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Abstract 
 

Preemptive administration of analgesics aims to prevent central sensitization, potentially minimizing surgical stress 
and reducing anesthetic requirements. Tramadol, a synthetic opioid with multimodal analgesic properties, may be 
beneficial when administered before surgical incision. This prospective, randomized, double-blinded, controlled trial 
aimed to evaluate the efficacy of a single 50 mg intravenous dose of tramadol, given 15 minutes pre-incision, in reducing 
intraoperative anesthetic drug consumption and attenuating hemodynamic responses in sixty American Society of 
Anesthesiologists (ASA) physical status I or II adult patients undergoing elective laparoscopic cholecystectomy under 
general anesthesia, allocated to receive either tramadol 50 mg IV (Group T, n=30) or normal saline (Group C, n=30). 
Key outcome measures included total intraoperative propofol and fentanyl consumption, hemodynamic parameters 
(heart rate and mean arterial pressure) at various time points, and postoperative pain assessed by Visual Analogue 
Scale (VAS) at 1, 2, 4, 6, 12, and 24 hours, alongside postoperative sleep quality on the first postoperative night using 
the Richards-Campbell Sleep Questionnaire (RCSQ). Patients in Group T required significantly lower mean doses of 
propofol (82.4 ± 15.6 mg vs. 115.8 ± 17.3 mg, p <0.001) and fentanyl (94.6 ± 12.1 µg vs. 127.3 ± 10.4 µg, p <0.001) 
compared to Group C. Hemodynamic stability was better maintained in Group T, particularly post-incision, with 
significantly attenuated increases in heart rate and mean arterial pressure. Postoperative VAS scores at 2, 4, 8, 12, 16 
and 24 hours were notably lower in Group T (e.g., 2 hour: 2.7±0.2 vs 3.9±0.2, p=0.008; 24 hour: 0.7±0.2 vs 1.5±0.2, 
p=0.03). Sleep quality scores (RCSQ) were also significantly better in Group T (e.g., 70±10 vs 56±11, p=0.002). 
Preemptive intravenous tramadol 50 mg effectively reduces intraoperative anesthetic and opioid requirements, 
improves hemodynamic stability, contributes to better early postoperative analgesia and sleep quality without a 
significant increase in adverse effects in patients undergoing elective laparoscopic cholecystectomy. 
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Introduction 
Laparoscopic cholecystectomy ranks among the 

most frequent general surgical interventions. 

Despite its minimally invasive approach, it often 

elicits considerable perioperative pain and 

physiological stress responses (1). The surgical 

incision activates nociceptors, which can trigger 

central sensitization, a phenomenon implicated in 

heightened postoperative pain experiences (2-4). 

This strategy aims to obstruct the development of 

central sensitization, potentially leading to 

diminished intraoperative anesthetic and opioid 

needs, and superior postoperative pain 

management (5-8). 

Tramadol is a centrally acting analgesic agent 

characterized by a dual mechanism: it acts as a 

weak agonist at μ-opioid receptors and also 

inhibits the reuptake of norepinephrine and 

serotonin, culminating in multimodal analgesic 

effects (9, 10). Its efficacy in managing established 

postoperative pain is widely recognized (11-13). 

Several studies have explored tramadol's utility in 

managing pain across various surgical procedures, 

often highlighting benefits in postoperative 

analgesic consumption when administered via 

different routes. Further supporting its utility, 

particularly via local administration, subcutaneous 

wound infiltration with tramadol has been shown 

to provide longer postoperative analgesia 

compared to lidocaine (14, 15). Similarly, in 

lumbar disk surgeries, wound infiltration with
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combined levobupivacaine and tramadol 

reportedly eliminated postoperative analgesic 

demand and reduced side effects compared to 

either agent alone (16). The benefits of local 

tramadol extend to dental procedures, where 

reduced analgesic consumption with submucous 

local tramadol after impacted mandibular third 

molar surgery compared to placebo has been 

demonstrated (17-19).  

However, the evidence regarding tramadol's 

efficacy or superiority is not uniformly conclusive, 

and some studies report differing outcomes or 

highlight contexts where its advantages are less 

clear. For example, nimesulide and tramadol 

chlorhydrate have been noted to demonstrate 

similar preemptive analgesic effects when used in 

lower third molar surgeries, suggesting tramadol 

may not always offer superior preemptive benefits 

over other classes of analgesics in certain contexts 

(20-23). 

Many of these investigations into tramadol have 

focused primarily on postoperative pain scores 

and rescue analgesic consumption, often utilizing 

local infiltration, regional techniques, or 

administration at the end of the surgical 

procedure, with less emphasis on its 

intraoperative anesthetic-sparing effects or 

detailed hemodynamic stability when given as a 

preemptive intravenous dose. Specifically 

concerning laparoscopic cholecystectomy, while 

some research, such as a meta-analysis (24), 

supports tramadol's role in postoperative pain, the 

existing literature, including the studies cited 

above exploring various administration routes and 

timings, does not comprehensively detail the 

impact of a single, low, preemptive intravenous 

dose on intraoperative anesthetic (propofol, 

fentanyl, inhalational agent) requirements and 

continuous hemodynamic responses. This 

represents a significant research gap: the precise 

quantification of anesthetic-sparing effects and 

improved intraoperative stability afforded by a 

standardized low dose of preemptive IV tramadol 

in the specific setting of laparoscopic 

cholecystectomy is not yet fully elucidated. 

This study aims to address this gap. Specifically, it 

investigates whether a single 50 mg intravenous 

dose of tramadol, administered 15 minutes prior to 

skin incision, can curtail intraoperative fentanyl 

and propofol consumption, reduce inhalational 

anesthetic needs, and dampen hemodynamic 

stress reactions in patients undergoing 

laparoscopic cholecystectomy under general 

anesthesia. 

The specific objectives are: 

1. To compare the total intraoperative 

consumption of fentanyl and propofol between 

the group receiving tramadol and the control 

group. 

2. To evaluate changes in heart rate (ΔHR) and 

mean arterial pressure (ΔMAP) at critical 

perioperative junctures. 

3. To measure and compare the mean end-tidal 

isoflurane concentrations required during 

anesthesia maintenance. 

4. To assess early postoperative VAS pain scores 

at multiple time points, postoperative sleep 

quality, and the incidence of common side 

effects like PONV and excessive sedation. 

Demonstrating that a readily available, low-cost 

preemptive intervention like intravenous 

tramadol can decrease anesthetic usage and 

enhance patient comfort carries substantial 

clinical and practical significance (25). These 

outcomes could inform the development of 

enhanced recovery after surgery (ERAS) pathways 

and refine perioperative management protocols, 

especially in healthcare settings with limited 

resources (26). Moreover, by optimizing 

anesthetic techniques, reducing opioid exposure, 

and potentially improving recovery trajectories in 

laparoscopic surgery, this research could 

meaningfully contribute to ongoing initiatives 

aimed at promoting safer and more effective 

perioperative patient care. 
 

Materials and Methodology 
Study Design and Ethic 
This investigation was structured as a single-

center, double-blind, randomized controlled trial 

(RCT). It was carried out in the Sainath Hospital, 

Moshi, Pune, over a period from May to October 

2024. Prior to commencement, ethical clearance 

was granted by the Institutional Ethics Committee 

(EC/NEW/INST/2023/MII/ 0225), and this 

approval is documented. All participants provided 

written informed consent before their enrollment 

in the study, acknowledging their rights to privacy 

and understanding of the procedures involved. 

Participants 
Eligible participants were adults aged between 18 

and 60 years, classified as ASA physical status I or 
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II, and scheduled for elective laparoscopic 

cholecystectomy. Individuals were excluded if they 

had a known allergy to tramadol or other opioids, 

a history of chronic opioid or antidepressant 

medication use, clinically significant hepatic or 

renal dysfunction (as determined by the attending 

physician through clinical evaluation and available 

laboratory data), a body mass index (BMI) 

exceeding 35 kg/m ², were pregnant or lactating, 

or demonstrated an inability to understand or 

utilize the Visual Analogue Scale (VAS) for pain 

assessment.
 

 
Figure 1: CONSORT Diagram to Clearly Depict the Participant Flow at Each Stage 

 

Randomization and Blinding 
A 1:1 allocation ratio was used to randomly assign 

patients to either the tramadol group (Group T) or 

the saline placebo group (Group C). A statistician, 

not involved in patient recruitment or data 

gathering, performed the randomization using 

computer-generated sequences arranged in blocks 

of 10. Blocked randomization with a block size of 

10 was employed to ensure approximately equal 

group sizes at various points throughout the 

recruitment period and to minimize the risk of 

chronological bias. This block size was chosen as a 

practical measure to maintain balance while being 

large enough to reduce the predictability of group 

assignment by investigators. No stratification 

factors (e.g., by gender or ASA status) were used in 

the randomization process, as the study aimed for 

a generalizable cohort within the inclusion criteria, 

and potential baseline imbalances in key 

prognostic factors were planned to be assessed 

and reported post-hoc (as presented in Table 1).To 

ensure allocation concealment, sequentially 

numbered, sealed, opaque envelopes were 

employed. An independent pharmacist, separate 

from patient care and outcome evaluation, 

prepared the study medications (tramadol or 

normal saline) in identical syringes. Throughout 

the study, the anesthesiologists managing 

anesthesia and patient monitoring, the surgical 

team, the patients themselves, and the outcome 

assessors who collected postoperative data 

remained blinded to the group assignments. 

Intervention 
After standard premedication and securing 

intravenous (IV) access, patients assigned to Group 

T were administered tramadol hydrochloride 50 
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mg. This dose was diluted to a total volume of 10 

mL with normal saline and given intravenously, 

slowly over a 2-3 minute period, precisely 15 

minutes before the anticipated skin incision. 

Patients in Group C received an equivalent volume 

(10 mL) of 0.9% normal saline IV, administered as 

a placebo under identical procedural conditions 

and timing. 

Anesthetic Protocol 
Preoperative Preparation and Monitoring: All 

participants received premedication consisting of 

midazolam 0.05 mg/kg IV and glycopyrrolate 0.2 

mg IV approximately 30 minutes before their 

transfer to the operating room. Upon arrival in the 

operating theatre, standard ASA monitoring was 

instituted. This included continuous 

electrocardiogram (ECG), non-invasive blood 

pressure (NIBP) measured at 3-5 minute intervals 

(or more frequently if clinically indicated), pulse 

oximetry (SpO2), end-tidal carbon dioxide (EtCO2) 

via capnography, and peripheral temperature. 

Induction and Maintenance of Anesthesia: 

Induction of anesthesia commenced with 

intravenous (IV) fentanyl (2 µg/kg). Subsequently, 

propofol was administered intravenously and 

titrated in small increments [e.g., in 20-30 mg 

increments every 10-15 seconds] until loss of 

verbal response and the eyelash reflex were 

achieved. The total induction dose of propofol 

required to reach these endpoints typically ranged 

from 1.5 to 2.5 mg/kg, reflecting individual patient 

sensitivity. Tracheal intubation was then 

facilitated with IV vecuronium bromide (0.1 

mg/kg). 

Anesthesia was subsequently maintained with a 

mixture of 40% oxygen and 60% nitrous oxide, 

supplemented with isoflurane delivered via a 

calibrated vaporizer integrated into the anesthesia 

machine [Dräeger Primus]. Real-time monitoring 

of end-tidal isoflurane concentration 

(ET<sub>Iso</sub>), along with other respiratory 

gases including end-tidal CO2 (EtCO2), was 

performed continuously using the anesthesia 

machine's integrated gas analyzer, which 

underwent routine calibration according to 

manufacturer guidelines. 

The attending anesthesiologist, who remained 

blinded to group allocation, adjusted the 

ET<sub>Iso</sub> to maintain an adequate depth 

of anesthesia. While clinical judgment guided these 

adjustments, a standardized approach was 

employed: adequacy of anesthesia was primarily 

assessed by the absence of patient movement, 

lacrimation, or sweating in response to surgical 

stimuli, and by maintaining hemodynamic 

parameters (heart rate [HR] and mean arterial 

pressure [MAP]) within 20% of the patient's 

baseline preoperative values. To minimize inter-

practitioner variability in ET<sub>Iso</sub> adju

-stments, all participating anesthesiologists 

adhered to these predefined clinical endpoints and 

hemodynamic targets. Any deviations requiring 

more than a transient adjustment of 

ET<sub>Iso</sub> or supplemental analgesia/an

-esthesia were documented. Throughout the 

procedure, mechanical ventilation was employed 

and adjusted to maintain EtCO2 levels between 35-

40 mmHg. 

Intraoperative Management and Analgesia: If 

HR or MAP increased by more than 20% from 

baseline values despite appropriate adjustments 

to the isoflurane concentration, supplementary 

boluses of fentanyl (e.g., 0.5 µg/kg IV) and/or 

propofol (e.g., 20-30 mg IV) were administered. 

Additional doses of vecuronium were given as 

needed, guided by neuromuscular monitoring (e.g., 

aiming for a Train-of-Four (TOF) count of 1 to 2 

responses at the adductor pollicis muscle, if 

available and routinely used). The surgical 

technique for laparoscopic cholecystectomy was 

standardized (e.g., four-port technique, CO2 

insufflation pressure maintained at 12-14 mmHg). 

Postoperative Care: At the end of surgery, 

residual neuromuscular blockade was reversed 

with neostigmine and glycopyrrolate, and patients 

were extubated once standard criteria were met 

(e.g., adequate spontaneous respiration, protective 

airway reflexes, responsiveness). Patients were 

then transferred to the Post-Anesthesia Care Unit 

(PACU). 

Outcome Measures 
The primary outcome measure was the total 

intraoperative consumption of fentanyl (µg). 

Secondary outcomes included: 

• Total intraoperative consumption of propofol 

(mg). 

• Average end-tidal isoflurane concentration 

(ET<sub>Iso</sub>) (%) recorded during the 

maintenance phase of anesthesia. 

• Changes in HR (beats per minute, bpm) and 

MAP (mmHg) from baseline at predefined key 

time points: post-intubation (1 minute), post-
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skin incision (1 minute and 5 minutes), and 5 

minutes following the establishment of stable 

pneumoperitoneum. 

• Postoperative pain scores assessed by VAS at 1, 

2, 4, 6, 12, and 24 hours postoperatively. A 2-

point absolute reduction on this scale, is 

generally considered a minimally clinically 

important difference (MCID) for acute 

postoperative pain (27). 

• Postoperative sleep quality assessed using the 

Richards-Campbell Sleep Questionnaire 

(RCSQ) on the morning of the first 

postoperative day. 

• Time to first request for rescue analgesia in the 

postoperative period. Standard rescue 

analgesia (e.g., IV paracetamol 1g or IV/IM 

diclofenac 75mg) was administered if either 

VAS > 4 or if the patient explicitly requested 

pain relief, regardless of the concurrent VAS 

score if lower than or equal to 4. The total 

amount of each type of rescue analgesic 

administered during the first 24 hours 

postoperatively was also recorded. 

• Incidence of postoperative adverse events 

during the first 24 hours, including nausea, 

vomiting (defined as any episode), and 

excessive sedation (e.g., Ramsay Sedation Scale 

score > 3).  

Data Collection 
Preoperatively, demographic information such as 

age, gender, weight, height, BMI, and ASA physical 

status was documented for every patient. 

Hemodynamic parameters (HR and MAP) were 

meticulously recorded at several intervals: 

baseline (taken in the holding area before 

premedication), after premedication, post-

induction (just before intubation), 1 minute after 

intubation, immediately preceding skin incision 

and 1 and 5 minutes after skin incision. The 5-

minute post-incision measurement was targeted to 

coincide with, or occur shortly after, the 

establishment of a stable pneumoperitoneum, 

which was defined as achieving and maintaining 

the target intra-abdominal pressure of 12-14 

mmHg for at least one minute without requiring 

further insufflation adjustments. Hemodynamic 

parameters were subsequently recorded every 15 

minutes intraoperatively until skin closure 

signaled the end of surgery. The total 

intraoperative amounts of propofol (used for 

induction and any supplemental boluses) and 

fentanyl (for induction and supplemental boluses) 

were carefully logged from calibrated syringe 

driver readings and anesthesia records. The 

average ET<sub>Iso</sub> employed during the 

anesthesia maintenance phase (defined as the time 

from surgical incision to the beginning of skin 

closure) was determined by averaging 

ET<sub>Iso</sub> values noted from the 

anesthesia monitor at 5-minute intervals during 

this timeframe. The duration of surgery (from 

initial skin incision to the final skin suture) and 

duration of anesthesia (from anesthesia induction 

to tracheal extubation) were also recorded. 

A blinded research assistant or nurse assessed 

postoperative pain using a 10-point VAS (0 = no 

pain, 10 = worst pain imaginable) at 1, 2, 4, 6 and 

12 hours after surgery. The final VAS pain 

assessment for the 24-hour period was conducted 

on the morning following surgery, typically 

between 07:00 and 09:00 AM (approximately 18-

24 hours post-extubation). Immediately following 

this 24-hour VAS assessment, and during the same 

interaction with the patient, sleep quality was 

assessed using the RCSQ. The RCSQ evaluates sleep 

depth, latency, awakenings, returning to sleep, and 

overall quality on 0-100mm visual analogue scales 

per item (28). All postoperative outcome 

assessments, including VAS pain scores and RCSQ 

administration, as well as the recording of adverse 

events and rescue analgesia requests, were 

performed by this research assistant or nurse who 

remained blinded to the patient's group allocation. 

These assessments were conducted either in the 

PACU or on the surgical ward as appropriate for 

the time point 

The time elapsed from extubation to the patient's 

first request for rescue analgesia was noted.  The 

occurrence of adverse events such as nausea, 

vomiting (recorded as yes/no, and number of 

episodes), and level of sedation (using the Ramsay 

Sedation Scale: 1=anxious/agitated, 

2=cooperative/oriented, 3=responds to 

commands, 4=brisk response to light glabellar tap, 

5=sluggish response to light glabellar tap, 6=no 

response) was documented over the initial 24 

hours postoperatively. Any instances of shivering 

or other complications were also recorded. 

Sample Size Calculation 
The sample size was calculated focusing on the 

primary outcome: total intraoperative fentanyl 

consumption. Based on preliminary institutional 
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data, we anticipated a mean fentanyl usage of 120 

µg with a standard deviation (SD) of 20 µg in the 

control arm. To detect a minimum difference of 

approximately 14.7 µg (a 12.25% reduction) in 

mean fentanyl consumption between the tramadol 

and control groups, a sample size of 30 patients per 

group was determined to provide 80% statistical 

power at a two-sided alpha level of 0.05. This 

sample size was also considered adequate for 

detecting clinically relevant differences in key 

secondary outcomes like propofol consumption 

and early VAS scores. 

Statistical Analysis 
Data were analyzed using SPSS version 18 

software. All analyses were performed on a 

complete case basis for the variables included in 

each specific test. Descriptive statistics  were 

considered to summarize patient characteristics. 

Hemodynamic parameters and Visual Analogue 

Scale (VAS) pain scores, were measured by 

ANOVA. 'Group' (e.g., Tramadol group vs. Control 

group) served as the between-subjects factor, and 

'time' served as the within-subjects factor. Prior to 

conducting the repeated measures ANOVA, the 

assumptions of normality were assessed for each 

time point using visual inspection of histograms 

and Q-Q plots, and formally tested with the 

Shapiro-Wilk test. The assumption of sphericity 

was evaluated using Mauchly's Test of Sphericity. 

If sphericity was violated (p < 0.05), a Greenhouse-

Geisser correction was applied to the degrees of 

freedom. 

If a significant group-by-time interaction effect 

was observed in the repeated measures ANOVA, 

post-hoc analyses (e.g., independent samples t-

tests or Mann-Whitney U tests, as appropriate 

based on normality of differences at each time 

point, with Bonferroni correction for multiple 

comparisons) were conducted for pairwise 

comparisons between groups at individual time 

points. Richards-Campbell Sleep Questionnaire 

(RCSQ) scores (total score and individual item 

scores) were compared between the two groups 

using independent samples t-tests if normally 

distributed, or Mann-Whitney U tests if the 

normality assumption was not met. The incidence 

of categorical adverse events (e.g., nausea, 

vomiting) was compared using Chi-square tests or 

Fisher's exact test, as appropriate. 
 

Results 

A total of 60 patients were enrolled and 

randomized. All 60 patients successfully 

completed all aspects of the study protocol, 

including all scheduled follow-up assessments 

relevant to the primary and secondary 

outcomes. Consequently, there were no missing 

data points for the primary or secondary outcome 

measures analyzed in this study. As detailed in 

Table 1, the baseline demographic variables, 

including age, gender distribution, weight, and ASA 

physical status, were found to be comparable 

between the tramadol (Group T) and control 

(Group C) groups, with no statistically significant 

differences observed. 

Intraoperative Anesthetic Requirements 
The average total quantity of propofol necessary 

for both induction and maintenance of anesthesia 

in Group T was significantly less (82.4 ± 15.6 mg) 

compared to that required in Group C (115.8 ± 17.3 

mg) (p <0.001). In a similar manner, the total 

intraoperative consumption of fentanyl was 

markedly lower in Group T (94.6 ± 12.1 µg) than in 

Group C (127.3 ± 10.4 µg) (p <0.001). Furthermore, 

the mean end-tidal isoflurane concentration 

(ET<sub>Iso</sub>) needed to maintain an 

adequate depth of anesthesia throughout the 

surgical procedure was also significantly reduced 

in Group T relative to Group C (Table 2). 

 

 Table 1: Baseline Characteristics of Patients 

                                       

Table 2: Total Intraoperative Anesthetic Requirement (Mean ± SD) 

Variable  Group T (Tramadol) (n=30) Group C (Control) (n=30) p-value 

Age (years)  35.2 ± 6.3 34.8 ± 5.9 0.78 

Gender (M/F) 14/16  15/15  0.81 

Weight (kg) 61.3 ± 7.2 60.7 ± 6.8 0.65 

ASA Grade I/II 22/8  20/10 0.52 

Drug/Parameter Group T (Tramadol) (n=30) Group C (Control) (n=30) p-value 

Propofol (mg) 82.4 ± 15.6 115.8 ± 17.3 <0.001 

Fentanyl (µg) 94.6 ± 12.1 127.3 ± 10.4 <0.001 
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Hemodynamic Parameters 
Group T exhibited superior hemodynamic 

stability, particularly during the critical periods of 

surgical incision and the subsequent 

intraoperative phase. As shown in Table 3 and 

illustrated in Figures 1 and 2, both heart rate (HR) 

and mean arterial pressure (MAP) were 

significantly better controlled in the tramadol 

group following incision and at various 

intraoperative assessment points (e.g., 15 minutes 

after incision). The tramadol group showed 

attenuated responses to noxious stimuli compared 

to the control group.
 

Table 3: Hemodynamic Parameters at Specific Time Points (Mean ± SD) 

 

Postoperative Pain Scores 
Postoperative VAS scores indicated significantly 

better pain control in Group T. Scores were lower 

in Group T compared to Group C at 2 hour (Mean ± 

SD: T=2.7±0.2 vs C=3.9±0.2, p=0.008), at 4 hours 

(T=2.2±0.2 vs C=2.7±0.1, p=0.04), and at 8 hours 

(T=1.7±0.3 vs C=2.3±0.1, p=0.02). This trend of 

lower pain scores in Group T continued at 12 hours 

(T=1.5±0.4 vs C=2.2±0.2, p=0.01) and 16 hours 

(T=1.1±0.2 vs C=1.9±0.1, p=0.03). By 20 hours, 

while pain scores remained low in both groups, the 

difference was less pronounced (T=0.9±0.3 vs 

C=1.8±0.2, p=0.15). At 24 hrs, pain scores in 

treatment vs control group was assessed at the end 

of the experiment (T=0.7±0.2 vs C=1.5±0.2, 

p=0.15). While baseline preoperative pain was not 

formally assessed as part of this study’s primary 

pain outcomes (which focused on postoperative 

pain), the observed mean differences at several 

early time points (e.g., 1.2 points at 2 hours, 0.8 

points at 16 hours) approach or represent 

clinically meaningful reductions when considering 

common thresholds for MCID,  a 2-point absolute 

reduction from a presumed moderate baseline 

pain level that might trigger analgesic request. The 

time to first request for rescue analgesia was 

significantly longer in Group T (mean 210 ± 45 

minutes) compared to Group C (mean 120 ± 35 

minutes, p < 0.001). Furthermore, patients in 

Group T required significantly less total rescue 

analgesia during the first 24 postoperative hours. 

For example, the mean total consumption of 

paracetamol was 1250 ± 450 mg in Group T versus 

2300 ± 700 mg in Group C (p < 0.001). Similarly, 

the mean number of rescue analgesic doses 

administered was significantly lower in Group T 

(1.3 ± 0.5 doses) compared to Group C (2.4 ± 0.8 

doses) (p < 0.001) (Fig 2).
 

 
Figure 2: Postoperative Vas Pain Scores (Mean ± SD) and Time to First Rescue Analgesia 

Time Point HR (T) (bpm) HR (C) (bpm) 
p-value 

(HR) 

MAP (T) 

(mmHg) 

MAP (C) 

(mmHg) 

p-value 

(MAP) 

Baseline 74 ± 4 78 ± 5 0.40 90 ± 4 92 ± 3 0.30 

Post-Intubation (1 

min) 
91 ± 7 104 ± 9 <0.01 104 ± 8 116 ± 10 <0.01 

Post-Incision  

(1 min) 
83 ± 5 93 ± 7 <0.01 97 ± 6 110 ± 8 <0.01 

Post-Incision  

(5 min) 
83 ± 6 90 ± 8 0.03 92 ± 5 104 ± 6 0.02 

Intraoperative (15 

min) 
74 ± 5 82 ± 5 <0.05 86 ± 4 94 ± 5 <0.05 
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Postoperative Sleep Quality 
The evaluation of postoperative sleep quality, 

conducted on the first morning after surgery using 

the Richards-Campbell Sleep Questionnaire 

(RCSQ), demonstrated a notable improvement in 

patients who received preemptive tramadol. 

Specifically, Group T achieved significantly higher 

mean total RCSQ scores (70 ± 10) in comparison to 

Group C (56 ± 11, p=0.002) (Table 4). These 

findings indicate a superior subjective quality of 

sleep on the first postoperative night for 

individuals in the tramadol group. 

Adverse Events 
No major complications or serious adverse events 

were recorded in either group during the study 

period. Mild nausea was reported by 2 patients 

(6.7%) in Group T and 3 patients (10.0%) in Group 

C (p<0.05) (Table 4). No patients in either group 

required antiemetic intervention beyond standard 

postoperative prophylactic measures or routine 

care if symptoms arose. Other adverse events like 

vomiting, excessive sedation, or shivering were 

infrequent and comparable between groups (Table 

4).
 

Table 4: Postoperative Sleep Quality (RCSQ Scores) and Adverse Events 

Data are represented as mean ± standard deviation (SD). RCSQ: Richards-Campbell Sleep Questionnaire. <sup>b</sup> NS: Not 

Significant (p > 0.05) 
 

Discussion 
This study's findings lend strong support to the 

hypothesis that the preemptive administration of a 

50 mg intravenous dose of tramadol can effectively 

diminish intraoperative requirements for both 

anesthetic agents (propofol, isoflurane) and 

opioids (fentanyl). Crucially, this reduction is 

achieved while concurrently maintaining superior 

hemodynamic stability during laparoscopic 

cholecystectomy. These outcomes are consistent 

with several previous randomized controlled trials 

and meta-analyses that have suggested opioid-

sparing and stress-response attenuating 

properties of tramadol when given before the 

surgical insult, including studies specific to 

laparoscopic procedures and preemptive tramadol 

(4, 24, 29, 31-32) 

Our observations regarding reduced anesthetic 

and analgesic consumption, as well as more stable 

hemodynamics, are comparable to previous 

findings where enhanced analgesic profiles and 

diminished hemodynamic stress were reported in 

patients receiving tramadol preoperatively (14, 

15). The notably blunted increases in MAP and 

heart rate within Group T in our study further 

suggest that tramadol plays a role in mitigating the 

neurohumoral cascade typically triggered by 

surgical stimuli. The pharmacological basis for 

tramadol's efficacy, including its weak μ-opioid 

agonism and inhibition of serotonin and 

norepinephrine reuptake, is well-documented (9, 

10). 

Furthermore, the observed reduction in VAS 

scores throughout the early postoperative period 

(up to 12-24 hours) points towards an enhanced 

and prolonged analgesic efficacy conferred by 

preincisional tramadol. While statistical 

significance was achieved at multiple time points, 

the observed mean differences, such as 

approximately 1.2 points at the 2-hour mark and 

0.8 points at 16 hours, should be interpreted 

alongside the minimally clinically important 

difference (MCID) for VAS, often cited as a 33% 

relative reduction or an absolute reduction of 

around 2 points for acute postoperative pain (27). 

The differences observed in our study, while 

consistently favoring the tramadol group, 

Parameter Group T (Tramadol) 

(n=30) 

Group C (Control) 

(n=30) 

p-value 

RCSQ Total Score 

(0-100)<sup>a</sup> 

70 ± 10 56 ± 11 0.002 

Nausea (n, %) 3 (7.7%)  4 (11.0%) 0.67 

(NS)<sup>b</sup> 

Vomiting (n, %) 2 (3.7%) 3 (6.9%) 0.6(NS)<sup>b</sup> 

Excessive Sedation 

(Ramsay >3) (n, %) 

0 (0%)  1 (3.7%) 0.37(NS)<sup>b</sup> 

Shivering (n, %) 1 (3.3%)  1 (3.3%) 1.00 

(NS)<sup>b</sup> 
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approach but may not consistently exceed these 

MCID thresholds at all time points, suggesting a 

modest but potentially valuable clinical benefit, 

particularly when coupled with the reduced need 

for rescue analgesia. This benefit is likely 

attributable to its established central and 

peripheral mechanisms of action, which may 

synergize to prevent central sensitization more 

effectively . The improvement in postoperative 

sleep quality in the tramadol group is an important 

finding, as poor sleep is common after surgery and 

can negatively impact recovery, pain perception, 

and overall well-being (7, 8). Preemptive tramadol, 

by potentially reducing pain and stress, may 

contribute to a more restorative sleep pattern. The 

use of validated tools like the RCSQ is crucial for 

assessing such patient-reported outcomes (28). 

This aligns with the known safety profile of 

tramadol when used appropriately and supports 

the use of consensus guidelines for PONV 

management (25, 33). This study reinforces the 

evidence for integrating preemptive tramadol into 

multimodal analgesia protocols an approach 

advocated by current pain management guidelines 

(5, 11, 17, 34). Such an approach appears 

particularly valuable in clinical settings aiming to 

curtail the use of higher potency opioids or to 

minimize pronounced hemodynamic fluctuations, 

which can be critical in certain patient populations. 

Limitations and Future Scope 
Despite its robust double-blind, randomized, 

controlled design, this study possesses certain 

limitations. The sample size, while powered for the 

primary outcome, might have been insufficient to 

detect subtle differences in some secondary 

outcomes or less common adverse events. 

Consequently, unmeasured differences in baseline 

PONV risk or prophylactic antiemetic use between 

the groups could have influenced the observed 

rates of PONV, and we cannot definitively attribute 

differences (or lack thereof) solely to the study 

intervention. We did not incorporate objective 

biochemical stress markers (e.g., cortisol, 

catecholamines) or evaluate long-term analgesic 

outcomes and quality of recovery beyond 24 hours, 

which could offer more profound insights into 

tramadol’s comprehensive mechanistic impact and 

sustained benefits. Additionally, the exclusion of 

ASA III and IV patients means that our conclusions 

are primarily applicable to a relatively healthier 

patient cohort. 

Future research should endeavor to address these 

limitations. Multicenter collaborations are 

recommended to recruit larger and more diverse 

patient samples, including individuals with higher 

ASA physical status (III/IV) and varied 

comorbidities. Future studies investigating PONV 

should also incorporate baseline PONV risk 

stratification and standardized prophylactic 

antiemetic protocols to better control for these 

potential confounders. The inclusion of objective 

biochemical indicators of nociception and the 

systemic stress response could provide more 

granular mechanistic understanding. 

Furthermore, comparative efficacy trials 

evaluating preemptive tramadol against other 

analgesic agents (e.g., NSAIDs, gabapentinoids, 

ketamine) or different preemptive strategies 

would be valuable (2-9, 23, 24, 32, 35). Such 

studies could help refine clinical decision-making 

frameworks and further optimize perioperative 

pain management protocols, potentially exploring 

dose-response relationships or the utility of 

tramadol in different surgical contexts . Longer-

term follow-up on pain, functional recovery, and 

patient satisfaction would also be beneficial. 
 

Conclusion 

The preemptive administration of intravenous 

tramadol at a dose of 50 mg leads to a significant 

reduction in intraoperative consumption of both 

anesthetic agents and opioids. It also contributes to 

improved hemodynamic stability and enhanced 

postoperative comfort, including better early pain 

relief and improved sleep quality, in patients 

undergoing elective laparoscopic cholecystectomy. 

Given its favorable safety profile at this dose and 

ease of administration, preemptive tramadol 

stands as a viable and valuable adjunct in balanced 

anesthesia techniques. Incorporating tramadol 

into preoperative protocols may optimize 

analgesia, reduce the pharmacological burden of 

intraoperative interventions, and contribute 

positively to the overall perioperative experience. 
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