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ABSTRACT

Introduction: Coronavirus disease 2019 (COVID-19) can cause multisystem complications, with pulmo-
nary involvement associated with the highest mortality. Pneumothorax (PT) and pneumomediastinum
(PM) are uncommon complications of COVID-19 that have been reported to occur in the absence of
trauma or mechanical ventilation. This study seeks to determine the incidence of these complications in

patients with COVID-19 and evaluate clinical characteristics and outcomes.

Methods: We identified 3375 patients admitted to our health system during March 2020 through
November 2020 who tested positive for SARS-CoV-2 with a polymerase chain reaction test. Patients
were screened for PT or PM and were matched to COVID-19—positive patients without PT and/or PM.

Data compared demographics, clinical characteristics, and laboratory values.

Results: Out of a total of 3375 COVID-19 admissions, 33 patients with PT/PM (1%) were compared to 32
matched controls without PT and/or PM. The patients with PT and/or PM demonstrated a significantly
higher incidence of concomitant cancer diagnosis than those without PT and/or PM (18% vs 3%, respec-
tively; P=0.05). Those with PT and/or PM required significantly more invasive mechanical ventilation
than those without PT and/or PM (79% vs 47%; P<0.01). Mortality was significantly higher among those

patients with PT and/or PM than those without PT/PM (55% vs 25%; P<0.05).

Discussion: A significant number of COVID-19 patients with PT and/or PM had a concomitant cancer
diagnosis, required supplemental oxygen on admission, and invasive mechanical ventilation during
hospitalization. Additionally, the COVID patients with PT and/or PM had significantly higher mortality
compared to those without PT and/or PM. However, with all retrospective studies, there are limita-

tions.
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INTRODUCTION
In December 2019, several cases of pneu-
monia were identified in Wuhan, Hubei
Province, China.l2 All of these patients
were linked to a local seafood market,
where live animals were being sold. On
January 7, the pathogen for these cases
was identified by the Chinese Center
of Disease Control and Prevention as
a novel coronavirus that belongs to the
Orthocoronavirinae family and was named
severe acute respiratory syndrome corona-
virus-2 (SARS-CoV-2). The disease caused
by this virus was named coronavirus dis-
ease-19 or COVID-19. Novel coronavirus
primarily affects the respiratory system but
also has demonstrated multisystem dys-
function affecting the heart, kidneys, cir-
culatory system, liver, gastrointestinal tract,
and blood cells precipitating hemolysis.3
Respiratory complications of COVID-19
occur with a wide spectrum ranging from
self-limiting mild upper respiratory infec-
tion to significant hypoxia secondary to acute respiratory distress
syndrome (ARDS).4

Barotrauma, which includes pneumothorax (PT) and pneu-
momediastinum (PM), recently has been observed as an emerging
complication in COVID-19 patients. Traumatic pneumothorax
results from an injury to the pleura, including iatrogenic cases
during medical procedures, whereas primary spontaneous pneu-
mothorax is defined as PT that presents in an otherwise healthy
lung without any precipitating external events. Secondary spon-
taneous pneumothorax is defined as PT that occurs as a compli-
cation of underlying lung disease. In prior studies, the reported
incidence of PT and/or PM in COVID-19 patients was 1%.5
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However, in a recent case-control study assessing 601 critically
ill intensive care unit (ICU) patients with COVID-19 requiring
invasive mechanical ventilation, the reported incidence was up
to 12.8%.6

There are several proposed mechanisms for the development of
PT and PM in patients with COVID-19. Formation of pneuma-
tocele or cysts in the affected lung tissue in the absence of positive
pressure ventilation suggests direct parenchymal injury induced by
the virus itself and the body’s immune system.”8 We performed
a retrospective cohort study to determine the incidence, risk fac-
tors, and outcomes of PT and/or PM in hospitalized patients with
COVID-19 over the course of 9 months.

METHODS

Study Design and Population

This was an Institutional Review Board-approved retrospective
chart review of patients in the CHI Health Nebraska health
system that includes 6 health care facilities serving patients in
Nebraska and Iowa. Adult patients age 19 and older admitted
during March 2020 through November 2020 who tested posi-
tive for COVID-19 via a polymerase chain reaction (PCR) test
and who developed spontaneous PT or PM during their inpa-
tient hospital stay were included. This period involved multiple
surges of the COVID-19 pandemic prior to vaccine availability.
COVID-19—positive patients without spontaneous PT or PM
during their inpatient ICU hospitalization served as control
patients. Those who had COVID-19-like symptoms but nega-
tive COVID-19 PCR testing were excluded, as were patients
with PT or PM secondary to trauma without a positive COVID-
19 PCR test result.

Data Collection

Electronic medical records (Epic Systems Corp, Verona,
Wisconsin) were reviewed retrospectively for demographic, clini-
cal, and laboratory values for all patients who met the inclu-
sion criteria of COVID-19 with PT/PM. These patients were
matched by age (+1 year), gender, and recent ICU admission to
the admission date with a positive COVID-19 test to a group
of patients without PT/PM. If there was more than 1 possible
match, the match was chosen at random. One patient could not
be age-matched to a COVID-19—positive patient without PT.
Admission data included the need for supplemental oxygen and
the following commonly performed labs: lactate dehydrogenase
(LDH), C-reactive protein (CRP), ferritin, and procalcitonin.
The electronic medical records were further reviewed to assess
for comorbidities related to COVID-19 risk and respiratory dis-
ease, including body mass index (BMI), hypertension, diabetes,
cancer, chronic obstructive pulmonary disease (COPD), asthma,
interstitial lung disease, and other underlying lung diseases. The
course of the disease from symptom onset to PT/PM was mea-

sured. Data on vasopressor requirements in the PT/PM cohort
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were compared with controls. Information on whether a chest
tube was placed, initiation of new renal replacement therapy, and
initiation of extracorporeal membrane oxygenation (ECMO)
during the hospital stay were collected.

The number of days of invasive and noninvasive mechanical
ventilation, if applicable, after the PT/PM was recorded. Records
were reviewed to determine whether palliative care was consulted
during the hospital course. The primary outcomes of this study
were mortality and length of hospital stay. Secondary outcomes
were vasopressor requirement, laboratory inflammatory markers,
need for the palliative care team, and need for invasive mechanical

ventilation. All of these variables were compared statistically.

Statistical Analysis

Data were reviewed and entered in SPSS Statistics version 27
(IBM Corp) for statistical analysis. Discrete variables were ana-
lyzed by chi-square, and continuous variables were analyzed by
¢ test or Mann-Whitney U test. Statistical significance was deter-

mined based on a P value <0.05.

RESULTS

Cohort Demographics

A total of 33 patients with COVID-19 had PT and/or PM out
of 3375 COVID-19 admissions, with a calculated incidence
of 1%. PT alone was more prevalent than PM alone (61% vs
21%, respectively) and both PT and PM concomitantly (18%).
The median age in the study group was 67 years (range 39-98
years) (Table 1). Males were predominantly affected with PT/
PM (70%), consistent with the overall COVID-19 pandemic.
Twenty-two patients (667%) were White, 5 (15%) were African
American, 4 (12%) were Hispanic, 2 (6%) were Asian. Twenty-
four patients (73%) had a BMI greater than 25, and 6 patients
(18%) had a BMI greater than 35. Among both groups, no statis-
tically significant difference was noted in the comorbidities (BMI,
hypertension, diabetes, COPD, asthma, interstitial lung disease,
and other underlying lung diseases). PT/PM was more common
in patients with a history of cancer (COVID-19 with PT/PM:
18% vs COVID-19 without PT/PM: 3%; P=0.05).

Patient Outcomes

Patients with PT and/or PM required significantly more oxy-
gen support (nasal cannula, high-flow noninvasive ventilation,
and invasive mechanical ventilation) on hospital admission com-
pared to patients without PT and/or PM (85% vs 59%, respec-
tively; 2=0.03). Similarly, the need for invasive mechanical ven-
tilation was significantly higher among COVID-19 patients with
PT/PM than those without PT/PM (79% vs 47%; P<0.01).
Among the patients with PT/PM (n=26), only 10 patients were
mechanically ventilated at the time of PT/PM. These patients
(n=10) averaged 3.2 (+4.6) days of mechanical ventilation before
PM/PT. No difference (P>0.05) was noted in the laboratory
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Table 1. Demographics and Outcomes Table 2. Laboratory Tests and Other Parameters
Variable COVID-19 COVID-19 P value Variable COVID-19 COVID-19 P value
w/ PT/PM w/out PT/PM w/ PT/PM w/out PT/PM
(n=33) (n=32) Mean (£SD) Mean (£SD)
Sl ot Admission lab tests
Asian 1 0 LDH (U/L) 4478+13.0 415644534  >0.05
Hispanic 4 1 CRP (mg/L) 144.5+95.3 127913 >0.05
African American 5 7 Ferritin (ug/L) 1037.6£799.0  1298.3+£1868.5 >0.05
White 22 12 Procalcitonin (ng/mL) 14+3.2 27+8.5 >0.05
Sex 0.63 Days of symptom onset to PT/PM 11.5+10.3
Male 23 24
Days of vasopressor support 59151 3.26+5.8 >0.05
Female 10 8
- e Abbreviations: PT, pneumothorax; PM, pneumomediastinum; LDH, lactate dehy-
Oxygen rngrement (at admission) 0.033 drogenase; CRP, C-reactive protein.
Room air 5 13
Nasal cannula 13 9
High-flow nasal cannula 1
NIPPV 3 1 Figure. Significantly Higher Mortality Associated With COVID-19 With
Mechanical ventilation 8 Pneumothorax (PT)/Pneumomediastinum (PM) Versus Without PT/PM
Comorbidities *
Hypertension 26 25 0.94 60 ! 4
Diabetes mellitus 15 18 0.38 B vith TPV
Cancer 6 1 0.05 . thout PT/PM
COPD 9 5 0.25 50 without
Asthma 4 3 0.72 “P=0.02
Interstitial lung disease 1 0 0.32
Other underlying lung disease 5 6 0.69 40
Hospital course
Mechanical ventilation 26 15 0.008 30
Initiation of RRT 4 2 0.41
ECMO 2 1 0.57
Outcome 0.02 20
Discharge to home 14 24
Death 18 8
Palliative care consults 20 8 0.004 10
Length of hospital stay, days 187 15.8 0.75
Abbreviations: PT, pneumothorax; PM, pneumomediastinum; NIPPV, noninvasive 0 '
mechanical ventilation; COPD, chronic obstructive pulmonary disease; RRT, renal Expired
replacement therapy; ECMO, extracorporeal membrane oxygenation.

tests from admission (LDH, CRD ferritin, and procalcitonin)
between both groups. Mean (+ SD) number of days from symp-
tom onset to the development of PT/PM was 11.5 (x10.3).
Days of vasopressor requirement averaged approximately 2 days
longer for COVID-19 patients with PT/PM (5.9+5.1 days)
compared to the group without PT/PM (3.26 £ 5.8 days), which
did not reach statistical difference (Table 2). COVID-19—posi-
tive patients with PT and/or PM were noted to have significantly
higher mortality compared to the control group (55% vs 25%;
P<0.05). (Figure 1) The palliative care team was consulted more
often in PT/PM group than the group PT/PM (61%vs 25%;
P<0.05). Finally, the length of hospitalization averaged 3 days
longer for patients with PT and/or PM (18.7+18.4 days) than
the control group (15.9+10.3 days).
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DISCUSSION

PT and PM are rare complications of COVID-19, but they are
associated with significant morbidity and mortality. To explain
this, there are many case series in the literature, but this is one
of the few case-control studies that describe the incidence and
outcomes of PT and PM in COVID-19 patients with or without
use of invasive mechanical ventilation. During the viral replica-
tion phase, SARS-CoV-2 causes damage to epithelial cells in the
lungs, which produces a surge of cytokines leading to damage of
circulatory system and failure of multiple vital organs simultane-
ously.? Damage to this circulation barrier leads to acute respira-
tory distress syndrome (ARDS) in the lungs that, in turn, alters
the static compliance of lungs. The increased pressure gradient
across the inflamed alveolar wall can be a cause of increased inci-

dence of spontaneous PT/PM in such a patient population.10:11
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In addition to SARS-CoV-2, barotrauma is a well-known com-
plication secondary to preumocystis jirovecii, severe acute respi-
ratory syndrome (SARS), and Middle Eastern respiratory syn-
drome (MERS).5

Our results demonstrated that COVID-19—positive patients
with PT/PM had higher morbidity and mortality than those who
did not develop this complication. Previously published literature
demonstrated varying incidence from 1% to as high as 13%.6.12.13
After analyzing the retrospective charts, we found an incidence of
1% among 3375 COVID-19 admissions. Male sex was predomi-
nantly affected, and PT was seen more frequently than PM alone
or combined.

Our retrospective review demonstrated more severe hypoxia
and increased oxygen demand at the time of admission in COVID-
19 patients with PT/PM compared to controls, even before the
development of PT/PM. It is plausible that the degree of hypoxia
and severity of the disease is associated with the development of
barotrauma later. All of the patients were assessed for comorbidi-
ties, and among diabetes, hypertension, COPD, reactive airway
disease, and interstitial lung disease, only history of cancer was sta-
tistically important for the development of PT/PM. Unlike previ-
ously published literature, no correlation was found with a history
of diabetes or asthma.4.14

In our cohort of patients with barotrauma, 21% (7 out of 33)
did not require invasive mechanical ventilation during the hospi-
tal stay. Nineteen patients (58%) who developed PT/PM required
chest tube placement. Percutaneous intervention was used in all
except one, who required a surgical thoracostomy tube. Gazivoda
et al did not notice changes in mortality with the placement of
thoracostomy tube.4 Similarly, patients with PT/PM required
more invasive mechanical ventilation compared to controls, but
no difference was seen with initiation of renal replacement therapy
or ECMO between both groups. Patients with PT/PM requiring
mechanical ventilation (n=26) were analyzed further, and it was
determined that mechanical ventilation preceded development of
PT/PM in only 10 patients (38.5%), leaving most of the patient
population (61.5%) with no exposure to barotrauma prior to PT/
PM development. This supports the idea of direct viral damage
to lung tissue causing decreased lung compliance, as described in
recent studies.’%1! The number of days on mechanical ventilation
prior to incidence of PT/PM averaged 3.2 (£4.6) days.

Patients with isolated PM secondary to COVID-19 can
be managed conservatively with serial imaging and avoiding
high positive end-expiratory pressure (PEEP) during invasive
mechanical ventilation.1516 In contrast to our results, a large
case series from the United Kingdom demonstrated significantly
higher mortality in the COVID-19—positive patients with PT/
PM compared to COVID-19-positive patients without PT/PM
(55% vs 25%).17 Lung protective mechanisms during invasive
ventilation are needed to lower the risk of barotrauma in patients

with ARDS.18
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In the study group of COVID-19 patients with PT/PM, the
palliative care team was consulted more often than for the control
group, which can reflect the severe overall morbidity secondary
to barotrauma in COVID-19—positive patients. No statistical sig-
nificance was seen in the length of hospital stay and days with
vasopressor requirement between the groups, but patients with
PT/PM averaged 3 days longer hospitalization and 2 days longer

vasopressors, which could be clinically significant.

Limitations

There are limitations to our study. This is a retrospective review of
a patient population from the US Midwest. Our institution fol-
lowed guidelines from the Infectious Disease Society of America
for treatment of critically ill COVID-19 patients, but treatment
options for COVID-19 were not considered in this study to calcu-
late the incidence and mortality in COVID-19—positive patients
with PT and/or PM. Previously published literature demonstrated
some benefits with the use of remdesivir and corticosteroids.4 We
did not include patients with isolated subcutaneous emphysema.
Excessive positive pressure ventilation in ARDS can be associated
with increased occurrence of PT and/or PM, but we did not evalu-
ate the tidal volumes and PEEP for this study.> The matching cri-
teria used for this study was retrospective and could suffer from
selection bias. We conducted our study prior to the availability
of vaccination against COVID-19, which can alter the disease
severity in the future and potentially outcomes in patients with
barotrauma.

CONCLUSIONS

COVID-19 patients with PT and/or PM required significantly
more oxygen on admission, had a higher prevalence of can-
cer diagnosis, and required more invasive mechanical ventila-
tion support. There was a significantly higher mortality in the
patients with PT and/or PM than those without PT and/or
PM. Palliative care consultation should be sought sooner when

needed.
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