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Abstract
Background: Given the importance of patients’ pain after laparoscopic surgeries, this study was conducted to compare the effectiveness of intraperitoneal bupivacaine, acetazolamide, and placebo on pain relief after laparoscopic cholecystectomy surgery.
Methods: Patients admitted to Rasool Akram hospital with physical status I or II, based on the American Society of Anesthesiologists
(ASA) system, who were candidates for laparoscopic cholecystectomy surgery due to gallstones, were included in this study. Patients
were divided into 3 groups (each group containing 20 patients) using block randomization with foursome blocks. Group 1 received
bupivacaine, group 2 acetazolamide, and group 3 intravenous saline as placebo. After surgery, pain score was assessed by visual analogue
scale, and shoulder pain and analgesic doses were also measured. The mentioned parameters were assessed at 1, 4, 8, 12, and 24 hours
after surgery.
Results: In this study, 60 patients were included in 3 groups. The mean pain recorded (VAS) at 1, 4, and 8 hours after surgery was not
significantly different between acetazolamide and bupivacaine groups, but their score was significantly lower than the placebo group
(p<0.05). However, the score recorded at 12 and 24 hours after surgery was not significantly different between the 3 groups (p>0.05).
Mean of pain reliever (acetaminophen) injected to the patients when needed was not significantly different among the 3 intervention
groups (p<0.05). The highest prevalence of shoulder pain (70%) belonged to the placebo group and the lowest (25%) to acetazolamide
(p<0.05). Mean heart rate, systolic blood pressure, diastolic blood pressure, and the respiratory rate were not significantly different
among intervention groups in 1, 4, 8, 12, and 24 hours after surgery (p>0.05).
Conclusion: According to the results, acetazolamide and bupivacaine injection reduced pain in early hours after laparoscopy. However,
pain intensity was not different between intervention groups and the control group after 12 hours, so re-prescription seems to be appropriate at this time. Acetazolamide injection significantly reduces shoulder pains after surgery.
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Introduction
Pain, as an unpleasant sensory and emotional experience
associated with tissue damage, is one of the most important
causes of morbidity in patients after surgery. Many studies
have shown that using anti-inflammatory drugs reduce
complications after surgery, but the pain is not controlled
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enough in most cases (3-1). Studies have shown that preventive control of pain weakens pain signals entered to the
spinal cord, and it is more effective than when they are controlled after its creation (4). Laparoscopic cholecystectomy
of selected treatment is symptomatic in most of the patients
↑What is “already known” in this topic:
Acetazolamide and bupivacaine injection reduced pain in
laparoscopic cholecystectomy.
→What this article adds:
Acetazolamide injection significantly reduced shoulder pain
after surgery.
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with cholecystitis (5). Pain after laparoscopic cholecystectomy is usually acute, with sharp nature that starts with surgical trauma and ends with the completion of the tissue restoration (8-6). While the intensity of this pain is lower than
pain following open cholecystectomy, some patients experience significant discomforts in 24-72 hours after surgery,
which can postpone the discharge time for patients (6, 7).
The source of the pain after laparoscopic cholecystectomy
surgery has several reasons. Pain arising from the incision
site is a somatic pain, while pain arising from gallbladder
bed has visceral nature, and shoulder pain is mainly followed by residual CO2 that stimulates the diaphragm. As a
result, it seems that combined analgesic techniques can relieve post-operative pain in the best way (9). Abdominal
pain usually occurs after surgery within the first 24 hours,
and shoulder pain occurs in the second day after laparoscopy (10). Postoperative pain causes tachycardia, increased
heart work following hypertension, nausea, vomiting, and
ileus. As a result, pain relief and patient comfort during the
initial hours following surgery is highly important, especially because the need to counter the pain may postpone
the discharge time (4, 5, 9). The adequacy of the control of
postoperative pain is one of the most important determining
factors for discharge time after the surgical process, which
has a great impact on the patient's ability to continue normal
daily activities of life (11). Intraoperative analgesics have
been traditionally opioids. However, extensive use of opioids is associated with a variety of side effects during operation, such as respiratory depression, dizziness, and numbness, nausea, and vomiting after surgery, rash, urinary retention, ileus, and constipation, which may postpone discharge time (10).
Nowadays, a combination of non-opioid analgesics and
opioid analgesics, such as local anesthetics, acetaminophen, and non-steroidal anti-inflammatory drugs, are popular methods to control postoperative pain. An ideal analgesic should be fast and long-acting and should have analgesic activity similar to or higher than such opioids as morphine. In addition, it should not have side effects (6).
Bupivacaine is a long-acting local anesthetic with a halflife of 2.5 to 3.5 hours, and it has been reported that it controls pain for 6 hours on average (4). Acetazolamide is a
carbonic anhydrase inhibitor that prevents the formation of
carbonic acid, which is a factor for abdominal and referral
pains. Given the importance of pain after laparoscopic cholecystectomy surgery, we aimed to conduct a randomized
clinical trial to compare the effectiveness of intraperitoneal
bupivacaine, acetazolamide, and placebo on pain relief after laparoscopic cholecystectomy surgery to prevent prolonged hospitalization costs by determining the best
method to reduce pain (12-14).

Methods
Patients who were candidates for laparoscopic cholecystectomy surgery due to gallstones and were admitted to
Hazrat Rasool Akram hospital in 2015 were included in this
study.
The registration ID in IRCT is IRCT2017032733159N1,
and the code of Ethics Committee of IUMS is
IR.IUMS.REC.13948623215562. According to the study
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of Upadya et al. (13), the sample size was calculated to be
66 patients using the following formula, and 79 patients
were included in the final sample size considering 15% attrition:

Inclusion criteria were as follow: Having physical status
I or II of the ASA system (American Society of Anesthesiologists), age 20 to 60 years, and being a candidate for laparoscopic cholecystectomy surgery due to gallstones.
Exclusion criteria were as follow: Patient's consent to be
included in the study, bile duct problems, acute cholecystitis, the need to continue laparoscopic surgery in the form of
open surgery, lack of ability to understand and use visual
analogue scale (VAS), experience of sensitivity to NSAIDs
and local anesthetics, class III and IV of systems ASA, and
patients with coledocolitiasis, and drain in situ.
After obtaining approval of the Ethics Committee of Iran
University of Medical Sciences and obtaining written consent from patients, the patients were randomly assigned into
3 groups (each containing 20) using stratification and block
randomization system with foursome blocks. Group
1(BUP) received intraperitoneal and local bupivacaine
0.5%; the maximum dose was 2 mg per kilogram; group 2
(AZL) received 0.5 mg per kg acetazolamide and group 3
(P) intravenous saline as placebo.
Evaluations were performed on patients before anesthesia in the evening prior to the day of the surgery. The patients were trained to use visual analogue scale (VAS) and
were asked to score their pain on a scale of 0 to 10, with 0
indicating lack of pain and 10 the worst pain. Treatment
before the surgery included 10 mg of oral diazepam at night
and 5 mg in the morning of the surgery day for all patients.
In the operating room, an IV line was embedded in the
patient's non-dominant upper limb by gauge IV cannula 18
and the crystalloid infusion was started. To monitor the situation before surgery, blood pressure and pulse oximeter
were measured using electrocardiogram (ECG), and blood
pressure and heart rate were also assessed. All patients were
anesthetized by propofol (2 to 2.5 mg per kg) until they had
no verbal response. They also received vecuronium for intubation (0.1 mg per kg). Maintenance was also done by
NO2 50%, O2 50%, and 1 MAC isoflurane. Ventilation
was regulated so that while intra-abdominal pressure was
between 10 and 12 mmHg, end-tidal CO2 would remain
between 30 and 35 mmHg. Laparoscopy gas pressure was
12 mmHg for all patients.
After removal of the gallbladder, 10 mL bupivacaine
0.5% was injected into the port location for group 1 (BUP)
in the Trendelenburg position in the space right below the
diaphragm (6 mL from wall of abdomen adjunct to middle
line port and 4 mL from lateral section of port) .Group 2
(AZL) received 0.5 mg /kg acetazolamide intravenously
and group 3 (P) intravenous saline as placebo. All patients
were operated by 1 surgeon. After surgery, the pain of patients was assessed by the visual analogue scale, and shoulder pain and analgesic doses required were assessed. The
mentioned parameters were assessed at 1, 4, 8, 12, and 24
hours after surgery by a person blind to the allocated
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groups. In the case of pain in patients, intravenous acetaminophen 500 mg in 100 mL normal saline was prescribed
in the form of infusion over 20 minutes and no drug was
used. In the mentioned hours, blood pressure, heart rate,
and respiratory rate per minute were assessed. Type of anesthesia and drugs received during the surgery were similar
for all patients in the 3 groups. At the end, all information
gathered in checklists was entered into statistical SPSS 22
software for analysis. To examine the normal distribution
of data, the Kolmogorov-Smirnov test was used. In case of
normal distribution of data, parametric tests were used, and
non-parametric tests were used in case of non-normal distribution of data. Independent t test or its non-parametric
equivalent, Mann-Whitney U test, was used. In addition,
paired t test was used to compare the results before and after

surgery. Also, to compare the ratio of changes among
groups, variance analysis test on repeated measures test was
used. To compare qualitative variables, chi-square test was
utilized. In addition, confidence interval was used to better
demonstrate the change in rates. In this study, p< 0.05 was
considered significant.

Results
In this study, 55% of patients (n= 33) were male and 45%
were female (n= 28). BMI and age distribution of patients
in the 3 intervention groups were not significantly different
(p> 0.05) (Table 1). Consort flow chart was also drawn
(Fig. 1). Mean pain score recorded based on VAS at 1, 4,
and 8 hours after surgery was not significantly different between the 2 groups (AZL and BUP), but their score was

Table 1. Comparison of demographic and baseline characteristics of the patients in the 3 groups
Variable
Group
Mean ±SD
Age (year)
BUP
45.5 ±6.64
AZL
P
BUP
AZL
P

BMI (Kg/m2)

p
0.53

44.3 ±5.31
47 ±5.64
28.6 ±1.8
28.3 ±1.9
27.2 ±1.9

0.68

Assessed for eligibility (n=79)

Excluded (n=19)

Randomized (n=60)

Allocation

20 patients in BUP group

20 patients in AZL
group

20 patients in P group

Loss to follow-up (n=0)

Loss to follow-up
(n=0)

Loss to follow-up (n=0)

Fig. 1. Consort flow chart for follow-up of the patients
Table 2. Comparison of the pain score after the intervention in patients separately for each group
Time
Group
Mean
Std. deviation
VAS after 1 hour
Bupivacaine
3.13
0.69
Acetazolamide
3.30
0.41
Placebo
4.79
0.78
VAS after 4 hours
Bupivacaine
2.78
0.80
Acetazolamide
2.00
0.11
Placebo
4.72
1.63
VAS after 8 hours
Bupivacaine
2.80
0.68
Acetazolamide
2.62
0.44
Placebo
4.32
1.25
VAS after 12 hours
Bupivacaine
4.32
0.91
Acetazolamide
3.22
0.57
Placebo
4.14
1.17
VAS after 24 hours
Bupivacaine
3.46
1.63
Acetazolamide
2.22
0.63
Placebo
3.55
1.12

F
39.36

p
<0.001

35.27

<0.001

23.39

<0.001

8.16

0.001

7.57

0.001
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Table 3. The mean pairwise analysis (post hoc) for the 3 groups
Dependent Variable
(I) Group
(J) Group
VAS after 1 hour
Placebo
Bupivacaine
Acetazolamide
VAS after 4 hours
Bupivacaine
Acetazolamide
Placebo
Bupivacaine
Acetazolamide
VAS after 8 hours
Placebo
Bupivacaine
Acetazolamide
VAS after 12 hours
Bupivacaine
Acetazolamide
Placebo
Acetazolamide
VAS after 24 hours
Bupivacaine
Acetazolamide
Placebo
Acetazolamide

Mean Difference (I-J)
1.66
1.49
0.77
1.94
2.71
1.52
1.70
1.09
0.92
1.23
1.32

Std. error
0.20
0.20
0.33
0.33
0.33
0.27
0.27
0.29
0.29
0.38
0.38

p
<0.001
<0.001
0.023
<0.001
<0.001
<0.001
<0.001
<0.001
0.003
0.002
<0.001

5
4
VAS
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Bupivacaine

3

Acetazolamide

2

Placebo

1
0
1

4

8

12

24

Time
Fig. 2. Comparing the changes in the mean pain score at different hours after surgery among the 3 groups

significantly lower than that of P group (p<0.05) (Table 2).
Table 3 demonstrates the compare-wise analysis (post hoc)
for the 3 groups. However, the pain score recorded at 12
and 24 hours after surgery was not significantly different
between the 3 intervention groups (p> 0.05) (Fig. 2). The
mean of pain relief dose (acetaminophen) injected into the
patient when needed was calculated and found to be not
significantly different among 3 groups (p< 0.05). After the
surgery, 5 (25%), 12 (60%), and 14 (70%) patients had
shoulder pain in the AZL, BUP, and P groups, respectively.
In this regard, the prevalence of shoulder pain after the surgery in the AZL group was significantly lower than the
other 2 groups (p=0.011). The mean heart rate, systolic
blood pressure, diastolic blood pressure, and respiratory
rate of patients among intervention groups were not significantly different at 1, 4, 8, 12, and 24 hours after surgery
(p> 0.05).

Discussion
Several studies have been conducted to date in the field
of pain relief after surgery. In a study conducted by
Shivhare, they stated that slowly injecting ropivacaine is effective in reducing abdominal pain in the early hours after
laparoscopic cholecystectomy surgery rather than placebo
(14). However, according to the results obtained in our
study, the main pain score was observed at 8 hours after the
initial surgery and was not significantly different in the 2
groups of BUP and AZL, but the mean pain score of the 2
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mentioned group was significantly less than P group. Still,
mean pain score recorded at the times, excluding 8 hours
after surgery, was not significantly different between the 3
intervention groups. This result was expected considering
the duration of the effects of the drugs used. The duration
of the effect of acetazolamide is 8-12 hours and the duration
of the pain reduction is also in the same time range. In addition, duration of the effect of bupivacaine was found to
be in the same range (15-17).
Additionally, by reducing the doses of these drugs in the
blood, the mean pain score in these 2 groups increased 8 to
12 hours after the surgery and reached to placebo group. In
hours between 12 and 24, all groups experienced a decline
in pain as expected. Although pain intensity in P group was
significantly more than that in the other 2 groups in the
early hours, it declined after 24 hours. To our knowledge,
no study has been conducted to simultaneously compare
these drug regimens in patients undergoing cholecystectomy surgery. Results obtained by Alleyassin, who compared the pain scores between lidocaine and bupivacaine
injected intraperitoneally, showed that bupivacaine is more
effective in reducing pain after surgery (18). Another study,
which was conducted in 2015 to compare intraperitoneal
bupivacaine and intravenous paracetamol on pain reduction
after laparoscopic cholecystectomy surgery, indicated that
intraperitoneal bupivacaine 0.5% reduces the pain severity
of incision site, visceral pain, and shoulder pain in the early
hours after surgery (13). Woehlck et al., who investigated
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the effect of acetazolamide on reduction of pain after laparoscopic cholecystectomy on 38 patients, stated that acetazolamide was effective in reducing referral pain after the
surgery, but it had no significant impact on surgical incision
site pain (17). This study was in line with our study in reducing referral pain after taking acetazolamide. However,
using acetazolamide in our study, especially in the early
hours after the surgery, reduced the general pain score. In
contrast to our findings, another study compared the oral
acetazolamide before surgery and intraperitoneal injection
of normal saline on pain score after laparoscopic cholecystectomy and found that intraperitoneal injection of normal
saline was more effective in reducing visceral pain after
laparoscopic cholecystectomy surgery, while its impact on
shoulder pain was equal to acetazolamide effect (19). In addition, doses used in these 2 studies were equal, 5 mg /kg
of acetazolamide. Patients mainly experience 2 types of
pain following laparoscopic cholecystectomy surgery. One
is experienced in the incision areas of trocar and the surgical site, and the other type is pain of the right shoulder due
to combination reaction of CO2 and fluid available in the
surgical site and creation of carbonic acid. Due to inflammation, carbonic acid causes diaphragm stimulation and the
pain will be referred to the right shoulder. In previous studies, pain in all patients who underwent laparoscopic cholecystectomy surgery was examined using CO2 injection in
peritoneum; and it was shown that the use of acetazolamide
injection reduces referral pain, but it has no effect on pain
in the incision and surgical site (20). It is assumed that
drugs that reduce the production of hydrogen ion can contribute to reduction of pain arising from laparoscopic surgery. One of these drugs is acetazolamide. This drug, by
inhibiting carbonic anhydrase enzyme, causes reduction in
creation of hydrogen ions and bicarbonate ions from carbon
dioxide and water and reduces access to these ions to move
actively into the body secretions (8, 21-23). According to
our findings, the pain referred to the shoulder in AZL group
was significantly lower than the other 2 groups. The duration of the effect of acetazolamide on reduction of referral
pain was similar to the drug half-life (15, 16).
To reduce pain longer, instead of a single dose, multiple
doses of acetazolamide can be used. However, studies suggest that the treatment of referral pain is needed only in
short time after the surgery and CO2 would be absorbed
after couple of hours (16, 23). This indicates that a single
dose of acetazolamide could be efficient for this purpose.
By reducing the acidity of fluid under diaphragm, acetazolamide reduces the pain referred to the shoulder (24-26).
Previous studies have shown that one of the mechanisms of
pain creation is tissue acidosis. Acetazolamide, either oral
or IV, is a potent inhibitor of the carbonic anhydrase enzyme, which one of its known effects is tissue metabolic
acidosis (27-29). In Woehlck study, acetazolamide led to a
significant reduction in referral pains, which was in favor
of our findings (17).
Moazeni stated that oral acetazolamide reduces the pain
referred to the right shoulder, perhaps by reducing the acidity of abdominal fluid. However, they stated that due to creation of tissue acidosis, which is one of the side effects of
this drug, acidosis simultaneously increases abdominal

pain in the surgical site and the right shoulder pain due to
diaphragm stimulation after the surgery (20).
In our study, despite the difference in pain at early hours
among the intervention groups, the mean pain reliever received was not significantly different among the groups.
Additionally, in our study, the mean heart rate, systolic
blood pressure, diastolic blood pressure, and respiratory
rate of patients in the intervention group were monitored at
consecutive hours after surgery, and no significant difference was observed. Thus, it seems that the use of these
pain-suppressing drugs had led to a significant pain relief
in patients while having no significant side effects. Therefore, these drugs can be used to reduce pain in patients who
had laparoscopic cholecystectomy surgery. Some of the
shortcomings and limitations of this study included lack of
attention to the impact of duration of surgery and the
amount of intra-abdominal pressure and PH within the abdomen of the patients. Since acetazolamide causes alkaline
diuresis, it would be safer to perform ABG in patients who
underwent laparoscopic surgery. It is recommended that
other studies take into account the above-mentioned factors.

Conclusion
According to the results obtained in this study, injection
of acetazolamide and bupivacaine reduces pain in early
hours after laparoscopy. However, the amount of pain will
not be different from the control group after 12 hours.
Therefore, acetazolamide or bupivacaine re-prescription
seems to be appropriate at this time. Acetazolamide injection significantly reduces pains referred to the shoulder after surgery.
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