
ORIGINAL RESEARCH

Comparative Evaluation of Efficacy and Safety 
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Ab s t r Ac t 
Context: Intramuscular (IM) butorphanol can be a convenient postoperative analgesia compared to epidural (EP) route.
Aims: Compare the efficacy and safety of IM vs EP butorphanol (1 mg/2 mg) as postoperative analgesia.
Settings and design: A randomized-controlled study.
Materials and methods: This study was conducted on 120 adult patients of either sex in the age group of 20–60 years, undergoing lower abdominal 
or lower limb surgeries (American Society of Anesthesiologists [ASA] class-I/II). Patients were randomized to butorphanol intramuscularly  
(IM group) or EP injection (EP group). Each group had two equal subgroups where patients received either 1 mg or 2 mg by the respective route. 
The primary outcomes were onset of analgesia, peak time of analgesia, and duration of analgesia. Pain was assessed on a 0–10 visual analog 
scale (VAS), and vital parameters were assessed at baseline and after 10, 20, 30, 60, 90, 120, and 180 minutes. Clinical safety was assessed by 
the adverse events.
Results: The duration of analgesia provided by both the routes was comparable (293.0 minutes IM and 270.25 minutes EP). However, duration 
of analgesia was longer (p, 0.043) with 2 mg compared to 1 mg. Similarly, the onset of analgesia, pain scores, and peak time of analgesia were 
similar (p > 0.05) in the two groups. No differences in the hemodynamic parameters and respiratory rate were observed in the two groups. Higher 
incidence of all the side effects (sedation, somnolence, pruritus) was observed with IM administration. All side effects were clinically insignificant.
Conclusion: Intramuscular butorphanol is as effective as an EP for the management of immediate postoperative pain.
Keymessages: Intramuscular analgesics could be more convenient and safer compared to EP administration. Butorphanol administered by the 
IM route is as effective and safe compared to EP administration.
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In t r o d u c t I o n 
Pain is an unpleasant sensory and emotional experience associated 
with actual or potential tissue damage or described in terms 
of such damage.1 Postoperative pain causes physiological and 
psychological phenomena and is a major concern. Effective pain 
control is, therefore vital for early mobilization and postoperative 
discharge.2 The multidimensional effects of pain often require 
many modes of therapy, including pharmacological treatment, 
behavioral and psychological interventions, psychiatric treatments, 
and family and spiritual support. Postoperative pain relief requires 
multimodal therapy, and of this pharmacological treatment, is the 
most important mode.

Opioids are the cornerstone of acute pain relief, and they 
are powerful, centrally acting agents, which also have peripheral 
effects. Opioids inhibit the neuronal action potentials not 
only at nociceptive but also specific sensory, somatosensory, 
and autonomic neurons.3 Epidural administration of narcotic 
analgesics is the standard therapy for postoperative analgesia in EP 
anesthesia.4 However, they are associated with troublesome effects 
like respiratory depression, urinary retention, pruritus, nausea, and 
vomiting.5,6 Butorphanol is a lipid-soluble narcotic with strong 
κ-receptor agonist and weak μ-receptor agonist/antagonist activity. 

These have been frequently used for postoperative analgesia.7 It 
was first available in 2002 in India and is considered safer than 
pure agonist opioids because of its ceiling effect on respiratory 
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depression, lower addiction potential, lesser cardiovascular and 
gastrointestinal (postoperative nausea and vomiting) side effects, 
lesser pruritus or urinary retention as compared to morphine. Due 
to the complexity of EP administration and its associated risks, it 
would be convenient and safe to use IM injection as postoperative 
analgesia. The primary objective was to compare the efficacy of 
IM butorphanol (1 mg/2 mg) vs EP butorphanol as postoperative 
analgesia in patients undergoing lower abdominal and lower limb 
surgeries. Secondary objective was the safety comparison of IM 
vs EP administration of butorphanol. It was hypothesized that the 
IM butorphanol would be as effective and safe as EP injection as a 
postoperative analgesic.

MAt e r I A l s A n d  Me t h o d s 
This randomized-controlled study was carried out after obtaining 
approval from the Institutional Ethics Committee (IEC). The study 
was conducted in accordance with the principles of the Declaration 
of Helsinki (World Medical Association) and Good Clinical Practice 
(GCP) guidelines issued by the Indian Council of Medical Research 
(ICMR) and Drugs Controller General, India (DCGI), Government of 
India. All the patients were explained about the study procedures, 
and informed consent was obtained from all the patients.

Patients of either gender, between 20 years and 60 years of age, 
patients of ASA stage-I and stage-II, undergoing lower abdominal or 
lower limb surgeries were enrolled after obtaining written informed 
consent. Patients in whom regional anesthesia is contraindicated, 
patients with allergies to the study medication, and patients with 
opioid dependence were excluded.

A total of 120 study eligible patients were randomized to receive 
intramuscularly (n = 60) or EP (n = 60) injections of butorphanol 
(Aristo, India). Since there are no published studies comparing IM and 
EP butorphanol as postoperative analgesia, this was a pilot study, 
and sample size was not based on any estimations and assumptions 
(Flowchart 1).

A stratif ied randomization was done using PC based 
predetermined randomization schedule. The randomization was 
prepared by independent personnel and was concealed in sealed 
separate envelopes for each study participant. The study team was 
blinded for the randomization, and allocation was done only after 
the eligible participant was enrolled and assigned a study serial 
number. After enrolment, the sealed envelope was opened by the 
study team members to reveal the treatment allocation for the 
participant. The study was open after randomization was done. 
Thirty patients in each IM group and EP group received either  
1 mg or 2 mg butorphanol as per the randomization. Thus, there 
were two study groups with two subgroups each based on dose.

The EP injection was administered as 10 mL (diluted in 0.9% 
sodium chloride) volume containing 1 mg/2 mg, whereas the IM 
injection was given in a 1 mL injection containing 1 mg/2 mg. 
Butorphanol administration was done postoperatively when the 
effect of regional analgesia wore off, and the patient complained 
of severe pain with a VAS score of ≥7 for pain. This time-point was 
considered as the baseline. Clinical assessments were done for 
surgical site pain and vital parameters. Assessment of pain was 
done using a 0–10 linear VAS, where “0” represents no pain, and 
“10” represents severe intolerable pain.8 At baseline, all recruited 
patients received injection butorphanol intramuscularly (IM) or 
epidurally (ED) as per the randomization. The primary outcomes 
were onset of analgesia, peak time of analgesia, and duration of 
analgesia. Secondary outcome was safety based on vital parameters 
and adverse effects. All vital parameters and VAS scores were noted 
at baseline and then after 10, 20, 30, 60, 90, 120, and 180 minutes. 
Patients were monitored every 10 minutes, and pain score and 
vital parameters recorded at each time-period. Vital parameters 
recorded were pulse rate, blood pressure [mean arterial pressure 
(MAP)], and respiratory rate. Clinical safety was assessed based on 
the sedation and other adverse effects reported by the patients.

The baseline descriptive data for the two groups were 
compared using a one-way analysis of variance (ANOVA), whereas 

Flowchart 1: COSORT flow diagram
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the discrete data were compared using the Chi-square test. Analysis 
of the primary outcomes (onset of analgesia, peak time of analgesia, 
and duration of analgesia) using two-way ANOVA with the route of 
administration as the first factor and dose used as the second factor. 
General linear model (GLM) procedure (repeat measures ANOVA) 
with time and route of administration as the factors were used for 
the analysis of the changes in the pain scores and vital parameters 
over 3 hours after dosing between the two groups.

re s u lts 
Table 1 shows the demography and baseline data of patients 
enrolled in the two groups. The two groups were comparable 
(p, >0.05) with respect to the age, body mass index (BMI), ASA 
physical status class, gender distribution and all baseline vital 
parameters except systolic blood pressure, which was higher 
(p, 0.005) in the IM group.

Table 2 shows the study outcomes in the two groups. The onset 
of analgesia, peak time of analgesia, and duration of analgesia were 
similar in both IM and EP groups (p > 0.05). Also, there were no 
differences between the two doses 1 mg and 2 mg for the duration 
of surgery, onset of analgesia, and peak time of analgesia. Large 
effect sizes were observed for the peak time of analgesia (1.256, 
88%) and duration of analgesia (2.30, 98%), where very small effect 
size was observed for the onset of analgesia (2.30, 58%). However, 
the duration of analgesia was littler longer (p, 0.043) with 2 mg 

dose compared to 1 mg dose. The mean VAS scores for pain (Fig. 1) 
were similar in the two groups at different time intervals (p, 0.770).

The MAP, pulse rate, and respiratory rates are presented in 
Figures 2 to 4, respectively. The hemodynamic parameters and 
respiratory rates were similar in the two groups (p > 0.05).

Table 3 presents the adverse effects reported by the patients 
during the study period. Adverse effects observed were sedation, 
somnolence, nausea/vomiting, and pruritus. The incidence of all 
events was more with IM butorphanol (p < 0.0001). Surprisingly, 
the incidence of events was greater, with 1 mg dose compared to 
2 mg butorphanol. However, none of the side effects was clinically 
significant, requiring any intervention.

dI s c u s s I o n 
Despite a better understanding of pain pathophysiology and 
more treatment options available, postoperative pain still is a 
challenge and remains poorly treated.9 Postoperative pain is an 
important social, medical, and economic concern as it increases 
the morbidity. Effective pain control is hence essential for the 
optimal care during postoperative period as these patients suffer 
from considerable pain, and it has been recognized as a prime 
concern for anesthesiologists.2 Epidural route is used extensively for 
postoperative pain control, and EP opioids have been administered 
commonly to relieve anxiety and reduce pain associated with 
surgery. Combined EP anesthesia with postoperative EP analgesia is 

Table 1: Demography and baseline data of patients enrolled

Intramuscular (n = 60) Epidural (n = 60) ANOVA

Mean SD 95% C.I. Mean SD 95% C.I. F p
Age (years) 43.80 13.38 40.34–47.26 46.88 13.26 43.46–50.31 1.608 0.207
BMI (kg/sq m) 22.88 4.20 21.79–23.96 22.70 4.55 21.52–23.87 0.049 0.824
VAS score 8.18 0.89 7.95–8.40 8.27 0.92 8.03–8.50 0.309 0.579
SBP (mm Hg) 132.88 12.55 129.64–136.12 125.65 15.23 121.72–129.58 8.063 0.005
DBP (mm Hg) 80.82 9.02 78.49–83.15 77.88 9.89 75.33–80.44 2.881 0.092
MAP (mm Hg) 98.17 9.18 95.80–100.54 93.81 10.55 91.08–96.53 5.850 0.017
Pulse rate (per minute) 88.18 10.69 85.42–90.94 87.43 11.82 84.38–90.49 0.133 0.716
RR (per minute) 16.30 2.05 15.77–16.83 16.58 1.74 16.13–17.03 0.665 0.416
Surgery duration (minute) 130.42 4.45 121.60–139.24 135.33 4.45 126.51–144.15 0.609 0.437
Gender
 Male 34 56.67% 25 41.67% 0.072
 Female 26 43.33% 35 58.33%
BMI category
 Underweight 8 13.33% 9 15.00% 0.900
 Normal weight 37 61.67% 33 55.00%
 Overweight 12 20.00% 14 23.33%
 Obese 3 5.00% 4 6.67%
ASA stage
 Stage I 32 53.33% 32 53.33% 1.000
 Stage II 28 46.67% 28 46.67%
Surgery 
 Appendicectomy 35 58.33% 32 53.33% 0.870
 Amputation 4 6.67% 3 5.00%
 Hernia 21 35.00% 25 41.67%
Butorphanol dose
 1 mg 30 50.00% 30 50.00% 1.000
 2 mg 30 50.00% 30 50.00%

ASA, American Society of Anesthesiologists; BMI, body mass index; DBP, diastolic blood pressure; MAP, mean arterial pressure; RR, respiratory rate; SBP, 
systolic blood pressure; VAS, visual analog scale
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commonly practiced due to better outcomes after major surgery.10 
Meta-analyses suggest that EP anesthesia and postoperative 
analgesia may facilitate earlier recovery and improved outcomes 
by reducing the incidence of postoperative complications after 
major surgery.

Postoperative opioid use is very less probably due to a lack 
of knowledge, fear of adverse effects, and addictive potential. 
However, butorphanol is considered safe with fewer adverse 
effects compared to pure agonist opioids and is frequently used 
for postoperative analgesia.7 In the dose of 1 or 2 mg, butorphanol 

Table 2: Study outcomes in the two groups

Intramuscular Epidural Two-way ANOVA

Mean SEM 95% CI Mean SEM 95% CI F p (route) p (dose)
Onset of analgesia (minute)
 1 mg 17.83 0.99 15.87–19.79 22.53 0.99 20.57–24.49
 2 mg 23.50 0.99 21.54–25.46 17.23 0.99 15.27–19.19
 Total 20.18 0.78 18.63–21.73 20.37 0.78 18.82–21.92 0.027 0.869 0.480
Peak time of analgesia (minute)
 1 mg 53.60 3.61 46.46–60.74 78.03 3.61 70.89–85.17
 2 mg 80.33 3.61 73.19–87.47 43.17 3.61 36.02–50.31
 Total 65.82 3.24 59.40–72.23 61.75 3.24 55.33–68.17 0.788 0.377 0.167
Duration of analgesia (minute)
 1 mg 266.33 13.87 238.85–293.81 274.17 13.87 246.68–301.64
 2 mg 268.33 13.87 240.85–295.81 317.67 13.87 290.18–345.14
 Total 270.25 9.86 250.72–289.78 293.00 9.86 273.47–68.17 2.661 0.106 0.043

Fig. 1: Pain scores (visual analog scale) Fig. 2: Mean arterial pressure (mm Hg)

Fig. 4: Respiratory rate (per minute)Fig. 3: Pulse rate (per minute)
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has been found to be a safe and effective adjuvant in combination 
with bupivacaine for labor analgesia.11 Abboud et al. concluded 
that adding small doses of butorphanol (1 mg) to EP lidocaine 
during labor is effective and safe.12 Butorphanol is also useful in 
combination with 0.1% bupivacaine during EP analgesia for labor 
as it provides excellent pain relief, prolongs the duration of action 
with simultaneously decreasing the need for analgesic requirement, 
thereby reducing the total local anesthetic.13

Our study was a randomized controlled study comparing IM 
butorphanol vs EP butorphanol for their efficacy as a postoperative 
analgesic. We studied both male and female patients ported for 
abdominal and orthopedic surgery and experiencing postoperative 
pain. Our study included patients with both ASA stage-I and stage-II 
and all BMI categories. The anesthetic procedures and preanesthetic 
medications were similar in all patients, and a standard protocol 
was followed. We had used equianalgesic doses for EP and IM 
route of administration. We also studied the effect of butorphanol 
dose 1 mg/2 mg on the analgesic efficacy. We found no differences 
between the pain scores when butorphanol was administered by 
IM or EP route. Also, the dose of 1 mg or 2 mg had similar analgesic 
effects (p > 0.05) on surgery duration, onset of analgesia, and peak 
time of analgesia. However, the duration of analgesia was longer 
with a higher dose of butorphanol (p, 0.043).

In a recent randomized, double-blind study comparing 
IM butorphanol vs pentazocine for postoperative pain relief, 
butorphanol was reported to be more effective and safer analgesia 
compared to pentazocine for postoperative pain management in 
gynecologic lower abdominal surgery.14 Here, both nalbuphine 
and butorphanol administered intramuscularly provided better 
analgesia, rapid onset, and longer duration of analgesia compared 
to pentazocine. Also, the incidence of nausea and vomiting was also 
low as against pentazocine.14 Butorphanol is reported to be more 
effective analgesia with lesser side effects as compared to fentanyl 
in a comparative study in lower abdominal surgeries.15 Butorphanol 
is also used as EP adjuvants in abdominal hysterectomy under 
intrathecal levobupivacaine anesthesia.16

We used both 1 mg and 2 mg doses of butorphanol by both 
IM and EP route. A comparative study of EP butorphanol with 
bupivacaine vs bupivacaine monotherapy for analgesia reported 
that butorphanol 2 mg and 4 mg can be used as a safe and effective 
adjuvant to EP bupivacaine in patients undergoing lower limb 
orthopedic surgeries.17

The prime function of the anesthesiologist is to relieve 
pain. As anesthesiologist has the necessary technical skill and 
pharmacological knowledge, they are in an ideal position to 
treat pain in many situations; such as perioperative pain, chronic 
pain, labor analgesia, etc. In the postoperative period, when the 
effect of anesthesia wears off, the tissue injury persists, and the 

pain-producing substances that are liberated during operations 
greatly reduce the normal high threshold of nociceptors so that 
innocuous stimulation produces great pain. Opioids have been 
used for many years as an important constituent for providing 
adequate analgesia. Previously sublingual, IM, and intravenous 
routes were used, but recently, intrathecal and EP administration 
of opioids has been widely studied. Epidural route is preferred over 
intrathecal route because it is less invasive, low risk of infection, 
lack of postspinal headache, and lower incidence of side effects. 
Traditionally EP bupivacaine was used in lower concentrations for 
postoperative analgesia.

Butorphanol tartrate is a synthetically derived agonist–
antagonist opioid analgesic. It is 7–10 times more potent than 
morphine and has been employed successfully in Western 
countries since its launch in 1978 for the relief of postoperative 
pain, preanesthetic medication and in balanced anesthesia. 
Butorphanol is considered safer than morphine because of its 
dose-related ceiling effect on respiratory depression, lesser side 
effects, i.e., nausea/vomiting, pruritus or urinary retention, and 
lower addiction potential. However, it produces a significant 
degree of sedation.

The hemodynamic parameters and the respiratory rates were 
similar with both IM and EP route of butorphanol administration 
(p > 0.05). The common adverse events reported in our study 
with butorphanol were sedation, somnolence, nausea/vomiting, 
and pruritus. The adverse effects with IM butorphanol are higher 
compared to EP butorphanol, which also includes sedation. In 
our study, we considered patients undergoing lower abdominal 
and lower limb surgeries under general anesthesia or combined 
spinal-EP anesthesia. One hundred and twenty adult patients 
(20–60 years) of either sex of ASA stage-I or stage-II were recruited 
in the study. The mean of onset analgesia of group IM was 20.18, and 
of the group, EP was 20.37, onset analgesia was significantly faster in 
EP group. Peak of analgesia is taken in the time intervals, meantime 
of peak of analgesia in EP was 61.75, and of IM was 65.82, the peak 
analgesia achieved in EP group was faster than IM group. The pilot 
nature of the study was the main limitation of the study apart from 
the small sample size for the onset of analgesia as observed by the 
small effect size. Based on our observations, we further plan to 
conduct a large-scale study. Also, the study could have been done 
in other types of surgical procedures to widen the scope of use of 
IM butorphanol as a postoperative analgesic. The main strength of 
the study was the randomized controlled study design.

Intramuscular butorphanol is as effective as an EP injection for 
the management of immediate postoperative pain. However, it 
provides a slower onset of analgesia compared to EP administration. 
Also, butorphanol tartrate given epidurally in a dose of 2 mg gives 
a faster onset and better effect for a longer duration.

Table 3: Adverse events reported by patients in the two groups

Intramuscular (n = 60) Epidural (n = 60)

p (χ 2 test)1 mg (n = 30) 2 mg (n = 30) Total (n = 60) 1 mg (n = 30) 2 mg (n = 30) Total (n = 60)
Sedation 10 9 19 (31.7%) 3 7 10 (16.7%)
Somnolence 9 0  9 (15.0%) 0 0  0 (–)
Nausea/vomiting 4 0  4 (6.7%) 0 0  0 (–)
Pruritus 2 0  2 (3.3%) 0 1  1 (1.7%)
Total events 25 9 34 (56.7%) 3 8 11 (18.3%)
Total patients 25 9 34 (56.7%) 3 8 11 (18.3%) <0.0001
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