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factor for cardiovascular disease, diabetes, musculoskel-
etal disorders, and certain types of cancer [1].

General anesthesia causes a decrease in lung volume, 
resulting in atelectasis and decreased blood oxygen lev-
els [3]. Obesity has a significant impact on lung function, 
leading to impaired mechanical ventilation, increased 
airway resistance, decreased lung capacity, and weak-
ened respiratory muscles. Pulmonary atelectasis caused 
by anesthesia is more prominent in patients who are 
obese [4]. It can cause increased airway closure and hin-
dered synchronization of breathing and blood flowing in 
the lungs [5–7]. Therefore, patients who are obese face a 
higher level of risk during anesthesia and surgery com-
pared to those who are not obese [8]. Choosing a device 
that reduces airway blockage in obese patients during the 
perioperative period is crucial for improving prognostic 
outcomes.

Obstructive Sleep Apnoea (OSA) is a common sleep 
disorder characterized by repeated interruptions in 

Introduction
The global incidence of obesity is on the rise, primarily 
as a result of changes in lifestyle and dietary choices. The 
World Health Organization defines obesity as a wide-
spread metabolic disorder that is becoming a significant 
global public health concern [1]. It affects at least 1.9 bil-
lion people around the world, including over 650 million 
adults who are obese [2]. Obesity in adults is character-
ized by having a Body Mass Index (BMI) that exceeds 30, 
while morbid obesity is characterized by having a BMI 
that exceeds 40 [1]. Obesity is widely recognized as a risk 
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breathing during sleep, resulting in inadequate oxygen 
levels. Studies have revealed that middle-aged adults 
with higher BMI face a significantly higher risk of sleep 
apnoea. In severely obese individuals, the prevalence of 
sleep apnoea can range from 40–90% [9]. Obstructive 
sleep apnea is more prevalent among obese individuals.

Positive Airway Pressure (PAP) therapy is the gold 
standard treatment for moderate to severe OSA [10, 11]. 
PAP therapy maintains upper airway patency by main-
taining positive air pressure throughout the respiratory 
cycle, functioning as an inflatable splint. This modal-
ity encompasses Continuous Positive Airway Pres-
sure (CPAP), Bilevel Positive Airway Pressure (BIPAP), 
and Positive Airway Pressure with Automatic Titration 
(APAP) [12, 13]. CPAP proffers a continual, stable influx 
of positive air pressure to the patient’s airway, engineered 
to avert airway collapse and minimize the frequency of 
apnoeic episodes. BIPAP delivers two distinct pressure 
settings – an elevated pressure during inspiration (ipap) 
and a reduced pressure during expiration (epap), enabling 
patients to benefit from increased respiratory support 
during inspiration along with continuous positive pres-
sure during expiration, thereby contributing to enhanced 
comfort and therapeutic outcomes. The APAP is an intel-
ligent non-invasive ventilator autonomously adjusting 
the end positive pressure airway level in alignment with 
the patient’s respiratory requirements.

Due to the strong connection between obesity and 
respiratory diseases, particularly the link between obe-
sity and OSA, non-invasive oxygenation devices like 
CPAP have been used as interventions for obese surgi-
cal patients to reduce surgical risks and improve surgical 
outcomes. Most studies have focused on the effects of 
PAP therapy on patients with OSA, but there has been no 
systematic review and meta-analysis (SRMA) conducted 
to examine the effects of PAP therapy on the surgical 
treatment of obese patients. Hence, there is a need for 
further research to evaluate the effectiveness of PAP ther-
apy in obese patients who are undergoing surgery. Such 
studies will serve to confer more precise guidelines to 
ascertain optimal respiratory support and postoperative 
outcomes for obese patients during surgical interventions 
and to minimize the concomitant surgical risks.

Methods
Protocol and registration
The protocol for this SRMA was registered in the Inter-
national Prospective Register of Systematic Reviews 
(PROSPERO; CRD42023408765). This systematic review 
was developed and executed in compliance with the Pre-
ferred Reporting Items for Systematic Review and Meta-
Analyses (PRISMA) guidelines.

Search strategy
We performed an extensive literature search utilizing the 
PubMed, Embase, and Cochrane databases. The search 
included articles that were indexed in these databases 
until March 23, 2023. Our initial study focused on CPAP 
in PAP, but in the search process, we found that the free 
words derived from CPAP in several major databases 
would include BIPAP and APAP. Therefore, we con-
ducted a more comprehensive search. The search terms 
included “continuous positive airway pressure,” “bilevel 
positive airway pressure,” “surgery,” “obesity,” and related 
terms. In addition, we conducted a thorough examination 
of the reference lists of the articles that were included to 
identify any publications that may have been overlooked 
in the initial search. Additional relevant articles were dis-
covered by conducting manual citation searches using 
Google Scholar and PubMed. The search was limited to 
studies conducted in the English language and involving 
human participants. The detailed search strategy is pro-
vided in Supplementary material 1.

Study selection and data extraction
Two reviewers independently conducted literature 
screening and data extraction based on the inclusion 
and exclusion criteria. When there were disagreements, 
a third reviewer was involved to reach a consensus. The 
inclusion and exclusion criteria were established based 
on the PICOS framework. The inclusion criteria were as 
follows: (1) patients ≥ 18 years of age; (2) patients diag-
nosed with obesity (BMI ≥ 30); (3) patients undergo-
ing a surgical procedure; (4) individuals receiving PAP 
(CPAP, APAP, or BIPAP) therapy during the perioperative 
period; (5) inclusion of Randomized Controlled Trials 
(RCTs), Prospective Cohorts (PC), Retrospective Cohorts 
(RC), cross-sectional studies, or case-control studies; and 
(6) English language articles. The exclusion criteria were: 
(1) duplicate publications; (2) reviews, meta-analyses, 
animal experiments, case reports, case series, conference 
abstracts, book chapters, and dissertations; (3) incon-
sistency in study population, interventions, or outcome 
measures; and (4) unavailability of relevant data.

We have evaluated all included studies to strictly 
exclude duplicate publications, ensuring each study is 
independent and unique. For publications involving the 
same population but different study contents, we care-
fully distinguished and retained only the most represen-
tative and informative studies. For publications where 
relevant data were unavailable, we made every effort to 
contact the original authors or database administrators to 
obtain the necessary data. However, where complete data 
could not be obtained, we decided to exclude these pub-
lications to avoid potential bias due to data unavailability.

The included studies provided the following informa-
tion: authors, year, country, study design, surgery type, 



Page 3 of 15Wang et al. BMC Anesthesiology          (2024) 24:281 

sample size, age, gender, BMI, PAP type, and usage. The 
study assessed various postoperative adverse outcomes, 
including length of hospital stay, in-hospital mortality, 
unplanned ICU admission rate, reintubation, reopera-
tion, anastomotic leak, nausea and vomiting, and pul-
monary complications such as atelectasis, respiratory 
failure, and pneumonia. The secondary outcome mea-
sures included pulmonary function (Forced Expiratory 
Volume in one second (FEV1), Forced Vital Capacity 
(FVC), Peak Expiratory Flow Rate (PEFR)), blood gas 
analysis parameters (PH, PaO2, PaCO2), SpO2 and PaO2/ 
FiO2 (Fraction of Inspired Oxygen).

Methodological quality assessment
The reporting methodology was assessed independently 
by two reviewers, and any disagreements were resolved 
by a third reviewer. The quality assessment of obser-
vational studies was conducted using the New-Castle 
Ottawa Scale (NOS) [14]. The NOS assesses the risk of 
bias in observational studies across three domains: selec-
tion of cohorts, comparability of cohorts, and outcome 
assessment. Studies were scored on a scale from 1 to 9, 
with a maximum score of 9 (Supplementary material 2).

For the appraisal of RCTs, the Risk of Bias 2 (ROB 2.0) 
tool was applied [15]. The ROB 2.0 tool is formulated to 
evaluate the risk of bias arising from the randomization 
process, deviations from intended interventions, missing 
outcome data, measurement of the outcome, and selec-
tion of the reported result. It takes into consideration five 
domains: (1) bias arising from the randomization pro-
cess, (2) bias due to deviations from intended interven-
tions, (3) bias due to missing outcome data, (4) bias in 
measurement of the outcome, and (5) bias in selection of 
the reported result. Through this tool, each trial is evalu-
ated in the domains, culminating in an overall risk of bias 
judgment that categorizes the study as having a high, low, 
or some concerns regarding the risk of bias. Notably, due 
to the intervention nature concerning the application of 
PAP therapy, blinding of participants to the administered 
treatment was unfeasible in all RCTs (Supplementary 
material 3).

Statistical analysis
We conducted statistical analysis using Cochrane Review 
Manager (RevMan, version 5.4) [16]. Our primary objec-
tive was to evaluate the efficacy of Positive Airway Pres-
sure (PAP) therapy in reducing postoperative adverse 
outcomes in obese patients. Additionally, we assessed the 
impact of PAP therapy on various secondary endpoints, 
including pulmonary function measures (FEV1, FVC, 
PEFR), blood gas analysis parameters (pH, PaO2, PaCO2), 
SpO2, and the PaO2/FiO2 ratio. Risk ratios (RR) with cor-
responding 95% confidence intervals (CI) were used to 
assess dichotomous outcomes (in-hospital mortality, 

unplanned ICU admission rates, reintubation, reopera-
tion, anastomotic leak, nausea and vomiting, and pulmo-
nary complications). Standard mean differences (SMD) 
with 95% CIs were used to assess continuous outcomes 
(length of hospital stay and secondary endpoints). The 
Mantel-Haenszel (M-H) method was used for dichoto-
mous events and the Inverse Variance (IV) method was 
used to represent continuous events. Heterogeneity was 
explored using a random effects model. Heterogeneity 
was examined across the studies for every postoperative 
complication by calculating I2. The results were graphi-
cally presented in the form of forest plots. A P-value of 
less than or equal to 0.05 was considered statistically 
significant. Furthermore, to explore potential sources of 
heterogeneity more thoroughly, we plan to conduct sub-
group analyses. We categorize the studies based on fac-
tors such as study design, sample characteristics, and 
intervention measures, and perform statistical analyses 
separately for each subgroup. This will help us under-
stand the impact of distinct factors on study outcomes 
more deeply and reduce potential heterogeneity.

We performed a detailed power analysis using EBM 
Helper [17, 18]. To ensure the validity of the study, we 
used the tool to estimate the power of the test for each 
primary and secondary outcome measure, ensuring that 
statistically significant differences could be effectively 
detected.

Results
The initial literature search yielded 767 articles (Fig.  1). 
After removing 154 duplicate studies, 613 studies were 
screened. Following the title and abstract screening, 572 
studies were eliminated from consideration because they 
did not meet the predetermined criteria for inclusion. 
The complete texts of the remaining 41 articles were eval-
uated to determine their eligibility. Out of the 41 studies 
included, 24 studies fulfilled the criteria for conducting a 
meta-analysis [19–42].

Study characteristics
The study characteristics and demographic data are 
summarized in Table 1. Most studies were conducted in 
Western countries (n = 19), including the United States 
(n = 5) [21, 24, 32, 34, 39], Canada (n = 3) [40–42], Sweden 
(n = 2) [25, 29], the Netherlands (n = 2) [23, 38], Portugal 
(n = 1) [28], the United Kingdom (n = 1) [36], Belgium 
(n = 1) [33], Brazil (n = 1) [22], Poland (n = 1) [27], Greece 
(n = 1) [20], and Finland (n = 1) [31]. Additionally, there 
were studies from Eastern countries (n = 5), including 
Egypt (n = 2) [26, 30], Turkey (n = 1) [19], India (n = 1) 
[37], and China (n = 1) [35].

14 were RCTs [19–22, 24–30, 33, 37, 42], 8 were ret-
rospective cohort studies [23, 31, 34–36, 38, 39, 41], and 
the remaining 2 were prospective cohort studies [32, 40] 
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(Table  1). The control groups in the RCTs consisted of 
patients receiving conventional oxygen therapy (masks or 
nasal catheters). For the observational studies, the con-
trol groups were defined as patients who did not receive 
PAP therapy.

The studies were divided into preoperative interven-
tion group (Pre, n = 9) [21, 22, 25, 29, 32, 35, 37, 38, 41], 
postoperative intervention group (Pos, n = 16) [19, 22, 
24, 26–28, 30, 31, 33, 35, 38–40, 42], and perioperative 
group (Per, n = 2) [34, 36]. Among them, two studies used 
CPAP both preoperatively and postoperatively [35, 38], 
one study analyzed the effects of preoperative and post-
operative BIPAP separately [22], and two studies did not 
specify the timing of the intervention and were included 
in the perioperative group [34, 36]. The preoperative 
intervention group referred to interventions performed 
before the completion of surgery and further subdivided 
into preoperative ward intervention group (n = 5) [22, 
32, 35, 38, 41], preoxygenation group (n = 2) [25, 29], and 
intraoperative intervention group (n = 2) [21, 37]. 1981 

patients were included in the preoperative intervention 
group, with 764 patients receiving PAP treatment and 
1217 not using PAP treatment. The postoperative inter-
vention group refers to the implementation of interven-
tion measures after the surgical procedure. Among them, 
three studies initiated the intervention immediately after 
extubation [28, 41, 42]. 5080 patients were included in 
the postoperative intervention group, with 1304 patients 
receiving PAP treatment and 3776 not receiving PAP 
treatment. In the perioperative group, 405 patients were 
included, with 330 receiving PAP treatment and 75 not 
receiving PAP treatment (Table 1).

Postoperative adverse outcome
Length of stay
A total of nine studies evaluated the impact of PAP 
therapy on hospital length of stay (LOS) in obese 
patients undergoing invasive surgery (Pre, n = 3 [28, 
38, 40]; Pos, n = 6 [24, 31, 32, 36, 38, 41], Per, n = 1 [34]).
The results showed a statistically significant difference 

Fig. 1  PRISMA flow diagram

 



Page 5 of 15Wang et al. BMC Anesthesiology          (2024) 24:281 

St
ud

y
St

ud
y 

ty
pe

Co
un

tr
y

St
ud

y 
pe

ri
od

Su
rg

er
y

In
te

r-
ve

n-
tio

ns
 

tim
e

O
be

se
 p

at
ie

nt
s

PA
P 

Ty
pe

Se
x

A
ge

BM
I

PA
P

N
O

 
PA

P
m

al
e

fe
m

al
e

PA
P/

N
O

 P
A

P
PA

P/
N

O
 P

A
P

Ba
i, 

20
19

RC
T

U
SA

Ju
ne

 2
01

7 
- 

O
ct

ob
er

 2
01

7
Co

lo
no

sc
op

y
Pr

e
63

73
CP

AP
56

80
/

36
 ±

 5
/3

6 
±

 6

H
ar

bu
t, 

20
14

RC
T

Sw
ed

en
Ja

nu
ar

y 
10

, 
20

09
 - 

M
ar

ch
 

31
, 2

00
9

LG
B

Pr
e

24
24

CP
AP

/
/

46
.9

 ±
 1

2.
9/

42
.1

 ±
 1

2.
4

43
 ±

 6
.3

/4
4.

1 
±

 6
.0

Ed
m

ar
k,

 
20

16
RC

T
Sw

ed
en

M
ar

ch
 2

1,
 2

01
2 

- M
ar

ch
 1

9,
 

20
14

LG
B

Pr
e

20
20

CP
AP

8
32

38
.2

8 
±

 7
.9

8/
41

.9
2 

±
 8

.7
8

42
.0

8 
±

 3
.9

1/
38

.5
 ±

 4
.0

7

M
un

af
, 2

02
0

RC
T

In
di

a
Ja

nu
ar

y 
20

15
 - 

M
ay

 2
01

6
Su

rg
er

ie
s u

nd
er

 
sp

in
al

 a
ne

st
he

sia
Pr

e
63

63
CP

AP
52

75
39

.7
 ±

 9
.0

1/
38

.0
6 

±
 9

.1
26

.6
3 

±
 1

.1
1/

26
.3

4 
±

 1
.0

3

Je
ns

en
, 

20
08

PC
U

SA
Ja

nu
ar

y 
20

03
 

- D
ec

em
be

r 
20

07

LR
YG

B
Pr

e
14

4
14

0
CP

AP
/B

PA
P

80
20

4
47

 ±
 1

1/
44

 ±
 1

0
49

 ±
 1

2.
25

/4
7 

±
 1

0.
5

Sé
riè

s, 
20

20
RC

Ca
na

da
Ja

nu
ar

y 
1,

 2
01

4 
- M

ay
 3

1,
 2

01
5

LS
G

 a
nd

 B
PD

/D
S

Pr
e

23
9

39
CP

AP
11

1
16

7
47

.7
 ±

 1
0.

60
/4

3.
5 

±
 1

2.
2

50
.5

2 
±

 8
.1

6/
48

.7
 ±

 6
.8

G
as

zy
ns

ki
, 

20
07

RC
T

Po
la

nd
/

RY
G

B
Po

s
10

9
CP

AP
8

11
35

.8
4 

±
 9

.0
5

42
.4

3 
±

 3
.3

G
ui

m
ar

ãe
s, 

20
16

RC
T

Po
rt

ug
al

O
ct

ob
er

 2
01

4 
- N

ov
em

be
r 

20
14

RY
G

B
Po

s
11

12
CP

AP
4

19
41

.8
2 

±
 6

.9
8/

44
.7

5 
±

 1
2.

28
43

.3
5 

±
 5

.5
6/

43
.4

9 
±

 6
.4

9

W
on

g,
 2

01
1

RC
T

Ca
na

da
/

RY
G

B
Po

s
43

38
CP

AP
24

57
42

.9
 ±

 1
0.

1/
46

.3
 ±

 1
0.

4
50

.5
 ±

 8
.4

/ 4
9.

5 
±

 8
.2

Ki
zi

lö
z, 

20
12

RC
T

Tu
rk

ey
/

La
pa

ro
sc

op
ic

 
ch

ol
ec

ys
te

ct
om

y
Po

s
20

20
CP

AP
29

11
46

.9
0 

±
 1

3.
16

/4
8.

55
 ±

 1
0.

32
32

.3
7 

±
 2

.4
2/

32
.6

0 
±

 1
.9

4

H
ew

id
y, 

20
16

RC
T

Eg
yp

t
Ap

ril
 2

01
3 

- 
O

ct
ob

er
 2

01
5

SG
Po

s
24

22
CP

AP
19

27
31

.2
5 

±
 1

0.
36

/2
6.

86
 ±

 5
.9

0
58

.8
9 

±
 9

.4
6/

55
.8

9 
±

 8
.0

9

Ja
va

na
in

en
, 

20
16

RC
Fi

nl
an

d
20

08
–2

01
1

SG
/R

YG
B

Po
s

10
0

10
0

CP
AP

72
12

8
47

.9
0 

±
 8

.8
/4

7.
80

 ±
 8

.8
48

.9
 ±

 6
.7

/ 4
8.

9 
±

 6
.8

de
 R

aa
ff,

 
20

17
RC

N
et

he
rla

nd
s

N
ov

em
be

r 
20

07
 - 

Au
gu

st
 

20
16

BS
 (R

YG
B,

 S
G

, 
SA

D
I-S

)
Po

s
49

7
16

38
CP

AP
17

47
38

8
44

.3
4 

±
 1

1.
18

44
.1

2 
±

 6
.5

5

Sé
riè

s, 
20

21
PC

Ca
na

da
Ja

nu
ar

y 
1,

20
14

 
- J

an
ua

ry
 7

, 
20

18

BP
D

-D
S/

LS
G

Po
s

28
9

80
5

CP
AP

23
1

86
3

49
.7

 ±
 1

0/
41

.8
0 

±
 1

0.
79

49
.3

 ±
 8

.7
/4

6.
59

 ±
 7

.1
3

Ra
m

ire
z, 

20
09

RC
U

SA
Ju

ne
 2

00
5 

- 
Au

gu
st

 2
00

6
LR

YG
B

Po
s

91
21

9
CP

AP
/

/
47

.2
/4

3.
9

52
/4

6.
4

Ko
ng

, 2
01

6
RC

U
SA

20
05

–2
00

9
BS

Pe
r

30
5

47
CP

AP
11

0
24

2
47

.4
7 

±
 0

.6
3/

48
.0

2 
±

 1
.7

0
49

.7
 ±

 0
.5

5/
48

.7
 ±

 1
.6

8
M

en
g,

 2
01

0
RC

Ch
in

a
Ja

nu
ar

y 
20

01
 

- D
ec

em
be

r 
20

05

RY
G

B
Pr

e 
+

 P
os

10
2

25
4

CP
AP

28
1

76
46

.5
 ±

 0
.4

51
.5

 ±
 0

.3

Ta
bl

e 
1 

St
ud

y 
ch

ar
ac

te
ris

tic
s



Page 6 of 15Wang et al. BMC Anesthesiology          (2024) 24:281 

St
ud

y
St

ud
y 

ty
pe

Co
un

tr
y

St
ud

y 
pe

ri
od

Su
rg

er
y

In
te

r-
ve

n-
tio

ns
 

tim
e

O
be

se
 p

at
ie

nt
s

PA
P 

Ty
pe

Se
x

A
ge

BM
I

PA
P

N
O

 
PA

P
m

al
e

fe
m

al
e

PA
P/

N
O

 P
A

P
PA

P/
N

O
 P

A
P

M
eu

rg
ey

, 
20

17
RC

Br
ita

in
Ju

ne
 2

01
4 

- 
M

ar
ch

 2
01

7
SG

/R
YG

B
Pe

r
25

28
CP

AP
9

44
48

.5
 ±

 1
1.

4
49

.7
 ±

 1
0.

4/
49

.1
 ±

 5
.9

Pr
oc

zk
o,

 
20

14
RC

N
et

he
rla

nd
s

Ja
nu

ar
y 

20
09

 
- N

ov
em

be
r 

20
13

RY
G

B/
LS

G
Pr

e 
+

 p
os

99
59

4
CP

AP
48

6
20

7
44

.5
 ±

 7
.0

/4
6.

18
 ±

 5
.6

5
42

.6
 ±

 2
.6

/ 4
3.

29
 ±

 2
.8

3

Al
ex

an
d-

ro
po

ul
ou

, 
20

19

RC
T

G
re

ec
e

/
O

BS
Po

s
21

14
BP

AP
20

15
33

 ±
 8

/3
1 

±
 6

53
 ±

 8
/5

2 
±

 6

Ba
lti

er
i, 

20
14

RC
T

Br
az

il
/

O
BS

Pr
e/

Po
s

10
Pr

e/
10

Po
s

10
BP

AP
24

6
42

 ±
 1

1.
2P

re
/3

8.
8 

±
 9

.6
Po

s/
42

.6
 ±

 1
1.

6
44

.8
 ±

 2
.8

Pr
e/

46
.8

 ±
 4

.6
P

os
/4

4.
4 

±
 2

.8
El

-S
ay

ed
, 

20
12

RC
T

Eg
yp

t
Ap

ril
 2

00
9 

- 
O

ct
ob

er
 2

01
0

LB
S

Po
s

18
19

BP
AP

7
49

35
 ±

 6
/3

3.
5 

±
 3

.5
2

54
 ±

 3
/5

3.
5 

±
 2

.0
4

EB
EO

, 2
00

2
RC

T
U

SA
Au

gu
st

 1
99

9 
- 

M
ay

 2
00

0
O

RY
G

B
Po

s
9

12
BP

AP
1

20
37

 ±
 6

/3
5 

±
 1

0
50

 ±
 7

/4
7 

±
 5

]O
ris

, 1
99

7
RC

T
Be

lg
iu

m
/

G
as

tr
op

la
st

y
Po

s
10

10
BP

AP
5

15
33

.4
 ±

 1
2.

3/
31

.4
 ±

 8
.7

/
LG

B:
 L

ap
ar

os
co

pi
c 

G
as

tr
ic

 B
yp

as
s,

 L
RY

G
B:

 L
ap

ar
os

co
pi

c 
Ro

ux
-e

n-
Y 

G
as

tr
ic

 B
yp

as
s,

 R
YG

B:
 R

ou
x-

en
-Y

 G
as

tr
ic

 B
yp

as
s,

 S
G

: S
le

ev
e 

G
as

tr
ec

to
m

y,
 L

SG
: L

ap
ar

os
co

pi
c 

Sl
ee

ve
 G

as
tr

ec
to

m
y,

 B
PD

/D
S:

 B
ili

op
an

cr
ea

tic
 D

iv
er

si
on

 w
ith

 
D

uo
de

na
l S

w
itc

h,
 S

A
D

I-S
: S

in
gl

e 
⁃ A

na
st

om
os

is
 D

uo
de

na
l-I

le
al

 B
yp

as
s w

ith
 S

le
ev

e 
G

as
tr

ec
to

m
y,

 B
S:

 B
ar

ia
tr

ic
 S

ur
ge

ry
, O

BS
: O

pe
n 

Ba
ria

tr
ic

 S
ur

ge
ry

, O
RY

G
B:

 O
pe

n 
Ro

ux
-e

n-
Y 

G
as

tr
ic

 B
yp

as
s,

 C
PA

P:
 C

on
tin

uo
us

 P
os

iti
ve

 A
ir

w
ay

 
Pr

es
su

re
, B

PA
P:

 B
ile

ve
l P

os
iti

ve
 A

ir
w

ay
 P

re
ss

ur
e,

 P
re

: p
re

op
er

at
iv

e 
in

te
rv

en
tio

n,
 P

os
: p

os
to

pe
ra

tiv
e 

in
te

rv
en

tio
n,

 P
er

: p
er

io
pe

ra
tiv

e

Ta
bl

e 
1 

(c
on

tin
ue

d)

 



Page 7 of 15Wang et al. BMC Anesthesiology          (2024) 24:281 

in LOS between obese patients who received PAP ther-
apy (n = 1221) and those who did not receive PAP ther-
apy (n = 1777) (SMD: 0.35, 95% CI: 0.04–0.64, P < 0.01, 
I2 = 89%) (Fig. 2 Panel A1). There was significant hetero-
geneity among the study results (I2 = 89%), so a sensitiv-
ity analysis was performed by excluding one study [34] 
that deviated significantly, resulting in no heterogeneity 
(SMD: 0.20, 95% CI: 0.07–0.33, P = 0.04, I2 = 20%) (Fig. 2 
Panel A2). There may be many reasons for the heteroge-
neity of the overall results in Kong’s study. LOS may be 
correlated with factors such as the level of stress on hos-
pital beds, the expertise of doctors, the overall condition 
of patients, and other related variables. Even the inevita-
ble selection bias in the inclusion of patients in this study 
as a retrospective cohort study may be one of the reasons 
for the heterogeneity.

In-hospital mortality
Three studies investigated the impact of PAP on in-hos-
pital mortality in obese patients receiving periopera-
tive treatment (Pre, n = 2 [38, 40]; Pos, n = 2 [32, 38]). We 
found no difference in postoperative in-hospital mortal-
ity between obese patients who used PAP (n = 532) and 
those who did not (n = 1539) (OR: 3.00, 95% CI: 0.33–
27.03, I2 = 0%, P = 0.39) (Fig. 2 Panel B).

Unplanned ICU admission
We analyzed six studies that documented unplanned ICU 
admission rates for obese patients following surgery(Pos, 

n = 5 [28, 35, 38, 40, 42]; Pre, n = 2 [35, 38, 41]). We found 
no difference in postoperative unplanned ICU admission 
between obese patients who used PAP (n = 783) and those 
who did not (n = 1742) (OR: 0.55, 95% CI: 0.26–1.18, 
I2 = 0%, P = 0.91) (Fig. 2 Panel C).

Reintubation
We included five studies that reported the incidence of 
reintubation in obese patients after surgery (Pos, n = 4 
[28, 35, 38, 42]; Pre: n = 3 [32, 35, 38]). The results showed 
that there was no significant difference in the incidence 
of reintubation between patients receiving PAP treat-
ment (n = 399) and those not receiving PAP treatment 
(n = 1038) (OR: 0.40, 95% CI: 0.11–1.53, I2 = 0%, P = 0.99) 
(Fig. 2 Panel D).

Reoperations
We included three studies that reported the incidence 
of reoperation in obese patients after surgery (Pos, n = 2) 
[31, 40]; Pre, n = 1 [41] ). The results showed that there 
was no significant difference in the incidence of reopera-
tion between patients receiving PAP treatment (n = 628) 
and those not receiving PAP treatment (n = 944) (OR: 
1.81, 95% CI: 0.92–3.58, I2 = 0%, P = 0.62) (Fig. 2 Panel E).

Anastomotic leakage
We included four studies that reported the incidence of 
anastomotic leak in obese patients after surgery (Pos, 
n = 3 [23, 39, 40]; Pre, n = 1 [32] ). The results showed that 

Fig. 2  Postoperative adverse outcomes. (A) Length of stay. (B) In-hospital mortality. (C) Unplanned ICU admission. (D) Reintubation. (E) Reoperations
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there was no significant difference in the incidence of 
anastomotic leak between patients receiving PAP treat-
ment (n = 1003) and those not receiving PAP treatment 
(n = 2802) (OR: 1.80, 95% CI: 0.80–4.09, I2 = 0%, P = 0.33) 
(Fig. 3 Panel F).

Nausea and vomiting
We included two studies that reported the occurrence of 
nausea and vomiting in obese patients after surgery (Pos, 
n = 2 [19, 35]; Pre, n = 1 [35]). The results showed no sig-
nificant difference in the incidence of nausea and vom-
iting between patients receiving PAP treatment (n = 122) 
and those not receiving PAP treatment (n = 274) (OR: 
1.13, 95% CI: 0.66–1.93, I2 = 0%, P = 0.84) (Fig. 3 Panel G).

Atelectasis
A total of six studies were included, reporting the occur-
rence of atelectasis in obese patients after surgery (Pos, 
n = 5 [20, 22, 26, 30, 39]; Pre, n = 1 [22]; Per, n = 1 [34]). 
The results showed a statistically significant difference 
in the occurrence of atelectasis between patients receiv-
ing PAP treatment (n = 479) and those not receiving PAP 
treatment (n = 350) (OR: 0.22, 95% CI: 0.07–0.72, I2 = 46%, 
P = 0.10) (Fig. 3 Panel H1).

Of the six studies, only two showed a statistically sig-
nificant difference between PAP treatment and reduced 

rates of atelectasis. When subgroup analysis was per-
formed based on the type of PAP treatment (BIPAP ver-
sus CPAP), the results showed a statistically significant 
reduction in atelectasis in the BIPAP group, while the 
CPAP group did not show a statistically significant dif-
ference but was more heterogeneous (I2 = 71%) (Fig.  3 
Panel H1). Through sensitivity analysis, it was found that 
the heterogeneity came from the study of Ramirez [39] 
(Fig.  3 Panel H2). In this study, the incidence of atelec-
tasis increased instead of decreasing in PAP group. This 
may be because the study, as a retrospective cohort study, 
has inherent potential for selection bias. In addition, 
there were statistically significant differences in age and 
BMI between the two groups in this study, so the com-
parability between the groups was poor. This difference 
in underlying health conditions may also be a key factor 
in the difference in treatment outcomes. After exclusion 
of this study, CPAP group heterogeneity disappeared and 
showed a statistically significant reduction in the inci-
dence of atelectasis (OR: 0.12, 95% CI: 0.05–0.32, I2 = 0%, 
P = 0.96) (Fig. 3 Panel H3).

Respiratory failure
A total of three studies were included, reporting the 
occurrence of respiratory failure in obese patients after 
surgery (Pos, n = 2 [30, 40]; Per, n = 1 [26]). The results 

Fig. 3  Postoperative adverse outcomes. (F) anastomotic leakage. (G) Nausea and vomiting. (H) atelectasis. (I) Respiratory failure. (J) Pneumonia
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showed no statistically significant difference in the occur-
rence of respiratory failure between patients receiving 
PAP treatment (n = 331) and those not receiving PAP 
treatment (n = 865) (OR: 0.40, 95% CI: 0.07–2.12, I2 = 24%, 
P = 0.27) (Fig. 3 Panel I).

Pneumonia
A total of seven studies were included, reporting the 
occurrence of pneumonia in obese patients after surgery 
(Pos, n = 5 [26, 30, 31, 38, 40]; Pre, n = 2 [26, 38]; perioper-
ative group, n = 1 [34]). The results showed no statistically 
significant difference in the occurrence of pneumonia 
between patients receiving PAP treatment (n = 975) and 
those not receiving PAP treatment (n = 1746) (OR: 0.94, 
95% CI: 0.43–2.04, I2 = 30%, P = 0.23) (Fig. 3 Panel J).

The secondary outcome measures
Pulmonary function (FEV1, FVC, PEFR)
A total of six studies evaluated the effects of PAP treat-
ment on postoperative FEV1 in obese patients (Pos, n = 5 
[24, 26, 28, 30, 33]; Pre, n = 1 [37] ). The results showed 
a statistically significant difference between patients 
receiving PAP treatment (n = 135) and those not receiving 
PAP treatment (n = 157) (SMD: 0.44, 95% CI: 0.09–0.80, 
I2 = 46%, P = 0.10) (Fig. 4 Panel K).

Seven studies assessed the effects of PAP treatment 
on postoperative FVC in obese patients [postoperative 
intervention group (n = 6) [22, 24, 26, 28, 30, 33]; preoper-
ative intervention group (n = 2) [22, 37]]. The results dem-
onstrated a statistically significant difference between 
patients receiving PAP treatment (n = 155) and those not 
receiving PAP treatment (n = 167) (SMD: 0.56, 95% CI: 
0.23–0.89, I2 = 38%, P = 0.14) (Fig. 4 Panel L).

Four studies evaluated the effects of PAP treatment on 
postoperative PEFR in obese patients (Pos, n = 3 [24, 26, 

Fig. 4  pulmonary function, blood gas analysis parameters, SpO2 and PaO2/FiO2. (K) FEV1. (L) FVC. (M) PEFR. (N) PCO2. (O) pO2. (P) PH. (Q) SpO2. (R) PaO2/
FiO2
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33]; Pre, n= [37]). The results indicated no statistically 
significant difference between patients receiving PAP 
treatment (n = 100) and those not receiving PAP treat-
ment (n = 104) (SMD: 0.21, 95% CI: -0.07-0.48, I2 = 0%, 
P = 0.59) (Fig. 4 Panel M).

Blood gas analysis parameters (PaCO2, PaO2, PH)
A total of six studies evaluated the effects of PAP treat-
ment on postoperative PaCO2 in obese patients (Pos, 
n = 4 [19, 20, 27, 28]; Pre, n = 2 [25, 29] ). The results 
indicated no statistically significant difference between 
patients receiving PAP treatment (n = 106) and those not 
receiving PAP treatment (n = 99) (SMD − 0.14, 95% CI: 
-0.42-0.14, I2 = 0%, P = 0.69) (Fig. 4 Panel N).

A total of 7 studies evaluated the effects of PAP treat-
ment on postoperative PaO2 in obese patients (Pos, 
n = 5 [19, 20, 27, 28, 30]; Pre, n = 2 [25, 29] ). The results 
indicated a statistically significant difference between 
patients receiving PAP treatment (n = 130) and those not 
receiving PAP treatment (n = 121) (SMD: 1.02, 95% CI: 
0.25–1.79, I2 = 87%, P < 0.01) (Fig. 4 Panel O1).

Due to the observed heterogeneity in PaO2 between 
the intervention and control groups, subgroup analy-
sis was conducted based on the timing of interven-
tion implementation. By excluding studies that applied 
CPAP immediately after extubation and those utilizing 
BIPAP [20, 28], the heterogeneity within the postopera-
tive CPAP group [19, 27, 30], which comprised studies 
using CPAP during the postoperative recovery period, 
was eliminated(SMD: 2.13, 95% CI: 1.64–2.62, I2 = 0%, 
P = 0.43) (Fig. 4 Panel O2). The two articles that contrib-
uted to the heterogeneity may have been caused by the 
timing of PAP application, the duration of use, and the 
specific method used. Heterogeneity in the preoxygen-
ation group [25, 29] was significantly reduced but still 
present (SMD: 0.20, 95% CI: -0.43-0.82, I2 = 54%, P = 0.14) 
(Fig. 4 Panel O2), due to the use of different FIO2 levels 
(80% vs. 100%) and pre-oxygenation methods (combined 
CPAP and PSV vs. CPAP alone).

A total of 2 studies evaluated the effects of PAP treat-
ment on postoperative PH in obese patients (Pos, n = 2 
[19, 20]). The results indicated that there was no statisti-
cally significant difference in PH between patients receiv-
ing PAP treatment (n = 41) and those not receiving PAP 
treatment (n = 34) (SMD: 0.42, 95% CI: -0.04-0.88, I2 = 0%, 
P = 0.49) (Fig. 4 Panel H).

SpO2
A total of six studies evaluated the effect of PAP ther-
apy on SpO2 in obese patients undergoing surgery (Pos, 
n = 4 [24, 30, 33, 38]; Pre, n = 2 [25, 38]; Per, n = 1 [21] ). 
The results showed a statistically significant difference 
between patients who received PAP therapy (n = 225) and 

those who did not (n = 731) (SMD: 0.48, 95%CI: 0.29–
0.68, I2 = 0%, P = 0.41) (Fig. 4 Panel Q).

PaO2/FIO2
A total of 3 studies evaluated the effects of PAP treat-
ment on the ratio of arterial oxygen partial pressure to 
fractional inspired oxygen (PaO2/FIO2) in obese patients 
undergoing surgery (Pos, n = 3 [26, 28, 42]). The results 
indicated that there was a statistically significant differ-
ence in the PaO2/FIO2 ratio between patients receiving 
PAP treatment (n = 72) and those not receiving PAP treat-
ment (n = 88) (SMD: 0.47, 95% CI: 0.07–0.86, I2 = 17%, 
P = 0.30) (Fig. 4 Panel R).

Quality assessment
The quality assessment is described in the supplemental 
tables (Supplementary material 2). The studies scored at 
least six and a maximum of eight on Newcastle Ottawa 
Scale. There were two prospective and eight retrospec-
tive studies. The studies scored well in the representative-
ness of the exposed cohort, selection of the non-exposed 
cohort, ascertainment of exposure, and assessment of 
outcome. There were five studies which demonstrated 
that the outcome of interest was not present at the start 
of study [23, 35, 36, 39, 41]. Some studies had a small 
number of participants lost to follow-up, but not enough 
to produce bias. Most included studies defined and 
adjusted for main confounders and prognostic factors 
relevant to their study.

We assessed fourteen randomized controlled tri-
als using the Cochrane risk of bias tool (Supplementary 
material 3). The domains of deviations from the intended 
interventions, missing outcome data, measurement of 
the outcome, and selection of the reported result showed 
a minimal risk of bias. Nevertheless, the randomization 
process, which includes allocation concealment, showed 
an uncertain risk of bias.

Power analysis
Most outcomes, such as LOS, in-hospital mortality, ICU 
admission rates, reintubation, reoperations, atelecta-
sis, FEV1, FVC, PaO2, and SpO2, show a power value of 
1.0. This indicates that the study has sufficient power to 
detect significant differences or changes for these out-
comes. The power value for nausea and vomiting (0.1328) 
is significantly below the accepted threshold of 0.8. This 
may be related to fewer included studies and smaller 
sample sizes for this outcome, suggesting that the study 
may lack sufficient power to detect significant differ-
ences or changes. This particularly low power could lead 
to a Type II error, potentially missing significant effects. 
Outcomes such as pneumonia (0.5128), PEFR (0.7367), 
PaCO2 (0.5655), and PH (0.5935) exhibit moderate power 
values (ranging from 0.5 to 0.75), indicating a moderate 
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risk of Type II errors. This suggests that the study may 
not have captured the true impact on these outcomes, 
indicating the need for larger sample sizes or additional 
studies to confirm these findings (Fig. 5).

Discussion
This SRMA explored the relationship between PAP ther-
apy and the reduction of postoperative adverse outcomes 
in obese patients. The findings of our study indicate 
that PAP therapy significantly decreased the likelihood 
of postoperative atelectasis by 78% (RR 0.22) (Fig.  3 
Panel H1). Nevertheless, by excluding one study [39] 
that caused significant heterogeneity, the risk reduction 
was enhanced to 88% (RR 0.12) (Fig.  3 Panel H3). The 
adjusted outcome suggests that PAP therapy could be 
more effective than initially observed, offering a clearer 
representation of its potential benefits in reducing post-
operative atelectasis.

While the link between obesity and an increased risk 
of postoperative pulmonary complications is well-docu-
mented in the literature [4–7, 43, 44], the impact of PAP 
therapy on these complications remains contentious. The 
results of our study did not show a notable benefit of PAP 
therapy in preventing additional pulmonary complica-
tions, such as pneumonia and respiratory failure (Fig.  3 

Panel I, J). Prior studies indicated that the utilisation of 
CPAP could decrease the occurrence of pneumonia in 
comparison to conventional treatments [45]. However, 
a recent meta-analysis [46] examining the relationship 
between routine non-invasive respiratory support and 
postoperative pneumonia in elective surgeries indicated 
that such routine use does not prevent pneumonia in 
adults, aligning with our findings. Future studies may 
need larger and multicenter trials to explore the effects of 
PAP therapy on postoperative pulmonary complications 
in obese patients.

Despite the adjusted effect size of 0.22 (previously 0.35) 
(Fig.  2 Panel A1-2), PAP therapy continues to benefi-
cially influence the shortening of LOS for obese surgical 
patients. The importance of incorporating PAP into the 
perioperative care protocol for obese patients, especially 
those at substantial risk for postoperative respiratory 
complications, is underscored. Hospitals and healthcare 
systems might consider policies supporting the routine 
use of PAP therapy for obese patients undergoing surgery 
as a strategy to enhance recovery and reduce the burden 
of prolonged hospital stays. This strategy is particularly 
impactful in settings where reducing hospital stays is a 
priority for resource management and patient outcomes.

Fig. 5  Power analysis results of each outcome index
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In the past, concerns about the potential for pressur-
ized air to cause gastric and proximal bowel distension 
limited the use of PAP therapy in obese patients undergo-
ing gastrointestinal surgery [47]. Despite the theoretical 
risk of anastomotic injury from the pressurized air deliv-
ered by PAP, recent studies have demonstrated that PAP 
therapy does not compromise postoperative anastomotic 
integrity [48]. Our findings corroborate this (Fig. 3 Panel 
F), indicating that PAP treatment does not increase the 
risk of anastomotic leaks or suture rupture, thus allevi-
ating concerns about its perioperative use. Regarding 
other adverse outcomes, including in-hospital mortal-
ity, unplanned ICU admissions, reoperation rates, rein-
tubation, and nausea and vomiting, our study showed 
no significant differences (Fig.  2 Panel B-E, Fig.  3 Panel 
G). These results support the safety and efficacy of PAP 
therapy, affirming its viability as a component of periop-
erative care for obese patients undergoing a wide range of 
surgeries.

Pathological obesity significantly impairs lung func-
tion, affecting mechanical ventilation, airway resistance, 
and lung capacity, due to increases in total and abdomi-
nal fat [49–52]. This condition not only reduces vital 
capacity (VC) and FEV1, but also complicates effective 
gas exchange, particularly in the supine position [53, 54]. 
These challenges often intensify following anesthesia and 
surgical interventions, potentially worsening pulmonary 
outcomes [55].

To elucidate the impact and mechanisms of PAP ther-
apy on obese surgical patients, we conducted detailed 
analyses of pulmonary functions, blood gas parameters, 
SpO2, and PaO2/FiO2 ratios.

Our findings suggest beneficial effects of PAP ther-
apy on postoperative pulmonary indices such as FEV1 
and FVC, while effects on PEFR remain unclear (Fig.  4 
Panel K-N). By improving parameters such as FEV1 and 
FVC, PAP therapy directly addresses the diminished 
lung function typical in obese patients. Obesity is asso-
ciated with decreased chest wall compliance [49], which 
often impairs ventilation in these patients and may be 
associated with conditions such as hypoventilation syn-
drome and OSA. PAP therapy enhances lung volume 
and reduces intrapulmonary shunting, thereby improv-
ing ventilation and oxygenation in obese individuals. This 
effect is evident in our study results, which show signifi-
cant improvements in PaO2 and SpO2 levels following 
PAP treatment (Fig. 4 Panel O1-O2, Q).

However, improvements in oxygenation could also be 
influenced by variations in the FIO2. Therefore, some 
studies [26, 28, 42] employ the PaO2/FIO2 ratio as a prin-
cipal measure, reflecting lung oxygenation across dif-
ferent FIO2 levels. The pooled results from our studies 
indicate that the PF ratio remains significantly higher in 
the PAP group compared to the non-PAP group (Fig.  4 

Panel R), suggesting that PAP therapy can achieve higher 
oxygenation levels through enhanced FIO2 and better 
ventilation/perfusion matching. It is important for the 
patients to maintain vital organs and for easier recovery 
from surgery. Enhanced oxygen levels help mitigate the 
risk of complications such as infections and promote 
faster healing and recovery. There were no significant 
differences in PaCO2 and PH levels (Fig.  4 Panel N, P), 
which further supports the specificity of PAP effects on 
targeted pulmonary outcomes without broader systemic 
changes.

A limitation of our study is the low or unknown level 
of PAP adherence in the intervention group which may 
limit the optimization of PAP therapy to prevent adverse 
postoperative outcomes. Adherence levels within the 
intervention groups were explicitly reported in only four 
studies [30, 36, 40, 41], indicating that suboptimal adher-
ence might obscure the true therapeutic efficacy of PAP, 
leading to an apparent absence of benefits for certain 
postoperative outcomes. Future research must explore 
whether strict adherence to PAP significantly reduces 
postoperative complications and develop broader trials 
to identify effective strategies that enhance adherence to 
PAP therapy.

Second, our findings are constrained by the inclusion 
of some low-quality studies in the SRMA. Some studies 
were small-scale, retrospective, and observational, with 
limited evidence quality and significant heterogeneity. 
We acknowledge that the quality of included literature 
significantly impacts the results of the meta-analysis. To 
address this issue, we carefully reviewed and assessed 
all included studies, implementing stringent inclusion 
and exclusion criteria to maintain a high standard of evi-
dence. We also conducted repeated evaluations of data 
during the inclusion process to minimize bias as much as 
possible. Moreover, our study’s ability to assess specific 
controversial outcome measures such as pneumonia, 
respiratory failure, nausea, and vomiting is constrained 
due to low power values for these outcomes (Fig.  5). 
This limitation may have affected our understand-
ing and interpretation of these critical clinical issues. 
Future studies should consider increasing the sample 
size or using more precise study designs to improve the 
ability to assess these controversial outcome measures. 
Although the current body of literature may not be suf-
ficient to draw meaningful conclusions in subgroups, this 
does not negate the importance of SRMA. Guidelines 
on perioperative management of obese patients empha-
size the adverse effects of obesity on postoperative out-
comes. Obese patients undergoing surgery, especially 
those at substantial risk of OSA, should receive appro-
priate perioperative care, including the use of CPAP [56]. 
This SRMA provides necessary evidence on the efficacy 
of PAP in reducing adverse postoperative outcomes in 
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obese surgical patients, enabling further exploration 
of this issue, calling for research, and promoting safer 
patient care.

Another limitation includes the reconciling of the 
results of RCTs and observational studies, which remains 
a substantial challenge for clinical medicine. The inte-
gration of these study types into SRMA can lead to 
inconsistent outcomes due to differences in analytical 
methodologies, impacting the internal validity of the 
findings. The scarcity of RCTs particularly weakens the 
causal inference in meta-analyses concerning PAP treat-
ment for obese patients undergoing surgery. However, 
observational studies continue to be invaluable, provid-
ing critical insights especially when RCTs are scarce or 
challenging to conduct. Furthermore, we acknowledge 
that the quality of literature included can significantly 
affect the outcomes of a meta-analysis. To address this, 
we have meticulously reviewed and evaluated all included 
studies, implementing stringent inclusion and exclusion 
criteria to maintain a high standard of evidence. We have 
also conducted repeated evaluations of data during the 
inclusion process to minimize the risk of bias as much as 
possible.

Additionally, our study incorporated only two non-
invasive oxygenation devices, CPAP and BIPAP. 
Exploring new non-invasive oxygenation devices like 
Trans-nasal Humidified Rapid Insufflation Ventilatory 
Exchange(THRIVE) may offer better therapeutic out-
comes and comfort for obese patients, expanding the 
scope of non-invasive oxygenation benefits in surgical 
care. What’s more, the majority of our studies included 
originate from Western countries, introducing poten-
tial geographical and ethnic biases. Most of the obese 
patients in our studies underwent bariatric surgery, with 
only a few undergoing other procedures such as endos-
copy, spinal anesthesia, or gallbladder surgery. This 
distribution may limit the applicability of our findings 
to non-bariatric surgical settings. For future research, 
there is a need to conduct larger-scale RCTs in diverse 
geographic settings and for diverse types of surgeries to 
ensure the scientific rigor and reliability of findings.

Our analysis highlights the significant potential of 
PAP therapy in the perioperative management of obese 
patients, particularly those at substantial risk for postop-
erative respiratory complications. PAP therapy enhances 
oxygenation levels and lung function and reduces atelec-
tasis and shortens hospital stays. Incorporating PAP ther-
apy into the standard care protocols for obese surgical 
patients offers a valuable strategy for improving postop-
erative recovery and minimizing hospitalization dura-
tions. This approach is especially impactful in settings 
where prioritizing the efficient use of hospital resources 
and optimizing patient outcomes are crucial.
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