencies and percentages
with inference by Pearson’s chi-square test or Fisher’s exact test if the
expected value in any cell was less than five. Kaplan-Meier Survival
curves were plotted to compare the in-hospital survival of COVID-19
patients with and without pneumothorax. Log rank test was used to
assess the difference between survival curves and chi-square test was
used to calculate difference of survival between two groups at 120 days.
Analysis was performed using Minitab (v.19.2020.1) and R (v.3.6.1)
statistical software.

2. Results

A total of 842 ICU patients with COVID-19 infection were admitted
to the ICU at the 4 participating institutions during the study period. Of
these, 594 (71%) required mechanical ventilation. A total of 85/842
(10%) patients developed a pneumothorax, out of which 2 patients
developed a pneumothorax after a central line insertion. After excluding
these 2 iatrogenic pneumothoraxes, the overall incidence of pneumo-
thorax in critically ill patients was 83/842 (10%) and in mechanically
ventilated patients it was 80/594 (13%). The vast majority of patients
who developed a pneumothorax were on mechanical ventilation (80/83,
96%). Of the three patients who developed a pneumothorax without
mechanical ventilation, one patient was receiving non-invasive positive
pressure ventilation, one patient was on high flow oxygen therapy, and
one patient was receiving ECMO without mechanical ventilation.
Remainder of the manuscript exclusively focuses on mechanically
ventilated patients.

2.1. Clinical characteristics of mechanically ventilated patients with
pneumothorax

The baseline clinical characteristics of mechanically ventilated pa-
tients who developed a pneumothorax are shown in Table 1. The mean
age of the cohort was 58 + 16 years, and 74% of the patients were male.
Chronic pulmonary disease was present in 11% of patients. Most pa-
tients (80%) received systemic corticosteroids for the treatment of
COVID-19 pneumonia, which was the most commonly administered
pharmacotherapy.

In the 80 mechanically ventilated COVID-19 patients who developed
pneumothorax, the majority (60/80, 75%) of the patients had one
episode of pneumothorax, however 20 patients had more than one
pneumothorax. Out of these 20 patients with multiple pneumothoraces,
17 were contralateral and 3 were ipsilateral compared to the initial
pneumothorax. In terms of the initial pneumothorax of each patient, the
majority were right-sided (40/80, 50%), followed by left-sided (23/80,
29%) and bilateral (17/80, 21%). Clinical evidence of a tension pneu-
mothorax was seen in 26/80 (32%) cases. Concurrent pneumo-
mediastinum was seen in 24/80 (30%) of cases. The majority 71/80
(89%) of the patients received tube thoracostomy for the management of
their pneumothorax, whereas the remainder 9/80 (11%) did not un-
dergo any intervention.

In the 80 patients who were mechanically ventilated and developed a
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Table 1
Clinical characteristics of mechanically ventilated patients with
pneumothorax (N = 80).

Variables Values
Age-Year; Mean (SD) 58 (16)
Sex- N (%)
Male 59 (74%)
Female 21 (26%)
Ethnicities- N* (%)
White 32 (51%)
Black 5 (8%)
Hispanic 23 (36%)
Asian 3 (5%)
Comorbidities- N (%)
>1 comorbidity 44 (55%)
Chronic pulmonary Disease 9 (11%)
Diabetes Mellitus 24 (30%)
Coronary Artery Disease 6 (8%)
Hypertension 23 (29%)
Cancer 10%)

Laboratory Values at admission; Mean (SD)
Ferritin (ng/mL) 2259 (2543)
C-reactive protein (mg/dL) 19 (13)
D-Dimer (mg/L) 6(12)

Procalcitonin (ng/ml) 1.3 (1.9)
Treatment received N (%)

Corticosteroid 64 (80%)

Convalescent Plasma 30 (38%)

Therapeutic anti-Coagulation 30 (38%)

* Ethinicity was missing in 17 patients.

pneumothorax, the pneumothorax occurred at a mean of 10 + 12 days
after initiation of mechanical ventilation. Table 2 describes the venti-
lator parameters recorded prior to detection of a pneumothorax. The
Pa0,/FiO2 (PF) was reduced (Mean = 117 + 77), and static respiratory
system compliance was low (Median = 24 + 15 ml/cmH30). The mean
tidal volume (TV) per kilogram (kg) of ideal body weight (IBW) recorded
before the occurrence of pneumothorax was higher than the 6 ml/kg
recommended for ARDS patients (Mean = 6.9 + 1.2) [16]. Mean plateau
pressure was 29 + 7 cmH20 and driving pressure was 18 + 6 cmH0.

Table 2
Respiratory parameters at the time of occurrence of first pneumothorax in
mechanically ventilated patients (N=80).

Ventilation information Value

Respiratory support- N (%)

Mechanical ventilation 80 (100%)

ECMO 6 (7%)
Ventilator parameters; Mean (SD)

Pao2/FI02 117 (77)
Tidal volume 451 (74)
TV/Kg of IBW 6.9 (1.2)
FiO2 83 (22)
PEEP 114
Peak pressure cm H20 (N = 59) 34 (7)
Plateau pressure cm H20 (N = 18) 29 (7)
Driving pressure cm H20 (N = 18) 18 (6)
Static Compliance ml/cm H20 (N = 18) 24 (15)
Dynamic Compliance ml/cm H20 (N = 59) 23 (11
Blood Gas; Median (SD)

PH 7.3 (0.1)
PaO2 87 (73)
PCO2 61 (23)
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2.2. parison of mechanically ventilated patients with pneumothorax and
without pneumothorax (case and control)

There were 80 mechanically ventilated COVID-19 patients who
developed pneumothorax. We randomly selected 160 mechanically
ventilated COVID-19 patients without pneumothorax to serve as con-
trols. The baseline characteristics of the two groups are listed in Table 3.
There was no significant difference in age, gender and COVID-specific
treatment received between two groups.

Fig. 1 displays the Kaplan-Meier Survival curve of in-hospital sur-
vival of COVID-19 patients with pneumothorax and without pneumo-
thorax. In this analysis, we assumed that those patients who were
discharged were alive at 120 days after the hospital admission. Survival
curves are not statistically different (log rank test; P = 0.55), although
survival at 120 days was statistically higher in non-pneumothorax group
as compared to pneumothorax group (chi-square test; p = 0.04). Overall,
mechanically ventilated patients with pneumothorax had significantly
higher in-hospital mortality as compared to patients without pneumo-
thorax (63% vs 49%, P = 0.04). Odds of in-hospital death were increased
nearly two-fold (OR 1.75; CI: 1.01 to 3.03) in those who had a
pneumothorax.

Mechanically ventilated patients who developed a pneumothorax
had fewer mean ventilator-free days at day 28 (2 vs 9, P<0.001), ICU
free days at day 28 (2 vs 6, P<0.001) and hospital free days at day 28 (1
vs 3, P<0.001) (Fig. 2 and Table 4).

Patients in the pneumothorax group had inferior gas exchange and
respiratory system mechanics compared to the non-pneumothorax
group as measured by the mean PF ratio (105 vs 150, P<0.001), static
respiratory system compliance (30 vs 39 ml/cm H20, P = 0.01), plateau
pressure (30 vs 23 cm H20, P<0.001), driving pressure (19 vs 14 cm
H20, P = 0.004) and peak pressure (31 vs 26 cm H20,P = 0.007)
measured at the time of intubation (Fig. 3). There was trend towards use
of higher tidal volume per Kg of IBW in patients with pneumothorax as
compared to non-pneumothorax (6.9 vs 6.7 ml/kg of IBW, p = 0.09).

Table 3
Clinical characteristics of mechanically ventilated patients with pneumothorax
and without pneumothorax group.

Variables Pneumothorax (N) Non- Pneumothorax P
=80 (N) =160 value*
Age-Year; Mean (SD) 58 (16) 61 (16) 0.08
Sex- N (%) 59 (74%) 101 (63%) 0.10
Male
Female 21 (26%) 59 (37%)
Ethnicities- N*** (%) 0.002%*
White 32 (51%) 54 (45%)
Black 5 (8%) 34 (29%)
Hispanic 23 (36%) 22 (18%)
Asian 3 (5%) 9 (8%)
BMI Mean (SD) 30 (8) 31(9) 0.50
Comorbidities- N (%)
One Comorbidity at 44 (55%) 106 (66%) 0.12
least
Chronic pulmonary 9 (11%) 26 (16%) 0.40
Disease
Diabetes Mellitus 24 (30%) 72 (45%) 0.04
Coronary Artery 6 (7.5%) 28 (17.5%) 0.04
Disease
Hypertension 23 (28.8%) 39 (24.4%) 0.50
Cancer 1(1.3%) 7 (4.4%) 0.27%*
Treatment- N (%)
Corticosteroid 64 (80%) 115 (71.9%) 0.23
Convalescent Plasma 30 (37.5%) 52 (32.5%) 0.53
Therapeutic anti- 30 (37.5%) 59 (36.9%) >0.99
Coagulation

ECMO: Extracorporeal membrane oxygenation; CPAP: continuous positive
airway pressure; HFNC: high flow nasal canula; Pao2: Partial Pressure of oxy-
gen; FIO2: Fraction of Inspired Oxygen; TV: Tidal Volume; IBW: Ideal body
weight; PEEP: Positive end-expiratory pressure; PCO2: Partial Pressure of Car-
bon Dioxide.

* continuous variables p value is from Mann-Whitney test; categorical variables
p value from chi-square or Fisher’s exact test (**) if any cell expected values is
less than five.

*** Ethnicity was not reported in 17 patients in pneumothorax group and 41
patients in non-pneumothorax group.
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Fig. 1. Kaplan-Meir Survival curve of in-hospital survival of patients with
COVID-19 infection. In this analysis, we assumed that those patients who were
discharged were alive at 120 days after the hospital admission. Red dotted
curve shows in-hospital survival of patients with pneumothorax and blue curve
represent in-hospital survival of patients without pneumothorax. Survival
curves are not statistically different (log rank test; P = 0.55), although survival
at 120 days was statistically higher in non-pneumothorax group as compared to
pneumothorax group (chi-square test; p = 0.04). (For interpretation of the
references to colour in this figure legend, the reader is referred to the Web
version of this article.)

Patients in pneumothorax group have significantly higher mean
Ferritin levels at the time of admission as compared to those without
pneumothorax (2259 vs 1496 ng/ml, P = 0.006) (Fig. 4). There was no
significant difference in the level of other inflammatory markers at the
time of admission.

30
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3. Discussion

In our analysis of 842 critically ill patients with COVID-19, the
incidence of pneumothorax was 10%. Pneumothoraces were almost
exclusively found in patients who were mechanically ventilated where
the rate of this complication was over 13%. Mechanically ventilated
patients who developed a pneumothorax as compared to mechanically
ventilated patients without a pneumothorax had greater severity of lung
disease as reflected by poorer oxygenation, lower respiratory system
compliance, and higher plateau pressure at the time of intubation. Me-
chanically ventilated patients with a pneumothorax had a higher in-
hospital mortality than mechanically ventilated patients who did not
develop a pneumothorax (63% vs 49%, P = 0.04).

Table 4
Outcome of mechanically ventilated patients with pneumothorax and without
pneumothorax.

Outcome Pneumothorax (N) Non-Pneumothorax P value
=80 (N) =160

Mortality N (%) 50 (62.5%) 78 (48.8%) 0.04

Number of days on 31 (23) 12 (13) <0.001
ventilator; Mean, SD

Number of ICU Days; 31 (22) 15 (13) <0.001
Mean, SD

Hospital Length of Stay; 42 (28) 21 (17) <0.001
Mean, SD

28 -ventilator free days; 2(5) 9(11) <0.001
Mean, SD

28 -ICU free days; Mean, 2 (6) 6 (9) <0.001
SD

28 -Hospital free days; 103 3(6) <0.001
Mean, SD

ICU: Intensive care unit * mortality p value from chi-square test; others from
Mann-Whitney test
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square symbol is the mean.

The present study is the largest to date describing the incidence,
patient characteristics, and outcomes of pneumothorax complicating
critical illness due to COVID-19 infection. Earlier small studies from
China reported an incidence of pneumothorax of approximately 1% in
all patients infected with COVID-19 [17,18]. A large multicenter study
involving 71,904 COVID-19 patients evaluated across 61 emergency
departments (ED) in Spain reported an overall pneumothorax incidence

at presentation of 0.56% [19]. In a subsequent study from the United
States, the incidence of barotrauma (presence of pneumothorax or
pneumomediastinum) was found to be 15% in mechanically ventilated
patients with COVID-19 infection [9], which is similar to what was
observed in our analysis. Previous reports in patients with severe acute
respiratory distress syndrome (SARS) coronavirus infection found that
the overall incidence of pneumothorax was 1.7% (6/356) [7] and was
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Fig. 4. Whisker plot comparing the laboratory values of pneumothorax and non-pneumothorax at the time of admission. Grey shaded rectangular box is the
interquartile range (IQR, the 25th to the 75th percentile), the horizontal line within the box is the median, the solid square symbol is the mean.

higher 12% (5/41) in those who were mechanically ventilated.

There are limited published data describing the outcomes of patients
with COVID-19 who developed pneumothorax. Recently, a large series
from the United Kingdom reported 60 cases of pneumothorax and 11
cases of pneumomediastinum in all patients with COVID-19 infection.
Overall in-hospital mortality was 37% as opposed to 63% in our cohort
[14] However, there is concern for selection bias in the UK study as cases
were collected based on the authors’ recall and collaboration via
internet media platforms such as Twitter. Moreover, fewer than half
(44%) of the patients in that study were mechanically ventilated and one
third of the patients were not intubated. A recent study compared the
outcome of non-intubated patients with COVID-19 infection, who pre-
sented to the Emergency Department with a pneumothorax to those
without a pneumothorax. Patients with pneumothorax were found to
have a 4-fold increase in risk of death as compared to patients who did
not have pneumothorax [19]. In an analysis based on thoracic imaging,
McGuiness and colleagues identified 89 patients with barotrauma
among 601 mechanically ventilated patients with COVID-19 infection
[15] for an overall barotrauma incidence of 15%. Among the 89 patients
who sustained barotrauma, there were 62 occurrences of a pneumo-
thorax and 45 occurrences of a pneumomediastinum. In that study,
barotrauma was associated with increased risk of death (OR = 2.2, P =
0.03). Similar to the McGuiness study, we found the odds of death to be
1.8 times higher in mechanically ventilated patients who developed
pneumothorax as compared to those who did not.

It is likely that pneumothorax is a marker of more severe COVID-19
induced lung disease. This conjecture is supported by our findings that
patients with pneumothorax had inferior gas exchange and respiratory
system compliance than their counterparts without pneumothorax.
Recent radiological studies have shown that COVID-19 infection is
associated with architectural distortion of lung parenchyma with cyst
formation [21,22], which may predispose the lung to the development
of pneumothorax. An additional cause of pneumothorax in patients
COVID-19 infection likely occurs because of barotrauma induced from

excessive positive pressure ventilation imposed on a lung that is already
structurally vulnerable. This is a known occurrence in mechanically
ventilated patients with other forms of ARDS. Support for this cause of
pneumothorax in our cohort includes that patients who developed
pneumothoraces were also receiving higher-than-recommended TV at
the time of intubation as well as before the occurrence of pneumothorax.
Such iatrogenic lung injury from suboptimal ventilator management
may have played a role in the development of pneumothorax in some
patients.

Our study had several limitations. First, neither COVID-19 manage-
ment nor ventilator management were standardized among the 4
participating centers. Second, the radiographic data were not analyzed
in detail. Third, this is a retrospective study, so we were not able to
record ventilator parameters in real time. Finally, the COVID-19
pandemic appears to have changed significantly over time in terms of
available therapy and outcomes [23,24]. It is possible that our results,
including the severity of lung disease and mortality, cannot be extrap-
olated to future critically ill COVID-19 infected patients. Nevertheless,
we suspect that our comparison between patients with and without a
pneumothorax will remain valid.

In summary, we found that 13% of critically ill patients with COVID-
19 infection who were mechanically ventilated developed a pneumo-
thorax. Patients who developed pneumothorax had evidence of severe
lung injury with poor gas exchange and low respiratory system
compliance. Those who developed pneumothorax appear to have
recieved higher tidal volumes per kilogram of IBW as compared to those
who did not develop a pneumothorax and these tidal volumes were
above those recommended for ARDS. Hospital length of stay and mor-
tality was higher in those who developed pneumothorax compared to
those who did not. These results suggest that the development of a
pneumothorax in a mechanically ventilated COVID-19 infected patient
is a poor prognostic sign. Although we did not establish causation, these
results also suggest that strict attention to accepted ventilatory strategies
for ARDS may be important in minimizing the likelihood of barotrauma
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and poor outcome in these patients.
4. Future directions

There is a need for a prospective study examining the development of
pneumothorax in mechanically ventilated patients with COVID-19
pneumonia. With careful attention to clinical, physiological and radio-
graphic parameters, such a study may improve our ability to identify
mechanically ventilated COVID-19 patients at high of development of a
pneumothorax. Furthermore, such a study may provide insights on how
to optimally manage mechanical ventilation in these patients.
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