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ARTICLE INFO ABSTRACT

Keywords: Cases of pneumothorax/pneumomediastinum have been reported in patients with severe acute respiratory
SARS-CoV-2 syndrome coronavirus 2 (SARS-CoV-2); however, the time to onset and hospital stay have rarely been studied.
COVID-19 Coronavirus disease 2019 (COVID-19) patients with these complications are described to determine the time to
Pneumothorax onset, associated comorbidities, and location and duration of pneumothorax. A search in PubMed yielded simple
Pneumomediastinum

frequencies and a bivariate analysis of deaths. There were 113 confirmed cases in 67 articles. The median time
from the date of hospital admission to the presence of pneumothorax was 8 days. Right hemithorax was the most
frequent form of pneumothorax. Almost half of the patients required intubation for invasive mechanical venti-
lation. Although the frequency of this phenomenon was not high among hospitalized patients with confirmed
SARS-CoV-2, it was high among those who developed acute respiratory distress syndrome (ARDS). This study
contributes to the literature because it presents a large number of patients who developed pneumothorax after
admission, which was characterized by clinical deterioration (dyspnea, tachypnea, pleuritic chest pain, and
subcutaneous emphysema) and low oxygen saturation levels. Pneumothorax/pneumomediastinum is recom-
mended as a differential diagnosis, even without considering the presence of chronic pulmonary comorbidities or
invasive mechanical ventilation.

1. Background and outcomes.

One year after coronavirus disease 2019 (COVID-19) was declared a 2. Materials and methods

pandemic, the understanding of the range of clinical respiratory mani-

festations as well as those in other organs and systems, including both
acute manifestations and sequelae, is continuing. Within the respiratory
system, the most common manifestation has been the development of
pneumonia, often characterized as bilateral and involving the periphery
toward the center with marked leukopenia and lymphopenia [1].
Similarly, COVID-19 cases with pneumothorax and pneumo-
mediastinum at hospital admission have been reported, which pose a
diagnostic and therapeutic challenge. Therefore, the present study an-
alyzes the published case reports of patients affected by COVID-19 who
presented with these complications to determine the time of onset,
associated comorbidities, location and duration of the pneumothorax,

2.1. Origin and selection of studies

A PubMed search was performed with the following search terms on
February 27, 2021: COVID and pneumothorax. Articles that were case
reports and case series were selected (Fig. 1). Articles and case de-
scriptions with as much information as possible were selected for anal-
ysis; therefore, not all case studies were selected [2-68]

2.2. Variables recorded

A database was constructed to store the following information:
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Fig. 1. Flow diagram.

country, age, sex, clinical manifestations, underlying diseases, time to
onset, duration and location of the pneumothorax, length of hospital
stay (days), and outcome.

2.3. Statistical analysis

The analysis was performed using simple descriptive statistics, as
well as the t-test for two independent samples, the Wilson score for
continuity correction for population size proportions, Hartley’s test to
assess the homogeneity of variance, and bivariate analysis to estimate
risks using Open Source Epidemiological Statistics for Public Health
software [69].

3. Results

A total of 113 laboratory-confirmed COVID-19 cases in 22 countries
were identified, and the highest proportions of reported cases were in
the United States of America (47/113, 41.6%), China (19/113, 8.8%),
and Mexico (3,113, 2.7%).

Pneumothorax associated with COVID-19 was more common among
men (92/113, 81.5%; 95% CI 73.26-87.51, p < 0.001). The median age
was 57.0 years (IQR = 21.0, 22 to 90); the median age was 57.0 years
(IQR =19.5, SD = 14.1) among women and 56.5 years (IQR = 22.3, SD
= 14.7) among men, with no significant difference between men and
women (p = 0.887). The median number of days between the date of
hospital admission and the presence of pneumothorax could be deter-
mined in 110 of the 113 cases (8 days, 0 to 54, IQR = 15.0, SD 10.2). Sex
was a factor in the time of onset of pneumothorax; among women, the
median time was 2 days, and among men, the median time was 9 days (p
= 0.001), with unequal variance (p = 0.0412). In 70 patients, the
presence of pneumothorax was identified at least 1 day after the date of
admission (mode, 11 days). Initially, clinical and imaging signs of
pneumonia were documented in these patients, and subsequently, at
least some of the following signs and symptoms appeared: pleuritic chest
pain, subcutaneous emphysema, and low levels of oxygen saturation;
thus, new imaging data were warranted.

The most frequent comorbidities were systemic arterial hypertension
(27.4% with 31 patients), 20 persons with overweight/obesity (17.7%
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(95%CI 1.7-25.7), 19 cases with diabetes mellitus (16.8%, 95%CI
11.0-24.7), and 15 patients with smoking (13.3%, 95%IC 8.2-20.8).
The following diseases were recorded only in women: upper gastroin-
testinal bleeding, meningioma, hypothyroidism, and sarcoidosis. Re-
cords of underlying disease were lacking in 45 patients; in additive
terms, a quarter of the patients presented 1 comorbidity (28 patients),
15.9% presented 2 underlying diseases (18 patients), 13.3% presented 3
underlying diseases (15 patients), 4.4% presented 4 underlying diseases
(5 patients), and 1.8% presented 6 underlying diseases (2 patients).

Regarding clinical manifestations, 22 clinical data points were re-
ported, and the most frequent were dyspnea in 93 patients (82.0%, 95%
CI 74.3-88.3), fever in 69 patients (61.1%, 95% CI 51.9-69.5), dry
cough in 65 patients (57.0% CI 95% 48.3-66.2), chest pain in 39 pa-
tients (34.5%, 95% CI 26.4-43.6), and 32 patients subcutaneous
emphysema (28.3%, 95% CI 20.8-37.2).

Regarding the diagnostic imaging methods, chest radiography was
used in 67 cases, and computerized axial tomography was used in 61
cases. Among the imaging findings, 11.5% (95% CI 5.7-21.8) of the
patients had bullae, and 36 patients had pneumomediastinum (31.8%,
95% CI 23.9-40.9). Regarding the location of the pneumothorax, the
right side was the most predominant location and was observed in 43
patients (38.1%, 95% CI 29.6-47.3), with the left side predominant in
28 patients (24.8%, 95% CI 17.7-33.5), and bilateral pneumothorax was
observed in 23 patients (20.4%, 95% CI 13.9-8.7); however, in 4 pa-
tients, the pneumothorax started ipsilaterally (3 right and 1 left) and
subsequently covered both lungs. For 13.3% of cases, the affected side
was not specified. Ipsilateral right pneumothorax was predominant in
both men and women. Almost half of the patients required intubation for
invasive mechanical ventilation (47.8%, 95% CI 38.8-56.9). Pneumo-
thorax management occurred through the usual surgical treatment is
pleurostomy, and imaging controls were used to remove the installed
probe. The duration of the pneumothorax could be determined in 58
patients, either by imaging or by tube removal, with a median of 6.5
days (1-92 days, IQR = 14.0, SD = 16.1). The median time until reso-
lution was 14 (2-25) days (p = 0.0178) in 12 women, and that for 48
men was 5.5 (1-92) days. The duration of hospital stay was obtained for
60 patients, with a median of 19.5 days (1-97, IQR = 23.5, SD = 20.3),
and was longer for men (22 vs 14 days, p = 0.042).

Healthcare-associated infections were documented in 7 patients,
including 5 of bacterial origin and 2 cases of fungemia.

The reasons discharge was mentioned for 79 patients; for 51 patients,
discharge resulted from improvement (64.6%), and 26 patients died
(32.9%). Although the median age was higher among the deceased
group, there was no statistically significant difference between patients
who died and those discharged because of improvement (median 59 vs.
54 years, p = 0.139). When considering all cases, the mortality rate was
23% (26 deaths).

Three patients, 2 from Italy and 1 from India, presented resolution of
the pneumothorax, and subsequently, a new event occurred on the same
affected side, with 1, 3, and 28 days between each episode.

In the bivariate analysis, patients who received mechanical ventila-
tion had a 72-fold higher risk of dying than nonintubated patients (OR
73.08, 95% CI 8.989-594.1, p < 0.001). Patients with pneumo-
mediastinum were twice as likely to die (OR 3.007, 95% CI 1.062-8.512,
p 0.044), while >7 days of pneumothorax evolution had no influence on
death (OR 0.9018, 95% CI 0.2444-3.258, p < 0.877).

4. Discussion

There were 113 confirmed cases of pneumothorax or pneumo-
mediastinum in 67 reports, and the median time from the date of hos-
pital admission to the presence of pneumothorax was 8 days. However,
determining the interval from the date of symptom onset was not
possible due to the absence of data in the publications. The presentation
of progressive deterioration of respiratory function in people with severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection has
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been linked to the presence of spontaneous pneumothorax and/or
pneumomediastinum in isolated or associated form. Similarly, the
development of pneumothorax is predominant in men, older adults, and
those with a history of chronic lung disease, smoking, or invasive me-
chanical ventilation [70,71]. In the present compilation, male sex and
age older than 50 years were consistent with the findings of other studies
[70-72]. Although the presence of pneumothorax is more common in
patients under invasive mechanical ventilation with acute respiratory
distress syndrome (ARDS), advanced ventilatory management requires
great expertise in the management of ventilatory parameters, as it can
promote the formation of cysts and emphysema [75]. The mechanical
effect of the persistence of pronounced cough most likely contributes to
the development of pneumothorax and pneumomediastinum [74].

The description of the clinical picture was indicative of patient
symptoms, with the most frequent being dyspnea, dry cough, and fever;
therefore, these symptoms composed the operational definition of a
suspected case of viral respiratory disease in Mexico [76], although
these complications were not considered for epidemiological surveil-
lance. Likewise, these clinical manifestations were reported in a
case-control study [77].

Regarding comorbidities, although varying marginally in terms of
percentage, systemic arterial hypertension and diabetes mellitus coin-
cided among patients with SARS-CoV-2 [78]. Overweight/obesity was
present in 17.7% of patients; therefore, it was assumed that the
remaining patients had a normal weight, indicating that pneumothorax
is more common in thin and tall people because they have a higher
pressure gradient in the pulmonary vertices and that alternate routes of
air leakage are present due to alveolar ruptures of the interstitium.

Regarding the presentation of hemithorax, 38.1% were on the right
side, which is likely related to anatomical conditions at the level of the
tracheal bifurcation, where the right bronchus is more vertical and
shorter than the left. The median hospital stay was 19.5 days; among
patients with COVID-19, barotrauma was associated with a longer
hospital stay (25 days versus 18 days for patients who did not present
this complication) [78]. Similarly, barotrauma is an independent risk
factor for death in COVID-19 [79]; the effect of barotrauma is evident in
this disease, barotrauma occurred in 0.5% of patients who had invasive
mechanical ventilation for reasons other than COVID-19 and in 10% of
patients who had ARDS during the period from 2016 to 2020 [79], what
represents the challenge for the care of the patient in life support.

Pneumothorax is one of the main causes of ARDS, which increases
the probability of dying. The challenge of pneumothorax in patients
infected with SARS-CoV-2 is that despite ventilatory care and adminis-
tration of neuromuscular blockers, patients still present a high frequency
of pneumothorax [78,80]. This high frequency occurs because patients
with SARS-CoV-2 require high positive end-expiratory pressure (PEEP).
When compiling the cases, it was evident that if a patient presented with
pneumomediastinum, the probability of dying increased; this finding
differed from that of a series of 71 cases in 16 centers, where no dif-
ference was found [72].

Wang, in a series of 248 COVID-19 cases, reported that 2% of patients
presented pneumothorax, which increased to 80% when ARDS was
present; therefore, in that series, 80% of patients died [71]. The presence
of pneumothorax with COVID-19 was diagnosed in 92% of patients who
underwent invasive mechanical ventilation and in 13.72% of those who
presented ARDS [78]; as well as in a multicenter retrospective analysis
of all adult critically ill patients with COVID-19 infection, the overall
incidence of pneumothorax in mechanically ventilated patients with
COVID-19 infection was 13% [81]. In a retrospective study in China,
pneumothorax occurred in 1% of patients [14]. In this study, pneumo-
thorax occurred in 47.7% of those who required this invasive approach.
Therefore, the differences in results are based on the method used to
estimate disease frequency. COVID-19-related pneumothoraxes are
associated with prolonged hospitalization, but in this case series, this
phenomenon was not observed. Furthermore, the onset of pneumo-
thorax that occurs after admission suggests a sustained period of lung
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inflammation with extensive parenchymal injury and likely a severe
course of COVID-19 infection.

Of the total cases, 7 presented healthcare-associated infection,
mainly by bacteria and less frequently by fungi. Although the median
hospital stay was 19.5 days, patients underwent invasive therapeutic
methods, even though the collection of biological samples for respira-
tory microbiological cultures was decreased due to the risk of generating
aerosols in hospital units. Therefore, the presence of infection is likely
underestimated, especially due to the damage caused primarily by the
virus, which promotes additional bacterial infections [8] and the for-
mation of fibromyxoid exudates [73]. Likewise, the presence of pneu-
mothorax has been associated with the appearance of pneumatoceles
and bullae related to pneumonia, which are usually not observed in the
early stages of the disease [56].

The limitations of this study were related to data collection,
including the date of symptom onset and patient outcome. Although it
was not possible to determine the time between the date of symptom
onset and the appearance of pneumothorax in the present compilation,
Zantah et al. documented this parameter in their report of 6 cases
(median, 12 days) [67]. In a series of cases in China, the interval be-
tween dyspnea and pneumothorax ranged from 15 to 40 days, without
any patient having chronic pulmonary comorbidities [71]. Other limi-
tations include the inability to obtain the duration of the pneumothorax,
length of hospital stay, and outcome at discharge from the hospital. For
example, Chong found that the time to pneumothorax diagnosis was
approximately 9.0-19.6 days from admission [82]. However, that study
had the same limitation, the inability to determine the date of symptom
onset. Additionally, in our study of 70 patients, the presence of pneu-
mothorax was identified at least 1 day after the date of admission.
Although the frequency of this phenomenon was not as high among
hospitalized patients confirmed with SARS-CoV-2, it was high among
those who developed ARDS. Therefore, this study contributes to the
literature because it presents a large number of patients who presented
pneumothorax after admission, which is characterized by clinical dete-
rioration (dyspnea, tachypnea, pleuritic chest pain, and subcutaneous
emphysema) and low oxygen saturation levels. In addition, the articles
published in this clinical series show the importance of recording events
based on the date of symptom onset will result in an increased under-
standing of the natural history of the disease. Another limitation was
that some mildly symptomatic COVID-19 patients with undiagnosed
pneumothorax could have been advised to remain at home during the
outbreak due to the fear of further COVID-19 transmission during hos-
pitalization and exhaustion of the current healthcare system; this again
emphasizes the importance of knowing the date of symptom onset.
Third, most of the published studies that we reviewed were in English.
Finally, we recommend pneumothorax as a differential diagnosis in
patients with SARS-CoV-2 infection, even without considering the
presence of chronic pulmonary comorbidities or invasive mechanical
ventilation. Finally, men and older adults, in particular, are the most
likely to present pneumothorax.
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