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ABSTRACT

BACKGROUND

Effective management of postoperative pain plays a critical role in patient recovery following
lower limb surgeries. Bupivacaine is a widely used local anaesthetic for epidural anaesthesia,
and the addition of adjuvants such as clonidine and fentanyl may enhance its analgesic profile.
This study was conducted to compare the efficacy of clonidine and fentanyl as adjuvants to
epidural bupivacaine in terms of onset, duration of analgesia, haemodynamic stability,
sedation, and side effects.

METHODS

This randomized comparative clinical study was conducted on 60 ASA | and Il patients aged 18—
60 years scheduled for elective lower limb surgeries under epidural anaesthesia. Patients were
randomly allocated into two groups (n=30 each): Group BC received 16 ml of 0.5% bupivacaine
with clonidine (1 pg/kg). Group BF received 16 ml of 0.5% bupivacaine with fentanyl (0.5 pg/kg).
Parameters observed included onset and duration of sensory and motor block, time to two-
segment regression, sedation score, and time to first rescue analgesia.

RESULTS

Group BF showed significantly faster onset of sensory (6.3 + 0.79 min) and motor block (16.9 +
1.32 min) compared to Group BC (11.5 + 0.82 min and 24.2 + 1.1 min, respectively; p < 0.001).
However, Group BC demonstrated significantly longer duration of sensory block (307.8 + 0.47
min vs. 147 + 0.34 min), motor block (292.8 + 0.42 min vs. 133.8 + 0.35 min), and time to rescue
analgesia (307.8 + 0.47 min vs. 207.6 + 0.34 min) (p < 0.001 for all). Sedation scores were
comparable between groups (p = 1.000).

CONCLUSION

While fentanyl as an adjuvant to epidural bupivacaine provides a faster onset of anaesthesia,
clonidine offers a more prolonged sensory and motor block along with longer postoperative
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analgesia. Both drugs demonstrated favourable safety and sedation profiles, making them
viable options for enhancing epidural anaesthesia in lower limb surgeries.
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Clonidine, Fentanyl, Epidural Anaesthesia, Bupivacaine, Lower Limb Surgery, Postoperative
Analgesia, Randomised Study.

INTRODUCTION

Effective management of postoperative pain enhances patient satisfaction, facilitates early
mobilization, reduces hospital stay, and lowers healthcare costs. A key objective in
postoperative pain control is to minimize the use of analgesics while maintaining adequate pain
relief to reduce adverse effects.l! Epidural anaesthesia is widely utilized for both intraoperative
anaesthesia and postoperative analgesia, especially in lower abdominal and limb surgeries.[?3]

Bupivacaine, an amide-type local anaesthetic, is commonly employed in epidural
analgesia due to its effectiveness in central neuraxial and peripheral nerve blocks.[*> The
addition of adjuvants such as clonidine, midazolam, fentanyl, and dexmedetomidine has
proven beneficial by intensifying and prolonging analgesia, allowing lower doses of local
anaesthetics.[®8 Specifically, opioids like fentanyl, when combined with local anaesthetics,
enhance sensory blockade, reduce motor block, and permit lower anaesthetic dosages,
improving safety and reducing side effects.

Fentanyl is a highly lipophilic, short-acting synthetic opioid that acts as a p-opioid
receptor agonist and is approximately 100 times more potent than morphine.[%?! It is frequently
used as an epidural adjuvant for its potent analgesic properties. On the other hand, alpha-2
adrenergic agonists such as clonidine have gained attention for their sedative, analgesic,
sympatholytic, and anaesthetic-sparing effects.l”! Clonidine, a partial a2 agonist with a
selectivity ratio of 200:1, inhibits voltage-gated Na+ channels and reduces dorsal horn neuron
excitability, thus modulating nociceptive transmission.['? Its spinal action includes inhibition of
substance P and stimulation of postsynaptic a2 receptors, mimicking endogenous
noradrenaline and decreasing nociceptive input from AS and C fibers.[

Given these pharmacological profiles, we designed a randomized comparative study to
assess the efficacy of clonidine and fentanyl as adjuvants to epidural bupivacaine in lower limb
surgeries, focusing on onset, duration of analgesia, hemodynamic stability, sedation, and side
effects.

Aims and Objectives

The aim of this study was to evaluate the effects of clonidine and fentanyl as adjuvants to
bupivacaine in epidural anaesthesia for elective lower limb surgeries. The primary objectives
included assessment of sensory block (onset, time to maximum level, and duration), motor
block (onset, time to peak effect, and duration), and the time to first rescue analgesia.
Secondary objectives focused on evaluating haemodynamic stability, degree of sedation, and
the incidence of adverse effects such as hypotension, nausea, and vomiting.
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MATERIALS AND METHODS

Study Design

This comparative, two-group randomized clinical study was conducted in the Department of
Anaesthesiology at K.C. General Hospital, Bangalore, Karnataka, between 1st June 2022 and
31st December 2023. The study included patients aged 18 to 60 years, classified as ASA
(American Society of Anesthesiologists) physical status grade | or Il, who were scheduled for
elective lower limb surgeries under epidural anaesthesia. Participants were randomly allocated
into two groups to evaluate and compare the effects of clonidine and fentanyl as adjuvants to
bupivacaine, focusing on analgesic efficacy, block characteristics, haemodynamic changes,
sedation, and side effects.

Inclusion and Exclusion Criteria

The study included patients aged between 18 and 60 years with ASA physical status grade | or
Il who were scheduled for elective lower limb surgeries under epidural anaesthesia. Patients
were excluded if they met any of the following criteria: refusal to participate, BMI (Body Mass
Index) €19 or 230, INR (International Normalized Ratio) >1.3, platelet count <100,000, ongoing
anticoagulant therapy, presence of neurological disorders, cardiac or renal insufficiency, spinal
deformities, known allergy or intolerance to local anaesthetics, ASA grade Il or above,
intraoperative request for rescue analgesia, or if the surgery was an emergency procedure.

Sample Size Calculation
60 (30 in Group BC and 30 in Group BF)
Based on the previous study by Shaikh Sl et al.,[?! the onset time of sensory block at the T10
dermatomal level was earlier in Group A (8.70 £ 1.12) as compared to Group B (11.23 + 1.38),
(p=0.00001).
The sample size was calculated using the below formula:
N=(r +1)(Za/2+21-B)*c?
rd?
Where, Z0,/2=1.96
Z1-p=0.84
r=n1/n2
o= (2.44+2.94)/2=2.69
n= 30 in each group

Data Collection Procedure

Patients scheduled for elective lower limb surgeries at K.C. General Hospital between 1st June
2022 and 31st December 2023, who met the inclusion criteria, were enrolled after obtaining
ethical clearance and written informed consent. Participants were randomized into two groups
of thirty each using a sealed envelope method. Preoperatively, all patients underwent routine
evaluation and laboratory tests. On the day of surgery, standard monitoring was established,
IV access was secured, and patients were preloaded with 500 ml of Ringer lactate. Epidural
anaesthesia was administered at the L3—L4 or L2—L3 interspace using an 18G Tuohy needle, and
the catheter was secured. After a test dose, Group BC received 16 ml of 0.5% isobaric
bupivacaine with clonidine (1 pg/kg), and Group BF received 16 ml of 0.5% isobaric bupivacaine
with fentanyl (0.5 pg/kg). Study drugs were weight-adjusted and diluted to 1 ml. Oxygen was
administered, and vitals were monitored continuously, with intraoperative readings recorded
at regular intervals. Observations included onset, level, and duration of sensory and motor
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block, time to two-dermatomal regression, sedation (Ramsay sedation scale), time to rescue
analgesia (VAS >3), and adverse events such as hypotension, bradycardia, nausea, or vomiting.
Motor block was assessed using the modified Bromage score, and sedation was recorded using
the Ramsay scale. Rescue analgesia was given as 8 ml of 0.125% isobaric bupivacaine when VAS
exceeded 3, and the time of first request marked the study endpoint.

Statistical Analysis

Statistical analysis was performed using SPSS version 22.0 and R software version 3.2.2.
Descriptive statistics were presented as mean + SD for continuous variables and as frequencies
(percentages) for categorical variables. The significance level was set at p < 0.05. An
independent samples t-test was used to compare continuous variables between the two
groups, with Levene’s test applied to assess homogeneity of variances. The chi-square test or
Fisher’'s exact test was employed for categorical data, depending on expected cell counts.
Assumptions included normal distribution of dependent variables, random sampling, and
independence of observations. Statistical significance was interpreted as follows: *p < 0.05
(moderately significant), p < 0.01 (strongly significant), and +p between 0.05 and 0.10
(suggestive significance). Microsoft Word and Excel were used for generating tables and

graphs.
RESULTS
Characteristic Group BC (n =30) | Group BF (n=30) | Total(n=60) | P-Value
Age (in years) 41.73+£12.73 42.87 £+11.88 42.3+12.22 |Not provided
Gender Male 15 (50%) 21 (70%) 36 (60%)
Female 15 (50%) 9 (30%) 24 (40%)
ASA ASA | 18 (60%) 17 (56.7%) 35 (58.3%)
Grading | ASAIl 12 (40%) 13 (43.3%) 25 (41.7%)
Height (cm) 168.6 + 6.95 166.7 £ 6.59 167.65 +6.78 0.282
Weight (kg) 66.7 + 11.59 62.9 + 8.85 64.8 +10.4 0.159
Table 1: Demographic Characteristics of Study Groups

Table 1 displays the demographic and baseline characteristics of the patients. Both

groups were similar in terms of age, ASA grade, and gender distribution. Differences in height
and weight were not statistically significant.

Variable Group BC Group BF Total P-Value
Onset of sensory block (mins) 11.5+0.82 6.3+0.79 8.9+2.74 |<0.001**
Onset of motor block (mins) 24.2+1.1 16.9+1.32 | 20.55 +3.87 | <0.001**
Time to max sensory block (mins) 16.7+1.37 | 11.3+0.79 14 +2.94 |<0.001**
Two segment regression (mins) 268.2+0.38 | 109.2 +0.27 | 188.4 + 1.38 | <0.001**
Duration of motor block (mins) 292.8+0.42 | 133.8+0.35 | 213.6 + 1.39 | <0.001**
Duration of sensory block (mins) 307.8+0.47 | 147+0.34 | 227.4+1.41 | <0.001**
Time for rescue analgesia (mins) 307.8+0.47 | 207.6 £0.34 | 227.4 £+ 1.41 | <0.001**
Sedation score 1.3+047 1.3+047 1.3+0.46 1.000
Table 2: Comparison of Block Characteristics between Groups

EISSN 1303-5150 www.neuroquantology.com

&

164


http://www.neuroquantology.com/

Neuroquantology | Jun 2025 | Volume 23 | Issue 6 | Page 161-170| Doi: 10.48047/nq.2025.23.6. nq25017
Dr. M. Surendra,, Evaluation of the Effect of Clonidine and Fentanyl as an Adjuvant to Epidural Bupivacaine in Elective Lower Limb
Surgeries — A Randomised Comparative Study

Table 2 highlights significant differences in onset and duration of sensory and motor
blocks, all favoring Group BF for quicker onset, while Group BC had longer durations. Sedation

scores were comparable.

Parameter Group BC (n =30) Group BF (n =30) P-Value
Max Sensory Block Level 0.548 165

-T6 24 (80%) 21 (70%)
-T8 6 (20%) 9 (30%)

Sedation Score 0.777
-Score 1 21 (70%) 21 (70%)
- Score 2 9 (30%) 9 (30%)

Side Effects 1.000

- None 19 (63.3%) 20 (66.7%)
- Hypotension 6 (20%) 6 (20%)
- Bradycardia 6 (20%) 2 (6.7%)
- Nausea/Vomiting 2 (6.7%) 2 (6.7%)
Table 3: Frequency Distribution of Block Levels, Sedation Scores, and Side Effects

Table 3 summarizes maximum sensory block levels, sedation scores, and adverse
events. Most patients achieved a T6 block and had a sedation score of 1. Side effects were

slightly more common in Group BC, but not statistically significant.

Time (mins) Group BC (bpm) Group BF (bpm) P-Value
Baseline 81.9+7.02 83+12.8 0.681
30 mins 72.9+7.82 79 £10.07 0.011*
60 mins 71+8.77 80.1+11.15 <0.001**
105 mins 73.1+7.78 80.9 +10.52 0.002**

Table 4: Heart Rate Comparison between Groups Over Time

Table 4 focuses on heart rate variation, showing a significantly lower heart rate in Group

BC from 30 to 105 minutes post-induction compared to Group BF.

Parameter | Time (mins) Group BC (mmHg) Group BF (mmHg) P-Value
SBP 5 mins 123 +8.91 131.5+11.91 0.003**
60 mins 108.4 £ 14.79 121.7+11.84 <0.001**

DBP 25 mins 71.1+8.74 78 £+11.8 0.013*

90 mins 72.5+11.19 78.8 +5.96 0.009**

MAP 30 mins 84.5+10.73 90.2+12.41 0.062+
105 mins 87.9+8.73 94.8 +4.29 <0.001**

Table 5: Blood Pressure Comparisons between Groups

Table 5 provides selected key time points for SBP, DBP, and MAP. Group BF maintained

significantly higher values post-induction, suggesting better hemodynamic stability.

Time (mins)

Group BC (%)

Group BF (%)

P-Value

Baseline

99.5+0.51

1.000
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30 mins 99.2 +£0.89 99.3 £ 0.65 0.620

120 mins 99.3+0.79 99.3 £ 0.65 1.000

300 mins 99.5+0.51 99.5+0.51 1.000
Table 6: Oxygen Saturation Comparison (Sp02%)

Table 6 shows that SpO2 remained stable and comparable between both groups 166
throughout the monitoring period, with no significant differences observed.

Outcome Favoured Group P-Value

Faster sensory block onset BF <0.001**

Faster motor block onset BF <0.001**

Longer sensory block duration BC <0.001**

Longer motor block duration BC <0.001**

Longer time to rescue analgesia BC <0.001**
Lower heart rate (30—105 mins) BC <0.05
Lower SBP/DBP/MAP (5—300 mins) BC <0.05

Table 7: Summary of Statistically Significant Outcomes

Table 7 presents a concise summary of the statistically significant findings. Group BF
showed advantages in block onset times, while Group BC had longer durations and lower
cardiovascular parameters.

DISCUSSION

Epidural analgesia is recognized for providing superior pain relief and promoting early
mobilization, particularly when a local anesthetic is combined with an adjuvant, compared to
the use of local anesthetic alone.' In this study, the exclusive use of the epidural route was a
deliberate decision to avoid invasive dural penetration associated with spinal needles, while
also facilitating postoperative analgesia through the epidural catheter.l'213] This technique
allows for the administration of rescue analgesia postoperatively and reduces the risk of spinal
hypotension.

The pursuit of optimal dosing for opioids or alpha-2 adrenergic agonists as adjuvants in
regional anesthesia is ongoing. However, few studies have attempted to directly compare the
potential benefits of these two agents or to assess the synergistic effects of both at lower
concentrations.!*18! Although fentanyl has largely replaced morphine as an opioid adjuvant in
regional anesthesia, its use is still associated with a high incidence of side effects such as nausea
and vomiting, which can occur in 28-52% of cases, even at optimal doses. These adverse effects
are distressing to patients and undermine the goal of achieving a smooth and uneventful
recovery.[17-19]

Due to the adverse effects associated with neuraxial opioids-including respiratory
depression, nausea, urinary retention, and pruritus-there has been growing interest in
alternative adjuvants such as a-2 adrenergic agonists.l?%! These agents are promising because
of their anesthetic-sparing properties and hemodynamic-stabilizing effects.[?22] Alpha-2
agonists mediate analgesia through inhibition of C-fiber neurotransmitter release and
hyperpolarization of postsynaptic neurons in the dorsal horn.[2325] Their complementary
mechanism with local anesthetics contributes to enhanced analgesic effects. The extended
motor blockade observed with a-2 agonists is likely due to their action on motor neurons within
the dorsal horn.[6:26]
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Clonidine, an a-2 adrenergic agonist, produces analgesia via a non-opioid
mechanism.?¢! Unlike local anesthetics, clonidine does not impair proprioception.
Furthermore, it is not associated with common opioid-induced side effects such as respiratory
depression, pruritus, nausea, and vomiting.?”l Its analgesic potency increases when
administered epidurally. Nonetheless, clonidine can induce hypotension, bradycardia, and
sedation. It acts on the descending noradrenergic tracts of the spinal cord to modulate pain
through a non-opioid pathway.!?”]

In this study, we compared the analgesic efficacy and hemodynamic stability of
clonidine (1 pg/kg) versus fentanyl (0.5 pg/kg) when co-administered with 16 ml of 0.5%
isobaric bupivacaine. The parameters evaluated included:

e Onset and duration of sensory blockade

e Onset and duration of motor blockade

e Hemodynamic profile

o Degree of sedation

¢ Time to first rescue analgesia

e Two-segment regression time

¢ Incidence of adverse effects (hypotension, bradycardia, nausea, vomiting)

Our findings demonstrated that clonidine provided a significantly longer duration of
sensory and motor blockade, as well as prolonged postoperative analgesia compared to
fentanyl when used as an adjuvant to epidural bupivacaine.[!? This aligns with previously
published literature supporting the efficacy of clonidine and fentanyl as epidural adjuvants.[%

The demographic characteristics of patients in the two groups (Group BC: bupivacaine
+ clonidine, Group BF: bupivacaine + fentanyl) were comparable in terms of mean age (P =
0.723), sex distribution (P = 0.187), ASA classification (P = 1.000), height (P = 0.282), and weight
(P =0.159).

No statistically significant difference was observed between the groups in terms of
maximum level of analgesia achieved (P = 0.548) or sedation scores (P = 0.777).

Group BF exhibited a significantly earlier onset of both sensory and motor blockades
compared to Group BC (P < 0.001). This result was not consistent with findings by Agarwal et
al.282% put was in agreement with Shaikh et al. and others.[>3I The time to achieve maximum
sensory blockade was also significantly shorter in Group BF (P < 0.001), a finding again
consistent with Shaikh et al.23] but not with Agarwal et al.[282% Two-segment regression
occurred earlier in Group BF than in Group BC (P < 0.001), similar to findings by Agarwal et al.??!

Throughout the study, cardio-respiratory parameters remained stable, corroborating
the established effects of a-2 agonists in maintaining perioperative and postoperative
hemodynamic stability. The bradycardia observed with clonidine can be attributed to its central
sympatholytic action and reduced norepinephrine release.l® Although the requirement for
vasopressors was not statistically different between the groups, a more pronounced decrease
in SBP, DBP, and MAP was observed in the clonidine group. These changes were clinically
manageable and did not require intervention in most cases, in line with observations made by
Ghatak et al.['%

No respiratory depression was noted in either group, likely due to the relatively low
doses of drugs used. The clonidine group showed better postoperative block characteristics,
including delayed regression of sensory and motor block and prolonged analgesia. These
findings support those of Agarwal et al., who also reported a longer duration to two-segment
regression and motor recovery (Modified Bromage 1) in the clonidine group compared to the
fentanyl group.
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Pain intensity and relief were assessed using the VAS (Visual Analogue Scale). Rescue
analgesia was administered when VAS exceeded 3. A significantly longer duration of effective
analgesia was observed in the clonidine group (5.13 £ 0.47 hours) compared to the fentanyl
group (2.46 + 0.34 hours), with a p-value < 0.001. The prolonged sensory blockade seen in
Group BC offers improved postoperative pain control, though the extended motor blockade
may pose limitations, especially in outpatient or day-care procedures. This observation also
aligns with findings from Ghatak et al.[20l

The incidence of side effects such as hypotension, bradycardia, nausea, and vomiting
was comparable between the two groups and not statistically significant. Side effects were seen
in 30% of participants in both groups. Specifically, 20% of Group BC patients experienced
hypotension and 20% experienced bradycardia, while in Group BF, 20% had hypotension and
6.7% had bradycardia. Overall, hypotension was the most common adverse event (20%),
followed by bradycardia (13.3%), consistent with the findings of Ghatak et al.['%

Limitations

Several studies have assessed clonidine and fentanyl as adjuvants to epidural bupivacaine in
various doses and combinations; however, research specifically focusing on their effects at
lower doses remains limited. Therefore, this study aimed to compare the efficacy of clonidine
(1 pg/kg) and fentanyl (0.5 ug/kg) as adjuvants to 0.5% isobaric bupivacaine in patients
undergoing elective lower limb surgeries.

CONCLUSION

In our study, clonidine appeared to be a more effective epidural adjuvant compared to fentanyl,
as it provided a longer duration of sensory and motor blockade, extended postoperative
analgesia, and reduced the need for additional postoperative epidural local anesthetic.
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