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Objective. Pulmonary barotrauma has been frequently observed in patients with COVID-19 who present with acute hypoxemic
respiratory failure. This study evaluated the prevalence, risk factors, and outcomes of barotrauma in patients with COVID-19
requiring ICU admission. Methods. This retrospective cohort study included patients with confirmed COVID-19 who were
admitted to an adult ICU between March and December 2020. We compared patients who had barotrauma with those who did
not. A multivariable logistic regression analysis was performed to determine the predictors of barotrauma and hospital mortality.
Results. Of 481 patients in the study cohort, 49 (10.2%, 95% confidence interval: 7.6-13.2%) developed barotrauma on a median of
4 days after ICU admission. Barotrauma manifested as pneumothorax (N = 21), pneumomediastinum (N = 25), and subcutaneous
emphysema (N=25) with frequent overlap. Chronic comorbidities and inflammatory markers were similar in both patient
groups. Barotrauma occurred in 4/132 patients (3.0%) who received noninvasive ventilation without intubation, and in 43/280
patients (15.4%) who received invasive mechanical ventilation. Invasive mechanical ventilation was the only risk factor for
barotrauma (odds ratio: 14.558, 95% confidence interval: 1.833-115.601). Patients with barotrauma had higher hospital mortality
(69.4% versus 37.0%; p <0.0001) and longer duration of mechanical ventilation and ICU stay. Barotrauma was an independent
predictor of hospital mortality (odds ratio: 2.784, 95% confidence interval: 1.310-5.918). Conclusions. Barotrauma was common in
critical COVID-19, with invasive mechanical ventilation being the most prominent risk factor. Barotrauma was associated with
poorer clinical outcomes and was an independent predictor of hospital mortality.

1. Introduction

Critical illness may occur in patients with Coronavirus
Disease 2019 (COVID-19), mainly in the form of severe
pneumonia and acute hypoxemic respiratory failure, which
may occur in 17-29% of hospitalized patients [1-4]. Pul-
monary barotrauma, defined as the aberrant presence of gas
in extraalveolar locations, thus causing pneumothorax,
pneumomediastinum, and/or subcutaneous emphysema,
was commonly encountered in clinical practice and then

described in observational studies [5]. A systematic review of
15 observational studies of COVID-19 found barotrauma in
4.2% (95% confidence interval [CI]: 2.4-7.3%) of hospital-
ized patients, 15.6% (95% CIL: 11-21.8%) of critically ill
patients, and 18.4% (95% CI: 13-25.3%) of patients receiving
invasive mechanical ventilation (IMV) [5].

COVID-19 itself may increase the risk of pulmonary
barotrauma. One study observed that 89/601 patients
(14.8%) who had COVID-19 and received IMV suffered
from barotrauma, compared with only 1/196 patients (0.5%)
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who were admitted during the same period and tested
negative for COVID and 31/285 patients (10.9%) with acute
respiratory distress syndrome [6]. A systematic review of 13
observational studies of patients with COVID-19 receiving
IMV found that 266/1814 patients (14.7%) had at least one
barotrauma event compared with 31/493 patients (6.3%)
with non-COVID acute respiratory distress syndrome
(based on data from 3 studies) [7]. A subsequent large
retrospective study found that pneumothorax/pneumo-
mediastinum risk was significantly higher in COVID-19
(2211 patients) versus prepandemic acute respiratory dis-
tress syndrome (5522 patients) (adjusted odds ratio [OR]:
1.31, 95% CI: 1.13-1.52) [8]. Barotrauma may be related to
the severity of COVID-19 and IMV [5, 6]. A retrospective
study of patients with COVID-19 and acute hypoxemic
respiratory failure found that barotrauma occurred in 11/
232 patients (4.7%) who received noninvasive ventilation
(NIV) and in 21/121 patients (17.4%) who received IMV [9].
Pulmonary barotrauma in patients with COVID-19 has been
associated with increased morbidity and in-hospital mor-
tality [5, 8].

Studies on the epidemiology of barotrauma in critical
COVID-19 patients remain uncommon. Its risk factors are
not well characterized, especially since many of the pub-
lished studies were performed in patients receiving IMV,
whereas barotrauma has been observed in other patients
with COVID-19 [5]. This study evaluated the prevalence of
barotrauma, risk factors, and outcomes of pulmonary bar-
otrauma in COVID-19 patients admitted to the ICU because
of acute hypoxemic respiratory failure.

2. Methods and Materials

2.1. Setting and Patients. This retrospective cohort study was
conducted in King Abdulaziz Medical City in Riyadh, Saudi
Arabia, a tertiary-care center with more than 1000-bed
capacity. Its Intensive Care Department had seven differ-
ent ICUs, four of which were designated as COVID-19 units
during the pandemic [10]. The ICUs operated as closed units
with 24-hour per day, 7-days per week on-site coverage by
board-certified intensivists [10]. In this study, we included
patients who were older than 14years (the cutoff age for
admission to an adult ward/ICU in Saudi Arabia), confirmed
to have COVID-19, and admitted to the adult ICU between
March 1 and December 31, 2020, because of acute hypox-
emic respiratory failure that was treated by any form of
oxygen therapy. A confirmed COVID-19 case was defined as
one with a clinical presentation consistent with COVID-19
and detection of severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) RNA in a respiratory specimen by
a real-time reverse transcription polymerase chain reaction.
Critical COVID-19 was defined as having acute respiratory
failure, septic shock and/or multiple organ dysfunction [11].
Patients who were transferred from other institutions with
a known history of pulmonary barotrauma and those who
did not undergo a chest X-ray or computed tomography
were excluded. The study was approved by the Institutional
Review Board of the Ministry of National Guard Health
Affairs, Riyadh, Saudi Arabia.
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2.2. Data Collection. All patients’ clinical data and in-
formation were retrieved from the electronic health record
system of the hospital (BESTCare). Data included socio-
demographic factors such as age, gender, body mass index
(BMI), chronic comorbidities (diabetes, hypertension,
chronic obstructive pulmonary disease, asthma, previous
pneumothorax, interstitial lung diseases), and smoking.
Other collected data included chest X-ray and computed
tomography findings (location of infiltrates, presence of
subcutaneous emphysema and location, presence of pneu-
momediastinum, presence of pneumothorax and location)
for the first 10days in ICU, laboratory results (including
white blood cell counts, neutrophil and lymphocyte counts,
inflammatory markers, ferritin levels, and D-dimer), treat-
ments such as vasopressors, central venous catheters, renal
replacement therapy, corticosteroids and dose, use of dif-
ferent oxygen therapies (conventional oxygen therapy low-
flow oxygen devices such as nasal prongs, mask with or
without oxygen reservoir, Venturi mask systems), high-flow
nasal cannula, NIV and IMV, timing of barotrauma in re-
lationship to IMV, ventilator settings in the first 24 hours
(max tidal volume, max positive end expiratory pressure
(PEEP), peak pressure, and plateau pressure) for patients
who received IMV, and insertion of chest tube (number and
location).

The primary outcome of the study was hospital mor-
tality. The secondary outcomes were ICU mortality, duration
of mechanical ventilation, need for a tracheostomy, and
length of stay in the ICU and hospital.

2.3. Statistical Analysis. The prevalence of pulmonary bar-
otrauma (with 95% CI) was calculated in the study cohorts as
well as in subgroups who received different forms of oxygen
therapy and mechanical ventilation. The study patients were
categorized into two groups: patients who developed pul-
monary barotrauma and those who did not. The descriptive
statistics were presented as frequency and percentage for
categorical variables and as mean with standard deviation or
median with the first and third quartiles (Q1l, Q3) for
continuous variables, depending on the normality of their
distribution. Multivariable logistic regression analysis was
performed to evaluate the risk factors for pulmonary bar-
otrauma and for hospital mortality. In the models, the in-
dependent variables were those with p value <0.25 between
groups [12]. To evaluate the risk factors for mortality as-
sociated with barotrauma, we compared the characteristics
and management of patients with barotrauma who survived
and did not survive. The results of the regression analyses
were presented as an OR with a 95% CI. We used Statistical
Package for the Social Sciences (version 21) software for
statistical analysis. A test was considered significant if the p
value was <0.05.

3. Results

3.1. Patient Characteristics. Between the 1% of March of 2020
and the 31" of December of 2020, a total of 481 patients with
critical COVID-19 were admitted to the different ICUS. The
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mean age was 61.3 + 14.8 years, and the majority (71.9%) of
patients were males. The median BMI was 30.1kg/m?
(interquartile range: 25.8, 34.6 kg/m?). Smoking history was
unavailable for the vast majority of patients. The common
comorbidities were hypertension (67.4%) and diabetes
(82.7%). During the 10-day evaluation period, all patients
had at least one chest X-ray, and 79 had chest computed
tomography. Most (82.1%) patients had bilateral lung in-
filtrates on chest X-ray performed on the first day. Most
patients received NIV (302/481, 62.8%), mostly alternating
with high-flow nasal oxygen (294/481, 61.1%), and 280
(58.2%) patients required intubation and IMV, mostly after
a trial of NIV.

3.2. Prevalence and Predictors of Pulmonary Barotrauma.
Out of 481 patients, 49 (10.2%, 95% CIL: 7.6-13.2%) de-
veloped barotrauma on a median of 4 days after ICU ad-
mission (interquartile range: 2, 7days). In 5 patients,
pulmonary barotrauma was diagnosed by chest computed
tomography as it was not seen on a chest X-ray. The bar-
otrauma was of different types with frequent overlap: 21
patients (42.9%) presented with pneumothorax, 25 (51%)
with pneumomediastinum, and 25 (51%) with subcutaneous
emphysema. Pneumomediastinum and subcutaneous em-
physema without pneumothorax occurred in 12 and 14
patients, respectively.

The rates of barotrauma according to the different
oxygen support modalities are shown in Figure 1. None of
the patients who received only conventional oxygen
therapy (oxygen by nasal cannula or face mask) had bar-
otrauma. For patients who were treated with high flow
nasal oxygen, barotrauma occurred in 29/294 (9.9%, 95%
CIL: 6.7-13.9%); in 5/165 (3.0%, 95% CI: 1.0-6.9%) who did
not receive IMV; and in 24/129 (18.6%, 95% CI:
12.3-26.4%) who subsequently received IMV (p <0.0001).
For patients who were treated with NIV, barotrauma oc-
curred in 34/302 (11.3%, 95% CI: 7.9-15.4%); in 4/132
(3.0%, 95% CI: 0.8-7.6%) who did not require subsequent
IMV; and in 30/170 (17.6%, 95% CI: 12.2-24.2%) who
required subsequent IMV (p <0.0001). For patients who
received IMV, barotrauma occurred in 43/280 (15.4%, 95%
CIL: 11.3-20.1%); 8/83 (9.6%) patients who received solely
IMV without noninvasive ventilatory support; and 35/197
(17.8%) patients who had IMV after noninvasive ventila-
tory support (p = 0.09). Among patients receiving IMV,
most (78.4%) barotrauma events occurred after intubation,
and two events were probably related to the insertion of
central venous catheters.

There were no significant differences in most baseline
characteristics, including presence of comorbidities, BMI,
and laboratory findings, between patients with or without
barotrauma (Table 1). There were no significant differences
in the patterns of infiltration on CXR between the two
groups. IMV was more common in patients who developed
barotrauma compared to those who did not; 87.8% of pa-
tients with barotrauma were intubated compared with 54.9%
of those without barotrauma (p < 0.0001). The mechanical
ventilator settings on the first day of intubation are described

in Table 1. These settings of the mechanical ventilator were
not different between the two groups.

Corticosteroids, in the form of dexamethasone, hydro-
cortisone, and methylprednisolone, were given to 43/49
patients (87.8%) with barotrauma and 345/452 patients
(79.9%) without barotrauma (p = 0.185). For patients who
received dexamethasone, the dose was significantly higher in
patients with barotrauma (median of 6 mg [interquartile
range: 6-12 mg] versus 6 mg [interquartile range: 6-8 mg]
for patients without barotrauma; p = 0.009).

Respiratory bacterial cultures were taken in 222 patients.
Their results are shown in Figure 2. More patients with
barotrauma had respiratory cultures than those without
barotrauma. Normal respiratory flora and yeast were iso-
lated more often in patients with barotrauma.

Males and females had similar rates of barotrauma (37/
346 (10.7%) patients and 12/135 (8.9%) patients, re-
spectively; p = 0.56). On multivariable logistic regression
analysis (Table 2), in which obesity, diabetes, asthma, hy-
perlipidemia, cancer, lymphocyte count, lactate level, D-
dimer, IMV, and systemic steroids were entered in the
model as independent variables, only IMV was significantly
associated with barotrauma (OR: 14.558, 95% CI:
1.833-115.601).

3.3. Management of Barotrauma. Most patients with baro-
trauma were treated conservatively, as chest tube insertion
was performed in 21/49 patients (42.9%); bilaterally in 9
patients; and unilaterally in 12 patients. A chest tube was
inserted in 13/21 patients (61.9%) with pneumothorax, 4/12
(33.3%) with pneumomediastinum without pneumothorax,
and 5/14 (35.7%) with subcutaneous emphysema without
pneumothorax. A chest tube was also inserted in 4/432
patients (0.9%) without barotrauma, mainly for pleural ef-
fusion. Renal replacement therapy was instituted in 15/49
patients (30.6%) with barotrauma and 86/432 patients
(19.9%) without barotrauma (p = 0.08).

3.4. Outcomes. The median duration of mechanical venti-
lation for all patients was 11 days (interquartile range: 5,
18 days); 16 days (interquartile range: 9, 30 days) for patients
with barotrauma; and 10days (interquartile range: 5,
18 days; p <0.001) for those without barotrauma. Trache-
ostomy was also performed more frequently in patients with
barotrauma (p = 0.016). The lengths of stay in the ICU and
hospital were significantly longer in patients with baro-
trauma compared to those without barotrauma (Table 3).

The overall mortality in the ICU was 30.8% and in the
hospital, 40.3%. The ICU and hospital mortality rates of
patients who developed barotrauma were significantly
higher than those who did not (59.2% versus 27.5% for ICU
mortality, p<0.001, and 69.4% versus 37.0% for hospital
mortality, p <0.001) (Table 3).

On multivariable logistic regression analysis (Table 4), in
which age, comorbid conditions such as obesity, hyper-
tension, diabetes, asthma, chronic obstructive pulmonary
disease, interstitial lung disease, heart failure, chronic kidney
disease, stroke, cancer hyperlipidemia, arthritis, IMV,
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Percentage of patients receiving different oxygen support who had
pulmonary barotrauma
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FIGURE 1: Rate of barotrauma according to the oxygen support modality. Conventional oxygen therapy alone was provided to 10 patients.
High-flow nasal oxygen was provided to 294 patients (alternating with non-invasive ventilation in 208 patients); barotrauma occurred in 29
patients (5/165 who did not receive invasive mechanical ventilation (IMV) and 24/129 who received IMV). Noninvasive ventilation was
provided to 302 patients; barotrauma occurred in 30 patients (4/132 who did not receive IMV and 30/170 who received IMV). IMV was
provided to 280 patients; barotrauma occurred in 43 patients (8/83 patients who received solely IMV without noninvasive ventilatory
support and 35/197 patients who had IMV after noninvasive ventilatory support).

TaBLE 1: Baseline characteristics of patients with critical COVID-19.

. All patients Barotrauma No barotrauma
Variable Np: 481 N=49 N=432 P value
Age (years), mean + SD 61.3+14.8 63.5+13.7 61.0£14.9 0.26
Sex, N (%)

Males 346 (71.9) 37 (75.5) 309 (71.5) 0.557
Females 135 (28.1) 12 (24.5) 123 (28.5) :
Body mass index (kg/mz), median (Q1, Q3) 30.1 (25.8, 34.6) 30.9 (26.6, 35.8) 30.1 (25.7, 34.4) 0.489
Smoking, N (%) 6 (1.2) 0 (0.0) 6 (1.4) 0.566

Comorbidities

Obesity, N (%) 90 (18.7) 6 (12.2) 84 (19.4) 0.221
Hypertension, N (%) 324 (67.4) 35 (71.4) 289 (66.9) 0.522
Diabetes, N (%) 398 (82.7) 45 (91.8) 353 (81.7) 0.076
Chronic kidney disease, N (%) 66 (13.7) 5 (10.2) 61 (14.1) 0.450
Hyperlipidaemia, N (%) 164 (34.1) 13 (26.5) 151 (35.0) 0.238
Chronic obstructive pulmonary disease, N (%) 8 (1.7) 1 (2.0) 7 (1.6) 0.579
Asthma, N (%) 54 (11.2) 8 (16.3) 46 (10.6) 0.233
Previous pneumothorax, N (%) 0 (0.0) 0 (0.0) 0 (0.0) —

Interstitial lung disease, N (%) 4 (0.8) 1(2.0) 3 (0.7) 0.350
Stroke, N (%) 28 (5.8) 2 (4.1) 26 (6.0) 0.757
Heart failure, N (%) 48 (10.0) 4 (8.2) 44 (10.2) 0.805
Non-alcoholic fatty liver disease, N (%) 6 (1.2) 0 (0.0) 6 (1.4) 1.000
Arthritis, N (%) 48 (10.0) 5 (10.2) 43 (10.0) 1.000
Cancer, N (%) 18 (3.7) 0 (0.0) 18 (4.2) 0.239
Depression, N (%) 25 (5.2) 1(2.0) 24 (5.6) 0.497

Laboratory findings

White blood cell count (x10°/L) mean + SD 10.5+5.3 11.0+4.8 10.5+5.3 0.548
Neutrophil count (x10°/L) mean + SD 79+3.7 8.6+3.3 7.8+3.7 0.273
Lymphocyte count (x10°/L), median (Q1, Q3) 0.9 (0.7, 1.2) 0.8 (0.6, 1.0) 0.7 (0.9, 1.2) 0.067
Hemoglobin (g/L) mean +SD 126.8+21.2 134.9+£27.9 125.8 £20.1 0.032

Platelets (x10°/L) mean + SD 269.5+£110.6 252.9£108.1 271.4+110.9 0.267
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TasLe 1: Continued.
. All patients Barotrauma No barotrauma
Variable Np: 48] N=49 N=d432 P value
Creatinine (umol/L), median (Q1, Q3) 86.0 (70.0, 132.8) 89.0 (68.0, 112.5) 86.0 (70.0, 135.5) 0.762
Lactate (mmol/L) median (Q1, Q3) 1.8 (1.3, 2.6) 1.9 (1.6, 2.4) 1.7 (1.3, 2.6) 0.152
Fibrinogen (g/L) mean +SD 5.59+1.85 5.42+1.98 5.62+1.84 0.622
D-dimer (ug/mL) median (Q1, Q3) 1.18 (0.72, 3.26) 1.90 (0.88, 4.51) 1.15 (0.71, 2.97) 0.101
Ferritin (ug/L) median (QI, Q3) 770.6 (389.2, 2001.9) 710.1 (384.3, 2121.2) 773.4 (390.5, 1996.8) 0.918
CXR findings on ICU admission, N (%)
Unilateral lung infiltrates 33 (6.9) 3 (6.1) 30 (6.9) 10
Bilateral lung infiltrates 448 (93.1) 46 (93.9) 402 (93.1) ’
Management of COVID-19
Systemic corticosteroids, N (%) 388 (80.7) 43 (87.8) 345 (79.9) 0.185
1J central line, N (%) 219 (45.5) 37 (75.5) 182 (42.1) <0.0001
Subclavian central line, N (%) 10 (2.1) 0 (0.0) 10 (2.3) 0.609
No grtiﬁcial (non-invasive or invasive) 69 (14.3) 2 (41) 67 (15.5) 0.031
ventilation
High flow nasal oxygen, N (%) 294 (61.1) 29 (59.2) 265 (61.3) 0.769
Non-invasive ventilation, N (%) 302 (62.8) 34 (69.4) 268 (62.0) 0.313
No intubation 132 (27.4) 4 (8.2) 128 (29.6) 0.001
Intubation/invasive ventilation, N (%) 280 (58.2) 43 (87.8) 237 (54.9) 0.0001
Ventilator settings (day 1)
Lowest FiO,, mean + SD 419+11.9 44,7 +14.7 41.5+11.5 0.088
Maximum PEEP (cm H,0), mean + SD 12.0+2.9 11.6+2.2 121+3.0 0.264
Maximum tidal volume (ml), mean + SD 398.9 +53.7 407.0+£49.0 397.3+54.4 0.281
Tidal volume (ml) per kg ideal body weight,
median (Q1, Q3) 6.7 (6.0, 7.4) 6.8 (6.0, 7.5) 6.6 (6.1, 7.3) 0.857
Maximum peak airway pressure (cm H,0) 32.7+6.1 31.5+4.9 329463 0.111
mean + SD
Maximum plateau pressure (cm H,0), 29451 27351 29.8+5.1 0.058
mean + SD

PEEP: positive end-expiratory pressure, SD: standard deviation, IJ: internal jugular, FiO,: fraction of inspired oxygen, Q1: first quartile, and Q3: third quartile.

systemic steroids, and barotrauma were entered in the model
as independent variables and age (OR: 1.050, 95% CI:
1.029-1.071), IMV (OR: 14.646, 95% CI: 8.238-26.037),
barotrauma (OR: 2.784, 95% CI: 1.310-5.918), and asthma
(OR: 0.468, 95% CI: 0.222-0.990) were significantly asso-
ciated with hospital mortality.

The characteristics and management of patients with
barotrauma who survived and did not survive are shown in
Table 5. Nonsurvivors had a higher BMI and lymphocyte
count, had less asthma as a comorbidity, and received less
high-flow nasal oxygen and more IMV with a higher fraction
of inspired oxygen on the first day of IMV.

4. Discussion

Our study found that pulmonary barotrauma occurred in 49
out of 481 patients (10.2%) with critical COVID-19 on
a median of 4 days after ICU admission; pulmonary baro-
trauma was more common in patients who required artificial
ventilation, especially IMV; most patients with pulmonary
barotrauma received conservative treatment without chest
tube insertion, especially in patients who did not have
pneumothorax; pulmonary barotrauma was associated with

a worse outcome and was an independent risk factor for
hospital mortality.

In our study, 49 out of the 481 patients developed
barotrauma in the form of pneumothorax, pneumo-
mediastinum, and subcutaneous emphysema. This is slightly
lower than the rate (15.6%) observed in a recent meta-
analysis among critically ill patients with COVID-19 [5].
The prevalence of pulmonary barotrauma was the lowest in
patients who did not require artificial ventilation (2.9%, 95%
CI: 0.4-10.1%), higher in patients who were treated with NIV
(without intubation) (3.0%, 95% CI: 0.8-7.6%), and highest
in patients who required IMV (15.4%, 95% CI: 11.3-20.1%).
This was observed in other studies [9]. COVID-19 itself may
increase the risk of barotrauma. A systematic review of
COVID-19 patients receiving mechanical ventilation (13
observational studies, 1814 patients) found that 14.7% had at
least one barotrauma event compared with 6.3% of patients
with non-COVID acute respiratory distress syndrome [7].
Data from randomized controlled trials on patients with
acute respiratory distress syndrome (2468 patients) showed
an incidence rate of barotrauma of 6-8% [13, 14].
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First respiratory cultures of patients with and without barotrauma
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FIGURE 2: Results of respiratory bacterial cultures from patients with and without pulmonary barotrauma. N1 refers to the number of
patients with barotrauma who had the corresponding culture. N2 refers to the number of patients without barotrauma who had the
corresponding culture. The percentage of patients with positive cultures is shown on the Y-axis.

The pathophysiology of barotrauma in COVID-19 is not
very clear. A study investigated the radiographic patterns of
barotrauma in patients with COVID-19 and observed that
41/43 patients (95%) demonstrated concurrent pneumo-
mediastinum and subcutaneous emphysema or pneumo-
mediastinum alone as the initial abnormal air collection [15].
The investigators concluded that this was consistent with
pulmonary interstitial emphysema, where increased in-
trathoracic pressure causes overinflation of alveoli without
adequate expansion of the associated vessel resulting in
alveolar rupture and dissection of air into the broncho-
vascular sheath and then dissection into the mediastinum,
pleural space, subcutaneous tissues, and retroperitoneum
[15, 16].

In the current study, we did not observe any significant
association of comorbidities with pulmonary barotrauma. In
contrast, hypertension and diabetes have been associated
with barotrauma [17]. In our study, hemoglobin and lym-
phocyte count were slightly higher in barotrauma patients
on univariate analysis. On multivariate analysis, the studied
inflammatory markers were not associated with barotrauma.
Other studies observed that certain but not all inflammatory
markers were significantly elevated in patients with baro-
trauma [17, 18], with lymphocyte count being the only
inflammatory marker associated with barotrauma on mul-
tivariate logistic regression [17]. We observed no association
between NIV (without subsequent IMV) and the develop-
ment of barotrauma. Similar findings were seen in another
study [17]. IMV was significantly associated with pulmonary
barotrauma in the multivariable regression analysis in our
study. This was also observed in another study [18].

Surprisingly, Hamouri et al. noted that IMV was associated
with less barotrauma [17]. We also observed no relationship
between early ventilator settings, including PEEP, and
barotrauma, likely because most of the study patients re-
ceived lung protective strategies. While Protti et al. showed
that a higher PEEP was a risk for barotrauma [19], a survey
of 38 Italian hospitals found that pulmonary barotrauma
that occurred with ventilatory settings that may be con-
sidered nonprotective was relatively uncommon [20]. For
example, when the plateau airway pressure was >35 cm H,0O,
2/113 (2%) patients had barotrauma, and when the tidal
volume was >8 ml/kg of ideal body weight and the plateau
airway pressure was >30 cm H,0, 12/134 (9%) patients had
barotrauma [20]. Hence, SARS-CoV-2 itself may play an
important role in the pathophysiology of barotrauma. It may
be speculated that SARS-CoV-2 infection leads to frail
alveoli by direct and/or indirect (inflammatory) alveolar
injury, thus reducing epithelial-interstitial integrity [21, 22].
A rise in transpulmonary pressure, which can be precipitated
by severe cough, respiratory distress, patient self-inflicted
lung injury [23, 24], and/or positive pressure ventilation and
would not affect normal alveoli, can be beyond the stress-
strain threshold for the epithelial-interstitial integrity and
lead to the rupture of the frail alveoli and thus interstitial
emphysema [22]. Our finding of a slightly higher rate of
barotrauma in patients who received IMV after failure of
high-flow nasal oxygen and/or NIV (17.8% versus 9.6% for
patients who only received IMV, p = 0.09) suggests that
failure of noninvasive ventilatory support may increase the
risk of barotrauma, possibly through patient self-inflicted
lung injury, which may not have been fully mitigated by the
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TaBLE 2: Multivariable logistic regression analysis for the risk factors of pulmonary barotrauma. Variables entered in the model are obesity,
diabetes, asthma, cancer, lymphocyte count, lactate, d-dimer, corticosteroid treatment, hyperlipidemia, and invasive mechanical ventilation.

Variable Odds ratio 95% confidence interval P value
Invasive mechanical ventilation 14.558 1.833 115.601 0.011
Steroid treatment 1.551 0.305 7.887 0.597
Diabetes 1.191 0.212 6.683 0.842
Asthma 1.132 0.200 6.404 0.888
D-dimer level per unit increment 0.967 0.875 1.069 0.510
Lactate level per unit increment 0.895 0.655 1.223 0.487
Hyperlipidemia 0.813 0.259 2.553 0.723
Obesity 0.673 0.193 2.345 0.534
Lymphocyte count per unit increment 0.465 0.130 1.663 0.239
Cancer 0.000 0.000 — 0.999
TaBLE 3: The outcomes of patients with critical COVID-19 categorized by the occurrence of pulmonary barotrauma.
. All patients Barotrauma No barotrauma
Variable Np: 481 N=49 N=432 P value
Tracheostomy, N (%) 45 (9.4) 10 (20.4) 35 (8.1) 0.016
ICU mortality, N (%) 148 (30.8) 29 (59.2) 119 (27.5) <0.0001
Hospital mortality, N (%) 194 (40.3) 34 (69.4) 160 (37.0) <0.0001
Length of stay in ICU, median (QI, Q3) 10.0 (5.0, 19.0) 17.0 (11.0, 29.0) 9.0 (5.0, 18.0) <0.0001
Length of stay in hospital, median (Q1, Q3) 17.0 (12.0, 28.0) 23.0 (16.5, 38.0) 17.0 (11.0, 27.0) <0.0001
Duration of IMV*, median (Ql, Q3) 11.0 (5.0, 18.0) 16.0 (9.0, 30.0) 10.0 (5.0, 18.0) <0.0001

*Calculated for patients who received invasive mechanical ventilation. IMV: invasive mechanical ventilation, ICU: intensive care unit, QI: first quartile, and
Q3: third quartile.

TaBLE 4: Multivariable logistic regression analysis for the risk factors of hospital mortality. Variables entered in the model include obesity,
corticosteroids, invasive mechanical ventilation, age, hypertension, diabetes, chronic kidney disease, interstitial lung disease, stroke, heart

failure, barotrauma, chronic obstructive pulmonary disease, asthma, nonalcoholic fatty liver disease, arthritis, and cancer.

Variable Odds ratio 95% confidence interval P value
Invasive mechanical ventilation 14.646 8.238 26.037 0.0001
Chronic obstructive pulmonary disease 6.606 0.977 44.678 0.053
Non-alcoholic fatty liver disease 3.174 0.389 25.868 0.281
Interstitial lung disease 2.802 0.168 46.713 0.473
Barotrauma 2.784 1.310 5.918 0.008
Stroke 1.774 0.655 4.806 0.260
Arthritis 1.744 0.778 3.908 0.177
Cancer 1.581 0.489 5.108 0.444
Heart failure 1.568 0.710 3.459 0.266
Obesity 1.097 0.604 1.992 0.761
Steroid treatment 0.593 0.326 1.079 0.087
Chronic kidney disease 1.239 0.626 2.449 0.538
Age per one year increment 1.050 1.029 1.071 0.000
Asthma 0.468 0.222 0.990 0.047
Diabetes 0.748 0.346 1.615 0.459
Hypertension 0.558 0.312 1.000 0.050

noninvasive ventilatory support. Further studies are needed
to understand the precise pathophysiology of barotrauma in
COVD-19 and the role of the different inflammatory
mediators.

We also found that patients with barotrauma had more
respiratory bacterial cultures, likely because most received
IMV, which would facilitate taking a deep tracheal aspirate
for culture. Normal respiratory flora grew more often in
patients with barotrauma. Whether bacterial coinfection or
superinfection increases the risk of barotrauma in patients
with COVID-19 is not clear and requires further analysis.

In the current study, chest tube insertion was performed
in only 21/49 patients (42.9%) with barotrauma. This might
be in part due to the occurrence of isolated pneumo-
mediastinum or subcutaneous emphysema without pneu-
mothorax. A study reported that 39/51 patients (76.5%) with
pulmonary barotrauma were treated with a chest tube [17].

Barotrauma was associated with worse outcomes in
our study, including a longer duration of IMV, a longer
stay in the ICU, and higher mortality. These findings were
also observed in other studies [18, 25]. Additionally, the
rates of ICU and hospital mortality were significantly



Critical Care Research and Practice

TaBLE 5: Characteristics of the 49 patients with pulmonary barotrauma who survived to hospital discharge and died in the hospital.

. Survived Died
Variable N=15 N=34 P value
Age (years), mean + SD 60.7 +16.2 64.8+12.6 0.337
Sex, N (%)

Males 13 (86.7) 24 (70.6) 0.298
Females 2 (13.3) 10 (29.4) ’
Body mass index (kg/mz), median (Q1, Q3) 25.9 (24.5, 30.9) 32.7 (28.0, 37.5) 0.005

Comorbidities
Obesity, N (%) 2 (13.3) 4 (11.8) 1.0
Hypertension, N (%) 12 (80.0) 23 (67.6) 0.502
Diabetes, N (%) 14 (93.3) 31 (91.2) 1.0
Chronic kidney disease, N (%) 1(6.7) 4 (11.8) 1.0
Hyperlipidemia, N (%) 5 (33.3) 8 (23.5) 0.500
Chronic obstructive pulmonary disease, N (%) 0 (0) 1(2.9) 1.0
Asthma, N (%) 5 (33.3) 3 (8.8) 0.047
Previous pneumothorax, N (%) 0 (0.0) 0 (0.0) —
Interstitial lung disease, N (%) 1(6.7) 0 (0) 0.306
Stroke, N (%) 1 (6.7) 1(2.9) 0.523
Heart failure, N (%) 3 (20.0) 1(2.9) 0.079
Non-alcoholic fatty liver disease, N (%) 0 (0.0) 0 (0.0) —
Arthritis, N (%) 0 (0.0) 5 (14.7 0.306
Cancer, N (%) 0 (0.0) 0 (0.0) —
Depression, N (%) 1(2.0) 1(2.9) 1.0
Laboratory findings
White blood cell count (x10°/L) mean + SD 11.6 +£5.0 10.7 £4.8 0.520
Neutrophil count (x10°/L) mean + SD 94+33 82+33 0.341
Lymphocyte count (x10°/L), median (Q1, Q3) 0.6 (0.6, 0.7) 0.9 (0.7, 1.1) 0.025
Hemoglobin (g/L) mean + SD 1345+21.4 135.0 £30.6 0.949
Platelets (x10°/L) mean + SD 246.1 +97.4 255.8+113.8 0.776
Creatinine (ymol/L), median (Q1, Q3) 81.0 (67.0, 111.0) 91.0 (68.0, 123.0) 0.632
Lactate (mmol/L) median (Q1, Q3) 1.9 (1.6, 2.6) 1.9 (1.3, 2.6) 0.921
Fibrinogen (g/L) mean +SD 4.35+1.76 5.63+2.00 0.247
D-dimer (ug/mL) median (Q1, Q3) 3.63 (1.14, 4.64) 1.90 (0.76, 6.35) 0.556
Ferritin (ug/L) median (QI, Q3) 894.0 (497.7, 3792.61) 673.0 (370.4, 1362.4) 0.296
Management of COVID-19
Systemic corticosteroids, N (%) 12 (80.0) 31 (91.2) 0.353
High flow nasal oxygen, N (%) 12 (80.0) 17 (50.0) 0.049
Non-invasive ventilation, N (%) 9 (60.0) 25 (73.5) 0.502
Intubation/invasive ventilation, N (%) 10 (66.7) 33 (97.1) 0.008
Ventilator settings (day 1)
Lowest FiO,, mean + SD 35.8+10.1 47.5+15.4 0.031
Maximum PEEP (¢cmH,0), mean + SD 10.8+2.3 11.8+2.2 0.214
Maximum tidal volume (ml), mean + SD 405.0 +44.8 407.6 +50.8 0.886
Tidal volume (ml) per kg ideal body weight, median (Q1, Q3) 6.5 (6.0, 6.9) 7.0 (6.0, 7.6) 0.358
Maximum peak airway pressure (cm H,O) mean + SD 30.8+4.0 31.8+5.2 0.612
Maximum plateau pressure (cm H,0O), mean + SD 24.7+5.9 27.8+5.0 0.341
Type of barotrauma, N (%)
Pneumothorax 10 (66.7) 11 (32.4) 0.025
Pneumomediastinum 9 (60.0) 16 (47.1) 0.404
Subcutaneous emphysema 10 (66.7) 15 (44.1) 0.146

PEEP: positive end-expiratory pressure, SD: standard deviation, IJ: internal jugular, FiO,: fraction of inspired oxygen, Q1: first quartile, and Q3: third quartile.

higher in patients with barotrauma compared with those
without barotrauma, and the multivariable regression
analysis showed that barotrauma was associated with an
almost threefold increased risk of death (OR: 2.784, 95%
CI: 1.310-5.918). Higher mortality with barotrauma was
also observed in other studies [5, 18, 25]. Whether the
increased mortality was solely due to barotrauma or that

barotrauma indicated a more severe respiratory illness is
not clear.

The results of this study should be interpreted based on
its strengths and limitations. The strengths include the
relatively large sample size and the inclusion of patients
receiving different forms of oxygen therapy. The limitations
include the retrospective design at a single center, which will
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limit its generalizability. The prevalence of barotrauma was
below what was assumed for sample size calculation, which
reduced the study’s power to detect significant risk factors
for barotrauma. Moreover, the presence of barotrauma was
only assessed during the first 10 days of the ICU stay, and so
more events may have occurred later; therefore, the prev-
alence may have been underestimated. However, we believe
that most barotrauma occurs early during critical COVID-
19. Other limitations include the unavailability of the levels
of important inflammatory markers, such as interleukins,
and the lack of assessment for acute respiratory distress
syndrome and of periodic follow-ups. We should note that
the association between barotrauma and IMV does not
imply causality. It might be related to an unmeasured
confounder and may be related to the severity of the re-
spiratory disease leading to barotrauma, requirement of
mechanical ventilation, and increased mortality at the
same time.

5. Conclusions

Barotrauma was common in patients with critical COVID-
19, especially in those receiving IMV. Barotrauma was as-
sociated with worse outcomes, including mortality. Whether
barotrauma itself worsens outcomes or whether its occur-
rence is a marker of more severe illness, it remains unclear.
Caution during intubation, by avoiding aggressive Ambu
bagging, and the implementation of lung protective strat-
egies during NIV and IMV are warranted when caring for
patients with COVID-19 and severe hypoxemic respiratory
failure.
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