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INTRODUCTION
Despite advances in pharmacology such as neuraxial 
drug administration and exponential improvement in 
the apprehension of pain physiology, postoperative pain 
management remains a challenge in anesthesia.1 Furthermore, 
in lower abdominal surgeries, the regional anesthesia not 
only provides shorter analgesia duration, but also causes 
local anesthetic toxicity and increases the incidence of higher 
regional blockade.2

Hyperbaric bupivacaine, a local anesthetic, has a short half-
life of 2 hours.3 Hence, several adjuvants have been tested to 
enhance its analgesic effect. Consequently, the preemptive 
combination of analgesics such as intrathecal opioids like 
fentanyl, nalbuphine, buprenorphine with this local anesthetic 
for regional anesthesia, provides a better alternative.1,4 

Opioids not only prolong both anesthesia and analgesia, but 
also improve the quality of analgesia and provide stability 
in hemodynamic variables.5 By acting at two different sites 
opioids and local anesthetic together eliminate pain: opioids 
act on the receptors present on spine while local anesthetics 
act at axon level.6 Fentanyl is a pure opioid agonist which has 
already established its role as analgesic, but it is costlier and 
needs narcotic licensing. Its side effects, such as respiratory 
depression, urinary retention, vomiting, nausea, etc., have 

left researchers in search of a better alternative for analgesic 
employment.7 Nalbuphine, a kappa agonist exerts opioid 
action by binding with a µ-receptor antagonist and produces 
analgesia devoid of the undesirable side effect of alpha 1 
agonist.8 Intrathecal addition improves quality of analgesia 
both intra- and postoperatively with fewer side effects, less 
respiratory depression and potential of abuse as compared 
to other centrally acting opioids.9 Its side effects include 
bradycardia, dizziness, vomiting, nausea, urinary retention and 
pruritis.10 Buprenorphine, a highly lipid soluble opioid, acts as 
an antagonist at κ-receptor, with a partial agonist activity at 
the μ-opioid receptor.11 It is more potent than other opioids. As 
compared to full agonists, it has higher affinity at μ-receptors. 
This partial agonist has a low dose-effect ceiling than that of 
a full agonist. It is cost effective and lacks significant side 
effects such as respiratory depression.12

No study has been conducted to compare the effects of 
nalbuphine and buprenorphine with intrathecal bupivacaine.10 
The better adjuvant among the two still needs to be explored. 
Therefore, the study focused on the efficacy of intrathecal 
nalbuphine versus buprenorphine as adjuvants to heavy (0.5%) 
bupivacaine in spinal anesthesia in lower limb orthopedic 
surgeries, to improve the quality of spinal anesthesia (onset, 
duration, and side effects) and prolongation of postoperative 
analgesia. 
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SUBJECTS AND METHODS
Study design
With the approval of Institutional Ethics Committee of Krishna 
Institute of Medical Sciences (approval number: KIMSDU/
IEC/03/2017 on November 23, 2017), the single-centered, 
double-blinded, hospital-based, prospective, comparative 
study was conducted at a private medical college over a 
period of 18 months between 2017–2018. Informed consent 
was obtained from all the patients. To show a small difference 
statistically significant we need to choose a small effect size 
(Cohen’s d). With a small effect size (d = 0.8), power = 80%, 
confidence level 95%, about 26 patients are required in each 
group for two-independent sample t-test. Therefore, the sample 
size used in this study was 30 per group.

Subjects
Sixty patients of either sex and aged between 18–60 years, 
admitted to the Krishna Institute of Medical Sciences hos-
pital during the study period and met the inclusion criteria 
were recruited. As per American Society of Anesthesiologist 
physical status I and II, patients scheduled to undergo lower 
limb orthopedic surgery under intrathecal anesthesia were 
considered for the study.10 The patients with American Soci-
ety of Anesthesiologist physical status III and IV status, with 
gross spinal deformity, local infection, neurological diseases, 
bleeding disorder, cardio-respiratory diseases, liver diseases, 
chronic users of narcotics, sedatives, and drug abusers or 
alcoholics and those allergic to any of the medications used 
in the study, were excluded.

All the patients were randomly allocated into two groups by 
the Randomizer software. Allocated groups were nalbuphine 
group (n = 30): receiving 0.5 mL (0.8 mg) of nalbuphine with 
3 mL of heavy bupivacaine (0.5%) (Abott, Abbott Park, IL, 
USA) and buprenorphine group (n = 30): receiving 0.5 mL 
(60 mg) of buprenorphine with 3 mL of heavy hyperbaric 
bupivacaine (0.5%; Paksons Pharma Pvt. Ltd., Delhi, India). 
The flow chart is shown in Figure 1.

Preoperative assessment
The baseline preoperative parameters such as blood pressure 
(BP), pulse oximetry, and electrocardiogram (Waveline EZ, 
DRE Veterinary, Louisville, KY, USA) were recorded before 

anesthesia induction.

Study procedure
A day before the surgery, alprazolam (0.25 mg; Alprax MT, 
Torrent Pharmaceuticals Ltd., Ahmedabad, India) was taken 
orally the night before surgery and on the day of surgery 
2 hours prior to scheduled time of surgery for anxiolysis. 
The anesthesiologist performed subarachnoid block under 
aseptic conditions using 25-gauge Quincke needle (0.5 
mm) by a midline lumbar puncture at L3–4 interspace in 
lateral recumbent position. After assuring free flow of clear 
cerebrospinal fluid, anesthetic drug (heavy bupivacaine,  
0.5%) with respective adjuvants (0.8 mg nalbuphine and 60 
μg buprenorphine) was injected slowly to respective group 
members in supine position. The time of intrathecal injection 
was considered as 0 and parameters such as sensory block 
(onset, level and duration of recovery), motor block (onset, 
block regression, and duration of recovery), heart rate (HR), 
BP and side effects (hypotension, bradycardia, and respiratory 
depression) were recorded.

Hypotension was defined as decrease of systolic BP by 
more than 20% from baseline. It was treated with IV fluids 
and incremental doses of vasopressors when it was required. 
Bradycardia was defined as HR < 60 beat/min and was treated 
with injection atropine.10

Sensory block was assessed by loss of sensation to pinprick 
using 23-G sterile needle. Onset or induction of sensory 
block was the time from intrathecal injection administration 
to loss of pinprick sensation at L2 segment. Assessment was 
initiated just after the administration of agents and contin-
ued after every 15 seconds, till loss of pinprick sensation at 
L2 level. After 30 minutes of subarachnoid blockage and at 
the end of surgery, the dermatome (area of skin with single 
spinal nerve) level of sensory block was noted (maximum 
level of sensory block). This was followed by assessment at 
15 minutes interval, till return of pinprick sensation to L2 
dermatome was reported. 

Motor block assessment was initiated immediately after 
intrathecal injection by using modified Bromage Scale.13 

Onset of motor block was taken as time to achieve modified 
Bromage score 3 from the time of subarachnoid blockage 
injection. Thereafter, motor block regression was noted and 
duration for complete motor block recovery was taken as 
the time from subarachnoid injection to return of Bromage 
score to zero.

Vital signs were recorded every 5 minutes throughout intra-
operative period and at the completion of surgery. Hypoten-
sion was managed with intravenous fluids and incremental 
doses of vasopressors; bradycardia was managed with injec-
tion. Atropine 0.01 mg/kg was injected intravenously. After 
complete resolution of motor blockade, the patients were 
shifted to postoperative ward or recovery ward.

Postoperative assessment
In the current double blind study, postoperatively, the HR, 
non-invasive BP, Visual Analogue Scale (VAS) grading was 
recorded every 15 minutes for the first 2 hours and then hourly 
for 12 hours. VAS scale was used for scoring.14

Rescue analgesic (intravenousinjection tramadol 100 mg, 
Figure 1: The flow chart.
Note: BP: Blood pressure.
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Tramzac, Zydus, Ahmedabad, India) was administered when 
the VAS score was > 3 and the time to rescue analgesia was 
recorded time to return of motor senses, and time from intra-
thecal injection to the first request of analgesics (i.e., duration 
of analgesia) were also recorded. Total analgesic dose in first 
12 hours and adverse effects (nausea, vomiting, shivering, 
respiratory depression and hypotension) were recorded.

Statistical analysis 
Statistical analysis was performed by using R software (Ver-
sion. 3.6.0; https://www.r-project.org/). Data were recorded in 
Microsoft excel (Microsoft office 2019, Redmond, WA, USA) 
and expressed as mean and standard deviation along with fre-
quency and percentage. Qualitative variables were analyzed 
using chi-square test for dependence of sex and paired t-test 
for continuous variables like duration of surgery, onset. Mann 
Whitney U test and Friedman’s test were employed for the 
variables like BP, HR without a normal distribution. General 
linear mixed effect model was used when data had more than 
one source of random variability. A value of P < 0.05 was 
considered statistically significant.

RESULTS
A total of 60 patients were recruited into this prospective 
study. The demographic parameters were comparable between 
groups (P > 0.05; Table 1), indicating that most of the patients 
undergoing lower limb surgery were in their middle age and 
were healthy in other aspects. 

No significant difference was observed between the aver-
age time taken for onset of sensory block and motor block 
between the groups (P > 0.05). Duration of sensory block in 
buprenorphine group was significantly longer as compared to 
nalbuphine group (P < 0.05). However, no significant differ-
ence was observed between the two groups in terms of dura-
tion of motor block (P > 0.05). Time for first dose of rescue 
analgesia was delayed in buprenorphine group compared to 
nalbuphine group (P < 0.05; Table 2).

The patients achieving maximum height of sensory block at 
level T10 was 36.6% in the buprenorphine group and 33.3% 
in the nalbuphine group. There were significant differences in 
the mean HR (P < 2.2e-16) and mean BP (P < 2.2e-16) between 

Table 1: Demographic profile of patients with lower limb 
orthopedic surgeries using different adjuvants for spinal 
anesthesia

Variables Buprenorphine Nalbuphine P-value

Age (yr) 39.8±13.38 44±13.60 0.2395a

Sex –

Male 22 (73) 22 (73)
Female 8 (27) 8 (27)

Weight (kg) 66.3±10.55 63.83±9.25 0.3177a

Height (cm) 162.76±10.27 164.06±8.71 0.5992b

Duration of surgery 
(min)

130.9±42.60 140.83±38.82 0.2572a

Note: Data are expressed as the mean ± SD (n = 30), except for sex 
[number(percentage)]. a indicates data analyzed by Mann Whitney U test; 
superscript b indicates data analyzed by t-test.

Table 2: Comparison of onset and duration of sensory 
and motor block, total duration of patients with lower 
limb orthopedic surgeries using different adjuvants for 
spinal anesthesia

Buprenorphine Nalbuphine P-value 

Sensory blockade 
Onset (min) 2.74±0.83 2.80±0.81 0.7740

Duration (min) 265.63±26.63 187.9±16.99 0.000
Motor blockade 

Onset (min) 2.84±0.84 2.92±0.80 0.6927
Duration (min) 183.97±22.56 181.36±8.56 0.5587

Total duration of 
analgesia

Duration (min) 471.20±76.29 371.56±33.70 0.0000

Note: Data are expressed as the mean ± SD (n = 30), and were analyzed by t-test. 

buprenorphine and nalbuphine groups (Figure 2). However, 
there was no significant fall in the BP and HR in both groups 
during the entire intraoperative and postoperative period. 

The mean VAS score monitoring in the extended postopera-
tive period in the respective groups indicated that in nalbu-
phine group patients achieved a VAS > 4 at an earlier time as 
compared to buprenorphine group (Figure 3).

Both groups had minimal side effects. No pruritus, re-
spiratory depression, euphoria dysphoria, desaturation was 
observed in both groups. Postoperative nausea was found in 
one patient in nalbuphine group (3.2%) and three patients 
in buprenorphine group (10%). Postoperative vomiting was 
found in one patient (3.2%) in buprenorphine group. No clini-
cally significant bradycardia or hypotension was observed in 
either group.

DISCUSSION
Intrathecal opioids such as nalbuphine and buprenorphine are 
utilized as an adjunct in regional anesthesia to local anesthetics 
with multiple advantages. Intrathecally, these opioids decrease 
nociceptive inputs from A delta and C fibers without affecting 
somatosensory evoked potentials or dorsal root axons.13 The 
study focused on comparison of these intrathecal nalbuphine 
and buprenorphine as adjuvant to 0.5% (heavy) bupivacaine 
in spinal anesthesia in lower limb orthopedic surgeries. The 
primary objective was to compare the total duration of effective 
analgesia, i.e., the request for first dose for analgesia. Further, 
comparison of onset and duration of sensory and motor block 
along with occurrence of adverse effects were evaluated as the 
secondary objective. 

In terms of demographic data, no significant differences 
were observed between nalbuphine and buprenorphine groups 
in the age, sex, weight, height and duration of surgery and 
were comparable with Naaz et al.15 The time taken for onset 
of sensory and motor block by the two groups (nalbuphine 
and buprenorphine) was same with both groups taking almost 
equal time. This is in accordance with the study conducted by 
Manjula et al.10 in which the onset of sensory and motor block 
was almost equal in the nalbuphine and buprenorphine groups.

Duration of sensory block was different between nalbuphine 
and buprenorphine groups, with buprenorphine group provid-
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ing comparatively higher duration of sensory block. Further, 
the duration of motor block by buprenorphine was also slightly 
more although not significant. Similar results were obtained by 
Sheth et al.16 The faster and prolonged effect of buprenorphine 
could be a result of its high lipid solubility resulting in faster 
penetration into lipid membrane, causing fast and prolonged 
binding to receptors and thus hastening the block.

The duration of postoperative analgesia was significantly 
prolonged with addition of buprenorphine in comparison to 
nalbuphine. Thus, in the buprenorphine group the duration of 
rescue analgesia was also prolonged as compared to the nal-
buphine group. These results were comparable with Manjula 
et al.,10 in which the postoperative analgesia duration was 
significantly prolonged with addition of buprenorphine com-
pared to nalbuphine to bupivacaine. The prolonged duration 
of analgesia by buprenorphine group could be due to the high 
binding capacity and affinity of buprenorphine for µ recep-
tors. It shows slow dissociation from its receptors. Due to its 
highly lipophilic nature it results in low plasma concentration 
and further prolongs duration.

In terms of hemodynamic parameters, a significant differ-
ence was observed between buprenorphine and nalbuphine 
groups in terms of mean HR and BP. As in buprenorphine 
group, patients had slightly higher HR and BP. Similar results 
were obtained by Sheth et al where no hemodynamic vari-
abilities or instability was noted with nalbuphine compared to 
buprenorphine.16 This attributes to high affinity of nalbuphine 
for k-opioid receptors, it causing cardiovascular stability along 
with analgesia, sedation and minimal respiratory depression.

The monitoring of VAS indicated that patients in nalbuphine 
group achieved a VAS score blow 4 (moderate pain) at an 
earlier time as compared to buprenorphine group. This is in 
line with the study conducted by Sapkal Pravin et al.17 which 
showed that quality of spinal analgesia was acceptable to pa-

tients in buprenorphine group as VAS assessment was better 
in this group with VAS score below 4. This could be due to 
prolonged duration of analgesia provided by buprenorphine.

In terms of side effects, both groups had minimal side ef-
fects. No pruritus, respiratory depression, euphoria dysphoria, 
desaturation was observed in both groups. However, post-
operative nausea and vomiting was more in buprenorphine 
group patients. Similar observations were made by other 
investigations.18,19

Although no major side effects were noticed in our study, 
further studies are obligatory to rule out any long-term or short-
term adverse effects of the drugs.20 Besides, the study involved 
only patients undergoing lower abdominal surgeries. Further, 
futures studies need to be conducted on other surgeries using 
both the intrathecal agents to assess whether similar results 
can be achieved with lesser doses.

Intrathecal buprenorphine can be used as a better adjuvant 
to 0.5% (heavy) bupivacaine in spinal anesthesia for lower 
limb orthopedic surgeries.
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Figure 2: Change in heart rate (A) 
and blood pressure (B) in patients 
with lower limb orthopedic surgeries 
using different adjuvants for spinal 
anesthesia.
Note: Data are expressed as the mean 
± SD (n = 30), and were analyzed by 
t-test. B: Buprenorphine; N: nalbuphine.

Figure 3: Change in VAS Score with lower limb orthopedic surgeries using 
different adjuvants for spinal anesthesia.
Note: Data are expressed as the mean ± SD (n = 30), and were analyzed by t-test. 
B: Buprenorphine; N: nalbuphine; VAS: Visual Analogue Scale.
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