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Abstract

Background: Post-anesthetic
shivering (PAS) is distressing for
patients and may induce a
variety of complications. The
neurotransmitter pathways
involved in the mechanism of
post-anesthetic shivering are
complex and poorly understood.
We compared the effect of
ondansetron ( 5-HT, antagonist)
and butorphanol (agonist at
“Kappa”-receptors and mixed
agonist antagonist at mu opioid
receptors) on intraoperative core
and peripheral temperatures and
PAS. Methods: After approval from
institutional ethics committee and
written informed consent 90
patients of age 18-60 years, ASA
I-II, undergoing orthopedic,
general or urological surgery were
randomized into three groups.In
this double-blinded, placebo-
controlled, study: Group A (1 =30)
received ondansetron 8 mg, Group
B (n = 30) received Butorphanol,
25pngm / kg and Group C (n =30)
received saline 4 ml intravenous
(IV) immediately before the
anesthetic induction. Heart rate
(HR), mean arterial pressure
(MAP), oxygen saturation (SPO,),
core (nasopharynx) and fingertip
temperature (dorsum of middle
finger) was recorded. Balanced
general anaesthesia was induced
by propofol 2.5 mg/kg and
intubation was done with
Vecuronium 0.1mg/kg.
Anaesthesia was maintained with
70% N,O in O, and propofol
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infusion. PAS was documented
by persons blinded to the study
and included trainees in
anesthesiology who were
unaware of the group
assignment. Results: PAS
occurred in 19 of 30 (63.3%)
patients in Group C (saline),
compared with 6 of 30 (20%) in
ondansetron group (P = 0.002)
and 7 of 30 (23.3%) in
butorphanol group (P = 0.004).
Within each group, core
temperature decreased and
peripheral temperature
increased significantly, but

there were no significant
differences among the groups A
and B at any time interval.
Conclusion: We conclude that
both, ondansetron (8 mg) and
butorphanol (25 n gm / kg) IV
given during the induction of

anesthesia prevents PAS
equally without affecting
the core-to-peripheral
redistribution of heat during
general anesthesia.

Keywords: Ondansetron;
Butorphanol; Post-Anesthetic
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Introduction

Incident hypothermia in
homoeothermic human in
intraoperative as well as early
postoperative period leads to post
anesthetic shivering (PAS). PAS
is defined as an involuntary
movement of one or several muscle

groups, occurring in the early
recovery phase due to general or
regional anesthesia. The
incidences are in between 5 to 65%
and vary with age, sex, choice of
drugs for induction and
maintenance of anesthesia, and
duration of surgery [1,2]. Besides
the discomfort experienced by
patients in the recovery period,
shivering may increase tissue
oxygen consumption (by 100-
600%), cardiac output, carbon
dioxide production, and
circulating catecholamines, and
furthermore significantly decrease
the mixed venous oxygen
saturation.

Although there is general
agreement that it is a
thermoregulatory phenomenon, a
physiological response to
anesthesia-induced core
hypothermia leads central
hypothermic and peripheral
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vasoconstriction that may have some non-
thermoregulatory component [3]. The
neurotransmitter pathways conveying signals from
hypothalamus to skeletal muscle are not clearly
understood. But probably itinvolves multiple levels
of information integration and numerous
neurotransmitters [4,5]. There are several reports that
IV administration of pharmacological agents like the
opioids (meperidine, alfentanil, tramadol, nalbuphine)
[6,9], clonidine [10], doxapram [11], physostigmine [12],
ketanserine [13], ondansetron [14], granistron [15],
dolansetron [16], ramosetron [17], ketamin [18] and
dexmetomidine [19] have all reduced the incidence
of shivering or suppressed established shivering.
Besides pharmacological agents the non-
pharmacological methods also decreases incidence
of shivering [20,21].

5-HT impacts thermoregulatory responses through
its action on different sites in the hypothalamus,
medulla and midbrain. Buspirone, 5HT A partial
agonist, acts synergistically with meperidine in
reducing the threshold of shivering. Inanimal models,
direct intra-ventricular injections of 5-HT influence
body temperature and shivering [22]. All these
observations suggest that the serotonergic system has
a role in the control of post- anesthetic shivering.
Ondansetron is a specific 5-HT,antagonist has a role
in neurotransmission may affect perioperative
thermoregulationand PAS [14,22]. Butorphanol, an
opioid agonist at ‘Kappa’ receptors and mixed
agonist-antagonist at ‘mu’ opioid receptors may affect
perioperative thermoregulationand PAS. Till now
on reviewing literature, no study had compared
ondansetron and butorphanol. Therefore, we
compare the effectiveness of ondansetron and
butorphanol premedication on the typical core-to-
peripheral temperature redistribution evoked by
general anesthesia and on the incidence of PAS, in
this randomized, placebo-controlled, double-blinded
study.

Material and Methods

After approval from institutional ethics committee
and written informed consent 90 patients (ASA
physical status I or II), scheduled for elective general,
urological, orthopedic, otorhinolaryngeal and
gynecological surgery were taken into the study.
Exclusion criteria were allergy to ondansetron or
butorphanol, surgery > 2 hr (surgeries duration more
than two hrs excluded because keeping of similarities
in subjects to avoid any chance of hypothermia), age

<18 or > 60 yr, use of vasoconstrictors or vasodilators
and pyrexialillness. All the Patients were randomly
allocated by computerized randomization table into
three groups (each 30 patients). Group A received
ondansetron (8 mg), Group B received butorphanol
(25 ugm / kg) and Group C received IV saline, all the
patients received total 4ml volume of drug or saline.
These trial preparations were prepared fresh and by
persons blinded to the study. The injection of trial
medication was given immediately after placement
of IV cannula and 5 min before induction of
anaesthesia. Core temperature was recorded by using
temperature probe by placing it in nasopharynx under
aseptic condition and peripheral temperature was
recorded by temperature probe on the dorsum of the
middle finger of the hand opposite to IV infusion line.
The fluid used perioperatively in all three groups was
having temperature of 37°C. Base line heart rate (HR),
mean arterial pressure (MBP) and oxygen saturation
were also recorded. These parameters were recorded
every 10 min during surgery and postoperatively up
to1 hr. All patients were draped routinely and were
not actively heated.

Analgesia was provided with injection Ketorolac
30 mg IM 1 hr before induction and after induction
and injection diclofenac 75mg in 100 ml normal saline
infusion run over 30 min in all three groups 30 min
prior to skin closure. General anesthesia was induced
with propofol 2.5 mg/kg and intubation was
facilitated with vecuronium 0.1mg/kg. Anesthesia
was maintained with nitrous in O, (70%), propofol
infusion and vecuronium. PAS was documented by
persons blinded to the study and included trainees
in anesthesia. It was defined as readily detectable
fasciculation or tremor of the face, trunk, or limb of 15
seconds duration. In the post anesthetic care unit
(PACU) all the patients oxygen saturation were
monitored by pulse oximetry and equipment for
oxygen supplementation were kept ready bedside .
All the patients who have surgeries lasting more than
2 hrs and having PAS in the post-operative period
were oxygenated by nasal prongs at 31/ min (surgeries
duration more than two hrs excluded because keeping
of similarities in subjects to avoid chance of
hypothermia).The previous studies had found an
incidence of PAS up to 40%-65%. We anticipated an
incidence of 45% in the control group and took a
difference of 40% in incidence of shivering between
control and treated groups as being clinically
meaningful. Hence, we prospectively calculated that
29 patients were required in each group for a Type |
error of 0.05 and a Type II error of 0.2. One-way
analysisof variance was used to analyze differences
between the groups. Incidence of shivering was
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analyzed by using Chi Square Test with Yates’
correction and was expressed as mean + SD, with P <
0.05, is considered significant.

Results

Demographic data (Table 1) and duration of
anesthesia were comparable with in the groups.PAS
was significantly reduced in patients receiving
ondansetron compared with saline control (20% vs.
63.3% respectively, p = 0.002), and also in patients
receiving butorphanol compared with saline control
(23.3% vs. 63.3% respectively, p = 0.004). But there is
no significant difference in the incidence of PAS
between ondansetron group and butorphanol group
(p =0.754) (Table 2). Hemodynamic values, oxygen
saturation (SpO2), are shown in figure 3, 4 and 5.
There were no significant differences among the
groups intraoperatively but MAP and HR values at

recovery and in postoperative room show significant
increase in control group as compared to ondansetron
group or butorphanol group (p < 0.05). While oxygen
saturation values in postoperative room shows
significant decrease in saline group (control) as
compared to ondansetron group or butorphanol
group (p <0.05), because as saline group having more
incidence of PAS, so requirement of oxygen increased
in this group (Figure 5). Because there is no incidence
of warning hypoxia to any patient, but we
continuously monitored by pulse oximetry and kept
prepare the equipment for possibility of bedside
oxygenation and supplementation, when saturation
falls below 92% in any groups as per protocol in
PACU. Core and fingertip temperature changeswith
the duration shown in Figures 1 and 2. Although
core temperature decreased and fingertip temperature
increased significantly in all groups with respect to
baseline, but there were no significant temperature
differences at any time among the groups.
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Fig. 1: Changes in core temperature: Data are expressed as mean with SD error
bars. Temperature in all groups decreased significantly from baseline, but no

significant differences among groups.

Fig. 2: Changes in peripheral temperature: Temperature
in all groups increased significantly from baseline, but
no significant differences among groups(mean with SD)
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Fig. 3: Comparison of MAP in three groups
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Fig. 5: Comparison of Oxygen saturation (SPo2) in all three groups

Table 1: Patients characteristics in three groups

Ondansetron Butorphanol Saline
SEX(M:F) 22:8 23:7 20:10
AGE(Yrs.) 35.445.52 32.747.64 33.5+6.38
WEIGHT 61.3+12.24 64.6+11.61 65.4+10.32
(Kg)

Data are mean + SD, No group showed any significant differences in demo graphic profile among them.

Table 2: Incidence of shivering in three groups

Ondansetron Butrophanol Saline
n=30 n=30 n=30
Shivered 6(20.0%) 7(23.33%) 19(63.33%)
Did not shivered 24 23 11

p value = 0.002, control vs. ondansetron that is very significant
p value = 0.004, control vs. butorphanol that is very significant
p value = 0.754, ondansetron vs. butorphanol that is not significant

PAS was significantly reduced in patients receiving ondansetron and butorphanol as compared to saline control.

Discussion

Anesthesia induced thermoregulatory impairment
and exposure to a cool environment makes most
surgical patient hypothermic. Inadvertent
hypothermia is associated with numerous adverse
outcome PAS, is one of them in postoperative period
[24,25]. We found the incidence of PAS was 63.3% in
the saline group compared with 20% in the
ondansetron (8 mg) group and 23.3% in the
butorphanol (25 ugm / kg) group. We found that
distinguishing between “mild,” “moderate,” and

“severe” shivering on the basis of clinical observation
alone will be highly subjective and of limited relevance
[22].

Specific inhibition of the 5-HT, system by
ondansetron produced statistically significant
reduction in shivering. Perhaps 5-HT, inhibition has
a specific antishivering effect, but given the variety of
neurotransmitter systems known to be also involved
in regulating shivering, aninhibitory effect at the 5-
HT, receptor probably results from a generalized
thermoregulatory inhibition at the level of the
hypothalamus, where the bulk of thermoregulatory
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control occurs [14,22].

Opoids also effects change in body temperature by
acting on preoptic anterior hypothalamus,dorsal
raphe nucleus,raphe magnus and locus coeruleus by
increase formation of cyclic AMP, that increases
thermosestivity in neuron [26]. At the same time
butorphanol an agonist at ‘Kappa’-receptors like
meperidine and mixed agonist- antagonist at ‘mu’
opioid receptors like morphine (agonist) regulates its
anti-shivering effect. This has been studied that for
anti-PAS effect ‘kappa’ receptors are more important
than ‘mu’ receptors [11]. It has a high affinity for
‘kappa’ -opioid receptors in the central nervous
system, this was supported by the fact that
meperidine also prevents shivering via kappa-opioid
receptors because the anti-shivering effect of
meperidine is also minimally impaired by small-dose
naloxone, which blocks most p-receptors and is
diminished by large-dose naloxone, which blocks both
‘mu’ and ‘kappa’ receptors. Data suggests it may be
more effective than fentanyl, morphine or even
meperidine although it has not been studied in great
detail [27].

These explanations are supported by our data on
perioperative temperature. The anticipated core-to-
peripheral redistribution of body temperature after
the administration of general anesthesia is
characterized by an approximate 1°C decrease in core
temperature within the first 20-30 minutes after the
induction, followed by an increase in fingertip
temperature, measured at the skin [28]. This was
unchanged in our patients who received ondansetron
or butorphanol. Thus, the PAS effect of ondansetron
or butorphanol is independent of intraoperative core
hypothermia, suggesting that they inhibit
thermoregulatory responses by a central mechanism.
The extentof core hypothermia seems to be related to
the degree of vasodilatation induced during
anesthesia administration [28]. Ondansetron and
butorphanol, both are notable for its lack of
hemodynamic side effects [29] hence; their lack of
effect on redistribution hypothermia is unsurprising.
Ondansetron and butorphanol did not alter the
hemodynamic profile of either group while it was
significantly changed in control group in post-op
period due to more incidence of shivering.

In contrast to some other drugs used to treat PAS
like tramadol, doxapram, physostigmine, clonidine,
ketamin and dexmetomidine all have unwanted
cardiovascular effect. These are also commonly
associated with postoperative nausea and vomiting.
In contrast, ondansetron effectively relieves
postoperative nausea and vomiting. Meperidine may

potentially cause respiratory depression, which did
not occur with butorphanol because it shows a ceiling
effect on respiratory depression. So ondansetron and
butorphanol, both could very plausibly be an
attractive and alternative preventive treatment for PAS,
especially as ondansetron has powerful antiemetic
effects and a favourable cardio-respiratory profile and
butorphanol has powerful analgesic effects [30].

The limitation of our study is that there are small
numbers of patients in each arm.

However, the present study shows usefulness of
ondansetron and butorphanol in prevention of PAS.

We have demonstrated that ondansetron 8mg and
butorphanol 25 gm / kg given before induction of
anaesthesia effectively reduces the incidence of PAS
equally in without effecting the core-to-peripheral
redistribution of temperature that is normally
observed during the administration of general
anesthesia. PAS effect of ondansetron or butorphanol
is independent of intraoperative core hypothermia,
suggesting that they inhibit thermoregulatory
responses by a central mechanism. Further studies
are recommended to confirm our findings.
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