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Comparing postoperative pain in various pressure 
pneumoperitoneum of laparoscopic cholecystectomy:  
a double-blind randomized controlled study
Wonbin Chang, Tae Yoo, Won Tae Cho, Giyuon Cho
Department of Surgery, Hallym University College of Medicine, Hwaseong, Korea

INTRODUCTION
Laparoscopic cholecystectomy (LC) is a standard and safe 

treatment for gallbladder diseases. There is an increasing 
interest in improving patient satisfaction with LC, rather than 
its therapeutic outcomes [1]. Postoperative pain is one of the 
most critical factors associated with patient dissatisfaction. 
Less pain allows for an early recovery, fewer hospitalization 
days, and less operative morbidity. Therefore, patients prefer 
single-port or robotic surgery over general laparoscopic 

surgery. Several reasons are reported for pain occurring after 
laparoscopic surgery [2,3]. Reducing pneumoperitoneum (PP) 
is one technique for reducing postoperative pain. Though 
intraoperative PP’s pathophysiology is not well elucidated, 
a promising hypothesis is that the carbon dioxide (CO2) 
gas that maintains intraabdominal pressure stretches the 
peritoneum and irritates the diaphragm to cause pain [4,5]. 
Several randomized controlled trials (RCTs) have shown 
significantly less postoperative pain following LC performed 
under low and standard PP [6-8]. However, the effect of low 
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Purpose: This study aims to evaluate the effect of different pneumoperitoneum pressures on postoperative pain, especially 
by subcategorizing the pressures into 3 groups during laparoscopic cholecystectomy (LC).
Methods: We conducted a prospective randomized, double-blinded study of 150 patients with benign and uncomplicated 
gallbladder disease. They were categorized into 3 groups. Each group (50 patients) underwent LC with different 
pneumoperitoneum methods: group VLP, very-low pressure (6–8 mmHg); group LP, low pressure (9–11 mmHg); and group 
SP, standard pressure (12–14 mmHg). The 3 groups were compared for pain intensity, duration, analgesic requirement, 
and complications.
Results: The characteristics of the patients were similar among all groups. Postoperative pain scores at each time point 
(1, 2, 4, 6, 12, 24, and 48 hours) were not significantly different among the 3 groups. Further, operation time, hospital stay, 
the number of analgesic consumption doses, and postoperative complications were not significantly different among the 3 
groups.
Conclusion: This study demonstrates no difference in postoperative pain among various pneumoperitoneum pressures 
during LC. Therefore, routine use of lower-pressure pneumoperitoneum is not recommended unless in selected patients 
who require low-pressure pneumoperitoneum surgery.
[Ann Surg Treat Res 2021;100(5):276-281]
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PP on postoperative pain remains a controversial topic, with 
other studies reporting no difference in postoperative pain 
levels between the 2 pressures [2,9,10]. Thus, this study was 
conducted to investigate the effects of low intraabdominal 
pressure on pain after LC. Patients were divided into 3 groups 
varying in intraoperative PP, and differences in their pain levels 
were examined.

METHODS
This prospective, randomized, double-blinded comparative 

study included 150 patients (aged 20–70 years) diagnosed with 
simple gallbladder disease and underwent LC at the Hallym 
University Medical Center between November 2014 and March 
2017 (Fig. 1). This study was approved by the Institutional 
Review Board of the Hallym University Medical Center (No. 
HUMC 2014-114). Informed consent was obtained from all 
patients. Patients were assessed for eligibility to participate 
in this study by a surgical team and were excluded if (1) they 
had an American Society of Anesthesiologists physical status 
grade III or above, (2) were pregnant, (3) previously underwent 
upper abdominal surgery, (4) had severe acute cholecystitis for 
which they received an interventional treatment, or (5) had 
severe underlying diseases. Patients were randomly categorized 
using a computer-generated chart and scheduled for 1 of the 

following 3 procedures; standard-pressure PP (SP group, 12–14 
mmHg), low-pressure PP (LP group, 9–11 mmHg), and very-low-
pressure PP (VLP group, 6–8 mmHg). A piece of paper showing 
the name of a procedure was placed inside an envelope, and a 
number was written on each envelope according to the arrays 
of numbers in the chart. 

Surgical procedures
All patients were under general anesthesia during surgery. 

The PP was set according to the pressure information written 
on the paper inside the envelope. The screen of the PP 
monitor was hidden from the operator. A standard 4-port 
cholecystectomy was performed. After inserting a 10-mm port 
at the umbilicus, the initial insufflation rate was maintained at 
3 L/min. The intraabdominal pressure was set to 12–14 mmHg 
in the SP group, 9–11 mmHg in the LP group, and 6–8 mmHg in 
the VLP group. After adequately performing insufflation, a 10-
mm port was additionally inserted below the xiphoid, and 2 of 
5-mm ports were inserted at the mid-clavicular and the anterior 
axillary line approximately 2.5 cm below the costal margin. If 
deemed necessary by the operator, a closed suction drain was 
placed at the anterior axillary port site. After the procedure was 
over, the intraabdominal gas was allowed to escape completely 
by opening the ports, and the surgeon ensured that the 
abdomen became flat. The gallbladder was removed through 
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Not meeting inclusion
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Declined to participate (n = 8)
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(n = 175)

Fig. 1. CONSORT (Consolidated 
Standards of Reporting Trials) flow 
diagram. VLP, very-low pressure 
(6−8 mmHg pneumoperitoneum); 
LP, low pressure (9–11 mmHg 
pneumoperitoneum); SP, stan-
dard pressure (12–14 mmHg 
pneumoperitoneum). 
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an incision on the umbilicus. The fascial layer of the abdominal 
wall at the incision site was sutured using an absorbable suture.

Postoperative pain assessment and management
Patients were hospitalized for at least 48 hours after surgery, 

following which 75-mg diclofenac was administered at the 
patients’ request. Intravenous metoclopramide or ondansetron 
was administered in case of nausea and vomiting. Patient-
controlled analgesia was used at patients’ request. To assess the 
pain, patients were educated on the visual analog scale (VAS: 
0, no pain; 10, severe pain) before the surgery and were asked 
to complete a questionnaire 1, 2, 4, 6, 12, 24, and 48 hours after 
surgery. 

Statistical analysis
The sample size was determined after reviewing related 

literature [9,10]. The number of patients required for the study 
was calculated based on an 80% power to detect a 30%–50% 
difference in the pain score at the 5% significance level. 
Therefore, the sample size was computed as 50 per group. 
Statistical analysis was performed using PASW Statistics ver. 
18 (IBM Corp., Armonk, NY, USA). Two-way repeated-measures 
ANOVA was used for VAS scores obtained 1–48 hours after 
surgery. Other continuous variables were compared with 2-way 
ANOVA, and categorical variables were compared using the chi-
square test or Fisher exact test.

RESULTS
During 28 months, 150 consecutive patients were randomized 

into 3 equal-sized groups (n = 50). With respect to patient 
characteristics (Table 1), the 3 groups had similar age, body 
mass index, preoperative whole blood count, bilirubin, and 
ALT. However, the VLP group had a higher number of female 
patients (VLP:LP:SP = 115:57:78, P = 0.067) and patients with 
gallbladder polyps (VLP:LP:SP = 16:3:6, P = 0.071) than other 
groups, though not significant. 

No open conversion surgery or reoperation was performed 
in any of the groups. No significant differences in the 
operation time, rate of placing a drainage tube, or frequency 
of intraoperative bile leaks from the gallbladder were found 
between the 3 groups. The 3 groups also had a similar length of 
postoperative hospitalization and rate of wound complications. 
While there was one case of intraoperative bile duct injury 
in the LP group, its incidence was not significant. The injury 
occurred during the dissection of the common bile duct 
attached to the gallbladder owing to chronic cholecystitis. A 
primary suture was placed using a laparoscopic technique 
while maintaining the original intraabdominal pressure, and 
no serious problems occurred after surgery. The pain status at 
each postoperative time point (1, 2, 4, 6, 12, 24, and 48 hours) 
and its mean intensity were assessed using the VAS scale; there 
were no significant differences among the 3 groups (Fig. 2). No 

Table 1. Patients’ and operative characteristics

Characteristic
Group

P-value
VLP LP SP

No. of patients 50 50 50
Sex, male:female 35:115 93:57 72:78 0.069
Age (yr) 44.1 ± 13.6 44.4 ± 15.1 44.0 ± 12.5 0.991
Body mass index (kg/m2) 23.7 ± 4.1 25.2 ± 2.9 26.2 ± 4.4 0.119
Indication (symptomatic GB stone:GB polyp) 34:16 47:3 44:6 0.076
Hypertension 8 (16.0) 9 (18.0) 7 (14.0) 0.951
Diabetes mellitus 0 (0) 6 (12.0) 3 (6.0) 0.561
Operation duration (min) 51.1 ± 13.5 70.6 ± 44.2 61.9 ± 19.9 0.115
Drain placed 5 (10.0) 19 (38.0) 12 (24.0) 0.195
Hospital stay (day) 2.7 ± 0.9 3.4 ± 1.7 2.9 ± 0.9 0.181
Preoperative laboratory test
   WBC (µL) 7,017 ± 2,107 6,356 ± 2,139 7,079 ± 2,221 0.539
   Total bilirubin (mg/dL) 0.6 ± 0.4 0.8 ± 0.7 0.7 ± 0.4 0.666
   ALT (IU/L) 72.2 ± 92.1 81.9 ± 173.8 85.8 ± 14.9 0.876
Intraoperative bile spillage 11 (22.0) 25 (50.0) 24 (48.0) 0.491
Bile duct injury 0 (0) 1 (2.0) 0 (0) 0.192
Open conversion 0 (0) 0 (0) 0 (0) NA
Reoperation 0 (0) 0 (0) 0 (0) NA
Analgesic injection (n) 0.8 ± 1.3 1.3 ± 1.8 0.7 ± 1.2 0.114

Values are presented as number only, mean ± standard deviation, or number (%). 
VLP, very-low pressure (6−8 mmHg pneumoperitoneum); LP, low pressure (9–11 mmHg pneumoperitoneum); SP, standard pressure 
(12–14 mmHg pneumoperitoneum); GB, gallbladder; NA, not applicable. 
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significant differences in the rate of analgesic use after surgery 
were found among the 3 groups.

DISCUSSION
LC is performed as a standard treatment for gallbladder 

diseases owing to its superiority over existing laparotomy 
in terms of complication rates, pain, and recovery. Studies 
are continuously being conducted to minimize the pain and 
recovery period following LC. These include research on 
maintaining low PP by injecting CO2 during surgery. Though 
the mechanism by which intraoperative PP causes pain is 
unknown, it is hypothesized that peritoneal irritation due to a 
high rate of insufflation and overstretching of the abdominal 
muscles and peritoneum cause pain [4]. Studies are still 
underway to confirm this hypothesis. However, the reported 
results, so far, are conflicting [6,10]. In this RCT, patients 
were categorized into 3 groups with varying PP to investigate 
the differences in postoperative pain levels according to 
intraabdominal pressure.

In this study, no significant differences in the postoperative 
pain levels were found at any of the studied time points among 
the 3 groups (Fig. 2). Previous studies mostly compared the pain 
level between groups undergoing LC with low and standard 
pressure [2,6-10]. We observed no difference in the pain level 
between the 3 groups varying by intraoperative PP. The cause 
of pain after LC is multifactorial [2,3]. Patient characteristics, 
underlying diseases, wound site, PP, and site of cholecystectomy 
may affect it. Pre- and postoperative confounding factors may 
also affect the pain level. Intraoperative gallbladder perforation 
leading to bile leaks that irritate the peritoneum and drainage 
tube placement can also cause pain [11]. Vijayaraghavan et al. [12] 

reported that a drainage tube alone could cause pain and mask 
the pain caused by PP. In this study, no significant differences 
in the pain levels were observed owing to drainage tube 
placement and intraoperative bile leaks. Additionally, analgesics 
may be associated with differences in pain levels. In this study, 
no significant difference in pain level was found owing to the 
postoperative use of analgesics. Since postoperative pain levels 
may also differ according to the preoperative severity of the 
cholecystitis, LC was performed in patients with uncomplicated 
gallbladder diseases, and no significant differences in pain level 
were found according to surgical indications.

One of the major concerns for low PP laparoscopic surgery 
is whether sufficient vision can be secured during surgery. It 
is believed among surgeons that a higher PP makes it easier to 
secure vision during surgery. Low PP may not only impair vision 
but also limit the use of surgical tools, consequently prolonging 
the operation time and increasing the risk of postoperative 
complications. However, no significant differences in the 
rate of postoperative complications were found between 
the 3 groups in this study, and the 3 groups also had similar 
operation times and lengths of hospital stay. Several studies 
have reported no differences in the rate of postoperative 
complications and operation times between patients with low- 
and standard-pressure PP LC [4,13,14]. A study investigating 
surgeon satisfaction for the surgical field also reported no 
significant differences between the 2 types of LC. However, a 
recent RCT by Neogi et al. [10] reported that 20% of the patients 
who underwent low-pressure PP LC were later treated with 
standard-pressure PP LC or underwent open conversion surgery 
(8 cases, conversion to standard PP; 1 case, conversion to open 
surgery) and that the low-pressure group scored lower on the 
ease of port insertion, visibility, manipulation of the port, and 
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Fig. 2. Postoperative pain score 
after laparoscopic cholecys-
tectomy performed using very-
low pressure (VLP, 6−8 mmHg), 
low pressure (LP, 9–11 mmHg), 
and standard pressure (SP, 12–14 
mmHg) of pneumoperitoneum. 
The visual analog scale (VAS) 
score is presented as mean ± 
standard deviation at different 
time points. Comparing VAS 
results, there was no significant 
difference among the 3 groups (P 
> 0.05). 
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ease of dissection. They explained that some of the surgeons 
who performed low-pressure PP LC for the first time overcame 
the learning curve of low PP surgery after treating 20 cases and 
performed it without much difficulty despite the conversion 
to the standard-pressure PP LC. Low-pressure PP LC requires 
surgical experience and is thus recommended to be performed 
by an experienced surgeon.

Low-pressure PP laparoscopic surgery is reported to positively 
affect certain factors besides pain. Studies have reported that it 
causes hemodynamic changes such as reduced blood pressure, 
heart rate, end-tidal CO2, and intracranial pressure [15,16]. One 
study reported that low PP reduces catecholamine release by 
pheochromocytomas and gastric mucosal oxygen saturation 
in patients undergoing laparoscopy [17]. Therefore, low PP may 
be useful during LC for patients with underlying diseases that 
require special care.

This study has certain limitations. The sample size was 
small, surgeon satisfaction with the operation field was not 
validated, and the questionnaire for postoperative pain was not 
used during follow-up to report on return to normal activity. 
During the intraoperative course, fentanyl was administered at 
the anesthesiologist’s discretion; this may have caused some 
errors in postoperative pain analysis. We could have analyzed 
that no significant difference was found among the 3 groups. 
We realized this error while analyzing the data, and future 
studies should avoid this same error.

In conclusion, LC was safely performed using low PP without 
any difference in the complication rate when compared with 
LC performed using standard pressure. No differences were 

found in the pain levels among the 3 groups, suggesting that 
intraabdominal pressure does not affect visceral pain. However, 
as low-pressure LC may have other physiological benefits, it is 
recommended that the procedure be performed on selected 
patients with certain underlying diseases by an experienced 
surgeon who can secure a clear vision during the procedure. 
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