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ABSTRACT

Background & Objectives: Intrathecal opioids provide an easy and efficient method of prolonging
postoperative analgesia due to its action on the spinal opioid receptors. Nalbuphine is a mixed opioid
agonist - antagonist which has better side effect profile than morphine. It is easily available in India without
a need for narcotics license. The optimal dose of nalbuphine as an adjuvant to intrathecal bupivacaine is
not known, as the availability of other narcotics, e.g. fentanyl, sufentanyl etc., in the West has diminished
the need to use, and thus to research partial opioids like nalbuphine.

The aim of our study was to compare the duration of postoperative analgesia with 0.8 mg and 1.6 mg
of nalbuphine when used as an additive with 0.5% hyperbaric bupivacaine in patients undergoing lower
abdominal and lower limb surgeries.

Methodology: 66 patients undergoing various lower abdominal and lower limb surgeries were
randomized into 2 groups and received either 0.8 mg or 1.6 mg intrathecal nalbuphine with 3.2 ml
of 0.5% hyperbaric bupivacaine. The duration of postoperative analgesia, hemodynamic stability and
incidence of adverse effects were noted.

Results: The mean duration of postoperative analgesia in 0.8 mg and 1.6 mg group were 247 = 12 and
239 * 10 min respectively (p = 0.007). The incidence of bradycardia was more in 1.6 mg group but did
not reach statistical significance. The inability of the higher dose to achieve longer analgesia might be due
to a ceiling effect and anti-analgesic actions of nalbuphine.

Conclusion: A dose of 0.8mg of nalbuphine as an intrathecal adjuvant seems to be optimal for providing
prolonged post operative analgesia with minimal side effects.
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INTRODUCTION

Postoperative pain is associated with lot of
negative outcomes like cardiovascular events, poor
ventilation, impaired wound healing and poor
patient satisfaction. Pain is usually moderate to
severe in the immediate postoperative period as
the patient recovers from anesthesia. The “First
pain” is usually sharp, pricking and localized to
the surgical site and is mediated by nociceptors.
! Central sensitization can occur during periods
of exacerbation of acute pain. Adequate analgesia
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during this period can prevent the negative
outcomes and help in early mobilization. Still
postoperative pain is undertreated and there is a
long way to go towards this objective.? Intrathecal
opioids as an adjuvant to local anesthetics provide
an easy and effective way of pain control in
the immediate postoperative period. The main
reservations against opioids are concerns about side
effects like respiratory depression, sedation and
availability. Nalbuphine is a semi-synthetic opioid
agonist-antagonist analgesic of the phenanthrene
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series. The drug has been shown to have lesser
propensity to cause respiratory depression when
compared to morphine in several studies including
those in pregnant population.?

The intrathecal dosage of the drug varies from 0.4 to
2.0 mg .*> The optimal dose of nalbuphine for this
purpose is not clear. The aim of this randomized
double blinded controlled clinical study was to
compare the duration of postoperative analgesia
with two commonly used doses of nalbuphine
(0.8 and 1.6 mg) when used as an adjuvant
with hyperbaric bupivacaine intrathecally. We
hypothesized increasing the dosage from 0.8 to 1.6
mg may not increase the duration of analgesia due
to the ceiling effect of partial opioids. The secondary
objectives were to observe the hemodynamic
parameters and incidence of other side effects.

METHODOLOGY

A sample size of 60 was determined based on
previous studies and alpha and beta error of
5% and 20% (power of 80) respectively and a
minimum clinical difference of 30% prolongation
of analgesia. Considering for dropouts, a 70
patients of ASA I and II undergoing elective lower
abdominal surgeries and lower limb feasible under
spinal anesthesia were recruited for the study after
obtaining approval from the ethics committee and
informed consent from the patients. The study was
done in a sub-urban teaching hospital from the
month of May to July 2015.

Inclusion criteria were American society of
anesthesiologist grades 1&2, Age group 18-60 years,
both sexes, BMI 18.5-30, height 145 cm - 180 ¢cm
and undergoing elective lower abdominal, pelvic,
perineal lower limb surgeries. Exclusion criteria
were history of adverse response to nalbuphine or
bupivacaine, contraindications to spinal anesthesia,
pregnancy, inability to understand visual analogue
score (VAS) and chronic drug therapy. Out of 70
patients, 66 satisfied the eligibility criteria.

Visual analogue scoring was explained to the
patients and informed written consent was
obtained. All participants were premedicated the
night before with oral diazepam and ranitidine and
were fasting at least for 6 hours. Selected patients
were randomized into two groups - Group A (0.8
) and Group B (1.6) of 33 each with the help of
computer generated numbers from an online
random number generator.® Opaque sealed
envelopes are used. After shifting the patients
inside the operating room standard monitors (ECG,
pulse oximetry, non-invasive blood pressure and
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nasal capnography) were attached. Patients were
preloaded with 500 ml of ringer lactate.

Group A (0.8) patients received 3.2 ml of hyperbaric
bupivacaine 0.5% and 0.8 mg of nalbuphine
intrathecally in L2-L3 space using a 25G Quincke
needle in lateral position. Group B (1.6) patients
received the same amount of bupivacaine with 1.6
mg nalbuphine. An insulin syringe was used for
precision. The volumes in both syringes were made
equal in both groups by adding normal saline.
Drugs were prepared by the researcher allotting
the groups and handed over to the blinded
investigator, who performed the injections and
collected the data.

Both the patient and the anesthesiologist
administering the drug and monitoring the
patient were blinded to the group allotment.
Intraoperatively sensory onset (time to achieve loss
of sensation to pin prick at T10 level) motor onset
(time to achieve a modified Bromage score of 2,
Inability to raise leg or flex knees) and maximum
level of sensory loss were noted. Hemodynamic
parameters (heart rate and blood pressure), oxygen
saturation, respiratory rate, level of sedation and
nasal Etco2 were monitored and recorded every
three minutes intraoperatively. Level of sedation
was noted by Campbell scoring system (1-awake,
2-Sedated butarousable, 3-Drowsy, 4-Unarousable).

If patients complained of intraoperative pain,
discomfort or reached a VAS score more than 3,
general anesthesia was administered and patients
were allowed to drop out of the study. Bradycardia
(Heart rate less than 60) and hypotension (> 30%
fall in mean arterial pressure or < 55mmHg) were
treated as per conventions.

Postoperatively the analgesia was assessed by VAS
score and time taken for the patient to report a VAS
score of 3 was taken as the endpoint. Sensory and
motor levels, hemodynamic parameters, sedation
levels were also observed. Incidence of nausea,
vomiting, pruritus, respiratory depression and any
other side effects were recorded.

Statistical analysis was performed using IBM SPSS
version 20 and Microsoft Excel 2016 with statistics
add-in package installed. Results were expressed
as mean = standard deviation or number (%).
Parametric data were compared using Student’s
unpaired t test. Anderson-Darling test and Shapiro-
Wilk test were done to verify normality of data.
Mann Whitney U test was used to compare non
parametric data. Chi squared test was used to
compare categorical data. Fisher’s exact test
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was done to determine statistical significance of
incidence of side effects. Results were considered
significant if p value was equal to or less than
0.05 and highly significant if p < 0.01. Whenever
appropriate, the dosage of nalbuphine was the
independent variable and the outcome measured
was the dependent variable.

RESULTS

Seventy patients were enrolled and 66 fulfilled
eligibility criteria. Out of the 66 patients randomized
4 patients from Group 0.8 and 2 patients from group
1.6 dropped out of study (5 patients had prolonged
surgery and needed general anesthesia and one
patient had a last minute cancellation). They were
excluded from the study and an Intention to treat
analysis was not done. Statistical analyses were
done on 29 patients from 0.8 mg Group and 31
patients from 1.6 mg group.

The age, sex, height and weight distributions were
similar in both groups. The duration of surgery was
highly variable within both groups, ranging from 30
min to 158 min. To check for normality Anderson
—-Darling and Shapiro Wilk tests were done and the
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values were found not to be normally distributed
(W = 0.921, p = 0.001). Hence Mann Whitney
U test was used and showed a p value of 0.246
and hence the duration of surgery did not differ
between both groups (Table 1).

The types of surgeries were inguinal hernia,
abdominal and vaginal hysterectomies, varicose
vein stripping etc. (Table 2).

The mean sensory onset and motor onset time did
not differ significantly between both the groups
(Table 3). The duration of postoperative analgesia
(time to reach VAS of 3) was more in the 0.8 mg
group, 247.38 = 12.2 min vs. 239 * 10.1 min as
compared to the 1.6 mg group (Figure 1).

Regarding hemodynamic stability the baseline
heart rates were statistically comparable within
both groups (p = 0.74); however, intraoperatively
the heart rate was persistently lower in 1.6 mg
group, with highly significant differences at 30 min
and 45 min (p < 0.01) and significant at 150 min,
180 min and 240 min (Figure 2). In fact 5 patients
in the 1.6 mg group had symptomatic bradycardia
and received injection atropine as compared to one

{ Enrollment J

Assessed for eligibility (n=70)

Excluded (n=4)

+ Not meeting inclusion criteria
(n=4")

Borderline hypertension = 3

Unable to comprehend VAS = 1

Randomized (n=66)

CONSORT Flow Diagram
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Table 1: Demographic data

Parameter | Group 0.8 | Group 1.6 | p - value
Age (years) 415 +10.2 429+8 0.579 (students t)
Height (Cm) 163.44 = 7.08 163.87 = 7.71 0.827
Weight (Kg) 59.3 = 8.49 58.2 = 6.47 0.57
Sex (M:F) 13:16 13:18 0.821 (Chi squared)
Duration of surgery (min) (Rzzl'gosg_;‘go) (?:n;g 3?()?;753) 0.246 (Mann Whitney)

Table 2: Various types of surgeries performed

Procedure Group 0.8 Group 1.6 Total
Appendectomy 3 3 6
Abdominal hysterectomy 6 4 10
Vaginal hysterectomy 3 3 6
Uterine myomectomy 1 2 3
Hydrocele eversion 2 5 7
Gluteal abscess 1&D 0 1 1
Multiple lipoma excision 1 0 1
Hernioplasty 7 6 13
Varicose vein stripping 3 2 5
Pilonidal sinus excision 1 2 3
Skin grafting 2 3 5
Total 29 31 60
Table 3: Sensory, motor onset and duration of analgesia

Parameter | Group 0.8 | Group 1.6 | p value (Unpaired t)
Sensory onset (min) 2.57 = 0.23 2.62 = 0.28 0.429
Motor onset (min) 2.79 = 0.234 2.85 = 0.24 0.379
Duration of analgesia (min) 247.38 +12.2 239.23 = 10.1 0.007" (Significant)

patient in 0.8 mg group. However, the incidence
of bradycardia was not statistically significant, (p =
0.196, Fisher’s exact test). Mean arterial pressures
were low at 210 min interval (p < 0.01) and 180
min interval (p = 0.04). However, the clinical
difference was less than 8 mmHg and none of
the patients required intervention (Figure 3). The
incidence of other side effects, e.g. nausea and
shivering were not statistically significant between
the groups (Table 4).

Nasal EtCO, was monitored in all patients and the
trend was used to detect respiratory depression. The
values were 29.13 = 2.3 and 29.16 = 2.6 in 0.8 mg
and 1.6 mg groups respectively. The values in both
groups did not alter significantly from the baseline.
Similarly respiratory rate and oxygen saturation
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Analgesia duration (minutes)
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Figure 1: Postoperative analgesia duration

changes were minimal and not significant.

A post hoc power analysis was done. With Cohen’s
effect size of 0.78, 2 sided t test using the mean
and standard deviations of the primary outcome, a
value of 0.84 was obtained which was acceptable.
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Table 4: Adverse events

original article

Adverse event Group 0.8 Group 1.6 p value
(n=29) (n=31) (Fisher’s exact test)
Bradycardia 1 5 0.196
Nausea 0 2 0.492
Shivering 0 3 0.238
85
80 e Group 0.8 Group 1.6
o Z~~—
5 0 P a—
o
70
=]
§ 65 — /
T 60
& o R R N N N N N O RS R R Q& RS R
S & €SS S S S S
%V‘v&@@“@’\ N N N - I e S s L
Time
Figure 2: Heart rate changes
:t":b 95
£ e GROUP 0.8 GROUP 1.6
€ 9
g
E 85 —
o Ty
o 80 -
8
S
g 75
<
¥ & & O L & & S
c N Q N Q N N N N N N N N N N N N N
s N N & C & S o S S o S
S F P SN TN DAY A A
RS

Figure 3: Mean arterial pressure changes

DISCUSSION
Intrathecal nalbuphine had been found to
be equally effective to morphine regarding

postoperative analgesia and a superior side effect
profile. Various doses have been used and a
progressively increasing duration of postoperative
analgesia has been suggested up to doses of 0.8.
mg.” On the other hand the incidence of adverse
effects increases with higher doses. Our study
has compared a ‘conventional’ dose of 0.8 mg
and a ‘high’ dose of 1.6 mg as an adjuvant to
0.5% hyperbaric bupivacaine with respect to
postoperative analgesia.

The primary outcome, duration of postoperative
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Time

analgesia was approximately 4 hours in both
the groups. The results correlate with studies by
Gomaa H et al.®who reported analgesia duration of
231.83 = 15.73 min with 0.8 mg nalbuphine and
Tiwari et al.” who reported a duration of 278.5 =
6.04 with 0.4 mg nalbuphine.

Inability of higher doses of nalbuphine to prolong
analgesia demonstrate a ceiling effect, where
in higher doses cannot achieve more analgesia,
but can increase the incidence of adverse effects.
Interestingly nalbuphine can have an anti-analgesic
effect in higher doses, which might partly explain
inability of the high dose to achieve more analgesia.
It has been recently suggested by Gear R et al.,
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that “Nalbupbine-induced activation of caudate
(perbaps by disinbibition, as opioids areinbibitory)
initiates pain-enbancing connectivity with other
regions, and, although the receptor(s) involved is
not known, and blockade of this connectivity by
naloxone abolishes this pronociceptive effect”."

The anti-analgesic effect is pronounced in males. A 5
mg dose of nalbuphine caused more postoperative
pain than placebo in male patients.!' This might
be due to sex related due to sexual dimorphism of
kappa opioid receptors'? upon which nalbuphine
exerts its predominant action.

The sensory and motor onset did not differ
significantly between both groups. Several studies
have monitored 2 segmental regression times
intraoperatively. We feel checking for segmental
levels intraoperatively in abdominal surgeries and
in a calm, sedated patient is cumbersome and
impractical.

Heart rate was significantly lower in 1.6 mg group at
several instances. Bradycardia is a known side effect
of nalbuphine. 5/31 patients of 1.6 mg group had
bradycardia and 1/31 had nausea compared 1/29
and nil in 0.8 mg group respectively. Even though
the difference mean heart rates were significant,
the incidence of bradycardia was not statistically
significant. However, significance cannot be
attributed to this factor as the study is not powered
to detect adverse events.

Nasal EtCo, monitoring’s accuracy depends upon
the design of the cannula.” Zhang et al. reported
a significant correlation between nasal PetCO, and
PaCo,. The correlation coefficients had approximate
values, 0.832 (P < 0.0001) for PaCO, with PetCO,
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through the nose and 0.836 (P < 0.0001) for
PaCO, with PetCO, through the pharynx.'* We
have monitored nasal PetCO, to detect respiratory
depression due to nalbuphine and the values were
not significantly raised from baseline.

LIMITATIONS

Conversion to general anesthesia was required in 5
patients and an intention to treat analysis was not
done. Various strategies have been suggested to
deal with missing data and each has its limitations.
The resultant unequal sample size might make
the treatment effect difficult to interpret. Visual
analogue scale, the primary measurement tool is
a subjective scale and can vary between patients
with same degree of painful stimuli, however it is
a validated tool and widely used to assess pain.
Two segmental regression time was not calculated
as we find it unpleasant to test sensory levels in
the middle of abdominal surgeries, though several
studies mention it.

CONCLUSION

Intrathecal nalbuphine in doses of 0.8 mg and 1.6
mg as an adjuvant to 0.5% hyperbaric bupivacaine
prolongs the duration of postoperative analgesia
by approximately 4 hours, which can be highly
valuable in preventing acute postoperative pain
and its adverse effects. A dose of 0.8 mg provides
better postoperative analgesia with less adverse
events than a 1.6 mg dose.
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