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Prophylactic use of intravenous ondansetron versus
ketamine - midazolam combination for prevention
of shivering during spinal anesthesia: A randomized
double-blind placebo-controlled trial
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Abstract

Background: The aim of this study was to compare the efficacy intravenous (IV) ondansetron with ketamine
plus midazolam for the prevention of shivering during spinal anesthesia (SA).

Materials and Methods: Ninety patients, aged 18-65 years, undergoing lower extremity orthopedic surgery
were included in the present study. SA was performed in all patients with hyperbaric bupivacaine 15 mg.
The patients were randomly allocated to receive normal saline (Group C), ondansetron 8 mg IV (Group O)
or ketamine 0.25 mg/kg IV plus midazolam 37.5 ug/kg IV (Group KM) immediately after SA. During surgery,
shivering scores were recorded at 5 min intervals. The operating room temperature was maintained at 24°C.
Results: The incidences of shivering were 18 (60%) in Group C, 6 (20%) in Group KM and 8 (26.6%) in Group O.
The difference between Groups O and Group KM with Group C was statistically significant (P < 0.05). No
significant difference was noted between Groups KM with Group O in this regard (P > 0.05). Peripheral and
core temperature changes throughout surgery were not significantly different among three groups (P > 0.05).
Incidence (%) of hallucination was not significantly different between the three groups (0, 3.3, 0 in Group O,
Group KM, Group C respectively, P > 0.05).

Conclusion: Prophylactic use of ondansetron 8 mg IV was comparable to ketamine 0.25 mg/kg IV plus
midazolam 37.5 ug/kg IV in preventing shivering during SA.
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INTRODUCTION

Spinal anesthesia (SA) impairs thermoregulatory
control of the body."! It was shown that SA increases
the incidence of shivering up to 56.7%.?' Shivering
during SA has potentially detrimental effects such
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as increases in carbon dioxide production, cardiac
work, oxygen consumption, lung ventilation, and
consequently decrease in mixed venous oxygen
saturation.”® In addition, shivering has been shown to
increase the metabolic rate by up to 500% of basic.™
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Spinal anesthesia increases peripheral vasodilatation
that consequently causes redistribution of heat
from core to the periphery.'®¢! Ketamine causes
central sympathetic stimulation and inhibition of
norepinephrine uptake in postganglionic sympathetic
nerve endings. Due to ketamine’s sympathetic
stimulation and vasoconstriction, it can decrease
core-to-peripheral redistribution of heat.'? Previous
studies showed that using ketamine 0.5 mg/kg/iv as
prophylaxis was effective in preventing shivering
during SA.®

Between benzodiazepines, diazepam and midazolam
have been shown to be effective in prevention of
postoperative shivering without causing impairment
in thermoregulatory control of the body.? 1%

Honarmand and Safavi'™!! showed that prophylactic
use of ketamine 0.25 mg/kg IV combined with
midazolam 37.5 ug/kg iv was more effective than using
ketamine 0.5 mg/kg iv or midazolam 75 ug/kg iv singly
in preventing shivering during SA.

Ondansetron is a 5-hydroxytryptamine-3 (5-HT3)
antagonist that had anti-shivering effect on patients
undergoing surgery with general anesthesia.l2-14
Kelsaka et al.'"! showed that ondansetron 8 mg
intravenously administered immediately before SA
had antishivering effects. There was no previous study
that compares the antishivering effect of ondansetron
with combination of midazolam-ketamine during
SA. So, this prospective randomized double-blind
placebo-controlled study was designed to compare
efficacy of using intravenous (IV) ondansetron 8 mg
with combined use of ketamine 0.25 mg/kg IV and
midazolam 37.5 ug/kg iv in prevention of shivering
during SA.

MATERIALS AND METHODS

After obtaining institutional approval from Ethic
Committee of our university and taking written
informed consent from patients, 90 American
Society of Anesthesiologists I to II patients, aged
18-65 years, who were candidate for elective
orthopedic surgery with SA were included in this
study. The other inclusion criteria were patients
who had no psychological disorder, cardiopulmonary
disease, hypo- or hyper-thyroidism, initial body
temperature > 38.0°C or < 36°C. Also, patients without
known history of alcohol, substance abuse or history
of receiving vasodilators or similar medications
likely to alter thermoregulation were included in the
present study. If there was any change in technique
of anesthesia or severe bleeding that needed to blood
transfusion, the patient was excluded from the study.

No premedication was given to the patients. After
patient’s arrival to the operating room, 10 mL/kg
lactated Ringer’s solution warmed to 37°C was infused
before SA. The infusion rate was then decreased to
6 mL/kg/h. IV fluids were preheated in a warm cabinet.

Heart rate, mean arterial pressure (MAP), and
peripheral oxygen saturation were monitored before
intrathecal injection and then after at 5, 10, 15, 20,
25 and 30 min using standard noninvasive monitors.
The peripheral and core temperature were recorded
with using axillary and ear thermometer (OMRON
Medizintechnik GmbH Windeckstr, Mannheim
Germany) before intrathecal injection and at 10 min
intervals during surgery. The operating room
temperature was maintained at 24°C with using a
wall thermometer.

Spinal anesthesia was performed at level of either
L3/4 or L4/5 interspaces. Hyperbaric bupivacaine
15 mg was injected using a 22-G Quincke spinal
needle. The patients were randomly divided in three
groups to receive IV normal saline (Group C, n = 30),
ondansetron 8 mg IV (Group O, n = 30) or ketamine
0.25 mg/kg + midazolam 37.5 ug/kg (Group KM, n = 30)
immediately after SA. The selection of dosage of study
drugs was based on a previous study.™"

The study drugs were diluted to a volume of 4 mL and
coded by an anesthesiologist who was blinded to the
group allocation. All patients received supplemental
oxygen (6 L/min) via nasal cannula throughout the
operation. After SA and before beginning of operation,
all patients were covered with one layer of surgical
drapes over the calves, thighs, and chest and finally
one cotton blanket over the entire body.

Sensory block was assessed with a pinprick test at
5 min intervals during the preoperative period. The
incidence of shivering was evaluated using a scale
as: 0 = not shivering, 1 = piloerection or peripheral
vasoconstriction but no visible shivering, 2 = muscular
activity in only one muscle group, 3 = muscular activity
in more than one muscle group but not generalized,
and 4 = shivering involving the whole body.!¢

Shivering score was recorded at 5 min intervals
by a physician who was blinded to the study group
allocation. If patients had shivering grade 3 or
4 15 min after study drug administration, prophylaxis
was considered ineffective, and meperidine 25 mg IV
was administered and its dosage was recorded.

The side effects of study drug administration such as

hypotension (decrease in MAP more than 20% from
baseline), nausea, vomiting, and hallucinations were
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also recorded. Hypotension was treated by infusion
of crystalloid fluids and if necessary ephedrine 5 mg
intravenously. The dosage of ephedrine administered
in each group was recorded. If nausea and vomiting
were development after SA, metoclopramide 10 mg
IV was administered. Hallucination was defined as a
false sensory experience where the patients reported
them see, heard, smelled, tasted and felt something
that did not exist.

The degree of sedation was evaluated as: 1 = fully
awake and oriented; 2 = drowsy; 3 = eyes closed but
rousable to command; 4 = eyes closed but rousable
to mild physical stimulation; and 5 = eyes closed but
unrousable to mild physical stimulation."™

We calculated that 30 patients were required in each
group with o = 0.05 and = 80% if we considered a
difference of 40% in the incidence of shivering between
control and treated groups. Statistical analysis was
performed using the SPSS version 17 (Inc, Chicago, IL,
USA). Continuous variables including hemodynamic
data and temperature values were analyzed using
repeated measures analysis of variance followed by
Bonferroni’s post-hoc testing. One-way analysis of
variance with Bonferroni’s correction was used to
analyze differences among the groups. Nominal data
were analyzed and compared using the Chi-square

test. Sedation levels between three groups were
compared using the Kruskal-Wallis test. P < 0.05 was
considered statistically significant.

RESULTS

Ninety patients were enrolled in this study. Four
patients were excluded due to renal and psychological
disorder, and two patients were excluded due to
pulmonary disease [Figure 1]. Demographic data
of patients, the median level of sensory block and
duration of surgery and anesthesia were similar among
the groups [Table 1]. After 15 min of spinal analgesia,
shivering at Grade 4 was not observed in any patient in
Group O and Group KM while three patients in Group C
had shivering with Grade 4 (P < 0.05) [Table 2].
The numbers of patients experienced shivering
at grade 0—4 was significantly higher in Group C
compared with Groups O and Group KM (P < 0.05).
There was no significant difference between Groups O
with Group KM in this regards (P > 0.05) [Table 2].
Sedation scores were not significantly different
between three groups (P > 0.05). Hemodynamic values
were not significantly different between three groups
throughout the study [Figures 2 and 3]. The incidence
of hallucination, nausea, vomiting, bradycardia, and
tachycardia were not significantly different between
the three groups (P > 0.05) [Table 3]. There was no
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Figure 1: Randomized patient
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Table 1: Demographic data

Variables Group O Group KM GroupC P
(n=30) (n=30) (n=30)

Age (year) 36.2+13.8  19.1+3.5 17.4#3.2 0.26
Gender (female/male) 6/24 7/23 11/19 0.3
Weight (kg) 66.7£11.1 679198 68.4x13.7 0.4
Height (cm) 166.4£9.1 169.0£10.7 169.2+10.8 0.45
ASA (1/11) 26/4 22/8 26/4 0.3
Duration of surgery (min) 113.7£6.9 114.5#4.3  11.2£2.3 0.87
Duration of anesthesia (min) 120.4+1.7 119.3+x1.5 121.9+1.9 0.87

Median level of sensory T8 T8 T8 0.25
block (dermatome)

Data are presented as mean+SD, median (range) or number of patients.

No significant difference was noted among three groups. Group O: Ondansetron
group, Group KM: Ketamine + midazolam group, C: Control group, SD: Standard
deviation, ASA: American Society of Anesthesiologists

Table 2: Incidence of shivering in three groups
Shivering score Group O (n=30) Group KM (n=30) Group C (n=30)

0 227 24+ 12
1 3f 3¢ 6
2 3t 2t 5
3 2t 14 4
4 0f 0¢ 3

P<0.05 compared with group C using the Fisher’s exact test, {P<0.05
compared with group C using the Fisher’s exact test. There was no significant
difference between group KM with group O. Group O: Ondansetron group,
Group KM: Ketamine + midazolam group, C: Control group

Table 3: Incidence of hypotension, nausea, vomiting, hallucination,
bradycardia and tachycardia among the three groups

Side effects GroupO  Group MK  Group C P
(n=30) (n=30) (n=30)
Hypotension 6 7 5 0.8
Nausea and vomiting 6 3 7 0.37
Hallucination 0 1 0 0.36
Bradycardia 7 4 8 0.42

Tachycardia 3 5 6 0.55

Group O: Ondansetron group, Group KM: Ketamine + midazolam group,
C: Control group

significant difference in core temperature changes
among three groups (P > 0.05) [Figure 4].

DISCUSSION

In this study, it was shown that prophylactic use of
ondansetron 8 mg IV was comparable to ketamine
0.25 mg/kg IV + midazolam 37.5 ug/kg IV in preventing
shivering developed during SA. In regional anesthesia,
it has been reported that shivering develops in up to
56.7% of all patients (2). In our study, the incidence
of shivering were 60% in Group C, 20% in Group KM
and 26.6% in Group O. Shivering increases metabolic
activity and oxygen consumption and consequently may
cause lactic acidosis and arterial hypoxia. In addition,
postanesthetic shivering (PAS) may interfere with
the monitoring of an electrocardiogram.®! These all
make the prevention of shivering important especially

80.00]
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74,001

group
= ondansetrone

=== ketamin + midazolam
= =+ normal saline

72.007

Figure 2: Mean arterial pressure changes in three groups. There was
no significant difference between the groups. Data are presented
as mean + standard deviation Group O = Ondansetron group;
Group KM = Ketamine + midazolam group; C = Control group

in elderly patients with a low cardiopulmonary
reserve.l'®! As shivering is a response to hypothermia,
body temperature of the patient should be normally
maintained within limits of 36.5°C-37.5°C.[18-20]

There are three reasons for developing hypothermia
under SA. First, SA leads to an internal redistribution
of heat from the core to the peripheral compartment.
Redistribution of core temperature during regional
anesthesia is typically restricted to the lower
extremity.'” Second, with loss of thermoregulatory
vasoconstriction below the level of the spinal blockade,
there is increased heat loss from body surfaces of
the patient. Last, there is altered thermoregulation
under SA characterized by a 0.5°C decrease in
vasoconstriction and shivering thresholds and a slight
increase in the sweating threshold.™"

Kurz et al."% studied SA in young female volunteers,
and reported decreases in shivering thresholds of
~0.5°C at sentient skin temperatures near 35°C by
spinal blocks to ~T'10. Ketamine, which is a competitive
receptor antagonist of N-methyl-D-aspartic acid
(NMDA) has a role in thermoregulation in various
levels of the patient. The NMDA receptors modulate
the noradrenergic and serotoninergic neurons in
the locus coeruleus and consequently the NMDA
receptors in the dorsal horn of the spinal cord
provide the transmission of the ascending nociceptive
stimuli.??’ Ketamine causes sympathetic stimulus
and vasoconstriction in patients with the risk of
hypothermia. Ketamine probably controls shivering
of the patient by nonshivering thermogenesis
either influencing the hypothalamus or by the
beta-adrenergic effect of norepinephrine.?
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Figure 3: Peripheral oxygen saturation changes in three groups.
There was no significant difference between the groups. Data are
presented as mean + standard deviation Group O = Ondansetron
group; Group KM = Ketamine + midazolam group; C = Control group

Ketamine was shown to prevent shivering without
hemodynamic alterations in patients undergoing
regional anesthesia.?3! Kinoshita et al.?¥ study
showed that during spinal anesthesia, infusion of
low-dose ketamine prevents the decreases in the body
temperature in patients sedated with propofol.

It was clear from our data that the combination
of ketamine and midazolam prevented the
hypothermia in comparison with control group.
It is probable that ketamine prevented the
arteriovenous shunt vasodilation normally induced
by midazolam. Since these shunts are completely
under sympathetic control,?® it seems safe to
conclude that ketamine acted centrally to inhibit
the effect of midazolam.

The gamma-aminobutyric acid (GABAergic) neurons
via virtue of GABA mediate the presynaptic inhibition
suppressing signals from muscle and cutaneous
receptors. Benzodiazepines have been found to reduce
repetitive firing in response to depolarizing pulses
in mouse spinal cord neurons.% Such inhibitory
function of midazolam at the level of spinal cord may
be responsible for inhibition the conduction of afferent
impulses from the muscle spindle and cutaneous
receptors for cold to the higher centers and thereby
subsiding of shivering.

Thermoregulatory inhibition by midazolam appears
to depend minimally on the administered dose.
For example, reduction in the vasoconstriction and
shivering thresholds with high plasma concentrations "
was similar to the reduction in core temperature after
relatively small premedication doses of the drug.?”
Thus, even small doses given as premedication produce
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Figure 4: Change in core temperature with time in three groups.
There was no significant between three groups. Data are presented
as mean + standard deviation Group O = Ondansetron group;
Group KM = Ketamine + midazolam group; C = Control group

significant reductions in body temperature as seen in
the current and previous studies.’?”

The agents used for the treatment or prophylaxis
of shivering during regional anesthesia should
not cause nausea and vomiting or hemodynamic
instability. Midazolam has antiemetic effect.®
Possible mechanisms for this effect of midazolam may
be GABA receptor antagonism, inhibition of dopamine
release and anxiolytic effects./?%3"

Ondansetron is specific inhibitor of the 5-HT3 system.
Perhaps 5-HT3 inhibition has an antishivering
effect but given the variety of neurotransmitter
systems known to be also involved in regulating
shivering, an inhibitory effect at the 5-HT3 receptor
probably results from a generalized thermoregulatory
inhibition at the level of the hypothalamus where
the bulk of thermoregulatory control occurs. Thus,
the PAS effect of ondansetron is independent of
intraoperative core hypothermia suggesting that it
inhibits thermoregulatory responses by a central
mechanism. %31

Ondansetron is notable for its lack of hemodynamic side
effects.[2331 We had demonstrated that ondansetron
8 mg given after SA compare with control group
reduced the incidence of PAS in adults during the
administration of SA. This implies that 5-HTS3
pathways are also involved in the multifactorial
control of PAS.

A limitation of our study may be that we did not
investigate the efficacy of ketamine-midazolam
combination or ondansetron in preventing shivering
after epidural anesthesia.



Safavi, et al.: Ondansetron, ketamine and midazolam for shivering

CONCLUSION

Prophylactic use of ondansetron 8 mg IV was
comparable to ketamine 0.25 mg/kg/iv + midazolam
37.5 ug/kg IV in preventing shivering developed
during SA.
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