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Abstract
Purpose Laparoscopy is advised under the lowest possible intra-peritoneal pressure. The aim of this study is to analyze the 
safety/feasibility of low pneumoperitoneum pressure (LPP) during laparoscopic sleeve gastrectomy (LSG).
Materials and Methods All primary LSGs who completed a 3-month follow-up were included. Re-do operations and LSGs 
performed with concomitant procedures were excluded. All LSGs were performed by the senior author. Upon trocar inser-
tions, pressure was set to 10 mmHg, and the procedure was started. The pressure was increased step-wise, according to the 
senior author’s assessment of the quality of exposure. Doing so, three pressure groups were formed: groups 1 (10 mmHg), 
2 (11–13 mmHg), and 3 (14 mmHg). All data was retrieved from our database. Statistical analysis was performed using 
one-way ANOVA/Tukey’s HSD test/Chi-square test. P values < 0.05 were regarded as significant.
Results Between February 2018 and October 2022, 708 consecutive/primary LSGs were studied. No mortality/conversion/
thromboembolic event was observed. Groups 1, 2, and 3 comprised 376 (53.1%), 243 (34.3%), and 89 (12.6%) patients, 
respectively. Demographics, initial weight, duration of surgery, history for abdominoplasty, drain output, length of stay, 
and %total weight loss were evenly distributed among groups. Among 16 bleeding episodes, 14 occurred in the LPP group 
(p = 0.019). Including the only leak and stenosis, 8/9 of Clavien-Dindo 3b + 4 complications were observed in the LPP group 
(p = 0.092).
Conclusions LSG with LPP is feasible in about half of the patients. However, almost all potentially life-threatening compli-
cations occurred in the LPP group where a significantly higher rate of bleeding was observed. Our findings suggest caution 
for routinely using LPP during LSG.
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Introduction

Laparoscopic sleeve gastrectomy (LSG) mandates pneumop-
eritoneum. Pneumoperitoneum has adverse effects on cardio-
vascular/pulmonary/hepatic/renal function [1–3], portal/femoral 
venous flow [3, 4], and postoperative pain [5]. These can be 
more consequential in morbidly obese patients. Hypothetically, 
provided that there is no increase in complications, it would be 
ideal if LSG can be performed under low pneumoperitoneum 
pressure (LPP) without an increase in the operating time and any 
loss in the bariatric benefit. Interestingly, there are only anecdo-
tal reports on the use of LPP during bariatric procedures.

The primary aim of this study was to evaluate the safety 
and feasibility of LPP by utilizing a step-wise pressure 
increase method during primary LSGs. To our knowledge, 
this is the first study addressing the safety/feasibility of LPP 
during LSG.

Key points  
• Safety/feasibility of low abdominal pressure during sleeve 
gastrectomy is unknown.
• Sleeve gastrectomy under low abdominal pressure was feasible 
in 53% of the patients.
• In the low-pressure group, bleeding occurred at a significantly 
higher rate.
• Our findings suggest caution for using low pressure during 
sleeve gastrectomy.
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Materials and Methods

The study was approved by the institutional ethics 
committee, and written informed consent was obtained from 
all participants for both surgery and for the use of their data 
anonymously. This is a retrospective, observational study 
which followed the STROBE guidelines.

Inclusion and Exclusion Criteria

Following the introduction of our LPP protocol, all consecu-
tive primary LSGs who completed a 3-month follow-up were 
studied. Secondary LSGs done with re-do bariatric intent 
(re-sleeves, patients having prior or concurrent lap-bands); 
patients having a prior anti-reflux operation; patients in 
whom a fundoplication/cholecystectomy were combined 
with the LSG and cases where giant para-esophageal hernias 
(PEH) were repaired concomitantly were excluded.

Preoperative Workout/Surgical Technique

Our protocols on preoperative workout, surgical technique, 
and virus-related changes during the COVID-19 pandemic 
were the same for all body mass indexes (BMI, kg/
m2) and have been reported [6–8]. For the prevention of 
venous thromboembolism (VTE), all patients received 
low molecular weight heparin (LMWH) by pre-operative 
subcutaneous injection according to BMI (BMI > 50 
received 60 mg, BMI < 50 received 40 mg of enoxaparin 
sodium, repeated every 24 h, for 10 days) (Clexane, pre-
filled syringe, Sanofi, Türkiye). Patients who were already 
on oral or novel anti-coagulants were managed by bridging 
with LMWH and weaning off other anti-coagulation. 
Pneumatic stocking usage during surgery/hospitalization 
and early mobilization were routine. In patients with a VTE 
history, hypercoagulability, and with any condition that may 
prolong immobility, LMWH use was extended individually.

Neuromuscular blockage was achieved by rocuronium 
bromide (Muscobloc, Polifarma İlaç San ve Tic A.Ş, Ergene, 
Tekirdağ, Türkiye) 0.5 mg/kg iv, which was repeated every 
20–25 min (0.2 mg/kg) during surgery and reversed by 
150–250 mg of Sugammedex (Bridion, Merck Sharp Dohme 
İlaçları Ltd Şti, Levent, İstanbul, Türkiye) at the end. This 
was at the anesthesiologist’s discretion. No kinemyography 
was used to titrate the rocuronium dose by Train of Four 
(TOF) analysis.

All LSGs were performed by the senior author (M.A.Y.) 
or partly by the surgical staff under his direct supervision 
using a 5-trocar technique. A 6th trocar was inserted if 
deemed necessary for exposure at the surgeon’s discretion. 
LSGs were done routinely over a 42F blunt-tipped flexible 
solid bougie starting a few centimeters away from the 

pylorus. All staple lines were reinforced with continuous 
full-thickness suturing utilizing barbed suture (V-Loc 180; 
Medtronic, Minneapolis, MN, USA) as reported [7]. The 
leak test was used selectively. All patients were drained with 
a 7-mm Jackson Pratt drain, which was removed on the third 
postoperative day after the total output was recorded.

Postoperative Protocols/Definitions

The first postoperative day upper GI series was routine. All 
patients were discharged on the 3rd postoperative day unless 
there was a complication.

Postoperative fever was measured from the ear digitally 
with 2 hourly intervals on the day of surgery and with 4 
hourly intervals during the rest of the hospitalization. In any 
patient with a fever ≥ 37.3 °C, chest x-ray, white blood cell 
count, c-reactive protein, and urine analysis were routine.

Leak was defined as the presence of extra-gastric 
contrast material in tomography. Bleeding was defined as 
hemorrhage requiring surgery or transfusion. High drain 
output consistent with a hemoglobin drop managed without 
transfusion/surgery was also recorded as bleeding. Stenosis 
was defined as acute (i.e., inability to start oral liquids, 
nausea, vomiting) or chronic complaints (i.e., intolerance to 
solids, frequent vomiting, increased reflux complaints, low 
weight, malnutrition) in the presence of findings at contrast 
swallow studies and gastroscopy.

Weight loss data is presented as percent total weight loss 
(%TWL). Patients were followed up at 3, 6, and 12 months 
after surgery and yearly thereafter. Patients who were unable 
to attend follow-up at 1st year were reached by phone to 
record their weight and stenosis-related symptoms. Data 
on demographics, previous history for abdominoplasty, the 
need for the 6th trocar, duration of surgery (minutes), length 
of stay (days), total drain output (milliliters), intra-operative 
problems, blood product use, early/late complications, and 
outcome/follow-up parameters were retrieved from our 
prospectively updated database.

LPP Protocol

During all LSGs, an optical trocar was used as the 1st trocar 
from the left upper quadrant to initiate pneumoperitoneum. 
Upon 1st trocar insertion, the pressure was set to 14 mmHg 
for the insertion of all the other trocars for a couple of min-
utes. Then, the pneumoperitoneum pressure was decreased 
to 10 mmHg, and the dissection was started. All LSGs were 
carried out under 10 mmHg pneumoperitoneum unless 
there was an exposure problem necessitating higher pres-
sures. In such cases, the pressure was gradually increased to 
provide enough exposure at the senior surgeon’s discretion. 
Doing so, we had 3 distinct groups: LSGs performed with 
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10 mmHg (group 1), with 11–13 mmHg (group 2), and with 
14 mmHg (group 3).

Statistics

Using SPSS software, version 23 (IBM Corp., Armonk, NY, 
USA), differences among groups were evaluated by one-way 
ANOVA analysis, and multiple comparisons between the 
groups were performed with Tukey’s HSD test. The Chi-
square test was used for categorical data. P values < 0.05 
were regarded as significant.

Results

Between February 2018 and October 2022, 755 consecutive 
LSGs were performed. Excluding 47 patients (secondary 
sleeves with re-do bariatric intent (n: 8), concomitant 
cholecystectomy (n: 26)/fundoplication (n: 2)/PEH repair (n: 
8), prior anti-reflux operation (n: 3)), LPP was attempted in 
708 consecutive-primary LSGs. The distribution of patients 
in 3 pressure groups according to BMI is shown in Table 1.

Demographics, duration of surgery, previous abdomi-
noplasty history, need for a 6th trocar, total drain output, 
postoperative length of stay, and %TWL at 1st year in 3 
groups are shown in Table 2. Among 559 patients who com-
pleted 1-year follow-up, weight loss data was missing in 63 
(11.3%). Therefore, the %TWL at 1 year was calculated in 
496 patients. The number of patients with missing data when 
calculating the %TWL was 34 (9%) in group 1, 23 (8.6%) in 
group 2, and 6 (6.7%) in group 3 and were similar.

There was no mortality or conversion to open surgery. No 
clinically evident VTE including mesenteric venous thrombosis 
was observed. Table 3 summarizes the complications in all 
groups. The only leak was observed in a patient in the LPP 
group and managed by stenting without sequela. It occurred 
due to a stapling error coupled with problematic stitching 

and was due to technical reasons as reported [9]. The only 
clinically evident stenosis also occurred in another patient 
in the LPP group and was managed by pneumatic balloon 
dilatation 3 months following the LSG without further sequela. 
Among 16 bleedings, all were intraabdominal except 1. One 
intra-luminal bleeding was managed by re-laparoscopic 
stitching under gastroscopic guidance with a novel approach 
as recently reported [10]. Fourteen of 16 bleedings occurred 
in the LPP group, and this was significantly more common 
(p = 0.019, Table 3). Major complications, leak (n: 1), stenosis 
(n: 1), and bleeding requiring surgery (n: 7), when evaluated 
separately, were evenly distributed among the groups, although 
8 out of 9 occurred in group 1. Therefore, we also compared 
the cumulative risk of these major complications between the 
groups according to the Clavien-Dindo classification [11]. The 
risk for grade 3b + 4 complications in group 1 was 8/376; in 
group 2 was: 1/243; and in group 3 was 0/89. These differences 
were not statistically significant (p = 0.092). The sole minor 
complication that was significantly more common in group 2 
was atelectasis, but this had no clinical consequence in any 
of the patients (Table 3).

Table 1  The distribution of 
patients according to body mass 
index

Body mass index (kg/m2) Group 1 (10 mmHg) Group 2 (11–
13 mmHg)

Group 3 (14 mmHg)

30–34.9
  n: 202 (%) 123 (60.9) 54 (26.7) 25 (12.4)

35–39.9
  n: 248 (%) 140 (56.5) 78 (31.5) 30 (12.1)

40–49.9
  n: 233 (%) 105 (45.1) 101 (43.3) 27 (11.6)

 > 50
  n: 25 (%) 8 (32.0) 10 (40.0) 7 (28.0)

Total
  n: 708 (%) 376 (53.1) 243 (34.3) 89 (12.6)

Table 2  Demographics and perioperative data of patients in three groups

* Missing data at 1-year follow-up is 63/559 (11.3%); **statistically 
significant

Group 1 Group 2 Group 3 P

Gender (male/female) 100/276 87/156 37/52
Age (years) 35.5 35.5 35.8 .954
Preoperative mean BMI (kg/m2) 38.0 39.8 39.9 .982
Duration of surgery (min) 94.7 105.7 106.9 .780
Previous abdominoplasty, n (%) 11 (2.9) 11 (4.5) 2 (2.2) .458
Need for a sixth trocar, n (%) 8 (2.1) 34 (14.0) 11 (12.4) 0.001**
Drain output (ml) 137.6 139.9 131.6 .652
Length of stay (days) 3.0 3.0 3.1 .702
% Total weight loss at 1 year* 33.7 33.8 31.5 .128
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Discussion

In an effort to decrease the potential ill effects of  
pneumoperitoneum and increase the benefit in pain reduction, 
international guidelines [12] advised laparoscopy with the  
lowest possible intra-peritoneal pressure that still provides  
sufficient exposure.

For achieving LPP, the step-wise pressure increase is an 
already described option during laparoscopic cholecystec-
tomy [13], colectomy [14], and gastric bypass [15] with deep 
neuromuscular blockage under continuous kinemyographic 
monitoring of TOF. Utilizing the step-wise pressure increase 
guided by the quality of the surgical field, our experience in 
708 consecutive LSGs showed that LPP is feasible in 53% of 
the patients without an increase in the operating time. The 
bariatric benefit remained uncompromised (Table 2). This 
step-wise pressure increase was also used during laparoscopic 
cholecystectomy [13] and Roux-en-Y gastric bypass [15] with 
70% and 60% feasibility rates, respectively. It is noteworthy 
that differing from these studies, we did not use monitoring 
to maintain deep neuromuscular blockage, and this may be 
a reason of lower feasibility. Additionally, lower distensibil-
ity of the abdominal wall in obese patients may be another 
reason for lower feasibility compared with the 70% rate in 
the laparoscopic cholecystectomy article [13]. Importantly, a 
significant increase in bleeding episodes was observed in the 
LPP group. It is also noteworthy that 8/9 of potentially life-
threatening (Clavien-Dindo 3b + 4) complications such as leak, 
stenosis, and bleeding requiring surgery were observed in the 

LPP group. The finding that atelectasis was more common in 
group 2 compared with groups 1 and 3 seemed a trivial issue 
clinically. Since all patients having fever reaching 37.3 °C had 
a chest x-ray, we were able to identify high numbers of atelec-
tasis which all resolved with incentive spirometer usage.

Our findings are in accordance with the recently reported sys-
tematic review and meta-analysis of 44 randomized trials which 
focused on the clinical consequences of low vs standard pneu-
moperitoneum pressures during laparoscopic cholecystectomy 
[5]. With the exception of a debatable decrease in pain scores, 
most previous studies on laparoscopic cholecystectomy failed 
to show a measurable change in any clinical outcome param-
eter. A couple of studies on laparoscopic colorectal surgery 
reported improved recovery and early discharge by the use of 
LPP [14, 16]. It must be noted that the reduction in pain scores/
pain medication usage decrease with low pressure is contro-
versial. In a recent systematic review assessing pain after low 
vs standard pneumoperitoneum pressure during laparoscopic 
cholecystectomy, among 21 studies evaluated, there was a high 
risk of bias and low/very low quality of evidence in 20 of them 
[17]. In another systematic review including 42 articles on LPP, 
the authors, finding only moderate quality evidence regard-
ing lower pain scores, concluded that any benefit is arguable 
because of weak evidence [1]. Not surprisingly, when surgeons 
are blinded to pneumoperitoneum pressure, no benefit in pain 
decrease could be shown in 2 recent prospective-randomized-
double blind trials [13, 18]. In our study, since postoperative 
pain was not evaluated by a scoring system, the impact of LPP 
on pain is not possible to assess. This is a limitation of our study.

Some studies showed decreased lung compliance and 
volume/cardiac output/hepatic and renal blood flow and 
increased airway pressure/arterial partial pressure of  CO2/
peripheral vascular resistance during pneumoperitoneum 
which all can be managed without sequelae [1–4, 19]. It has 
also been shown that increased intraabdominal pressure and 
reverse Trendelenburg position during laparoscopy reduce not 
only portal but also femoral venous flow [1, 4]. Possibly due to 
our aggressive VTE prophylaxis protocol utilizing sequential 
compression stockings throughout the hospitalization and use 
of LMWH for 10 days, we have never experienced even a 
single case of clinically evident VTE including mesenteric vein 
thrombosis. Therefore, any impact of LPP on VTE could not be 
shown in this study.

Not surprisingly, the vast majority of the previous reports 
on low vs standard pneumoperitoneum were on laparoscopic 
cholecystectomy, and to our knowledge, only 2 studies [15, 20] 
were reported comparing low vs standard pressure pneumop-
eritoneum outcomes after bariatric operations. Recently, Lee-
man et al. [15] failed to show any clinical benefit of LPP in 29 
patients undergoing laparoscopic Roux-en-Y gastric bypass. No 
advantage in pain was observed, and surgery took longer when 
LPP was used. The other article reported the use of LPP during 
LSG in only 20 patients and reported no advantage on hepatic/

Table 3  Distribution of complications in three groups

* Statistically significant

Complications Group 1 Group 2 Group 3 P

Intra-operative complications 11 12 7 .120
  Omental laceration 1 2 1
  Liver/spleen laceration 8 7 3
  Stapler error/serosal tear 2 3 0

Postoperative complications
  Leak 1 0 0 .643
  Stenosis 1 0 0 .643
  Bleeding 14 2 0 .019*
  Treated by relaparoscopy 6 1 0 .209
  Treated by transfusion/

medically
8 1 0 .092

  Pulmonary 44 46 12 .082
  Atelectasis 35 40 9 .023*
  Effusion 5 4 3 .406
  Upper respiratory tract 

infection
0 1 0 .384

  Pneumonia 4 1 0 .445
  Fever ≥ 37.3 °C 127 103 34 .095
  Clavien-Dindo grade 3b + 4 8 1 0 .092
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renal function compared to standard pressure [20]. This study 
was not a safety/feasibility analysis, and the step-wise approach 
was not used. Our study is the first to address the safety/feasibil-
ity of LPP during LSG in a large cohort of patients.

One of the weaknesses of our study is that we might 
have underdiagnosed some VTEs since no routine imaging 
was done. This would have been difficult to justify in 
asymptomatic patients. Similarly, our stenosis rate reflects 
a minimum because of patients lost to follow-up. A few 
stenoses might have remained undiagnosed. However, our 
report describes prospectively recorded complications in a 
large consecutive series of LSGs without exclusions that 
were performed by an experienced surgeon and followed up 
by the same team, under a protocol.

Conclusions

LPP, although technically feasible in about half of the patients 
undergoing LSG, is associated with significantly higher 
bleeding rates and slightly increased major complications. 
Given the absence of improvement in all parameters studied, 
depending on a possible but arguable reduction in pain, it is 
not possible to recommend LPP routinely for LSG candidates.

Data Availability The data set of this article can be found in synapse.
org at: https:// doi. org/ 10. 7303/ syn51 169055.
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