
Introduction 
Since May 2020, the Peter the Great Clinic of 

the I. I. Mechnikov Northwestern State Medical 
University has been reassigned to the Covid Center 
to treat patients with the novel coronavirus infection. 
During this time, 1,366 patients were hospitalized, 
including 287 in the ICU. Mortality in the clinic 
was 9.3%, while in the ICU it reached 44.6%, which 
indicates the high relevance of identifying predictors 
of adverse outcomes. 

During analysis of fatal outcomes, spontaneous 
pneumomediastinum (SPM), an uncommon man-

ifestation of spontaneous lung barotrauma in clinical 
practice, came to our attention. 

Pneumomediastinum, or mediastinal emphy-
sema, is a condition in which air is present in the 
mediastinal tissue [1]. Previously, spontaneous me-
diastinal emphysema was considered to be a rare 
stand-alone disease characterized by a benign 
course and occurring without any particular cause, 
mainly in young men [2–5]. The first description of 
SPM was made by Rene Laennec in 1819 in his 
treatise «De l'auscultation médiate» [6]. Louis Ham-
man was the first to report SPM as a separate enti-
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Summary 
The aim of the study was to identify the risk factors of spontaneous pneumomediastinum and to determine 

its management strategy in patients with the novel coronavirus infection. 
Material and methods. Eighteen patients with spontaneous pneumomediastinum (SPM) hospitalized in 

the Center for Novel Coronavirus Infection of the Mechnikov Northwestern State Medical University from 2020 
to 2021 were examined. The control group consisted of 18 persons selected using matched sampling. We ana-
lyzed symptoms, medical and life history, comorbidities, physical examination results, laboratory and instru-
mental data, and disease management of patients in both groups 

Results. The groups were comparable by age and sex. Among all patients hospitalized with the novel coro-
navirus infection, spontaneous pneumomediastinum was registered in 1.3% (n=18). Analysis of symptoms, 
medical and life history, comorbidities, physical examination results, laboratory and instrumental data and 
disease management did not reveal significant differences between the groups. At the same time, the propor-
tion of obese patients in the main group was lower than in the control group. Estimation of HR showed that 
the risk of spontaneous pneumomediastinum development was significantly lower in obesity (HR=0.14; 95% 
CI: 0.033–0.63, P=0.010). 

Conclusion. The risk of spontaneous pneumomediastinum is significantly lower in obese patients. 
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ty [7–11], which was later named Hamman syndrome. 
The first case report of SPM in COVID-19 appeared 
as early as in the first half of 2020 [12–16]. Most au-
thors identified McLean's phenomenon (increased 
intrathoracic pressure due to persistent cough com-
bined with decreased pressure in the perialveolar 
interstitial space) as an essential element of SPM 
pathogenesis [17]. However, in the last year, more 
and more frequent clinical case observations of 
SPM developing in COVID-19 can be found in the 
literature, where the risk factors included exacer-
bation of bronchial asthma and chronic obstructive 
pulmonary disease (COPD) and the use of steroids, 
which can promote pulmonary interstitial damage, 
leading to alveolar gas leakage [18]. All authors em-
phasize the severe course of COVID-19 associated 
with SPM and accompanied by higher rates of tra-
cheal intubation and mortality [19, 20]. 

However, whether SPM should be considered 
a spontaneous or secondary to COVID-19 compli-
cation is still unclear, as is the management of such 
patients [21]. 

Material and Methods 
All cases of SPM in patients with novel coron-

avirus infection hospitalized at the I. I. Mechnikov 
University Covid Center from 05.05.2020 to 
01.06.2020, from 05.11.2020 to 01.02.2021, and from 
01.07.2021 to 27.07.2021 were analyzed. A total of 
18 cases of SPM were documented in the patients 
who comprised the main group. The control group 
also included 18 patients selected by the matching 
pair technique (matched by sex, age, and severity 
of lung involvement). 

Patients in both groups were comparable by 
sex, age, and severity of lung involvement (Table 1). 

The mean BMI in the main group was 26 [24; 
29] kg/m2, which was significantly lower than in 
the control group, where it was 33  [28; 37] kg/m2 
(P=0.0028).  

All patients underwent chest CT scan on ad-
mission to the hospital. The severity (volume, area, 

extent) of lung involvement was assessed using an 
empirical visual semiquantitative scale, considering 
the approximate volume of lesions in both lungs [22]: 

— no typical manifestations was considered 
as CT-0; 

— minimal involvement < 25% of lung volume, 
CT-1; 

— moderate involvement of 25–50% of lung 
volume, CT-2; 

— significant involvement of 50–75% of lung 
volume, CT-3; 

— subtotal involvement > 75% of lung volume, 
CT-4. 

Verification of pneumomediastinum was per-
formed using CT imaging. 

Serila pulse oximetry was performed in all pa-
tients, starting from admission. If the signs of acute 
respiratory failure (ARF) and SpO₂ less than 90% 
were found, an additional arterial blood gases test 
with measurement of PaO₂, PaCO₂ was performed. 

The routine clinical examination included 
complete blood test, urinalysis, measurement of 
serum C-reactive protein (CRP), AST, ALT, creatinine, 
urea, glucose, total protein, ferritin, troponin, 
D-dimer, as well as coagulation test and ECG. 

The efficacy of therapy was evaluated by out-
comes (recovery or lethal), as well as by documented 
adverse events associated with the treatment. 

The data were analyzed using the Statistica 12 
for Windows software package with the assessment 
of data distribution normality (Shapiro–Wilk's test), 
calculation of mean values, mean square deviation, 
medians, lower and upper quartiles, maximum and 
minimum values. Pearson's χ2 test was used to ex-
amine correlation between qualitative variables; in 
case of violation of expected frequencies assumption 
(presence of at least one value less than 10 in 2×2 
tables and more than 25% of such values in multifield 
tables), Fisher's exact test (FAT) was used. The 95% 
confidence intervals (95% CI) for qualitative char-
acteristics were calculated by Wilson method. Quan-
titative indices with a normal distribution were ex-
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Parameter Values in groups Р-value 
Main Control  

Age, years 73 [67; 78] 72 [63; 81] 0.94 
BMI, kg/m2 26 [24; 29] 33 [28; 37] 0.0028 
CT, day from disease onset 8 [4; 9] 9 [6; 10] 0.31 
CT % of right lung involvement 35 [15; 68] 57 [32; 78] 0.056 
CT % of left lung involvement 33 [11; 66] 63 [41; 78] 0.025 
SpO2, % 94 [91; 95] 85 [76; 89] < 0.001 
Hospitalization, day from disease onset 7 [5; 9] 9 [6; 10] 0.15 
Duration of fever, from disease onset 7 [5; 8] 7 [6; 9] 0.28 
Transfer to the ICU, days from disease onset 10 [7; 15] 10 [4; 12] 0.59 
Hemoglobin, g/l 125 [105; 142] 129 [118; 143] 0.38 
Leucocyte count, �109/l 6.0 [4.7; 7.8] 6.6 [6.1; 8.4] 0.48 
Neutrophil count, �109/l 4.7 [3.5; 7.8] 4.9 [2.6; 7.1] 0.70 
Lymphocyte count, �109/l 0.8 [0.5; 1.0] 0.8 [0.4; 1.1] 0.76 
C-reactive protein, mg/l 54 [29; 97] 124 [46; 159] 0.21 
D-dimer, µg/ml 0.53 [0.29; 0.88] 0.53 [0.33; 2.73] 0.75 

Table 1. Patient characteristics and laboratory data at the time of hospitalization (Me [Q1; Q3]).
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pressed as М±s, where М is the mean value and s 
is the standard deviation. The Student's test was 
used for their comparison in 2 independent groups. 
Variables with non-normal distributions were re-
ported as Me [Q1; Q3], where Me was the median, 
Q1 and Q3 were the lower and upper quartiles of 
the distribution. Mann-Whitney test was used to 

compare the variables in 2 independent groups. 
The P-value < 0.05 was used as a threshold for sig-
nificance. Odds ratios (ORs) at 95% confidence in-
terval were used to assess the risk of pneumomedi-
astinum development. 

Results 
When evaluating the symptoms, persistent 

cough was observed in 4 (22.2%) patients in the 
main group and in 1 (5.6%) in the control group, 
the differences between the groups were not sig-
nificant (Fig. 1, a). 

The majority of patients in both groups had 
febrile fever: 14 (77.8%) in the main group, and 
13 (72.2%) in the control group, P>0.05 (Fig. 1, b). 

No differences were found between the groups 
in the timing of hospitalization and duration of 
fever before admission (Table 1). 

There were also no differences in the frequency 
of selected comorbidity signs and history of tobacco 
smoking in the groups (Fig. 1, c). 

History of surgical interventions requiring me-
chanical ventilation was recorded in 7 patients 
(38.9%) in the main group and in 3 patients (16.7%) 
in the control group (P=0.14). 

No significant differences between the groups 
were found in severity of respiratory failure (Fig. 
1d), but SpO₂ values differed with Me reaching 
94 [91; 95] in the main group and 85 [76; 89] in the 
control group (P<0.001). 

Comparison of laboratory parameters at the 
time of admission showed no significant differences 
between the groups (Table 1). 

During hospitalization, all patients were started 
on a treatment in accordance with the current 
guidelines of the Russian Ministry of Health, in-
cluding oxygen therapy through nasal cannulas 
with a flow rate of up to 10 l/min. 

Later, with increasing severity of the condition, 
the patients underwent control chest CT scan, and 
18 of them were found to have SPM (Table 2).  

The severity of their disease required transfer 
to ICU and initiation of different types of respiratory 
support. There was no significant association be-
tween the day of initiation of respiratory support, 
its duration and the occurrence of SPM (Table 3). 
However, the obtained data indicate a tendency to 
a more severe disease in patients of the control 
group. 

The types and parameters of respiratory support 
in the SPM group are shown in Table 4. 

Fig. 1. Patient distribution by presence and severity of cough 
(a) and fever (b), by frequency of selected comorbidity signs 
and history of tobacco smoking (c), and by degree of respira-
tory insufficiency (d) on admission.  
Note. COPD — chronic obstructive pulmonary disease; BA — 
bronchial asthma; H — hypertension; AF — atrial fibrillation. 

Parameter Patients, n (%) 95% CI 
CT grade 2 2 (11.1) 3.1–32.8 
CT grade 3 5 (27.8) 12.5–50.9 
CT grade 4 11 (61.1) 38.6–79.7 
Pleural effusion 6 (33.3) 16.3–56.3 

Table 2. Lung tissue involvement in the main group on 
the day of SPM diagnosis.
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Laboratory values of patients at the time of 
SPM development are summarized in Table 5. 

No significant association was found between 
the occurrence of SPM and duration of systemic 
steroid use or timing of administration of such 
drugs as JAK1/JAK2 inhibitors or anti-IL-6 mono-
clonal antibodies (Table 6). 

When analyzing the clinical variants of spon-
taneous lung barotrauma, we found that subcuta-
neous emphysema was present in 5 (27.8%) patients, 
whereas in 1 (5.6%) patient it was associated with a 
pneumothorax and in another 1 (5.6%) with a 
tension pneumothorax. Isolated SMP was revealed 
in 10 (55.5%) patients. All patients with SPM un-
derwent diagnostic bronchoscopy, which revealed 
no visible defects of trachea and bronchi (Fig. 2). 

Lethal outcome in the SPM group occurred in 
16 (88.9%) patients, on average on day 26±10 of 
hospitalization (Table 7). 

When determining the risks of SPM develop-
ment, obese patients were found to have a signifi-

Parameter Values in groups Р-value 
Main                             Control  

High-flow oxygenation, days from the disease onset 13±7                               11±3 0.51 
Duration of high-flow oxygenation, days 6±4                                 3±2 0.16 
Noninvasive lung ventilation, days from disease onset 19±11                              14±5 0.095 
Duration of noninvasive ventilation, days 3±3                                 4±3 0.72 
Mechanical ventilation, days from disease onset 22±9                               17±6 0.083

Table 3. Timing of initiation and duration of respiratory support from the moment of hospitalization (M±σ).

Variable                                                                                                                                                                         Value  
Type                                                                                                                             Patients, n (%) 95% CI 
Nasal cannula oxygenation                                                                                 4 (22.2) 9.0-45.2 
High-flow oxygenation                                                                                          1 (5.6) 1.0-25.8 
Noninvasive lung ventilation                                                                             4 (22.2) 9.0-45.2 
Mechanical ventilation PCV                                                                               4 (22.2) 9.0-45.2 
Mechanical ventilation PCV+                                                                             5 (27.8) 12.5-50.9 
Parameter                                                                                                                                                                    M±σ 
PIP, mbar                                                                                                                                                             16±3 
PEEP, mbar                                                                                                                                                         10±2 
FiO2, %                                                                                                                                                               86±21 
P/F, mm Hg                                                                                                                                                     110±74 
Cstat, ml/mbar                                                                                                                                                 33±12 
Flow, l/min                                                                                                                                                         20±2 
SpО2, %                                                                                                                                                              92±10 
РО2, mm Hg                                                                                                                                                     82±61 
РСО2, mm Hg                                                                                                                                                  40±17 

Table 4. Respiratory support in the SPM group.

Parameter                                                                         Me [Q1; Q3] 
Hemoglobin, g/l                                                         109 [91; 133] 
Hematocrit                                                             0.330 [0.280; 0.402] 
Leucocyte count, �109/l                                        11.3 [9.5; 13.0] 
Neutrophil count, �109/l                                       10.0 [7.4; 12.0] 
Lymphocyte count, �109/l                                      0.5 [0.3; 1.1] 
Platelet count, �109/l                                              226 [162; 282] 
Total protein, g/l                                                           54 [50; 63] 
Serum albumin, g/l                                                     29 [26; 32] 
LDH, U/L                                                                     543 [468; 772] 
ALT, U/L                                                                           33 [25; 53] 
AST, U/L                                                                          33 [19; 42] 
Total bilirubin, mmol/l                                               10 [8; 15] 
C-reactive protein, mg/l                                           77 [10; 182] 
Ferritin, µg/l                                                              994 [299; 1 803] 
Procalcitonin, ng/ml                                          0.399 [0.124; 1.840] 
D-dimer, µg/l                                                            1.79 [0.79; 7.50] 
IL-6, pg/ml                                                                  534 [160; 769] 

Table 5. Laboratory values of patients at the time of de-
velopment of SPM.

Fig. 2. Types of spontaneous pulmonary barotrauma.



8 w w w . r e a n i m a t o l o g y . c o m G E N E R A L  R E A N I M AT O L O G Y,  2 0 2 2 ,  1 8 ;  4

https://doi.org/10.15360/1813-9779-2022-4-4-10
Clinical  Studies 

cantly lower likelihood of SPM development 
(OR=0.14; 95% CI: 0.033–0.63, P=0.01) versus the 
patients with normal body weight. 

Discussion 
Thus, the issue of factors influencing the oc-

currence of SPM is relevant and still controversial, 
which requires more detailed studying. The scope 
of studies in this area is still limited, which is due to 
the low incidence of SPM in patients with the novel 
coronavirus infection. In our study, it was 1.3%, 
with a mortality rate of 88.9%, which is comparable 
with the available data [23]. 

Interestingly, the proportion of obese patients 
in the main group was lower, while the subsequent 
estimation of OR showed that in obesity the risk of 
developing SPM was statistically significantly lower. 
According to Rodriguez-Arciniega T. G. et al.  [24], 
the mean BMI value was slightly lower in SPM 
group (28 versus 29.5 kg/m2), but no significant 
differences compared to the control group were 

observed. It is worth noting that the authors found 
SPM only in 9 out of 271 patients. 

In an attempt to explain the results obtained, 
obesity was considered to be an unfavorable pre-
dictor for any respiratory complications  [25, 26], 
but on the other hand, the fact that low nutritional 
status is critical in COPD, especially its emphysema 
phenotype, shoul not be underestimated. The em-
physema phenotype is well known to be associated 
with a decreased nutritional status [25, 27, 28]. In 
addition, there is evidence of an inverse relationship 
between adipose tissue mass and the emphysema 
progression [29–31]. These data could partially ex-
plain the results of our study and can serve as a 
basis for further research to identify risk factors of 
SPM in patients with the novel coronavirus infection 
involving larger number of participants.  

Conclusion 
The risk of spontaneous pneumomediastinum 

is significantly lower in obese patients.

Parameter Values in groups P-value 
Main                             Control  

Duration of steroid use, days 10 [5; 12]                       8 [6; 10] 0.38 
Baricitinib, day from disease onset 8 [6; 10]                              13  
Tocilizumab, day from disease onset 11 [10; 15]                    11 [10; 15] 0.44

Table 6. Analysis of relationship between SPM development and timing and duration of pathogenetic therapy 
(Me [Q1; Q3]).

Parameter Values in groups P-value 
Main                             Control  

Lethal outcome, day of disease 20±7                              26±10 0.074 
Discharge, day of disease 25±1                              32±11 0.48

Table 7. Timing of outcomes among patie (M±σ).

Parameter Odds ratio [95% CI]                                      P-value  
No obesity (reference) 1                                                               
Obesity 0.14 (0.033–0.63)                                         0.010 

Table 8: Risk assessment of SPM development in patients with/without obesity.
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