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Background: Spontaneous pneumomediastinum (SPM) is an uncommon condition in COVID-19 patients. No information about outcome or risk factors is available at the time. The aim of this research is to report on the frequency and risk factors of spontaneous pneumomediastinum in COVID-19 patients.

Materials and Methods: An unmatched case-control study was carried out in a tertiary health-care facility for patients with COVID-19. Electronic files were reviewed to identify patients with confirmed COVID-19 infection by RT-PCR. Univariate analysis was used to describe demographic data. Mean differences were calculated using the Mann-Whitney test. Frequency and odds ratios were calculated by standard operations.

Results: A total of 271 patients were included in the study. Nine patients showed spontaneous pneumomediastinum and four of them presented associated spontaneous pneumothorax. The most common risk factors associated with poor outcomes in COVID-19 patients were not considered as risk factors for spontaneous pneumomediastinum development.

Conclusion: Spontaneous pneumomediastinum is an uncommon clinical feature in COVID-19 patients. More research is necessary to formulate statements regarding prevalence, risk factors, and outcome.

Keywords: spontaneous pneumomediastinum, spontaneous pneumothorax, SARS-CoV-2, complications, risk factors, case-control study


INTRODUCTION

Based on a report from the World Health Organization (WHO) from March 10, 2021, the number of confirmed COVID-19 cases worldwide were 117,332,262 and 2,605,356 deaths (1). Mexico is one of the counties with the highest number of cases. In the beginning of March, the number of confirmed cases was 2,130,477 with a total of 190,923 deaths (1). To date, the problem is of major concern for public health around the world.

Although a definitive diagnosis of COVID-19 infection is made by using a reverse transcription polymerase chain reaction (RT-PCR) assay (2), several authors reported on the role and utility of chest CT scan as a recommended tool for clinical practice for COVID-19 patients (3–5). In April 2020, the Dutch Radiological Society developed CO-RADS to assess the suspicion of pulmonary involvement of COVID-19. The scale is from 1 to 5, from very low to very high involvement (6). Nowadays, the CO-RADS scale is used widely in our medical facility as a complementary tool to measure the extent of compromised pulmonary parenchyma in COVID-19 patients.

Radiological features such as spontaneous pneumothorax have been described in 1% of COVID-19 patients (7, 8). Spontaneous pneumomediastinum (SPM), unrelated to assisted ventilation, is another radiological feature reported in literature as a frequent complication and is related to a poor outcome (9). In general terms, SPM has a reported frequency in non-COVID-19 patients of 1 in 25,000 and is more common in children (10). To date, there is no reliable data on the frequency of SPM in COVID-19 patients, however, some clinical cases are available in international literature (11–15).

Based on the previous information, the aim of this work is to report on the frequency of spontaneous pneumomediastinum and the related risk factors in a tertiary health-care facility that was converted for the caring of COVID-19 patients.



MATERIALS AND METHODS

An unmatched case-control study was carried out at the Western National Medical Center in a 2-month period (July and August 2020). This research was performed under permission from the ethics committee, Number 14 CEI 20190123/ COFEPRIS 17 CI 14 039 114. Electronic files from COVID-19 patients were reviewed (chest CT scans and laboratory results) that looked for clinical features related to spontaneous pneumomediastinum. Suspicious cases were reviewed by six physicians (including 2 radiologists) in order to validate the diagnosis. Selected files were reviewed in order to obtain anthropometric data, clinical features, inflammatory biomarkers, comorbidities, and outcomes. Inclusion criteria for cases and controls were complete electronic files (medical notes, laboratory results, and digital chest CT scan images) from both genders older than 18 years and COVID-19 diagnosis by RT-PCR. Selected patients were managed at the Western National Medical Center COVID-19 units by at least one of the authors of this report. A data analysis report used percentages, absolute frequencies, means, standard deviations, and a 95% confidence interval. Statistical significance was evaluated by means of the Mann-Whitney U-test (p < 0.05). The frequency and Odds Ratio (OR) were calculated using standard methods. All data were processed using Excel® (Microsoft, Redmond, WA, USA) Open Epi (Open-Source Epidemiologic Statistics for Public Health, Bill and Melinda Gates Foundation, Emory University, Atlanta, GA, USA) and EpiInfo version 7.2.4 (Centers for Disease Control and Prevention, Atlanta, GA, USA).



RESULTS

A total of 319 electronic files from COVID-19 patients confirmed by RT-PCR assay SARS-CoV-2 were reviewed. Those files without chest CT scans or complete laboratory reports were excluded (n = 48). The files included in the study were 271, including cases and controls. From the patient cohorts, 36.5% were women and 63.5% were males. Demographic data is shown in Table 1.


Table 1. Demographic data from SARS-CoV-2 patients.
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The percentage of deceased patients from the entire cohort was 36.5 (n = 99/271), corresponding to 23.9% for males and 12.6% for females. Comorbidities from the total sample were obtained from files. Details related to such are shown in Table 2.


Table 2. Comorbidities measured in the general population with COVID-19 diagnosis (n = 271).
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Based on the results, a total of 9 COVID-19 hospitalized patients developed spontaneous pneumomediastinum (3.3%), and 4 cases of spontaneous pneumothorax were detected (1.47%). All patients underwent a non-enhanced chest CT scan immediately after hospital admission, upon which SPM was identified by a COVID-19 physician team (Figures 1, 2). None of them received invasive mechanical ventilation at the time they were admitted. The principal characteristics of patients who developed SPM are described in Table 3. No significant differences were observed with regard to inflammatory biomarkers (p > 0.05). The main differences between non-spontaneous pneumomediastinum and SPM are shown in Tables 4, 5


[image: Figure 1]
FIGURE 1. A 68-year-old male axial non-enhanced chest CT image showing subcutaneous emphysema (arrow heads), pneumomediastinum (black arrow), and pneumothorax (empty arrow).
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FIGURE 2. A 43-year-old male non-enhanced chest CT image showing pneumomediastinum (arrows) and ground glass opacity pattern over peripheral subpleural areas (arrowhead).



Table 3. Features from COVID-19 patients who developed spontaneous pneumomediastinum.
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Table 4. Frequency of comorbidities in cases and controls.
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Table 5. Inflammatory biomarkers from cases and controls.
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In order to calculate the Odds Ratio (OR), some independent variables (age and BMI) were adapted using a dichotomic approach that was used in the contingency tables. Age was considered as a risk factor if younger than 60-years old, and BMI was dichotomized in <25 and 25 or higher. Regarding gender, being male was considered as a risk factor. The ORs were calculated individually for each risk factor. Results obtained from the ORs are described in Table 6.


Table 5. Odds ratios obtained from contingency tables (case-control).
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DISCUSSION

The results obtained in the present study clearly show that SPM is not always a pathologic feature related to invasive mechanical ventilation in COVID-19 patients. Indeed, main risk factors for SPM such as young age, tobacco smoking, asthma, and gender (10) did not show a significant statistical association. Other risk factors which are associated with poor outcomes in COVID-19 patients like hypertension and obesity were not statistically related to SPM either (p > 0.05). International research reported a frequency of 1 in 25,000 (10), however, our results showed an increased frequency of SPM in COVID-19 patients (9 in 271). The difference between proportions is remarkable (p < 0.01).

Spontaneous pneumomediastinum in COVID-19 patients has been reported as single cases in international literature (11–14). Other authors had reported some case series of SPM. Eperjesiova et al. reported 20 cases of air leak in a cohort of 976 COVID-19 patients. Five cases were SPM and were unrelated to mechanical ventilation. Two patients developed spontaneous pneumothorax, and the rest (n = 13) were air leak cases that were associated with medical procedures (15). However, the manuscript does not describe the relationship between SPM and risk factors.

During the peak of the SARS-CoV-2 pandemics in Spain, Gorospe et al. reported four cases of SPM that were unrelated to mechanical ventilation. None of the patients had a previous history of tobacco consumption or predisposing risk factors. One patient died after an infection of Pseudomonas aeruginosa (8). No statistical analysis of risk factors was performed for the study.

Recently, Jones et al. reported an observational study in England that included 83 critically ill COVID-19 patients. The authors divided the group into barotrauma and non-barotrauma groups. The barotrauma group included a total of 8 patients. One hundred percent of them had subcutaneous emphysema, seven revealed pneumomediastinum, and four had pneumothorax (bilateral n = 2). The seven patients that developed pneumomediastinum received ventilatory support through CPAP or non-invasive mechanical ventilation (NIV). The study reported significant mean differences between some variables, and a 9.6% of barotrauma as a complication in the cohort of patients. They assumed that barotrauma in COVID-19 patients is related to longer management prior to critical care admission and the use of CPAP or NIV. However, the manuscript does not specify if the chest CT scans were performed before or after CPAP management, NIV, and invasive mechanical ventilation (16).

The inflammatory process induced by the SARS-CoV-2 infection in the respiratory tract is characterized by an increase in intrathoracic pressure. Differential pressure inside the pulmonary parenchyma is the main cause of alveolar rupture that causes air leak through interstitial and bronchovascular tissues including the pneumomediastinum (17). The abnormal increase in pressure in the mediastinum causes air to dissect in between the mediastinal structures. The effect of dissection, which is secondary to air leak, extends from the soft tissue structure in the anterior mediastinum up to the subcutaneous tissue over the upper abdomen and neck (10). Symptoms are characterized by retrosternal chest pain, neck pain and swelling, dyspnea, dysphagia, and facial swelling (18).

In general terms, our results reveal that SPM is an uncommon condition resulting from an inflammation of the respiratory tract in COVID-19 patients. No specific data on the incidence of SPM is available at the moment, however, based on the local number of cases, the frequency was calculated in 3.3% of hospitalized COVID-19 patients. It is important to mention that the development of SPM does not increase the risk of death, nor the length of hospital stay.

From the total number of cases of SPM (n = 9), two of them showed a bilateral pneumothorax. One of these patients required invasive mechanical ventilation and died 3 days later. The other patient recovered successfully. Another two patients with SPM required invasive mechanical ventilation after diagnosis and died 3 and 5 days later, respectively. The other 6 patients recovered without mechanical invasive ventilation and were discharged around 16 days after admission.



CONCLUSION

Development of SPM in COVID-19 patients is becoming an interesting topic nowadays. Information and data from international literature is still not enough to draw conclusions about specific causes, pathology, and outcome. More research and epidemiological data are necessary to make statements regarding this uncommon condition in patients affected by the novel SARS-CoV-2 virus.
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