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Background and Objectives: Spontaneous pneumothorax (SP) and spontaneous pneumo-
mediastinum (SPM) have frequently been cited as complications associated with coronavirus 
disease 2019 (COVID-19) pneumonia, with especially poor prognosis in mechanically 
ventilated patients. The current literature is controversial regarding the potential risk factors 
for developing SP or SPM (SP-SPM) in non-ventilated COVID-19 patients. Our research 
addressed a twofold objective: (a) to investigate the characteristics of patients with SP-SPM 
(both with and without COVID-19) and compare them to patients with sole COVID-19; (b) 
to quantify the risk of in-hospital mortality associated with SP-SPM and COVID-19.
Patients and Methods: A retrospective case–control study was conducted in the emer-
gency departments (ED) of two tertiary hospitals in Timisoara, Romania, over one year (1st 
April 2020‒31st March 2021; 64,845 records in total) and 70 cases of SP-SPM were 
identified (both SARS-CoV-2 positives and negatives). The control group comprised 
COVID-19 patients with no SP-SPM, included at a 2:1 ratio. Logistic regression was 
employed to quantify the in-hospital mortality risk associated with age, SP-SPM, and 
COVID-19.
Results: SP-SPM and COVID-19 were connected with prolonged hospitalization, a higher 
percentage of intensive care admission, and a higher mortality. SP-SPM increased the odds of 
death by almost four times in patients of the same age, gender, smoking status, and SARS- 
CoV-2 infection: OR = 3.758, 95% CI (1.443–9.792). Each additional year of age added 
9.4% to the mortality risk: OR = 1.094, 95% CI (1.054–1.135).
Conclusion: ED physicians should acknowledge these potential risks when attending 
COVID-19 patients with SP-SPM.
Keywords: case–control study, in-hospital mortality, chest pain, dyspnea, chest CT, COVID-19

Introduction
Spontaneous pneumothorax (SP) and spontaneous pneumomediastinum (SPM) are 
potential complications of some pulmonary disorders, such as chronic obstructive 
pulmonary disease (COPD), tuberculosis, lung cancer, and Pneumocystis jirovecii 
pneumonia.1 They are also frequently reported in mechanically ventilated patients 
with acute respiratory distress syndrome (ARDS) and severe acute respiratory 
syndrome–coronavirus 2 (SARS-CoV-2) infection, which was first reported in 
Wuhan, Hubei Province, China, in December 2019.2–5
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The incidence of SP or SPM (SP-SPM) in patients with 
COVID-19, the respiratory disease caused by SARS-CoV- 
2, is currently unknown. A large study by Miró et al6 

reported a small number of patients with SP and 
COVID-19, with an incidence of less than 1‰. Other 
retrospective studies on patients with COVID-19 sug-
gested that pneumothorax occurred in 1% of patients 
requiring hospital admission, 2% of those requiring inten-
sive care unit (ICU) admission, and 1% of those dying of 
the infection.7 A systematic review recently published by 
Chong et al8 highlighted a low incidence of pneumothorax 
in hospitalized COVID-19 patients (0.3%), but that 
increased to 12.8‒23.8% for those who were mechanically 
ventilated.

Ekanem et al documented an SP rate of 1.4% in 
COVID-19 associated infection, with a strong male 
predominance,9 confirmed by Greenberg et al in a more 
recent study.10 These two studies included patients who 
were both non-ventilated and mechanically ventilated 
before being diagnosed with pneumothorax.

Regarding the risk of COVID-19 patients developing 
SP-SPM, Chong et al reported no connection with age, 
active smoking status, or pre-existing lung disease.8 

Several reports showed a higher severity and worse out-
come in patients with SP-SPM associated with SARS- 
CoV-2.6,8,11 It correlated with the severity of lung damage, 
rather than with the magnitude of SP-SPM.12–14 However, 
a multicenter retrospective case study by Martinelli et al7 

challenged these findings, reporting an overall survival 
rate of 63.1% in patients confirmed with COVID-19 
and SP.7

We conducted a one-year review of the medical records 
in the emergency departments (ED) of two tertiary hospi-
tals: Emergency Clinical Municipal Hospital and “Pius 
Brinzeu” Emergency Clinical County Hospital, both teach-
ing hospitals affiliated with Victor Babes University of 
Medicine and Pharmacy in Timisoara. The aim of our 
retrospective research was twofold: (a) to investigate the 
characteristics of patients with SP-SPM (both with and 
without COVID-19) and compare them to patients with 
sole COVID-19; (b) to quantify the risk of in-hospital 
mortality associated with SP-SPM and COVID-19.

Patients and Methods
Study Design and Patients
The study design followed a retrospective case–control 
protocol: a review was carried out on 64,845 electronic 

medical records (EMRs) of patients admitted to the two 
EDs between 1st April 2020 and 31st March 2021. 
Seventy cases of SP-SPM were identified in the hospitals’ 
computer systems through keywords-based automatic 
search. The results were then manually double-checked 
for compliance with the inclusion criteria and complete-
ness of the essential required EMR data. They comprised 
the case group. For each case, two controls were included 
from consecutive patients admitted with SARS-CoV-2 
infection at the same ED, immediately before (one) and 
after (one) the case patient. In the situation of two or more 
consecutive cases, the allocation was adjusted accordingly, 
keeping the same ratio of 2:1 between controls and cases. 
We assumed this approach would compensate for the 
effects of variability in pandemic waves’ severity, ED 
crowding, shortage of medical personnel and other 
resources, and even the effects of medical professionals’ 
burnout; it would also assure the comparability of the 
groups regarding other unknown or unforeseen factors.

Starting in March 2020, the hospital admittance proto-
cols required all patients to undergo chest-imaging (either 
X-ray or computed tomography) and a reverse transcrip-
tion–polymerase chain reaction (RT–PCR) test for SARS- 
CoV-2 infection, irrespective of symptoms or diagnosis. A 
confirmed COVID-19 hospital encounter was defined 
under the diagnosis code U07.1 of the International 
Classification of Diseases, 10th Revision, Clinical 
Modification (ICD–10–CM) upon the patient’s discharge 
from hospital. An encounter of SP–SPM was defined 
under the diagnosis code J93.11 (SP) or J98.2 (SPM) 
upon discharge.

The case group had the following inclusion criteria: 
aged 18 or older; presence of pneumothorax or pneumo-
mediastinum on chest radiography or computed tomogra-
phy (CT); RT-PCR test performed for SARS-CoV-2 
infection. The exclusion criteria were as follows: aged 
below 18 years; post-traumatic pneumothorax or pneumo-
mediastinum; invasive or non-invasive mechanical venti-
lation initiated before arrival at the ED; post-procedural 
pneumothorax or pneumomediastinum, such as thoraco-
centesis, or a central venous catheter in the jugular or 
subclavian veins.

Inclusion criteria for the control group were as follows: 
aged 18 or older; RT-PCR confirmation of SARS-CoV-2 
infection in a nasopharyngeal swab. Age below 18 years 
was the only exclusion criterion for the control group. 
Within the control patients, some EMR data could not be 
retrieved for all the variables. There were two reasons for 
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the missing values in the hospital information systems: (i) 
at the beginning of the pandemic, there was not a clear 
protocol for COVID-19 patients, so medical investigation 
was dependent on the doctor in charge; (ii) at certain 
times, the flow of patients in the ED overwhelmed the 
hospital’s laboratory capacity or the availability of reac-
tants for all the requested blood tests. Since the priority for 
data retrieval was to comply with the need to avoid any 
possible bias, the choice was made to keep the incomplete 
records in the working data set if the missing laboratory 
results were not essential to the study objectives. No data 
imputation was performed.

The primary outcome of our study was in-hospital 
mortality, a health indicator that captures the severity of 
the medical condition and the healthcare services’ capacity 
of response.15,16 In-hospital death was defined as a medi-
cal encounter with discharge status of “died” or “died in a 
medical facility”.

Based on the recently published data regarding SP6,17 

and sample size criteria for binary logistic models,18 the 
necessary sample size was estimated to be 64 patients in 
the case group, for the following: alpha = 0.05, beta = 0.2, 
model based on conventional Maximum Likelihood (ML), 
R-squared=0.5, and probability of the outcome in cases 
and controls equal to 0.3 and 0.1, respectively. As the 

number of cases in the 12-month review of ED records 
exceeded this necessary size, the required statistical power 
was attained, so we proceeded with the data curation and 
formal analysis.

The study design is presented in Figure 1.

Data Collection
We collected data regarding: (a) demographics, comorbid-
ities, symptoms, and vital signs on arrival at the ED; (b) 
laboratory tests and radiological findings on chest radio-
graphy and CT imaging. Other information of interest was 
related to the length of hospitalization, need for ICU 
admission, need for mechanical ventilation during the 
hospitalization, and treatment options for SP-SPM patients 
(eg, conservative-observation, chest drainage, or surgery). 
Collected data were de-identified before conducting the 
statistical analysis.

Data Analysis
Descriptive statistics included the observed frequency 
counts (percentage) for categorical variables and median 
(Inter Quartile Range) for numerical variables. Mean and 
standard deviation for numerical variables were also 
included (except for the laboratory results), regardless of 
distribution. Univariate non-parametric statistical tests 

Figure 1 Study flow diagram. 
Abbreviations: CT, computed tomography; RT-PCR, reverse transcription-polymerase chain reaction; SP, spontaneous pneumothorax; SPM, spontaneous 
pneumomediastinum.
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were applied to compare the distribution of data across 
two or multiple groups, as appropriate (either Mann– 
Whitney U or Kruskal–Wallis tests, respectively). The 
Chi-square statistical test (either asymptotic or Monte 
Carlo simulation with 10,000 samples) was applied to 
check the statistical significance of the association 
between the categorical variables. The Shapiro–Wilk sta-
tistical test was employed to test for normality (all the 
numerical variables had non-normal distributions).

A step-wise logistic regression model was applied with 
mortality as the outcome, and age, a positive diagnosis of SP- 
SPM or COVID-19 as possible independent predictors (con-
trolling for gender and smoking status), based on the research 
hypothesis and the preliminary univariate analysis. The 
Akaike information criterion (AIC) was used to select the 
best fitting model when applying the logistic regression.

We conducted a post hoc sensitivity analysis, compris-
ing: (a) a post hoc power analysis for the logistic regres-
sion model; (b) analysis of alternative regression models, 
employing different building strategies.19 For the power 
analysis, two approaches were considered: (a1) simple 
logistic regression based on observed proportions of the 
outcome in different groups;20,21 (a2) multiple logistic 
regression with binary and continuous predictors.22

The statistical analysis was conducted at a 95% level of 
confidence and 5% level of statistical significance. All 
reported probability values were two-tailed.

The data analysis was performed using the statistical 
software IBM SPSS v. 25 and R v. 4.0.5 packages (includ-
ing “webPower” v. 0.6 and “powerMediation” v. 0.3.4).

Ethics
The study was conducted in accordance with the 
Declaration of Helsinki, and the protocol was approved 
by the Ethics Committees of the Emergency Clinical 
Municipal Hospital in Timisoara (number E-1270/ 
05.03.2021) and of the “Pius Brinzeu” Emergency 
Clinical County Hospital in Timisoara (number 229/ 
26.02.2021). No informed consent was needed for this 
secondary use of medical data; therefore, the written 
patient consent was waived.

Results
Characteristics of SP-SPM and COVID-19 
Patients
Within the 70 cases, there were 30 positive and 40 nega-
tive SARS-CoV-2 patients. Tables 1 and 2 present the 

Table 1 Patients Enrolled: Descriptive Statistics for Demographics and Comorbidities

Variable All Patients  
(N=210)

SP or SPM  
‒ COVID-19  

(N=40)

SP or SPM  
+ COVID-19  

(N=30)

Neither SP nor SPM  
+ COVID-19  

(N=140)

p-value (a),(b)

Age in years (a) 57.91 ± 15.21 48.93 ± 17.38 64.43 ± 12.24 59.08 ± 14.08 < 0.001**
59.5 (47 ‒ 69) 49.5 (34 ‒ 62) 66.5 (57 ‒ 73) 60.5 (48 ‒ 69.5)

Gender, male (b) 120 (57.1%) 27 (67.5%) 21 (70.0%) 72 (51.4%) 0.059

Active smoker (b) 81 (38.6%) 26 (65.0%) 6 (20.0%) 49 (35.0%) < 0.001**

Comorbidities

COPD (b) 14 (6.7%) 7 (17.5%) 4 (13.3%) 3 (2.1%) 0.002**

Asthma (b) 12 (5.7%) 2 (5.0%) 4 (13.3%) 6 (4.3%) 0.156

Hypertension (b) 125 (59.5%) 10 (25.0%) 19 (63.3%) 96 (68.6%) < 0.001**

Diabetes mellitus (b) 42 (20.0%) 3 (7.5%) 4 (13.3%) 35 (25.0%) 0.031*

Obesity (b) 36 (17.1%) 1 (2.5%) 2 (6.7%) 33 (23.6%) 0.002**

CKD (b) 17 (8.1%) 2 (5.0%) 4 (13.3%) 11 (7.9%) 0.473

Active cancer (b) 10 (4.8%) 5 (12.5%) 2 (6.7%) 3 (2.1%) 0.017*

Notes: (a)Mean ± SD, median (IQR); Kruskal–Wallis non-parametric statistical test. (b)Observed frequency (percent); Chi-square statistical test (either asymptotic or Monte 
Carlo simulation with 10,000 samples). *,**Statistical significance, p < 0.05, p < 0.01. 
Abbreviations: CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; IQR, inter-quartile range; SD, standard deviation; SP, spontaneous 
pneumothorax; SPM, spontaneous pneumomediastinum.
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descriptive statistics for demographics, comorbidities, 
symptoms, and final outcome. In SP-SPM patients, 
COVID-19 was frequently associated with male gender, 
older age, and non-smoking status.

The most common comorbidity in SP-SPM cases was 
hypertension; the most frequent symptom was dyspnea. 
The highest mortality and need for ICU admission were 
observed in SP-SPM cases with associated SARS-CoV-2 
infection.

Laboratory findings are presented in Table 3. Hypoxia, 
hyperglycemia, elevated values for C-reactive protein, lac-
tate dehydrogenase (LDH), and D-dimers were more com-
mon in SP-SPM patients with COVID-19.

Table 4 shows the imaging findings, extension degree 
of pneumothorax and ground glass opacity (GGO). 
Treatment options for the SP-SPM cases were included. 
Most SP-SPM patients were diagnosed by chest-CT, and 
the most frequent treatment for SP-SPM cases was thor-
acic drainage (either with or without COVID-19). None of 
the patients had compressive pneumothorax requiring nee-
dle decompression.

The location of pneumothorax was unilateral and pre-
dominantly right-sided (54.3% of cases), regardless of 
COVID-19 status. Pneumomediastinum was found in a 
higher proportion of patients with associated SARS-CoV- 
2 infection. Nine of the infected patients had only isolated 
pneumomediastinum without pneumothorax. Also, subcu-
taneous emphysema was significantly more frequently in 
COVID-19 cases compared to non-COVID-19 cases 
(43.3% vs 7.5%, respectively).

All patients with SPM were hospitalized for observa-
tion, with no need for further interventions: the SPM was 
minimal in all the cases (cervicotomy and mediastinal 
drainage were reserved for the patients with massive com-
pressive SPM, or for those with massive subcutaneous 
emphysema). Surgical treatment was indicated in a higher 
percentage for non-COVID-19 patients (35%) compared to 
the positive ones (6.7%).

Analysis of In-Hospital Mortality Risk
Table 5 shows the results of the regression analysis with 
in-hospital mortality as the outcome. Models 0, 1, and 2 

Table 2 Patients Enrolled: Descriptive Statistics for Symptoms, Hospitalization Data, and Final Outcome

Variable All Patients 
(N=210)

SP or SPM 
‒ COVID-19 

(N=40)

SP or SPM  
+ COVID-19 

(N=30)

Neither SP nor SPM + 
COVID-19  
(N=140)

p-value (a),(b)

Cough (a) 155 (73.8%) 16 (40.0%) 19 (63.3%) 120 (85.7%) < 0.001**

Dyspnea (a) 134 (63.8%) 35 (87.5%) 28 (93.3%) 71 (50.7%) < 0.001**

Chest pain (a) 42 (20.0%) 24 (60.0%) 13 (43.3%) 5 (3.6%) < 0.001**

Tiredness (a) 73 (34.8%) 12 (30.0%) 20 (66.7%) 41 (29.3%) < 0.001**

SpO2 on room air (b) 89.18 ± 8.72 92.73 ± 6.18 77.67 ± 14.56 90.64 ± 5.02 < 0.001**
90 (87 ‒ 95) 95 (89.5 ‒ 97) 82 (68 ‒ 88) 90.5 (88 ‒ 95)

Hospitalization in days (b) 13.9 ± 12 10.68 ± 7.46 21.73 ± 24.81 13.14 ± 7.45 < 0.001**
12 (8 ‒ 16) 8 (6 ‒ 13.5) 17.5 (8 ‒ 24) 12 (9 ‒ 15)

Days from the onset of 
COVID-19   

symptoms to diagnosis of 

SP-SPM (b)

– –
7.4 ± 6.996

– –
4 (2 ‒ 10)

Required mechanical 

ventilation (a)

31 (22.14%) 3 (7.5%) 11 (36.7%) 17 (24.3%) 0.012*

Required ICU (a) 35 (16.7%) 3 (7.5%) 14 (46.7%) 18 (12.9%) < 0.001**

Deceased (a) 44 (21%) 4 (10%) 14 (46.7%) 26 (18.6%) < 0.001**

Note: *,** Statistical significance, p < 0.05, p < 0.01. (a)Observed frequency (percent); Chi-square statistical test (either asymptotic or Monte Carlo simulation with 10,000 
samples). (b)Mean ± SD, median (IQR); Kruskal–Wallis non-parametric statistical test. 
Abbreviations: ICU, Intensive Care Unit; IQR, inter-quartile range; SD, standard deviation; SP, spontaneous pneumothorax; SPM, spontaneous pneumomediastinum; SpO2, 
peripheral oxygen saturation at hospital admittance.
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were built applying a step-wise logistic regression and 
employing AIC for model selection. Model 2 explained 
about 33% of the mortality risk (Nagelkerke 
R-square=0.326) and supported the significant risk contri-
bution of age, presence of SP or SPM, and presence of 
COVID-19.

In all three models, the regression coefficient of age 
remained constant and highly significant: each additional 
year added a mortality risk of 9.4%; the 95% CI for OR in 
Model 2 was (1.054–1.135).

Based on Model 2, the SP-SPM increases almost four 
times the risk of death, ie at a ratio of 3.758 while con-
trolling for the other factors in the model. Similarly, for 
patients of the same age, gender, smoking habit, and SP- 
SPM condition, the presence of COVID-19 increases the 
in-hospital mortality risk more than four times, ie at an OR 
of 4.412.

Sensitivity Analysis
The study was powered based on data recently reported in the 
literature. The actual findings deviated from the initial 
assumptions, namely the observed proportion of the deceased 
in different groups, and the final model’s R-squared. The post 
hoc power calculation considered two approaches, which led 

to different values: (1) based on the main predictor (ie SP- 
SPM) in simple logistic regression, it was over 0.999; (2) 
based on the actual Nagelkerke R-squared, in multiple logis-
tic regression with binary and continuous predictors, power 
resulted to be 0.894.

We built alternative regression models by: (1) employ-
ing the Bayesian information criterion (instead of AIC) for 
model selection; (2) controlling for additional possible 
confounders. The results were similar to those of the 
primary analysis. In the supplementary Table S1, Model 
S is presented: compared to Model 2 in the primary ana-
lysis, it includes seven comorbidities as additional inde-
pendent variables. Although Nagelkerke R-square slightly 
increased (as expected, due to the additional independent 
variables in the model), the AIC value was almost the 
same, as of Model 2. The regression coefficients and the 
resulting ORs for the age and SP-SPM were similar to 
those in Model 2. The risk associated with COVID-19 
turned out to be higher, with an even larger 95% CI. 
Model S would also suggest a significant risk associated 
with asthma, but not with the other comorbidities.

The fluctuation of the regression coefficients associated 
with COVID-19 points to a mediation or moderation role 
it may play in the outcome. However, such an 

Table 3 Descriptive Statistics for Laboratory Investigations

Variable All Patients (N=210) SP or SPM  
– COVID-19 

(N=40)

SP or SPM  
+ COVID-19 

(N=30)

Neither SP nor 
SPM  

+ COVID-19 
(N=140)

p-value 
(a)

C-reactive protein (a) n=181 
77.3 (31.7 ‒152)

n=11 
34 (8.65 ‒ 81.75)

n=30 
92.85 (57 ‒ 146)

n=140 
70.25 (30.9 ‒ 156)

0.039*

Serum creatinine (a)[mg/dl] 0.84 (0.7 ‒ 1.04) 0.845 (0.74 ‒ 1.065) 1.005 (0.8 ‒ 1.34) 0.8 (0.695 ‒ 1) 0.046*

Urea (a)[mg/dl] 37 (28 ‒ 58) 31 (25.5 ‒ 42.5) 45 (32 ‒ 66) 37 (27 ‒ 60) 0.044*

Leucocytes (a)[x103/µL] 8.74 (5.3 ‒ 13.7) 11 (8.1 ‒ 13.5) 9.6 (6.7 ‒ 16.1) 7.7 (4.7 ‒ 13.55) 0.025*

Lymphocytes (a)[x103/µL] 1 (0.6 ‒ 1.52) 1.9 (1.4 ‒ 2.1) 1 (0.7 ‒ 1.3) 0.8 (0.5 ‒ 1.3) < 0.001**

Trombocytes (a)[x103/µL] 248 (179 ‒ 340) 302.5 (242.5 ‒ 360 230 (174 ‒ 336) 242 (155.5 ‒ 337) 0.015*

D-dimer (a)[ng/mL] n=181 

780 (460 ‒ 1530)

n=11 

1491 (506 ‒ 4496.5)

n=30 

1681.5 (932 ‒ 2900)

n=140 

655 (435 ‒ 1150)

< 0.001**

Serum glucose level (a)[mg/dl] 135.5 (106 ‒ 186) 111 (96.5 ‒ 131.5) 126 (103 ‒ 144) 152 (110.5 ‒ 202.5) < 0.001**

LDH (a)[units/l] n=164 

333.5 (226.5 ‒ 457.5)

n=9 

188 (180 ‒ 208)

n=15 

411 (179 ‒ 566)

n=140 

337 (236 ‒ 447.5)

0.005**

Notes: Actual findings were recorded for every patient in the three groups, unless otherwise stated when values were missing. *,** statistical significance, p < 0.05, p < 0.01. 
(a)Median (IQR); either Kruskal–Wallis (for three independent groups) or Mann–Whitney U (for two independent groups) non-parametric statistical tests were applied. 
Abbreviations: IQR, inter-quartile range; LDH, lactate dehydrogenase; SP, spontaneous pneumothorax; SPM, spontaneous pneumomediastinum.
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investigation is beyond the present analysis and would 
require a larger study with a different design. Model S 
would open possible directions for further investigation, 
with the caveat concerning the ratio between the model’s 
independent predictors and the number of dataset records 
(ie, patients observed), as for any multiple regression 
analysis.23

When building a logistic regression model, a parsi-
monious alternative is preferred, and possible predictors 
are purposefully selected grounded on research hypoth-
eses, preliminary descriptive statistics, and medical 
meaningfulness. Based on AIC and the analysis of alter-
native regression models, Model 2 remained robust and 
reliable.

Table 4 Chest Imaging Findings

Variable All Patients 
(N=210)

SP or SPM  
‒ COVID-19 

(N=40)

SP or SPM  
+ COVID-19 

(N=30)

Neither SP nor SPM  
+ COVID-19  

(N=140)

p-value (a)

CT investigation (a) 188 (89.5%) 25 (62.5%) 29 (96.67%) 134 (95.7%) ‒

X-ray investigation (a) 23 (11%) 16 (40%) 1 (3.3%) 6 (4.3%) ‒

Interstitial lung infiltrates (a) 69 (32.9%) 6 (15%) 14 (46.7%) 49 (35%) 0.013*

Ground-glass opacities (a) 156 (74.3%) 0 25 (83.3%) 131 (93.6%) < 0.001**

Right pneumothorax (a),# 38 22 (55%) 16 (53.3%) ‒ (b) 0.890

Left pneumothorax (a),# 25 18 (45%) 7 (23.3%) ‒ (b) 0.061

Pneumomediastinum (a) 20 4 (10.0%) 16 (53.3%) ‒ (b) < 0.001**

Subcutaneous emphysema (a) 16 3 (7.5%) 13 (43.3%) ‒ (b) < 0.001**

Extension of pneumothorax (a)

No pneumothorax# ‒ 1 (2.5%) 9 (30%) ‒

(b) 0.006**

< 10% ‒ 8 (20%) 7 (23.3%) ‒

10–50% ‒ 15 (37.5%) 5 (16.7%) ‒

> 50% ‒ 16 (40%) 9 (30%) ‒

Extension of ground glass opacity (a)

No ground glass opacity 6 ‒ 4 (13.3%) 2 (1.5%)

(c) 0.002**

< 20% 48 ‒ 4 (13.3%) 44 (33.6%)

20–50% 54 ‒ 7 (23.3%) 47 (35.9%)

> 50% 53 ‒ 15 (50%) 38 (29%)

Treatment (a)

Observation 14 1 (2.5%) 13 (43.3%) ‒ (b) < 0.001**

Chest tube 50 33 (82.5%) 17 (56.7%) ‒ (b) 0.018*

Surgery 16 14 (35%) 2 (6.7%) ‒ (b) 0.005**

Notes: Treatment options were recorded for patients with spontaneous pneumothorax (SP) or spontaneous pneumomediastinum (SPM). (a) Observed frequency (percent); 
Chi-square statistical test (either asymptotic or Monte Carlo simulation with 10,000 samples). (b)Chi-square statistical test for the two sub-groups of SP-SPM cases only. (c) 

Chi-square statistical test for the sub-groups {SP or SPM + COVID-19} and {neither SP nor SPM + COVID-19}. #One {SP or SPM ‒ COVID-19} case had both right and left 
SP, and no SPM; two {SP or SPM + COVID-19} cases had both right and left pneumothorax, and SPM. *,** statistical significance, p < 0.05, p < 0.01. 
Abbreviations: CT, computed tomography; SP, spontaneous pneumothorax; SPM, spontaneous pneumomediastinum; X-ray, X-rays chest radiography.
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Discussion
Underlying pulmonary diseases may frequently cause SP 
and SPM. In the literature, pathologies, such as COPD, 
tuberculosis, lung cancer, cystic fibrosis and Pneumocystis 
jirovecii pneumonia are reported as responsible for devel-
opment of SP-SPM.1,24 In our study, only small percen-
tages of patients were admitted to the EDs with these 
conditions: 13.3% COPD, 13.3% asthma, and 6.7% lung 
cancer. This might suggest that SARS-CoV-2 infection 
alone was a major predisposing factor for SP-SPM devel-
opment, but studies specifically designed to test this 
hypothesis are needed.

We also noticed a higher proportion of male SP-SPM 
cases, both in COVID-19 (70%) and in non-COVID-19 
patients (67.5%), which was consistent with the medical 
literature data. In pre-pandemic studies, the SP incidence 
was higher in males (7.4 to 18 cases per 100,000 popula-
tion) compared to females (1.2 to 6 cases per 100,000 
population).1 A higher SP proportion in males was also 

highlighted in studies on patients with SARS-CoV-2 
infection.6,7,9,11

Cigarette smoking is another acknowledged risk factor 
for developing SP-SPM.1,24 In our study, 65% of the SP- 
SPM cases with no SARS-CoV-2 infection were active 
smokers. Among the cases confirmed with COVID-19, 
only 20% were active smokers, suggesting that smoking 
was a non-contributory individual risk factor for SP-SPM 
complications in patients with SARS-CoV-2 infection.

High blood pressure (HBP) was by far the most com-
mon comorbidity found in all patients. Comparing HBP 
frequency in the three groups, it seemed to be associated 
with SARS-CoV-2 infection, rather than SP-SPM condi-
tion. Further investigations are needed to confirm this 
hypothesis, since in our present study, the age of patients 
with SP-SPM and COVID-19 was significantly higher 
compared to cases without COVID-19 (median values of 
66.5 and 49.5, respectively) and HBP risk increases with 
age.25

Table 5 The Logistic Regression Model for In-Hospital Mortality

Model 0: Deceased ~ Age + GenderM + ActiveSmoker

Predictor B ± Std. Err p-value Exp (B) (95% CI)

Age 0.091 ± 0.018 < 0.001** 1.096 (1.057–1.136)

GenderM 0.206 ± 0.39 0.597 NA

ActiveSmoker 0.057 ± 0.456 0.901 NA

AIC0 = 182.23, 4 df; Nagelkerke R-square = 0.279

Model 1: Deceased ~ Age + SP or SPM Controlling for: GenderM + ActiveSmoker

Predictor B ± Std. Err p-value Exp (B) (95% CI)

Age 0.091 ± 0.018 < 0.001** 1.096 (1.057–1.136)

SP or SPM 0.761 ± 0.412 0.064# 2.14 (0.955–4.795)

AIC1 = 180.81, 5 df; (AIC1, AIC0), p=0.064#; Nagelkerke R-square = 0.299

Model 2: Deceased ~ Age + SP or SPM + COVID-19 Controlling for: GenderM + ActiveSmoker

Predictor B ± Std. Err p-value Exp (B) (95% CI)

Age 0.090 ± 0.019 < 0.001** 1.094 (1.054–1.135)

SP or SPM 1.324 ± 0.489 0.007** 3.758 (1.443–9.792)

COVID-19 1.484 ± 0.728 0.041* 4.412 (1.060–18.370)

AIC2 = 178.26, 6 df; (AIC2, AIC1), p=0.033*; Nagelkerke R-square = 0.326

Notes: A step-wise analysis was conducted, based on the Akaike information criterion: only variables that remained in the model are shown. In Model 1, the presence of SP 
or SPM was marginally significant. In Model 2, which included COVID-19, the presence of SP or SPM is highly significant. Exp (B) is equivalent to the odds ratio (OR), a 
measure of a relationship’s strength between the predictor and the binary outcome. #Marginal statistical significance, p < 0.1; * statistical significance, p < 0.05; ** high 
statistical significance, p < 0.01. 
Abbreviations: AIC, Akaike information criterion; B ± Std. err, coefficient of regression ± standard error; CI, confidence interval; df, degrees of freedom; Gender M, 
gender male; NA, not applicable; SP, spontaneous pneumothorax; SPM, spontaneous pneumomediastinum.
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Cough, a common symptom of COVID-19, might trig-
ger SP-SPM,1,24 but it was more frequent in the COVID- 
19 control group, compared to SARS-CoV-2 positive cases 
(85.7% and 63.3%, respectively).

In an observational cohort study by Qu et al,26 dyspnea 
was found as a marker for critical forms of COVID-19. An 
association among chest distress, dyspnea, and shortness 
of breath was related to increased mortality.26 In our 
research, dyspnea was the most common symptom asso-
ciated with SP-SPM (93.3%), but it was also present in a 
high percentage of the COVID-19 control group (50.7%). 
Chest pain was found to be the most specific symptom in 
the SP-SPM case group, regardless of COVID-19 condi-
tion: present in 60% of negative vs 43.3% of positive 
cases. In the control group (COVID-19 positive, non-SP- 
SPM), chest pain occurred significantly less (3.6%). 
Therefore, chest pain in patients with SARS-CoV-2 infec-
tion would indicate a possible SP-SPM complication.

The peripheral oxygen saturation in room air at hospi-
tal admittance (SpO2) corroborated our findings on pro-
longed hospitalization, higher percentage of ICU 
admission, and higher mortality: SpO2 had the lowest 
values among the cases associated with COVID-19 (SP- 
SPM with COVID-19), who also had the most dramatic 
rate of death (almost 47%). Low SpO2 is acknowledged as 
a consequence of SARS-CoV-2 induced pulmonary infil-
tration. Tabernero et al27 reported a multivariate Cox 
regression model developed based on data of 513 patients 
hospitalized for COVID-19 that identified six independent 
factors associated with poor outcome, among which the 
low oxygen saturation was the most significant. In a retro-
spective observational study, Liu et al28 evaluated the risk 
prediction tools for patients with COVID-19 in Wuhan, 
China, and they showed that respiration rate score, oxygen 
saturations score, temperature score, and AVPU (Alert, 
Voice, Pain, Unresponsive) score were independent pre-
dictors of death. Still, after adjusting for other variables, 
low oxygen saturation and heart rate did not predict death. 
Although the underlying mechanisms and effective solu-
tions need further investigations, SpO2 remains an impor-
tant factor in the patients’ triage. In addition to the vital 
parameters used for risk stratification in COVID-19 
patients, radiological predictors have been used in some 
studies to quantify the risk for developing complications 
such as SP-SPM in hospitalized patients with SARS-CoV- 
2 infection. Palumbo et al29 tracked the Macklin effect on 
chest CT in COVID-19 patients and reported it as an early 
detector of lung frailty.

The mean time from the onset of COVID-19 symptoms 
until the ED diagnosis of SP-SPM was 7.4 days, with high 
variability indicated by a standard deviation of the same 
magnitude (SD = 6.996 days). On the one hand, this delay 
in admission to hospital could be explained by the late 
onset of SP-SPM; on the other hand, fear and distrust of 
the health system, developed by patients during the pan-
demic, might generate such late admissions. The high 
variability would support the latter hypothesis, at least 
for part of the cases.

The chest CT was the most common imaging method 
used for SP-SPM diagnosis in the ED. Among the SP- 
SPM cases associated with SARS-CoV-2 infection, only 
30% had extended pneumothorax (ie over 50% of the lung 
fields), while 50% had extended ground-glass lesions. 
Increased mortality in this group could have been asso-
ciated with the spread of ground-glass lesions, rather than 
the size of pneumothorax. This finding was consistent with 
other published data.6–8 The extended ground-glass lesions 
were significantly more frequent in the SP-SPM cases 
associated with SARS-CoV-2 infection, than the COVID- 
19 control patients. Moreover, the inflammatory syndrome 
associated with COVID-19-specific GGO led to adhesions 
between the lung and parietal pleura, which would explain 
the higher frequency of partial pneumothorax.30 A causal 
relationship between these lesions and the SP-SPM devel-
opment cannot be inferred, but the frequent association 
between GGO and SP-SPM was noticeable. On the other 
hand, 13.3% of SP-SPM cases with COVID-19 did not 
have GGO on chest imaging. This further suggested that 
possible additional risk factors, apart from COVID-19 
inflammatory syndrome, may have been involved in the 
SP-SPM mechanism. The alveolar wall rupture due to the 
virus-induced frailty of airways’ tissue and increased pres-
sure caused by the cough effort might be one of the 
causes.29 Also, microvascular thrombosis and the cytokine 
storm were associated with more severe forms of the 
disease and considered main contributors of such 
complications.29,31

Other important chest CT or X-ray findings were pul-
monary interstitial infiltrates, identified mainly in SP-SPM 
cases with COVID-19, compared to non-COVID-19 cases 
(46.7% vs 15%, respectively). Pathological findings, such 
as early fibrosis, cyst formation, traction and air-leak 
described in the evolution of COVID-19 patients, were 
reported as related to the SP development.32 Our study 
included only patients who were neither mechanically 
ventilated nor exposed to iatrogenic procedures before 
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their ED presentation, thus reliably excluding such causes 
for the observed SP-SPM cases.

Hospitalization was significantly longer for SP-SPM 
cases with COVID-19, and the percentage of ICU admis-
sion was significantly higher for them. Even more drama-
tically, the proportion of deceased people in the same 
group was more than double that of the COVID-19 con-
trols. By themselves, these findings suggested a greater 
risk of in-hospital mortality in patients with SP-SPM asso-
ciated with COVID-19. The logistic regression found a 
risk of death almost four times higher for SP-SPM cases 
compared to individuals of the same age, gender, smoking 
status, and SARS-CoV-2 infection. COVID-19 pneumonia 
brought a significant mortality risk of more than four times 
higher (although the 95% confidence interval was quite 
large, due to the limited sample size of the study). In the 
regression model of mortality, age was also a significant 
predictor, each additional year contributing with 9.4% 
increase in the risk of in-hospital death. Our results were 
consistent with the current medical literature, in which SP 
related to COVID-19 pneumonia is associated with pro-
longed hospitalization, increased admission in ICU, and 
higher level of mortality.6,8,33,34

COVID-19 ARDS patients could be more vulnerable to 
SP-SPM complications compared with other causes of 
ARDS.29 The presence of pneumothorax in patients with 
Middle East respiratory coronavirus syndrome (MERS) or 
H1N1 was shown to be a negative prognostic factor.31,35

Taking all of the above into consideration, the associa-
tion of SP-SPM with COVID-19 might still be under- 
reported. Its prevalence, risk factors, and final outcome 
remain unclear.13,14,30–34,36–39 Our research contributes to 
understanding the combination of SP, SPM and COVID-19 
in non-ventilated patients, and quantifying their associated 
risks for in-hospital mortality.

Limitations
Our study had some limitations, mainly generated by its 
retrospective design as an ED medical records review. 
First, since the group of cases was evaluated in the pan-
demic year, there might have been patients false negative 
for SARS-CoV-2, because testing was conducted too early 
or too late in the disease evolution. Second, tests for 
important inflammatory markers in COVID-19 (such as 
interleukin-6, ferritin, or procalcitonin) are not routinely 
conducted in EDs, therefore a correlation between SP- 
SPM and COVID-19 inflammatory syndrome could not 
be investigated in this retrospective research.

Despite these limitations, the post hoc sensitivity ana-
lysis supports the robustness of our results. The consis-
tency between the primary logistic regression and the 
sensitivity analysis confirmed our findings’ credibility.

Conclusion
SP–SPM is a serious complication of SARS-CoV-2 infec-
tion that increases the risk of in-hospital mortality by 
almost four times. Its association with COVID-19 pneu-
monia led to prolonged hospitalization and a high risk of 
fatal outcomes, especially among the elderly. Chest pain 
and dyspnea in patients with SARS-CoV-2 infection 
requires an urgent investigation to rule out SP–SPM.
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