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ABSTRACT

Introduction: Shivering is a frequent complication after regional
anaesthesia and the primary cause of shivering is perioperative
hypothermia. Nalbuphine and tramadol are opioids which have
been used to control postanaesthetic shivering.

Aim: To compare the efficacy of nalbuphine and tramadol in the
treatment of postspinal anaesthesia shivering.

Materials and Methods: This was a randomised clinical trial
conducted on 60 patients of either gender (20-60 years age
group) from January 2019 to June 2020, American Society
of Anaesthesiologists (ASA) Grade | or Il, having postspinal
anaesthesia shivering. The total sample was divided into two
groups of 30 patients each. Group T received injection inj. tramadol
1 mg/kg intravenously (IV) and Group N received Inj. nalbuphine
0.1 mg/kg IV. Grade of shivering was assessed with a five point
scale. The time taken for disappearance of shivering, assessment
of improvement of shivering (complete- if grade of shivering
becomes 0, partial- if grade of shivering deceased but not zero),
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recurrence rate and side-effects such as nausea, vomiting, deep
sedation were noted. Independent t-test and Chi-square test
were used to analyse the data. A p-value <0.05 were considered
statistically significant.

Results: The time taken for disappearance of shivering was shorter
in group N than T (3.20+0.96 minutes and 6.43+0.97 minutes
respectively, p=0.001). Significantly better sedation (p-value 0.04)
was seen in nalbuphine group as grade 3 sedation were seen in
15 patients of nalbuphine group as compared to none in tramadol
group. All the patients in group N had complete improvement
of shivering and there was no recurrence, while in group T six
patients had partial improvement in shivering and four (13%) had
recurrence. Complications such as nausea (three patients) and
vomiting (one patient) were seen in Group T while none were seen
in Group N.

Conclusion: The efficacy of nalbuphine is greater than tramadol
in controlling postspinal anaesthesia shivering, with minimal
side-effects.
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INTRODUCTION

Shivering is a frequent complication after regional anaesthesia
and is reported in 40% to 70% of cases [1]. The primary cause of
shivering is perioperative hypothermia [2]. Hypothermia in regional
anaesthesia results from redistribution of body heat from the core
to the periphery and patients who are given central neuraxial block
have difficulty in re-establishing core temperature equilibrium as
peripheral vasoconstriction remains impaired and there is inhibition
of thermoregulatory mechanism [2-4].

Shivering increases oxygen consumption by 200-500% along
with a rise in carbon dioxide production which is detrimental in
patients with limited myocardial oxygen reserve or coronary disease
as it further compromise myocardial function [5-7]. Shivering is
associated with substantial adrenergic activation and discomfort
[8]. It also results in increased metabolic rate, delayed wound
healing, arterial hypoxemia, lactic acidosis, increased intraocular,
intracranial pressure and interferes with pulse rate, blood pressure
and electrocardiographic monitoring [3,9,10].

Tramadol is one of the drugs which is used in the treatment of
postspinal anaesthesia shivering. It is a synthetic opioid with its
predominant effect on p receptor with minimal effects on kappa or
delta binding sites [11]. It also inhibits the reuptake of norepinephrine
and serotonin, hence activating the descending inhibitory spinal
pathways [11,12]. Dhimar AA et al., explored the efficacy and potency
of tramadol in comparison to pethidine for control of shivering under

regional anaesthesia. It was found that both tramadol and pethidine
were efficacious, but tramadol was more potent with respect to
control of shivering and its recurrence [13].

Nalbuphine a semisynthetic opioid is also used for controlling
postspinal shivering. It has p antagonist and k-agonist activities and
data suggests that k-opioid receptors may play a more important role
than p opioid receptors in the treatment of postanaesthetic shivering.
This explains the anti-shivering properties of nalbuphine as it has
a high affinity for k-opioid receptors in the central nervous system
[14-16]. Chowdhury MS et al., compared nalbuphine (5 mg IV)
and pethidine (25 mg IV) in the treatment of postspinal anaesthesia
shivering and concluded that nalbuphine was more potent than
pethidine as it took shorter time to control shivering and there was no
recurrence of shivering [17].

Tramadol, even though is an effective drug in the treatment of
shivering under regional anaesthesia [13], was found to have high
incidence of side-effects like nausea, vomiting and dizziness [18].
Thus, there was a need to search for a drug which is as efficacious
as tramadol but with fewer side-effects. Nalbuphine was thought
as a viable alternative to tramadol and review of literature showed
few studies comparing both drugs for this indication. So, this
study was undertaken with the primary objective to compare the
efficacy of nalbuphine and tramadol in the treatment of postspinal
shivering. The secondary objective of this study was to evaluate the
haemodynamic profile and side-effects of these drugs.
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MATERIALS AND METHODS

This randomised clinical study was conducted in Dhiraj Medical
Hospital, Piparia, Gujarat, India from January 2019 to June 2020, after
obtaining permission of the Institutional Ethics Committee (no- SVIEC/
IN/MEDI/BNPG19/D20073) and patients’ written informed consent.

Inclusion criteria: Sixty patients belonging to ASA grade | and Il of
either gender aged 20 to 60 years undergoing spinal anaesthesia for
elective lower limb surgeries and those which developed shivering
grade 1 or more [19] during the study time period were enrolled in
this study after taking informed consent.

Exclusion criteria: Patients with history of allergy to tramadol or
nalbuphine, having cardiovascular diseases, hyperthyroidism,
psychological disorder, uncontrolled diabetes or autonomic
neuropathies, having history of alcohol or substance abuse were
excluded from the study.

The CONSORT diagram is shown in [Table/Fig-1].

Enrollment

Assessed for eligibility (n=60) ‘

Excluded (n=0)

Randomised and allocated into two
groups (n=60)

l 1 Allocation | i
Group N received Inj Nalbuphine 0.1 mg/kg IV Group T received Inj Tramadol 1mgrkg 1V
(n=30) (n=30)
L Analysis l
Analysed (n=30) Analysed (n=30)
+ Excluded from analysis (n=0) + Excluded from analysis (n=0)

[Table/Fig-1]: CONSORT diagram.

Sample size calculation: Sample size was calculated on the basis
of previous studies. Incidence of shivering recurrence was 45-60%
and taking into consideration an a error of 0.05 and power of the
study of 80%, the number of patients required in each group was
calculated as 30 [20-22].

In the Operation Room (OR), intravenous (IV) access was secured and
all standard ASA monitors were attached including body temperature
(axillary). Heart Rate (HR), Systolic Blood Pressure (SBP), Diastolic
Blood Pressure (DBP), Oxygen Saturation (SpO,), temperature
were recorded at baseline, every 2 minutes till 5 minutes then every
5 minutes till half an hour, thereafter every 30 minutes till completion
of surgery. Under aseptic precautions, spinal anaesthesia was given
in L3-L4 interspinous space with 15-18 mg of 0.5% hyperbaric
bupivacaine using a 25-gauge Quincke spinal needle and blockage
upto T10 dermatome was achieved. A single layer surgical draping
was used to cover all the patients and the ambient temperature of OR
was maintained constant (24-26°C). All the patients were observed
for shivering, and was graded with a five point scale as per Crossly
and Mahajan in study of Shukla U et al., [Table/Fig-2] [18].

Grades of shivering

0 | No shivering

No visible muscle activity, but one or more of piloerection, peripheral

1 - ) .
vasoconstriction or peripheral cyanosis (other causes excluded).
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list. The study drug was prepared by an anaesthesiologist who was
not involved in the study. The primary researchers conducting the
study and recording the data were unaware of the preparation
administered. Decoding was done at the end of the study.

Group N received Injection (Inj.) nalbuphine 0.1 mg/kg IV and group
T received Inj. tramadol 1 mg/kg IV, drugs were diluted to 10 mL
with normal saline for both the study groups. The following criteria
were monitored and noted:

A. Grade of shivering [19] [Table/Fig-2]. Grade of shivering
was monitored for 15 minutes and assessed whether the
improvement in shivering was complete or partial. Complete
improvement of shivering was when grade of shivering returned
to grade O and partial improvement of shivering was when
grade of shivering had decreased but not reached grade 0.

B. Time taken for disappearance of shivering was noted as time from
administration of study drug till grade of shivering becomes O.

C. Recurrence of shivering was noted which was defined as
the reappearance of shivering after its full resolution, before
completion of the surgery. If grade of shivering remained
unchanged for 15 minutes, the treatment was considered to
be non-effective. Patients who did not respond or had partial
improvement in shivering or had recurrence, were given a
repeat dose of the study drug which was prepared by the
same anaesthesiologist who had prepared it before [13].

D. Side-effects such as hypotension (SBP <90 mm of Hg), bradycardia
(HR <50 beats/min), nausea, vomiting, respiratory depression and
sedation were noted. Hypotension, bradycardia and vomiting
were treated with Inj. mephentermine, atropine and ondansetron
respectively.

E. Sedation was assessed according to Ramsay Sedation Score
(RSS) [23] and occurrence of deep sedation RSS >3 was noted
[Table/Fig-3].

Score Response
1 Anxious or restless or both

2 Cooperative, oriented and tranquil

3 Responding to verbal commands

4 Brisk response to stimulus

5 Sluggish response to stimulus

6 No response to stimulus

[Table/Fig-3]: Ramsay Sedation Score (RSS).

STATISTICAL ANALYSIS

Descriptive statistics such as mean, standard deviation or percentages
were calculated for the variables. Statistical Package for Social
Sciences (SPSS, IBM version 22.0) was used to compare continuous
variables between the two groups. To test the hypothesis, Student’s
t-test and Chi-square tests were used at 5% level of significance.

RESULTS

A total of 60 patients were enrolled in the study and were
randomised into two groups of 30 each. The patient characteristics
were comparable in both groups with respect to age, sex, weight,
ASA grade and duration of surgery [Table/Fig-4].

o . Mean=SD
2 Muscular activity in only one muscle group. Demographic p-value
. characteristics Group T Group N (Student’s t-test)
3 Moderate muscular activity in more than one muscle group, but not
generalised shaking. Age (years) 38.43+11.70 38.33+11.58 0.895
4 | Violent muscular activity that involves the entire body. Sex (male/female) 19/11 21/9 0.632
[Table/Fig-2]: Grades of shivering. Weight (kg) 59.26+8.60 59.56+9.16 0.896
. ASA grade (/1) (22/8) (20/10) 0.78
Patients were randomly allocated to one of the two groups (Group N : .
or Group -D by drawing sequential numbered opaque sealed Duration of surgery (minutes) | 1565.00+34.41 | 151.00+44.20 0.697

envelopes containing a code based on computer generated number
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Shivering Grades 3, 2, 1 were present in 3%, 77% and 20% of [ 30 minutes 98.6+.93 08.84+.69 0.261
tients of Gr N and 0%, 77% and 23% in patients of Gr T,
\F/JvahiCGh jvgreecggnppar:bli.oT/ﬁe m:ai1 t?mestgkenp?ore dizaoppiaorzrrice‘ 60 minutes 98.76+:50 98.86+54 0968
of shivering (i.e., time from administration of study drug till grade of | 20 Minutes 98.76.80 98.65+.82 0174
shivering became 0) was lesser in group N as compared to group T 120 minutes 98.66+.89 98.80+.36 0.427
(8.20+0.96 minutes and 6.43+0.97 minutes, respectively). Complete 150 minutes 98.73+.52 98.66+.80 0.689
improvement of shivering was noted in 100% of cases in nalbuphine 180 minutes 08.83+.46 98.80+.48 0.805
group and 80% of cases in tramadol group within 15 minutes of P
administration of study drug. There was only partial improvement Tramadol (mmHg) Nalbuphine (mmHg) (Student’s
in shivering in 20% of patients in tramadol group. Recurrence of | SBP Mean+SD Mean=SD ttest)
shivering was seen in four patients (13%) of Group T and none in 0 minute 125.13+6.31 128.13+9.20 0.146
Group N as shown in [Table/Fig-5]. Ten patients in tramadol group 1 minute 123.66+9.04 126.86+8.81 0.175
(6 with partial improvement of shivering and 4 with recurrence of 3 minutes 121 13211.92 121.46410.04 0.907
shivering) were given repeat dose of tramadol (1 mg/kg). :
5 minutes 118.06+10.32 121.06+9.16 0.239
Group T | Group N p-value 10 minutes 118.26+10.32 121.86+10.64 0.189
Variables (n=30) (n=30) | (Chi-square) 15 minutes 118.06+9.16 121.13£12.14 0.274
Shivering grade (/II/I1l) (7/23/0) (6/23/1) 0177 20 minutes 1216021140 120.0628.96 0.565
Time taken for disappearance of 6.43:0.97 | 3.20+0.96 0.001 25 minutes 122.58+12.24 118.80+8.42 0.174
shivering (minutes) (Mean+SD)
Improvement in shivering 30 minutes 122.13+11.38 119.60+6.46 0.294
Not improved i i 60 minutes 121.70+8.58 119.53+7.38 0.299
Partially improved 5 i 90 minutes 123.33+8.32 119.73+6.55 0.068
GCompletely improved o4 0 120 minutes 118.40+7.48 116.33+8.53 0.321
Recurrence of shivering 4 i 150 minutes 123.66+6.45 120.26+7.78 0.071
180 minutes 122.86+6.84 121.406.93 0.413
p-value
Intraoperative vitals i.e., HR, mean arterial pressure, SpO, and Tramadol (mmHg) Nalbuphine (mmHg) (Student’s
temperature were comparable in both groups [Table/Fig-6]. L2lE L D Al —
Better sedation was seen in nalbuphine group as grade 3 sedation O mindte 81.26:6.18 82.8:6.84 0-364
were seen in 15 patients of nalbuphine group as compared to none | ' minute 79.10+7.35 82.46+5.95 0.06
in tramadol group. The mean duration of sedation was reported 3 minutes 76.60+7.84 80.4+8.42 0.07
to be significantly longer in Group N than Group T. Complications 5 minutes 78.33+6.60 80.1+7.20 0.325
such as nausea and vomiting were seen in Group T (three and one 10 minutes 78.13+6.94 70.06+8.02 0.561
patient, respectively) and none in Group N [Table/Fig-7]. 15 minutes 75.9328.02 81329.54 0,338
p-value 20 minutes 79.66+8.61 79.4+8.78 0.906
Heart rate Tramaﬂ:;f:;g’ min) Na'b“p,\:t‘:nt’ggw min) (S:‘_Jt‘izgt’s 25 minutes 78.68.40 79.46+8.30 0.689
0 minute 82.8048.04 83.8646.47 0.574 30 minutes 78.06+8.05 79.33+7.37 0.528
1 minute 80.004+7.58 80 46+5.92 0.880 60 minutes 79.26+5.52 78.33+6.39 0.547
3 minutes 84.53:7.18 88.4618.11 0.06 90 minutes 79.46+5.70 77.8+5.95 0273
5 minutes 61138 31 63.46£5.25 0192 120 minutes 77.73+4.74 78.4+6.64 0.657
10 minutes 80.53+7 92 83.0645.99 0168 150 minutes 78.00+5.30 79.2+4.74 0.360
15 minutes 79.60+7.34 83.00+6.38 0.061 180 minutes 78.26+6.05 78.93+5.19 0649
20 minutes 81.46+7.66 81.86+6.92 0.833 Tramadol (°F) Nalbuphine (°F) (Sr;::dael:f’s
25 minutes 82.33+8.00 81.83+6.90 0.796 Temperature Mean+SD Mean+SD t-test)
30 minutes 83.33+8.05 81.46+5.92 0.309 0 minute 98.76+0.74 98.60+0.51 0.336
60 minutes 82.06+7.39 79.6+9.02 0.252 1 minute 98.63+0.67 98.39+0.63 0.0158
90 minutes 82.66+7.03 79.60+8.93 0.145 3 minutes 97.25+1.94 97.80+0.65 0.143
120 minutes 81.80+6.48 79.33+8.98 0.227 5 minutes 97.48+0.58 97.66+0.65 0.283
150 minutes 80.33+6.88 80.86+7.74 0.779 10 minutes 97.78+0.58 97.85+0.80 0.699
180 minutes 80.33+5.83 81.73+5.40 0.538 15 minutes 97.48+0.64 97.55+0.97 0.317
p-value 20 minutes 98.57+0.67 98.09+0.76 0.097
Tramadol (%) Nalbuphine (%) (Student’s )
SpO, Mean=SD Mean+SD t-test) 25 minutes 97.63+0.75 97.90+0.70 0.158
0 minute 08.3+.98 08.26.41.01 0.876 30 minutes 98.61+0.76 98.50+0.72 0.560
1 minute 08.3+.88 08.43+.67 0.502 60 minutes 98.47+0.77 98.32+0.87 0.482
3 minutes 98.76+.50 08.76+.43 1.00 90 minutes 97.64+0.77 97.98+0.91 0.128
5 minutes 98.4+.89 08.73+.44 0.103 120 minutes 97.64+0.71 97.75+0.84 0.587
10 minutes 98.76+.50 98.80+.40 0.733 150 minutes 97.610.73 97.86+0.72 0.183
15 minutes 08.83+.46 98.86+.34 0.774 180 minutes 97.88+0.78 97.95+0.65 0.707
20 minutes 08.6+.46 08.43+.45 0.153 [Table/Fig-6(a-€e)]: Evaluation of the intraoperative vitals among the study groups.
a) Heart rate; b) Oxygen saturation (SpO,); ¢) Systolic blood pressure (SBP); d) Diastolic blood
25 minutes 98.70+.59 98.90+.30 0.108 pressure (DBP); e) Temperature; p-value <0.05 to be considered significant
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Comparative analysis | Group N | Group T p-value (Chi-square)

Side-effects

Bradycardia - -
Hypotension - -
Nausea - 3
Vomiting - 1

Respiratory depression - -

Sedation (RSS)

1 - 12
2 15 18 0.04
3 15 -

Duration of sedation (minutes) | 36+5.78 | 21.33+5.71 0.001

[Table/Fig-7]: Comparison of side-effects and sedation of both groups.

RSS: Ramsay sedation score

DISCUSSION

Anaesthesia-induced impairment of thermoregulatory mechanism is
one of the most likely causes of postoperative shivering. Duration
of anaesthesia, age, sex and temperature of Operation Theatre (OT)
are other contributing factors of shivering [24]. The neurotransmitter
pathways related to shivering involves opioids, a2 adrenergic
agonists, serotonergic and anticholinergic receptors and the drugs
acting on these were used in the treatment of shivering [25-27].

In this current study, results inferred that both tramadol and
nalbuphine were effective in treatment of postspinal shivering but
nalbuphine was better than tramadol. Consistent to this study were
the observations made by Kumar V et al., who did a comparative
study between nalbuphine and tramadol for the treatment of
postspinal shivering. Ninety patients who developed shivering were
randomly divided into two equal groups and were given either
0.06 mg/kg IV of nalbuphine or 1 mg/kg IV of tramadol. The time
taken for cessation of shivering was significantly less with nalbuphine
(3.84+1.23 minutes) in comparison with tramadol (4.84+1.23 minutes,
p-0.009) [28]. Sun J et al., did a randomised study in which
nalbuphine (0.07 mg/kg IV) and dexmedetomidine (0.5 pg/kg IV) were
compared with saline for the treatment of postneuraxial shivering
in 120 pregnant ladies undergoing caesarean section. The mean
time for cessation of shivering after treatment in nalbuphine and
dexmedetomidine group were significantly shorter than the control
group (8.8+2.6 and 4.7+3.5 versus 14.8+0.6 minutes, p<0.0001).
The success rate of shivering treatment in nalbuphine and
dexmedetomidine groups were significantly higher than the control
group (95%, 90% and 17.5% respectively, p<0.0001) [29].

Many researches have compared tramadol with other drugs to
evaluate its anti-shivering properties. Wang J et al., did a meta-
analysis of randomised controlled trials comparing intravenous
dexmedetomidine versus tramadol for treatment of shivering after
spinal anaesthesia. Thirteen randomised controlled trials including
864 subjects were included. The results showed that dexmedetomidine
had higher effective rate of shivering control, shorter time to cease
shivering and lower recurrent rate of shivering [30]. Similarly, Kundra
TS et al., did a double blind, randomised trial in which 100 patients
who developed postspinal shivering were randomly divided into two
groups of 50 patients each: Group A received Inj. dexmedetomidine
0.5 meg/kg IV and Group B received Inj. tramadol 0.5 mg/kg IV. The
duration for cessation of shivering was significantly shorter in Group A
(dexmedetomidine) as compared to Group B (tramadol) and Group A
also had lower rate of recurrence of shivering. Side-effects such as
nausea and vomiting were significantly more in Group B. Hence
the study concluded that dexmedetomidine offered better results
than tramadol with fewer side-effects [21]. Fern L and Misirian K did
a study in which patients who developed shivering after neuraxial
anaesthesia were randomly allocated to receive intravenously either
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dexmedetomidine 0.5 ug/kg (n=20), pethidine 0.5 mg/kg (n=20) or
tramadol 0.5 mg/kg (n=20) intravenously. In dexmedetomidine group,
shivering was controlled in all the patients while in tramadol group only
11 patients had abolition of shivering which was statistically significant
(p=0.0012). Thus, it was observed that dexmedetomidine 0.5 pg/kg
was more effective than tramadol 0.5 mg/kg and pethidine 0.5 mg/kg
and both tramadol and pethidine were found to have similar efficacy
[20]. In concordance to the above studies, it was observed in the
present study that tramadol took longer time for disappearance of
shivering with complete improvement of shivering, seen in only 80% of
patients and 13% of patients had recurrence of shivering as compared
to nalbuphine group. Side-effects such as nausea and vomiting
were also observed in tramadol group. Better sedation was seen in
nalbuphine group which made the patients more comfortable. In view
of all these observations, nalbuphine was found to be more superior
to tramadol in controlling postspinal shivering.

Limitation(s)

Shivering was monitored for the intraoperative period only. Axillary
temperature was monitored and not core temperature. Monitoring
of core temperature was not feasible as it would have been
uncomfortable to the patient.

CONCLUSION(S)

In conclusion, nalbuphine 0.1 mg/kg IV was better than tramadol
1 mg/kg IV in treating postspinal shivering as it controlled shivering
faster with complete improvement and had no recurrence of shivering.
Nalbuphine also gave better sedation with lesser side-effects.
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