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ABSTRACT

Background and Aim: Nalbuphine as an adjuvant intrathecally can produce significant
analgesia with minimal side effects. However, no research has been done with isobaric
ropivacaine. We, therefore, in this prospective, randomised double-blind study tried to find
the optimal dose of intrathecal nalbuphine with isobaric 0.75% ropivacaine for elective lower
limb surgeries. Materials and Methods: One hundred American Society of Anaesthesiologists
I and Il patients undergoing elective lower limb surgery were divided into four groups randomly:
groups A, B, C and D, who received 0.5 mL normal saline or 0.4, 0.8 and 1.6 mg nalbuphine made
up to 0.5 mL normal saline added to 22.5 mg (total volume 3.5 mL) isobaric 0.75% ropivacaine,
respectively. The onset of sensory and motor block, two-segment regression time, duration of
sensory and motor block, Visual Analogue Scale (VAS) and the incidence of adverse effects
were compared between the groups. Results: The onset of both sensory and motor blockade
was faster with addition of 0.4, 0.8 and 1.6 mg of nalbuphine when compared with ropivacaine
alone; however, it was not statistically significant (P> 0.05). Two-segment regression time and
duration of analgesia and motor blockade were highest with 1.6 mg of nalbuphine followed by
0.8, 0.4 and plain 0.75% ropivacaine (P < 0.05). The duration of sensory blockade in all four
groups was slightly more than the duration of motor blockade. VAS readings were comparable
in all nalbuphine groups when compared with ropivacaine group. Haemodynamic variability
among the four groups was comparable. Incidence of adverse effects was highest in the
1.6-mg group when compared with others, although it was statistically insignificant (P > 0.05).
Conclusion: Nalbuphine can be a good alternative to other opioids as an adjuvant intrathecally
to prolong postoperative analgesia with a minimal side effect profile. Addition of nalbuphine
to isobaric 0.75% ropivacaine gives the added advantage of significant analgesia with early
motor recovery. We infer from our study that when compared with 1.6 mg of nalbuphine, both
0.4 and 0.8 mg nalbuphine are equally good as adjuvants to isobaric 0.75% ropivacaine in
elective lower limb surgeries with prolonged analgesia, a reliable block with equal efficacy but
with lesser side effects.
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INTRODUCTION

This is an open access journal, and articles are distributed under the terms of
the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License,
which allows others to remix, tweak, and build upon the work non-commerecially,
as long as appropriate credit is given and the new creations are licensed under
the identical terms.

Spinal anaesthesia is the most popular and effective
regional anaesthetic technique used for lower limb
surgeries. Various local anaesthetics commonly used
for spinal anaesthesia are lignocaine, bupivacaine,
levobupivacaine and ropivacaine.? Nowadays,
ropivacaine is gaining increasing popularity because
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of reduced risk of central nervous system and cardiac
toxicity, early ambulation and discharge with good
quality of postoperative analgesia.’! Various adjuvants
have since been added to local anaesthetics to increase
the quality and duration of spinal blockade as well as
prolongation of postoperative analgesia. Intrathecal
administration of morphine was first described by
Wang in a group of eight patients with genitourinary
malignancies in 1979, which was later followed up by
various other studies. Since then, the use of intrathecal
opioids has become a widely accepted technique
for providing effective postoperative pain relief.
Intrathecal opioids reduce the release of gamma amino
butyric acid and glycine by a calcium-independent
process from dorsal horn neurons.! Nalbuphine is a
mixed opioid agonist—antagonist which can prove to be
particularly advantageous because of the potential to
maintain or even enhance opioid-based analgesia while
simultaneously eliminating the common p-opioid
side effects (nausea, emesis, pruritis, constipation,
undesirable sedation, respiratory depression and the
development of tolerance/dependence).!®*!

Mukherjee et al. compared three different doses of
nalbuphine (0.2, 0.4 and 0.8 mg) intrathecally as an
adjunct to subarachnoid block with 0.5% bupivacaine
and found 0.4 mg nalbuphine to be the most
optimal dose.” Culebras et al. compared intrathecal
morphine (0.2 mg) added to hyperbaric bupivacaine
with different doses of intrathecal nalbuphine
(0.2, 0.8 and 1.6 mg) added to hyperbaric bupivacaine
in caesarean section and concluded 0.8 mg to be the
most optimal dose.!'” In this prospective, randomised
double-blind study, we tried to compare three different
doses of intrathecal nalbuphine (0.4, 0.8 and 1.6mg)
as adjuvants to isobaric 0.75% ropivacaine and tried
to find the optimal dose of nalbuphine required to
produce prolonged postoperative analgesia with
minimal side effects in patients undergoing elective
lower limb surgeries.

MATERIALS AND METHODS

After obtaining approval from the institutional ethics
committee and written informed consent from patients,
100 adult American Society of Anaesthesiologists
(ASA) physical status I and II patients age between 18
and 60 years scheduled for elective lower limb surgery
were included in this prospective study. Patients
with a history of adverse response to ropivacaine
or nalbuphine, pregnant patients, patients with
comorbid diseases such as diabetes and hypertension,
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patients receiving phenothiazine, hypnotics or other
central nervous system depressants or suffering from
peripheral or central neurological, cardiac, respiratory,
hepatic, renal disease or with body weight more
than 100 kg or less than 40 kg and patients having
contraindication to SAB (Sub arachnoid block) were
excluded from study.

Patients were randomly allocated to one of the four
groups by computer-generated randomization:
Group A: (n = 25) — received normal saline (NS)
0.5 mL + isobaric ropivacaine 0.75% (3 mL).

Group B: (n = 25) —received nalbuphine 0.4 mg, made
up to 0.5 mL volume with NS, mixed with 22.5 mg of
isobaric ropivacaine 0.75% (total volume 3.5 mL).

Group C: (n = 25) —received nalbuphine 0.8 mg, made
up to 0.5 mL volume with NS, mixed with 22.5 mg of
isobaric ropivacaine 0.75% (total volume 3.5 mL).

Group D: (n = 25) —received nalbuphine 1.6 mg, made
up to 0.5 mL volume with NS, mixed with 22.5 mg of
isobaric ropivacaine 0.75% (total volume 3.5 mL).

The study drug was injected by an independent
anaesthesiologist in a double-blind fashion who did
not participate in observation or collection of data. Both
the patient and the anaesthesiologist were blinded to
the patient’s group assignment and all recordings were
performed by an anaesthesiologist, who was blinded
to the randomisation schedule.

All the patients were asked to fast for at least 8 h
before the procedure. Baseline vital parameters were
recorded. After securing intravenous (18 G) access
in dorsum of the left hand and attaching routine
monitors, preloading with Ringer’s lactate solution
10 mL/kg over 10 min was done. Under all aseptic
and antiseptic precautions, SAB was performed with
3.5 mL of the study drug injected in L3/4 or L4/5
intervertebral space, using a 25-G Quincke spinal
needle, in the sitting position. Then, the patients were
placed in the supine or lateral position for surgery.
Advanced equipments and drugs for resuscitation,
airway management and ventilation were kept ready,
in anticipation of any untoward event.

The segmental level of sensory block to pinprick was
evaluated bilaterally along the mid-axillary line using
a short beveled 27-G needle. The onset of sensory
blockade (time taken from the end of injection to
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loss of pinprick sensation at T, dermatome) and
complete motor blockade (time taken from the end
of injection to development of grade 3 motor block),
modified Bromage’s criteria, highest level of sensory
blockade, duration of sensory blockade (two-segment
regression time from highest level of sensory
blockade), duration of motor blockade (time required
for motor blockade return to Bromage’s grade I from
the time of onset of motor blockade) and duration of
effective analgesia [time from the intrathecal injection
to the first analgesic requirement, Visual Analogue
Scale (VAS) score 3.5 or more] were recorded.

Both sensory and motor block were assessed at 2,
4 and 5 min, and then at 5-min intervals for first
30 min. Assessment was continued at 30-min
intervals following the completion of surgery till the
patient complained of pain. The motor block of both
legs was assessed using the modified Bromage scale
(0 = full movement, 1 = unable to raise extended
leg, 2 = unable to flex knee, 3 = no movement) and
assessment was continued till normal motor function
returned. The changes in pulse rate, systolic and
diastolic blood pressure, oxygen saturation (SpO,)
and respiratory rate were recorded at 0, 2, 5, 10, 15 and
30 min and then at 15-min intervals up to 300 min
after SAB, or up to the end point of study. Any adverse
effects were recorded.

The intensity of pain was assessed by VAS at 0, 10, 15,
30 and 60 min and then at 30-min intervals till 300 min
after injection or until the patient received a rescue
analgesic. Patients reporting a VAS score 3.5 or more
received rescue analgesics in the form of injection Inj.
diclofenac 75 mg i.m. and the study ended. Incidence
of nausea, vomiting and pruritus was noted. Nausea
and vomiting were treated with Inj. ondansetron 4 mg
i.v. and pruritus with anti-histaminics.

Statistical analysis

Data were analyzed using Student’s t-test (paired and
unpaired), one-way analysis of variance and Fisher’s
test with the help of GraphPad InStat (GraphPad

Prism Software, Inc, La Jolla, CA, USA). The results
are expressed as mean, standard deviation and range
values. A P value less than 0.05 was considered
statistically significant.

Assuming an increase in duration of sensory block
of about 20% with addition of nalbuphine to 0.75%
ropivacaine using standard programs and with the
power of 80% and Type 1 error of 5%, the sample size
required was calculated as 25 patients in each group.

RESULTS

One hundred patients were enrolled in this study
by dividing them into four groups of 25 each. The
four groups of patients A, B, C and D did not differ
significantly with respect to ASA grade, age, sex,
weight, height and duration of surgery as shown in
Table 1.

The onset of sensory and motor block was found to be
statistically insignificant (P > 0.05) in all four groups.
Two-segment regression time, duration of motor
blockade and duration of effective analgesia were
significantly prolonged (P < 0.05) progressively in
groups B, C and D with addition of incremental doses
of nalbuphine when compared with group A which
had ropivacaine alone [Table 2].

Groups B, C and D recorded comparable VAS of 3.16,
3.08 and 3.28 at 210 min, whereas group A recorded
VAS of 2.6 at 180 min. Rescue analgesics were
given when the VAS was 3.5 or more and the study
terminated [Table 3].

All the four groups did not vary significantly in terms
of intraoperative mean heart rate, systolic and diastolic
blood pressure, mean arterial pressure [Figure 1],
respiratory rate and SPO,. There was no statistically
significant difference in the incidence of adverse
effects among the four groups although group D had
more incidence of hypotension, bradycardia and
nausea/vomiting than others [Figure 2].

Table 1: Demographic data in groups A, B, C and D (mean*SD)

Variable Group A (n=25) Group B (n=25) Group C (n=25) Group D (n=25) F-test P

ASA grade (I/11) 16/9 15/10 15/10 14/11 0.68/0.7 0.56/0.55
Age (years) 40.32+10.16 38.2+9.38 37.6418.48 36.48+8.17 0.78 NS (0.50)
Weight (kg) 62.52+5.78 59.28+5.72 61.72+5.93 62.2+5.72 1.61 NS (0.19)
Height (cm) 158.96+4.84 158.6+4.76 159.56+4.7 159.16+4.99 0.11 NS (0.95)
Sex (M:F) 15/10 16/9 15/10 18/7 1.11/1.51 0.34/0.22
Duration of surgery (min) 146.92+14.88 140.44+11.74 145.16+12.51 146.6£14.73 1.22 NS (0.30)

Data — meantstandard deviation or number of patients SD — Standard deviation; ASA — American Society of Anaesthesiologists; NS — Not significant
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Table 2: Sensory block, motor block and analgesia in groups A, B, C and D (meantSD)

Parameter Group A (n=25) Group B (n=25) Group C (n=25) Group D (n=25) F-test P
Onset of sensory block (min) 2.58+0.86 2.4+0.64 2.28+0.54 2.15+0.47 1.72 NS (0.16)
Two-segment regression time of sensory 140.12+19.88 152.6+18.65 155+£19.09 156.2+18.38 3.77 S (0.013)
blockade (min)

Onset time complete motor blockade (min) 9.6+1.38 9.2+1.87 8.842.17 8.4+2.38 1.68 NS (0.17)
Duration of motor blockade (min) 187.2+17.91 199.2+31.08 205.2+26.84 210424.49 3.71 S (0.01)
Duration of effective analgesia (min) 192+21.21 204+21.21 208.8+22.04 214.8+25.35 460 S (0.0047)

SD — Standard deviation; NS — Not significant (P>0.05); S — Significant (P<0.05)

Table 3: Comparison of VAS scores among
groups (meanzSD)

Time Group A Group B Group C Group D
(from injection in min) (n=25) (n=25) (n=25) (n=25)
30 0 0 0 0

60 0 0 0 0

90 0.16+0.37 0.04+0.2 0 0
120 0.48+0.82 0.2+0.57 0 0
150 1.56+0.91 1.04+0.97 0.8+0.81 0.72+0.67
180 2.6+0.64 2+0.58 1.96%0.88 1.96+0.93
210 R 3.16+0.55 3.08+0.81 3.28+0.73
240 R R R

SD - Standard deviation; VAS — Visual Analogue Scale; R — Rescue analgesic
given

DISCUSSION

Spinal opioids can provide profound analgesia with
fewer central and systemic adverse effects than with
opioids administered systematically.!'" The technique
of intrathecal opioid administration along with local
anaesthetics has been studied extensively and found
to provide superior quality of analgesia in a variety
of surgical procedures.'>'] The rationale for the
combination of opioids and local anaesthetics is that
these two types of drugs eliminate pain by acting at
two different sites. Local anaesthetics act at the nerve
axon, whereas opioids act at the receptor site in the
spinal cord." Intrathecal opioids used as adjuncts
also allow early ambulation of patients because of their
sympathetic and motor nerve sparing activities.!'!

The most commonly used intrathecal opioids are mu
agonist drugs that provide excellent analgesia and also
carry along with them various mu-mediated side effects.
Nalbuphine is a mixed agonist-antagonist opioid which
has agonistic activity at the kappa receptors providing
good intraoperative and postoperative analgesia and
has antagonistic activity at the mu receptors, thereby
exhibiting less mu-mediated side effects.!'®

We wused isobaric 0.75% ropivacaine with three
different doses of nalbuphine in our study as it blocks
sensory nerve fibers more readily than motor fibers thus
helping early ambulation and is now gaining popularity
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Figure 1: Haemodynamic comparison of all the groups (P > 0.05)

due to its reduced cardiac toxicity with overdose.” In
our study, we tried to find the most optimal dose of
nalbuphine as an adjuvant to ropivacaine which can
provide adequate analgesia with minimal side effects
in elective lower limb surgeries.

Theonsettime ofboth sensoryand motorblocksreduced
incrementally in groups A, B, C and D (2.58, 2.4, 2.28
and 2.15 min, respectively) with the 1.6- and 0.8-mg
group having the fastest onset time; however, they were
not statistically significant (P > 0.05). Two-segment
regression time, duration of analgesia and duration
of motor blockade were significantly prolonged with
incremental doses of nalbuphine (P < 0.05). All groups
with nalbuphine (0.4, 0.8 and 1.6 mg) had comparable
VAS readings when compared with plain ropivacaine
group. Rescue analgesics were thus required earlier in
the plain ropivacaine group (180 min). All the groups
were statistically comparable in terms of adverse
effects although the 1.6-mg group had slightly higher
incidence of adverse effect than the other groups.

The duration of sensory blockade in all four groups
was slightly more than the duration of motor blockade.
These results of our study are consistent with other
studies. For example, Whiteside et al. compared 15 mg
of either 0.5% ropivacine or 0.5% bupivacaine in 8%
glucose and reported that ropivacaine provided reliable
spinal anaesthesia of shorter duration and with less
hypotension than bupivacaine."® Similarly, McNamee
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Figure 2: Frequency of adverse effects in each group (P > 0.05)

et al. reported that intrathecal administration of
17.5 mg plain ropivacaine 0.5% or plain bupivacaine
0.5% resulted in a similar effective spinal anaesthesia
for total hip arthroplasty.['"!

Very few studies have been done comparing different
doses of intrathecal nalbuphine as an adjuvant and
none as far as we know with isobaric ropivacaine.
Most studies have found intrathecal nalbuphine
to produce a significant analgesia accompanied by
minimal pruritus and respiratory depression.®”

Our findings correlate with Culebras et al. who
compared intrathecal morphine (0.2 mg) added
to hyperbaric bupivacaine with different doses of
intrathecal nalbuphine (0.2, 0.8 and 1.6 mg) added to
hyperbaric bupivacaine in caesarean section and their
study concluded that intrathecal nalbuphine 0.8 mg
provided good intraoperative and early postoperative
analgesia without side effects.!"

Mukherjee et al. used different doses of nalbuphine
intrathecally (0.2, 0.4 and 0.8 mg) added to 0.5%
hyperbaric bupivacaine intrathecally and concluded
that the duration of sensory block and the duration
of effective analgesia were prolonged with the doses
0.4 and 0.8 mg, but the side effects were higher with
the dose 0.8 mg. Our study produced similar results
in terms of onset of sensory and motor blocks and
duration of effective analgesia and motor blockade but
lesser side effects were seen with the 0.8-mg group,
probably because of use of isobaric ropivacaine in
place of hyperbaric bupivacaine.

Yoon et al. studied 60 obstetric patients scheduled
for caesarean section under SAB to receive morphine
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0.1 mg or nalbuphine 1 mg or morphine 0.1 mg with
nalbuphine 1 mg in addition to 0.5% bupivacaine
10 mg and concluded that effective analgesia was
prolonged in the morphine group and morphine with
nalbuphine group, but the incidence of pruritus was
significantly lower in the nalbuphine group, while
the incidence of nausea and vomiting did not differ
in different groups.?! In our study, we found the
incidence of adverse effects including nausea and
vomiting to be statistically insignificant in all groups
with nalbuphine.

Nalbuphine is being used intrathecally for more than
10 years now without any adverse neurotoxic effects.®
Various animal studies have also been conducted to
confirm that nalbuphine is not neurotoxic. Rawal
et al. in a sheep model showed that even large doses
of 15-24 mg of napbuphine were not associated with
hypertensive changes in spinal cord or any behavioural
or systematic histopathologic abnormalities.*

CONCLUSION

Intrathecal nalbuphine can be a good adjuvant to
subarachnoid block as it can prolong both sensory
and motor blockade with minimal side effects. From
our study, we can infer that when compared with
1.6 mg nalbuphine, both 0.4 and 0.8 mg nalbuphine
can be used safely intrathecally with isobaric 0.75%
ropivacaine in elective lower limb surgery as they
both provide prolonged analgesia and a reliable motor
block with equal efficacy but with lesser side effects.
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