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Abstract 

OBJECTIVES: Pneumothorax and pneumomediastinum have been frequently reported in coronavirus disease-19 (COVID-19), thus com
plicating the patient’s overall health-care management and survival rate. The goal of this study was to evaluate the outcomes of patients 
with COVID-19 who developed spontaneous pneumothorax (SPN) or spontaneous pneumomediastinum (SPM).

METHODS: In this Italian multicentre retrospective cohort study, medical records of non-vaccinated COVID-19 patients, from March 
2020 to May 2021, were analysed. To reduce the risk of bias due to unbalanced groups, a propensity score matching approach was 
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applied using logistic regression to estimate propensity scores. Separate multivariable generalized linear models were then used to assess 
the risk of in-hospital death and other outcomes.

RESULTS: A total of 474 patients were assessed, 72 of whom developed SPN or SPM. In separate multivariable generalized linear model 
regression analyses of the unmatched cohort, SPN [odds ratio (OR) 2.44, 95% confidence interval (CI) 1.7–5.55; P¼ 0.031] was associated 
with an increase in the in-hospital death rate, results confirmed even after matching the 2 cohorts. SPM (OR 1.21, 95% CI 1.13–1.30, 
P< 0.001) and SPN (OR 1.34, 95% CI 1.26–1.43, P< 0.001) were associated with an increase in the length of hospital stay. The risk of in- 
hospital death also increased with age, comorbidities (classified by the Charlson comorbidity index) and smoking habits.

CONCLUSIONS: SPN in hospitalized COVID-19 patients may be associated with an increased risk of in-hospital death and prolonged 
hospitalization.

Keywords: Spontaneous pneumothorax • Spontaneous pneumomediastinum • COVID-19 • ARDS • Coronavirus • SARS-CoV-2

ABBREVIATIONS   

CCI Charlson comorbidity index  
CIs Confidence intervals  
COVID-19 Coronavirus disease-19  
GLM Generalized linear model  
ICU Intensive care unit  
LOS Length of stay  
OR Odds ratio  
PN Pneumothorax  
PM Pneumomediastinum 
SARS-CoV-2 Severe acute respiratory syndrome coronavi

rus 2  
SPM Spontaneous pneumomediastinum  
SPN Spontaneous pneumothorax 

INTRODUCTION

Background

Coronavirus disease-19 (COVID-19) is a disease caused by the se
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2) virus 
that has infected over 600 million people and resulted in over 6 
million deaths [1]. Pneumothorax (PN) and pneumomediastinum 
(PM) in COVID-19 cases have been shown to complicate survival 
and treatment [2]. Spontaneous pneumothorax (SPN) is air in the 
pleural space that collapses the lungs, and spontaneous pneumo
mediastinum (SPM) is air that is confined in the mediastinum [3]. 
The impact of SPN and SPM on COVID-19 outcomes is yet to be 
established [2–4]. Some cases link PN to mechanical ventilation and 
not to a spontaneous aetiology [5, 6].

Objectives

This article retrospectively examined hospitalized COVID-19 
patients to determine the clinical relevance of SPN and SPM. We 
compared patient treatment, surgical intervention and outcomes.

METHODS

Study design

A multicentre retrospective cohort study was conducted in hospi
talized patients with COVID-19 who had not been vaccinated. The 

primary outcome of our study was the in-hospital deaths of 
patients. The secondary outcomes were the need for recovery in 
the intensive care unit (ICU), the need for invasive ventilation, the 
length of stay (LOS) in the hospital and in the ICU. We used the 
STROBE checklist for a case-control study (see Supplementary 
Material, Table S1) [7].

Setting

The included patients were admitted to the Careggi Hospital 
(Florence), Cisanello Hospital (Pisa) and Le Scotte Hospital 
(Siena) from March 2020 to May 2021. SARS-CoV-2 infection 
was diagnosed in all cases with a nasopharyngeal swab for re
verse transcriptase-polymerase chain reaction. Two different 
medical teams analysed the medical records, so the results were 
double-checked for compliance with the study criteria.

Participants

Eligibility criteria were COVID-19 diagnosis, with or without SPN or 
SPM, hospital admission for clinical or radiologic diagnosis of 
pneumonia, age 18 or more and SARS-CoV-2 non-vaccinated 
patients, as shown in Table 1. Exclusion criteria were possible iatro
genic PN or PM developed during invasive or non-invasive me
chanical ventilation or after invasive procedures, patients with a 
positive result on an reverse transcriptase–polymerase chain reac
tion test but without COVID-19-related pneumonia or who had al
ready been treated with a high dose of immunosuppressive agents.

Variables and data sources

Data obtained from the medical records included demographics 
(age, sex, body mass index), past medical history, symptoms, labo
ratory investigations, radiologic images, clinical management, surgi
cal management, patient progress, LOS in the hospital, admission 
to the ICU, LOS in the ICU, kind of ventilation and in-hospital 
death. The independent variables were comorbidities, SPN, SPM, 
smoking, age and sex. The outcomes were hospital LOS, admission 
to the ICU, LOS in the ICU, kind of ventilation and in-hospital 
death. The comorbidities were classified according to the Charlson 
comorbidity index (CCI) [8]. A smoker was defined as a person who 
smoked 100 cigarettes in their lifetime and currently smokes either 
every day or some days, according to the definition of the United 
States Centers for Disease Control and Prevention [9].
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Bias

The data collection database was standardized to minimize data 
collection bias, approved by the statistician’s team and finally 
sent to the affiliated centres.

Study size

All medical records of patients who were admitted to emergency 
rooms or wards of hospitals affiliated with the clinical trial were 
analysed, the goal being to collect as many patients as possible.

Quantitative variables

Quantitative variables were expressed in terms of mean ± stan
dard deviation or median with interquartile range (25–75%).

Statistical methods

Qualitative variables were summarized using frequencies (per
centages). Normally distributed quantitative variables were 
assessed using the Student t-test, whereas qualitative variables 
were contrasted using χ2 tests. Normality was validated using Q- 
Q plots and density plots.

Multivariable generalized linear models (GLMs) were used to 
estimate the probability of ICU admission, mechanical ventila
tion, prolonged ICU stay and extended hospital LOS. Logistic re
gression (binomial GLM with binomial distribution-logit link) 
was applied for binary outcomes, while Poisson regression 
(Poisson GLM with Poisson distribution-log link) was used to an
alyse count-based outcomes (e.g. hospitalization days). Results 
were reported as P-values, pseudo R-squared, confidence inter
vals (CIs) and odds ratios (ORs), with statistical significance set at 
P< 0.05. To minimize group imbalances and reduce bias, we 

applied both 1:1 nearest neighbour matching and full matching, 
using logistic regression adjusted for age, sex and CCI. In the 
end, full matching achieved a better balance of covariates. After 
matching, balance for age, sex and comorbidities (classified with 
CCI) was evaluated using standardized mean differences. 
Analyses were conducted for both the full cohort and the full 
matching propensity score matching cohort. All analyses were 
conducted using R (R v4.2.2, 2022).

Ethics

Our study was performed according to the Declaration of 
Helsinki. Ethics committees of all participating hospitals ap
proved the study protocol (Code CEAVC 24977). We obtained 
all signed informed consent forms to use these medical data.

RESULTS

Participants

A total of 6789 medical records of patients with COVID-19 ad
mitted to our hospitals were analysed. Four hundred and 
seventy-four patients were selected in accordance with eligibility 
criteria, as assessed in Fig. 1. Patients were divided into 2 groups: 
group cases (or group A), patients with SPN ± SPM and group 
controls (or group B), patients without SPN or SPM.

Descriptive data

The comparison of variables in an unmatched cohort is reported 
in Table 2 (other main characteristics in Supplementary Material, 
Table S2).

Group A comprised 72 patients with a median age of 67 years; 
the majority were male (N ¼ 52, 72.2%). SPN was right-sided in 
33 (55.9%) and left-sided in 17 patients (28.8%) for 59 cases of 
PN. Case data are reported in Table 3. Twenty-nine patients with 
SPN required chest tube thoracostomy for tension PN or pro
longed air leak. The mean number of days of a permanent drain 
was 9.69 (standard deviation 7.24). Surgical management due to 
persistent air leak was necessary in only 2 patients: 1 surgical 
bullectomy and 1 pleural lavage by thoracotomy for the con
comitant development of pleural empyema (stage II).

Group B included the rest of the patients (402), mostly men 
(N ¼ 321, 79.7%), with a median age of 68 years.

Outcome data

A total of 101 controls died in the hospital (25.1%).
The median LOS in the hospital was 29.5 days for cases and 

15 days for controls. The median LOS in the ICU was 20 days for 
cases and 12 days for controls. In group A, 65 patients (90.3%) 
were admitted to the ICU after SPM or SPN versus 178 patients 
(43.3%) from group B. In group A, 6 patients (8.4%) also required 
extracorporeal membrane oxygenation support after developing 
SPN, with an in-hospital mortality of 60% (3 patients). The in- 
hospital mortality rate was significantly higher among the cases 
than among the controls (63.8% vs 25.1%).

Table 1: Eligibility, inclusion and exclusion criteria

Eligibility criteria
Nasopharyngeal swab for reverse transcriptase–polymerase chain 
reaction positive for SARS-CoV-2
Not vaccinated for SARS-CoV-2
Age > 18 years
Hospital admission for clinical or radiologic diagnosis of pneumonia

Inclusion criteria for group A
Spontaneous  
pneumo
mediastinum

Spontaneous  
pneumothorax

Exclusion criteria
Iatrogenic pneumothorax (appeared while on mechanical ventilation 
or after invasive procedure)
Iatrogenic pneumomediastinum (appeared while on mechanical 
ventilation or after invasive procedure)
Positive PCR test results but without need of oxygen therapy
Positive PCR test results but hospitalized and treated for other 
pathological conditions, eg, traumatic injury, abdominal disease, 
neurosurgical issues
Patients with COVID-19 but already treated for other reasons with a 
high dose of immunosuppressive agents or chemotherapy

COVID-19: coronavirus disease-19; PCR: polymerase chain reaction; 
SARS-Cov-2: severe acute respiratory syndrome coronavirus 2.
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Main results

In the multivariable GLM analysis of the unmatched cohort, SPN 
[odds ratio (OR) 2.44, 95% confidence interval (CI) 1.7–5.55, 

P¼ 0.031], smoking (OR 2.79, 95% CI 1.24–6.29, P¼ 0.005), CCI 
(OR 1.27, 95% CI 1.08–1.49, P¼ 0.004) and age (OR 1.03, 95% CI 
1.00–1.05, P¼ 0.043) were associated with increased in-hospital 
death (Table 4). SPN (OR 5.11, 95% CI 2.25–12.88, P¼ 0.016), 

Figure 1: Flow chart. COVID-19: corona virus disease-19; PM: pneumomediastinum; PN: pneumothorax; SPM: spontaneous pneumomediastinum; SPN: spontane
ous pneumothorax.

Table 2: Comparison of variables and outcomes in the unmatched cohort

Variable Median N (%) Group A, 72 patients Group B, 402 patients with/ 
without SPN or SPM

All patients, N ¼ 474 P-value

Age (years), median (Q1–Q3) 67.5 (58–73) 68.0 (56–77) 68.0 (56–77) 0.84
CCI, median (Q1–Q3) 3 (2–4) 3 (2–5) 3 (2–5) 0.16
Sex, male 52 (72.2%) 321 (79.8%) 373 (78.7%) 0.16
Smoking history 0.12

Never smoker 14 (19.4%) 89 (22.1%) 103 (21.7%)
Current smoker 37 (51.4%) 147 (36.6%) 184 (38.8%)
Ex smoker 14 (19.4%) 99 (24.6%) 113 (23.8%)
Not assessed/unknown 7 (9.7%) 67 (16.6%) 74 (15.6%)

ICU stay (days), median (Q1–Q3) 20 (6–30) 12 (0–18) 12 (0–20) <0.01
Hospital stay (days), median (Q1–Q3) 29.5 (19–45) 15.0 (7–28) 15.0 (8–29) <0.01
In-hospital deaths 46 (63.8%) 101 (25.1%) 147(36.7%) 0.01
ICU admissions 65 (90.3%) 178 (44.3%) 243 (51.3%) <0.01
Invasive mechanical ventilation 58 (80.6%) 152 (37.8) 210 (44.3%) 0.01

CCI: Charlson comorbidity index; ICU: intensive care unit; N: number; Q: quartile.
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smoking (OR 2.9, 95% CI 1.58–5.44, P¼ 0.039) and CCI (OR 1.19, 
95% CI 1.03–1.37, P¼ 0.029) increased the risk of admission to the 
ICU. SPN also raised the likelihood of orotracheal intubation and 
invasive mechanical ventilation insertion (OR 4.94, 95% CI 2.35– 
11.11, P¼ 0.001), along with CCI (OR 1.18, 95% CI 1.02–1.36, 
P¼ 0.001) and smoking (OR 2.41, 95% CI 1.32–4.44, P¼ 0.001). 
SPN (OR 1.84, 95% CI 1.70–1.98, P¼ 0.001) and SPM (OR 1.27, 95% 
CI 1.16–1.38, P¼ 0.001) increased the duration of ICU stay, as did 
smoking (OR 1.38, 95% CI 1.27–1.49, P¼ 0.001) and CCI (OR 1.08, 
95% CI 1.06–1.10, P< 0.0001). SPN (OR 1.34, 95% CI 1.26–1.43, 
P¼ 0.001) and SPM (OR 1.21, 95% CI 1.13–1.30, P¼ 0.001) were 
linked to longer LOSs, along with smoking (OR 1.10, 95% CI 1.04– 
1.17, P¼ 0.001) and CCI (OR 1.09, 95% CI 1.08–1.11, P¼ 0.001). 
After propensity score matching, 72 group B patients were selected. 
Student t-test results showed significant differences in outcomes 
between matched groups (in-hospital death P¼ 0.05, ICU admis
sion P¼ 0.001, invasive ventilation P¼ 0.001, ICU stay P¼ 0.01 and 
hospitalization P¼ 0.05) (Table 5).

DISCUSSION

Key results

The mean hospital LOS for cases with SPN or SPM was 31.7 days 
versus 21.9 days in the controls, indicating longer hospital stays. 
ICU admissions were also significantly higher in the case group. 
Ekanem et al. [10] reported a median stay of 18.5 days, and 
Chopra et al. [11], a mean of 42 days. SPN is linked to longer ICU 
stays, greater invasive mechanical ventilation needs and worse 
outcomes, especially in patients with SARS-CoV-2 [2, 12]. 
Kawachi et al. [13] found 75% mortality in patients with SPN, 
and Ekanem et al. [10] found 36%. Some study results suggested 
worse outcomes due to severe lung damage rather than extent 
of SPN [14]. Chopra et al. [11] noted PN as a marker of severe 
COVID-19 lung disease, predicting poor prognosis in ventilated 
patients. Miro et al. found a fourfold increased risk of death in 
patients with PN [2], as did Marza et al. [4]. In contrast, Martinelli 
et al. [5] reported an overall survival rate of 63.1% in COVID-19 
patients with SPN. Our SPN group had more in-hospital deaths 
(67.8% vs 36.7%), with a 2.5x increased risk according to multi
variable analysis. PM was mostly self-limiting, except in rare 
instances, when the air leak was so massive that it could cause 
haemodynamic instability [19,20].

Interpretation and generalizability

Our study found a 10% incidence of SPN and a 2.4% incidence 
of SPM, with a 13% incidence of having both. We included only 
COVID-19 patients requiring oxygen. Previous studies showed 
lower SPN incidence, such as 0.56% in Spain and 0.43% in the 
UK [2, 4]. Incidence differences may result from varied PN aetiol
ogies (spontaneous vs iatrogenic) and small sample sizes. 
Tacconi et al. [15] reported a higher incidence of SPM in the sec
ond wave of the epidemic (1.36%), whereas our rate was 2.38%. 
Miro et al. found right-sided PN in 81% of COVID-19 patients, 
with our findings confirming 55% [2]. Chest tube insertion was 

Table 3: Characteristics of case patients

Variable Numbers  
of patients

Spontaneous pneumothorax 59
Left side 17
Right side 33
Bilateral 9

Spontaneous pneumomediastinum  
in total

25

Only spontaneous pneumomediastinum 13
Spontaneous pneumothorax  

requiring chest tube
29 (49.2%) Days with  

drain in place
Mean 9.7
(SD 7.24)

Surgical management 2 (2.8%)
Dead 46 (63.8%)

SD: standard deviation.

Table 4: Multivariable generalized linear modelling regression analyses of unmatched cohort

Unmatched In-hospital deaths ICU admission Invasive mechanical  
ventilation

ICU stay Hospitalization

With spontaneous  
pneumothorax

P-value 0.031 0.016 0.001 0.035 0.001
OR >1 2.44 5.11 4.94 1.84 1.34
(95% CI) (1.7–5.55) (2.25–12.9) (2.35–11.11) (1.70–1.98) (1.26–1.43)

With spontaneous  
pneumomediastinum

P-value >0.05 >0.05 >0.05 0.001 0.001
OR >1 1.27 1.21
(95% CI) (1.16–1.38) (1.13–1.30)

Male sex P-value <0.05 >0.05 >0.05 0.026 0.001
OR<1 0.86 0.85
(95% CI) (0.81–0.91) (0.81–0.89)

Charlson comorbidity index P-value 0.004 0.029 0.001 0.041 0.001
OR >1 1.27 1.19 1.18 1.08 1.09
(95% CI) (1.08–1.49) (1.03–1.37) (1.02–1.36) (1.06–1.10) (1.08–1.11)

Age P-value 0.043 >0.05 >0.05 >0.05 >0.05
OR >1 1.03
(95% CI) (1.00–1.05)

Smoker P-value 0.005 0.039 0.001 0.001 0.001
OR >1 2.79 2.9 2.41 1.38(1.27–1.49) 1.10
(95% CI) (1.24–6.29) (1.58–5.44) (1.32–4.44) (1.04–1.17)

CI: confidence interval; ICU: intensive care unit; OR: odds ratio. The bold values indicate statistical significance.
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needed in 64% of patients in Chong’s review, whereas a chest 
tube was required in only half of our patients [12]. Several stud
ies reported similar rates of chest tube use (56–78%), and surgi
cal interventions were rare [4–17]. Geraci et al. [10–17] treated 
78% of PN cases with chest tubes, with 40% complications, 
whereas Ekanem et al. reported 73% of SPN cases treated simi
larly. Marza et al. [4] found that 56% of COVID-19 SPN cases 
were treated with chest tubes, and only 6.7% required opera
tions. In Geraci’s study, 5% of patients underwent operations for 
persistent air leaks, compared to 3.4% in our study [17]. 
Martinelli et al. [5] reported 1 case of bullectomy. Raveglia et al. 
[18] studied 83 patients with thoracic complications due to 
COVID-19; 33 of these had complicated PN, with a 72% survival 
rate. No age correlation was found in our study, aligning with 
Chong’s review, though age remains an important factor related 
to death [2–12, 21]. Studies showed gender differences, with 
more males affected by SPN [4–10]; similar findings were seen in 
our data (69.5% male). Nonetheless, in the literature the correla
tion between smoking habits and poor prognosis in patients 
with COVID-19 is still controversial, as reported in the World 
Health Organization’s Scientific Brief [22, 23, 24]. Comorbidities 
like hypertension and lung disease were common in our 
patients. We found a link between comorbidity, classified thanks 
to CCI, and more deaths and longer stays in the hospital and in 
the ICU. Chong et al. [12] found no link between pre-existing 
lung disease and PN risk, though the pathophysiology of PN in 
patients with COVID-19 remains unclear. Cates et al. [25] noted 
a higher risk of PN in COVID-19 patients compared to those 
with influenza. McGuinness et al. [16] attributed PN to baro
trauma from mechanical ventilation, though this situation does 
not explain spontaneous PN. The mechanism of SPN may in
volve structural lung changes and inflammation. Kawachi et al. 
[13, 28] identified cyst formation in 2 cases of PN, and radiologic 
progression from consolidation to bullae was observed in some 
studies. Some authors blame pulmonary infarction for their aeti
ology [5–27]. Cysts were found in 4 patients in our study. 
Moreover, in SARS patients with acute respiratory distress syn
drome, cyst development has been described and the process 
that seems to underline this disease was presumed to be ischae
mic parenchymal damage and inflammation [26–29].

Limitations

This study has several limitations:

1. Its retrospective design limits control over confounding variables. 
2. The small sample size reflects the low incidence of SPN/SPM, 

making cases and controls non-representative of all patients 
with COVID-19. 

3. The multicentre setting may have introduced variations in patient 
management, despite adherence to international guidelines. 

4. Missing data on body mass index and other variables prevented 
the inclusion of other patients in the analysis. 

5. Patient transfers from first-level hospitals may have led to 
data loss. 

6. No standardized criteria were used for intubation in mechani
cally ventilated patients. 

7. Surgical decisions were clinician-dependent, limiting assessment 
of the impact of the operations on outcomes. 

CONCLUSION

SPN in hospitalized COVID-19 patients may be linked to a 
higher risk of in-hospital death. Additionally, both SPM and SPN 
could lead to longer hospital stays. More research is needed to 
better understand the mechanisms behind these conditions in 
patients with COVID-19. Many aspects, including their causes, 
risk factors and the best ways to manage them, are still uncertain 
and need further exploration to improve patient care in 
the future.

SUPPLEMENTARY MATERIAL

Supplementary material is available at ICVTS online.
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Table 5: comparison of variables and outcomes in matched cohort

Variable Median N (%) Case, matched  
72 patients

Control, matched  
72 patients

144 all patients matched P-value SMDFull 
matching

Age (years), median (Q1–Q3) 67.5 (58–73) 69.0 (55–72) 68.0 (56–73) 0.13 0.06
CCI, median (Q1–Q3) 3 (2–4) 3 (1–4) 3 (2–4) 0.24 −0.021
Sex, male 52 (72.2%) 50 (69.5%) 102 (70.8%) 1.00 0.06
Smoking history 0.56

Never smoker 14 (19.4%) 12 (16.7%) 26 (18.0%)
Current smoker 37 (51.4%) 26 (36.0%) 63 (43.8%)
Ex smoker 14 (19.4%) 21 (29.2) 35 (24.3%)

Not assessed/unknown 7 (9.7%) 13 (18.0%) 20 (14.0%)
ICU stay (days) 20 (6–30) 0 (15) 11 (0–28) 0.01
Hospitalization (days) 29.5 (19–45) 16.5 (18) 21.5 (14–40) 0.05
In-hospital deaths 46 (63.8%) 14 (19.4%) 60 (41.7%) 0.001
ICU admission 65 (90.3%) 34 (47.2%) 90 (62.5%) 0.001
Invasive mechanical ventilation 58 (80.6%) 14(19.5%) 72 (50.0%) 0.001

CCI: Charlson comorbidity index; ICU: intensive care unit ; N: number; Q: quartile; SMD: standardized mean difference.
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By adhering to these measures, we ensured the ethical con
duct of our study while prioritizing patient safety and compli
ance with pandemic-related restrictions. If further details are 
required, we remain available to provide additional clarification.
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