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ABSTRACT  

Background: Opioid-free anaesthesia (OFA) is emerging as a viable alternative 

to traditional opioid-based anaesthesia (OBA) that aims to reduce opioid-related 

complications through a multimodal analgesic approach. This study compared 

the efficacy of dexmedetomidine-based OFA and fentanyl-based OBA in 

laparoscopic surgeries, focusing on postoperative analgesia, intraoperative 

haemodynamics, and rescue analgesic use. Material and Methods: A 

prospective, controlled study was conducted on 70 patients undergoing elective 

laparoscopic surgeries, who were divided into two groups: the OFA group 

(n=35) receiving dexmedetomidine and ketamine and the OBA group (n=35) 

receiving fentanyl. Intraoperative haemodynamic parameters were recorded at 

predefined intervals. Postoperative pain was assessed using the Visual Analogue 

Scale (VAS) over 24 h. Tramadol usage was recorded as a measure of the rescue 

analgesic requirement. Result: The demographic characteristics were 

comparable between the groups. The OFA group showed significantly lower 

VAS scores at all time points, especially at 24 h (0.2 vs. 1.2). Tramadol 

requirement was substantially lower in the OFA group: only one patient 

required tramadol at 12 hours compared to nine in the OBA group (p = 0.003), 

and 0 patients at 24 hours compared to three in the OBA group. Additionally, 

34 patients in the OFA group required no tramadol, versus 23 in the OBA group. 

The haemodynamic parameters, including heart rate and mean arterial pressure, 

were comparable but more stable in the OFA group. The SpO₂ levels remained 

stable in both groups. Conclusion: Dexmedetomidine-based OFA provides 

superior postoperative analgesia and reduces opioid consumption while 

maintaining haemodynamic stability, supporting its use in laparoscopic 

procedures. 

 
 

 

INTRODUCTION 
 

Opioids have traditionally been a key component of 

anaesthetic practice, contributing significantly to 

effective intraoperative and postoperative pain 

relief.[1] They exert their effects through binding to 

opioid receptors distributed throughout the central 

and peripheral nervous systems, thereby altering pain 

perception and producing strong analgesic effects.[2] 

Despite their benefits, opioid administration is 

associated with several known adverse effects such 

as respiratory depression, constipation, nausea, 

urinary retention, vomiting, and pruritus, all of which 

can impair recovery and compromise patient safety.[1] 

Furthermore, the ongoing global opioid crisis marked 

by rising cases of dependence, misuse, and related 

health complications has led to a critical reassessment 

of opioid use in perioperative settings.[3] 

Opioid-free anaesthesia (OFA) has gained 

recognition as an effective alternative to traditional 

opioid-based methods.[4] It marks a significant shift 

in achieving analgesia by using a multimodal 

approach with non-opioid agents that act on different 

nociceptive pathways.[5] Common drugs included in 

OFA protocols are dexmedetomidine, ketamine, 

lidocaine, magnesium sulphate, and gabapentinoids, 

which work together to provide adequate analgesia, 

sedation, and haemodynamic control.[6] This strategy 

reduces opioid-related side effects and supports 

enhanced recovery protocols. 

The role of OFA in laparoscopic surgeries is 

especially relevant, as these procedures, while 
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minimally invasive and associated with advantages 

such as less blood loss, shorter hospital stays, and 

reduced risk of infection, are still linked with 

considerable postoperative pain.[7] This pain arises 

from multiple sources, including incisional (parietal) 

pain, visceral pain from organ handling and 

pneumoperitoneum, and referred shoulder pain due to 

diaphragmatic irritation from CO₂ insufflation.[8] 

Because of this multifaceted pain pattern, a 

multimodal analgesic plan such as OFA is important 

to improve patient comfort and outcomes in the early 

recovery period. 

Among OFA agents, dexmedetomidine, a highly 

selective α₂-adrenergic receptor agonist introduced in 

1999 for its sedative properties, has gained 

considerable clinical attention.[9] It has demonstrated 

anaesthetic and opioid sparing effects, with pre-

induction administration shown to reduce the 

requirement for isoflurane and fentanyl. Subsequent 

studies support its intraoperative use at doses of 0.5–

1 µ/kg, linking dexmedetomidine to decreased opioid 

consumption and lower postoperative nausea and 

vomiting, without compromising haemodynamic 

stability.[10] 

This study evaluated the efficacy of opioid-free 

anaesthesia with dexmedetomidine compared to 

fentanyl-based anaesthesia in laparoscopic surgeries, 

focusing on recovery enhancement, haemodynamic 

stability, and postoperative opioid sparing. 

Objectives 

Postoperative pain was evaluated using the Visual 

Analogue Scale (VAS) over 24 hours, along with the 

assessment of intraoperative haemodynamic 

parameters, duration of postoperative analgesia, and 

total analgesic consumption within the first 24 hours. 

 

MATERIALS AND METHODS 

 

This prospective randomised controlled study was 

conducted in the Department of Anesthesiology and 

the Department of General Surgery at Kanyakumari 

Government Medical College, Asaripallam, Tamil 

Nadu, for one year, from August 2023 to July 2024. 

Ethical approval was secured from the Institutional 

Ethics Committee prior to study initiation, and 

written informed consent was obtained from all 

participants. 

Inclusion and exclusion criteria 

The study included patients aged 20–70 years who 

were scheduled to undergo laparoscopic surgeries 

under general anaesthesia and were classified as 

American Society of Anaesthesiologists Physical 

Status (ASA PS) I or II. Patients were excluded if 

they refused to participate, had a body mass index 

(BMI) > 35 kg/m², had a known allergy to any of the 

medications used, exhibited cognitive dysfunction, 

had major cardiac, renal, or hepatic disorders, or if 

there was a conversion to open surgical technique or 

a need for continued postoperative ventilation. 

 

 

Methods 

The study population consisted of two groups, each 

comprising 35 patients. The control group (opioid-

based analgesia, OBA group) received fentanyl, 

whereas the opioid-free anaesthesia (OFA) group 

was administered intravenous ketamine and 

dexmedetomidine infusions. Standard intraoperative 

monitoring included electrocardiography, pulse 

oximetry, and noninvasive blood pressure 

measurement. Following preoxygenation with 100% 

oxygen, general anaesthesia was induced with 

intravenous propofol (2 mg/kg), lignocaine (1.5 

mg/kg), and succinylcholine (1.5 mg/kg), followed 

by endotracheal intubation and atracurium (0.3–0.6 

mg/kg). Maintenance included nitrous oxide (0.5 

L/min), oxygen (0.5 L/min), sevoflurane (1%), and 

intermittent atracurium. 

During the maintenance phase, the OBA group 

received intravenous fentanyl (100 mcg bolus), 

followed by a continuous infusion (0.5–1 mcg/kg/h). 

The OFA group received an intravenous bolus of 

ketamine (0.5–2 mg/kg) and dexmedetomidine (1 

mcg/kg over 10 minutes), followed by continuous 

infusions of dexmedetomidine (0.4–0.7 μg/kg/h), 

ketamine (1–2 mg/kg/h), and lidocaine (1.5 mg/kg/h). 

Haemodynamic parameters were recorded at baseline 

(pre-induction) and 5, 10, 15, 30, and 60 minutes 

post-induction. All patients received 1 g intravenous 

paracetamol at the end of the procedure. 

In the OBA group, intraoperative hypertension was 

managed with fentanyl boluses (0.5 µg/kg). In both 

groups, intra-abdominal pressure was maintained 

between 12 and 15 mmHg, and end-tidal CO₂ was 

kept below 35 mmHg. Postoperatively, pain scores, 

vital signs, and adverse effects were assessed at 0, 2, 

4, 6, 12, and 24 hours. Rescue analgesia with 1 g 

intravenous paracetamol was administered for a 

visual analogue scale (VAS) score greater than 5, and 

intravenous tramadol (50 mg) was given for VAS 

scores between 8 and 10. Time to first analgesic 

request and total analgesic consumption were 

recorded. 

Sample size calculation 

Sample size estimation was based on the formula for 

comparing two independent group means, assuming 

equal variance, 5% significance (Zₐ/₂ = 1.96), 80% 

power (Zᵦ = 0.842), equal distribution, and a 

clinically significant difference (D). A total of 70 

participants (35 per group) were determined using the 

following formula: 2 × ((Zₐ/₂ + Zᵦ) × σ / D². 

Statistical Analysis 

Data were analysed using IBM SPSS Statistics 

version 21.0. Continuous variables were presented as 

mean ± standard deviation and compared using the 

independent samples t-test. Categorical variables 

were expressed as frequencies and percentages, and 

analysed with the chi-square test or Fisher’s exact 

test, as appropriate. A p-value < 0.05 was considered 

statistically significant. 
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RESULTS  
 

The gender distribution revealed a predominance of 

males in both groups, with 62.86% in the opioid 

group and 54.29% in the opioid free group 

(p = 0.627). Age distribution was comparable, with 

the majority of participants in both groups falling 

within the 31–50 years category (57.14% vs. 54.29%; 

p = 0.381). The mean age was slightly higher in the 

opioid group (44.14 ± 10.09 years) compared to the 

opioid-free group (41.80 ± 12.06 years) (p = 0.381). 

Mean BMI values were also similar between the 

groups (24.03 ± 2.65 vs. 24.63 ± 2.45; p = 0.329). 

ASA Class I predominated in both groups (74.29% 

vs. 68.57%; p = 0.791). The mean duration of surgery 

was longer in the opioid group (81.29 ± 26.27 min) 

than in the opioid-free group (70.14 ± 20.92 min) 

(p = 0.054). Postoperative tramadol requirements 

were significantly higher in the opioid group at 12 h 

(9 vs. 1; p = 0.003), whereas more patients in the 

opioid-free group required no additional tramadol (34 

vs. 23) (Table 1). 

 

Table 1: Demographic, clinical, and postoperative analgesic parameters between groups  
Opioid Group (N, %) Opioid-Free Group (N, %) P-value 

Gender Male 22 (62.86%) 19 (54.29%) 0.627 

Female 13 (37.14%) 16 (45.71%) 

Age (years) <30 4 (11.43%) 6 (17.14%) 0.381 

31–50 20 (57.14%) 19 (54.29%) 

>50 11 (31.43%) 10 (28.57%) 

BMI (kg/m²) 24.03 ± 2.65 24.63 ± 2.45 0.329 

ASA Class I 26 (74.29%) 24 (68.57%) 0.791 

II 9 (25.71%) 11 (31.43%) 

Duration of Surgery (minutes) (Mean ± SD) 81.29 ± 26.27 70.14 ± 20.92 0.054 

Postoperative Tramadol Dose At 12 hours 9 1 0.003 

At 24 hours 3 0 

Nil 23 34 

 

The opioid group showed consistently higher mean 

HR than the opioid-free group from induction to 30 

min (67.914 vs. 64.97 bpm), with significant 

differences (p < 0.05). At 60 min, the difference was 

not significant (66.486 vs. 65.257 bpm) (p = 0.144). 

The highest mean heart rate was observed at 5 min in 

the opioid group (75.514 ± 2.605 bpm) (Figure 1). 

 

 
Figure 1: Preoperative HR between groups  

 

SBP remained comparable between the opioid and 

opioid-free groups at most intervals, with no 

significant differences (p > 0.05), except at 10 min 

(p < 0.001) and 15 min (p = 0.045), where the opioid-

free group showed higher values. Preoperative and 

immediate post-induction readings were similar, and 

both groups recorded identical values at 60 min 

(97.543 mmHg) (Figure 2). 

 

 
Figure 2: Preoperative comparison of SBP between 

groups 

 

DBP was found to be significantly higher in the 

opioid group at several time points: before induction 

(p < 0.001), immediately after induction (p < 0.001), 

as well as at 5 minutes (p = 0.049), 10 minutes 

(p < 0.001), 15 minutes (p < 0.001), and 60 minutes 

(p = 0.013). There was no significant difference in 

DBP between the groups in the preoperative period 

(p = 0.632) and at 30 minutes (p = 0.053) (Figure 3). 

 

 
Figure 3: Preoperative comparison of DBP between 

groups 
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MAP was significantly higher in the opioid group 

immediately after induction (p < 0.001), at 10 

minutes (p < 0.001), 15 minutes (p < 0.001), and 60 

minutes (p = 0.031). No significant intergroup 

differences were noted preoperatively (p = 0.335), 

before induction (p = 0.135), or at 5 minutes 

(p = 0.085) and 30 minutes (p = 0.195) (Figure 4). 

 

 
Figure 4: Perioperative comparison of MAP between 

groups 

 

SpO₂ remained consistently high and comparable 

between the two groups from preop to 60 min. No 

significant differences were observed, with p-values 

ranging from 0.371 to 0.825. The mean SpO₂ values 

in both groups remained above 99% throughout the 

perioperative period (Figure 5). 

 

 
Figure 5: Perioperative comparison of SPO₂ between 

groups 

 

Postoperative NRS scores were consistently higher in 

the opioid group than in the opioid-free group from 

preop to 60 min. The differences were significant 

throughout, with p < 0.001 from 0 to 24 h. Pain 

intensity decreased in both groups over time, but 

remained significantly lower in the opioid-free group. 

Postoperative NRS scores were consistently higher in 

the opioid group compared to the opioid-free group 

from 0 to 24 h (p < 0.001). Although pain intensity 

decreased progressively in both groups over time, it 

remained significantly lower in the opioid free group 

across all intervals (Figure 6). 

 

 
Figure 6: Postoperative NRS scores between groups 

 

DISCUSSION 
 

In the current study, both groups showed comparable 

demographic profiles. The opioid group had a 

slightly higher mean age (44.14 ± 10.09 years) than 

the opioid-free group (41.80 ± 12.06 years; p = 

0.381), with a higher proportion of ASA I patients 

(74.29% vs. 68.57%; p = 0.791). BMI was similar 

(24.03 ± 2.65 vs. 24.63 ± 2.45 kg/m²; p=0.329), and 

surgery duration was slightly longer in the opioid 

group (81.29 ± 26.27 vs. 70.14 ± 20.92 min; p = 

0.054). These findings align with Shalaby et al., who 

reported no differences in age (43.1 ± 10.6 vs. 

43.3 ± 9.3 years; p=0.928), gender distribution 

(70%/30% vs. 67.5%/32.5%; p=0.928), ASA status 

(85% vs. 77.5%; p=0.390), BMI (27.2 ± 3.9 vs. 

28.9 ± 4.1; p=0.061), or surgery duration (47.3 ± 4.12 

vs. 48.2 ± 3.9 min; p=0.318). Patient demographics 

were evenly matched across groups, minimising 

baseline bias and ensuring valid outcome 

comparisons between opioid and opioid-free 

protocols.[11] 

Haemodynamically, the opioid group had a higher 

preoperative heart rate (82.06 vs. 67.74 bpm), but 

both groups stabilised by 60 min (65.49 vs. 65.23 

bpm). MAP decreased more significantly post-

induction in the opioid-free group (75 vs. 80 mmHg) 

and stabilised by 60 min (76 vs. 78 mmHg). Chen et 

al. also observed a higher initial MAP in the OFA 

group (84.38 ± 11.08 vs. 79.00 ± 8.92 mmHg; p = 

0.022), with no significant between-group 

differences in MAP or HR.[12] Ragupathy et al. 

reported no significant differences in HR (0.72 bpm; 

95% CI: -3.92 to 5.63; p = 0.72) or DBP (0.064 

mmHg; 95% CI: -0.26 to 8.96; p = 0.06) between 

groups. However, SBP (p = 0.013) and MAP (p = 

0.01) were significantly lower in the conventional 

group.[13] 

Similarly, Mahdy and Abdelwahab reported lower 

MAP in the OFA group (p<0.05).[14] Shalaby et al. 

confirmed superior stability with OFA at 30 min (HR 

70 vs. 80 bpm; MAP 85 vs. 95 mmHg). SpO₂ was 

stable (~99%) in both groups. Also, An et al., who 

found no hypoxia or bradycardia with OFA.[11,15] 

Dexmedetomidine-based OFA maintained adequate 

oxygenation and offered better perioperative 
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haemodynamic stability than traditional opioid 

anaesthesia; thus, OFA reduced rescue analgesic use. 

In terms of analgesia, the opioid-free group had 

consistently lower pain scores at all intervals (e.g., 

time 3: 3.3 vs. 5.8; time 24: 0.2 vs. 1.2). Soudi et al. 

found that OFA was superior at 30 min and 1 h, with 

fluctuating statistical differences through 24 h.[16] 

Ragupathy et al. observed significantly lower VAS 

scores at rest and during movement with a longer 

duration of analgesia (13.8 ± 6.7 vs. 6.7 ± 2.2 h).[13] 

Techanivate et al. also reported lower VRS scores in 

the DEX group (3, 2, 2 vs. 5, 4, 3).[17] Similarly, 

Hublet et al. (NRS 0 [0–2] vs. 3 [2–4]), and Mahdy 

and Abdelwahab supported the better analgesic 

efficacy of OFA. OFA consistently demonstrated 

superior postoperative pain control, with early 

reduction in scores and longer-lasting analgesic 

effects than opioid-based protocols.[18,14] 

Regarding tramadol use, the opioid-free group 

required fewer doses at 12 and 24 h (1 vs. 9; 0 vs. 3), 

with more patients requiring no doses (34 vs. 23). 

Similarly, Bhardwaj et al. found (63.6 ± 68.5 mg vs. 

225 ± 48.4 mg; p < 0.001) and Tripathy et al., who 

reported lower VAS scores and reduced tramadol use 

(50 mg vs. 100–150 mg; p < 0.05). OFA substantially 

reduced the need for rescue analgesics, 

demonstrating opioid-sparing benefits without 

compromising analgesic effectiveness.[19,20] 

Our study supports the use of opioid-free anaesthesia, 

particularly dexmedetomidine-based protocols, as a 

safe and effective alternative for laparoscopic 

surgeries. It ensures better haemodynamic control, 

superior postoperative pain relief, and reduced opioid 

consumption without compromising oxygenation or 

increasing the risk of complications. These outcomes 

support the growing role of OFA in multimodal 

analgesia and enhanced recovery. 

Limitations 

Its non-randomised design and single-centre setting 

may introduce selection bias and limit 

generalisability. The relatively small sample size may 

have limited the statistical power to detect subtle 

differences or infrequent complications. The absence 

of blinding could influence subjective outcomes, 

such as pain scores. The inclusion of various 

laparoscopic procedures introduces heterogeneity in 

surgical stimuli and pain perception. The short 24 h 

follow up period did not allow for the assessment of 

long-term analgesic efficacy or delayed 

complications. 

 

CONCLUSION 
 

Dexmedetomidine-based opioid-free anaesthesia 

provided superior postoperative analgesia, evidenced 

by significantly lower pain scores and reduced 

tramadol use compared to conventional fentanyl-

based anaesthesia. Intraoperative haemodynamic 

stability was comparable or improved in the opioid-

free group, with no significant differences in oxygen 

saturation or adverse effects. These results indicate 

that dexmedetomidine-based opioid-free anaesthesia 

is a safe and effective approach for laparoscopic 

surgeries, facilitating enhanced recovery while 

limiting opioid-associated complications. 
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