
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it.The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation 
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder.To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.

Chen et al. BMC Anesthesiology          (2024) 24:282 
https://doi.org/10.1186/s12871-024-02658-8

BMC Anesthesiology

*Correspondence:
Yuntai Yao
yuntaiyao@126.com

Full list of author information is available at the end of the article

Abstract
Background This study compares the effect of positive end-expiratory pressure (PEEP) on postoperative pulmonary 
complications (PPCs) in patients with obesity undergoing laparoscopic bariatric surgery (LBS) under general 
anesthesia with mechanical ventilation.

Methods A comprehensive search was conducted in PubMed, Embase, Web of Science, Cochrane Central Register of 
Controlled Trials, China National Knowledge Internet, Wanfang database, and Google Scholar for studies published up 
to July 29, 2023, without time or language restrictions. The search terms included “PEEP,” “laparoscopic,” and “bariatric 
surgery.” Randomized controlled trials comparing different levels of PEEP or PEEP with zero-PEEP (ZEEP) in patients 
with obesity undergoing LBS were included. The primary outcome was a composite of PPCs, and the secondary 
outcomes were intraoperative oxygenation, respiratory compliance, and mean arterial pressure (MAP). A fixed-effect 
or random-effect model was selected for meta-analysis based on the heterogeneity of the included studies.

Results Thirteen randomized controlled trials with a total of 708 participants were included for analysis. No 
statistically significant difference in PPCs was found between the PEEP and ZEEP groups (risk ratio = 0.27, 95% CI: 
0.05–1.60; p = 0.15). However, high PEEP ≥ 10 cm H2O significantly decreased PPCs compared with low PEEP < 10 cm 
H2O (risk ratio = 0.20, 95% CI: 0.05–0.89; p = 0.03). The included studies showed no significant heterogeneity (I2 = 20% 
& 0%). Compared with ZEEP, PEEP significantly increased intraoperative oxygenation and respiratory compliance 
(WMD = 74.97 mm Hg, 95% CI: 41.74-108.21; p < 0.001 & WMD = 9.40 ml cm H2O− 1, 95% CI: 0.65–18.16; p = 0.04). High 
PEEP significantly improved intraoperative oxygenation and respiratory compliance during pneumoperitoneum 
compared with low PEEP (WMD = 66.81 mm Hg, 95% CI: 25.85-107.78; p = 0.001 & WMD = 8.03 ml cm H2O− 1, 95% CI: 
4.70-11.36; p < 0.001). Importantly, PEEP did not impair hemodynamic status in LBS.

Conclusions In patients with obesity undergoing LBS, high PEEP ≥ 10 cm H2O could decrease PPCs compared with 
low PEEP < 10 cm H2O, while there was a similar incidence of PPCs between PEEP (8–10 cm H2O) and the ZEEP group. 
The application of PEEP in ventilation strategies increased intraoperative oxygenation and respiratory compliance 
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Introduction
Pulmonary atelectasis occurs more frequently in patients 
with obesity under general anesthesia [1–4]. Alveolar 
collapse and intrapulmonary shunt impair pulmonary 
gas exchange and respiratory compliance [5]. Bariat-
ric surgery is an effective treatment for obesity, with an 
estimated 696,191 operations performed globally in 2018 
[6]. LBS is the preferred approach for 99.7% of patients 
due to its lower morbidity and mortality rates [7]. How-
ever, intraabdominal insufflation of carbon dioxide dur-
ing LBS can increase intraabdominal pressure, causing a 
cranial shift of the diaphragm and compression of basal 
lung regions. Patients with obesity undergoing LBS under 
general anesthesia rapidly develop reduced functional 
residual capacity and increased atelectasis, resulting in an 
elevated risk of PPCs [8].

Obesity, defined as a Body Mass Index (BMI) ≥ 30  kg/
m2, is associated with increased perioperative morbid-
ity and mortality [9]. In anesthetized patients, BMI is 
inversely related to arterial oxygen partial pressure. 
Decreased intraoperative oxygenation may lead to peri-
operative respiratory and hemodynamic detriments [10, 
11]. Studies have reported that obesity is a risk factor for 
postoperative non-invasive ventilation, tracheal reintuba-
tion, and other morbidity and mortality outcomes [12]. 
Researchers have explored optimal ventilation strategies 
for LBS patients to reduce PPCs and improve intraopera-
tive oxygenation and respiratory compliance. The effect 
of PEEP on PPCs, intraoperative oxygenation, respiratory 
compliance, and hemodynamic status has been investi-
gated, but no consensus has been reached on the optimal 
PEEP level for LBS patients.

We conducted a systematic review and meta-analysis to 
determine the effect of PEEP on PPCs and other periop-
erative complications in patients with obesity undergoing 
LBS. Our primary aim was to explore the optimal level of 
PEEP for these patients to help anesthesiologists admin-
ister lung-protective management strategies in patients 
with obesity during LBS.

Methods
Ethical approval
As a meta-analysis of previously published literature, eth-
ics approval was not required by the Ethics Committee of 
the Third Affiliated Hospital of Soochow University.

Search strategy
This meta-analysis strictly adhered to the Preferred 
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) guidelines and rigorously tracked inclu-
sion and exclusion criteria by population, intervention, 
comparison, outcomes, and study standards [13]. The 
study is registered in PROSPERO under the number 
CRD42023391178. Two authors (Chen Chen and Ping-
ping Shang) independently retrieved published random-
ized controlled trials (RCTs) from PubMed, Embase, 
Web of Science, Cochrane Central Register of Controlled 
Trials, China National Knowledge Internet, Wanfang 
database, and Google Scholar website until July 29, 2023, 
without time or language limits. The bibliography of rel-
evant studies was also searched for further identification 
of pertinent RCTs. The study included RCTs comparing 
PEEP with ZEEP or high PEEP with low PEEP, report-
ing PPCs, perioperative respiratory mechanics, hemody-
namic status changes, and other intra- and postoperative 
complications in patients with obesity undergoing LBS 
(Appendix).

Inclusion and exclusion criteria
Inclusion criteria: (1) Study population: obesity patients 
(BMI > 30  kg/m2) [14] undergoing LBS; (2) Intervention 
and control: PEEP vs. ZEEP (zero PEEP) or high PEEP 
vs. low PEEP; (3) Outcomes: The primary outcome was 
PPCs, defined as pneumonia, atelectasis, acute respi-
ratory distress syndrome (ARDS), acute postoperative 
respiratory failure, hemodynamic instability, or reintu-
bation (defined as respiratory failure after initial tracheal 
extubation requiring reintubation). Secondary out-
comes were intraoperative oxygenation (PaO2/FiO2 ratio 
assessed with arterial blood gas analysis), respiratory 
compliance, and MAP; and (4) Study design: RCTs.

Exclusion criteria: (1) Studies published as observa-
tional studies, reviews, case reports, protocols, abstracts, 
letters, or conference proceedings; (2) Animal or cell 
studies; (3) Studies not involving patients with obesity 
or LBS; (4) Studies without outcomes of interest; and (5) 
Non-randomized trials.

Literature screening and data extraction
Two authors (C.C. and P.P.S.) independently and rigor-
ously screened the literature and extracted data using 
Endnote X9 software, based on the predefined inclusion 

without affecting intraoperative MAP. A PEEP of at least 10 cm H2O is recommended to reduce PPCs in patients with 
obesity undergoing LBS.

Registration number CRD42023391178 in PROSPERO.
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and exclusion criteria. The following data were extracted 
from the included studies: (1) author, publication year, 
and country; (2) the number of cases and patients in the 
intervention and control groups; (3) the type of ventila-
tion strategy in each group; and (4) data related to out-
comes of interest for both groups. Any disagreements 
were resolved through discussion or referral to the third 
author (Y.T.Y.) during the data abstraction process.

Evaluation of literature quality
Two authors (C.C. and P.P.S.) independently evalu-
ated the potential for bias using the tool outlined in the 
Cochrane Handbook for Systematic Reviews of Interven-
tions [15]. Graphical data were extracted using the Web 
Plot Digitizer tool [16]. Data presented as median (range) 
were converted to mean (standard deviation) [17]. Addi-
tionally, the same two authors independently used the 
7-point modified Jadad score to assess the methodologi-
cal quality of each included trial [18]. Trials scoring 1 to 3 
points were rated as poor quality, while those scoring 4 to 
7 points were considered high quality.

Statistical analysis
All data were analyzed using RevMan 5.4 (Cochrane 
Collaboration). The weighted mean difference (WMD) 
and 95% confidence interval (CI) were estimated for 
continuous data, while the pooled risk ratio (RR) and 
95% CI were used for dichotomous data. Each outcome 

was tested for heterogeneity, and a fixed-effect or ran-
dom-effect model was chosen based on the absence or 
presence of significant heterogeneity (I2 > 50%) [19]. Sen-
sitivity analyses were conducted by examining the influ-
ence of the statistical model on the estimated treatment 
effect; analyses that adopted the fixed-effect model were 
repeated using a random-effect model, and vice versa. 
Furthermore, sensitivity analyses were performed to 
evaluate the influence of individual studies on the over-
all effects. Statistical significance was defined as p < 0.05, 
and all p-values were two-sided.

Results
Study selection
A total of 590 studies and reports were identified and 
screened for inclusion (Fig.  1). Of these, 577 were 
excluded for various reasons, and 66 were potentially 
relevant but did not meet the inclusion criteria after 
full-text evaluation. Twenty potentially relevant trials 
were evaluated for inclusion. Four studies were excluded 
because they did not involve LBS, one study did not 
report outcomes of interest, one study was not a ran-
domized controlled trial (RCT), and another study was 
a protocol and was in the research stage after contacting 
the corresponding author. Finally, 13 randomized trials, 
including relevant data from 708 patients, fulfilled all 
inclusion criteria (Table 1) [20–32].

Fig. 1 Study selection process. CNKI, China National Knowledge Infrastructure; RCT, randomized controlled trial; LBS, laparoscopic bariatric study
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Study characteristics and reported outcomes
The studies, published between 2009 and 2023, origi-
nated from 11 countries: Belgium (one), China (four), 
Egypt (two), Germany (one), India (one), Italy (one), 
Saudi Arabia (two), and the USA (one). The meta-anal-
ysis included a total of 708 patients who underwent 
LBS under general anesthesia with endotracheal intuba-
tion, comparing PEEP with zero end-expiratory pres-
sure (ZEEP) or high PEEP with low PEEP [20–32]. The 
average modified Jadad score was 5 (range, 4–7), and the 
average group size was 54 patients (range, 30–100). The 
mean BMI was 42 kg/m2 (range, 33–54), and the average 
capnoperitoneum pressure was 14 cm H2O (range, 8–18) 
(Table 1).

Results of individual studies and synthesis of results
Sufficient data warranted a meta-analysis of PPCs for the 
following comparisons: PEEP vs. ZEEP and high PEEP 
(≥ 10 cm H2O) vs. low PEEP (< 10 cm H2O). Only three 
studies compared PEEP > 10  cm H2O and PEEP = 10  cm 
H2O, providing insufficient data to draw conclusions on 
PPCs and other meaningful outcomes (Table 2).

Study quality and risk of bias
Figure 2 illustrates the risk of bias. Four studies employed 
double-blind designs, while the others used single-blind 
designs. Four trials had unclear random sequence gen-
eration, and eight had unclear allocation concealment. 
The modified Jadad score of the 13 included RCTs ranged 
from 4 to 7, with no RCTs scoring “low quality” (3 points) 
and all included RCTs rated as “high quality” (4 points 
and above) (Table 3).
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Table 2 Reported outcomes of included studies
Study Reported outcomes

Intraop. 
Oxy.

Intraop. 
RC

Intra-op. 
MAP

PPCs

Almarakbi 2009 [20] √ √ √
Chen 2022 [21] √ √ √ √
Eichler 2017 [22] √ √
Elshazly 2020 [23] √ √ √ √
Elokda 2019 [24] √ √ √
EI-Sayed 2012 [25] √ √ √ √
Hecke 2019 [26] √ √ √
Li 2023 [27] √ √ √ √
Reinius 2009 [28] √ √ √
Saxena 2017 [29] √ √
Talab 2009 [30] √ √
Wei 2018 [31] √ √ √
Yang 2023 [32] √ √ √
Intraop. = intraoperative; Oxy. = oxygenation; RC. = respiratory compliance; 
MAP, mean arterial pressure; PPCs, postoperative pulmonary complications
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PEEP vs. ZEEP
Six randomized trials, with 340 patients, compared 
PEEP with ZEEP [20, 21, 28–31]. PEEP levels were simi-
lar across the analyzed studies: 10 cm H2O in five stud-
ies [20, 21, 28–30] and 8 cm H2O in one study [31]. Most 
studies maintained PEEP until the end of the procedure, 
except for two [29, 30]. One study maintained PEEP for 
10 min after intubation [29], while another discontinued 
PEEP due to a MAP decrease > 25% from baseline [30].

The incidence of PPCs was similar (risk ratio = 0.27, 
95% CI: 0.05–1.60; p = 0.15) in the PEEP and ZEEP 
groups, with no significant heterogeneity found within 
the included studies (I2 = 20%). Adding PEEP to the venti-
lation strategy for LBS improved the intraoperative PaO2/
FiO2 ratio (WMD = 74.97 mm Hg, 95% CI: 41.74-108.21; 

p < 0.001) and increased respiratory system compliance 
(WMD = 9.40 ml cm H2O-1, 95% CI: 0.65–18.16; p = 0.04). 
However, intraoperative MAP did not differ significantly 
between groups (WMD = 2.06  mm Hg, 95% CI -1.68-
5.80; p = 0.28). Insufficient data precluded drawing other 
meaningful conclusions on outcomes (Fig. 3).

High PEEP vs. Low PEEP
Six studies, with 331 participants, compared high PEEP 
with low PEEP [21, 23, 24, 27, 30, 32]. Low PEEP varied 
from 4 to 8  cm H2O, while high PEEP ranged from 10 
to 25 cm H2O. All studies conducted PEEP with recruit-
ment maneuvers. The PEEP level in the high PEEP cohort 
was fixed in three studies [21, 24, 30] and individualized 
in the other three trials [23, 27, 32].

Fig. 2 Risk of bias. (A) Risk of bias summary: review authors’ judgements about each risk of bias item for each included study; (B) Risk of bias graph: review 
authors’ judgements about each risk of bias item presented as percentages across all included studies
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High PEEP (≥ 10  cm H2O) significantly decreased 
PPCs compared with low PEEP (< 10  cm H2O) (risk 
ratio = 0.20, 95% CI: 0.05–0.89; p = 0.03), with no sig-
nificant heterogeneity found within the included studies 
(I2 = 0%). Moreover, high PEEP significantly increased 
intraoperative oxygenation (WMD = 66.81  mm Hg, 95% 
CI: 25.85-107.78; p = 0.001) and improved respiratory 
compliance (WMD = 8.03  ml cm H2O-1, 95% CI: 4.70-
11.36; p < 0.001) during pneumoperitoneum compared 
with low PEEP (Fig.  4). And high PEEP didn’t impair 
MAP (WMD = 3.69 mm Hg, 95% CI 1.59-5.78; p <0.001). 
Insufficient data precluded drawing other meaningful 
conclusions on outcomes (Fig. 4).

Sensitivity analysis and publication Bias
Sensitivity analyses, performed for each intervention and 
outcome by excluding individual studies and changing 
the statistical effect model, revealed no statistical change 
in the effect with the removal of any single article for the 
comparisons. The results proved stable and reliable, with 
no contradictory findings. A funnel plot was not con-
ducted due to the limited number of included studies, 
which did not meet the criteria for testing true bias.

Discussion
Ventilation strategies in LBS are varied, and limited con-
vincing evidence is available for patients with obesity 
under general anesthesia. Randomized trials compar-
ing PEEP with ZEEP and high PEEP with low PEEP were 
consequently pooled for meta-analysis to find evidence 
supporting the use of PEEP and determine the optimal 
PEEP level for clinical practice. Despite the variability 
among the included trials, some consensus can be drawn 
from the analysis.

First, PEEP, compared with ZEEP, significantly 
improves intraoperative oxygenation and respiratory 
compliance statistically, although it does not decrease 

PPCs. Reinius et al. reported that after induction of anes-
thesia, patients with obesity rapidly developed paralysis, 
reducing end-expiratory lung volume and contributing 
to atelectasis and oxygenation decline [28]. They found 
through computerized tomography that in patients with 
obesity, anesthesia and paralysis decreased the frac-
tional amount of normally aerated tissue from 71 to 50%, 
increased the fractional amount of poorly aerated tissue 
from 28 to 39%, and increased nonaerated tissue from 1 
to 11%. Additionally, Wei et al. found that the improve-
ment of oxygenation in the PEEP group was reduced 
after the conclusion of surgery and exsufflation of CO2 
pneumoperitoneum [31]. The PEEP effect had no sig-
nificant hemodynamic consequences. Sexna et al. con-
firmed that although PEEP had the potential to decrease 
venous return and cardiac output, no hemodynamic con-
sequences were observed in their study, which was con-
sistent with our analysis [29]. Talab et al. also confirmed 
that their application of PEEP was not accompanied by 
a significant reduction in MAP, even after pneumoperi-
toneum and positioning (modified lithotomy position 
and anti-Trendelenburg) [30]. This can be explained by 
sufficient preoperative preload with crystalloid solution 
(20 mL/kg/h), suspension of high pressure, and the use of 
vasopressors as necessary during surgery. As a result, in 
patients with obesity, PEEP can be safely applied without 
adverse effects on hemodynamic stability.

Second, high PEEP ≥ 10 cm H2O decreases PPCs com-
pared with low PEEP < 10 cm H2O and increases intraop-
erative oxygenation and respiratory function while not 
significantly affecting MAP during pneumoperitoneum. 
According to research on patients in the intensive care 
unit (ICU) concluded that for patients in the ICU with-
out ARDS, a lower PEEP strategy was non-inferior to a 
higher PEEP strategy [33]. They excluded all patients 
with morbid obesity (body mass index [BMI] > 40), which 
might explain the difference in conclusion compared 

Table 3 Quality assessment of included studies
Study Sample size Modified Jadad Score

Randomization Allocation Blindness Withdraws Total
Almarakbi [20] 60 2 2 1 1 6
Chen [21] 90 2 1 1 1 5
Eichler [22] 37 1 1 1 1 4
Elshazly [23] 40 2 2 1 1 6
EI-Sayed [24] 56 1 2 1 1 4
Elokda [25] 50 2 2 2 1 7
Hecke [26] 100 2 1 2 1 7
Li 2023 [27] 40 2 2 1 1 6
Reinius [28] 30 1 2 1 1 5
Saxena [29] 60 2 1 1 1 5
Talab [30] 66 1 1 2 1 5
Wei [31] 34 2 2 2 1 6
Yang [32] 45 2 2 1 1 7
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to our study. Chen et al. concluded from their research 
results that both 5 cm H2O PEEP and 10 cm H2O PEEP 
can equally improve oxygenation during the operation 
[21]. However, they found that oxygenation in the PEEP 
10  cm H2O group decreased more slightly than in the 
PEEP 5  cm H2O group and with less dead space after 
pneumoperitoneum, indicating that a high PEEP level 
could alleviate the effect of pneumoperitoneum on oxy-
genation for a longer duration. Hecke et al. used individ-
ual PEEP manipulation to optimize dynamic compliance, 

resulting in a mean PEEP level of 10 cm H2O [26], which 
was consistent with the conclusions of Talab and Coussa 
that 10  cm H2O was the optimal PEEP level to reduce 
atelectasis and maintain oxygenation in patients with 
obesity during surgery [30]. It was also found that the 
application of PEEP was not accompanied by a significant 
reduction in MAP (decrease in MAP > 25% of baseline), 
even after pneumoperitoneum and positioning. Bohm et 
al. demonstrated that high positive airway pressures were 
hemodynamically well tolerated in patients with obesity 

Fig. 3 PEEP vs. ZEEP. (A) Impact of PEEP on PPCs; (B) Impact of PEEP on intraoperative oxygenation (PaO2/FiO2 ratio) (mm Hg); (C) Impact of PEEP on 
intraoperative respiratory compliance (ml cm H2O-1); (D) Impact of PEEP on intraoperative MAP (mm Hg). PEEP, positive end-expiratory pressure; ZEEP, zero 
PEEP; PPCs, postoperative pulmonary complications; MAP, mean arterial pressure
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with or without capnoperitoneum after preload optimi-
zation [34]. Jellinek et al. demonstrated the absence of 
any hemodynamic compromise at high levels of PEEP if 
central venous pressures were kept higher than 10  mm 
Hg [38].

Several studies explored the optimal PEEP levels for 
patients with obesity undergoing LBS. Almarakbi et al. 
concluded that lung recruitment combined with PEEP 
10  cm H2O was associated with the best respiratory 

system compliance and the best PaO2/FiO2 ratio in 
patients with obesity undergoing LBS [20]. Wang et al. 
used electrical impedance tomography (EIT) to indi-
vidualize PEEP levels and showed that a PEEP level of 
14.3 (2.3) cm H2O could improve intraoperative oxygen-
ation and respiratory compliance [35]. Nestler et al. also 
studied patients undergoing laparoscopic sleeve gastrec-
tomy using EIT and found that a mean PEEP of 18.5 cm 
H2O could restore end-expiratory lung volume, regional 

Fig. 4 High PEEP vs. low PEEP. (A) Impact of high PEEP on PPCs; (B) Impact of high PEEP on intraoperative oxygenation (PaO2/FiO2 ratio) (mm Hg); (C) 
Impact of high PEEP on intraoperative respiratory compliance (ml cm H2O− 1); (D) Impact of high PEEP on intraoperative MAP (mm Hg). PEEP, positive 
end-expiratory pressure; PPCs, postoperative pulmonary complications; MAP, mean arterial pressure
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ventilation distribution, and oxygenation during anesthe-
sia [36]. Furthermore, Eichler et al. used EIT aiming for 
a positive transpulmonary pressure (PL) and confirmed 
that optimal PEEP levels between 10 and 15  cm H2O 
before and 20 and 25 cm H2O during capnoperitoneum, 
respectively, were necessary for LBS [22]. Moreover, the 
improvement in oxygenation persisted during the post-
anesthesia care unit (PACU) period. High PEEP ≥ 10 cm 
H2O raises concerns about barotrauma (pneumothorax, 
air in the mediastinum, or subcutaneous emphysema). 
However, no barotrauma was found in the included 
studies.

Limitations
This meta-analysis has several limitations. First, despite 
conducting an extensive literature search, the number of 
retrieved RCTs fulfilling the inclusion criteria was lim-
ited, and the included studies had relatively small sample 
sizes. Second, the included trials employed different RM 
strategies, with peak pressures varying from 30 to 50 cm 
H2O and durations ranging from several seconds to min-
utes. Third, due to limited data, conclusions could not 
be drawn regarding certain perioperative complications, 
such as intraoperative bleeding, PACU stay, hospital 
length of stay, and ICU admission rate.

Conclusions
In patients with obesity undergoing LBS, high 
PEEP ≥ 10 cm H2O could decrease the incidence of PPCs 
compared to low PEEP < 10 cm H2O. However, the inci-
dence of PPCs was similar between the PEEP (8–10 cm 
H2O) and ZEEP groups. The addition of PEEP to ventila-
tion strategies improved intraoperative oxygenation and 
respiratory compliance without affecting intraoperative 
MAP. Based on these findings, we recommend using a 
PEEP of at least 10 cm H2O to reduce the risk of PPCs in 
patients with obesity undergoing LBS.
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