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Background: Opioids administered as bolus doses or continuous infusions are widely used 
for major and daycare surgeries. Opioid-free anesthesia is multimodal anesthesia and anal-
gesia that does not use opioids, benefiting patients from opioid-related adverse effects. We 
compared the postoperative analgesic requirements of patients scheduled for elective lapa-
roscopic cholecystectomy under opioid-free and opioid-based anesthesia.

Methods: Study included 88 patients aged 18–60 years with American Society of Anesthe-
siologists physical status 1 and 2 who underwent elective laparoscopic cholecystectomy. 
Participants were randomly divided into two groups with 44 in each. The opioid-free group 
was administered an intravenous bolus of ketamine and dexmedetomidine, whereas fentan-
yl was used in opioid group. Primary outcome was to compare the total amount of fentanyl 
consumed by both groups during 6 h postoperative period. Episodes of postoperative nau-
sea and vomiting (PONV) and vital signs were noted throughout the postoperative period to 
analyze the secondary outcomes.

Results: Both groups had similar demographic characteristics. The opioid-free group re-
quired lesser analgesia within the first 2 h (61.4 ± 17.4 vs. 79.0 ± 19.4 of fentanyl, P < 
0.001), which was statistically significant. However, fentanyl consumption was comparable 
between the groups at 6 h (152 ± 28.2 vs. 164 ± 33.4, P = 0.061). Compared with 4.5% of 
the participants in the opioid-free group, 34% of those in the opioid-based group developed 
moderate PONV.

Conclusions: Opioid-free anesthesia in patients undergoing laparoscopic cholecystectomy 
reduced the requirement of analgesia in first two-hour postoperative period and was associ-
ated with decreased PONV.
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INTRODUCTION 

Anesthesia requires a full spectrum of drugs, from which 

an anesthetic plan can be implemented to achieve the de-

sired level of sedation, analgesia, amnesia, muscle relax-

ation, and reflex abolition. Opioid administration as a bolus 

dose or continuous infusion is widely used by anesthesiolo-

gists in major and day care surgeries. The use of opioids 

during anesthesia is associated with various opioid-related 

adverse effects such as respiratory depression, opioid-in-

duced hyperalgesia, nausea and vomiting, urinary retention, 

paralytic ileus, and the risk of cognitive and sleep dysfunc-

tion [1-4]. This negative side effect profile of opioids may 

cause delayed recovery and discharge of patients from the 

post-anesthesia care unit as well as unanticipated hospital 

readmissions. 

The emergence of opioid-free anesthesia was triggered by 

the adverse effects of opioids and the ongoing opioid epi-

demic, which began in high-income countries, such as the 

United States, in the 1990s and has now expanded to Europe 

and Asia [5,6]. It is a multimodal anesthetic and analgesic 

without the use of opioid drugs and can play a significant 

role in enhanced recovery after surgery [7]. Drugs useful for 

opioid-free anesthesia include dexmedetomidine, ketamine, 

dexamethasone, lignocaine, non-steroidal anti-inflammato-

ry drugs, paracetamol, and beta-blockers such as esmolol, 

benzodiazepines, and magnesium sulfate [8-13]. The use of 

opioids after abdominal surgery is recommended only when 

non-opioid drugs provide insufficient analgesia. 

Thus, there is a need to study and evaluate new non-opi-

oid pain medications after laparoscopic cholecystectomy as 

part of an opioid reduction strategy. Dexmedetomidine is a 

centrally acting alpha 2 adrenoreceptor agonist with a good 

potential for improving analgesia, hemodynamic responses 

to endotracheal intubation, and hemoperitoneum creation. 

Its perioperative analgesic potential and sedative properties 

have been widely studied in different types of major surger-

ies, with promising results [14]. The role of dexmedetomi-

dine in early recovery after day care surgery is a new area of 

interest among anesthesiologists. Ketamine has excellent 

analgesic, amnesic, and opioid-sparing properties. In small 

doses (doses <  0.5 mg/kg), it has good analgesic effects with 

minimal side effects [15,16]. A single dose of ketamine can 

significantly reduce postoperative opioid consumption to a 

great extent in day care surgeries, such as laparoscopic cho-

lecystectomy. 

Thus, this randomized controlled trial was designed to 

compare the postoperative analgesic requirements of adult 

patients undergoing elective laparoscopic cholecystectomy 

under opioid-free anesthesia with dexmedetomidine and 

ketamine versus conventional opioid-containing anesthesia. 

We hypothesized that opioid-free anesthesia would provide 

better postoperative analgesia than opioid-based anesthesia 

in elective laparoscopic cholecystectomy. 

MATERIALS AND METHODS 

This prospective, randomized, double-blind, controlled 

clinical trial was conducted at the All India Institute of Medi-

cal Sciences, Patna, India. This study was approved by the 

institutional ethics committee (AIIMS/Pat/IEC/PGTh/July 

20/06 dated 20/09/2021) and registered with the Clinical 

Trials Registry, India (CTRI/2022/02/039883). This study in-

cluded adult patients scheduled for elective laparoscopic 

cholecystectomy belonging to American Society of Anesthe-

siologists physical status 1 and 2 in the age group of 18–60 

years with a body mass index (BMI) of 18–35 kg/m2. Patients 

with a BMI >  35 kg/m2; pregnant and breastfeeding women; 

a history of hepatic, renal, or cardiac disease; alcohol abuse; 

drug abuse; psychiatric illness; and a history of chronic pain 

(pain present for more than 6 months) were excluded from 

the study. Each patient was assigned a computer-generated 

number and randomized into two groups in a 1:1 ratio. 

Randomization was block randomization with a block size 

of four. The allocation was concealed using an opaque 

sealed envelope. Opioid-free group patients were adminis-

tered dexmedetomidine infusion at a rate of 0.5 mcg/kg/h, 

initiated 10 min before induction, and ketamine IV bolus 

dose of 0.35 mg/kg was administered before skin incision. 

Dexmedetomidine infusion was stopped at the time of re-

moval of the gall bladder. The opioid-based group was ad-

ministered fentanyl intravenous bolus dose of 2 mcg/kg 

before induction and intermittent doses of 0.5 mcg/kg were 

administered intraoperatively if the mean arterial pressure 

(MAP) and heart rate (HR) were greater than ±  20% of the 

baseline value. 

All patients in both groups were administered midazolam 

(0.03 mg/kg) before surgery. Patients in both groups re-

ceived injections of dexamethasone (8 mg) and diclofenac 

(75 mg) before induction. Preoxygenation of the patients 

was performed before the induction of anesthesia. Anesthe-

sia was induced using propofol (1.5–2.5 mg/kg) intravenous-

ly. Muscle relaxation was attained using atracurium (0.5 mg/

kg) intravenously. Endotracheal intubation was performed 
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in all patients. Muscle relaxation was maintained with a bo-

lus dose of atracurium. Patients were ventilated using a mix-

ture of sevoflurane, oxygen, and air titrated to a bispectral 

index of 40–60. The port sites were infiltrated with 2% ligno-

caine. After surgery, muscle relaxation was reversed with 

neostigmine (0.05 mg/kg) and glycopyrrolate (0.01 mg/kg). 

Paracetamol (1,000 mg) and ondansetron (4 mg) were ad-

ministered immediately after removal of the gall bladder. 

Diclofenac (75 mg every 12 h) and paracetamol injection 

(1,000 mg) was prescribed for postoperative analgesia. A pa-

tient-controlled analgesia (PCA) pump containing 100 ml 

solution of 10 mcg/ml fentanyl was set to deliver an inter-

mittent IV bolus dose of 25 mcg at a lockout interval of 15 

min, without any background infusion and was adminis-

tered as a rescue analgesic in both groups. The primary ob-

jective was to compare the cumulative amount of fentanyl 

used for pain relief in the first 6 h after extubation in adult 

patients undergoing elective laparoscopic cholecystectomy. 

The secondary objectives were to assess postoperative 

pain scores using a numerical rating scale at 2, 6, 12, and 24 

h; find the total amount of intravenous fentanyl consump-

tion at 2, 12, and 24 h postoperative periods; estimate the 

time taken for the first use of rescue analgesia; and assess 

the incidence of postoperative nausea and vomiting (PONV) 

episodes experienced by the patients in the first 24 h postop-

erative period among patients in the opioid-free and opi-

oid-containing groups. Postoperative pain severity was as-

sessed using an 11-point numeric rating scale with scores 

ranging from 0 to 10, with 0 indicating no pain and 10 indi-

cating worst pain. PONV were assessed using a 4-point ver-

bal rating scale (VRS): none, mild, moderate, and severe. 

Other opioid-related adverse effects such as respiratory de-

pression, constipation, and itching were also assessed. 

Statistical analysis 

The sample size was calculated at an alpha risk of 0.05; 39 

patients per group provided 80% power and detected a 40% 

reduction in fentanyl consumption in the treatment group 

based on a previous study by Bakan et al. [17] Assuming a 

dropout rate of 10%, the total sample size was calculated as 

43 per group and rounded off to 44 per group (88 total sam-

ple sizes). 

Data were expressed as numbers, percentages, or mean ±  

standard deviation. Normality was assessed using a quan-

tile-quantile plot. Chi-square or Fisher’s exact tests were 

used to compare categorical data, as appropriate. Indepen-

dent Student’s t-test or Mann–Whitney U test, if necessary, 

was used to compare quantitative variables. Continuous 

data were analyzed using independent Student’s t-test for 

significance. Statistical significance was set at P <  0.05. Sta-

tistical data were analyzed using Jamovi 2.3.18 software (The 

Jamovi Project 2022). 

RESULTS 

A total of 88 patients who fulfilled the inclusion criteria 

participated in the study and there were no dropouts. Fig. 1 

shows a consort-flow diagram of the patient selection, allo-

cation to each group, follow-up, and study analysis. The de-

mographic characteristics of the patients were comparable 

between the groups (Table 1). Postoperative fentanyl con-

sumption during the first 6 h postoperative period was  

152 ±  28.2 mcg in the opioid-free group and 164 ±  33.4 mcg 

in the opioid-based group, which did not show any statisti-

cally significant difference. There was no statistically signifi-

cant difference in the total amount of fentanyl consumed 

between the two groups at the 12 and 24 h postoperative pe-

riods; however, a significant difference was observed in the 

first two hours of the postoperative period (Table 2). Pain 

scores also showed a statistically significant difference 2 h 

postoperatively. The time taken for the first use of the PCA 

was significantly longer in the opioid-free group, which 

Fig. 1. Flow diagram of the study participants.

Assessed for eligibility (n = 88)

Randomized (n=88)

Allocated to group (n = 44)

Discontinued intervention  
(n = 0) 

Loss to follow-up (n = 0)

Analysed (n = 44) 
Excluded (n = 0)

Allocated to group (n = 44)

Discontinued intervention  
(n = 0)

Loss to follow-up (n = 0)

Analysed (n = 44)
Excluded (n = 0)

Excluded (n = 0)
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Table 1. Demographic Data of the Patients and Duration of Surgery

Parameters Opioid‑free group (n =  44) Opioid‑based group (n =  44) P value

Age (yr) 36.0 ±  10.4 40.3 ±  11.3 0.073*

Gender (F/M) 31/13 32/12 0.813†

Weight (kg) 56.9 ±  10.14 58.8 ±  9.42 0.346

BMI (kg/m2) 21.6 ±  2.91 22.2 ±  2.98 0.323

Duration of surgery (min) 48.9 ±  11.7 51.6 ±  13.0 0.303*

Values are presented as mean ± SD or number only. PONV: postoperative nausea and vomiting, BMI: body mass index. *Student’s t-test, 
†Chi-square test.

Table 2. Postoperative Fentanyl Requirement and Time to First Rescue Analgesic

Outcome Opioid‑free group 
(n =  44)

Opioid‑based group 
(n =  44)

Mean difference 
(95% CI) P value

Postoperative fentanyl consumption* (µg)
2 h 61.4 ±  17.4 79.0 ±  19.4 –17.61 (–25.4 to –9.79) 0.001

6 h 152 ±  28.2 164 ±  3.34 –12.50 (–25.6 to 0.61) 0.061

12 h 204 ±  38.5 217 ±  33.1 –13.07 (–28.3 to 2.15) 0.091

24 h 235 ±  44.2 242 ±  37.6 –7.39 (–24.8 to 10.01) 0.401

Time taken for first use of PCA (min) 17.9 ±  4.69 11.2 ±  2.90 6.68 (5.03 to 8.33) 0.001

Values are presented as mean ± SD. PCA: patient-controlled analgesia, CI: confidence interval. *Student’s t-test .

Table 3. Analysis of postoperative pain scores

Outcome Opioid‑free 
group (n =  44)

Opioid‑based 
group (n =  44) P value

NRS scores*
2 h 5.0 (4, 6) 5.0 (4, 6) 0.001

6 h 3.0 (2, 4) 3.0 (2, 4) 0.342

12 h 2.0 (1, 3) 2.0 (1, 3) 0.974

24 h 1.0 (1, 2) 1.0 (1, 2) 0.646

Values are presented as median (1Q, 3Q). NRS: numeric rating 
scale. *Mann-Whitney U tests.

Table 4. Incidence of PONV

PONV severity Opioid‑free 
group (n =  44)

Opioid based 
group (n =  44) P value

Mild 42 (95.5) 29 (65.9)

Moderate 2 (4.5) 15 (34.1) 0.001*

Severe 0 0

Values are presented as number (%). PONV: postoperative nausea 
and vomiting. *Chi-square test.

showed better analgesia during the immediate postopera-

tive period (Table 3). The VRS for PONV showed a higher 

number of patients with moderate PONV in the opi-

oid-based group: 34% of the patients in the opioid-based 

group had moderate PONV compared with 4.5% of those in 

the opioid-free group (Table 4). Intraoperative hemodynam-

ic parameters were not significantly different between the 

two groups. However, when comparing the HR and MAP 

readings from baseline, the opioid-free group had higher 

values than the opioid-based group (Fig. 2). The variations 

in hemodynamic parameters during pneumoperitoneum 

were similar in both the groups (Fig. 3). 

DISCUSSION 

The findings of this study indicate that patients who were 

administered opioid-free anesthesia with ketamine and dex-

medetomidine had a reduction in fentanyl requirement 2 h 

after extubation compared with those of the opioid-based 

group. Although no intraoperative fentanyl was used in the 

opioid-free group, patients in both groups had a comparable 

fentanyl requirement in the first 6 h of the postoperative pe-

riod. In our study, the time to first rescue analgesia was also 

significantly longer in the opioid-free group than in the opi-

oid group. 

In recent years, non-opioid anesthetic techniques have 

gained recognition for reducing opioid-related adverse ef-

fects and for improving recovery. Owing to its anxiolytic, an-

algesic, and sympatholytic properties, dexmedetomidine 

has been used as an opioid substitute in numerous surgical 

interventions. We also administered a sub-anesthetic dose 

of intravenous ketamine to the opioid-free group because it 

provides effective analgesia without compromising clinical 

safety. Combining dexmedetomidine and ketamine with 
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Fig. 2. Comparison of the mean heart rate between the two groups during the intraoperative and 24 postoperative periods.

Fig. 3. Comparison of mean arterial pressure between the two groups during the intraoperative and 24 postoperative periods.

other non-opioid analgesic medications using a multimodal 

approach can produce synergistic analgesia. The clinically 

significant difference in pain scores in the 2 h postoperative 

period in the opioid-free group could be due to the exten-

sion of the analgesic and sedative effects of dexmedetomi-

dine and ketamine during the initial hours of the postopera-

tive period. The duration of action of dexmedetomidine and 

ketamine is up to 90 min after intravenous administration; 

therefore, during this period, patients who underwent dex-

medetomidine ketamine anesthesia had better postopera-

tive analgesia and pain scores than those who were admin-

istered opioid anesthesia. 

A randomized controlled trial conducted by Bharadwaj et 

al. [18] on laparoscopic urological procedures in patients 
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with obesity supported our findings. They found that opi-

oid-free anesthesia provided superior analgesia compared 

with opioid-based anesthesia and that rescue analgesic con-

sumption was significantly lower in the first 24 h of the post-

operative period. They used a combination of dexmedeto-

midine, ketamine, and lignocaine in their study in compari-

son with fentanyl-based anesthesia. Compared with our 

findings in this study, the opioid-free group experienced a 

prolonged analgesic effect, which may have been due to the 

administration of an additional drug, lignocaine (1.5 mg/

kg), at induction, followed by 0.1 mg/kg/h of lignocaine in-

fusion. 

PONV in the first 24 h of the postoperative period were as-

sessed as secondary outcomes in each group. For this pur-

pose, a simple VRS for nausea and vomiting was used. In this 

study, severe nausea was not reported in any of the groups; 

however, the incidence of mild-to-moderate PONV was sig-

nificantly higher in the opioid group. PONV are known side 

effects of opioid use; therefore, the decreased incidence of 

PONV in the study group may have been related to the avoid-

ance of intraoperative opioids. Ziemann-Gimmel et al. [19] 

found similar results, demonstrating that opioid-free total in-

travenous anesthesia was associated with a substantial reduc-

tion in the relative risk of PONV compared with balanced an-

aesthesia. They reported that PONV were significantly more 

severe in the opioid group; however, there was no significant 

difference in the number of patients requiring rescue anti-

emetic medication or in the number of doses required. 

The results of our study indicated that during the intraop-

erative and postoperative periods, the mean (HR) was statis-

tically comparable in both groups, except immediately after 

intubation, where the HR was higher in the opioid-free 

group. No significant difference was found between the 

groups when MAP was compared. The increase in the HR 

was probably due to the intubation response because we 

used a fixed infusion rate of dexmedetomidine and did not 

provide a loading dose. In contrast to our findings, Beloeil et 

al. [20] reported a greater incidence of bradycardia and five 

cases of severe bradycardia in the dexmedetomidine group. 

In some cases, bradycardia occurred during carbon dioxide 

insufflation during laparoscopic surgery. They observed a 

high incidence of severe bradycardia due to a higher dose of 

dexmedetomidine infusion; in one case, it was related to an 

incorrect estimation of the patient’s weight. We did not ob-

serve any cases of severe bradycardia, which may be ex-

plained by the fact that we administered dexmedetomidine 

at a fixed low dose and avoided bolus administration. In ad-

dition, IV ketamine may have provided hemodynamic sta-

bility by counteracting bradycardia. Further research is 

needed to fully understand the hemodynamic effects of the 

combination of dexmedetomidine and ketamine as we did 

not explore hemodynamics as the primary outcome. We did 

not observe any other opioid-related complications in the 

opioid or study groups. 

Our study had some limitations. The exclusion of patients 

in the ASA categories 3 and 4 reduced the generalizability of 

the trial. As there was a lack of information regarding the he-

modynamic effects of the drug combinations used in these 

categories, these categories were excluded. We observed 

postoperative pain for 24 h only, which may be insufficient 

to determine the long-term effects. A more comprehensive 

understanding of the effects on postoperative pain can be 

attained by obtaining data over a longer period. A four-point 

VRS was used to measure PONV symptoms, although this 

scale has not been validated for assessing PONV. However, 

we found that patients could easily comprehend this scale 

and found it simple to understand. 

CONCLUSION 

We concluded that administering dexmedetomidine and 

ketamine together in opioid-free anesthesia for patients un-

dergoing elective laparoscopic cholecystectomy reduced 

opioid consumption in the first 2 h of the postoperative peri-

od and prolonged the time to the first use of rescue analge-

sia. The opioid-free anesthesia technique was also associat-

ed with decreased PONV. Thus, this anesthetic technique 

may be used as an alternative for selected patients undergo-

ing elective laparoscopic cholecystectomy. 
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