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Pubmed Search String

(((Sars-cov-2) or (covid19) or (coronavirus 19)) and ((subcutaneous emphysema) or
(pneumomediastinum) or (pneumothorax) or (pneumatocele) or (barotrauma)))



Supplementary Table 1. Details of major exclusions

First Author Year Journal Reason for exclusion
Gordo MLP 2020 Radiologia No event rate
Diaz A 2020 Heart Lung No event rate
JiaL 2020 Zhonghua Wei Zhong  No event rate

Bing Ji Jiu Yi Xue
Shrift D 2020 J Ultrasound Med No event rate
Hameed M 2020 Respir Med Case Rep No event rate
Bellini R 2020 J Cardiothorac Surg No event rate
Urigo C 2020 Radiol Case Rep No event rate
Marsico S 2020 Arch Bronconeumol No event rate
Marsico S 2020 Arch Bronconeumol No event rate
do Lago VC 2020 Am J Med Sci No event rate
Volpi S 2020 Eur J Cardiothorac No event rate

Surg
Gorospe L 2020 Arch Bronconeumol No event rate
Underner M 2020 Rev Mal Respir No event rate
Bittner R 2020 MMW Fortschr Med No event rate
Onigbinde SO 2020 Biomed Res Int Not COVID-19
Cinkooglu A 2020 Diagn Interv Radiol Not-ICU setting
Murk W 2021 CMAJ Not ICU setting
Protti A 2021 Minerva Anesthesiol Survey design
Yang F 2020 J Med Virol No event rate
Wong K 2020 Cureus No event rate
Quincho-Lopez A 2020 Am J Trop Med Hyg Review
Long CJ 2020 BMC Med Imaging No event rate
Jamous F 2020 S D Med No IMV data available
Xang C 2020 Medicine No event rate
Chen X 2020 Chin Med Sci J Review
Yang X 2020 Lancet Respir Med No IMV data available
Zantah M 2020 Respir Res Not ICU setting

COVID-19: coronavirus disease 2019; ICU: intensive care unit; IMV: invasive mechanical ventilation;



Supplementary Table 2. Events rate and time from intubation to barotrauma development in included studies

First Author Non- COVID- Control PNX PNX PMD PMD Barotrauma Barotrauma rate, Time from
COVID 19 IMV IMV rate, rate, rate, rate, rate, combined events, intubation to
ARDS patients, patients, COVID- control COVID- control combined control* barotrauma,
control number number 19 19 events, mean +/- SD,
group COVID-19* days
Belletti No 116 N/A 22 (19%) N/A 13 (11%) N/A 28 (24%) N/A 14.0+11.0
Capaccione No 132 N/A 18 (14%) N/A N/A N/A N/A N/A 14.9+10.0
Edwards No 137 N/A 4 (2.9%) N/A 12 (8.8%) N/A 13 (9%) N/A 3.4+0.8
Fiacchini Yes 30 45 6 (20%) 0 (0%) 10 (33%) 0 (0%) 14 (47%) 0 (0.0%) N/A
Housman No 171 N/A N/A N/A 29 (17%) N/A N/A N/A 2.5+2.3
Kahn No 39 N/A N/A N/A N/A N/A 13 (33%) N/A N/A
Lemmers Yes 169 163 N/A N/A 23 (14%) 3 (2%) N/A N/A 3.845.7
Mart No 92 N/A 0 (0%) N/A 5 (5.4%) N/A 5 (5%) N/A 9-241
McGuinness Yes 601 285 54 (9%) N/A 59 (10%) N/A 89 (15%) 28 (10%) N/A
Talan No 96 N/A 6 (6%) N/A 6 (6%) N/A 9 (9%) N/A 5.1+3.1
Udi No 20 N/A 5 (25%) N/A 5 (25%) N/A 8 (40%) N/A 17.3+10.8
Wang No 9 N/A 5 (56%) N/A N/A N/A N/A N/A 19.6+10.2
Yao No 202 N/A 12 (6%) N/A N/A N/A N/A N/A N/A

* Patients with at least one barotrauma event, after exclusion of studies reporting only one event type.

' data as range
ARDS: acute respiratory distress syndrome; COVID-19: coronavirus disease 2019; IMV: invasive mechanical ventilantion; N/A: not available; PNX: pneumothorax;
PMD: pneumomediastinum



Supplementary Table 3. Details on mortality data in included studies

First Author Non- COVID- Control PNX PNX PMD PMD Mortality in Mortality in control
COVID 19 IMV IMV mortality, = mortality, = mortality, = mortality, COVID-19 patients w/o
ARDS patients, patients, COVID-19 control COVID-19 control patients w/o barotruama
control number number barotrauma
group
Belletti No 116 N/A N/A N/A N/A N/A 34 (39%) N/A
Capaccione No 132 N/A 6 (33%) N/A N/A N/A 55 (48%) N/A
Edwards No 137 N/A 3 (75%) N/A N/A N/A N/A N/A
Fiacchini Yes 30 45 N/A N/A N/A N/A N/A N/A
Housman No 171 N/A N/A N/A N/A N/A N/A N/A
Kahn No 39 N/A N/A N/A N/A N/A N/A N/A
Lemmers Yes 169 163 N/A N/A 13 (57%) N/A 73 (50%) N/A
Mart No 92 N/A N/A N/A N/A N/A N/A N/A
McGuinness Yes 601 285 N/A N/A N/A N/A 298 (58%) 102 (40%)
Talan No 96 N/A N/A N/A N/A N/A N/A N/A
Udi No 20 N/A N/A N/A N/A N/A N/A N/A
Wang No 9 N/A 4 (80%) N/A N/A N/A N/A N/A
Yao No 202 N/A N/A N/A N/A N/A N/A N/A

ARDS: acute respiratory distress syndrome; COVID-19: coronavirus disease 2019; IMV: invasive mechanical ventilantion; N/A: not available; PNX: pneumothorax;
PMD: pneumomediastinum; w/o: without



Supplementary Table 4. Details on treatment of pneumothorax/pneumomediastinum

First Author

Belletti
Capaccione
Edwards
Fiacchini
Housman
Kahn
Lemmers
Mart
McGuinness
Talan

Udi

Wang

Yao

Barotrauma
rate, any
event,
COVID-19
28 (24%)
18 (14%)
13 (9%)
14 (47%)
29 (17%)
13 (33%)
23 (14%)
5 (5.4%)
89 (15%)
9 (9%)

8 (40%)
5 (56%)

12 (6%)

PNX PMD
rate, rate,
COVID- COVID-
19 19
22 13
19%)  (11%)
18 N/A

(14%)
4 (2.9%) 12
(8.8%)
6 (20%) 10
(33%)
N/A 29
(17%)
N/A N/A
N/A 23
(14%)
0(0%) 5 (5.4%)
54 (9%) 59
(10%)
6(6%) 6 (6%)
5(25%) 5 (25%)

5(56%)  N/A

12(6%)  N/A

COVID-19
barotrauma
patients
requiring
chest tube
drainage
18 (64%)
N/A
6 (46%)
N/A
5 (17%)
N/A
N/A
0 (0%)
N/A
0 (0%)

5 (63%)
2 (40%)

N/A

COVID-19

PNX
patients

requiring
chest tube

drainage

18 (81.8%)

N/A
4 (100%)
N/A
o
N/A
N/A
0 (0%)
N/A
0 (0%)
5 (100%)
2 (40%)

N/A

COVID-19

PMD
patients
requiring

chest tube

drainage
0 (0.0%)

N/A
2 (16.7%)
N/A
3 (10.4%)
N/A
N/A
0 (0%)
N/A
0 (0%)
N/A
N/A

N/A

COVID-19
barot_rauma
patients
requiring
surgery
2 (7.1%)
N/A
0 (0%)
N/A
0 (0%)
N/A
N/A
0 (0%)
N/A
0 (0%)
N/A
N/A

N/A

COVID-19
Pl_\lX
patients
requiring
surgery
1 (4.5%)
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A

COVID-19 PMD
patients requiring
surgery

1 (7.7%)
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A

* the total number of patients with PNX was not available in the study.
ARDS: acute respiratory distress syndrome; COVID-19: coronavirus disease 2019; IMV: invasive mechanical ventilantion; N/A: not available; PNX: pneumothorax;
PMD: pneumomediastinum



Supplementary Table 5. Mechanical ventilation settings for COVID-19 ARDS patients at beginning of invasive mechanical ventilation

Belletti

Capaccione

Edwards

Fiacchini

Housman

Kahn

Lemmers

Mart

McGuinness

Talan

Udi

Wang

Yao

v,
PBT
(ml/Kg)

6.8
(5.9-
7.6) *
N/A

N/A

N/A

N/A

7.1+2.1t

6.1+0.9t

N/A

N/A

N/A

N/A

5.430.3t

N/A

TV,
w/o PBT
(ml/Kg)

6.8
(6.0—
7.4) *
N/A

N/A

N/A

N/A

8.4+2.5t

5.9+0.8t

N/A

N/A

N/A

N/A

N/A

N/A

RR,
PBT
(Breaths
/min)
N/A

24.9t

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

RR,
w/o PBT
(Breaths

/min)

N/A

24.8t

N/A

N/A

N/A

N/a

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Peak
pressure,
PBT
(cm H20)
28%*
(26 - 30)

N/A

N/A

N/A

N/A

305t

N/A

N/A

30.6+4.1

N/A

21.5%3.9

+

N/A

* data as median (IQR); Tdata as mean or mean * standard deviation
FiO,: fraction of inspired oxygen; N/A: not available; PBT: pulmonary barotrauma; PEEP: positive end expiratory pressure; RR: respiratory rate; TV: tidal volume;

w/o: without

Peak
pressure,
w/o PBT
(cm H20)

28*
(21-32)

N/A

N/A

N/A

N/A

25.0+1.4

+

2915+

N/A

N/A

N/A

N/A

N/A

Plateau
pressure,
PBT
(cm H20)
N/A

N/A

N/A

N/A

N/A

N/A

2416

N/A

N/A

N/A

N/A

N/A

N/A

Plateau
pressure,
w/o PBT
(cm H20)

N/A

N/A

N/A

N/A

N/A

N/A

2314

N/A

N/A

N/A

N/A

<30

N/A

PEEP,
PBT,
(cm H20)

11*
(10 - 14)

12.1t

N/A

12 (3)*

N/A

6.5+2.1t

12

(8-15)*

N/A

N/A

8.8£1.0

N/A

N/A

N/A

PEEP,
w/o PBT,
(cm H20)

12*
(10 - 14)

13.3t

N/A

12 (2)*

N/A

7.0£2.4t

12

(10 - 14)*

N/A

N/A

N/A

N/A

9.3#2.6t

N/A

FiO2,
PBT,
(%)

N/A

90.6t

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

FiO,,
w/o PBT
(%)

N/A

69t

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Prone
position,
PBT

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Prone
position
w/o PBT

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A



Supplementary Table 6. Mechanical ventilation settings for COVID-19 ARDS patients at time of first barotrauma event

Belletti

Capaccione

Edwards

Fiacchini

Housman

Kahn

Lemmers

Mart

McGuinness

Talan

Udi

Wang

Yao

* Data as mean £ SD; T data as mean (range); ¥ data ad median (range)
FiO,: fraction of inspired oxygen; N/A: not available; PBT: pulmonary barotrauma; PEEP: positive end expiratory pressure; RR: respiratory rate; TV: tidal volume;

w/o: without

TV, v
PBT w/o PBT

(ml/Kg)  (mi/Kg)
N/A N/A
N/A N/A
55+ N/A
0.8*

N/A N/A
N/A N/A
6.8t1.5  7.7+2.6

6.7+1.7 N/A
N/A N/A
N/A N/A
N/A N/A
5.4 N/A

(0.4—

8.6)t
N/A N/A
N/A N/A

RR,
PBT
(Breaths
/min)
N/A
N/A

20+5.9*

N/A

N/A

N/A

N/A

N/A

N/A
N/A

24
(15 -32)
+
N/A

N/A

RR,

w/o PBT
(Breaths
/min)

N/a

N/A

N/A

N/A

N/A

N/a

N/A

N/A

N/A
N/A
N/A

N/A

N/A

Peak
pressure,
PBT
(cm
H20)
N/A

N/A

33.1+9.9

*
N/A
32
(24 -38)

29.417.5

2915

N/A

N/A
N/A

29
(27 -35)
+
N/A

N/A

Peak Plateau
pressure, pressure,
w/o PBT PBT

(cm (cm

H20) H20)

N/A N/A

N/A N/A

N/A N/A
N/A N/A
N/A N/A

35.749.3 N/A

N/A 22+4
N/A N/A
N/A N/A
N/A N/A
N/A 27
(19 - 30)
+
N/A N/A
N/A N/A

Plateau

pressure,

w/o PBT
(cm
H20)
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
N/A
N/A

N/A

N/A

PEEP,
PBT,
(cm
H20)

N/A
N/A

15.5+4.6

*
N/A
13
(10- 15)
1245.5
9
(6-13)

N/A

N/A
N/A

14
(5-24) %

N/A

N/A

PEEP,
w/o PBT,
(cm
H20)

N/A
N/A

N/A

N/A

N/A

11.845.5

N/A

N/A

N/A
N/A
N/A

N/A

N/A

FiO2,
PBT,
(%)

N/A

N/A

71.5%22.
3*

N/A

N/A

N/A

N/A

N/A

N/A
N/A

60
(35-90)
+
N/A

N/A

FiO2,
w/o PBT
(%)

N/A
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
N/A
N/A

N/A

N/A

Prone
position,
PBT

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Prone
position
w/o PBT

N/A
N/A

N/A

N/A

N/A

N/A

N/a

N/A

N/A
N/A
N/A

N/A

N/A



Supplementary Table 7. Case reports details

Suppl n of patients Ventilation at time of # of Treatment for PNX/PMD Time from intubation to PNX/PMD
Ref included event survivors
1 1 NIV 1 chest tube drainage not reported
2 1 IMV 1 conservative not reported
3 1 HFENC 1 conservative not reported
4 1 NIV 0 conservative not reported
5 1 NIV 1 chest tube drainage not reported
6 5 IMV 3 chest tube drainage (4) 4 hours (1)
conservative (1) 2 days (2)
5 days (1)
6 days (1)
14 days (1)
7 1 spontaneous breathing 1 conservative not reported
8 1 spontaneous breathing 1 conservative not reported
9 1 spontaneous breathing 1 conservative not reported
10 1 spontaneous breathing 1 conservative not reported
11 1 CPAP 1 conservative not reported
(barotrauma)
12 1 IMV 1 chest tube drainage not reported
13 1 IMV not reported not reported present before the intubation
14 1 spontaneous breathing 1 chest tube drainage not reported
15 2 spontaneous breathing 2 conservative not reported
16 1 IMV 1 chest tube drainage not reported
17 2 IMV not reported chest tube drainage caused by the intubation
18 1 NIV 1 conservative not reported
19 11 IMV (7); NIV (4) 7 not reported not reported
20 1 spontaneous breathing 1 conservative not reported
21 2 IMV 0 conservative present before the intubation
22 1 IMV 0 chest tube drainage 5 days
23 1 oxygen therapy 1 conservative not reported
24 75 NIV (69) 4(C); 19 () chest tube drainage (64) conservative (4.4 days)

invasive (8.2 days)

9



25

26
27
28

29
30
31

32
33
34
35
36

37

38
39
40
41
42
43

44
45
46
47
48

49
50
51

~ A i

Wk R PP

I e

w

NIV (2); CPAP (1)

IMV
oxygen therapy
NIV

NIV
IMV
NIV (7); IMV (3)

NIV
spontaneous breathing
NIV
spontaneous breathing
oxygen therapy

IMV (5); NIV (2)

NIV
NIV
spontaneous breathing
spontaneous breathing
spontaneous breathing
oxygen therapy

NIV
spontaneous breathing
spontaneous breathing

NIV

IMV (1); HENC (1)

IMV
NIV
NIV (2); oxygen therapy (1)

1
2
4 (NIV); 3
(IMV)
1

(o)) e

Wk R PO

ROk Rk P

w

conservative (2) - pleural drainage
(@)
conservative
chest tube drainage
conservative (2); chest tube
drainage (1)
chest tube drainage
chest tube drainage
chest tube drainage (5);
conservative (5)
conservative
chest tube drainage
conservative
conservative
decompression; then, chest tube
drainage
conservative (4); chest tube
drainage (3)
conservative
conservative
chest tube drainage
chest tube drainage
chest tube drainage
chest tube drainage (2);
conservative (1)
chest tube drainage
conservative
chest tube drainage
conservative
chest tube drainage (2);
conservative (1)
chest tube drainage
conservative
conservative (3)

not reported

14 days
not reported
not reported

not reported
5 days (1); 2 days (1)
on average. 5,5 days

not reported
not reported
not reported
not reported
not reported

present before the intubation (5)

not reported
not reported
not reported
not reported
not reported
not reported

not reported
not reported
not reported
not reported
4 days (1); 3 days (1); 9 days (1)

not reported
not reported
not reported

10



52

53
54

55
56
57
58
59
60
61
62
63
64
65
66
67
68

69

70
71
72
73
74
75
76

©

WRPRRPRPNRPRRPREPNRRRERR

11 (6 only
with
hydrothorax;
5 also with
PNX)

4

N

IMV

NIV
IMV

IMV

IMV

IMV

IMV

IMV

NIV

IMV

IMV

IMV

IMV

CPAP

IMV
spontaneous breathing
spontaneous breathing

IMV

IMV
NIV
IMV
IMV
IMV
IMV
IMV

(o]

WRPRRPRPNRPRPRPNOORRR

3 (only
hydrothorax)

P OONPFFP W

decompression; then, chest tube

drainage
conservative
chest tube drainage (8);
conservative (1)

chest tube drainage
chest tube drainage
chest tube drainage
chest tube drainage
chest tube drainage
conservative
chest tube drainage
chest tube drainage
chest tube drainage
chest tube drainage
chest tube drainage
conservative
conservative

chest tube drainage (2); thoracic

surgery (1)
chest tube drainage

chest tube drainage
conservative
conservative

chest tube drainage
conservative
conservative

chest tube drainage

not reported

not reported

5 days (1); 4 days (1); 1 day (2); 34
days (1); 2 days (1); 47 days (1); 16

days (1)
19 days
not reported
30 days
2 days
1 day
not reported
14 days
3 days
7 days
not reported
not reported
12 days
not reported
not reported

not reported

not reported
not reported
0 days
from 1 to 12 days
17 days
not reported
2 days

11



7

78
79
80

81
82

83
84
85

86
87
88

89

90
91
92
93

94
95
96
97
98
99
100
101
102

N~ O -

e e

1
2 (only 1
with PNX)

IMV

IMV
spontaneous breathing
NIV (1); oxygen therapy (1)

IMV
IMV

IMV
IMV
IMV

IMV
IMV
IMV

IMV

IMV

NIV
spontaneous breathing

CPAP

spontaneous breathing
IMV
not reported
IMV
NIV
IMV
IMV
NIV
IMV (1)

N~ O1 -

NORRPRRERERERREREPR

chest tube drainage, then blebs
resection and pleurectomy
chest tube drainage
chest tube drainage
conservative (1); chest tube
drainage (1)
chest tube drainage
decompression (1); decompression,
then chest tube drainage (1)
chest tube drainage
chest tube drainage
conservative

chest tube drainage
chest tube drainage
conservative, then chest tube
drainage
emergency compression + chest
tube drainage
surgery
chest tube drainage
chest tube drainage
Needle thoracentesis followed by
chest tube drainage
conservative
chest tube drainage
chest tube drainage
chest tube drainage
chest tube drainage
chest tube drainage
chest tube drainage
chest tube drainage
chest tube drainage (1)

0 days

47 days
not reported
not reported

3 days
5 days (1); 2 days (1)

not reported
not reported
4 days (1); not reported (1); 31 days
(1); 1 day
26 days
21 days
not reported

28 days

10 days
not reported
not reported
not reported

not reported
30 days

not reported
10 days

not reported

not reported
16 days

present before the intubation

5 days

12



103
104
105
106
107

)

2

IMV
HFNC
HFENC

IMV

HFNC (1); IMV (1)

P =

1
not reported

chest tube drainage
conservative

chest tube drainage

chest tube drainage
not reported

5 days
not reported
not reported

4 weeks
not reported

CPAP: continuous positive airway pressure; HFNC: high-flow nasal cannula; IMV: invasive mechanical ventilation; NIV: non-invasive ventilation; PMD:
pneumomediastinum; PNX: pneumothorax
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Supplementary Figure 1. Forest plot for time from intubation to first barotrauma event

First

Author ear
Capaccione 2021
Lemmers 2020
Wang 2020
Udi 2021
Edwards 2020
Talan 2020
Belletti 2021
Housman 2020

Overall (l-squared = 0.0%, p = 0.458)

MNOTE: Weights are from random effects analysis

ES (95% CI)

14.90 (-4.70, 34.50)

3.75 (-7.48, 14.93)

19.60 (-0.39, 39.59)

'
I
I
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v
1
1
1
=
v
1
1
I
" &
&
I
1
1
i &
v
|
1
I
1
I
L -
v
1
1
|

17.25(-3.93, 35.43)

3.40 (1.83,4.97)

5.10 {-1.05, 11.25)

14.00 (-7 56, 35.56)

247 (212, 7.05)

366 (2.24, 5.07)

Weight

0.52

0.50

0.45

81.65

5.30

0.43

9.55

100.00

Country

USA

Italy

China

Germany

USA

Turkey

Italy

USA

-39.6

396
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Supplementary Figure 2. Forest plot for pneumothorax rate in COVID-19 ARDS patients

First

Author Year
Capaccione 2020
McGuinness 2020
Fiacchini 2020
Wang 2020
Udi 2020
Yao 2020
Edwards 2020
Talan 2020
Belletti 2021
Mart 2021

Qverall (l-sguared = 80.8%, p = 0.000)

MOTE: Weights are from random effects analysis

ES (95% CI)

0.14 (0.08, 0.19)

0.09 (0.07, 0.11)

0.20 (0.06, 0.34)

k4

0.56 (0.23, 0.88)

0.25 (0.06, 0.44)

0.06 (0.03, 0.09)

0.03 (0.00, 0.06)

0.06 (0.01, 0.11)

0.19(0.12, 0.26)

(Excluded)

0.11(0.07, 0.15)

Weight

13.15

17.28

5.47

1.40

3.57

16.33

16.79

14.44

11.57

100.00

Country
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Supplementary Figure 3. Forest plot for pneumomediastinum rate in COVID-19 ARDS patients
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Supplementary Figure 4. Forest plot for pneumomediastinum rate in non-COVID-19 ARDS patients
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Supplementary Figure 5. Forest plot for mortality rate in COVID-19 ARDS patients with barotrauma events
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Supplementary Figure 6. Forest plot for barotrauma rate in non-COVID-19 ARDS patients
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Supplementary Figure 7. Forest plot for mortality rate in COVID-19 ARDS patients without barotrauma
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Supplementary Figure 8. Forest plot for mortality rate in COVID-19 ARDS patients with pneumothorax.
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Supplementary Figure 9. Forest plot for barotrauma rate in COVID-19 ARDS patients, after excluding studies reporting only one type

of barotrauma event
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Supplementary Figure 10. Forest plot for barotrauma rate in non-COVID-19 ARDS patients, after excluding studies reporting only one

type of barotrauma event
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