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ABSTRACT  

Background: Epidural anaesthesia is widely employed in lower abdominal 

surgeries because of its effectiveness and haemodynamic stability. The addition 

of opioids, such as fentanyl, to local anaesthetics, such as bupivacaine, may 

influence the onset, duration, and block quality. The perfusion index (PI), a 

noninvasive pulse oximetry–based marker, objectively evaluates sympathetic 

blockade. Objective: To compare the onset and effectiveness of epidural 

anaesthesia using bupivacaine alone versus bupivacaine with fentanyl in 

elective hernia surgeries, using PI, mean arterial pressure (MAP), and heart rate 

as assessment parameters. Material and Methods: A prospective, randomised, 

double-blind study was conducted on 60 patients undergoing elective hernia 

surgery at K.A.P. Viswanatham Government Medical College in the 

Department of General Surgery at Group B received 12 ml of 0.5% bupivacaine 

with 0.5 ml saline, whereas Group BF received 12 ml of 0.5% bupivacaine with 

25 µg fentanyl. PI, MAP, PR, onset of sensory block, duration of analgesia, and 

side effects were monitored. Result: Group BF showed a significantly faster 

sensory block onset (5.23 ± 1.14 min vs. 6.67 ± 1.21 min; p < 0.001) and 

prolonged analgesia (123.5 ± 13.24 min vs. 98.4 ± 10.21 min; p < 0.0001). The 

PI was significantly higher in Group BF from 8 to 14 min, indicating an earlier 

sympathetic blockade. Group BF had greater haemodynamic stability in terms 

of SBP and MAP (p < 0.05). Pruritus occurred in 30% of Group BF; nausea 

(10%) was equal in both groups; hypotension (10%) occurred only in Group B.; 

and no vomiting or urinary retention was noted. Conclusion: Fentanyl enhances 

the onset and duration of epidural anaesthesia with bupivacaine and improves 

haemodynamic stability. The PI serves as a sensitive, noninvasive indicator of 

block onset. 

 
 

 

INTRODUCTION 
 

Pain is defined as an unpleasant sensory and 

emotional experience linked to actual or potential 

tissue damage.1 Its effective management is essential 

in surgical practice to prevent physiological 

disturbances, including adverse effects on the 

cardiovascular, respiratory, endocrine, and metabolic 

systems.[2] This underscores the need for safe, 

efficient, and reliable anaesthetic techniques that 

ensure optimal perioperative outcomes. 

John J. Bonica, a pioneer in the field of pain 

medicine, promoted multidisciplinary approaches to 

pain control.[3] Among various anaesthetic options, 

regional anaesthesia has emerged as a preferred 

technique in many surgical contexts, particularly for 

lower abdominal and limb surgeries.[4] Compared to 

general anaesthesia (GA), regional techniques such 

as epidural anaesthesia (EA) offer several 

advantages, including avoidance of airway 

manipulation, reduced systemic drug use, better 

haemodynamic stability, prolonged postoperative 

analgesia, and lower incidence of postoperative 

nausea and vomiting.[5] 

EA is a central neuraxial block that provides 

segmental anaesthesia and allows flexibility in 

dosing and duration. Its utility spans surgical 

anaesthesia, postoperative analgesia, and chronic 

pain management.[6] Unlike spinal anaesthesia, EA 

avoids dural puncture, reducing the risk of PDPH.[7] 

EA enables controlled sympathetic blockade, suitable 

for patients requiring haemodynamic stability. 
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Bupivacaine, a long-acting amide local anaesthetic, is 

used in epidural anaesthesia for sensory blockade 

with minimal motor impairment.8 EA efficacy 

improves by combining local anaesthetics with 

opioids. Fentanyl, a µ-opioid receptor agonist 75-125 

times more potent than morphine, provides a rapid 

onset when administered epidurally.[9] This 

combination enhances block quality and reduces 

local anaesthetic dose, minimising toxicity. 

Traditionally, monitoring the onset and effectiveness 

of an epidural block is based on subjective sensory 

and motor assessments or haemodynamic changes. 

However, these methods are imprecise. The 

perfusion index (PI) from pulse oximetry indicates 

peripheral perfusion. It reflects vasodilation resulting 

from the sympathetic blockade and may serve as a 

sensitive marker for early detection of successful 

epidural anaesthesia.[10] This study compared 

epidural anaesthesia using bupivacaine alone versus 

bupivacaine with fentanyl in elective hernia 

surgeries. The PI was evaluated using the mean 

arterial pressure (MAP) and heart rate (HR) to assess 

block onset and efficacy. 

 

MATERIALS AND METHODS 

 

A prospective, randomised, double-blind controlled 

study was conducted on 60 patients undergoing 

elective hernia surgeries at the Department of 

General Surgery, K.A.P. Viswanatham Government 

Medical College, Tiruchirappalli, between December 

2018 and September 2020. Ethical clearance was 

obtained from the Institutional Ethics Committee, 

and written informed consent was obtained from all 

the patients. 

Inclusion and exclusion criteria 

The study included patients aged 30–65 years, 

classified as American Society of Anesthesiologists 

(ASA) physical status I or II, and scheduled for 

elective hernia surgeries. Patients who refused to 

participate and those with contraindications to 

regional anaesthesia were excluded from the study. 

Methods 

The study population was randomly allocated to two 

groups of 30 patients each. Group B received 12 ml 

of 0.5% bupivacaine with 0.5 ml normal saline, 

whereas Group BF received 12 ml of 0.5% 

bupivacaine with 0.5 ml fentanyl (25µg). Patients 

fasted overnight and received intravenous 

metoclopramide and ranitidine 45 minutes before 

surgery. In the operating room, baseline HR, blood 

pressure (BP), oxygen saturation (SpO₂), and PI were 

recorded using a Masimo monitor, with the PI 

measured from the second toe. 

Patients were positioned laterally for epidural 

anaesthesia at L1–L2 using an 18G Tuohy needle. 

The epidural space was identified using the loss-of-

resistance technique, and a catheter was advanced to 

the T10–T11 region. A test dose of 3 ml of 1.5% 

lignocaine with epinephrine (1:200,000) ruled out 

intravascular or subarachnoid placement. Monitoring 

included haemodynamic parameters, PI, surgery 

duration, and adverse events such as hypotension, 

bradycardia, or tachycardia. 

Statistical Analysis 

Descriptive statistics were used in two-way tables, 

with categorical variables as frequencies/percentages 

and continuous variables as means with standard 

deviations. The chi-square test was used to assess 

differences between categorical variables, while the 

t-test was used to compare group means. Statistical 

significance was set at p < 0.05. 

 

 
Figure 1: CONSORT flow diagram 

 

RESULTS  
 

The mean age was 40.07 ± 10.14 years in Group B 

and 42.27 ± 7.79 years in Group BF. The mean height 

was 165.37 ± 6.01 cm and 166.33 ± 6.13 cm, while 

the mean weight was 65.23 ± 6.30 kg and 65.80 ± 

9.50 kg, with no significant differences between 

groups (p > 0.05) (Table 1). 

 

Table 1: Demographic distribution between groups 
 Group B Group BF P-value 

Age (years) 40.07 ± 10.14 42.27 ± 7.79 0.35 

Height (cm) 165.37 ± 6.01 166.33 ± 6.13 0.54 

Weight (kg) 65.23 ± 6.30 65.80 ± 9.50 0.787 
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Group BF showed a significantly higher preoperative 

pulse rate (80.60 ± 9.52 bpm) than Group B 

(73.47 ± 13.56 bpm; p = 0.022). At 1 min, the pulse 

rate peaked in Group BF (101.07 ± 7.98 bpm) versus 

Group B (83.77 ± 10.89 bpm), showing a highly 

significant difference (p = 0.000). At 2 min, Group 

BF continued to have a significantly elevated pulse 

rate (101.63 ± 8.81 bpm vs. 96.67 ± 6.58 bpm; p = 

0.016). No other time points showed significant 

differences (p > 0.05) (Figure 2). 

 

 
Figure 2: Mean pulse rate between groups 

 

Preoperatively, there was no significant difference in 

systolic blood pressure (SBP) between Group BF 

(113.80 ± 9.10 mmHg) and Group B (113.93 ± 10.87 

mmHg; p = 0.959). However, Group B demonstrated 

consistently higher SBP values than Group BF at 

multiple time points after administration. Significant 

differences were observed from 1 to 12 min 

(p < 0.001 to p = 0.007) (Figure 3). 

 

 
Figure 3: Systolic blood pressure between groups 

 

The preoperative mean diastolic blood pressure was 

similar between Group BF (73.37 ± 7.18 mmHg) and 

Group B (74.77 ± 7.43 mmHg, p = 0.461). From 1 to 

9 min post-administration, Group B consistently 

demonstrated significantly higher diastolic pressures 

than Group BF, with p-values ranging from 0.007 to 

0.017. At 10 and 11 min, Group B continued to show 

higher values, but the difference was not significant 

(p = 0.067 and 0.094, respectively). From 12 to 25 

min, the mean diastolic pressures in both groups 

gradually declined, with Group B maintaining 

marginally higher readings throughout. However, the 

differences during this period were insignificant (p > 

0.05) (Figure 4). 

 

 
Figure 4: Diastolic blood pressure between groups 

 

Group B demonstrated significantly higher MAP 

values than Group BF from 1 to 9 min (p ≤ 0.001), 

and again at 10 min (96.53 ± 5.95 vs. 91.40 ± 6.43 

mmHg; p = 0.002) and 11 min (95.83 ± 6.31 vs. 

90.97 ± 6.26 mmHg; p = 0.004). Additional 

significant differences were observed at 15 min (p = 

0.027), 20 min (p = 0.007), and 25 min (p = 0.013), 

confirming greater MAP stability in Group BF (p < 

0.05) (Figure 5). 

 

 
Figure 5: MAP between groups 

 

At 8 min, the PI was significantly higher in Group BF 

(5.49 ± 4.50) than in Group B (3.02 ± 1.24, 

p = 0.005). This continued from 9 to 13 min, with 

Group BF maintaining consistently elevated PI 

values, reaching a peak at 12 min (13.60 ± 2.16 vs. 

7.42 ± 4.49; p < 0.001). A significant difference was 

also observed at 14 min (13.04 ± 2.05 vs. 

11.78 ± 2.62; p = 0.042), suggesting an earlier onset 

of sympathetic blockade in the bupivacaine-fentanyl 

group (p < 0.05) (Figure 6). 

 

 
Figure 6: PI between groups 
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The mean duration of analgesia in Group B was 

98.4 ± 10.21 min, whereas in Group BF, it was 

123.5 ± 13.24 min, which was a significant difference 

between groups (p < 0.0001) (Table 2). 

 

Table 2: Duration of analgesia between groups 

Group Mean ± SD (min) P-value 

Group B 98.4 ± 10.21 
<0.0001 

Group BF 123.5 ± 13.24 

 

In Group B, nausea was reported in two patients 

(10%), while in Group BF, it was observed in three 

patients (10%). Vomiting and urinary retention were 

not reported in either of the groups. Pruritus occurred 

in 10 (30%) patients in Group BF and none in Group 

B. Hypotension was noted in three (10%) patients in 

Group B and none in Group BF (Table 3).

 

Table 3: Incidence of side effects between groups 

Side effect Group B (N, %) Group BF (N, %) 

Nausea 2 (10%) 3 (10%) 

Vomiting 0 0 

Urinary Retention 0 0 

Pruritus 0 10 (30%) 

Hypotension 3 (10%) 0 (0%) 

 

DISCUSSION 
 

In our study, the demographics were comparable 

between the groups, with no significant differences (p 

> 0.05). Similarly, a study done by Ocak found that 

age (p=0.146), height (p=0.133), and weight 

(p=0.656) had no significant difference in terms of 

the maximum level of the sensory block between 

groups.[11] 

In our study, both groups showed an increase in pulse 

rate following drug administration, peaking at 4 min 

(100 bpm in Group B and 103.5 bpm in Group BF), 

followed by a gradual decline. Throughout the 

observation period, Group BF maintained slightly 

higher pulse rates than Group Similarly, Salgaonkar 

et al. found in a retrospective comparison involving 

100 patients receiving bupivacaine (7.5 mg or 10 mg) 

combined with (25 µg) fentanyl, heart rate 

monitoring at five-minute intervals revealed an early 

elevation of approximately 4–5 beats per minute in 

both groups.[12] 

In our study, preoperative SBP was comparable 

between the groups (p = 0.959). However, Group B 

exhibited significantly higher SBP from 1 to 12 min 

and again at 14, 15, 20, and 25 min post-

administration (p < 0.05), indicating greater 

haemodynamic fluctuations than Group BF. 

Similarly, Kararmaz et al. SBP was measured every 

3 min for the first 15 min after spinal blockade. The 

bupivacaine with fentanyl group exhibited less 

pronounced SBP drops and maintained more 

haemodynamic stability than bupivacaine alone 

throughout the early minutes (p < 0.05). Group B had 

greater SBP fluctuations early on, whereas fentanyl 

co-administration stabilised SBP.[13] 

In our study, the preoperative DBP was similar (p = 

0.461). Group B showed significantly higher DBP 

from 1 to 9 min (p = 0.007–0.017). Differences were 

not significant from 10 to 25 min (p > 0.05). In 

contrast, Gurbet et al. found that diastolic blood 

pressure was lower in the bupivacaine + fentanyl 

group starting at 5 min post-administration, with 

significant differences (p < 0.001) at 5, 10, 15, and 20 

min, and continuing until 1 h postoperatively, 

contrasting with baseline measurements (p = 

0.067).[14] Ocak found that Baseline DBP was 

comparable, and after the block, DBP remained 

similar between the bupivacaine alone and 

bupivacaine with fentanyl groups at all measured 

intervals (p > 0.05), including early intraoperative 

periods. Group B showed transient early DBP 

elevation, while other studies varied in whether DBP 

changed significantly with fentanyl addition.[11] 

In our study, the preoperative MAP was comparable 

between the groups (p = 0.513). Group B exhibited 

significantly higher MAP from 1 to 11 min and again 

at 15, 20, and 25 min (p < 0.05), with no significant 

differences between 12 and 14 min. Similarly, Neik 

et al. reported early reductions in MAP with the 

bupivacaine–fentanyl combination, followed by 

haemodynamic stabilisation later in the postoperative 

period, using a >20% rise in MAP from baseline to 

guide fentanyl administration. Early higher MAP in 

Group B was consistent with showing initial drops 

and later stabilisation in the fentanyl groups.[15] 

In our study, the preoperative PI was not significantly 

different (p = 0.111). From 8 to 14 min, Group BF 

had a significantly higher PI (p < 0.05). From 15 to 

25 min, the differences were not significant. 

Similarly, a study done by Toyama et al. found that 

in parturients receiving spinal anaesthesia with 

bupivacaine and fentanyl, a rise in PI within 8 to 15 

min indicated early sympathetic blockade.16 

Vedagiri et al. showed that adding fentanyl (50–

100 μg) to low-dose bupivacaine led to faster 

analgesic onset and earlier rises in PI within the first 

10 min. PI elevation in the fentanyl group aligned 

with previous findings indicating early sympathetic 

blockade onset.[17] 

In our study, the mean duration of analgesia was 

significantly longer in Group BF (123.5 ± 13.24 min) 

than in Group B (98.4 ± 10.21 min, p<0.0001). 

Similarly, Lee et al. found that Group B showed 
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longer analgesia (120 (90-120) min) than Group A 

(75 (75-105) min) (p=0.013).[18] Scott et al. showed 

excellent or good pain relief in 82.6% of assessments, 

confirming extended and effective analgesia in a 

general surgical population. Fentanyl extended the 

duration of analgesia significantly, supporting prior 

studies that demonstrated prolonged pain relief with 

its use.[19] 

In our study, nausea occurred equally (10%) in both 

groups. Pruritus was reported only in Group BF 

(30%), and hypotension occurred only in Group B 

(10%) patients. Vomiting and urinary retention were 

not reported in either of the groups. Similarly, 

Kılıçkaya et al. found that in the fentanyl with 

bupivacaine group, nausea and, in contrast, vomiting 

occurred in seven patients, urinary retention in one 

patient, and pruritus in four patients compared to the 

morphine group.20 Guo et al. found in a meta-

analysis of epidural bupivacaine with fentanyl 

combinations during surgical procedures reported the 

following side effect incidences, pruritus 

(29.9 ± 24.5%), nausea (7.6 ± 5.6%), and 

hypotension (11.7 ± 11%). Pruritus was higher with 

fentanyl use, while nausea was similar in both 

groups, aligning with previous studies showing 

fentanyl's common side effects.[21] 

The addition of fentanyl to bupivacaine resulted in 

prolonged analgesia and greater haemodynamic 

stability, as seen in more stable SBP, MAP, and DBP 

than bupivacaine alone. An early increase in the PI in 

the fentanyl group reflected a faster onset of 

sympathetic blockade. Side effects such as pruritus 

were more frequent with fentanyl, but nausea and 

hypotension remained minimal and comparable 

between both groups. 

Limitations 

The small sample size of this single-centre study may 

limit its generalisability. PI monitoring is restricted, 

potentially underestimating systemic perfusion 

trends. Additionally, the short follow-up duration, 

absence of long-term outcomes, and exclusion of 

high-risk patients restrict the broader applicability of 

the findings. 

 

CONCLUSION 
 

The addition of fentanyl to bupivacaine prolonged the 

duration of analgesia and demonstrated an earlier 

increase in PI, indicating a faster sympathetic 

blockade. Group BF maintained greater 

haemodynamic stability with lower fluctuations in 

systolic, diastolic, and MAP, whereas Group B 

exhibited higher early intraoperative blood pressure 

changes. Group BF showed higher pulse rates and 

more pruritus in the fentanyl group, while nausea and 

hypotension were similar between the groups. 

Overall, the PI proved to be a sensitive and 

noninvasive tool for assessing the onset of epidural 

block. The combination of bupivacaine and fentanyl 

offers superior efficacy and clinical advantages in 

epidural anaesthesia. 
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