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Shall we use Low-pressure CO2 Pneumoperitoneum in Laparoscopic Cholecystectomy?

BACKGROUND E AIMS: We aimed to determine whether intraabdominal pressure change caused by pneumoperitoneum
created during laparoscopic cholecystectomy (LC) has effects on abdominal and shoulder pain, nausea, vomiting, bowel
movements, time of first flatus and defecation, and biochemical parameters. 
METHODS: Seventy patients that were diagnosed with cholelithiasis and would undergo LC, between the ages of 18-75,
with the Society of Anesthesia Physical Status (ASA) I-III classifications were included in the study. Patients were divid-
ed into two groups as whose intervention was defined as low pressure (8-10 mm/hg) and whose intervention was defined
as high pressure (14-16 mm/hg). Differences in the prognoses of patients in both groups were observed for statistical sig-
nificance.
RESULTS: Shoulder pain- visual analogue scale (VAS) values in 6th and 24th hours were lower in Group 1(p<0.005).
There was no significant difference in abdominal pain-VAS values(p≥0.05). Mean intraoperative end-tidal carbon diox-
ide (ETCO2) values were higher in Group 2 (p<0.005). Differences in nausea and vomiting were not significant(p≥0.05).
There was no significant difference in the first flatus times(p≥0.05). Bowel movements resumed earlier in Group
1(p<0.005). Changes were not significant for biochemical blood parameters in the preoperative and postoperative peri-
ods(p≥0.05). 
CONCLUSION: The use of low-pressure and high pressure carbon-dioxide (CO2)-pneumoperitoneum created during LC
does not cause a significant difference in terms of clinical and laboratory results. Therefore, the surgical team should pre-
fer an easy-to-apply pressure level which they are used to and in which they have low complication rates. 
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ative period and is tolerated by the patients as it
decreases the need for analgesics in addition to
decreasing the health costs 1-3. 
Besides these advantages, this method may cause some
problems. Laparoscopic cholecystectomy may cause post-
operative nausea and vomiting (PONV). Moreover, it is
thought that the compression of intraabdominal tissues
by pressure created with pneumoperitoneum may cause
intestinal ischemia as well as PONV 4. 
In order to create a surgical intervention area during
laparoscopic cholecystectomy, 10-15 mm/Hg intraab-
dominal pressure of CO2 pneumoperitoneum is used as
standard 5. Intraabdominal (CO2) insufflation induces
cardiovascular, metabolic and respiratory changes due to
the pressure created proportionally with the amount of
intraabdominal CO2 and may cause complications asso-

Introduction

Nowadays, laparoscopic cholecystectomy method has
commonly been used for cholecystectomy operations. It
provides a faster recovery especially in interventions
performed with small incisions and enables patients
to tolerate the operation more easily. Moreover, it
shortens the length of hospital stay during postoper-
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ciated with laparoscopy. Postoperative pain is also one
of the undesired results of laparoscopic interventions 6. 
There are recent studies aiming to decrease abdominal
and diaphragm distention with the use of low CO2 insuf-
flation pressures in order to decrease postoperative pain
levels and changes caused by CO2 pneumoperitoneum
after laparoscopic interventions 7,8. 
It was asserted that intraabdominal pressure created with
CO2 insufflation and laparoscopy performed at
Trendelenburg position may also induce cardiovascular
and respiratory functions by inducing metabolic and res-
piratory changes such as changes in acid-base balance
and changes in arterial pH and pCO2

9,10. 
This study primarily aimed to determine whether intraab-
dominal pressure change created during pneumoperi-
toneum caused a difference in abdominal and shoulder
pain seen as the most unpleasant clinical result during
postoperative period of laparoscopic cholecystectomy and
secondarily aimed to determine whether pneumoperi-
toneum caused nausea, vomiting, decrease in bowel
movements, and significant delay in first flatus and defe-
cation due to possible temporal ischemia and caused a
significant change in routine laboratory tests.

Material and methods

This prospective, randomized, and controlled study exa-
mined 70 consecutive healthy patients who underwent
elective LC with the diagnosis of symptomatic chole-
lithiasis between February 2020 and October 2020. After
the approval was obtained from Clinical Research Ethics
Committee of the Faculty of Medicine, Omer Halisdemir
University (2020/08) 75 patients who were hospitalized
to undergo a surgery due to symptomatic gallstone in
general surgery clinic were prospectively included in this
study with randomized sampling. The study was com-
pletely conducted according to the principles of Helsinki
Declaration. The patients were determined with single-
blind method by using sealed envelopes the day before
and informed in detail about the study plan and
informed consents were obtained from these patients.
Five of the patients were excluded during the study due
to various reasons and the study was completed with 70
patients (Fig. 1).
Inclusion criteria were as follows: patients in Society of
Anesthesia physical status (ASA) I-III classifications,
patients between the ages of 18-75, patients who
approved the informed consent form, and patients who
would undergo a surgery due to isolated gallstone were
included in the study.
Patients with unstable hypertension which was not under
control, diabetes mellitus, coronary arterial disease,
chronic obstructive pulmonary disease and asthma, and
patients who systemically had portal hypertension, coag-
ulopathy, suspect of gallbladder carcinoma, cirrhosis, gen-
eralized peritonitis disease and acute cholecystitis, thick-

ened gallbladder wall were not included in the study.
Based on the corporate standards of laparoscopic inter-
ventions, intraoperative stable CO2 pressure was defined
as low pressure for 9-11 mm/Hg and standard pressure
(SP) for 14-16 mm/Hg 11. According to the CO2 pres-
sure values used during 70 laparoscopic cholecystectomy,
those who received low pressure (8-10 mm / Hg) were
named as Group 1, and those who received high pres-
sure (14-16 mg / Hg) were named as Group 2. record-
ed complications during surgeries.
A standard anesthesia protocol was used for all the
patients included in the study. Patients underwent endo-
tracheal intubation by receiving intravenous fentanyl
(0.01 µg/kg body weight [BW]; B. Braun, Malsungen,
Germany), propofol (1%, 1-2 mg/kg BW; Fresenius
Kabi, Bad Homburg) and rocuronium (0.5-0.7 mg/kg
BW; Hexal, Holzkirchen, Germany) and then anesthe-
sia was maintained by administering Sevofluran 1.5-2.0
MAC; (Baxter, Unterschleissheim, Germany) and 0.1
mg/kg of rocuronium at 30 minute intervals. Controlled
ventilation was maintained with 6-8 ml/kg of tidal vol-
ume, 14-16 breaths/min of respiratory rate, 1-1.5 of
inspiration to expiration ratio and 10-20 mm/Hg of
inspiration pressure. No change was made in other stan-
dard procedures that were routinely applied during the
study.
Laparoscopic cholecystectomy was performed at 30o

reverse trendelenburg position by using four-port tech-
nique and following a standard corporate approach. CO2

H. Bolat, et al.

218 Ann. Ital. Chir., 93, 2, 2022 - Jan. 10 - Online ahead of print

Fig. 1: Consolidated Standards of Reporting Trials statement flow
diagram. 
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insufflation used in intraabdominal region according to
preference of the surgeon was insufflated with a 2.1 mm
of stainless steel Veress needle (Karl Storz SE & Co.
KG, Tuttlingen, Germany) inserted through the abdom-
inal midline by using an electronic endoflator (Karl Storz
SE & Co. KG, Tuttlingen, Germany). Insufflation was
performed at a standard temperature of 19-21oC and 0%
relative humidity.
After standard cholecystectomy protocol was completed
patients underwent a wake up procedure and waited in
postoperative wake up room until sufficient recovery
occurred.
Intraoperative end-tidal CO2 value, SPO2, pulse, blood
pressure and complications were recorded. VAS in
abdominal and shoulder regions, nausea, vomiting, the
time when bowel movements resumed, time of first fla-
tus and defecation were recorded in postoperative 1st,
6th, 12th, 24th and 48th hours. Diclofenac 75 mg was
administered to the patients by general surgery clinic in
case their VAS score was measured as 4 or above at any
period of their follow-ups after laparoscopic cholecystec-
tomy and intramuscular tramadol 75 mg as additional
analgesic was administered in case the pain was not
relieved. Metoclopramide 10 mg was invasively admin-
istered to the patients in case they had nausea and vom-
iting at any period of their follow-ups. Therefore, only
VAS value and the condition of nausea and vomiting
were recorded. No intervention was done in routine
medication. In addition, whether there was any statisti-
cally significant change in preoperative and postoperative
laboratory tests of all the patients was recorded.

STATISTICAL ANALYSIS

Statistical analyses were performed on “SPSS for
Windows version 22.0” software. Numerical variables
were summarized with mean±standard deviation. Normal
distribution of numerical variables was analyzed with
Kolmogorov Smirnov and Shapiro Wilks tests.
Independent t test was used for comparison of normal-
ly distributed variables between the groups. Mann-
Whitney U test was used for non-normally distributed
variables. Pearson’s chi-squared test and Fisher’s exact
test were used for comparison of categorical variables
between the groups. Mann-Whitney U test was used to
analyze whether there was difference between the groups
in terms of VAS and Friedman test was used to analyze
whether there was a change in the group. Significance
level was accepted as p<0.05. 
The study called “Which intraperitoneal insufflation pres-
sure should be used for less postoperative pain in
transperitoneal laparoscopic urologic surgeries?” by Ali
Akkoc et al. was used and while type error was 0.10,
effect size was 0.5 and test’s power was 0.80 the mini-
mum sampling size required in both groups was calcu-
lated as 35 12. 

FINDINGS

There was no statistically significant difference between
the groups in terms of age, gender, weight, height and
ASA score. No significant difference was recorded
between the mean values of mean arterial pressure
(MAP), pulse rate, and Oxygen saturation (SPO2) mea-
sured in minute 0, and 15th, 30th and 45th minutes dur-
ing the surgery (p≥0.05). There was no statistically sig-
nificant difference between the groups in terms of dis-
charge criteria, duration of surgery and duration of pneu-
moperitoneum (p≥0.05) (Table I).
When visual analogue scale (VAS) values measured in
postoperative hours 1, 6, 12, and 24 were evaluated
shoulder pain-VAS values measured in 6th and 24th

hours were found statistically significantly lower in
Group 1 than in Group 2 (p<0.005). No significant
difference was recorded between VAS values measured
in the 1st and 12th hours (p≥0.05) (Table II). Although
VAS values measured in 1st, 6th,12th, and 24th hours
were higher in Group 2 then Group 1 .No statistical-
ly significant difference was recorded between abdom-
inal pain-VAS values measured in the 1st, 6th, 12th and
24th hours (p≥0.05). The VAS values measured in post-
operative hours 1, 6, and 24 were higher in Groups
2, while VAS value measured in 12th hour was high-
er in Group 1 (Fig. 2). 
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TABLE I - Age, weight, height, ASA and gender characteristics of groups

Group (1) Group (2) p
(8-10 mmHg) (14-16 mmHg)

Agea (years) 50.9 ± 11.8 53.2±14.3 0.477

Heighta (cm) 163.6 ± 6.9 164.8 ± 7.6 0.414

Weighta (kg) 79 ± 10.4 84.7 ± 14.5 0.106

MAPa (mm/hg) 97.3 ± 9.2 95.2 ±13.4 0.459

PULSEa 81.0 ±9.3 81.2 ±10.6 0.687

ASAc (I/II/III) 8/21/6 5/22/8 0.606

Genderc (M/F) 10/25 47/33 0.568

SPO2a (%) 95.8±1.9 95.7±2.2 0.796

Duration of a 40.03±4.3 38.3±4.0 0.104
surgery (Min)

Duration of a 35.20±4.1 34.4±4.0 0.412
Pneumoperitoneum(Min)

Duration of Discharge(h)b 27.60±4.7 26.80±5.2 0.454

Data presented as mean SD or number of patients (%); a Student-
T test; bMann–Whitney U-test; cPearson’s 2 –test; dFisher’s exact test.
Statistically significant between-group differences (P< 0.05) *; ASA,
American Society of Anesthesiologists; f=female, m=male
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Patients’ mean intraoperative ETCO2 values measured
in minutes 0, 15, 30 and 45 were significantly higher
in Group 2 (p<0.005). No statistically significant differ-
ence was recorded between the development of nausea
and vomiting monitored during the first postoperative
24 hours (p≥0.05). While no statistically significant dif-

ference was recorded between the two groups in terms
of the time of first flatus bowel movements resumed sig-
nificantly earlier in Group 1 (p<0.005) (Table II).
According to laboratory tests of the patients in preop-
erative 24 hours and postoperative 24 hours, there was
no statistically significant difference between creatine
kinase (CK-MB), aspartate aminotransferase  ( AST), ala-
nine aminotransferase. (ALT), c-reactive protein CRP,
lactate dehydrogenase (LDH) and CO2 values measured
in blood gas in preoperative and postoperative periods
(p≥0.05). While there was no significant difference
between lactate values measured during preoperative peri-
od lactate values measured during postoperative period
were significantly higher in Group 1 (Table III).

Discussion

It has been reported for many years that laparoscopic
cholecystectomy has various side effects such as cardio-
vascular changes, acid-base imbalances, deterioration in
respiratory function and postoperative pain due to CO2
pneumoperitoneum. Diaz-Cambronero O et al. asserted
that these side effects could be minimized by using low
intraperitoneal pressure between 7 mm/Hg and 10
mm/Hg especially in elders and in patients with car-
diovascular and respiratory comorbidities 13. 
Increase in intraabdominal pressure proportionally with
the level of CO2-pneumoperitoneum created during
laparoscopic cholecystectomy induces small bowel
ischemia and thereby may cause nausea and vomiting
due to the release of emetic agents including serotonin.
Bowel ischemia may potentially increase as a result of
compression of the bowel with surgical manipulations
and retractions during surgery. Bowel tissues are meta-
bolically quite active and have a weak tolerance even for
short ischemia periods 14. 
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Fig. 2: Shoulder pain-VAS values and abdominal pain-VAS values in
the 1st, 6th, 12th and 24th hours. Data were presented as mean.
Group 1: Low Pressure (10(8-10) mm/Hg); Group 2: Standard(high)
Pressure (15(14-16) mm/Hg). A: Abdominal, S: Shoulder

TABLE III - Laboratory values of Group 1 (8-10 mmHg) and Group 2
(15mmHg)

Group (1) Group (2) p
(8-10 mmHg) (14-16 mmHg)

Lactate Preop b 1.31±0.5 1.37±0.5 0.559
Lactate Postop b 1.99±0.4 1.21±0.4 0,001*
CK-MB Preop b 2.18 ±2.7 1.84 ±1.1 0.920
CK-MB Postop b 4.1 ±4.8 2.98±1.9 0.643
AST Preop b 21.54±6.9 20.31±5.9 0.693
AST Postop b 43.85±29.1 41.37±39.8 0.368
ALT Preop b 25.74±18.8 20.00±6.8 0.778
ALT Postop b 36.88±21.3 28.17±11.8 0.125
CRP Preop 5.79±7.0 8.80±16.4 0.516
CRP Postop 8.16±10.2 9.95 ± 13.6 0.726
LDH Preop 215.45± 52.2 210.48±45.7 0.892
LDH Postop 225.94±49.7 221.82±71.1 0.445

Data presented as mean SD; a Student-T test; b Mann–Whitney U-
test; Statistically significant between-group differences (P< 0.05) *

TABLE II - Comparison of EtC02, Nausea, Vomiting, Bowel movement,
Flatus in Postoperative Pain Scores in Laparoscopic Cholecystectomy
Performed at Low Pressure (8-10 mm Hg) and Standard Pressure (14-
16 mm Hg)

Group (1) Group (2) p
(8-10 mmHg) (14-16 mmHg)

Shoulder Paina

VAS 1 h 0.83 (0-5) 1.54 (0-6) 0.720
VAS 6 h 0.40 (0-5) 1.40 (0-4) 0.020*
VAS 12 h 0.49 (0-5) 0.83(0-4) 0.254
VAS 24 h 0.14 (0-4) 0.71 (0-4) 0.018*

Abdominal Paina

VAS 1 h 6.03 (3-8) 6.26 (2-7) 0.454
VAS 6 h 3.09(2-6) 3.43 (0-6) 0.172
VAS 12 h 2.69 (0-6) 2.40 (0-4) 0.394
VAS 24 h 2.00 (0-4) 2.06 (0-4) 0.817

ETCO2
a 32.4±3.3 34.6±3.0 0.007*

CO2 Preopb 33.34±4.4 34.05±6.7 0.466
CO2 Postopb 43,14±9.1 42.45±11.0 0.285
Nauseac 10/25 15/20 0.212
Vomitingc 9/26 11/24 0.597
Bowel Movement(h) b 10.11±4.05 12.57±4.6 0.008*
Flatus (h) b 15.63 ±10.6 15.03±9.0 0.925

Data presented as mean SD or number of patients (%); a Student-
T test; b Mann–Whitney U-test; c Pearson’s 2 -test; d Fisher’s exact
test; *VAS, Visual Analogue Scale; h: hour; Statistically significant
between-group differences (P< 0.05); * h: hours
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M. Koc et al. compared normal and low pressure levels
during laparoscopic cholecystectomy performed on 53
patients with gallstone and asserted that there was no
correlation between high- and low-pressure laparoscopy
and postoperative pain. They concluded that this had
less effect on intensity of shoulder pain and abdominal
pain caused by peritoneal distention. Routine use of low-
pressure pneumoperitoneum was recommended to relieve
postoperative pain after LC 15. Findings obtained in our
study support this.
Duck-Kyoung Kim et al. asserted that intraoperative
pressure reduced to 8 mm/Hg in laparoscopic procedures
performed during gynecological operations did not con-
tribute to preventing postoperative nausea and vomiting
compared to normal pressure level 14. In our study, no
difference occurred in low-pressure group in terms of
nausea and vomiting. Occurrence of this effect is possi-
ble in case the difference between intraabdominal pres-
sures is higher between the groups.
Beuk RJ et al. revealed that mesentery ischemia created
in rats contributed to the ischemia to occur in intesti-
nal region as a result of decrease in blood flow and
thereby serious and fatal effects may develop as a result
of decrease in time-dependent blood flow. Since high
pressure levels decrease blood flow and affect circulation
by putting pressure on mesentery, increase in intraab-
dominal pressure may be among the factors contribut-
ing to mesentery ischemia 16. 
Corke C et al. assert that clinical results of intestinal
ischemia in early period may be seen as decrease in bow-
el sounds and delay in time of physiological functions
that are flatus and defecation as a result of the delay in
return of gastrointestinal system to its normal function
17. In our study, mean times when bowel movements
resumed were earlier in low-pressure group, however, no
significant difference was recorded between the time of
first flatus. Not only intraabdominal pressure changes but
also some other factors such as mobilization duration
may have contributed to the time of first flatus.
Apoory Goel et al. evaluated shoulder pain in patients
who underwent laparoscopic cholecystectomy at low and
normal pressure and observed that VAS value was low-
er in low pressure group between 12th and 24th hours
and that there was no significant difference between the
groups in 24th hour 18. HK Bhattacharjee et al. observed
in patients who underwent laparoscopic cholecystectomy
with 9 mm/hg and 14 mm/hg in two different groups
that shoulder pain measured in the 8th and 24th hours
was lower in the low pressure group 19. In our study,
shoulder pain-VAS values measured in the 6th and 24th

hours were lower in low pressure group. There was no
significant difference between the groups in terms of
abdominal pain. 
No difference was found between surgical durations in

laparoscopic cholecystectomy performed under two dif-
ferent pressures in the study by Apoorv Goel et al.18 and
between surgical durations and hospital stays in laparo-

scopic surgery performed under different intraperitoneal
pressures in the study by Ali Akkoc et al. 12 In our
study, no difference was found between surgical dura-
tion, pneumoperitoneum durations, and hospital stays
either and this result support the previous studies.
JC Radosa et al. observed that although the first flatus
after two different intraabdominal CO2 pneumoperi-
toneum was earlier in low pressure group no significant
difference was recorded in the times when bowel move-
ments resumed and shoulder and abdominal pain were
less in low pressure group 20. 
In their study comparing nausea and vomiting rates in
patients who were divided into three groups according
to their CO2 levels and in whom intraabdominal pneu-
moperitoneum was created, Ji-Seon Son et al. observed
that there was no significant difference within 24 hours
21. In our study, ETCO2 levels were found significant-
ly higher in the group in which 14-16 mm/Hg of pres-
sure was used compared to low pressure group. This sug-
gests that the amount of CO2 in respiration increases in
direct proportion to the amount of CO2 insufflated into
the intraabdominal region. 
H Chen et al. revealed an increase in the levels of AST
and ALT, which were liver function tests, after laparo-
scopic cholecystectomy in normal pressure group com-
pared to low pressure group, however, they asserted that
this increase got back to normal on the 3rd day 22. In
our study, AST and ALT levels increased in both groups
within postoperative 24 hours when compared with pre-
operative values, however, no statistically significant dif-
ference was recorded between the two groups. 
Plasma CK-MB and CRP levels have been used as indi-
cators of tissue damage for many years 23. Although
Kyeong A So et al. revealed that there was an increase
in CRP levels in laparoscopic operations in which they
used multiport and single port they did not analyze its
relationship with pressure. In our study, there was no
difference between the groups in terms of CRP levels. 
Neogi Probal et al. asserted that AST, ALT and LDH
levels were lower in low pneumoperitoneum levels. In
our study, although LDH levels increased in both groups
compared to preoperative levels no significant difference
was recorded between the groups.
Lactate is a product of anaerobic metabolism and used
as an indicator of tissue damage caused by hypoxia espe-
cially in tissues of critical patients 24. No significant dif-
ference was recorded between preoperative lactate values,
but they were lower in normal pressure group in post-
operative period. However, lactate levels under 2 nMol/L
are accepted as normal. Therefore, we think this differ-
ence has no meaning as preoperative and postoperative
lactate levels measured in both groups were normal 25. 
In our study, we used 8-10 mm/Hg of CO2 pneu-
moperitoneum because of the experience of surgical
team, their usage habit and the thought that sufficient
level of intraabdominal imaging could not be obtained
in lower pressure values. A pressure level under this lev-
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el may clinically have more significant effects. This is the
limitation of our study. However, in this case, we think
that unpleasant results of intraoperative complications
such as trocar injury and traumatic lacerations in intraab-
dominal organs as a result of insufficient level of imag-
ing required to be overcome. 

Conclusion

Decreasing the pressure created for CO2 pneumoperi-
toneum in laparoscopic cholecystectomy from 14-16
mm/Hg to 8-10 mm/Hg does not build a significant
difference in terms of clinical results and laboratory val-
ues. Therefore, the surgical team should prefer easy-to-
apply pressure levels in which they are experienced, in
which they have the lowest complication rate and in
which they obtain the best intraabdominal imaging dur-
ing intraoperative period.

Riassunto

Scopo dello studio era quelo di determinare se la varia-
zione della pressione intraaddominale causata dal pneu-
moperitoneo creato durante la colecistectomia laparosco-
pica (LC) ha effetti su dolore addominale e alla spalla, su
nausea, vomito, movimenti intestinali, tempo del primo
flatus e, della defecazione e sui parametri biochimici.
Nello studio sono stati inclusi settanta pazienti a cui è
stata diagnosticata la colelitiasi e che sarebbero stati sot-
toposti a LC, di età compresa tra 18 e 75 anni, con le
classificazioni I-III della Society of Anesthesia Physical
Status (ASA). I pazienti sono stati divisi in due gruppi:
per intervento a bassa pressione (8-10 mm/hg) e inter-
vento ad alta pressione (14-16 mm/hg). Sono state osser-
vate le differenze nelle prognosi dei pazienti in entram-
bi i gruppi per la significatività statistica.
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