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AbstrAct
Introduction: Air leak consisting of pneumothorax, pneumomediastinum, and subcutaneous emphysema has been described as one of the 
complications of coronavirus disease-2019 (COVID-19) infection affecting disease course and outcome. We aimed to conduct a systematic 
review of published literature to highlight the risk factors, types, and outcomes in COVID-19.
Method: A systematic search of PubMed, Embase, Scopus, and Google Scholar was performed from November 1, 2019, to February 28, 2021. 
Seventy-one studies fulfilled the inclusion criteria and 136 adult patients were included in the final analysis.
Results: Majority of patients were male (75.2%) with the mean age of 58 years. Hypertension was the most common comorbidity followed 
by diabetes mellitus. Moreover, 12.5% of patients had a history of smoking while 11.7% had preexisting lung disease. Isolated pneumothorax 
(48.5%) was the most common and 17.65% had developed spontaneous pneumothorax. Mean onset time was 11.6 days and 67% of patients 
required an intercostal drainage tube for management. Mortality was 40%, and elderly, female gender, obese and hypertensive were at higher risk.
Conclusion: COVID-19-related air leaks are associated with higher mortality and longer hospital stay and can occur even without positive 
pressure ventilation. History of smoking and preexisting lung disease has not been shown to increase the incidence of air leak. A well-designed 
study is required for a better understanding of COVID-19-related air leak.
Keywords: Air leak, COVID-19, Pneumomediastinum, Pneumothorax, Subcutaneous emphysema.
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IntroductIon
Coronavirus disease-2019 (COVID-19) generally presents as a 
multisystem disease but the lung is the most affected organ. 
Respiratory complications associated with the disease range from 
self-limited upper respiratory infection presenting as fever, dry 
cough, fatigue, headache, and body pain to acute respiratory 
failure and air leak syndrome comprising of pneumothorax, 
pneumomediastinum, and subcutaneous emphysema requiring 
mechanical ventilation and pleural drainage.1 When supplemental 
oxygen therapies with nasal prongs and face mask are insufficient 
to maintain the desired oxygen saturation in respiratory failure 
due to COVID-19, higher forms of respiratory support like high-
flow nasal cannula (HFNC), continuous positive airway pressure 
(CPAP), noninvasive ventilation like bilevel PAP (BiPAP), and 
invasive mechanical ventilation are required. Pneumothorax, 
pneumomediastinum, and subcutaneous emphysema are 
collectively called as air leak syndrome that has a reported 
incidence of up to 15% in critically ill non-COVID patients requiring 
mechanical ventilation.2 Various studies have reported the 
incidence of COVID-19 related barotrauma to be around 1–2% in 
hospitalized patients.3,4 However, many patients with COVID-19 
have also developed spontaneous air leak that warranted close 
observation and timely intervention. A combination of factors like 
COVID-19 induced lung frailty, increased intrathoracic pressure 
due to mechanical ventilation, and persistent coughing has been 
implicated as the causative factor for COVID-19-associated air leak. 
We aimed to conduct a systematic review of the available literature 
on the occurrence of pneumothorax, pneumomediastinum, and 
subcutaneous emphysema in COVID-19 patients with an emphasis 
to evaluate the risk factors, strategies of its management, and effect 
of the above-mentioned complications on patient survival.

Methods
This systematic review was conducted and presented in 
accordance with Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines. Ethics committee 
approval and informed consent from the patient were not required 
as it is a systematic review of already published literature on 
COVID-19. 

Search Strategy
A comprehensive literature search was made from PubMed, 
Embase, Scopus, and Google Scholar using keywords like 
“pneumothorax”, “pneumomediastinum”, “subcutaneous 
emphysema”, “barotraumas”, “COVID-19”, “SARS-CoV-2”, and 
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“coronavirus-2” from November 2019 to February 2021. All the 
above-mentioned keywords were using the “OR” and “AND” 
operator for searching the databases.

Inclusion Criteria
Articles fulfilling the following set criteria were included in 
our study—firstly, articles that described pneumothorax, 
pneumomediastinum, or subcutaneous emphysema and their 
associated pathophysiology as well as their management in adult 
(age >18 years) COVID-19 patients, secondly, studies published in 
the English language, and third, published between November 1, 
2019, and February 28, 2021.

Exclusion Criteria
Studies lacking detailed information regarding COVID-19 associated 
air leak and not having patient-specific data were excluded.

Data Extraction
After screening the articles, data were extracted by two authors 
(AS and NP) independently. Any disparity among data was resolved 
by discussion with the third researcher (YS). Details about the 
author, type of study, number of patients, age, gender, the onset 
of barotrauma, type of barotraumas, respiratory support, treatment 
given, duration of stay, comorbidities, history of smoking, and 
outcome were extracted and presented in designed data extraction 
table (Table 1).

Statistical Analysis 
The statistical analysis was performed using strata (New York). The 
continuous variables were expressed as mean ± standard deviation 
while categorical variables were expressed as a percentage. The 
Student t-test was used for continuous variables and Chi-square or 
Fisher’s exact test for categorical variables. The p-value less than 
0.05 was considered statistically significant.

results

Study Selection
A total of 205 studies were identified for possible inclusion in 
the study. After the removal of duplicates (85) and articles with 

inadequate information and those not meeting our inclusion 
criteria (49), 71 articles were included in our review. A detailed 
PRISMA diagram about the search strategy and included studies 
are mentioned in Flowchart 1.

Demographic Characteristics of Patients
A total of 136 patients from 71 studies were included in this review. 
The proportion of male patients was 75.2% and female was 24.8% 
(Table 2). The mean age of the patients was 58.44 years with the 
youngest patient was of age 26 years reported by Rohailla et al.5 
and eldest of age 88 years reported by Sardenberg et al.6 A total 
of 9 comorbidities were reported by authors from 52 included 
studies and some have reported more than one comorbidity in 
single patients (Table 1 and Fig. 1). The comorbidities consisted 
of diabetes mellitus, hypertension, obesity, chronic obstructive 
pulmonary disease (COPD), asthma, coronary artery disease, chronic 
liver disease, and chronic kidney disease. The most common was 
hypertension followed by diabetes mellitus. Moreover, 30.8% of 
patients reported no comorbidities while 14.7% had not mentioned 
of comorbidities in the published studies. The history of smoking 
was observed in 12.5% of the patient.

Characteristics of COVID-19-associated Air Leak
Type
Isolated pneumothorax, pneumomediastinum, and subcutaneous 
emphysema were present in 48.5, 3.6, and 1.4% of patients, 
respectively. All three were present in 15.4% of patients, 
12.5% had pneumothorax and pneumomediastinum, 8% had 
pneumomediastinum and subcutaneous emphysema, and 6.6% 
had pneumothorax and subcutaneous emphysema (Table 2 and 
Fig. 2).

Respiratory Support
Patients have presented to the hospital in different forms of 
respiratory support ranging from spontaneously breathing at 
room air to mechanical ventilation. Most commonly patients were 
presented on room air (19.9%), followed by HFNC (12.5%) and it 
was not mentioned in 37.50%. Respiratory support at time of air 
leak too varied from room air to mechanical ventilation. Patient on 

Flowchart 1: PRISMA flow diagram of search strategy



Air Leak in COVID-19

Indian Journal of Critical Care Medicine, Volume 25 Issue 12 (December 2021)1436

Ta
bl

e 
1:

 A
rt

ic
le

s 
in

cl
ud

ed
 in

 th
e 

fin
al

 a
na

ly
si

s 
an

d 
da

ta
 e

xt
ra

ct
io

n

Sl
. 

N
o.

Au
th

or
Ty

pe
 o

f 
st

ud
y

Sa
m

pl
e 

si
ze

Ag
e

G
en

de
r

Co
m

or
bi

di
ty

H
/o

 
sm

ok
in

g
D

ia
gn

os
is

 
(P

T/
SE

/P
M

)

In
iti

al
 

re
sp

ira
to

ry
 

su
pp

or
t

Re
sp

ira
to

ry
 

su
pp

or
t a

t 
di

ag
no

si
s

O
ns

et
 o

f (
PT

/
SE

/P
M

) (
da

ys
)

Tr
ea

tm
en

t 
gi

ve
n

H
os

pi
ta

l s
ta

y 
(d

ay
s)

O
ut

co
m

e 
(s

ur
vi

ve
d/

de
at

h)
1

Fl
ow

er
 e

t a
l.

Ca
se

 
re

po
rt

1
36

M
A

st
hm

a
Ye

s
PT

N
RB

M
N

RB
M

21
 

IC
D

4
S

2
U

cp
in

ar
 e

t a
l.

Ca
se

 
re

po
rt

1
82

F
N

o
N

o
PT

/S
E/

PM
N

P
N

P
1

IC
D

11
S

3
W

an
g 

et
 a

l.
Ca

se
 

re
po

rt
1

62
M

N
o

N
o

PT
/S

E/
PM

RA
RA

10
CM

29
S

4
Su

n 
et

 a
l.

Ca
se

 
re

po
rt

1
38

M
Bu

lla
, A

RD
S

N
o

PT
/S

E/
PM

H
FN

C
H

FN
C

5
CM

34
S

5
Q

ui
n-

ch
o-

Lo
pe

z 
et

 a
l.

Ca
se

 
re

po
rt

2
F-

55
,

M
-3

1
F-

1
M

-1
A

st
hm

a,
 

ob
es

ity
, H

TN
N

o

N
o

PT
/P

M
PM

N
M

N
M

N
RB

M
N

P
7 15

CM CM
9 19

D S

6
El

ha
ki

m
 e

t a
l.

Ca
se

 
re

po
rt

1
63

M
D

M
, H

TN
N

o
PT

/S
E/

PM
RA

N
RB

M
13

CM
N

M
S

7
Ló

pe
z 

Ve
ga

 
et

 a
l.

Ca
se

 
se

rie
s

3
84 67 73

F-
1

M
-2

M
-3

H
TN

, r
en

al
 

fa
ilu

re
, h

ea
rt

 
fa

ilu
re

O
SA

, o
be

si
ty

N
M

N
o

N
o

N
M

PT
/P

M

PT
/P

M
PM

N
RB

M

FM
N

RB
M

N
RB

M

FM CP
A

P

N
M 1 1

CM IC
D

CM

18 18 15

D D D

8
Se

lv
ar

aj
 e

t a
l.

Ca
se

 
re

po
rt

1
77

M
CA

D
/C

VD
N

M
PT

/S
E/

PM
H

FN
C

BI
PA

P
3

IC
D

4
D

9
Kh

ur
ra

m
 

et
 a

l.
Ca

se
 

re
po

rt
1

64
M

D
M

/H
TN

N
o

PT
/P

M
FM

FM
1

IC
D

4
S

10
Xi

an
g 

et
 a

l.
Ca

se
 

re
po

rt
1

67
M

CA
D

, T
B,

  
em

ph
ys

em
a

N
o

PT
/S

E/
PM

H
FN

C
H

FN
C

10
IC

D
12

D

11
Po

gg
ia

li 
et

 a
l.

Ca
se

 
re

po
rt

1
87

M
A

RD
S

YE
S

PT
N

M
N

M
3

IC
D

5
D

12
G

ah
on

a 
et

 a
l.

Ca
se

 
se

rie
s

3
61

,
64 30

F M F

D
M

, H
TN

, 
A

RD
S

A
RD

S
D

M
, A

RD
S

N
o

N
o

N
o

PT
/S

E
PT

/S
E

SE

H
FN

C
H

FN
C

N
C

M
V

H
FN

C
M

V

6 3 9

IC
D

CM CM

18 14 63

D D D

13
Ta

la
n 

et
 a

l.
Ca

se
 

se
rie

s
9

66
.6

 +
 9

.1
7-

M
2-

F
4-

D
M

,
7-

H
TN

1-
CO

PD
,

1-
CL

D
1-

CA
D

N
M

3-
PT

/P
M

1-
PT

/S
E

1-
PT

1-
PM

3-
PM

/S
E

4-
H

FN
C,

2-
N

IV
3-

N
M

9-
M

V
11

.2
 +

 6
.9

9-
CM

22
.8

 +
 1

7.
2

6D 3-
S

14
W

an
g 

et
 a

l.
Ca

se
 

re
po

rt
1

36
F

N
o

N
o

PM
FM

N
IV

12
CM

2
D

15
Za

ye
t e

t a
l.

Ca
se

 
re

po
rt

1
62

M
N

o
N

o
PT

/S
E/

PM
N

M
N

M
24

IC
D

13
S



Air Leak in COVID-19

Indian Journal of Critical Care Medicine, Volume 25 Issue 12 (December 2021) 1437

16
Ba

rb
ar

a 
br

og
na

 e
t a

l.
Ca

se
 

se
rie

s
2

78 41
F M

D
M

, H
TN

N
o

N
M N
o

PT
/P

M
PT

/S
E/

PM
N

IV
N

M
N

M
N

M
N

M
N

M
CM IC

D
N

M
N

M
S S

17
 

Fe
rr

ei
ra

 e
t a

l.
Ca

se
 

re
po

rt
1

45
F

N
o 

N
o 

PT
N

P
N

P
19

IC
D

24
S

18
 

Ta
ha

 M
al

lic
k 

et
 a

l.
Ca

se
 

se
rie

s
3

40 68 58

M M F

N
o 

N
o

H
TN

YE
S

N
o

N
o

PT
PT

/P
M

/S
E

PT
/P

M
/S

E

N
M

N
M

N
M

N
RB

M
N

RB
M

M
RB

M

7 14 N
M

IC
D

IC
D

CM

60 25 21

D S S
19

 
Sa

hu
 e

t a
l.

Ca
se

 
re

po
rt

1
61

M
H

TN
N

o
PT

/P
M

/S
E

N
P

BI
PA

P
7

CM
N

M
D

20
 

Le
i e

t a
l.

LT
E 

1
64

M
N

o
N

o
PT

/P
M

N
M

N
M

17
CM

N
M

N
M

21
Sh

an
 e

t a
l.

Ca
se

 
re

po
rt

1
67

M
H

TN
N

M
PT

/S
E

N
M

N
P

21
CM

45
S

22
Vo

lp
i e

t a
l.

Ca
se

 
se

rie
s

3
52 68 66

M M M

D
M

, 
H

TN
H

TN
, o

be
si

ty

N
M

N
M

N
M

PM
/S

E
PT

/P
M

/S
E

PT
/P

M

CP
A

P
CP

A
P

CP
A

P

M
V

M
V

M
V

6 13 1

CM IC
D

CM

N
M

N
M

N
M

S D S
23

Za
nt

ah
 e

t a
l.

Ca
se

 
se

rie
s

6
59

.5
 +

 1
5.

56
2-

M
4-

F
D

M
-1

H
TN

-2
CA

D
-1

O
be

si
ty

-3
St

ro
ke

-1
H

yp
ot

hy
ro

id
-

is
m

-1
Pu

lm
on

ar
y 

sa
rc

oi
do

si
s-

1

 N
M

-5
YE

S-
1

PT
-5

PT
 +

 S
E-

1
N

P-
3

H
FN

C-
2

M
V-

1

M
V-

4
H

FN
C-

2
11

 +
 6

.4
IC

D
-6

CM
-0

N
M

D
-4 S-
2

24
Tu

ck
er

 e
t a

l.
Ca

se
 

se
rie

s
3

42 64 65

F M M

H
TN D
M

O
be

si
ty

N
M

Ye
s

N
o

PM
PT

/P
M

/S
E

PT

H
FN

C
RA RA

H
FN

C
H

FN
C

N
P

N
M

N
M

N
M

CM CM CM

N
M

N
M

N
M

D D D
25

Se
lv

ar
aj

 e
t a

l.
Ca

se
 

re
po

rt
1

77
M

CA
D

, C
VA

N
o

PT
/P

M
/S

E
H

FN
C

BI
PA

P
3

IC
D

N
M

D

26
H

ol
lin

gs
he

ad
 

et
 a

l.
Ca

se
 

re
po

rt
1

50
M

N
M

N
M

PT
N

P
RO

O
M

 A
IR

30
 d

ay
s

IC
D

N
M

S

27
Fa

n 
et

 a
l.

Ca
se

 
re

po
rt

1
32

M
N

M
N

M
PT

N
M

N
M

21
 d

ay
s

IC
D

57
S

28
A

l-S
ho

kr
i 

et
 a

l.
Ca

se
 

se
rie

s
3

55 33 50

3-
M

D
M — —

N
M

N
M

N
M

PT
/P

M
PT

/P
M

PT

RA RA N
M

N
IV N
P

N
M

3 15 7

IC
D

IC
D

IC
D

17 32 10

S S S
29

G
ill

es
pi

e 
et

 a
l.

Ca
se

 
re

po
rt

1
70

M
H

TN
N

M
PT

/P
M

/S
E

N
RB

M
H

FN
C

7
CM

N
M

D

30
Ep

er
je

si
ov

a 
et

 a
l.

Ca
se

 
se

rie
s

7
N

M
N

M
CO

PD
-1

A
st

hm
a-

2
4-

N
o 

CO
M

O
R

YE
S-

1
N

M
-6

PT
-2

PT
 +

 P
M

-1
PM

 +
 S

E-
4

N
M

N
M

6.
7 

+
 7

.4
CM

-4
IC

D
-3

23
.8

5 
+

 1
0.

54
S-

7

31
Be

lli
ni

 e
t a

l.
Ca

se
 

se
rie

s
2

58 53
M F

H
TN

H
TN

YE
S

N
o

PT PT
RA N

M
RA N

M
1 3

IC
D

IC
D

 +
 S

X
8 17

S S

(C
on

td
…

)



Air Leak in COVID-19

Indian Journal of Critical Care Medicine, Volume 25 Issue 12 (December 2021)1438

Ta
bl

e 
1:

 (C
on

td
...

)
32

Ya
su

ka
w

a 
et

 a
l.

Ca
se

 
re

po
rt

1
37

M
N

M
N

M
PT

N
M

RA
14

IC
D

N
M

S

33
So

ni
a 

et
 a

l.
Ca

se
 

re
po

rt
1

62
M

H
TN

N
O

PT
/P

M
/S

E
N

P
N

P
8

CM
12

S

34
Xu

 e
t a

l.
Ca

se
 

se
rie

s
11

67
.1

8 
+

 8
.2

4
M

-7
F-

4
N

M
-1

1
YE

S-
2

N
O

-9
PT

-7
H

T-
4

N
M

N
M

N
M

IC
D

-1
1

CM
-0

56
.6

3 
+

 2
6.

14
D

-8 S-
3

35
H

am
ee

d 
et

 a
l.

Ca
se

 
se

rie
s

3
49 34 47

3-
M

N
O

N
O

N
O

N
m

PT PT PT

FM FM RA

FM RA N
P

13 7 4

IC
D

IC
D

CM

N
M

N
M

N
M

S S S
36

Pe
ric

e 
et

 a
l.

Ca
se

 
re

po
rt

1
59

M
N

O
N

M
PT

N
RB

M
N

P
11

IC
D

N
M

S

37
Xi

an
g 

et
 a

l.
Ca

se
 

re
po

rt
1

67
M

CO
PD

N
M

PT
/P

M
/S

E
H

FN
C

M
V

10
IC

D
12

D

38
Ya

m
ay

a 
et

 a
l.

Ca
se

 
re

po
rt

1
77

M
N

O
N

O
PT

N
P

N
P

19
IC

D
32

S

39
Sp

iro
 e

t a
l.

Ca
se

 
re

po
rt

1
47

M
H

IV
N

O
PT

N
P

RA
11

IC
D

9
S

40
A

lh
ak

ee
m

 
et

 a
l.

Ca
se

 
re

po
rt

1
49

M
N

O
N

O
PT

RA
N

RB
M

17
IC

D
N

M
S

41
Ch

en
 e

t a
l.

Ca
se

 
re

po
rt

1
66

M
N

O
N

O
PT

H
FN

C
RA

30
IC

D
54

S

42
Ca

pl
et

on
 

et
 a

l.
Ca

se
 

re
po

rt
1

64
F

Va
sc

ul
iti

s, 
br

on
ch

ie
ct

as
is

N
O

PT
N

M
N

M
N

M
IC

D
N

M
S

43
Sh

ira
i e

t a
l.

Ca
se

 
re

po
rt

1
50

M
N

O
YE

S
PT

FM
RA

21
IC

D
85

S

44
Re

hn
be

rg
 

et
 a

l.
Ca

se
 

re
po

rt
1

37
F

N
O

N
O

PT
RA

M
V

14
IC

D
11

6
S

45
Sa

rd
en

be
rg

 
et

 a
l.

Ca
se

 
re

po
rt

1
88

F
N

O
N

O
PT

M
V

M
V

N
M

IC
D

N
M

S

46
A

fr
az

i e
t a

l.
Ca

se
 

re
po

rt
1

35
M

N
O

N
M

PT
RA

RA
13

IC
D

N
M

S

47
Ja

ns
se

n 
et

 a
l.

Ca
se

 
re

po
rt

3
63 76 72

3-
M

N
o

Em
ph

ys
em

a
CO

PD

N
O

N
M

YE
S

PT PT PT

H
FN

C
N

M
N

M

RA RA N
M

11 N
M

N
M

IC
D

IC
D

IC
D

6 5 30

S S S
48

M
uh

am
m

ad
 

et
 a

l.
Ca

se
 

re
po

rt
1

41
M

CO
PD

YE
S

PT
RA

N
RB

M
1

IC
D

18
S

49
A

hl
uw

al
ia

 
et

 a
l.

Ca
se

 
se

rie
s

1
31

M
N

O
N

M
PT

RA
N

RB
M

1
IC

D
N

M
S

50
Ca

vi
ez

el
 e

t a
l.

Ca
se

 
re

po
rt

1
58

M
H

TN
N

o
PT

N
M

N
M

26
IC

D
60

S

51
Va

hi
di

ra
d 

et
 a

l.
Ca

se
 

re
po

rt
1

56
M

N
o

N
M

PT
RA

RA
11

IC
D

15
S



Air Leak in COVID-19

Indian Journal of Critical Care Medicine, Volume 25 Issue 12 (December 2021) 1439

52
Sh

ah
 e

t a
l.

Le
tt

er
 

to
 

ed
ito

r

1
66

F
A

st
hm

a
N

M
PT

/P
M

Re
cu

rr
en

t 
PT

N
M

M
V

27
IC

D
90

S

53
Re

hm
an

 e
t a

l.
Ca

se
 

re
po

rt
1

83
F

CA
D

CK
D

N
M

PT
N

P
N

P
3

IC
D

18
S

54
A

bu
sh

ah
in

 
et

 a
l.

Ca
se

 
re

po
rt

1
49

M
D

M
N

M
PT

RA
RA

21
IC

D
N

M
S

55
Ra

fie
e 

et
 a

l.
Ca

se
 

se
rie

s
6

61
 +

 1
9.

63
 

(M
ea

n 
+

 S
D

)
6-

M
1-

D
M

1-
CK

D
1-

H
TN

1-
A

st
hm

a
2-

CO
PD

1-
Ye

s
1-

N
o

4-
N

m
N

o-

5/
6-

PT
X

1/
6-

PM
2-

N
P

1-
H

FN
C

3-
FM

2-
N

P
1-

H
FN

C
3-

RA

23
.8

3 
+

 2
1.

22
1/

6-
CM

5/
6-

IC
D

N
M

4-
S

2-
D

56
Sa

ni
va

ra
pu

 
et

 a
l.

Ca
se

 
re

po
rt

1
40

M
N

O
N

M
PT

N
M

RA
4

IC
D

60
S

57
A

m
oa

h 
et

 a
l.

Ca
se

 
re

po
rt

1
33

M
N

O
 

N
O

PT
RA

H
FN

C
10

IC
D

27
S

58
Li

 e
t a

l.
lte

1
77

M
N

O
N

M
PT

N
M

M
V

10
IC

D
19

D
59

U
m

ar
 

Sh
ah

za
d 

et
 a

l.

Ca
se

 
re

po
rt

1
62

M
D

M
H

TN
EM

B

N
O

PT
FM

FM
N

M
IC

D
N

M
D

60
N

un
na

 e
t a

l.
Ca

se
 

re
po

rt
1

37
M

N
O

YE
S

PT
RA

RA
10

IC
D

N
M

S

61
O

ye
 e

t a
l.

Ca
se

 
se

rie
s

2
32 56

M F
N

O
D

M
 H

TN
N

M
N

M
PT

/P
M

/S
E

PT
/P

M
RA RA

H
FN

C
H

FN
C

N
M

N
M

IC
D

IC
D

N
M

N
M

S S
62

G
on

zá
le

z-
 

Pa
ch

ec
o 

et
 a

l.
Ca

se
 

re
po

rt
1

45
M

N
O

N
O

PT
RA

RA
17

IC
D

12
S

63
Ay

az
i e

t a
l.

Ca
se

 
se

rie
s

2
45 56

M M
N

O
N

O
N

M
YE

S
PT PT

RA RA
RA RA

1 1
IC

D
IC

D
1 2

D D
64

Ro
ha

ill
a 

et
 a

l.
Ca

se
 

re
po

rt
1

26
M

N
O

N
M

PT
RA

RA
1

IC
D

2
S

65
G

ah
on

a 
et

 a
l.

Ca
se

 
se

rie
s

3
61 64 30

F M F

D
M

 H
TN

N
O

D
M

N
M N
O

N
O

PT
/S

E
PT

/S
E

SE

RA RA N
P

M
V

H
FN

C
M

V

6 3 9

IC
D

IC
D

CM

18 14 63

D D S
66

Fa
ha

d 
et

 a
l.

Ca
se

 
re

po
rt

1
56

M
D

M
 H

TN
N

O
PT

FM
RA

21
IC

D
5

S

67
H

or
ii 

et
 a

l.
Ca

se
 

re
po

rt
1

66
M

H
TN

YE
S

PT
N

M
M

V
56

IC
D

97
D

68
El

de
r e

t a
l.

Ca
se

 
se

rie
s

4
67

 +
 1

3.
2

3-
M

1-
F

1-
H

TN
3-

N
M

N
O

-1
N

M
-3

PT
/P

M
/S

E-
1

PT
/P

M
-1

PT
-1

`
PT

/S
E-

1

3-
N

M
1-

M
V

4-
M

V
19

.5
 +

 1
1.

20
4 

CM
49

.2
5 

+
 2

7.
56

1-
S

3-
D

(C
on

td
…

)



Air Leak in COVID-19

Indian Journal of Critical Care Medicine, Volume 25 Issue 12 (December 2021)1440

mechanical ventilation has the highest incidence of pneumothorax 
(25.74%) and 17.65% of patients have reported the development 
of spontaneous pneumothorax. Occurrence of air leak in other 
modalities of respiratory support was HFNC (11%), NRBM (8.1%), NP 
(9.56%), NIV and CPAP (3.69%), and FM (3.68%) (Table 3 and Fig. 3).

Onset
The mean time for diagnosis of pneumothorax was 11.63 days. Some 
studies have reported the presence of pneumothorax at the time of 
first contact with healthcare facility7–13 while others have reported 
its development as late as 56 days14 from the onset of symptoms 
(Table 1 and Fig. 4).

Treatment
Conservative management was given in 33% of the patients while 
67% of the patients required intercostal drainage tube for air leak. 
Data regarding medical management of COVID-19 have not been 
uniformly reported across studies.

Outcome
The overall mortality in COVID-19 patients with air leak was 40%. 
COVID-19 patients with age more than 60 years, female gender, Ta
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Fig. 1: Relative proportion of comorbidities among included patients

Fig. 2: Relative proportion of type of air leak
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Table 2: Demographic and clinical characteristics of COVID-19 associated air leak

Characteristics Overall (N-136) Survivor (N-81/135) Diseased (54/135) p value 
Age (years) 58.44 ± 14.93 54.40 ± 14.92 63.87 ± 87 0.0003
Male 97 (75.78%) 60 (62.5%) 36 (37.5%) 0.04
Female 32 (24.22%) 14 (43.7%) 18 (56.25%)
Comorbidity
 Diabetes 22 (16.2%) 11 (50%) 11 (50%) 0.20
 Hypertension 35 (25.7%) 16 (45.7%) 19 (54.3%) 0.03
 Obesity 10 (7.3%) 3 (30%) 7 (70%) 0.04
 COPD 7 (5.1%) 4 (57.1%) 3 (42.9%) 0.58
 Asthma 9 (6.6%) 5 (55.5%) 4 (44.5%) 0.51
 CAD 6 (4.4%) ** ** **

 CLD 1 (0.7%) ** ** **

 CKD 3 (2.2%) ** ** **

 Smoking 17 (12.5%) 10 (58.2%) 7 (41.8%) 0.44
 No comorbidities 42 (30.8%) 34 (80.9%) 8 (19.1%) 0.0006
 NM 20 (14.7%) ** ** **

Characteristics of PT/SE/PM
 Onset 11.63 ± 10.30 12.30 ± 10.45 10.39 ± 10.16 0.24
 PT 66 (48.5%) 45 (68.2%) 21 (31.8%) 0.04
 PM 5 (3.6%) 3 (60%) 2 (40%) **

 SE 2 (1.4%) 1 (50%) 1 (50%) **

 PT + PM + SE 21 (15.4%) 11 (52.30%) 10 (47.7%) 0.29
 PT + PM 17 (12.5%) 9 (52.9%) 8 (47.1%) 0.35
 PM + SE 11 (8%) 9 (81.8%) 2 (18.2%) 0.10
 PT + SE 9 (6.6%) 3 (33.3%) 6 (66.7%) 0.09
Treatment given
 CM 44 (33%) 24 (54.5%) 20 (45.5%) 0.23
 ICD 92 (67%) 57 (62%) 34 (38%) 0.19
 Duration of stay 31.27 ± 25.68 32.83 ± 26.85 29.07 ± 24.11 0.61

CAD, coronary artery diseases; COPD, chronic obstructive pulmonary diseases; CLD, chronic liver disease; CKD, 
chronic kidney disease; NM, not mentioned; PT, pneumothorax; PM, pneumomediastinum; SE, subcutaneous  
emphysema; CM, conservative management; ICD, intercoastal drainage tube; p <0.05 considered  
statistically significant; **Not analyzed further due to reduced frequency of these variables between survivor and  
nonsurvivor as statistically relevant conclusion could not be derived in further analysis

Fig. 3: Relative proportion of respiratory support at time of air leak 

Table 3: Mode of respiratory support at admission and 
at time of air leak

MODE Admission At time of air leak
RA 27 (19.9%) 24 (17.65%)
FM 10 (7.35%) 5 (3.68%)
NP 16 (11.76%) 13 (9.56%)
NRBM 5 (3.68%) 11 (8.1%)
HFNC 17 (12.50%) 15 (11%)
NIV 4 (2.94%) 4 (2.95%)
CPAP 3 (2.21%) 1 (0.74%)
MV 3 (2.21%) 35 (25.74%)
NM 51 (37.50%) 28 (20.59%)

RA, room air; FM, face mask; NP, nasal prongs; NRBM, non-
rebreathing mask; HFNC, high-flow nasal cannula; NIV, 
noninvasive ventilation; CPAP, continuous positive airway 
pressure; MV, mechanical ventilation; NM, not mentioned
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by Nasa et al. on air leak in COVID-19 patients demonstrated that 
the median age of the patients was 56.02 (SD 15.53) years with 
80% being male.16 This is consistent with our findings that elderly 
male is more susceptible for developing COVID-19 associated air 
leak syndrome.

Incidence of Air Leak Syndrome in COVID-19
Chong et  al. reported the incidence of pneumothorax to be 
0.3% in hospitalized COVID-19 patients,15 which increased up 
to 12.8% in critically ill COVID-19 patients requiring mechanical 
ventilation.4 Various authors have reported different incidences of 
pneumothorax associated with COVID-19 like Miro et al. (0.06%), 
Cates et  al. (0.6%), and Ekanem et  al. (1.4%).17–19 Wang et  al.20 
in their retrospective analysis demonstrated the incidence of 
pneumothorax to be 10% in patients with acute respiratory distress 
syndrome (ARDS), 24% in patients receiving mechanical ventilation, 
and 56% in patients requiring invasive mechanical ventilation 
whereas Yang et al.21 reported 2.7% in COVID-19 patients requiring 
mechanical ventilation. Martinelli et  al. in their case series have 
reported a high incidence of pneumothorax (84.5%) along with 
high mortality (88.3%) in hospitalized COVID-19 patients.22 The 
author has attributed this finding due to the small sample size and 
critically ill patients requiring a higher form of respiratory support.

Pathophysiology of Air Leak in COVID-19
In our study, the most common air leak was isolated pneumothorax 
followed by the presence of all three i.e., pneumothorax, 
pneumomediastinum, and subcutaneous emphysema. Among 
these, 25.47% of patients were receiving mechanical ventilation 
when diagnosed with air leak suggesting barotraumas as the cause 
for the air leak. Various ventilatory parameters that contribute to the 
development of air leak in mechanically ventilated patients consist of 
amount of tidal volume, peak inspiratory pressure, plateau pressure, 
positive end-expiratory pressure (PEEP), and respiratory rate. Lung-
protective ventilation strategy has been widely used in COVID-19 
ARDS patients to prevent barotrauma and air leak. But, Lemmers et al. 
in their retrospective single-center case-cohort study have reported 
higher incidence of pneumomediastinum and subcutaneous 
emphysema in COVID-19 patients on invasive mechanical ventilation 
despite using the lung-protective ventilation strategy.23

hypertension, and obesity had a higher mortality in subgroup 
analysis. However, there was no difference in mortality depending 
upon the presence of comorbidities like diabetes, lung diseases like 
COPD and asthma, history of smoking, and type of management 
given i.e., conservative or intercostal drainage tube. The mean 
duration of stay was 31.37 days and was not significantly different 
in survivor or nonsurvivor (Fig. 5).

Risk Factors
According to our study, male sex, age more than 58 years, diabetes, 
hypertension, high-frequency nasal cannula, and mechanical 
ventilation are some of the risk factors for COVID-19-related air 
leak. Our study has shown that 17.65% of patients have developed 
spontaneous pneumothorax having no history of any form of 
oxygen therapy. Significant numbers of patients have developed 
air leak without any history of comorbidities, and only 11.7 and 
12.5% had the history of preexisting lung disease and history of 
smoking, respectively. 

Further detailed analysis of ventilatory and respiratory 
mechanics responsible for the development of air leak could not be 
done as data regarding above-mentioned parameters were lacking.

dIscussIon
We did the systematic review of air leak syndrome consisting 
of pneumothorax, pneumomediastinum, and subcutaneous 
emphysema in COVID-19 patients and found out that it was 
associated with high morbidity, mortality, and length of stay.

Demography of Air Leak Syndrome in COVID-19
In our study, the mean age of COVID-19 patients diagnosed with air 
leak was 58.44 (SD 14) years but it was higher in nonsurvivor than 
the survivor (63.87 ± 87 vs 54.40 ± 14.92, p = 0.003) showing that 
the elderly patients diagnosed with air leak are at increased risk 
of mortality. Though air leak was most common in males (75.78% 
male vs 24.22% female) but mortality was higher in females (56.2% 
female vs 37.5% male, p = 0.04). Chong et al. in their systematic 
review of COVID-19 patients with pneumothorax demonstrated 
that both mean and median age was between 50 and 70 years 
with male predominance but age was not associated with higher 
risk of developing pneumothorax.15 Similarly, a meta-summary 

Fig. 4: Box plot representing median number of days of onset of air 
leak from admission

Fig. 5: Box plot depicting median number of stay in hospital of patients 
with air leak
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any worsening of respiratory status should prompt the clinician 
regarding the development of air leak.17

Onset of Air Leak in COVID-19
The overall time to diagnosis air leak in our study was 11.63 
(±10.30) days, with no significant difference between survivor 
and nonsurvivor. Moreover, in our review, we cannot ascertain the 
duration of noninvasive and invasive mechanical ventilation after 
which the air leak develops, but 25.74% of patients were receiving 
invasive mechanical ventilation (IMV) at the time of diagnosis. 
Further, we could not report the severity of COVID-19 as the data 
regarding the severity and ARDS were inconsistent. However, 
Chong et al. in their systemic review have diagnosed pneumothorax 
after 9–19.6 days after admission and 5.4 days after IMV.15 Abdallat 
et al.26 reported pneumothorax within 3–5 days from IMV while 
Wang et al. reported that the occurrence of pneumothorax after 
mechanical ventilation varied from 5 to 37 days.20 Nasa et al. have 
reported the median duration of onset of air leak to be 30 days 
from admission but have not mentioned median days for onset 
of air leak after mechanical ventilation.16 In COVID-19, the virus 
mainly affects the lung parenchyma at the periphery and gradually 
progresses to involve the pleura which possibly explains the onset 
of pneumothorax at around 10–14 days after symptom onset.27,28

Duration of Hospitalization
In our study, the overall mean duration of hospital stay was 31 days, 
which was not significant between survivors and nonsurvivors. 
Mc Guinness et  al., Miro et  al., and Ekanem et  al. have reported 
prolonged hospital stay among COVID-19 patients diagnosed 
with pneumothorax than those without pneumothorax.4,17,19 
Additionally, Miro et al. reported 12.9-, 4.2-, and 15.7-fold increase 
in the risk of intensive care unit (ICU) admission, prolonged 
hospitalization, and higher inhospital mortality in patients of 
pneumothorax with COVID-19 than those without pneumothorax.17

Management
The treatment option for COVID-19 associated air leak depends upon 
the type of air leak as well as severity of involvement. The treatment 
option consists of observation (conservative management), 
intercoastal drainage tube placement, pleurodesis, and surgery. 
In our study, about 33% of patients were conservatively managed 
while 67% of patients required intercostal drainage tube placement. 
Currently, there are no recommendations for managing air leak in 
COVID-19 patients. A small asymptomatic pneumothorax can be 
managed conservatively with proper monitoring by sequential 
imaging. A recent trial has found that conservative management 
was noninferior to interventional management for primary 
spontaneous pneumothorax.29 But, pneumothorax occurring due 
to positive pressure ventilation in critically ill patients with ARDS 
needs tube thoracostomy placement.

COVID-19 patients are presenting with persistent air leak (PAL) 
lasting for more than 5–7 days. Surgical treatment is considered the 
gold standard for PAL but these patients with ARDS are generally 
sick and not fit for thoracoscopy and thoracotomy surgery. 
Pleurodesis with autologous blood has shown promising results in 
ARDS patients with pneumothorax in reduction of ICU stay, faster 
weaning, and reduced mortality.30

The published literature on thoracotomy or thoracoscopic 
surgeries for managing ARDS complicated by pneumothorax is 
extremely limited and needs further research. Huang et al. have 
demonstrated that extracorporeal membrane oxygenation (ECMO) 

Few studies have reported the development of air leaks in even 
spontaneously breathing COVID-19 patients. A meta-summary 
by Nasa et  al. has demonstrated relatively high number (56.6%) 
of patients developing spontaneous air leak.16 But, in our study, 
17.65% of the COVID-19 patients developed spontaneous air leak. 
This finding may be because Nasa et al. have included other leaks 
like pneumopericardium and pneumoperitoneum in their analysis, 
which have not been included in our study. 

The exact mechanism of development of spontaneous air leak 
in COVID-19 patients is still unclear. The lung damage in COVID-19 
patients is mainly due to dysregulated immune system response 
to coronavirus resulting in widespread inflammation and finally 
fibrosis. Postmortem histopathological examination of COVID-19 
lung has demonstrated the presence of endothelitis, diffuse alveolar 
damage, vascular microthrombi, and hyaline formation that is similar 
to other coronaviruses like severe acute respiratory syndrome 
(SARS) and Middle East respiratory syndrome (MERS) except the 
presence of fibro-myxoid exudates that are more common with 
SARS-CoV-2 infected lung.24 The enormous inflammatory response 
and cytokine release cause alveolar and pleural damage resulting in 
the weakening of alveolar walls, which leads to the development of 
dilated and bullous airspace in the lung. The rupture of this airspace 
during intense coughing or deep spontaneous breathing due to 
swing in transpulmonary pressure leads to the development of 
spontaneous air leak.25

COVID-19 also leads to the development of nonhomogenous 
pulmonary parenchyma and decreased lung compliance. This 
nonhomogenous pulmonary parenchyma results in maldistribution 
of ventilatory stress as two continuous lung zones with different 
compliance develop different local stress. The high shear forces 
along with high respiratory rate due to hypoxemia and self-inflicted 
lung injury result in the development of pneumothorax.

Another suggested mechanism of developing air leak is the 
Mecklin effect, resulting in pressure gradient along the broncho-
vascular bundles.16 The momentary rise in interalveolar pressure 
during intense coughing or deep breathing may rupture the 
marginal alveoli into the pleural cavity, mediastinum, pericardium, 
peritoneum, or subcutaneous space.

Risks Factors
Our study showed that male sex, age more than 58  years, 
comorbidities like diabetes mellitus and hypertension, and mode of 
respiratory support like HFNC and mechanical ventilation are some 
of the risk factors of COVID-19 associated air leak syndrome. Various 
studies have shown that pulmonary diseases like asthma, COPD, 
ILD, and bulla along with history of smoking are known risk factors 
for the development of pneumothorax in sick patients even in the 
absence of mechanical ventilation. Chong et al. in their systemic 
review did not show any correlation between preexisting lung 
disease and the risk of developing pneumothorax among COVID-19 
patients.15 Similarly, Miro et al. also found no correlation between 
preexisting lung disease and the development of pneumothorax 
in nonventilated COVID-19 patients.17

In our study, 12.5% of patients with air leak were associated 
with smoking, and it was not significant between survivor 
and nonsurvivor. Multiple studies have shown no association 
between pneumothorax development in COVID-19 patients 
and smoking.4,15,17 Miro et  al. even further demonstrated that 
nonsmokers were at a 5.5 times increased risk of developing 
pneumothorax. In circumstances of poor relation between smoking 
and preexisting lung disease in hospitalized COVID-19 patients, 
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may get undetected due to home isolation. Fourth, most studies 
lacked data regarding ICU parameters (APACHE and SOFA scores, 
ventilatory settings like P/F ratio, PEEP, mode of ventilation, position 
of ventilation, and respiratory mechanics. Fifth, literature on  
COVID-19 is changing at a rapid pace; therefore, the result reported 
in this review may need addition or revision at a later stage.

conclusIon
Air leak in COVID-19 patients is mainly the manifestation of disease 
progression resulting in inflammatory insult to lung parenchyma 
and ventilatory stress-induced alveolar damage. Most of the time, 
it is responsible for acute worsening of the clinical condition of 
the patient. It is associated with increased length of stay and 
mortality especially in the elderly. Many patients have developed 
spontaneous air leak independent of COVID-19 disease severity, 
mechanical ventilation, smoking, and lung diseases. Since case 
reports and case series form the majority of included studies, a 
well-structured larger cohort study is needed to ascertain the true 
incidence and outcome of COVID-19 related air leak.
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