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ABSTRACT

Objective: To determine the risk factors for spontaneous pneumomediastinum (SPM), its clinical course and effect on prog-
nosis in patients with Coronavirus disease-19 (COVID-19) pneumonia.

Study Design: Descriptive study.

Place and Duration of Study: Kayseri City Training and Research Hospital, Turkey, from April to September 2020.
Methodology: All COVID-19 patients' clinical, laboratory, and radiologic characteristics, as well as treatment outcome data,
were obtained through medical record extraction. Group A had 50 patients (22 men and 28 women) without SPM, and Group B
had 20 patients (10 men and 10 women) with SPM.

Results: Considering the accompanying comorbidities, the frequencies of asthma and inhaler-use was significantly higher in
Group B than in Group A (p <0.05). In the CT evaluation at presentation, the rate of involvement of all five lobes of the lung in
Group B was significantly higher than in Group A. Rates of tube thoracostomy, mechanical ventilator requirement, length of
stay in hospital, and exitus were significantly higher in Group B than in Group A (p <0.05).

Conclusion: SPM development in a patient with COVID-19 pneumonia is a sign that the prognosis will not be good, and these
patients need a more aggressive treatment.
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INTRODUCTION

The disease caused by the severe acute respiratory syndrome--
coronavirus-2 (SARS-CoV-2), which is a member of the coron-
avirus family, has been named as the coronavirus disease-19
(COVID-19). This virus's most important feature is that it rapidly
spreads from person to person through droplets and contact.
Because of this feature, it has affected large masses within a
shortperiod of time. COVID-19 can affect many organs, including
the lungs as well as the brain, kidneys and liver. The most
affected organ involvement, which has an effect on mortality, is
the lung.™” Although the gold standard in the diagnosis of the
diseaseisthereal-time polymerase chainreaction (RT-PCR) test;
computed tomography (CT) of the chest is extensively used
because oftheinadequacyinthe performance ofthetestinsome
areasand the possibility of its false negativity inthe early period.
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However, the radiological methods are not screening tests in
the diagnosis of COVID-19; and they should be used as
methods that help diagnose and monitor the disease.**

Spontaneous pneumomediastinum (SPM) is a rare disease
characterised by the presence of free air in the mediastinum
without any underlying cause. It does not occur because of
mechanicalventilation;andoccurswithoutanytraumaoriatro-
genic intervention. The pathophysiology of this condition is
based on the existence of a pressure gradient between the
alveoliand the lung interstitium. This pressure difference may
lead to alveolar rupture and the consequent escape of airinto
theinterstitium.” SPM complication has beenrarely reportedin
COVID-19 patientsreceivinginpatienttreatment.

Studies involving a large number of SPM patients are not avail-
able yet.*” In the present study, it was aimed to reveal the
predisposing and precipitating factors for SPM, its clinical
course,andeffectonprognosisinpatientswith COVID-19 pneu-
monia.

METHODOLOGY

The study was approved by the Local Ethics Committee (Date:
01.10.2020 / No: 165) and conducted in accordance with the
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principlesofthe Declarationof Helsinki. Afterobtaining permis-
sion from the Department of Thoracic Surgery, Kayseri City
Training and Research Hospital, Kayseri, Turkey, and Hospital
Education Board, data from the Hospital Information Manage-
ment System were retrospectively reviewed. All COVID-19
patients' clinical, laboratory, and radiologic characteristics, as
well as data on treatment outcomes, were retrieved through
extraction of medical records. The recorded information
included demographic data, medical history, potential comor-
bidities, symptoms, and CT scans. The follow-up and treat-
ment of patients with COVID-19 pneumonia were performed
according to the guidelines that were prepared and have been
regularly updated by the Ministry of Health. Based on the
patient's clinical presentation, hydroxychloroquine and/or
favipiravir-/+ azithromycin (antibiotic may vary depending on
culture results), and enoxaparin were given. Tocilizumab,
convalescent plasma and corticosteroids were given to
eligible patients. The control group patients, who did not
develop SPM during the treatment, were named as Group A;
and those who developed SPM during the treatment, were
named as Group B. Patients with pneumomediastinum, who
had known lung bullae in their previous CTs, were intubated,
treated using a ventilator, exposed to barotrauma or trauma.
Those who underwent tracheostomy were excluded from the
study. A chest tube was applied to patients with pneumoth-
orax,accompanying SPM. Risk factorsleadingto SPMaswell as
the effect on the treatment process and mortality after its
developmentwereinvestigated.

Mean, standard deviation, median, 25" percentile, 75"
percentile, frequencyandratiovalueswereusedinthedescrip-
tive statistics of the data. The distribution of the variables was
assessed with the Shapiro-Wilk test. Independent sample t-
test and Mann-Whitney U-test were used in the analysis of
quantitative independent data. Chi-square test was used in
the analysis of qualitative independent data and Fischer Exact
testwasused whentest conditions forthe Chi-square test were
not met. The independent factors associated with SPM were
evaluated using univariate and multivariate logistic regres-
sion analysis. SPSS version 27.0 was used in the analyses.
Valuesof p<0.05 were consideredsignificant.

RESULTS

Patients from April to September 2020 were analysed. Group
A had 50 patients (22 men and 28 women) without SPM; and
Group B had 20 patients (10 men and 10 women) with SPM.
The mean age was 60.6 = 13.6 years in Group A, and it was
57.7+14.1yearsinGroupB. Theage and genderdistributions
of the patients in both groups did not significantly differ
(p=0.425 and p=0.649, respectively). Rates of symptoms,
including dysphagia-odynophagia, swelling in the neck, and
cough, were significantly higher in Group B than in Group A
(p=0.021, p<0.001 and p=0.014). Considering the accom-
panying comorbidities, the rate of asthma andinhaler use was

significantly higher in Group B than in Group A (p=0.015 and
p=0.034).InGroupA, therate of hypertension (HT) was signifi-
cantly higher (p=0.003) than in Group B. Rates of diabetes
mellitus (DM), chronic obstructive pulmonary disease (COPD),
chronic renal failure (CRF), colon cancer, thyroid cancer, lung
cancer, and coronary artery disease as well as history of
steroid use did not differ significantly between both groups (p
>0.05). In group B, SPM was accompanied by subcutaneous
emphysema in 14 patients and pneumothoraxin 4 patients. It
isalsoaccompaniedbybilateral, multilobargroundglassopac-
ities (Figure1).

Figure 1: Chest X-ray and CT show spontaneous pneumomediastinum
(blue arrows), subcutaneous emphysema (red arrows), and bilateral
ground-glassopacities (greenarrows) ofthelung.

Three ofthese patients required tube thoracostomy. Inthelabo-
ratory evaluation, there was no significant difference (p > 0.05)
betweenthelymphocytevaluesatpresentationandthelympho-
cyte values measured consecutively during the treatment
process in both groups. The C-reactive protein (CRP) value at
presentation did not significantly differ (p=0.323) between
both groups. The CRP value measured consecutively in Group B
during treatment was significantly higher than in Group A
(p<0.001). The ferritin value at presentation did not signifi-
cantly differ (p=0.082) between both groups. In Group B, the
ferritin value measured consecutively during the treatment
process was significantly higher than in Group A (p<0.001). In
the CT evaluation at presentation, the rate of involvement of all
five lobes of the lung in Group B was significantly higher thanin
Group A. The rates of involvement of two lobes and three lobes
were significantly higher in Group A than in Group B (p=0.028
and p=0.014). The rate of right upperlobe involvement and left
upper lobe involvement in both groups did not differ signifi-
cantly (p >0.05). Rates of ground-glass-opacity, air broncho-
gram, bronchiectasis, pleural effusion, pericardial effusion,
mediastinal lymphadenopathy, pleural thickening adjacent to
thelesion, peripherallesions and bilateral lesions did not signifi-
cantly differ(p>0.05) between both groups.
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Table I: Baseline demographic, laboratory, and radiological data and accompanying comorbidities of the patients.

Group A Group B

Parameters Mean * S.D/Median (IQR)/ Mean + S.D/Median (IQR)/ p
n (%) n (%)

Age 60.6x13.6 57.7x14.1 0.425"
Gender:
Women 28 (56.0%) 10 (50.0%) 0.649"
Men 22 (44.0%) 10 (50.0%) '
Clinical findings:
Chest pain 34 (68.0%) 9 (45.0%) 0.074°
Dyspnea 36 (72.72%) 19 (95.0%) 0.051°
Dysphagia-odynophagia 0 (0.0%) 3 (15.0%) 0.021°
Neck pain 0 (0.0%) 14 (70.0%) <0.001"
Cough 37 (74.0%) 20 (100.0%) 0.014°
Lymphocyte (mL):
Presentation 1025 (625-1435) 1025 (822.5 - 1807.5) 0.677"
Consecutively 1000 (640-1265) 820 (482.5 - 1267.5) 0.349"
CRP (ug/L):
Presentation 1025 (625-1435) 1025 (822.5 - 1807.5) 0.677"
Consecutively 1000 (640-1265) 820 (482.5 - 1267.5) 0.349™
Ferritin (ug/L):
Presentation 312 (232-750) 503.5 (239.3 - 1963) 0.082"
Consecutively 320 (210-591.3) 1080.5 (736.3 - 1372.3) <0.001"
Comorbidity: 2
Hypertension 32 (64.0%) 5 (25.0%) 0.003"
Diabetes 22 (44.0%) 7 (35.0%) 0.490°
Asthma 8 (16.0%) 9 (45.0%) 0.015
COPD 2 (4.0%) 0 (0.0%) >0.999°
CRF 7 (14.0%) 0 (0.0%) 0.178"
Colon cancer 2 (4.0%) 1(5.0%) >0.999"
Thyroid cancer 0 (0.0%) 1(5.0%) 0.286"
Lung cancer 4 (8.0%) 2 (10.0%) >0.999°
CAD 3 (6.0%) 2 (10.0%) 0.619%"
Inhaler drug use 10 (20.0%) 9 (45.0%) 0.034%
Pneumomediastinum 0 (0.0%) 20 (100.0%) <0.0017
Subcutaneous Emphysema 0 (0.0%) 14 (70.0%) <0.001°
Pneumothorax 0 (0.0%) 4 (20.0%) 0.005
CT findings: .
One lobe 0(0.0%) 1(5.0%) 0.286°
Two lobes 15 (30.0%) 1 (5.0%) 0.028
Three lobes 13 (26.0%) 0(0.0%) 0.014
Four lobes 0 (0.0%) 0 (0.0%) >0.999"
Five lobes 22 (44.0%) 18 (90.0%) <0.001"
Right middle lobe 32 (64.0%) 19 (95.0%) 0.008™
Right lower lobe 27 (54.0%) 19 (95.0%) 0.001%
Left lower lobe 25 (50.0%) 20 (100.0%) <0.001%*
IST 2 (4.0%) 7 (35.0%) 0.002°
MVR 0 (0.0%) 12 (60.0%) <0.001"
Tube thoracostomy 0 (0.0%) 3 (15.0%) 0.021°
LOS (days) 9 (8-14) 20.5 (12.3-27.8) <0.001"
Exitus 2 (4.0%) 12 (60.0%) <0.001"

COPD: Chronic obstructive pulmonary disease, CRF: Chronic renal failure, CAD: Coronary artery disease, MVR: Mechanical ventilator requirement, LOS: Length of stay in hospital, IST: Interlobular septal
thickening, t: Independent sample t test, x% Chi-square test, m: Mann-Whitney U-test, IQR: 25th percentile-75th percentile, F: Fisher’s Exact test.

Table II: Factors associated with spontaneous pneumomediastinum in patients with COViD-19 pneumonia.

Univariate analysis Multivariate analysis
OR % 95Clp OR % 95 Cl p

CRP* 1.03 1.02-1.05 <0.001 1.06 1.01-1.12 0.017
Ferritin* 1.00 1.00-1.00 <0.001
Hypertension 0.19 0.06-0.60 0.005 0.05 0.00-0.54 0.014
Asthma 4.30 1.35-13.72  0.014
Inhaler drug use 3.27 1.07-10.04 0.038
Five lobes involvement 11.46  2.40-54.73  0.002
IST 12,92 2.39-69.81  0.003 12.26 0.73-205.29 0.081
Right middle lobe 10.69 1.32-86.59  0.026
Right lower lobe 16.19 2.01-130-38 0.009 435.98 2.73-69528.58 0.019
LOS 1.16 1.07-1.25 <0.001

measured consecutively during the treatment process.

OR: Odds ratio, CRP: C-reactive protein, Cl: Confidence interval, IST: Interlobular septal thickening, LOS: Length of stay in hospital, *CRP and ferritin values

The rate of using favipiravir, antibiotherapy, corticosteroid  thoracostomy, mechanical ventilator requirement, length of
and enoxaparin for the purpose of treatment did not differ  stay in hospital (LOS), and exitus were significantly higher in
significantly (p >0.05) between both groups. Rates of tube  Group B than in Group A (p <0.05). The demographic, labora-
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tory and radiological data and accompanying comorbidities
of the patients are shown in Table I.

In the univariate model, CRP and ferritin values measured
consecutively during the treatment process, hypertension,
history of asthma and inhaler drug use, lesion formation in
all five lobes, interlobular septal thickening, right middle
lobe, and right lower lobe as well as LOS had a significant (p
<0.05) effect in the division of patients into both groups. In
the multivariate reduced model, CRP measured consecu-
tively during the treatment process, hypertension and right
lower lobe involvement had a significant-independent
(p=0.017, p=0.014 and p=0.019) effect in the division of
patients into both groups (Table II).

DISCUSSION

Currently, the world is still under the influence of the
COVID-19 pandemic, and the pandemic continues to affect
the world as an important health problem because of its
rapid transmission, high case fatality rate, and global impact
on social welfare and the economy. Although COVID-19
seems to primarily affect the respiratory system, but it
affects almost every system. The complications of COVID-19
include but are not limited to coagulopathy, disseminated
intravascular coagulation, venous thromboembolism,
massive pulmonary embolism, laryngeal oedema and laryn-
gitis, fatal necrotising pneumonia, cardiovascular complica-
tions (acute pericarditis, left ventricular dysfunction, acute
myocardial injury, arrhythmias and heart failure), acute respi-
ratory distress syndrome, sepsis, septic shock and multiple
organ failure, as well as ventilation-associated pneumonia
and rarely pneumothorax and pneumomediastinum.®®

SPM rarely develops in patients with COVID-19, but its effect
on the patient is serious; however, there are a limited
number of reports in the literature regarding this condition.
The most common clinical signs and symptoms of SPM
include sudden onset of retrosternal chest pain, dyspnea,
dysphagia-odynophagia, hoarseness, neck pain, and subcuta-
neous emphysema.”™ A typical physical examination finding
is a crunching sound synchronous with the peak heart rate in
auscultation on the anterior aspect of the chest, which is
called the Hamman's sign.'" All of the patients included in
this study were COVID-19 positive patients. The rates of
dysphagia-odynophagia, subcutaneous emphysema, and
cough were significantly higher in Group B than in Group A.

Although the exact mechanism of SPM is unknown, it may
develop as a result of alveolar rupture due to the decrease
in the pressure gradient between the lung interstitium and
alveoli. SPM is generally self-limiting; however, the air can
reach the neck through submandibular and retropharyngeal
spaces between the tissue planes, as well as the diaphragm
and retroperitoneum through the periaortic and perioe-
sophageal planes. Consequently, it may cause serious circu-
latory and respiratory pathologies. There are some predis-

posing and precipitating factors such as asthma, diving,
weight lifting, strong cough, screaming, crying out loud,
emesis, smoking, inhaled drug use, corticosteroids, inhala-
tion of irritants and other conditions as well as some anatom-
ical predisposing alterations.>*** In the present study, 45%
of Group B patients and 16% of Group A patients had
asthma. The rate of inhaler use was 45% in Group B and
20% in Group A. Both were statistically significant between
the groups.

The World Health Organisation's current estimate of the
global case fatality rate is 2.5%." Prognostic factors that
have been associated with increased risk of unfavourable
outcomes and mortality include age =50 years, male
gender, presence of comorbidities (e.g., hypertension,
diabetes, cardiovascular or cerebrovascular disease, COPD,
obesity and malignancy), lymphopenia, hepatic impairment,
renal impairment or cardiac injury and elevated inflamma-
tory markers (CRP, procalcitonin and ferritin).”>*® In the
present study, there was no statistically significant differ-
ence between the groups in terms of age, gender and
lymphocyte count, as well as rates of diabetes, coronary
artery disease and malignancy. However, the CRP value
measured consecutively during the treatment process and
the ferritin value consecutively measured during the treat-
ment process were significantly higher in Group B. Moreover,
hypertension was found to be significantly higher in Group B.

CT is used extensively in the diagnosis and follow-up of
COVID-19, and CT is the gold standard in the radiological
diagnosis of patients with SPM. The most common imaging
features on a CT typical of COVID-19 infection include bilat-
eral, multilobar ground glass opacities with a peripheral or
posterior distribution (or both), above all in the lower lobes
and less frequently within the right middle lobe.”*® In this
study, the rates of right middle lobe, right lower lobe and left
lower lobe involvement were significantly higher in Group B
patients, who developed SPM. Moreover, 90% of Group B
patients had lesions in all five lobes of the lung, while all five
lobes were involved in 44% of Group A patients.

In patients with COVID-19, progressive pneumonia can cause
SPM as a complication, and in turn, SPM can cause diffuse
subcutaneous emphysema and pneumothorax. This worsens
the prognosis further.”** There is no special treatment for
SPM, in addition to COVID-19 treatment, and conservative
treatment is continued. Patients who develop SPM should be
carefully monitored because it could potentially cause respi-
ratory and circulatory problems. Because pneumothorax
may develop, chest radiography should be performed every
day. Tube thoracostomy treatment was performed when the
ratio of pneumothorax was more than 10% and observation
and oxygen treatment were performed when the ratio of
pneumothorax was 10% or less. The two-bottle technique
can be used to prevent viral spread in those undergoing
tube thoracostomy. The main principle of the treatment of
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subcutaneous emphysema is repairing of lung parenchyma
by leaking air and preventing the air to run under the skin
and being taken out the present air under the skin. It can be
resolved by soft tissues gradually with 100% treatment of
oxygen in cases of mild-moderate subcutaneous emphy-
sema.””**" In this study, 70% of Group B patients had accom-
panying subcutaneous emphysema and 20% had accom-
panying pneumothorax. SPM developed 3.4 = 6.7 days on
average after the COVID-19 diagnosis was made. Radiolog-
ical disappearance of SPM occurred in 4.6 £ 1.8 days on an
average. While the rate of mechanical ventilation require-
ment was 60% in Group B patients, this rate was 0% in
Group A patients. Furthermore, while the rate of exitus was
60% in Group B patients, it was 4% in Group A patients. The
mean age of these patients with exitus was reported to be
60.3 = 10.3. The length of hospital stay was 20.5 days in
Group B and 9 days in Group A.

This study has several limitations. First, the study includes
retrospective and single-centre results. Second, the sample
size was relatively limited. However, it is the largest series
that includes SPM in patients with COVID-19 pneumonia in
the literature.

CONCLUSION

When SPM develops in a non-pandemic patient, it is usually
a self-limiting condition. However, when it develops in a
patient with COVID-19 pneumonia, it is a sign that the prog-
nosis will not be good, and these patients need a more
aggressive treatment. High serum ferritin and CRP level in
consecutive measurements might signify an elevated risk of
SPM in patients with COVID-19 pneumonia.
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