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The relationship between early postoperative pain
and intraperitoneal residual gas after
laparoscopic cholecystectomy
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ABSTRACT
Introduction: This study was designed to investigate the relationship between laparoscopic cholecystec-
tomy (LC) patients’ abdominal residual gas volume and abdominal pain in the early postoperative period, 
and to investigate the effect of draining the residual gas in different ways on abdominal and shoulder pain.

Materials and Methods: The study included 63 patients who were undergoing an elective LC. The patients 
were divided into 3 groups of equal number: a simple LC group, in which carbon dioxide was drained from the 
abdomen without any further treatment; an LC with aspiration group; and an LC group with a drain placed 
in the gallbladder bed after the procedure. Posteroanterior chest radiography was performed on all of the 
patients at the sixth postoperative hour to determine the amount of residual gas under the diaphragm. Post-
operative shoulder and abdominal pain were evaluated using the visual analogue scale (VAS).

Results: There were no significant differences related to age, weight, sex, or surgical duration. There was 
a statistically significant difference at the first postoperative hour between the group that had only an LC 
and the LC with aspiration group when the VAS shoulder and abdominal pain scores of the 3 groups were 
compared. When the gas volume at the sixth hour was compared, the LC with aspiration group was found to 
demonstrate a significantly smaller volume than the other 2 groups (p<0.05).

Conclusion: Fully aspirating the gas in the abdomen after LC will increase patient comfort by reducing back 
and shoulder pain commonly observed in the early postoperative period.
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Introduction

Laparoscopic cholecystectomy (LC) is superior to open 
cholecystectomy for a number of reasons: it causes less 
discomfort to the patient, reduces the length of the hospi-
tal stay, minimizes wound problems, promotes the speedy 

postoperative return to former activities and causes fewer 
postoperative pulmonary complications.[1,2] However, dis-
turbing abdominal and shoulder pain can be observed af-
ter laparoscopic surgery. The elimination or reduction of 
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this pain may increase patient comfort, promote a quick 
return to normal activity and reduce pulmonary and ve-
nous system problems.[3,4]

In studies performed in the 1980s, Riedel and Semm 
showed radiologically that carbon dioxide (CO2) gas re-
mained in the peritoneal area following abdominal la-
paroscopy.[5] Several studies indicate that this gas leads 
to irritation and shoulder pain if it remains below the 
diaphragm following laparoscopy.[6,7] However, pain after 
laparoscopy is multifactorial and can be associated with 
many issues: abdominal muscle tension in the abdominal 
front wall caused by pneumoperitoneum (Pp); the tem-
perature and volume of insufflated gas; anaesthetic drugs 
and their postoperative effects; wound size; and the use of 
intraperitoneal acid during the operation.[8–11]

This study was planned to investigate the effect on LC pa-
tients’ abdominal and shoulder pain of draining the resid-
ual gas through various means at an early postoperative 
stage. 

Materials and Methods

We studied 63 patients who were scheduled for elective 
LC operations and who fell within the American Society 
of Anesthesiologists’ (ASA) risk groups I, II and III.[12] Pa-
tients were randomly assigned to one of the two groups 
consisting of 21 subjects each. The first approval from the 
Ethics Board of our Harran University Faculty of Medicine 
and informed written consents from the patients were ob-
tained prior to the commencement of the study.

We calculated the eventual sample size according to the 
results of the first fifteen patients in the study. From these 
differences, and assuming a two-tailed α value of 0.05 
(sensitivity 95%) and a β value of 0.20 (study power: 80%; 
effect size: 0.41), we determined that at least 63 patients 
were required for our study (G*Power 3 power analysis 
program).[13,14] We decided to enrol at least 21 patients in 
each of 3 groups. 

We excluded from the study patients with the follow-
ing conditions: those suffering from obstructive jaun-
dice anamnesis; those who had received a diagnosis of 
gallbladder cancer; those whose procedures were con-
verted to open cholecystectomy during the surgery; and 
those who had additional pathologies such as bronchial 
asthma, chronic obstructive pulmonary disease, diabetes 
or hypertension.

All procedures were performed with a four-trocar entry 

(two 10 mm and two 5 mm) and a standard anaesthesia 
protocol. At 40 minutes before surgery, midazolam was 
administered intramuscularly to all patients for premed-
ication at a dose of 0.1 mg kg-1. Tracheal intubation was 
performed 3 minutes after anaesthesia induction, with 1 
mg kg-1 remifentanil, 2 mg kg-1 propofol and 0.1 mg kg-1 ve-
curonium being administered to all patients. After intuba-
tion, anaesthesia maintenance was provided by an infu-
sion of 5–8% desflurane, 3 L/min air, 2L/min O2 and 0.25 
mg/kg/min remifentanil. The insulated gas temperature 
was 21°C in our study. 

The patients were divided in three group in our study, in 
the LC group (Group I), CO2 was completely drained from 
the abdomen without any treatment after the laparoscopy. 
In the LCD group (Group II), a drain was placed in the gall-
bladder bed after the procedure. In the LCA group (Group 
III), an aspirator was used to remove the gas under the 
diaphragm following the procedure.

Posteroanterior (PA) chest radiographs were taken for all 
patients at the 6th postoperative hour, and the height and 
length of the gas bubbles under the right diaphragm were 
measured in order to calculate the gas volumes, as follows:

Volume = 2πr3/3+πz3/3-πr2z 

where

x= height of gas bubbles

y= length of arc/2

r= x2+y2/2y 

z= r-y (3)

Patients’ postoperative pain was evaluated using a visual 
analogue scale (VAS) at the 1st, 4th and 12th postoperative 
hours by a surgical nurse who was unaware of the group 
to which each patient belonged. Pain severity was as-
sessed from 0 (no pain) to 10 (unbearable pain intensity). 
Daily analgesic requirements were calculated in terms of 
consumption per day (Diclofenac sodium/bulb, 75 mg/
amp). Analgesics were administered to patients whose 
VAS score was more than 5.

Statistical Analysis

All analyses were performed using the Statistical Pack-
age for the Social Sciences (SPSS) for Windows, version 
16.0 (SPSS, Chicago, Ill., USA). All data were expressed 
as means and standard deviations. The distribution of 
the data was tested using the Kolmogorov-Smirnov test. 

60 Laparosc Endosc Surg Sci



One-way analysis of variance (ANOVA) testing was used 
for comparisons between groups, and the Bonferroni 
correction was used as a post-hoc test. Pearson’s corre-
lation test was used to assess relations between param-
eters. A p value <0.05 was considered statistically signif-
icant.

Results

There were no significant differences between the groups 
in terms of age, body mass index (BMI), gender, duration 
of surgery or volume of gas (Table 1).

There was a significant difference at the first postoperative 
hour when shoulder and abdominal pain were compared 
for all three groups using VAS scores; specifically, there was 
a significant difference between the LC and LCA groups for 
both shoulder and abdominal pain (p=0.022 and 0.03).

There were no significant differences between the groups 
in terms of shoulder and abdominal pain at the 4th and 12th 
postoperative hours. 

A significant positive correlation was found between the 
groups in terms of shoulder and abdominal pain at the 1st 
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Table 1. The demographic characteristics of patients and operation times

	 LC	 LCD	 LCA	 p*

 	 Mean±SD	 Mean±SD	 Mean±SD

>Age (years)	 40±14	 36±11	 36±12	 0.579
Sex (female/male)	 1.28±0.46	 1.23±0.43	 1.33±0.48	 0.800
Body mass index	 30±4	 31±5	 32±5	 1.000
Operation time (minute)	 38±10	 38±9	 39±11	 0.897
Used CO2(L)	 28±8	 33±7	 31±5	 0.913

*Annova test. LC: Laparoscopic cholecystectomy; SD: Standart deviation; LCD: Laparoscopic cholecystectomy 
+ drainage; LCA: Laparoscopic cholecystectomy + aspiration; (p<0.05 is significant).

Table 2. Comparison of shoulder pain levels between two groups

	 LC	 LCD	 LCA	 p*

 	 Mean±SD	 Mean±SD	 Mean±SD

1th hour 	 5.47±1.74	 4.38±1.96	 3.80±2.11	 0.024a

4th hour 	 4.14±1.06	 3.85±1.85	 4.04±2.01	 0.857
12th hour	 3.42±1.66	 3.66±2.22	 3.52±2.56	 0.939

*Annova test. aSignificance of LCA group compared with LC group (p=0.024). LC: Laparoscopic cholecystec-
tomy; SD: Standart deviation; LCD: Laparoscopic cholecystectomy + drainage; LCA: Laparoscopic cholecystec-
tomy + aspiration.

Table 3. Comparison of abdominal pain levels between two groups

	 LC	 LCD	 LCA	 p*

 	 Mean±SD	 Mean±SD	 Mean±SD

1th hour 	 5.42±2.18	 4.28±2.05	 3.66±2.19	 0.032a

4th hour 	 3.57±1.93	 3.42±1.56	 4.04±1.98	 0.525
12th hour	 3.52±1.60	 3.95±0.80	 3.66±2.39	 0.716

*Annova test. aSignificance of LCA group compared with LC group (p=0.032). LC: Laparoscopic cholecystec-
tomy; SD: Standart deviation; LCD: Laparoscopic cholecystectomy + drainage; LCA: Laparoscopic cholecystec-
tomy + aspiration.



and 4th postoperative hours.

Gas volumes under the diaphragm in the LCA group were 
statistically low compared with those of the other two 
groups as measured using chest radiographies at the 6th 
postoperative hour (p=0.01, Table 4).

Discussion

Abdominal pain is one of the most common problems in 
patients undergoing abdominal surgery. Although this is-
sue continues to be reduced through the development of 
laparoscopic surgery, it remains unresolved.[3,4]

Studies show that less pain development is observed af-
ter LC than after open cholecystectomy. However, it is re-
ported in numerous studies that abdominal and shoulder 
pain are common after LC. Some of the causes of pain re-
ported in these studies include tension of the abdominal 
muscles, hypothermic gas and pressure on the abdominal 
wall created by Pp, as well as the quantity and type of gas. 
As well, residual gas remaining under the diaphragm after 
Pp has been cited as being responsible for the back and 
shoulder pain observed in the postoperative period.[15,16] 
According to other studies, the accumulation of CO2 gas 
under the diaphragm causes pain both by itself and when 
combined with water, which produces carbonic acid and 
causes irritation to the phrenic nerve.[17,18] A significant re-
duction has been identified in the incidence of postopera-
tive shoulder pain following LC when gas is removed from 
the abdominal cavity.[18] This suggests to us that, whether 
the pain is formed by stimulating the nerve endings in 
the diaphragm or by stretching the diaphragm and ab-
dominal wall, the complete removal of gas will provide 
an effective analgesia in patients treated with LC.[3,4] The 
abdominal and shoulder pain are compared in our study 
and the only statistically significant difference we found 
when comparing all three groups was that between the 

LCA and LC groups at the first postoperative hour, with 
the VAS scores indicating shoulder and abdominal pain 
reduction in the LCA group (Table 2 and 3). These results 
support our theory. 

Our objective in placing a drain in the gallbladder area 
in the LCD group was to drain the accumulated fluid af-
ter LC. However, it had the additional effect of reducing 
the remaining air in the abdomen. As noted above, some 
studies in the literature have reported that discharging 
the residual gas under the diaphragm by means of a drain 
was found to reduce postoperative pain. However, other 
studies have reported that using the drain had no effect 
on postoperative pain.[18–20] The fact that different results 
were obtained by using drains may be interpreted to indi-
cate that the drain is not effective in discharging the resid-
ual gas. In our study, as well, there were no statistically 
significant differences between the VAS scores of the LCD 
group and those of the other groups in our study.

It was concluded that, as well as the use of non-steroidal 
anti-inflammatory drugs, the full evacuation of intra-
peritoneal gas at the end of the operation is necessary for 
analgesia following LC. Further studies are necessary to 
reduce pain in the postoperative period and to evaluate 
the pain mechanism.
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Table 4. Bubble dimensions 

Gas Volume	 LC	 LCD	 LCAx	 p*
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cholecystectomy; SD: Standart deviation; LCD: Laparoscopic cholecystectomy + drainage; LCA: Laparoscopic 
cholecystectomy + aspiration.
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