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To the Editor

Barotrauma is a common complication in
patients with Acute Respiratory Distress Syn-
drome (ARDS) undergoing Invasive Mechanical
Ventilation (IMV) [1]. It usually occurs due to
overdistension of the injured lungs, and/or sever-
ity of the underlying disease [2]. Recent studies
have shown that the incidence of barotrauma
is further increased in mechanically ventilated
COVID-19 Induced ARDS (CARDS) patients [3]
we sought to evaluate the incidence, clinical out-
comes, and characteristics of barotrauma among
COVID-19 patients receiving invasive and non-in-
vasive positive pressure ventilation. METHOD-
OLOGY: This retrospective cohort study included
adult patients diagnosed with COVID-19 pneu-
monia and requiring oxygen support or positive
airway pressure for ARDS who presented to our
tertiary-care center from March through Novem-
ber, 2020. RESULTS: A total of 353 patients met
our inclusion criteria, of which 232 patients who
required heated high-flow nasal cannula, con-
tinuous or bilevel positive airway pressure were
assigned to non-invasive group. The remaining
121 patients required invasive mechanical ven-
tilation and were assigned to invasive group. Of
the total 353 patients, 32 patients (65.6% males].
However, due to a small number of researches,
there is no conclusive evidence supporting this
claim. Therefore, the primary objective of this
meta-analysis is to evaluate the incidence of
barotrauma in CARDS patients receiving IMV
compared to a Non-COVID ARDS cohort.

This meta-analysis was conducted in ac-
cordance with the Preferred Reporting Items for
Systematic review and meta-analyses (PRISMA)
guidelines [4]. To perform this study, an electronic
literature search of PubMed, Cochrane CENTRAL
and Embase was conducted in June 2021 using the
following terminologies and their MESH terms:
Barotrauma, ARDS, COVID-19 and Mechanical
Ventilation. Additionally, bibliographies of re-
lated articles and conference proceedings for in-
dexed abstracts were also reviewed. No language
restrictions were set in our search.

Included studies comprised of ARDS patients
with positive real-time Reverse Transcriptase-
Polymerase Chain Reaction (RT-PCR) assays for
COVID-19 infection and reported the risk of baro-
trauma in both COVID and Non-COVID cohorts
undergoing IMV. In these studies, barotrauma was
defined as pneumothorax, pneumomediastinum,
subcutaneous emphysema, and/or pneumoperi-
cardium. We excluded studies in which patients
were not receiving IMV or had developed baro-
trauma due to iatrogenic cause. Retrieved studies
were first imported onto EndNote Version 21 for
removal of duplicates. Thereafter, they were
filtered on the basis of their titles and abstracts,
and for the remaining studies, full text was
studied. The baseline study characteristics were
extracted onto a standardized collection table by
two independent reviewers (HFS and AS), and
a third reviewer (SOJ) was consulted in case of
any discrepancies. Risk of bias in the included
studies was analyzed using the Newcastle-Otta-
wa Scale [5].
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Table 1. Forest plot assessing the incidence of barotrauma in Covid-19 vs. non Covid-19 patients

Study, Year Study Total Gender Mean Incidence of Barotrauma (N)
Country Design Patients Distribution Age
(N) (Male) (Year)  InCovid-19 Patients  In Non-Covid-19 ARDS Patients
Lemmers 2020 Retrospective 332 239 69 23 3
et al., Italy cohort
McGuinness 2021  Retrospective 1082 698 63 196 49
etal., USA cohort
E. Christoph 2021  Retrospective 643 - 59 43 56
etal, cohort

Statistical analysis was conducted using
Review Manager [version 5.4; The Cochrane Col-
laboration, 2020]. To analyze the studies, Odds
Ratio (OR) and 95% confidence intervals (CI) were
calculated, by pooling the studies using a random
effects model. This model was used keeping in
view the heterogeneity in the studies and patient
characteristics. Higgins I was used to determine
the heterogeneity between the studies.

Three studies [6-8] clinical and imaging data
of patients seen between March 1, 2020, and April
6, 2020, who tested positive for COVID-19 and
experienced barotrauma associated with invasive
mechanical ventilation, were compared with
patients without COVID-19 infection during the
same period. Historical comparison was made to
barotrauma rates of patients with acute respira-
tory distress syndrome from February 1, 2016,
to February 1, 2020, at the authors’ institution.
Comparison of patient groups was performed
using categoric or continuous statistical testing
as appropriate, with multivariable regression
analysis. Patient survival was assessed using
Kaplan-Meier curves analysis. Results A total
of 601 patients with COVID-19 infection un-
derwent invasive mechanical ventilation (mean
age, 63 years * 15 [standard deviation]; 71%
men met our inclusion criteria. 1997 patients
(992 in CARDS group and 1005 in Non-Covid
ARDS group) were thereby included in this me-
ta-analysis, with mean age of participants being
63.67. (Figure 1). Our pooled analysis shows that
the incidence of barotrauma is significantly high-
er in CARDS patients compared with Non-Covid
ARDS patients receiving IMV (OR = 0.33, 95%
CI = 0.13-0.83, p = 0.0001, I* = 89%) (Table 1).
Two out of three of our included studies were of
good quality judged by their score of 7 or more
on the Newcastle Ottawa scale.

Our meta-analysis suggests that patients
infected with CARDS undergoing IMV have
an increased risk of developing barotrauma as

compared to patients with ARDS due to other
etiologies. This association strongly reflects
that SARS CoV-2 infection presents with an
atypical form of ARDS.9 Numerous studies have
been conducted to explain the pathogenesis of
barotrauma in CARDS patients, however the
exact etiology remains to be established. Fac-
tors such as an exaggerated immune response
caused by the virus [10], prolonged intubation
times11 and lack of a consensus on the manage-
ment strategy for different phenotypes of CARDS;
namely L and H12CA admitted from March
15-June 20, 2020. PATIENTS. 77 patients with
COVID-19 pneumonia. 75 patients met inclusion
criteria. RESULTS. 21% of patients with severe
COVID-19 sustained barotrauma (33% of patients
receiving IMV, 8% of patients receiving (NIV, have
been implicated at large.

Considering that the incidence of barotrau-
ma is further increased in COVID-19 patients
undergoing IMV, the need for the evaluation of
an effective, standardized and a relatively safer
ventilation strategy for this group of patients be-
comes highly significant. Further evidence-based
studies are therefore required to determine the
efficacy of the standard approach (high Positive
end-expiratory pressure (PEEP) and low tidal
volume) for the management of ARDS in these
patients, and/or to devise a modified ventilation
management plan aimed at optimizing the treat-
ment of CARDS.

To the best of our knowledge, this is the first
of its kind meta-analysis that establishes a signif-
icant link between the incidence of barotrauma
and Covid-19 patients receiving IMV. However,
it has several limitations. First, the systematic
search brought forth a small number of obser-
vational studies, and thus they were unable to
fully account for confounding factors. Second,
our findings were subjected to significant hetero-
geneity that could not be explained. Third, the
follow-up times for CARDS patients in all of our
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Covid Non Covid 0dds Ratio (Non-event) 0dds Ratio (Non-event)
Study or Subgroup  Events Total Events Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Mcgulness 2020 196 601 49 421 38.7% 0.27 [0.19, 0.38] -+
Christoph 2020 43 222 66 421 37.6% 0.77 [0.51, 1.18] B
Lemmers 2020 23 169 3 163 23.7% 0.12 [0.04, 0.40] —
Total (95% CI) 992 1005 100.0% 0.33[0.13, 0.83] -
Total events 262 118

Heterogenelty: Tau? = 0.54; Chi? = 17.86, df = (P = 0.0001); I> = 89%
Test for overall effect: Z = 2.36 (P = 0.02)

0.01 0.1 1 10 100
Covid Non Covid

Figure 1. Characteristics of included studies

included studies were less than six months, and
therefore could not predict the incidence of a late
occurring barotrauma event in this group. Fourth,
we could not perform the quality assessment of
one of our included studies due to unavailability
of complete data.
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