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INTRODUCTION

ABSTRACT

Objective: Intraoperative hypothermia is a common problem with anesthesia. Spinal
anesthesia, the same as general anesthesia, affects the process of temperature regulation. The
aim of this study was to compare the prophylactic effect of intravenous (IV) ondansetron with
intrathecal (IT) meperidine on prevention of shivering during spinal anesthesia in patients
underwent orthopedic surgery of the lower limb.

Methods: In this study, 120 patients with American Society of Anesthesiologists physical
status | to I, between the ages 16 and 65 were randomized into three groups. Group O
and Group M were given IV ondansetron 8 mg and IT meperidine 0.2 mg/kg, before spinal
anesthesia, respectively. Group C received IV saline 0.9%. The core and ambient temperatures,
the incidence and intensity of shivering, blood pressure, heart rate, and maximum level of
sensory block were recorded.

Findings: Shivering was observed in 15%,2.5%, and 37.5% of patients in Groups O, M, and
C, respectively. There was a significant difference between Group O and M compared to
Group C (P=0.023 for Group O vs.Group C, P <0.001 for Group M vs.Group C, P =0.049
for Group M vs. Group O). Shivering incidence and intensity in Group M was significantly
lower than Group O (P = 0.049 and P = 0.047, respectively). Twenty-two patients required
additional IV meperidine among which |5 patients were from Group C (37.5%), six patients
from Group O (15%) and one patient from Group M (2.5%).

Conclusion: We concluded that IT meperidine and IV ondansetron comparably can
decrease intensity and incidence of shivering compared to control group as well as decreasing
the requirement to additional doses of meperidine for shivering the control without any
hemodynamic side effect.
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regulation.! Shivering after spinal and epidural
anesthesia occurs in more than 56.7%.” Hypothermia
during surgery can be associated with adverse clinical

Intraoperative hypothermia is a common problem
with the anesthesia practice. Regional anesthesia, like
general anesthesia affects the process of temperature
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outcomes such as myocardial ischemia, infection,
bleeding, chills,*¥ increased oxygen consumption,
and hypoxia."*! Besides cardiovascular adverse effects,
shivering can cause problems during surgery, and
floating clots and increases postoperative bleeding.!”!
Several studies have shown that local anesthesia can
impair temperature regulation and prone patients
to hypothermia.®” Intravenous (IV) drugs for the
treatment of postoperative shivering are considered
as the gold standards.'”! Among opioids, meperidine
is known for its ability to effectively treat and
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prevent shivering;!""'? however, the IV injection of
meperidine for shivering can cause side effects such
as hemodynamic changes,”! respiratory depression,
nausea, vomiting, pruritus, sedation, hypotension,
bradycardia, and bronchospasm. Chen et al. reported
that low-dose intrathecal (IT) meperidine decreases
anesthesia-associated shivering in the nonpregnant
population. In another study, Roy et al. showed that
administering 0.2 mg/kg of IT meperidine decreases
incidence and severity of shivering during IT
anesthesia for cesarean section, with minimal adverse
effects.'”? In the other study, Davoudi et al. showed
that adding 15 mg meperidine to the IT anesthesia
for transurethral resection of the prostate (TURP)
surgery reduces the incidence of shivering without
increasing side effects.”! In a few studies, to avoid
postanesthetic shivering (PAS) in patients undergoing
general anesthesia, the researchers used ondansetron.
Ondansetron is a 5-HT3 antagonist which usually
recommended for prevention and treatment of
nausea and vomiting during and after surgery. The
mechanism of 5-HT3 antagonists in the regulation of
body temperature has not been clarified, but it may
be related to the inhibition of serotonin uptake on the
preoptic anterior hypothalamus region.”! In a study
conducted by Powell and Buggy, it was shown that
IV administration of 4-8 mg ondansetron prevented
shivering during anesthesia without significant
hemodynamic changes.'" The incidence and severity
of shivering during and after the operation are
dependent to the type of surgery, maximal height
of sensory block after spinal anesthesia, duration of
surgery, and postoperative pain severity. The lower
extremity orthopedic surgeries are different from
TURP and cesarean section surgeries with respect
to these variables. In the other hand, no study
was conducted to compare IV ondansetron with
IT meperidine in relation to shivering during IT
anesthesia. Hence, the present study was designed to
compare the prophylactic effect of these two drugs on
the prevention of shivering during spinal anesthesia
in patients underwent orthopedic surgery of the
lower limb.

METHODS

After obtaining institutional approval from Ethics
Committee of the Isfahan University of Medical
Sciences, and written informed consent from all
patients, 120 patients with American Society of
Anesthesiologists physical status I to II, between
the ages 16 and 65 who were scheduled for elective
orthopedic surgery of lower organs under spinal

anesthesia in Kashani Hospital, Isfahan, Iran
(2011-2012) were enrolled in this double-blind
randomized clinical trial. Patients with body

mass index lower than 30, without preoperative
fever (T < 38°C), and some other clinical conditions
such as hypo or hyperthyroidism, Parkinson disease,
Raynaud’s syndrome, dysautonomia, who are not
requiring blood transfusion during surgery or not
receiving vasodilators or medications likely to alter
thermoregulation were entered the study. Patients
for whom anesthesia technique was changed or were
died before the study completion or their surgery
was cancelled were excluded from the study. On
arrival to the operating room, all patients had IV line
and 10 ml/kg/h Lactate Ringer’s solution warmed
to 37°C was infused (over) 30 min before spinal
anesthesia. Then the infusion rate was reduced to
2 ml/kg/h at the same temperature. Syringes were
provided in the equal volumes and the same shapes
by an anesthesiologist who was blinded to data
collection. Before spinal anesthesia, patients were
divided into three groups by a computer-generated
randomization method: Group O receiving 8 mg
IV ondansetron before spinal anesthesia; Group M
receiving 0.2 mg/kg IT meperidine in addition to
bupivacaine; Group C receiving saline 0.9% before
spinal anesthesia. Studied drugs were administered
to patients by an anesthesiologist blinded to data
collection. Supplemental oxygen (5 L/min) was
delivered via facemask during operation. Spinal
anesthesia was performed with a 22-guage spinal
needle in L3-L4 interspace in sitting position and
hyperbaric bupivacaine 0.5% was injected. Shivering
was evaluated after the injection completion of the
subarachnoid drug, and maximum spinal sensory
block level was investigated by pinprick. Systolic
and diastolic blood pressures, also mean arterial
pressure, heart rate, and peripheral oxygen saturation
percentage were measured and recorded before
and 5, 15, 30 min after spinal anesthesia induction.
More than 20% decrease in systolic blood pressure
was treated by crystalloid infusion, if necessary
ephedrine 5 mg was administered intravenously. The
ambient temperature was measured by an accurate
thermometer and maintained at 21-22°C with
constant humidity. Core temperature was measured
by a tympanic thermometer. Skin temperature was
measured and recorded by an axillary thermometer
in the axillary region. The core and skin temperatures
were evaluated and recorded 3 min before spinal
anesthesia and then at 20-min intervals during spinal
anesthesia. Shivering incidence was also evaluated
and recorded in the same times. All patients were
covered with a cloth over the chest, thighs and
calf during surgery and one laminated linen over
the whole body postoperatively (after operation).
No other warming device was used. Shivering
was evaluated during and after operation (during
the intraoperative and postoperative periods) by
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observing pectoralis major muscles for fasciculation
longer than 10 s and was noted by a blinded observer.
Shivering was graded with a defined scale by
Crossley and Mahajan™ including: (0)-no shivering,
(I)-piloerection or peripheral vasoconstriction but no
visible shivering, (II)-muscular activity observed only
in one muscle group, (III)-muscular activity observed
in more than one muscle group without generalized
shivering, and (IV)-all body shivering. If the patients
had shivering with grade >2, 0.3 mg/kg IV meperidine
was administered. The number of patients who
needed the additional meperidine were recorded.
Furthermore, the additional dosages of meperidine
were calculated. Nausea, vomiting, and itching were
noted as drugs side effects. Promethazine 25 mg
was infused within 15 min for itching treatment.
Nausea and vomiting was also managed by 10 mg
metoclopramide injection.

Required sample size was evaluated using a sample
size evaluation formula in order to compare following
ratios and by considering confidence level 95%,
test power 80%, postoperative shivering incidence
50% for patients not receiving any drug and 30%
effect of ondansetron for shivering reduction (from
50% to 20%) for 40 patients in every group. Quantity
variables like additional dosages of meperidine
administered were analyzed by one-way analysis of
variances (ANOVA). Shapiro-Wilk test was used for
evaluating the normality of variables” distribution.
Quality variables like number of patients who needed
additional meperidine were analyzed by Chi-square
(if necessary by Fisher exact test) and Mann-Whitney
tests. The Kruskal-Wallis test was used to determine
if there are statistically significant differences between
two or more groups of independent or ordinal
dependent (such as shivering intensity) variables.
Repeated quantity variables were analyzed by
repeated measurement ANOVA test. Values (data)
were given at mean + standard deviation or frequency
(percentage). P < 0.05 was considered significant.

RESULTS

The present study was performed on 120 patients.
Related flow diagram is shown in Figure 1.
Demographic data, surgery duration, type of surgery,
and maximum level of sensory blockade are given in
Table 1. Data of all variables were normally distributed
according to the results of Shapiro-Wilk test. This
table shows there were no significant differences
between groups (P > 0.05). The mean core and skin
temperatures were measured before and during
spinal anesthesia and are shown in Table 2. There
were not observed any significant difference between
groups in this regard (P > 0.05). Systolic, diastolic,

Table 1: Demographic characteristics and
paraclinical data of the studied patients

Variable Group (n=40) P
C (0} M

Sex (female/male) 27.5/72.5 32.5/67.5 35/65 0.47
Age (years) 36+14 38+17  38+15 0.81
Weight (kg) 71+7 70+9 73+9 0.28
BMI (kg/m?) 25+2 2412 25+2 0.84
Height (cm) 168+4 168+8  170+6 0.07
ASA grade (I/11) 87.5/125  85/15 90/10 0.73
Block levels (max) T10 T11 T10 1.00
Duration of surgery (min) ~ 74+28 75+23 7722 0.87

Additional meperidine 45.7+8.8 22.5+6.1 5.1+2.1 0.001
dose (mg)
Type of surgery 0.29
Leg 62.5 57.5 725
Ankle 17.5 7.5 7.5
Thigh 20 35 20

Data presented as mean+SD or percentage, where applicable. BMI=Body mass
index, ASA=American Society of Anesthesiologists, SD=Standard deviation,
ANOVA=Analysis of variances. Block levels: Maximum spinal sensory block
level investigated by pinprick after injection. Group C=Received saline 0.9%,
Group O=Received 8 mg intravenous ondansetron, Group M=Received
0.2 mg/kg intrathecal meperidine. Age, weight, BMI, height, duration of surgery
and additional dosage of meperidine were analyzed with ANOVA. Sex, ASA
grade, maximal sensory block level and type of surgery were analyzed with
Chi-square test

Table 2: Core temperature and axillary
temperature measured during anesthesia

Variable Group (n=40) P*
C (0] M

Core temperature (°C)

Preoperation 36.8+0.25 36.8+0.20 36.7+0.32  0.06

During surgery (min)
20 36.6+0.27 36.5+0.40 36.5+0.32 0.09
40 36.4+0.28 36.4+0.44 36.2+0.39 0.27
60 36.1+0.41 36.3+0.43 36.1+0.43 0.15
80 36.1+0.50 36.2+0.66 36.1+0.47  0.91
100 36.3+0.39 36.3+0.38 36.3+0.39 0.98
120 36.2+0.46 36.2+0.45 36.2+0.45 1.00

Axillary temperature (°C)

Preoperation 36.1+0.40 36.0+0.32 36.1+0.48 0.27

During surgery (min)
20 36.0+0.39 35.8+0.26 35.8+0.48 0.39
40 35.6+0.42 35.6+0.30 35.6+0.53 0.93
60 35.5+0.41 35.5+0.29 35.5+0.58 0.98
80 35.8+0.34 35.8+0.28 35.8+0.27 0.98
100 35.9+0.29 35.8+0.27 35.9+0.28 0.77
120 35.8+0.34 35.9+0.28 35.9+0.28  0.91

Data presented as mean+SD. Group C=received saline 0.9%, Group O=received
8 mg intravenous ondansetron, Group M=received 0.2 mg/kg intrathecal
meperidine. *Calculated by ANOVA. SD=Standard deviation, ANOVA=Analysis
of variances

and mean arterial pressures, and heart rate were
somehow similar in all groups with no significant
difference (P > 0.05). Oxygen saturation percentage
for no patient was lower than 90% during the study,
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for eligibility

130 patients assessed

10 patients excluded:

5: Not meeting inclusion criteria

120 patients

randomized to 3 groups

3: Declined to participate

2: Other reasons

Group M: 40 patients
received intrathecal
meperidine (0.2 mg/kg)

Group O: 40 patients
received intravenous
ondansetron (8 mg)

Group C: 40 patients
received saline 0.9 %

40 patients 40 patients

completed the study

completed the study

40 patients

completed the study

40 patients
included in analysis

40 patients

included in analysis

.
s -

40 patients
included in analysis

-

Figure 1: CONSORT diagram of the study

and no clear difference was observed between groups.
Intensity and incidence of shivering are shown in
Table 3. The incidence of shivering was significantly
lower in Group O compared to Group C (P = 0.023).
Shivering incidence in Group M was significantly lower
compared to the control group (P < 0.001). Shivering
incidence in Group M was lower than Group O with
a clear statistical difference (P = 0.049). Shivering
intensity in Groups O and M were significantly lower
than Group C (P = 0.016 and P < 0.001, respectively).
Shivering intensity in Group M was lower than
Group O, and there was a clear statistical difference in
this regard (P = 0.047). In the present study, 15 patients
required ephedrine for hypotension among which nine
patients were from Group C (22.5%), three patients
from Group O (7.5%) and three patients from Group
M (7.5%) and no significant difference was observed
between groups (P > 0.05). Bradycardia was observed
in three patients from Group C and O and was not
seen in Group M. In these three patients, it was treated
by atropine (2.5% in one patient from Group C and 5%
in two patients from Group O). There was a significant
difference between Groups O and C regarding
the administration of atropine (P < 0.001). Nausea,
vomiting, and itching were not seen in any patient.
Twenty-two patients required additional IV meperidine
among which 15 patients were from Group C (37.5%),
six patients from Group O (15%), and one patient from
Group M (2.5%) [Table 1]. There was a significant

Table 3: Incidence and intensity of shivering in all
treatment groups

Variable Group (n=40) % P*
C (0) M
Shivering incidence 375 15 2.5 0.000
Shivering intensity 0.012
0 62.5 85 97.5
| 17.5 10 25
Il 10 5 0
1] 5 0 0
1\ 5 0 0

Data presented as a percentage of the affected patients. Incidence and
intensity of shivering measured during and after anesthesia: 0=No shivering,
I=Piloerection or peripheral vasoconstriction but no visible shivering,
II=Muscular activity in only one muscle group, Illl=Muscular activity in more
than one muscle group but no generalized shivering, IV=Shivering involving
the whole body (15). Group C=Received saline 0.9%, Group O=Received 8 mg
intravenous ondansetron, Group M=Received 0.2 mg/kg intrathecal meperidine.
*Calculated by Chi-square test

difference between Groups O and M with Group
C (P < 0.001 for Group O vs. Group C; P < 0.001 for
Group M vs. Group C), while no significant differences
were seen between Group M and Group O regarding
administering the additional meperidine (P = 0.061).

DISCUSSION

We found that core temperature during the
intraoperative phase after spinal anesthesia was similar
in Groups O and M, and both groups were similar
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to that seen in Group C. Furthermore, there was no
clear difference for mean skin temperature in the three
groups. We observed that incidence and intensity
of shivering as the main outcome was the highest
in the placebo group while IV ondansetron and IT
meperidine significantly prevented it with the lowest
incidence and intensity following IT meperidine.
Requirement to the additional meperidine was higher in
the patients in Group C (n = 15) compared to Groups O
(n=6) and M (n = 1); while in Group M it was lower
than Group O. In the present study, bradycardia was
not observed for patients in Group M in comparison
with Groups O and C and patients of this group did
not need Atropine. There was no significant difference
between three groups in demographic data, surgery
duration, maximum sensory blockade, and kind of
surgery. No patient in three groups had shown side
effects such as nausea, vomiting, and itching.

Shivering is a current and usual problem after
surgery under spinal anesthesia. Exact mechanism
of the shivering in spinal anesthesia has not been
investigated and  published  comprehensively.
There are some hypotheses in this respect:['>'l
(1) Heat is transferred from the core to peripheral
parts in general anesthesia. (2) Any contraction of
vessels for thermoregulation under blockade level
reduces skin heat. (3) There are some characters
regulating temperature that cause hypothermia by
vessels contraction reduction and sweat threshold
increase.'™ IV drugs are the gold standard treatment
for postoperative shivering. IV meperidine and
ondansetrone can decrease intensity and incidence
of shivering after spinal anesthesia. Meperidine as
a unique drug usually has been applied between
0.5 and 1.8 mg/kg for spinal anesthesia"'®! and has
caused many side effects including nausea, vomiting,
itching, sleepiness, hypotension, bronchospasm,
bradycardia, and breathing depression,!'”*! all related
to the drug dose.” After IT administration of 50 mg
meperidine for 70-year-old patient in bladder surgery
by lithotomy position, transient neurologic signs were
observed.”"! Furthermore, breathing depression of
opioids has been reported in very high doses (50 mg)
of IT meperidine.”? According to previous studies,
IV meperidine for shivering removing has shown
these side effects and other problems of opioids. But
IT meperidine in a lower dose compared to IV one
can decrease intensity and incidence of shivering
and does not cause these side effects.>® In this
study, like the study of Davoudi et al.”! found that
IT meperidine did not have any side effect. Kelsaka
et al. concluded that IV ondansetron (8 mg) and
meperidine (0.4 mg/kg) had similar anti-shivering
effects;!"! however, in the present study, IT meperidine
(0.2 mg/kg) could reduce intensity and incidence

of shivering and requirement to an additional dose
of meperidine without any hemodynamic side
effect, compared to IV ondansetron. Also, Roy et al.
explained that although shivering was a common
problem after spinal anesthesia, IT meperidine was
able to decrease intensity and incidence of shivering
without changing the level of motor and sensory
blockade.' Based on Roy study, using IT meperidine
had two advantages:l"? (1) As a preventive therapy,
patients have not experienced discomfort and adverse
effects associated with shivering. (2) IV meperidine
for women in the painless cesarean section could have
unwanted and undesired side effects. Meperidine is
composed of k- and p-receptor agonist. In comparison
with p-opioid agonists such as fentanyl, sufentanil,
and morphine, IV meperidine is very more effective
for shivering treatment.*! Meperidine effect on
shivering is related to non-u-opioid receptors and
more to k-receptors. Because meperidine has activity
in k-receptors, correlation between anti-shivering
effect of meperidine, and agonist activity of k-receptor
has been suggested in many studies.***! It can be
said that anti-shivering effects of meperidine in spinal
anesthesia are resulted by its systemic absorption. It
has been shown that the anti-shivering effects of IV
meperidine are seen in 0.6 and 1.8 ug/ml of plasma
concentration,” while plasma level of meperidine
400-700 ng/ml is related to its analgesic effects.’ In
contrast, after 1 mg/kg IT meperidine injection, its
level in plasma has been 107 = 20 ng/ml® which
is 5 times more than amounts used in our study.
In the present study, it seems that anti-shivering
effects were impossible to be caused by systemic
absorption of IT meperidine. In a few studies, 5-HT3
antagonists have been used for PAS in patients
undergoing general anesthesia. The mechanism of
these drugs in the regulation of body temperature
has not been clarified but may be related to the
inhibition of serotonin uptake on the preoptic anterior
hypothalamus region.’! 5-HT3 receptors may control
both pathways of heat production and loss. Injection
of these drugs into the preoptic hypothalamus in
cat resulted in vasodilatation.”® Ondansetron as an
exclusive 5-HT3 antagonist is widely used due to its
anti-vomiting effects. Powell and Buggy™ shown
that 8 mg ondansetron was more effective than 4 mg
ondansetron for PAS in patients receiving general
anesthesia and did not alter the hemodynamic profile
of patients. In the present study, IV ondansetron and
IT meperidine were administrations only in a single
dose and were not repeated. Other dosages of IT
meperidine were not investigated. The present study
has not been performed in the epidural meperidine
injection yet. Furthermore, more researches are needed
for studying the effects of spinal administration of
meperidine.
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The present study has shown that both IT meperidine
0.2 mg/kg and IV ondansetron 8 mg can decrease
intensity and incidence of shivering compared to
control group and also a requirement to additional
dose of meperidine for shivering control without any
homodynamic side effect.
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