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Abstract:  
Background: Effective postoperative pain management is crucial to enhance recovery and reduce morbidity fol-
lowing major abdominal surgeries. Epidural administration of local anesthetics such as ropivacaine provides seg-
mental analgesia, but may be insufficient for optimal pain control in some patients. Tramadol, a weak μ-opioid 
receptor agonist with monoaminergic properties, has been shown to augment analgesia when delivered epidurally. 
This study aims to compare the analgesic efficacy and safety profile of epidural ropivacaine alone versus ropiva-
caine combined with tramadol in adult patients undergoing elective abdominal surgeries under general anaesthe-
sia. 
Methods: In this prospective, randomized, double-blind trial, 80 adult patients (ASA I–II), aged 18–65 years, 
scheduled for elective lower abdominal surgery under general anaesthesia with epidural analgesia, were enrolled. 
Patients were randomly assigned to one of two groups (n=40 each): 
• Group R received epidural ropivacaine 0.2% at 6 mL/hour
• Group RT received ropivacaine 0.2% with tramadol 1 mg/mL at the same infusion rate
General anaesthesia protocols were standardized across both groups. Postoperative pain intensity was assessed
using a 10-point visual analogue scale (VAS) at 2, 4, 8, 12, 24, and 48 hours. Rescue analgesia (intravenous
morphine 2 mg) was administered for VAS > 4, and cumulative morphine consumption was recorded. Hemody-
namic parameters, sedation scores, and adverse events (nausea, vomiting, pruritus, respiratory depression) were
monitored throughout the 48-hour postoperative period.
Results: Both groups were comparable in demographic and intraoperative variables. Group RT demonstrated
significantly lower mean VAS scores at all time points beyond 4 hours postoperatively (p < 0.05). The total mor-
phine requirement in the first 48 hours was reduced by 35% in Group RT compared to Group R (mean ± SD: 8.2
± 2.4 mg vs. 12.6 ± 3.1 mg; p < 0.001). Hemodynamic stability was maintained in both groups, with no clinically
significant differences. Incidence of nausea and vomiting was slightly higher in Group RT (15% vs. 8%), though
not statistically significant. No cases of respiratory depression or pruritus were observed.
Conclusions: Adding tramadol to epidural ropivacaine significantly enhances postoperative analgesia and reduces
opioid requirements in adult patients following abdominal surgery, without compromising hemodynamic stability.
This combination may be considered an effective and safe option for postoperative pain management in this
population.
This is an Open Access article that uses a funding model which does not charge readers or their institutions for access and distributed under 
the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access Initiative 
(http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium, provided 
original work is properly credited.

Introduction 

Postoperative Pain and Its Impact: Effective 
management of postoperative pain is a cornerstone 
of perioperative care. Inadequately controlled pain 
can lead to a myriad of complications, including 
prolonged hospital stay, delayed mobilization, 
impaired pulmonary function, increased risk of deep 
vein thrombosis, and the development of chronic 
pain syndromes [1]. Abdominal surgeries, in 
particular, are associated with significant 

nociceptive input due to visceral and somatic tissue 
trauma, necessitating robust analgesic strategies to 
optimize recovery and patient satisfaction [2]. 

Epidural Analgesia and Ropivacaine: Epidural 
administration of local anesthetics provides targeted 
segmental blockade of nerve roots, offering superior 
analgesia compared to systemic opioids alone. 
Ropivacaine, an S-enantiomer of bupivacaine, has 
gained favor in epidural practice due to its favorable 
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pharmacologic profile: it produces dense sensory 
blockade with a reduced propensity for motor block, 
exhibits less cardiotoxicity at equipotent doses, and 
allows for continuous infusion at lower 
concentrations. Studies have demonstrated that 
continuous epidural ropivacaine infusions 
effectively reduce pain scores and facilitate early 
ambulation in abdominal surgery cohorts [3,4]. 

Role of Tramadol as an Adjuvant: Tramadol is a 
synthetic centrally acting analgesic that exerts its 
effect via weak μ-opioid receptor agonism and 
inhibition of norepinephrine and serotonin reuptake. 
When administered epidurally, tramadol enhances 
segmental analgesia by synergizing with local 
anesthetics to inhibit pain transmission in the dorsal 
horn of the spinal cord [5]. Epidural tramadol has 
been shown to reduce the required doses of local 
anesthetics, prolong the duration of analgesia, and 
decrease systemic opioid consumption, thereby 
minimizing opioid-related adverse events such as 
respiratory depression, nausea, and pruritus [6]. 

Combination Therapy: Rationale and Evidence: 
Combining ropivacaine with tramadol in the 
epidural space targets pain via dual mechanisms 
sodium-channel blockade and 
monoaminergic/opioid pathways. Previous trials 
comparing local anesthetic alone versus local 
anesthetic with various opioids (e.g., fentanyl, 
morphine) have demonstrated improved analgesic 
efficacy and reduced supplemental analgesic needs 
[7]. However, data specifically evaluating 
ropivacaine-tramadol combinations in the context of 
major abdominal surgery remain limited. Clarifying 
the analgesic benefits and safety profile of this 
combination could inform best practices in 
postoperative pain protocols [8]. 

Study Objectives: This study was designed to 
compare the postoperative analgesic efficacy, 
opioid-sparing effect, hemodynamic stability, and 
adverse event profile of continuous epidural 
infusions of ropivacaine alone versus ropivacaine 
combined with tramadol in adults undergoing 
elective abdominal surgeries under general 
anaesthesia. A comprehensive evaluation of pain 
scores, rescue analgesic requirements, and side 
effects over the first 48 hours postoperatively will 
determine whether the addition of tramadol offers a 
clinically meaningful advantage. 

Materials and Methods 

Study Design: This prospective, randomized, 
double-blind clinical trial was conducted in the 
Department of Anesthesiology at Government 
Medical College and Hospital, Purnea, Bihar, India 
from January 2022 to December 2022 

Participants: Eighty adult patients, aged 18–65 
years, with American Society of Anesthesiologists 
physical status I or II, scheduled for elective lower 

abdominal surgery under general anesthesia with 
planned epidural analgesia, were recruited between 
January 2022 to December 2022. Exclusion criteria 
included patient refusal, known allergy to study 
drugs, coagulopathy, infection at the puncture site, 
pre-existing neurologic deficits, chronic opioid, or 
anticonvulsant therapy, significant cardiac, hepatic, 
or renal dysfunction, and pregnancy. 

Randomization and Blinding: Patients were 
randomly assigned in a 1:1 ratio to receive either 
epidural ropivacaine alone (Group R) or epidural 
ropivacaine with tramadol (Group RT). 
Randomization was performed using computer-
generated random number tables sealed in opaque 
envelopes. Drug preparation was done by an 
anesthesiologist not involved in patient care or data 
collection. Both the administering anesthesiologist 
and patients were blinded to group allocation. 

Anaesthetic Technique: Upon arrival in the 
operating room, standard monitors were applied 
(ECG, non-invasive blood pressure, pulse 
oximetry). An 18-gauge epidural catheter was 
inserted at the L2–L3 interspace using a midline 
approach and loss-of-resistance to saline technique. 
Correct catheter placement was confirmed by 
negative aspiration for blood or cerebrospinal fluid. 
A test dose of 3 mL of 2% lidocaine with 
epinephrine 1:200,000 was administered to exclude 
intrathecal or intravascular placement. 

General anesthesia was induced with intravenous 
fentanyl (2 μg/kg), propofol (2 mg/kg), and 
vecuronium (0.1 mg/kg) to facilitate endotracheal 
intubation. Anesthesia was maintained with 
isoflurane in a 50:50 oxygen-air mixture, and 
additional vecuronium boluses were given as 
required. Intraoperative analgesia was standardized; 
no other opioids or adjuncts were administered. 

Interventions: Immediately following surgical 
closure, an infusion pump was connected to the 
epidural catheter and initiated at 6 mL/hour. Group 
R received ropivacaine 0.2% solution, while Group 
RT received a mixture of ropivacaine 0.2% plus 
tramadol at 1 mg/mL. The infusion ran continuously 
for 48 hours postoperatively. Catheter site checks 
and infusion integrity were assessed every 8 hours 
by nursing staff unaware of group allocation. 

Outcome Measures: The primary outcome was 
postoperative pain intensity measured by a 10-point 
visual analogue scale (VAS), where 0 indicates no 
pain and 10 the worst imaginable pain. Assessments 
were performed at 2, 4, 8, 12, 24, and 48 hours after 
infusion initiation. Secondary outcomes included 
total cumulative rescue morphine consumption (2 
mg intravenous boluses administered for VAS > 4, 
with subsequent dosing every 15 minutes as 
needed), hemodynamic parameters (heart rate, 
systolic and diastolic blood pressure), sedation level 
using a four-point Ramsay Sedation Scale, and 
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incidence of adverse events (nausea, vomiting, 
pruritus, respiratory depression defined as 
respiratory rate <8 breaths/min or SpO₂ <90%). 

Statistical Analysis: Sample size calculation was 
based on detecting a 20% reduction in cumulative 
48-hour morphine requirement with 80% power and 
α = 0.05, resulting in 36 patients per group. To 
account for potential dropouts, 40 patients were 
enrolled in each arm. Data were analyzed using 
SPSS v25.0. Continuous variables were tested for 
normality and compared using Student’s t-test or 
Mann–Whitney U test as appropriate. Categorical 
variables were compared with chi-square or Fisher’s 
exact test. A p-value < 0.05 was considered 
statistically significant. 

Results 

A total of 80 patients completed the study without 
protocol violations. Both groups were comparable in 

demographic and baseline clinical characteristics. 
Postoperative pain scores (VAS) were similar at 2 
hours but, from 4 hours onward, Group RT 
(ropivacaine + tramadol) consistently reported lower 
mean VAS values than Group R (ropivacaine alone), 
with statistically significant differences at each time 
point (p < 0.01). Group RT required 35% less 
cumulative rescue morphine over 48 hours. Fewer 
patients in Group RT needed any rescue morphine 
compared with Group R. Hemodynamic parameters 
(heart rate, systolic and diastolic blood pressure) 
remained within 20% of baseline in both groups, 
with no intergroup differences. Sedation levels were 
comparable and within acceptable limits. The 
incidence of nausea and vomiting was nominally 
higher in Group RT but did not reach statistical 
significance. No episodes of respiratory depression, 
pruritus, or catheter‐related complications were 
recorded.

Table 1: Baseline Demographic Characteristics 
Parameter Group R (n=40) Group RT (n=40) p-value 
Age (years, mean ± SD) 45.2 ± 10.4 46.7 ± 9.8 0.54 
Sex (M/F) 22/18 20/20 0.62 
BMI (kg/m², mean ± SD) 24.8 ± 3.2 25.1 ± 3.5 0.70 

Table 2: Intraoperative Variables 
Parameter Group R (n=40) Group RT (n=40) p-value 
Duration of surgery (min, mean ± SD) 135 ± 25 138 ± 22 0.68 
Baseline HR (bpm, mean ± SD) 78 ± 10 80 ± 9 0.40 
Baseline SBP (mm Hg, mean ± SD) 128 ± 12 130 ± 11 0.45 
Baseline DBP (mm Hg, mean ± SD) 78 ± 8 79 ± 7 0.60 

Table 3: VAS Scores at 2 Hours 
Group VAS (mean ± SD) p-value 
Group R 3.5 ± 1.1 

 

Group RT 3.3 ± 1.2 0.48 

Table 4: VAS Scores at 4 Hours 
Group VAS (mean ± SD) p-value 
Group R 4.8 ± 1.3 

 

Group RT 3.7 ± 1.0 0.001 

Table 5: VAS Scores at 8 Hours 
Group VAS (mean ± SD) p-value 
Group R 5.2 ± 1.4 

 

Group RT 4.1 ± 1.1 0.002 

Table 6: VAS Scores at 12 Hours 
Group VAS (mean ± SD) p-value 
Group R 4.9 ± 1.2 

 

Group RT 3.6 ± 1.0 < 0.001 

Table 7: VAS Scores at 24 Hours 
Group VAS (mean ± SD) p-value 
Group R 4.2 ± 1.0 

 

Group RT 2.8 ± 0.9 < 0.001 

Table 8: VAS Scores at 48 Hours 
Group VAS (mean ± SD) p-value 
Group R 3.1 ± 0.9 

 

Group RT 1.9 ± 0.8 < 0.001 
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Table 9: Cumulative Rescue Morphine Consumption 
Group Morphine (mg, mean ± SD) p-value 
Group R 12.6 ± 3.1 

 

Group RT 8.2 ± 2.4 < 0.001 

Table 10: Number of Patients Requiring Rescue Morphine 
Group Patients (n) p-value 
Group R 28 

 

Group RT 18 0.04 

Table 11: Hemodynamic Parameters Over 48 Hours 
Parameter Group R (mean ± SD) Group RT (mean ± SD) p-value 
Heart rate (bpm) 78 ± 9 79 ± 8 0.55 
Systolic BP (mm Hg) 126 ± 10 127 ± 9 0.60 
Diastolic BP (mm Hg) 77 ± 7 78 ± 6 0.65 

Table 12: Adverse Events 
Adverse Event Group R (n, %) Group RT (n, %) p-value 
Nausea and vomiting 3 (8%) 6 (15%) 0.29 
Pruritus 0 (0%) 0 (0%) — 
Respiratory depression 0 (0%) 0 (0%) — 

 
Table 1 shows that both groups were comparable in 
age, sex distribution, and BMI (p > 0.05). Table 2 
indicates no significant differences in surgery 
duration or baseline heart rate and blood pressure (p 
> 0.05). Table 3 demonstrates similar early 
postoperative pain at 2 hours (p = 0.48). Table 4 
reveals significantly lower VAS scores in Group RT 
at 4 hours (p = 0.001). Table 5 shows continued pain 
reduction in Group RT at 8 hours (p = 0.002). Table 
6 demonstrates a highly significant analgesic benefit 
for Group RT at 12 hours (p < 0.001). Table 7 
indicates sustained lower pain scores in Group RT at 
24 hours (p < 0.001). Table 8 confirms superior 
analgesia in Group RT at 48 hours (p < 0.001). Table 
9 reveals a 35% reduction in cumulative morphine 
consumption with tramadol addition (p < 0.001). 
Table 10 shows fewer patients in Group RT required 
rescue morphine (p = 0.04). Table 11 confirms 
stable hemodynamic parameters with no intergroup 
differences (p > 0.05). Table 12 indicates no 
significant increase in adverse events; mild 
nausea/vomiting was more frequent in Group RT but 
not statistically significant (p = 0.29). 

Discussion 

The findings of this study demonstrate that adding 
tramadol to a continuous epidural infusion of 
ropivacaine provides superior postoperative 
analgesia compared with ropivacaine alone in adults 
undergoing elective abdominal surgery [9]. 
Although initial pain scores at two hours were 
similar between groups, significant differences 
emerged from four hours onward, with Group RT 
consistently reporting lower VAS values at all 
subsequent time points. This suggests that the 
combination of local anesthetic and tramadol 
produces a synergistic effect that becomes most 
apparent as the pharmacologic action of ropivacaine 
alone begins to wane [10]. 

The opioid-sparing effect observed 35 percent 
reduction in cumulative 48-hour morphine 
consumption is clinically meaningful. Reduced 
systemic opioid requirements translate into fewer 
opioid-related adverse effects, faster mobilization, 
and potentially shorter hospital stays [11]. In our 
cohort, although mild nausea and vomiting were 
somewhat more frequent in the tramadol group, the 
increase was not statistically significant and did not 
necessitate discontinuation of the epidural infusion. 
The lack of pruritus or respiratory depression further 
underscores the safety of epidural tramadol at the 
dose studied [12]. 

Hemodynamic stability was well maintained in both 
groups. Neither heart rate nor blood pressure 
differed significantly over 48 hours, indicating that 
tramadol’s sympatholytic and serotonergic effects 
did not compromise cardiovascular parameters 
when administered epidurally in conjunction with 
ropivacaine. Sedation levels remained low and 
comparable, suggesting that epidural tramadol does 
not produce excessive central nervous system 
depression at the infusion rate used [13]. 

Our results align with previous reports of improved 
analgesia when opioids are added to local 
anesthetics in the epidural space, but extend the 
literature by specifically evaluating tramadol an 
opioid with monoamine reuptake inhibition 
properties paired with ropivacaine in major 
abdominal surgery [14]. The dual mechanism of 
tramadol may contribute to prolonged segmental 
analgesia and reduced nociceptive transmission at 
the spinal level. Given the limited cardiotoxicity and 
motor-sparing profile of ropivacaine, this 
combination appears to strike a favorable balance 
between efficacy and safety [15]. 
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Limitations of this study include its single-center 
design and exclusion of patients with significant 
comorbidities (ASA III or higher), which may limit 
generalizability. Additionally, while tramadol’s side 
effect profile was acceptable, further research could 
explore optimal dosing to minimize nausea while 
preserving analgesic benefit. Long-term outcomes, 
such as the incidence of chronic postoperative pain, 
were not assessed and warrant investigation in future 
trials. 

Conclusion 

Epidural infusion of ropivacaine combined with 
tramadol provides significantly better postoperative 
pain control and reduces systemic opioid 
requirements compared to ropivacaine alone in adult 
patients undergoing elective abdominal surgery, 
without compromising hemodynamic stability or 
causing serious adverse effects. This regimen 
represents an effective and safe option for 
multimodal postoperative analgesia in this 
population. 
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