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OBJECTIVE: There are concerns of a high barotrauma rate in coronavirus di-
sease 2019 patients with acute respiratory distress syndrome receiving invasive 
mechanical ventilation. However, a few studies were published, and reported 
rates were highly variable. We performed a systematic literature review to iden-
tify rates of barotrauma, pneumothorax, and pneumomediastinum in coronavirus 
disease 2019 acute respiratory distress syndrome patients receiving invasive me-
chanical ventilation.

DATA SOURCE: PubMed and Scopus were searched for studies reporting bar-
otrauma event rate in adult coronavirus disease 2019 patients receiving invasive 
mechanical ventilation.

STUDY SELECTION: We included all studies investigating adult patients with 
coronavirus disease 2019 acute respiratory distress syndrome requiring mechan-
ical ventilation. Case reports, studies performed outside ICU setting, and pediatric 
studies were excluded. Two investigators independently screened and selected 
studies for inclusion.

DATA EXTRACTION: Two investigators abstracted data on study characteris-
tics, rate of pneumothorax, pneumomediastinum and overall barotrauma events, 
and mortality. When available, data from noncoronavirus disease 2019 acute res-
piratory distress syndrome patients were also collected. Pooled estimates for bar-
otrauma, pneumothorax, and pneumomediastinum were calculated.

DATA SYNTHESIS: A total of 13 studies with 1,814 invasively ventilated coro-
navirus disease 2019 patients and 493 noncoronavirus disease 2019 patients 
were included. A total of 266/1,814 patients (14.7%) had at least one baro-
trauma event (pooled estimates, 16.1% [95% CI, 11.8–20.4%]). Pneumothorax 
occurred in 132/1,435 patients (pooled estimates, 10.7%; 95% CI, 6.7–14.7%), 
whereas pneumomediastinum occurred in 162/1,432 patients (pooled estimates, 
11.2%; 95% CI, 8.0–14.3%). Mortality in coronavirus disease 2019 patients who 
developed barotrauma was 111/198 patients (pooled estimates, 61.6%; 95% 
CI, 50.2–73.0%). In noncoronavirus disease 2019 acute respiratory distress 
syndrome patients, barotrauma occurred in 31/493 patients (6.3%; pooled esti-
mates, 5.7%; 95% CI, −2.1% to 13.5%).

CONCLUSIONS: Barotrauma occurs in one out of six coronavirus disease 2019 
acute respiratory distress syndrome patients receiving invasive mechanical venti-
lation and is associated with a mortality rate of about 60%. Barotrauma rate may 
be higher than noncoronavirus disease 2019 controls.

KEY WORDS: barotrauma; coronavirus disease 2019; intensive care; Macklin 
effect; mechanical ventilation; pneumomediastinum; pneumothorax

At the end of 2019, an outbreak of atypical pneumonia caused by a novel 
coronavirus occurred in Wuhan, China (1). At the beginning of 2020, 
the coronavirus disease 2019 (COVID-19) pandemic spread all over the 
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world, causing more than 175 million cases and more 
than 3,500,000 deaths (2). Unfortunately, a relevant pro-
portion of patients with COVID-19 develop acute respi-
ratory distress syndrome (ARDS), requiring admission 
to an ICU and prolonged invasive ventilation (3–5). 
Notably, at the beginning of the pandemic, the high rate 
of severe respiratory failure associated with COVID-19 
frequently caused overwhelming of healthcare systems 
even in high-income countries (6–8).

Pneumomediastinum (PMD) and pneumothorax 
(PNX) are common complications in mechanically 
ventilated patients with ARDS, with a reported rate of 
up to 15% in some multicenter randomized controlled 
trials (9–12) and are generally considered a sign of bar-
otrauma (13). There are now several reports of PNX/
PMD as complication of COVID-19 ARDS (14–21). 
However, there are currently few and heterogeneous 
published data on the occurrence rate and outcome of 
barotrauma in this specific patient population.

Accordingly, we decided to perform a systematic lit-
erature review to investigate the rate and outcome of 
barotrauma in mechanically ventilated patients with 
COVID-19 ARDS.

MATERIALS AND METHODS

The present systematic review was performed in ac-
cordance with the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses guidelines and 
the following Cochrane Collaboration recommenda-
tions (22–26).

The study has been registered on International 
Prospective Register of Systematic Reviews under reg-
istration no. CRD42021230946.

Search Strategy and Study Selection

Our search strategy aimed to find all studies investigat-
ing the occurrence rate of barotrauma in mechanically 
ventilated patient with COVID-19 ARDS. No exclu-
sion by language or publication date was enforced. The 
Population (patients with COVID-19 ARDS requir-
ing mechanical ventilation), Interventions (none), 
Comparison intervention (none), Outcome (baro-
trauma), and Study design (case series, retrospective 
observational, prospective observational, and ran-
domized controlled trials) criteria were followed.

In detail, inclusion criteria were: 1) studies investi-
gating adult patients with COVID-19 ARDS requiring 

mechanical ventilation and 2) reporting data on occur-
rence rate and outcome of barotrauma. Exclusion cri-
teria were: 1) noncritically ill COVID-19 patients, 2) 
case reports, 3) lack of data for barotrauma rate, 4) pe-
diatric studies, 5) nonhuman studies, 6) studies pub-
lished as abstract only, and 7) overlapping population 
(i.e., two different publications investigating the same 
study population; in this case, we included the study 
with the longest follow-up). Studies published in lan-
guage other than English were excluded if we were un-
able to obtain a translation.

We searched PubMed and Scopus from inception 
up to March 15, 2021. Backward snowballing (i.e., 
scanning of reference of retrieved articles to identify 
further studies) was applied to retrieve additional ar-
ticles. Eligibility assessment was performed independ-
ently by two investigators at title/abstract level, and the 
final selection of included articles was based on com-
plete articles with disagreements solved by consensus.

The PubMed search strategy is reported in the 
Supplementary Appendix (http://links.lww.com/
CCM/G798).

Data Extraction

Two authors independently collected details on base-
line study characteristics, occurrence rate and type 
of barotrauma events, and outcome data. These were 
verified by a third author.

We also reported whether studies included a control 
population, defined as non-COVID-19 ARDS, and we 
collected data on occurrence rate of barotrauma in the 
control population.

Outcomes

The primary outcome was the number of patients 
with at least one barotrauma event. Barotrauma was 
defined as PNX, PMD, pneumatocele not related to 
lung infection, subcutaneous emphysema, or as de-
fined by authors of individual studies. Secondary out-
comes were the number of patients with at least one 
PNX event, one PMD event, all-cause longest fol-
low-up mortality in patients with barotrauma (both 
for COVID-19 and non-COVID-19 ARDS patients), 
and predictors of barotrauma. We also analyzed all-
cause longest follow-up mortality in patients without 
barotrauma, both in COVID-19 and non-COVID-19 
ARDS patients.

http://links.lww.com/CCM/G798
http://links.lww.com/CCM/G798
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In addition, we collected data on treatment of PNX 
and PMD (chest tube drainage or need for surgery).

Statistical Analysis

We performed random-effects meta-analyses using the 
DerSimonian and Laird method. We used occurrence 
rates (or mean value for continuous data) and entered 
into meta-analyses with corresponding standard errors 
(ses). If no se could be derived, we retained studies for 
narrative synthesis only. We assessed statistical hetero-
geneity using the Q test and quantified using the I2 sta-
tistic, which identifies the proportion of the observed 
variance that reflects real differences in effect size (i.e., 
an estimate of the percentage of the total variability in 
a set of effect sizes due to true heterogeneity [between-
studies variability]). Heterogeneity with an I2 > 25% was 
considered significant: fixed-effect and random-effects 
models were used in the case of low and high statistical 
heterogeneities, respectively.

We performed meta-analyses with Stata (Version 16,  
StataCorp, College Station, TX) using the “metan” 
commands. We calculated individual and pooled esti-
mates (ES) for dichotomous outcomes with 95% CIs.

Risk of bias was assessed following the Risk Of Bias In 
Nonrandomized Studies—of Interventions and derived 
Risk Of Bias In Nonrandomized Studies—Exposure 
tools (27, 28). Studies were classified as “high risk of 
bias” if they had at least one item reported as high risk 
of bias, at “unclear risk of bias” if they had at least one 
item judged to carry an unclear risk of bias and at low 
risk of bias if all of the item were at low risk of bias.

Some of the retrieved studies presented data only for 
one type of barotrauma event (e.g., only PMD data and 
only PNX data) (18, 29–32). We, therefore, performed 
unplanned sensitivity analyses for primary outcome 
excluding these studies.

RESULTS

A total of 649 references were examined at a title/ab-
stract level. After initial screening, a total of 40 stud-
ies were retrieved as complete articles. All studies were 
identified through database searching. After exclusion 
of further 27 trials that did not meet inclusion criteria, a 
total of 13 studies including data from 1,814 invasively 
ventilated COVID-19 patients and 493 non-COVID-19 
patients were included in the analysis (Fig. 1) (18–20, 
29–38). Details of major exclusions and reason for 

exclusion are provided in the Supplementary Table 1 
(http://links.lww.com/CCM/G798).

Furthermore, we identified 107 case reports 
(Supplementary Appendix, http://links.lww.com/
CCM/G798).

Trials’ Characteristics

Characteristics of included studies are reported in Table 1. 
All studies were observational, and one study was mul-
ticenter (31). Most studies included patients during the 
first months of the COVID-19 pandemic, with only one 
study enrolling patients until December 2020 (38). Most 
studies were performed in United States (six studies)  
(20, 29, 32–34, 37) and Italy (three studies) (18, 19, 35).

Risk of bias analysis showed that three studies were 
at moderate risk of bias (29, 37, 38) and 10 at low risk 
of bias (18–20, 30–36).

Primary Outcome

Outcome data are presented in Table 2. Overall, a total 
of 266/1,814 patients (14.7%) had at least one baro-
trauma event, with reported rate ranging from 5% to 
56%. On pooled analysis, the rate of barotrauma events 
was 16.1% (95% CI, 11.8–20.4%), with all studies in-
cluded (Fig. 2). Heterogeneity among studies was high 
(I2 = 84.1%; p for heterogeneity < 0.001) (Table 2).

Data on barotrauma rate in control patients (non-
COVID-19 ARDS) were reported in three studies 
(Supplementary Table 2, http://links.lww.com/CCM/
G798) and occurred in 31/493 patients (6.3%; pooled 
ES, 5.7%; 95% CI, −2.1% to 13.5%; I2, 93.4%; p for 
heterogeneity < 0.001).

Figure 1. Flow diagram for included studies.

http://links.lww.com/CCM/G798
http://links.lww.com/CCM/G798
http://links.lww.com/CCM/G798
http://links.lww.com/CCM/G798
http://links.lww.com/CCM/G798
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TABLE 1. 
Characteristics of Included Studies

First 
Author Journal

Study 
Type Country

City 
Area Enrollment Period

Belletti J Cardiothorac Vasc 
Anesth

Observational Italy Milan February 25, 2020, to April 27, 2020

Capaccione Acute Crit Care Observational United States New York February 12, 2020, to April 08, 2020

Edwards Ann Med Surg Observational United States New York March 15, 2020, to April 14, 2020

Fiacchini JAMA Otolaryngol 
Head Neck Surg

Observational Italy Pisa March 01, 2020, to May 31, 2020

Housman Ann Transl Med Observational United States New York March 30, 2020, to April 10, 2020

Kahn J Intensive Care Med Observational United States Los Angeles March 15, 2020, to June 15, 2020

Lemmers ERJ Open Res Observational Italy Brescia February 18, 2020, to April 15, 2020

Mart Am J Respir Crit  
Care Med

Observational United States Nashville March 01, 2020, to August 31, 2020

McGuinness Radiology Observational United States New York January 03, 2020, to June 04, 2020

Talan Tuberk Toraks Observational Turkey Ankara March 01, 2020, to December 01, 2020

Udi J Intensive Care Med Observational Germany Friburg March 01, 2020, to April 30, 2020

Wang Heart Lung Observational China Chongquing February 23, 2020, to March 15, 2020

Yao Br J Anaesth Observational China Wuhan February 04, 2020, to March 12, 2020

TABLE 2. 
Events Rate in Included Studies

First 
Author

Non-COVID 
Acute 

Respiratory 
Distress 

Syndrome 
Control Group

COVID-19  
IMV Patients, 

Number

Control 
IMV 

Patients, 
Number

Barotrauma 
Rate, Any 

Event,  
COVID-19,  

n (%)

Barotrauma 
Rate, Any 

Event, 
Control,  

n (%)

Barotrauma 
Overall 

Mortality 
COVID-19,  

n (%)

Barotrauma 
Overall 

Mortality 
Control,  

n (%)

Belletti No 116 N/A 28 (24) N/A 17 (61) N/A

Capaccione No 132 N/A 18 (14) N/A 6 (33) N/A

Edwards No 137 N/A 13 (9) N/A 6 (46) N/A

Fiacchini Yes 30 45 14 (47) 0 (0) N/A N/A

Housman No 171 N/A 29 (17) N/A N/A N/A

Kahn No 39 N/A 13 (33) N/A N/A N/A

Lemmers Yes 169 163 23 (14) 3 (2) 13 (57) N/A

Mart No 92 N/A 5 (5.4) N/A 4 (80) N/A

McGuinness Yes 601 285 89 (15) 28 (10) 47 (53) 8 (29)

Talan No 96 N/A 9 (9) N/A 8 (89) N/A

Udi No 20 N/A 8 (40) N/A 6 (75) N/A

Wang No 9 N/A 5 (56) N/A 4 (80) N/A

Yao No 202 N/A 12 (6) N/A N/A N/A

COVID-19 = coronavirus disease 2019, IMV = invasive mechanical ventilation, N/A = not available.
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Nine studies reported data on time from intubation 
to development of barotrauma (Supplementary Table 
2, http://links.lww.com/CCM/G798) (18, 19, 29, 30, 32, 
33, 36–38). Pooled mean time from intubation to devel-
opment of barotrauma was 3.7 days (95% CI, 2.2–5.0 d)  
(Supplementary Table 2 and Supplementary Fig. 1, 
http://links.lww.com/CCM/G798).

Secondary Outcomes

The number of COVID-19 patients who developed 
at least one PNX event was 132/1,435 patients (9.2%; 
pooled ES, 10.7%; 95% CI, 6.7–14.7%; I2 = 80.8%;  
p for heterogeneity < 0.001, with 10 studies included) 
(Supplementary Table 2, http://links.lww.com/CCM/
G798). Among control (non-COVID-19-ARDS) 
patients, specific data on PNX were available in one 
study only with no patient developing PNX.

PMD occurred in a total of 162/1,432 COVID-19 
patients (11.3%; pooled ES, 11.2%; 95% CI, 8.0–14.3%; 
I2 = 66.6%; p for heterogeneity = 0.002, with nine stud-
ies included) (Supplementary Table 2, http://links.lww.
com/CCM/G798). Among non-COVID-19-ARDS 
patients, specific data on PMD were available in two 
studies only, with an occurrence rate of 3/208 patients 
(1.4%) (pooled ES, 1.8%; 95% CI, −0.2% to 3.9%;  
I2 = not available [N/A]; p for heterogeneity = N/A).

Overall mortality among COVID-19 patients who 
developed barotrauma was 111/198 patients (56.1%; 
pooled ES, 61.6%; 95% CI, 50.2–73.0%; I2 = 59.3%;  
p for heterogeneity = 0.01) (Supplementary Table 3, 
http://links.lww.com/CCM/G798). Mortality among 
non-COVID-19-ARDS patients who developed baro-
trauma was reported in one study only and was 28/285 
patients (10%) (Supplementary Table 3, http://links.
lww.com/CCM/G798)

Figure 2. Forest plot for barotrauma rate in COVID-19 ARDS patients. Individual and pooled estimates (%) are reported on the y-axis. 
Black diamonds indicate individual estimates, and black lines indicate individual 95% CIs. Gray squares represent individual study 
weights. The vertical red dashed line indicates pooled estimate. The vertical axis of the white diamond indicates pooled estimate, 
whereas the horizontal axis indicates pooled 95% CI. ES: estimate.

http://links.lww.com/CCM/G798
http://links.lww.com/CCM/G798
http://links.lww.com/CCM/G798
http://links.lww.com/CCM/G798
http://links.lww.com/CCM/G798
http://links.lww.com/CCM/G798
http://links.lww.com/CCM/G798
http://links.lww.com/CCM/G798
http://links.lww.com/CCM/G798
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In COVID-19 patients who did not develop baro-
trauma, overall mortality was 460/860 (53.5%) (pooled 
ES, 49.5%; 95% CI, 41.1–58.0%; I2 = 79.8%; p for het-
erogeneity = 0.002) (Supplementary Table 3, http://
links.lww.com/CCM/G798). Mortality rate for non-
COVID-19 ARDS patients who did not develop baro-
trauma was available in one study only and was 102/257 
patients (39.7%) (Supplementary Table 3, http://links.
lww.com/CCM/G798).

Mortality data for COVID-19 ARDS patients with 
PNX were available in three studies and were 13/27 
patients (48.1%) (pooled ES, 59.7%; 95% CI, 26.2–93.1%; 
I2 = 68.7%; p for heterogeneity = 0.04) (Supplementary 
Table 3, http://links.lww.com/CCM/G798).

One study reported mortality data for COVID-19 ARDS 
patients with PMD (13/23 patients [57%]) (Supplementary 
Table 3, http://links.lww.com/CCM/G798). Separate mor-
tality data for PNX and PMD in non-COVID-19 patients 
were not reported in any study (Supplementary Table 3, 
http://links.lww.com/CCM/G798).

Forest plots for all secondary outcome analyses are 
presented in Supplementary Figures 2-8 (http://links.
lww.com/CCM/G798).

Sensitivity Analysis

After excluding studies reporting data only on one type 
(either PNX or PMD) of barotrauma event, we found 
that 179/1,131 of COVID-19 patients (15.8%) had at 
least one barotrauma event (pooled ES, 18.3%; 95% CI, 
12.1–24.6%; I2 = 86%; p for heterogeneity < 0.001, with 
eight studies included) (Supplementary Fig. 9, http://
links.lww.com/CCM/G798).

Among control patients, 28/330 patients (8.4%) had 
at least one barotrauma event (pooled ES, 9.8%; 95% 
CI, 6.4–13.3%; I2 = N/A; p for heterogeneity = N/A; 
with two studies included) (Supplementary Fig. 10, 
http://links.lww.com/CCM/G798).

Treatment and Predictors of PNX/PMD

Seven studies reported data on how PNX/PMD were 
treated (19, 30, 32, 33, 36–38). In a total of 36/97 
patients (37.1%), chest tube drainage only was used, 
whereas two patients required surgical treatment 
(2.1%) (Supplementary Table 4, http://links.lww.com/
CCM/G798). In 31/44 cases (70.5%), chest tube drain-
age was used for PNX, whereas 5/65 PMD cases (7.7%) 
received chest tube drainage. One surgical procedure 

was performed for PNX and another one to treat a tra-
cheoesophageal fistula causing PMD (19).

Two studies investigated predictors of barotrauma 
in multiple logistic regression analysis. They identified 
younger age, length of hospital stay, time from symp-
toms onset to intubation, and bilirubin in the first 2 days 
of ICU stay as independent predictive factors (19, 20). 
One additional study presented univariate data only 
and identified younger age and need for higher Fio2 at 
baseline as risk factors for PNX development (29).

One study identified Macklin effect (39, 40), a ra-
diological sign detected with chest CT scan, as a pre-
dictor for subsequent development of barotrauma at 
univariate analysis (19).

Mechanical Ventilation Settings

Mechanical ventilation settings at the beginning of in-
vasive mechanical ventilation were available in seven 
studies and are presented in Supplementary Table 5 
(http://links.lww.com/CCM/G798) (18, 19, 29, 30, 34, 
35, 38). Mechanical ventilation settings at the time of 
first barotrauma event were available in five studies 
and are presented in Supplementary Table 6 (http://
links.lww.com/CCM/G798) (18, 32, 34, 36, 37).

Three studies reported baseline mechanical ventila-
tion settings for both patients who developed versus 
those who did not develop barotrauma, with no signif-
icant differences between the two groups (18, 19, 34). 
Two studies reported mechanical ventilation settings 
for both baseline and time of barotrauma (18, 34).

In one study, the authors compared mechanical ven-
tilation settings at time of barotrauma with mechanical 
ventilation settings on day 14 of patients without baro-
trauma and found no significant differences (34).

Case Reports

Data from case reports and case series including 
patients who developed barotrauma without reporting 
overall rate are presented in the Supplementary 
Appendix (http://links.lww.com/CCM/G798). Overall, 
a total of 107 reports were identified, for a total of 269 
COVID-19 patients: 34 (12.6%) were in spontaneous 
breathing; 120 (44.6%) were treated with noninvasive 
ventilation or continuous positive airway pressure; 104 
(38.7%) were receiving invasive mechanical ventila-
tion; and for 11 patients (4.1%), we did not find this 
piece of information.

http://links.lww.com/CCM/G798
http://links.lww.com/CCM/G798
http://links.lww.com/CCM/G798
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DISCUSSION

Key Findings

In this systematic review, we found that the rate of 
barotrauma in COVID-19 patients undergoing in-
vasive mechanical ventilation was high (16.1%) in 
the 13 identified studies and associated with a mor-
tality rate greater than 60%. The rate of PNX was 
about 10%, whereas the rate of PMD was about 11%. 
Overall, barotrauma rate may be higher in COVID-19  
ARDS than non-COVID-19 control. Mortality 
among COVID-19 patients with barotrauma is about 
10% higher as compared with COVID-19 patients 
without. Chest tube drainage was required in about 
40% of patients with barotrauma, whereas only 2% of 
patients required surgical treatment. Time from intu-
bation to barotrauma seems relatively short, occur-
ring 3.7 days after intubation, although with high 
variability. We also identified further 107 reports 
that confirmed the relevance of the topic, the possi-
bility of barotrauma in patients not invasively venti-
lated patients, and the high associated mortality rate. 
Finally, among the classic predictors of barotrauma, 
one study identified a radiological predictor detect-
able on chest CT scan about 12 days in advance (the 
Macklin-like radiological finding) (19).

Relationship to Previous Studies

Previous, prospective studies performed in non-
COVID-19 ARDS setting reported a rate of baro-
trauma events ranging from less than 3% to about 15% 
of patients. In our meta-analysis, we found that rate of 
barotrauma ranged from 5% to 55%, with a pooled esti-
mate of 16%. Furthermore, three studies reported bar-
otrauma rates also for non-COVID-19 ARDS controls 
and found a barotrauma rate of 2–10%, with a pooled 
estimate of 6%. This latter estimate is consistent with 
a previous prospective multicenter study performed in 
20 countries (13). Our data collectively suggest that risk 
of barotrauma may be higher among COVID-19 ARDS 
patients as compared with non-COVID-19 ARDS, al-
though this finding requires confirmatory studies with 
adequate control groups. Indeed, a recent survey among 
38 ICUs in the region of Lombardy, Italy (the epicenter 
of the Italian first pandemic wave) (41, 42), reported a 
barotrauma rate of 7% as compared with a 5% rate in 
the control, non-COVID-19 group (43).

Recent large, multicenter, randomized controlled 
trials in ARDS patients reported rate of barotrauma 
ranging from about 3% to 10% (10–12, 44), confirm-
ing our pooled estimate for barotrauma events in 
non-COVID-19 ARDS patients of 6%. A similar rate 
was reported in previous observational studies (13). 
Pneumothorax rate in classical ARDS seems to be 
around 1–6%, as compared with 11% in COVID-19  
ARDS found in our systematic review. The rate of 
PMD in COVID-19 ARDS is similar (11% in our 
meta-analysis), although few data are available for 
comparison with non-COVID-19 ARDS for this spe-
cific complication.

The relatively high rate of barotrauma events in 
COVID-19 ARDS is also confirmed by the large 
number of case reports (more than 100 identified by 
our systematic review) currently published in medical 
literature, which underline the unexpected impact that 
this complication had on clinical course of COVID-19 
patients and the great interest of the scientific commu-
nity toward this topic.

Implication of Study Findings

Our study underlines the significant association be-
tween barotrauma and clinical course of COVID-19 
critically ill patients. We identified a pooled mor-
tality rate of about 60%, with an upper limit of 95% 
CI of 73%. On the contrary, mortality rate for non-
COVID-19 severe ARDS is reported to be around 46% 
(45), and the overall mortality rate for COVID-19  
ARDS requiring invasive mechanical ventilation 
is around 51% (5). In our study, mortality rate for 
COVID-19 patients without barotrauma was 53%, 
comparable with available data for general COVID-19  
ARDS patients requiring invasive mechanical ven-
tilation (5). Of note, our data do not allow us to 
determine whether association between develop-
ment of barotrauma and worse outcome is causal or 
simply reflects greater disease severity. Nevertheless, 
in light of these data, it may be considered to apply 
early ultraprotective mechanical ventilation strategy 
or early extracorporeal life support for COVID-19 
ARDS patients, until further data become available. 
In particular, as the pathophysiology of COVID-
induced lung injury is delineated, we may have a 
better understanding of why there is a higher occur-
rence rate of barotrauma.
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Interestingly, our group recently identified a radiolog-
ical sign on chest CT that may potentially predict devel-
opment of barotrauma 12 days in advance (the so called 
“Macklin sign” or “Macklin-like radiological finding” 
[39, 40]). We can speculate that identification of Macklin 
sign on chest CT scan of ARDS patients might help to 
stratify patients risk of developing barotrauma and 
hence to refer patients for early extracorporeal support, 
although this hypothesis requires confirmatory studies.

Of note, we found that mechanical ventilation set-
tings were within recommended ranges for protec-
tive ventilation in ARDS (46) in most studies, without 
major differences between patients who developed 
versus those who did not develop barotrauma.

The higher occurrence rate of barotrauma in 
COVID-19 ARDS patients may be explained by a pe-
culiar pathophysiology of airway damage resulting in 
a virus-specific lung frailty (47, 48), although recent 
studies showed similar histopathology findings be-
tween severe acute respiratory syndrome coronavirus 
2-associated lung injury and other causes of lung in-
jury (49, 50). A possible, alternative explanation for the 
high occurrence rate of barotrauma events may be that, 
as COVID-19 frequently overwhelmed hospital and 
ICU resources in several countries (6, 7, 42), patients 
were frequently managed by clinicians with relatively 
limited experience in ARDS patients or limited re-
sources, as compared with highly controlled clinical 
trials generally performed by experts in the field.

Limitations of the Study

Strengths of our study are the systematic approach 
to literature review and analysis of clinically relevant 
outcomes.

Limitations of our study include the relative small 
sample size of included studies, the heterogeneity 
of data, and lack of randomized controlled trials. 
Nevertheless, this is the largest and most comprehensive 
review of available data, considering that COVID-19 
 was discovered only 1 year ago.

Most of included studies do not have a well-matched 
control group, with 10 of them having no control group 
at all. Accordingly, any comparison of barotrauma rate 
between COVID-19 and non-COVID-19 ARDS is 
currently at high risk of bias.

Our search strategy might have led to inclusion of 
studies emphasizing complications of severe pneu-
monia and, therefore, to overestimation of barotrauma 

rate. However, we strictly adhered to a prespecified 
search strategy and inclusion criteria that we planned 
before accessing to study data. Furthermore, event rate 
in control patients is similar to previously available data.

Some included studies focused only on one type of bar-
otrauma event (e.g., PMD only, as in Lemmers et al [18])  
and may therefore lead to over- or underestima-
tion of events when included in the pooled analysis. 
Nevertheless, a sensitivity analysis excluding these stud-
ies confirmed magnitude and direction of the results.

Details on treatment of PMD with chest tube drain-
age from retrieved studies were not available; thus, we 
cannot comment on this management strategy.

Future Studies and Prospects

Future studies should address the exact pathophys-
iology of COVID-19-induced lung damage and its 
relationship with development of airway frailty and 
barotrauma. In addition, future studies should inves-
tigate possible risk factors for barotrauma, as well as 
preventive and management strategies to mitigate the 
risk of barotrauma development and lower mortality 
rates associated with this complication.

CONCLUSIONS

Barotrauma occurs in about 16% of COVID-19 
patients receiving invasive mechanical ventilation 
and is associated with mortality rates of about 60%. 
Barotrauma rates in COVID-19 ARDS may be higher 
than those in non-COVID-19 ARDS, although 
the exact reason for this remains to be determined. 
Predictors of barotrauma development should be ur-
gently identified or validated, and strategies to reduce 
barotrauma risk and improve survival should urgently 
be implemented.
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