
Anesth Pain Med. 2015 December; 5(6): e29366. doi: 10.5812/aapm.29366

Published online 2015 November 30. Research Article

Premedication With Single Dose of Acetazolamide for the Control of Referral 
Shoulder Pain After Laparoscopic Cholecystectomy

Reza Movassaghi,1 Ali Peirovifar,1 Davood Aghamohammadi,1,* Hassan Mohammadipour 
Anvari,1 Samad EJ Golzari,2 and Zohreh Kourehpaz1

1Department of Anesthesiology, Tabriz University of Medical Sciences, Tabriz, Iran2Drug Applied Research Center, Tabriz University of Medical Sciences, Tabriz, Iran
*Corresponding author: Davood Aghamohammadi, Department of Anesthesiology, Tabriz University of Medical Sciences, Tabriz, Iran. Tel: +98-9141150785, Fax: +98-4135566449, E-
mail: daghamohamadi@yahoo.com

 Received 2015 April 24; Revised 2015 August 22; Accepted 2015 August 31.

Abstract
Background: The use of laparoscopic surgeries is escalating thanks to their advantages over the open surgeries. However, several 
complications can be observed following laparoscopy operation. Postoperative pain is a major concern in cholecystectomy surgeries. 
Pain can be both experienced in operated areas and radiated to the right shoulder. Acetazolamide is used for glaucoma, acute mountain 
sickness prophylaxis, and epilepsy in few patients with recurrent epilepsy. It seems that patients’ pain can be reduced by preventing 
carbonic acid production in abdomen after operation.
Objectives: We aimed at evaluating if administration of acetazolamide preoperatively could affect early or late postoperative pain 
following laparoscopic surgery.
Patients and Methods: In a randomized-controlled clinical trial study, 70 subjects (30 - 60 years) scheduled for laparoscopic 
cholecystectomy were included after obtaining a written informed consent. Patients were divided into two groups randomly (intervention 
and control). The intervention group received 5 mg/kg oral acetazolamide one hour before the operation. The control group did not 
receive any further medication.
Results: Administration of a single dose of acetazolamide did not have any statistically significant impact on sleep quality (P = 1.000). 
Moreover, there was no statistically significant difference between groups regarding nausea and vomiting on single dose administration of 
acetazolamide (P = 1.000). Single dose of acetazolamide was associated with statistically significant decrease in shoulder pain immediately 
after laparoscopy (P = 0.017). However, there was no statistically significant difference regarding shoulder pain between the studied groups 
2, 4, 6, 8, 10, 12, and 24 hours after laparoscopy. Single dose of acetazolamide did not significantly affect analgesic administration in 2, 4, 6, 
8, 10, 12, and 24 hours after laparoscopy.
Conclusions: Single dose of acetazolamide was associated with statistically significant decrease in shoulder pain immediately after 
laparoscopy. However, this effect was limited to the first postoperative hours and it failed to reduce postoperative pain of right shoulder 
during 24 hours after the operation.
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1. Background
The use of laparoscopic surgeries is escalating thanks to 

their advantages over the open surgeries. In laparoscopic 
surgeries, the abdominal cavity is dilated using gases (usu-
ally CO2) for creating essential space needed for instru-
ments use. CO2 is a non-inflammable gas, which dissolves 
in blood rapidly and excretes from respiratory system (1).

Postoperative pain has been a major concern for physi-
cians in both traditional and modern medicine (2, 3). Sev-
eral symptoms/complications can be observed following 
laparoscopic surgeries (3). Postoperative pain is a major 
concern in most surgeries (4, 5) including cholecystec-
tomy (6). Numerous methods (4, 5) and medications from 
analgesics (7) to local anesthetics (8) have been used to 
overcome postoperative pain. Following laparoscopic sur-
gery, pain can be experienced in surgical area or radiated 
to the right shoulder. One of the proposed mechanisms is 

insufflation of CO2 into the abdomen and its mixture with 
water and carbonic acid and consequently irritation of sur-
gical and subdiaphragmatic area. Due to common innerva-
tion, pain can be sensed also in the right shoulder (9, 10).

Insufflation of CO2 into the abdomen is almost painful 
and usually requires general anesthesia. Systemic absorp-
tion of CO2 from peritoneal layers causes hypercarbia 
(EtCO2 > 50 mmHg), which in turns impacts directly on 
cardiovascular system and indirectly on the hemodynam-
ics (increase in both the heart rate and arterial blood pres-
sure) through stimulation of sympathoadrenal axis. Pro-
duction of H+ ion in serous surfaces of abdominal organs 
during CO2 insufflation into the abdominal cavity leads to 
pH decline and pain stimulation consequently. Insufflation 
of inert gases (e.g. helium, argon) instead of CO2 has advan-
tages including avoiding an increase in PaCO2 derived from 
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absorption and its required consequent hyperventilation. 
Nevertheless, this could be associated with undesirable 
consequences including but not limited to decreased car-
diac output and safety concerns in the event of gas embo-
lism considering the low blood solubility of the inert gases.

 Insufflation of nitric oxide instead of CO2 would be asso-
ciated with less pain, which would ultimately make lapa-
roscopy possible to be performed with local anesthesia. 
Reduction of laparoscopy induced visceral pain is feasible 
and could be achieved without anesthesia and along with 
nitric oxide insufflation by local anesthesia (6).

Carbonic anhydrase enzyme increases water and CO2 
composition which in turn produces carbonic acid. Acet-
azolamide inhibits the enzyme, which seems to reduce 
postoperative abdominal pain through preventing carbon-
ic acid production (11). Previous studies reported acidosis as 
one of the mechanisms for postoperative pain (12). Further-
more, metabolic acidosis is a known complication of an-
hydrase carbonic enzyme (13); it declines venous blood pH 
and the amount of HCO3 in plasma (13, 14). Considering PH 
reduction of body fluids, acetazolamide does not prevent 
abdomen acidosis, even though intensifies acidosis; more-
over, it contributes to pneumoperitoneal pain (6).

The onset time of effects for acetazolamide administered 
orally is about 1 - 1.5 hours and the duration of effect is 8 - 
12 hours. Moreover, the time for reaching maximum serum 
concentration is 2 - 4 hours (15). Almost 90% - 100% of the 
orally or intravenously administered acetazolamide ex-
cretes after 24 hours from kidney (16, 17). Acetazolamide has 
been approved for glaucoma, acute mountain sickness pro-
phylaxis, and epilepsy in few patients with recurrent epilep-
sy. It seems that patients’ pain can be reduced by preventing 
carbonic acid production in the abdomen postoperatively 
(15). Administration of the second dose of acetazolamide 
prolongs analgesic effects. Diagnostic laparoscopy is rou-
tinely performed by local anesthesia and gases other than 
CO2; this can be performed by CO2 insufflation with high 
safety regarding venous gas embolism and with lowest re-
ferral pain. Nevertheless, acetazolamide has no effects on 
solubility level and rapid CO2 absorption consequently (18).

2. Objectives
We aimed at evaluating if administration of acetazol-

amide preoperatively could affect early or late postopera-
tive pain following laparoscopic surgery.

3. Patients and Methods
In a randomized-controlled clinical trial study, 70 subjects 

(aged 30 - 60 years) scheduled for laparoscopic cholecys-
tectomy were included after obtaining written informed 
consent. Subjects were divided into two groups randomly 
(intervention and control). Exclusion criteria were addic-
tion, history of psychopathy, patients’ refusal, underlying 
disease (neuropathies), drug allergy to sulfonamides, renal 
insufficiency, COPD or respiratory diseases, pregnancy, he-
matologic disease, acidosis, kidney transplantation, elec-

trolyte disorders, use of lithium or diuretics, CNS disorders, 
liver diseases, existence of any disorder in the right shoul-
der, previous muscular diseases, and hypovolemia.

The intervention group (group I) received 5 mg/kg oral acet-
azolamide one hour before the operation. The control group 
(group C) did not receive any medication. Premedication 
was performed by midazolam 0.05 mg/kg and fentanyl 1 µg/
kg before anesthesia induction. Induction was performed by 
propofol 2 mg/kg and atracurium 0.8 mg/kg. Intubation was 
performed after complete relaxation and semi-sitting posi-
tion was maintained afterwards. Anesthesia was maintained 
with isoflurane and N2O. After the operation, pain severity 
was assessed on the shoulder and incision area by VAS at 0, 
2, 4, 6, 8, 10, 12, and 24 hours. Administration of analgesics 
was recorded on considered hours. The quality of sleeping, 
nausea and vomiting were also assessed.

A sample size analysis suggested that a total of 62 sub-
jects are required to detect a significant difference be-
tween the two groups with α = 0.05 and 80% power in a 
two-sided test of the hypothesis, but to consider possible 
lost to follow-up we included 70 subjects.

Data was analyzed using descriptive, T test, Chi square 
test, and F test methods by SPSS version 9.0 (SPSS, Inc., 
Chicago IL, US). Repeated measure test was used for eval-
uating pain severity in various times. P value less than 
0.05 was considered statistically significant. Data dis-
tribution normality was evaluated using Kolmogorov–
Smirnov test and QQ-plot. This study was registered in 
Iranian Registry of Clinical Trials as IRCT201407111772N15.

4. Results
The mean age of subjects was 46.56 years with mean of 

43.71 and 43.4 years in I and C groups, respectively. Among 
patients, 59 subjects were female and 11 males. Pain score 
mean before the operation was 0.43 and 0.63 in I and C 
groups, respectively. In group C, 3 patients (8.6%) had bad 
quality of sleeping, 22 patients (62.9%) with medium qual-
ity of sleeping and 10 patients (28.6%) with good quality of 
sleeping. In contrast, in the intervention group, 2 patients 
(5.7%) had bad quality of sleeping, 26 patients (74.3%) with 
medium quality of sleeping and 7 patients (20%) with good 
quality of sleeping. Administration of single dose of acet-
azolamide had not any statistically significant effect on 
sleep quality (P = 1.000). Furthermore, there was no statisti-
cally significant difference between the groups regarding 
nausea and vomiting on single dose administration of ac-
etazolamide (P = 1.000). Shoulder pain level in the interven-
tion on zero hour and control is demonstrated in Table 1.

Single dose of acetazolamide produced statistically signifi-
cant reduction of shoulder pain at hour zero (immediately) 
after laparoscopy (P = 0.017). However, there was no statisti-
cally significant difference regarding shoulder pain at hours 
2, 4, 6, 8, 10, 12, and 24 following laparoscopy. Furthermore, 
single dose of Acetazolamide was not associated with any sta-
tistically significant difference on the analgesic administra-
tion at hours 0, 2, 4, 6, 8, 10, 12, and 24 following laparoscopy.
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Table 1. Shoulder Pain Level in the Intervention on Zero Hour 
and Controla

Pain Score (Hour 0) Subjects

Intervention

5 0 (0)

4 1 (2.9)

3 4 (11.4)

2 9 (25.7)

1 0 (0)

Control

5 1 (2.9)

4 5 (14.3)

3 7 (20)

2 8 (22.9)

1 2 (5.7)
aData are presented as No. (%).

5. Discussion
This study showed that acetazolamide did not have sig-

nificant effect on pain level of the right shoulder during 
24 hours after the operation. Woehlck et al. (9) and Hanly 
et al. (10) studies demonstrated that acetazolamide injec-
tion can decline referral pain, but not incision pain. Sta-
tistically significant difference was not observed regard-
ing referral pain decrease between the intervention and 
control groups (9, 10).

Tissue acidosis has been introduced as a mechanism of 
pain creation in Issberner et al. study (19). Reduction of 
venous blood pH and volume of plasma HCO3 at the same 
time due to diuretic effect of HCO3 from kidney has been 
demonstrated (12, 13).

Based on Singh et al. study, adding acetazolamide to a 
multimodal regimen could improve pain management in 
patients undergoing laparoscopic nephrectomy (14). Rad-
hakrishnan et al. (20) reported that acetazolamide reverses 
thermal hyperalgesia with an inflammatory origin, but me-
chanical allodynia did not change. Statistically significant 
difference was not observed between the two groups (20). 
In Moazeni-Bistgani et al. (21) study, 250 mg oral acetazol-
amide was administered 24 hours before laparoscopic cho-
lecystectomy and continued every 8 hours until 24 hours 
after the operation. Although previous studies showed that 
acetazolamide reduces peritoneal washing fluid pH and 
decreases referral right shoulder pain, acetazolamide can 
induce abdominal pain on incision area and right shoulder 
pain after 24 hours by making tissue acidosis. Consequent-
ly, a statistically significant difference has been reported 
only on hour zero after laparoscopy following administra-
tion of acetazolamide (21). Our study had some limitations; 
for instance, our study was not blinded.

Overall, acetazolamide could be effective only in the im-
mediate postoperative period and it had no confirmed 

effects on shoulder referral pain following laparoscopy 
surgery. However, further studies with larger sample siz-
es are required to confirm this.

Acknowledgments
We would like to acknowledge all those who helped us 

with this study.

Footnote
Authors’ Contribution:Reza Movassaghi provided 

the hypothesis and the draft, Ali Peirovifar and Davood 
Aghamohammadi collected data and revised the final 
draft, Hassan Mohammadipour Anvari, Samad EJ Golzari 
and Zohreh Kourehpaz provided the revised manuscript, 
collected data and performed the analysis.

References
1.       Sokouti M, Aghdam BA, Golzari S, Moghadaszadeh M. A compara-

tive study of postoperative pulmonary complications using fast 
track regimen and conservative analgesic treatment: A random-
ized clinical trial. Tanaffos. 2011;10(3):12-19. [PubMed: 25191370]

2.       Brunicardi FC. Schwartz's principles of surgery. New York, US: Mc-
Graw-Hill , Health Pub. Division; 2005.

3.       Dabbagh A, Rajaei S, Golzari SE. History of anesthesia and pain in 
old Iranian texts. Anesth Pain Med. 2014;4(3):e15363. doi: 10.5812/
aapm.15363. [PubMed: 25237631]

4.       Golzari SE, Khan ZH, Ghabili K, Hosseinzadeh H, Soleimanpour H, 
Azarfarin R, et al. Contributions of Medieval Islamic physicians 
to the history of tracheostomy. Anesth Analg. 2013;116(5):1123–32. 
doi: 10.1213/ANE.0b013e3182884313. [PubMed: 23492962]

5.       Aghamohamadi D, Hosseinzadeh H, Golzari SE, Alizadeh A, 
Peirovifar A, Movassagi R, et al. Preincisional ipsilateral stellate 
ganglion block for acute post operative pain control in unilat-
eral mastectomy. Pak J Med Sci. 2011;4:879–83.

6.       Aghamohammadi D, Hosseinzadeh H, Eidy M, Mohammadzadeh 
Vizhe Z, Abolghasemi Fakhri MB, Movassaghi R, et al. Multimodal 
preincisional premedication to prevent acute pain after chole-
cystectomy. J Cardiovasc Thorac Res. 2012;4(3):65–8. doi: 10.5681/
jcvtr.2012.016. [PubMed: 24250987]

7.       Kolahdouzan K, Eydi M, Mohammadipour Anvari H, Golzari 
SE, Abri R, Ghojazadeh M, et al. Comparing the efficacy of in-
travenous acetaminophen and intravenous meperidine in 
pain relief after outpatient urological surgery. Anesth Pain Med. 
2014;4(5):e20337. doi: 10.5812/aapm.20337. [PubMed: 25798377]

8.       Golzari SE, Soleimanpour H, Mahmoodpoor A, Safari S, Ala A. Li-
docaine and pain management in the emergency department: 
a review article. Anesth Pain Med. 2014;4(1):e15444. doi: 10.5812/
aapm.15444. [PubMed: 24660158]

9.       Woehlck HJ, Otterson M, Yun H, Connolly LA, Eastwood D, Col-
paert K. Acetazolamide reduces referred postoperative pain after 
laparoscopic surgery with carbon dioxide insufflation. Anesthesi-
ology. 2003;99(4):924–8. [PubMed: 14508327]

10.       Hanly EJ, Mendoza-Sagaon M, Murata K, Hardacre JM, De Maio 
A, Talamini MA. CO2 Pneumoperitoneum modifies the inflam-
matory response to sepsis. Ann Surg. 2003;237(3):343–50. doi: 
10.1097/01.SLA.0000055271.58945.E2. [PubMed: 12616117]

11.       Bonica JJ. The Management of Pain. Philadelphia, US: Lippincott 
Williams & Wilkins; 1990.

12.       Brechue WF, Stager JM, Lukaski HC. Body water and electrolyte 
responses to acetazolamide in humans. J Appl Physiol (1985). 
1990;69(4):1397–401. [PubMed: 2262460]

13.       Elinav E, Ackerman Z, Gottehrer NP, Heyman SN. Recurrent life-
threatening acidosis induced by acetazolamide in a patient 
with diabetic type IV renal tubular acidosis. Ann Emerg Med. 
2002;40(2):259–60. [PubMed: 12140510]



Movassaghi R et al.

Anesth Pain Med. 2015;5(6):e293664

14.       Singh R, Sen I, Wig J, Minz M, Sharma A, Bala I. An acetazolamide 
based multimodal analgesic approach versus conventional pain 
management in patients undergoing laparoscopic living do-
nor nephrectomy. Indian J Anaesth. 2009;53(4):434–41. [PubMed: 
20640205]

15.       Lyall DA. Unexpected control of a patient's refractory epilepsy 
when treating glaucoma with acetazolamide. Can J Ophthalmol. 
2008;43(3):377. doi: 10.3129/i08-036. [PubMed: 18443620]

16.       Celebisoy N, Gokcay F, Sirin H, Akyurekli O. Treatment of idio-
pathic intracranial hypertension: topiramate vs acetazolamide, 
an open-label study. Acta Neurol Scand. 2007;116(5):322–7. doi: 
10.1111/j.1600-0404.2007.00905.x. [PubMed: 17922725]

17.       Kayser B, Hulsebosch R, Bosch F. Low-dose acetylsalicylic acid 
analog and acetazolamide for prevention of acute moun-
tain sickness. High Alt Med Biol. 2008;9(1):15–23. doi: 10.1089/

ham.2007.1037. [PubMed: 18331216]
18.       Lee TS. End-tidal partial pressure of carbon dioxide does not 

accurately reflect PaCO2 in rabbits treated with acetazolamide 
during anaesthesia. Br J Anaesth. 1994;73(2):225–6. [PubMed: 
7917740]

19.       Issberner U, Reeh PW, Steen KH. Pain due to tissue acidosis: a 
mechanism for inflammatory and ischemic myalgia? Neurosci 
Lett. 1996;208(3):191–4. [PubMed: 8733302]

20.       Radhakrishnan R, Sluka KA. Acetazolamide, a carbonic anhy-
drase inhibitor, reverses inflammation-induced thermal hyper-
algesia in rats. J Pharmacol Exp Ther. 2005;313(2):921–7. doi: 10.1124/
jpet.104.082776. [PubMed: 15743922]

21.       Moazeni-Bistgani M, Mohammad Ali-Beigi F, Shahrjerdi S. Assess-
ment of oral acetazolamide on postoperative pain after laparo-
scopic cholecystectomy. J Shahrekord Univ Med Sci. 2010;12(2):21–6.


