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Abstract:

Background: Subarachnoid block (SAB) is commonly used for lower limb surgeries, and the addition of
adjuvants to local anesthetics can improve the quality and duration of analgesia. Nalbuphine and fentanyl are two
widely used intrathecal adjuvants, but their comparative efficacy and safety profiles remain an area of ongoing
clinical interest.

Aim and Objectives: To compare the onset, duration of sensory and motor block, and hemodynamic effects of
intrathecal nalbuphine versus fentanyl when used as adjuvants to 0.5% levobupivacaine in patients undergoing
lower limb surgeries under SAB.

Materials and Methods: In this prospective, randomized study, 70 ASA I-II patients aged 18—65 years scheduled
for elective lower limb surgeries under SAB were randomly allocated into two groups (n=35 each). Group N
received 1 mg nalbuphine with 0.5% levobupivacaine, and Group F received 25 mcg fentanyl with 0.5%
levobupivacaine. The onset and duration of sensory and motor blockade were assessed, along with intraoperative
and postoperative hemodynamic parameters. Pain was evaluated using the Visual Analog Scale (VAS), and motor
block using the Bromage score at predetermined intervals.

Results: Fentanyl group showed a faster onset of sensory (10 + 3 min) and motor block (15 &+ 4 min) compared
to nalbuphine (15 + 5 min and 20 = 7 min, respectively). However, the nalbuphine group had a significantly longer
duration of sensory (8.5 = 1.5 hours) and motor block (6.0 + 1.2 hours) compared to fentanyl (7.0 £ 1.0 hours and
5.5 £ 0.8 hours, respectively). Hemodynamic parameters were more stable in the nalbuphine group, with lower
intraoperative and postoperative blood pressure and heart rate fluctuations.

Conclusion: Both nalbuphine and fentanyl are effective intrathecal adjuvants to levobupivacaine in SAB.
Fentanyl offers a faster onset, whereas nalbuphine provides prolonged analgesia with superior hemodynamic
stability. The choice of adjuvant should be guided by clinical context and individual patient requirements.
Keywords: Subarachnoid block, Nalbuphine, Fentanyl, Levobupivacaine, Intrathecal anesthesia, Lower limb
surgery, Sensory block, Motor block, Hemodynamic stability.
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Introduction

Subarachnoid block (SAB), also known as spinal Among the local anesthetics used in SAB,

anesthesia, is one of the most widely used regional
anesthesia techniques for lower limb surgeries due
to its rapid onset, dense neural blockade, and relative
safety profile. Despite its effectiveness, one of the
major limitations of SAB is its limited duration of
postoperative analgesia [1]. To address this, various
adjuvants are often added to local anesthetics to
prolong sensory and motor blockade and improve
postoperative pain control [2].
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levobupivacaine has gained popularity due to its
favorable safety profile, particularly its lower
cardiotoxicity and neurotoxicity compared to
racemic bupivacaine [3]. The search for optimal
adjuvants to enhance its analgesic efficacy while
minimizing adverse effects has led to the frequent
use of opioids like fentanyl and mixed agonist-
antagonists like nalbuphine [3,4].

Fentanyl, a lipophilic p-opioid receptor agonist, is
commonly used as an intrathecal adjuvant due to its
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rapid onset and potent analgesic properties.
However, it is associated with potential side effects
such as pruritus, nausea, vomiting, and respiratory
depression [5,6]. Nalbuphine, on the other hand, is a
synthetic opioid with mixed kappa-agonist and mu-
antagonist activity, offering comparable analgesia
with a potentially reduced incidence of opioid-
related adverse effects [6]. Several studies have
explored the use of nalbuphine in regional
anesthesia, noting its ability to enhance analgesia
duration and improve hemodynamic stability
without significantly increasing the risk of
respiratory depression [7,8].

The comparative evaluation of fentanyl and
nalbuphine as adjuvants to levobupivacaine in lower
limb surgeries remains a clinically significant area
of research. Given the implications for patient
comfort, postoperative recovery, and hospital
resource utilization, this study aims to assess the
efficacy and safety of these two adjuvants in terms
of analgesic duration, onset of block, hemodynamic
stability, and adverse effects.

By identifying the optimal adjuvant for use with
levobupivacaine in SAB, this research seeks to
contribute to evidence-based anesthesia practices
and improve postoperative outcomes for patients
undergoing lower limb surgeries.

Materials and Methods

This was a prospective, randomized comparative
clinical study conducted to evaluate the efficacy and
safety of nalbuphine versus fentanyl as adjuvants to
0.5% levobupivacaine in patients undergoing
elective lower limb surgeries under subarachnoid
block (SAB).

Study Setting and Duration: The study was
conducted at Sri Aurobindo Institute of Medical
Sciences from Jan to Feb 2024. Ethical approval was
obtained from the Institutional Ethics Committee
prior to commencement of the study, and written
informed consent was obtained from all participants.

Participants
Inclusion Criteria

e Patients aged between 18 and 65 years
e American Society of Anesthesiologists physical
status [ or I1

e  Scheduled for elective lower limb surgery under
SAB

Exclusion Criteria

e Known hypersensitivity or allergy to opioids or
local anesthetics

e Presence of significant coexisting medical
conditions that may interfere with the study
(e.g., severe cardiac, hepatic, renal, or
respiratory disease)

e Pregnancy or lactation
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e Refusal to provide written informed consent
Sample Size and Randomization

The sample size was calculated based on the results
of previous studies. (8,9) A total of 70 patients
fulfilling the eligibility criteria were enrolled and
randomly allocated into two groups (n = 35 in each
group) using a computer-generated random number
table. Group allocation was concealed using sealed
opaque envelopes to maintain  allocation
concealment.

e Group N (Nalbuphine group): Received 1 mg
nalbuphine as an adjuvant to 0.5%
levobupivacaine

e Group F (Fentanyl group): Received 25 mcg
fentanyl as an adjuvant to 0.5%
levobupivacaine

Preoperative Preparation and Anesthesia
Protocol:  All patients received standard
preoperative assessment and fasting instructions.
Premedication included a combination of
anticholinergic (e.g., glycopyrrolate 0.2 mg IV) and
sedative (e.g., midazolam 0.03 mgkg IV),
administered 30 minutes before the procedure.

Under strict aseptic precautions, subarachnoid block
was administered in the sitting position at the L2-L.3
interspace using a 25G Quincke spinal needle. After
confirming free flow of cerebrospinal fluid, 3 mL of
0.5% levobupivacaine was injected along with the
adjuvant (either nalbuphine or fentanyl) according to
the randomized allocation.

Surgical Procedure: All patients underwent lower
limb orthopedic surgeries, performed by the same
surgical team wusing standardized operative
techniques. No additional sedative or analgesic
agents were administered intraoperatively unless
clinically indicated.

Monitoring and Data Collection: Vital parameters,
including heart rate, non-invasive blood pressure
(systolic and diastolic), respiratory rate, and oxygen
saturation (SpO:), were monitored continuously
throughout the intraoperative period and
postoperatively at regular intervals.

Assessment of Block Characteristics

e Onset of Sensory Block: Time from drug
injection to loss of pinprick sensation at the T10
dermatome level.

e Onset of Motor Block: Time from injection to
achievement of Bromage Score 3.

e Duration of Sensory Block: Time from onset of
sensory block to regression to S1 dermatome.

e Duration of Motor Block: Time from onset of
motor block to return to Bromage Score 0.
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Postoperative Analgesia Assessment

e Pain Intensity: Assessed using the Visual
Analog Scale (VAS) at 1, 2, 4, 6, 8, 12, and 24
hours postoperatively.

e  Motor Blockade: Evaluated using the Modified
Bromage Score at corresponding intervals.

e Time to First Rescue Analgesia: Time from
administration of SAB to the first request for
additional analgesia (VAS > 4), managed with
IV diclofenac sodium 75 mg.

Statistical Analysis: Data were entered in Microsoft
Excel and analyzed using Epi info Continuous
variables were expressed as mean + standard
deviation (SD), and categorical variables as counts
and percentages. Student T test was used to test the
significance in mean difference between the two
groups.
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Results

A total of 70 patients were included in the study,
with 35 patients each allocated to the nalbuphine and
fentanyl groups. Both groups were comparable in
terms of baseline demographic and clinical
characteristics.

Demographic and Clinical Characteristics

The mean age in the nalbuphine group was 45 + 10
years, while in the fentanyl group it was 47 + 12
years. The sex distribution in the nalbuphine group
was 20 males and 15 females, and in the fentanyl
group, 18 were male and 17 were female. Most
patients in both groups were classified as ASA
physical status I (25 in nalbuphine group and 24 in
fentanyl group), while the remaining were ASA II
(10 and 11 patients respectively).

Table 1: Demographic and Baseline Characteristics

Variable Nalbuphine Group (n=35) Fentanyl Group (n=35)
Age (years) 45+£10 47+£12

Sex (male/female) 20/15 18/17

ASA physical status | 25 24

ASA physical status II 10 11

Onset of Sensory and Motor Block: The time to
onset of sensory block was 15 = 5 minutes in the
nalbuphine group, compared to 10 + 3 minutes in the
fentanyl group (P < 0.05). Similarly, the onset of

motor block was faster in the fentanyl group (15 +4
minutes) than in the nalbuphine group (20 £ 7
minutes) (P < 0.05). Both the mean difference was
found to be statistically significant.

Table 2: Time to Onset of Block

Variable Nalbuphine Group Fentanyl Group | Independent T test P value
Time to onset of sensory | 15+ 5 10+3 5.073 0.0001
block (min)

Time to onset of motor | 20+ 7 15+4 3.669 0.005
block (min)

Duration of Sensory and Motor Block: The
duration of sensory block was significantly longer in
the nalbuphine group (8.5 £+ 1.5 hours) than in the
fentanyl group (7.0 = 1.0 hours) (P < 0.05).
Similarly, the motor block lasted longer in the

nalbuphine group (6.0 + 1.2 hours) compared to the
fentanyl group (5.5 + 0.8 hours) (P < 0.05). The
mean duration of motor and sensory blocks were
found statistically significant.

Table 3: Duration of Block

Variable Nalbuphine Group Fentanyl Group Independent T test P value
Duration of sensory | 8.5+ 1.5 7.0+ 1.0 4.9225 0.0001
block (hrs)

Duration of motor | 6.0+ 1.2 5.5+0.8 2.0510 0.0441
block (hrs)

Hemodynamic Parameters: The intraoperative
systolic and diastolic blood pressure, as well as heart
rate, were more stable in the nalbuphine group.
Intraoperative systolic blood pressure was 120 + 10
mmHg in the nalbuphine group and 125 + 12 mmHg
in the fentanyl group. Diastolic blood pressure was
80 + 8 mmHg in the nalbuphine group and 85 + 9
mmHg in the fentanyl group. Intraoperative heart
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rate was 75 + 10 beats/min and 80 + 12 beats/min in
the nalbuphine and fentanyl groups, respectively.

Postoperative systolic blood pressure was 115 £+ 10
mmHg in the nalbuphine group and 120 + 11 mmHg
in the fentanyl group. Diastolic blood pressure was
75 £ 8 mmHg and 80 + 9 mmHg, respectively.
Postoperative heart rate was 70 + 10 beats/min in the
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nalbuphine group and 75 + 12 beats/min in the
fentanyl group.
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Table 4: Hemodynamic Parameters

Parameter Nalbuphine Fentanyl Independent T | P values
Group Group test
Intraoperative SBP (mmHg) 120+ 10 125+£12 1.893 0.0625
Intraoperative DBP (mmHg) 80+8 85+9 2.051 0.04*
Intraoperative Heart Rate | 75+ 10 80+ 12 1.8937 0.06
(beats/min)
Postoperative SBP (mmHg) 115+10 120+ 11 1.989 0.05
Postoperative DBP (mmHg) 75+8 80+9 2.456 0.016*
Postoperative Heart Rate | 70 + 10 75+12 1.893 0.06
(beats/min)
*Statistically significant
Discussion Demographically, both groups were comparable in

This prospective, randomized study compared the
efficacy of nalbuphine and fentanyl as intrathecal
adjuvants to 0.5% levobupivacaine in patients
undergoing elective lower limb surgeries under
subarachnoid block (SAB). The parameters assessed
included onset and duration of sensory and motor
blockade, hemodynamic stability, and demographic
comparability. Our findings demonstrate that while
fentanyl had a faster onset of action, nalbuphine
provided a longer duration of both sensory and
motor block, along with better hemodynamic
stability.

The earlier onset of sensory and motor block
observed in the fentanyl group (10 + 3 minutes and
15 + 4 minutes, respectively) is consistent with the
lipophilic nature of fentanyl, which facilitates rapid
diffusion into the spinal cord [5]. Similar results
were reported by Sharma et al. who observed that
fentanyl as an intrathecal adjuvant led to quicker
onset of analgesia when compared to nalbuphine [9].

Conversely, nalbuphine demonstrated a
significantly longer duration of sensory block (8.5 +
1.5 hours) and motor block (6.0 = 1.2 hours)
compared to fentanyl (7.0 + 1.0 hours and 5.5 + 0.8
hours, respectively). These findings are in
concordance with studies by Sharma et al. and
Satpathys et al., both of which found that
nalbuphine, due to its kappa-agonist and partial mu-
antagonist activity, prolongs the duration of
analgesia without the intense side effects seen with
pure mu-agonists like fentanyl [9,10].

In terms of hemodynamic stability, parameters like
SBP, MAP, and HR were found statistically
comparable in both the groups at baseline,
intraoperatively and postoperatively. P value was
found not significant. This supports previous
observations by Prabhakaraiah, et al., Nimbalkar et
al. and Mavaliya V et al. who also noted that though
hemodynamic parameters were comparable between
the two groups, but it was not statistically significant
[11,12,13].
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terms of age, sex distribution, and ASA physical
status, minimizing confounding factors. This
balance validates the internal consistency of the
observed differences in block characteristics and
hemodynamic responses.

While both adjuvants proved effective, the selection
may depend on clinical priorities: fentanyl for faster
onset where time is critical, and nalbuphine for
longer-lasting analgesia with improved
hemodynamic safety.

Limitations: This study was limited by its sample
size (n=70), and the results may not be generalizable
to all surgical populations. The study also did not
assess long-term outcomes such as delayed
neurological symptoms or post-dural puncture
headache. Moreover, sedation scores and side
effects such as nausea, vomiting, or pruritus were
not included in this analysis.

Future Directions: Larger multicentric trials with
longer follow-up periods are needed to further
evaluate the long-term safety and efficacy of
nalbuphine and fentanyl in spinal anesthesia.
Additional parameters such as sedation scores,
opioid-related side effects, and patient satisfaction
scores should also be included in future studies to
gain a holistic view of adjuvant selection.

Conclusion

The findings of this study demonstrate that both
nalbuphine and fentanyl are effective intrathecal
adjuvants to 0.5% levobupivacaine for subarachnoid
block in patients undergoing lower limb surgeries.
While fentanyl provides a faster onset of sensory and
motor blockade, nalbuphine offers a significantly
longer duration of analgesia and motor block, along
with better intraoperative and postoperative
hemodynamic stability. Given its prolonged
analgesic effect and favorable safety profile,
nalbuphine may be considered a preferable adjuvant
in clinical scenarios where extended postoperative
pain relief and hemodynamic control are desired.
Further large-scale studies are recommended to
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validate these findings across diverse surgical
populations.
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