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ABSTRACT

Introduction: Spinal anaesthesia is one of the most suitable modality of
anaesthesia for procedures involving the lower limbs. To extend the duration of
spinal anaesthesia, a variety of additives are added to spinal medication.
Ropivacaine has an increased margin of safety over bupivacaine, with a
decreased CNS toxicity and cardiotoxic potential.

Aims & Objectives: To compare the onset and duration of sensory and
motor blocks with intrathecal buprenorphine and fentanyl as adjuvant to 0.75%
hyperbaric Ropivacaine in patients undergoing elective lower limb surgeries.

To compare the hemodynamic changes with intrathecal buprenorphine and
fentanyl as an adjuvant to 0.75% hyperbaric Ropivacaine in patients undergoing
elective lower limb surgeries.

Methods: In this observational study, 112 patients scheduled for elective
surgery of lower limb under spinal anaesthesia were randomly assigned to two
groups, with 56 patients in each group. In Group 1, patients receive 3 mL volume
of 0.75% hyperbaric ropivacaine and 60 mcg buprenorphine intrathecally. The
onset and duration of both sensory and motor blocks, along with vital signs, are
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regularly monitored at specified intervals. Postoperatively, each patient was
evaluated for the duration of analgesia, pain levels, and the need for rescue
analgesics at regular intervals. Hemodynamic parameters are assessed at
particular intervals. Data obtained was compiled and statistically analysed with
appropriate tests. Avalue of p < 0.05 is taken as significant.

Results: This study evaluates the effectiveness of buprenorphine and fentanyl
as adjuncts to 0.75% hyperbaric ropivacaine in lower limb surgeries. The
findings show that buprenorphine results in quicker onset times for both sensory
block (1.741 minutes) and motor blocks (2.412 minutes) compared to fentanyl,
which takes 2.117 minutes for onset of sensory block and 2.899 minutes for
onset of motor block. Additionally, the Ropivacaine-buprenorphine group
reaches the maximum level of sensory block faster at 5.8 + 1.21 minutes
compared to Ropivacaine-fentanyl group at 6.20 £ 0.79 minutes.

When it comes to the duration of analgesia, Ropivacaine with buprenorphine
provides significantly longer motor block (179.11 £ 14.95 minutes) and sensory
block (265.11 + 31.45 minutes) than Ropivacaine with fentanyl, which lasts for
147.5 + 16.32 minutes and 232.68 + 25.97 minutes, respectively. Furthermore,
the time to first rescue analgesia was longer in the buprenorphine group (338.
39 + 31.62 minutes) compared to fentanyl group (294.82 + 27.96 minutes).
Overall, the total duration of anaesthesia was also longer in the Ropivacaine-
buprenorphine group (265.71 + 31.45 minutes) compared to the Ropivacaine-
fentanyl group (232.68 + 25.97 minutes).

Both the combinations maintained stable hemodynamics. However, the
Ropivacaine-Fentanyl group exhibited a slightly higher heart rate and a mild
increase in diastolic blood pressure at some time points.

Conclusion: Age, gender, comorbidities, or physical characteristics did not
differ significantly between the Ropivacaine-Buprenorphine and Ropivacaine-
Fentanyl groups. Both combinations maintained stable heart rates and blood
pressure during surgery. The Ropivacaine-Buprenorphine group demonstrated
a significantly faster onset and long duration of both sensory and motor blocks.
Postoperatively, patients in the Ropivacaine-Buprenorphine group reported
lower Visual Analog Scale (VAS) pain scores and had a longer time before
requiring rescue analgesia compared to the Ropivacaine-Fentanyl group.
Overall, Ropivacaine and buprenorphine together yielded better results in
providing longer-lasting analgesia and better postoperative pain control than
Ropivacaine with fentanyl.

Keywords: Ropivacaine, Buprenorphine, Fentanyl, Intrathecal, Subarachnoid
block, lower limb surgeries, sensory block, motor block, VAS score, rescue
analgesia, hemodynamic parameters.
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Introduction:

Spinal anaesthesia is one of the most suitable
modalities of anaesthesia for lower limb surgeries
[1]. However, postoperative pain management
remains a significant challenge, as local anaesthet-
ics alone provide a relatively limited duration of
action. The addition of adjuvants can reduce the
required dose of local anaesthetics, minimize
adverse effects, and prolong the duration of
anaesthesia. [1]

Bupivacaine, levobupivacaine, and ropivacaine are
commonly used for neuraxial anaesthesia. Various
adjuvants, including opioids such as morphine,
fentanyl, and buprenorphine, as well as a2-agonists
such as clonidine, have been used to prolong spinal
anaesthesia. According to the American Society of
Anesthesiologists (ASA), neuraxial opioids may be
used for pain relief following neuraxial anaesthesia
rather than intermittent parenteral opioids [2].

Ropivacaine was introduced into clinical practice in
1996 and has demonstrated a favorable safety
profile compared with bupivacaine, with lower risks
of central nervous system and cardiovascular
toxicity. It is a long-acting, pure S-enantiomer amide
local anaesthetic with lower lipid solubility.
Ropivacaine produces nerve blockade by reversibly
inhibiting sodium ion influx, with relatively greater
effects on pain-transmitting Ad and C fibres than on
motor fibres. Intrathecal administration of ropi-
vacaine was approved in the European Union in
2004. The extent of sensory and motor blockade
depends on factors such as dose and patient age,
with higher sensory block levels observed with
increasing age. Hyperbaric ropivacaine has been
evaluated against isobaric preparations for intrathe-
cal anaesthesia and has demonstrated effective
surgical anaesthesia [3,4].

Buprenorphine is a mixed agonist-antagonist opioid
approximately 30 times more potent than morphine.
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It is a centrally acting, lipid-soluble thebaine
analogue that produces analgesia through both
spinal and supraspinal mechanisms. Its antihyperal-
gesic properties may help prevent central sensitiza-
tion, while its high lipid solubility, strong opioid
receptor affinity, and prolonged duration of action
make it a useful intrathecal adjuvant for postopera-
tive pain management [5].

Fentanyl is a short-acting, lipophilic p-opioid recep-
tor agonist. Its action on spinal opioid receptors,
particularly in the substantia gelatinosa, produces
analgesia by inhibiting presynaptic release of
substance P from primary sensory neurons.
Fentanyl may also interact with k-opioid receptors
and is commonly used as an adjuvant to spinal
anaesthesia because of its rapid onset and relatively
low risk of respiratory depression. [6]

This study aims to compare the efficacy of
intrathecal buprenorphine and fentanyl as adjuvants
to 0.75% hyperbaric ropivacaine in patients under-
going lower limb surgery.

MATERIALS AND METHODS

Study design

This was a hospital-based observational study
conducted at MES Medical College over a period of
one year from the date of approval by the
Institutional Ethics Committee.

Study setting

The study was conducted in the operation theatre
and postoperative observation room of MES
Medical College. Data were collected following
administration of subarachnoid block and continued
postoperatively until complete reversal of motor
blockade.
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Sampling

The sampling population consisted of ASA | and |l
patients aged 18-60 years, with a BMI of 18.5-24.9
kg/m?, scheduled for elective lower limb surgeries
under spinal anaesthesia. Based on a previous
study by Singh AP et al., the sample size was
calculated using the difference in mean duration of
sensory blockade between patients receiving 0.75%
ropivacaine with 60 pg buprenorphine and those
receiving 0.75% ropivacaine with 25 ug fentanyl.
With 1% alpha error, 90% power, and 10% beta
error, the required sample size was 56 patients in
each group, giving a total sample size of 112.
Convenient sampling was used.

Inclusion criteria

Patients aged 18-60 years of either sex, belonging
to ASA physical status | or I, with BMI 18.5-24.9
kg/m?, scheduled for non-emergency unilateral
lower limb surgery under spinal anaesthesia, and
willing to participate were included. Procedures
included lower limb orthopaedic surgery, varicose
vein surgery, and wound debridement.

Exclusion criteria

Patients with contraindications to regional anaesthe-
sia, local infection, coagulation abnormalities or
thrombocytopenia (platelet count <100 x 10/L),
allergy to opioids or local anaesthetics, long-term
opioid use, chronic pain, pregnancy or lactation,
spinal deformities, or current anticoagulant therapy
were excluded.

Study procedure

After obtaining written informed consent, patients
were preloaded with Ringer lactate 10 mL/kg and
monitored using ECG, NIBP, and pulse oximetry.
Baseline heart rate, blood pressure, respiratory rate,
and SpO were recorded. Under strict aseptic
precautions, spinal anaesthesia was administered in
the lateral position using a 25G Quincke needle at
the L3-L4 intervertebral space by a consultant
anaesthesiologist. Group 1 received 3 mL of 0.75%
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hyperbaric ropivacaine with 25 jg fentanyl.

Haemodynamic parameters were monitored at
regular intervals. Hypotension was defined as a
>30% reduction in systolic blood pressure from
baseline or SBP <90 mmHg and was treated with
intravenous mephentermine and fluids as required.
Bradycardia was defined as HR <50 beats/min and
treated with intravenous atropine. Adverse effects
including nausea, vomiting, shivering, pruritus,
respiratory depression, sedation, bradycardia, and
hypotension were recorded. Sensory and motor
block assessments were continued at 15-minute
intervals until complete resolution.

Motor block will be assessed by modified Bromage
score

0- No motor paralysis, able to flex hips/knees/ankles
1- Inability to flex the hip, able to move knees

2- Inability to flex the knee, able to flex ankles

3- Inability to flex the ankle/ unable to move any part
of the lower limb

Visual analogue scale- pain score is recorded
between 0 and 10 (0= no pain 10 =worst pain)

No Moderate
»

STATISTICAL DATA ANALYSIS AND
RESULTS

Data were entered in Microsoft Excel and analysed
using SPSS version 26. Normality was assessed
using the Kolmogorov-Smirnov test. Appropriate
parametric or non-parametric tests were used, with
the chi-square/Fisher’'s exact test for categorical
variables and independent t-test/Mann-Whitney U
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test for quantitative variables.

The mean age of participants was 40.73 + 12.17
years, with no significant difference between Group
1 (40.27 £ 12.67 years) and Group 2 (41.20 + 11.76
years; p = 0.68). Overall, 67% were males and 33%
females, while 58.9% were ASA | and 41.1% ASAI,
with no significant difference between groups.
Implant removal was the most common procedure
(41.1%), followed by closed reduction with K-wire
fixation (14.3%) and meniscal balancing (13.4%).
The distribution of surgical procedures differed
significantly between the two groups (p = 0.005).

The mean height, weight, and BMI of the partici-
pants were 159.12 £ 11.15 cm, 65.64 + 5.60 kg, and
27.29 *+ 16.80 kg/m?, respectively. There were no
statistically significant differences in height, weight,
or BMI between the two groups (p > 0.05), indicating
that the groups were comparable with respect to
these parameters.

Preoperative hemodynamic parameters were within
normal ranges, with mean HR 79.96 + 12.43 bpm,
SBP 128.31 + 14.49 mmHg, DBP 82.11 + 6.98
mmHg, SpO 99.02 + 0.64%, and RR 13.91 £ 1.
06/min. During spinal anaesthesia, these param-
eters  remained  largely  stable.  The
Ropivacaine—fentanyl group showed significantly
higher) heart rates at 2, 8, 15, 20, 25, 30, and 35
minutes postoperatively (p < 0.05). (figure 1)

Systolic blood pressure showed no statistically
significant difference between the groups during the
intraoperative and postoperative periods (p > 0.05).
Diastolic blood pressure was slightly higher in the
ropivacaine-fentanyl group, with statistically signifi-
cant differences at several intraoperative time points
and during the immediate postoperative period and
at 120 minutes (p < 0.05). (figure 2 & 3)SpO
remained comparable between the groups through-
out the intraoperative and postoperative periods,
with no statistically significant differences (p > 0.05).
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Respiratory rate was mildly lower in the
ropivacaine-fentanyl group at several time points.
Although statistically significant (p < 0.05), this
difference was clinically insignificant.

Postoperatively, heart rate was significantly higherin
the ropivacaine-fentanyl group throughout the
observation period (p < 0.05). Postoperative systolic
BP and SpO remained comparable between
groups, while diastolic BP showed a modest
increase with fentanyl at selected time points.
Overall, the observed respiratory changes were
statistically significant but not clinically relevant.

The onset of sensory blockade was significantly
faster in the ropivacaine-buprenorphine group com-
pared with the ropivacaine-fentanyl group. The
mean onset time was 104.46 + 34.17 seconds (1.74
+ 0.56 minutes) in the buprenorphine group,
compared with 127.07 + 25.80 seconds (2.12 £ 0.
43 minutes) in the fentanyl group. This difference
was statistically significant (p = 0.001), indicating a
more rapid establishment of sensory blockade with
buprenorphine as an adjuvant (figure 4).

Similarly, the onset of motor blockade was signifi-
cantly earlier in the ropivacaine-buprenorphine
group. The mean onset time was 144.73 + 38.96
seconds (2.41 + 0.64 minutes), compared with 173.
95 + 27.50 seconds (2.90 = 0.45 minutes) in the
ropivacaine-fentanyl group. The difference was
highly statistically significant (p = 0.0001), demon-
strating a faster onset of motor blockade with
buprenorphine (figure 5).

Regarding the maximum level of sensory blockade,
the majority of participants in both groups achieved
a sensory block at the T8 level, while T9 was the
lowest level observed. There was no statistically
significant difference between the groups in the
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maximum sensory block level (p = 0.7), suggesting
that both adjuvants produced a comparable cepha-
lad spread of sensory blockade.

The time required to reach the highest sensory block
level was also shorter with buprenorphine. The
mean time was 5.80 + 1.21 minutes in the
ropivacaine-buprenorphine group compared with 6.
20 £ 0.79 minutes in the ropivacaine-fentanyl group.
This difference was statistically significant (p = 0.
04), indicating a more rapid achievement of peak
sensory blockade with buprenorphine.

The duration of motor blockade was significantly
longer with buprenorphine (179.11 £ 14.95 minutes)
than with fentanyl (147.50 + 16.32 minutes; p = 0.
0001). Similarly, the duration of sensory blockade
was significantly prolonged in the buprenorphine
group (265.11 + 31.45 minutes) compared with the
fentanyl group (232.68 + 25.97 minutes; p = 0.
0001). Overall, buprenorphine provided a faster
onset and significantly prolonged sensory and motor
blockade compared with fentanyl when used as an
adjuvant to intrathecal ropivacaine.

The VAS scores were assessed at multiple postop-
erative time intervals from 15 to 240 minutes. At 240
minutes, the data were analysed using the
Mann-Whitney U test because the scores were not
normally distributed. The mean VAS rank was lower
in the ropivacaine-buprenorphine group (53.31)
compared with the ropivacaine-fentanyl group (60.
61). This difference was statistically significant (p <
0.05), indicating significantly lower postoperative
pain scores with buprenorphine at 240 minutes.

The mean time to first rescue analgesia was
significantly longer in the ropivacaine-buprenor-
phine group (338.39 + 31.62 minutes) compared
with the ropivacaine-fentanyl group (294.82 £ 27.96
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minutes). This difference was highly statistically
significant (p = 0.0001), indicating a longer duration
of effective postoperative analgesia with buprenor-
phine.

The modified Bromage scores remained at 3 in both
groups up to 75 minutes. From 90 minutes onward,
the scores decreased more rapidly in the ropi-
vacaine-fentanyl group, with a significant difference
observed at 105 and 120 minutes (p = 0.0001). The
ropivacaine-buprenorphine group maintained a
higher motor block score for longer, indicating a
prolonged duration of motor blockade.The total
duration of anaesthesia was significantly longer in
the ropivacaine-buprenorphine group (265.71 £ 31.
45 minutes) compared with the ropivacaine-fentanyl
group (232.68 = 25.97 minutes; p = 0.0001),
demonstrating a significantly prolonged anaesthetic
effect with buprenorphine.

The modified Bromage scores remained at 3 in both
groups up to 75 minutes. At 90 minutes, a slight
reduction was observed in the ropivacaine—fentanyl
group, followed by a significant decline at 105 and
120 minutes (271 £ 053 vs. 3 £ 0 in the
ropivacaine-buprenorphine group; P < 0.05).
Overall, the ropivacaine-buprenorphine group
maintained a longer duration of motor blockade, with
a slower recovery from Bromage score 3 to 0,
indicating more prolonged motor block compared
with the fentanyl group.The total duration of
anaesthesia was significantly longer in the
ropivacaine—buprenorphine group compared with
the ropivacaine—fentanyl group (265.71 £ 31.45 vs.
232.68 £ 25.97 minutes; P = 0.0001), indicating a
significantly prolonged anaesthetic effect with bu-
prenorphine as an intrathecal adjuvant.
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DISCUSSION

This hospital-based observational study compared
the efficacy of buprenorphine and fentanyl as
adjuvants to 0.75% hyperbaric ropivacaine for spinal
anaesthesia. The findings demonstrated that ropi-
vacaine combined with buprenorphine provided a
more effective and longer-lasting anaesthetic effect
than ropivacaine with fentanyl. Buprenorphine was
associated with a faster onset of sensory and motor
blockade, prolonged duration of sensory and motor
block, delayed requirement for rescue analgesia,
and improved postoperative VAS scores, suggesting
greater overall efficacy as an intrathecal adjuvant.
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The two groups were comparable with respect to
age, ASA status, height, weight, BMI, and baseline
physiological characteristics, with no statistically
significant differences. The mean age was 40.73
years, with 40.27 + 12.67 years in the buprenor-
phine group and 41.20 + 11.76 years in the fentanyl
group (p = 0.68). Most participants were ASA grade
|, consistent with observations from Sharma A et al.
26 and other previous studies [27,41,42].

Haemodynamic parameters were largely compara-
ble. Although the fentanyl group demonstrated
higher heart rates at certain postoperative time
points and slightly higher diastolic blood pressure at
some intervals, systolic blood pressure showed no
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significant intergroup difference. Previous studies
have generally reported minimal haemodynamic
disturbances with these adjuvants [18,19,27,34,36,
39,40,42].

The onset of sensory blockade was significantly
faster in the buprenorphine group (104.46 + 34.17
vs. 127.07 £ 25.8 minutes; p = 0.001). Similar
findings were reported by Ravindran et al., Sharma
A et al., Singh AP et al., and Layek et al., who
observed a shorter onset with ropivacaine-
buprenorphine, although Das et al. reported con-
trary findings [25-27,22]. Motor block onset was also
significantly faster with buprenorphine (144.73 + 38.
96 vs. 173.95 £ 27.5 minutes; p = 0.0001). This
finding was consistent with studies by Aravind Pal
Singh et al. and other investigators, supporting the
more rapid onset of motor blockade with buprenor-
phine [27,5,6,34-38].

The duration of both motor and sensory blockade
was significantly longer with buprenorphine. Motor
blockade lasted 179.11 + 14.95 minutes in the
buprenorphine group compared with 147.5 £ 16.32
minutes in the fentanyl group. Similarly, sensory
block duration was 265.11 + 31.45 minutes with
buprenorphine versus 232.68 + 25.97 minutes with
fentanyl. These findings are consistent with Rashmi
Pal and other previous studies demonstrating
prolonged sensory and motor blockade and greater
potency with buprenorphine compared with fentanyl.
[46,33,34,37,39]. Arvinder Pal Singh et al. also
reported that both adjuvants prolonged sensory
blockade compared with ropivacaine alone, with
buprenorphine providing better prolongation and
postoperative pain relief when directly compared
with fentanyl [29]. Postoperative analgesia was
superior in the buprenorphine group. At 240
minutes, VAS scores were significantly lower than in
the fentanyl group (p<0.05),indicating better sus-
tained postoperative analgesia. Previous evidence
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similarly demonstrated higher postoperative VAS
scores with fentanyl and greater persistence of
analgesic effect with ropivacaine-buprenorphine.5
The time to first rescue analgesic requirement was
also significantly longer with buprenorphine (338.39
+ 31.62 vs. 294.82 + 27.96 minutes; p = 0.0001),
consistent with findings reported by Nithyasree et al
[42].

Modified Bromage scores further demonstrated a
more prolonged motor block with buprenorphine,
particularly at 105 and 120 minutes, when scores
were significantly higher than in the fentanyl group.
Similar observations regarding the time required to
achieve complete motor blockade have been
reported by Omprakash et al. and other investiga-
tors [47,40-42]. Overall, the findings indicate that
buprenorphine is a more effective intrathecal
adjuvant to 0.75% hyperbaric ropivacaine than
fentanyl, providing faster onset of sensory and
motor blockade, longer duration of blockade,
prolonged postoperative analgesia, delayed rescue
analgesic requirement, and improved pain control.

CONCLUSION

The present study provides valuable insights into
the comparative efficacy of buprenorphine and
fentanyl as adjuvants to 0.75% hyperbaric ropi-
vacaine in patients undergoing various surgical
procedures. The results demonstrate that the onset
of sensory block and motor block was considerably
faster in the buprenorphine group (104.46 + 34.17
seconds for sensory block and 144.73 + 38.96
seconds for motor block) compared to the fentanyl
group (127.07 + 25.8 seconds for sensory block and
173.95 + 27.5 seconds for motor block). This rapid
onset is clinically advantageous, particularly in
settings where timely analgesia is critical.

The duration of both sensory as well as motor block
was significantly longer in the buprenorphine group,
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minutes and motor block lasting for 179.11 + 14.95
minutes, compared to 232.68 + 25.97 minutes and
147.5 + 16.32 minutes in the fentanyl group,
respectively. This extended duration of analgesia
can lead to reduced postoperative pain and
decreased reliance on rescue analgesics, enhanc-
ing patient satisfaction and recovery. The lower VAS
scores at 240 minutes in the buprenorphine group in
comparison with the fentanyl group highlight the
superior analgesic effect of buprenorphine.
Additionally, the longer time for first rescue analge-
sia in the buprenorphine group (338.39 + 31.62
minutes) compared to the fentanyl group (294.82 +
27.96 minutes) underscores its effectiveness in
prolonging analgesia, which is crucial for improving
postoperative recovery and minimizing opioid con-
sumption. The observations of this research support
the usage of buprenorphine as a preferred adjuvant
with ropivacaine in SAB. Given its advantages in
relation to the onset time, analgesic duration, and
hemodynamic stability, buprenorphine may be
particularly beneficial in surgical settings where
rapid and prolonged analgesia is desired.
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