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Abstract
Background: recently, use of HT35 receptor antagonists to prevent postoperative shivering has attracted a
great deal of attention. Therefore, the present study was conducted with the aim of investigating the
effectiveness of granisetron as an HT35 antagonist when compared with ondansetron and pethidine in
preventing postoperative shivering.

Methods: in this triple blind random clinical trial study, 90 patients 18-50 years of age with ASA Class I
and II undergoing general anesthesia were randomly assigned into one of the three drug groups: O (4-mg
ondansetron), G (40 μg/kg of granisetron), and P (25 mg pethidine), immediately before induction of
anesthesia. After anesthesia induction, at the end of the surgery, after the entrance and after leaving the
recovery state, central temperature, peripheral temperature, systolic blood pressure, diastolic blood
pressure, heart rate, and shivering were measured and recorded. P-value less than 0.05 was considered
statistically signi�cant.

Results: in the pethidine, ondansetron, and granisetron groups, 4 (13.3%), 3 (10%), and 10 (33.3%) of
patients experienced shivering during recovery, where the difference between the ondansetron and
granisetron groups was signi�cant (p-value=0.02). The variations in the mean arterial pressure during the
investigation stages were not signi�cant only in the ondansetron group (p>0.05). At the beginning of
recovery, the reduction of peripheral temperature was signi�cantly lower in the ondansetron group
(p<0.05), while reduction of the central temperature was higher in the granisetron group (p<0.05). By the
end of the recovery, the changes in the peripheral temperature across the three groups were consistent
with the changes at the beginning of recovery, but no signi�cant difference was observed variations of
the central temperature across the three groups.

Conclusion: Granisetron was not found to be much effective in preventing postoperative shivering.
Ondansetron and pethidine were equally effective in preventing postoperative shivering. Ondansetron
also causes less hemodynamic changes compared to other drugs, while granisetron is more effective in
terms of preventing nausea and vomiting

Background
The body central temperature is one of the most important and stable parameters in preserving the
physiology of the human body. Any disorder in this parameter including hypothermia during surgical
operation results in problems such as postoperative shivering, coagulation disorders, impaired nitrogen
balance of the body, and changes of pharmacological effects on the human body (1).

In studies, mild hypothermia has resulted in a three-fold increase in the risk of developing shivering
following cardiac operation. Thus, even preventing mild hypothermia should be considered important (2).

Postoperative shivering is one of the most common complications after surgery which is observed in
6.3–65% of patients, and include involuntary movements of one or several groups of muscles (3).
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The postoperative shivering event is very common and causes various complications such as increased
oxygen uptake, increased carbon dioxide production, elevated heart rate and blood pressure, and thus
aggravation of ischemic heart disease (4). Other complications include increased intracranial pressure,
increased intraocular pressure, increased pain at the site of surgery, and discomfort and malaise in the
patient (5). General anesthesia facilitates redistribution of temperature from central tissues to peripheral
tissues. In response to anesthesia, the responses of the central temperature regulation such as the
vascular contraction threshold are inhibited where most anesthetic agents cause peripheral vasodilation
(4,6).

Shivering can be a result of hypothermia during surgical operation and re-regulation of the body heat
center or due to secondary fever and chills in response to activation of in�ammatory response and
release of cytokines (7).

To reduce shivering, there are pharmacological and nonpharmacological methods. The
nonpharmacological method involves use of moisturizers, preventing hypothermia with the help of
warming blankets, and inhaling warm and humid oxygen. The pharmacological method, on the other
hand, most exerts its effect through reducing the shivering temperature threshold (3).

However, which pharmacological method is more suitable for patients following surgery is still
controversial.

To prevent postoperative shivering, various pharmacological methods have been used, where pethidine
has been known as one of the most effective drugs (8). Most probably, pethidine exists its effect on
temperature regulation center or through opioid central receptors.

Granisetron and ondansetron have also been used in some studies to prevent postoperative shivering and
have had positive effects (9–12). These medications exert their anti-vomiting effects through
antagonistic effects of serotonin receptors at the end of the vagus nerve and its central receptors in the
vomiting center. In this way, by inhibiting vomiting re�ex, they prevent nausea and vomiting and can be
used to prevent postoperative nausea and vomiting. Serotonin (5-hydroxy tryptamine) is a biological
amine which is found in the brain and nerve �ber and has a neuro- transmitting role. Some studies believe
that the serotonergic system is involved in controlling postoperative shivering (12).

Eventually, since no study was found on comparing the effect of ondansetron, granisetron, and pethidine
in preventing postoperative surgery, the present study was conducted with the aim of comparing
ondansetron and granisetron when compared with pethidine as a well-known drug in preventing and
treating postoperative surgery.

Method

Study design and setting
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The present study is a triple blind randomized clinical trial study that was conducted in

Ardabil University of Medical Sciences (ARUMS) as one of northwestern medical

universities of Iran

Sample

Since the probability of reduction of incidence of shivering using ondansetron in previous

studies was around 40% compared to the control group with α=0.05 and β=0.2, the sample

size required in each group was obtained as 29 to allow detection of a difference between

groups with a power of 80%.

Finally, 30 patients (18-50-year-old), who had referred to Imam Khomeini Hospital

affiliated with ARUMS for general surgery, after obtaining a written informed consent

regarding the medications to be used preoperatively from each patient were considered for

each group.

 

Exclusion Criteria:

Very obese patients (a weight above 100 kg), patients with a fever above 38°C, those with a

history of endocrine diseases and Parkinson’s disease, the patients who needed blood

transfusion or peripheral vasodilators or vasoconstrictors, and the subjects whose surgical

operation lasted for more than 90 minutes were excluded from the research.

Insert Figure 1 here

Study process and variables

The patients were blocked randomly and placed in one of the three groups of ondansetron,

granisetron, and pethidine. For the first, second, and third groups, 4 mg of ondansetron, 40

μg/kg of granisetron, and 25 mg of pethidine were intravenously injected respectively two

minutes before the initiation of anesthesia. All of the three utilized drugs were prepared in

identical 2-cc syringes where the anesthesiologist responsible for controlling and recording

the clinical signs was not informed about the type of drug injected to the patients.
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Induction of anesthesia was initiated by injecting fentanyl 1 μg/kg, propofol 2 mg/kg, and

atracurium 0.5 mg/kg in the same way for all of the three groups. After tracheal intubation,

the anesthesia was sustained through infusion of propofol 100 μg/kg/m along with an

inhalation gas mixture containing 50% oxygen and 50% N2O. To preserve muscular

relaxation during the operation, atracurium 0.5 mg/kg was injected and the patients were

ventilated mechanically throughout the surgery.

For all of the patients when entering the operation room, the central temperature was

measured and recorded through tympanic method, and the skin temperature was measured

through the forehead skin. Further, systolic blood pressure, diastolic blood pressure, and

heart rate of patients were also recorded and the mentioned points were measured and

recorded again immediately after induction of anesthesia, during the surgery, and after

entrance of the patient to the recovery room, and by the time patient left the recovery state.

The operation and recovery room temperature was also recorded by thermometer which

was kept at 20-22°C during the entire time of surgery.

After entrance of patients to the recovery room and during the duration of residence in

recovery, observation of postoperative shivering in the form of shivers of the face, trunk, or

limbs which continued for at least 15 seconds were recorded by an anesthesiology resident

who was not aware of the type of injected drug. The shiver score was 0-4, and it will be

graded as follows:
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Clinical Symptoms Shivering

Grading

Without shivering 0

Occurrence of one or more of the following criteria:  

Piloerection, peripheral vasoconstriction, peripheral cyanosis without other

specific cause, but without visible muscular contractions

1

Contraction observed limited to a bunch of muscle contraction 2

Contraction observed in more than one group of muscles 3

The whole body clear muscular activity 4

 

Data Analysis

Statistical analysis was conducted by SPSS 20. One-way ANOVA and Post hoc tests was

used to comparing means of parametric data between three groups. Kruskal Wallis and chi-

square tests to comparing means of nonparametric data between three groups were used.

P-value less than 0.05 was considered statistically significant. This study adheres to

CONSORT guidelines.

Results
The demographic characteristics including the age, gender, height, weight, and basic data of patients
including duration of the operation and duration of anesthesia did not differ signi�cantly across the three
groups (Table 1).

Insert Table 1 here

In pethidine, ondansetron, and granisetron groups, 4 (13.3%), 3 (10%), and 10 (33.3%) of patients
respectively experienced shivering in the recovery room, where a signi�cant difference existed between
the groups (p-value=0.04). In paired comparisons of groups, there was no signi�cant difference between
pethidine and ondansetron (p-value=0.05) as well as between pethidine and granisetron (p-value=0.063)
in terms of shivering. On the other hand, ondansetron and granisetron indicated a signi�cant difference in
this regard (p-value=0.02, RR=4.5, CI=1.09-18.5).

The number of patients with shivering grades of 4, 3, and 2 was higher in the granisetron, pethidine and
ondansetron groups, respectively (Table 2). However, the observed difference was not statistically
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signi�cant (p =0.063).

Insert Table 2 here

In terms of hemodynamic variations when comparing the three groups, the changes in the mean arterial
pressure during the investigation stages were not signi�cant only in the ondansetron group. In this regard,
it has been more effective than the two other drugs in developing hemodynamic stability (Table 3).

Insert Table 3 here

In terms of changes in the heart rate, signi�cant variations were observed in the three groups in different
stages of investigation, where the three drug groups were not signi�cantly different in this regard (Table
3).

The verbal response time was statistically signi�cant between the three groups (p-value=0.045), where
the longest time was related to granisetron with the mean of 12.01±1.26, while the shortest time was
found for ondansetron with the mean of 11.11±1.02 min.

In investigating the complications across the three groups, 1 (3.3%) of patients from both pethidine and
ondansetron groups experienced nausea, while no such case was reported in the granisetron group
(p=0.6). Note that vomiting was not observed in any of the groups.

At the beginning of recovery, reduction of peripheral temperature was signi�cantly lower in the
ondansetron group compared to the two other groups (p<0.05). Further, reduction of the central
temperature was signi�cantly greater in the granisetron group compared to the two other groups (p<0.05).

At the end of recovery, changes in the peripheral temperature across the three groups were in line with
those at the beginning of recovery, but no signi�cant difference was observed changes of the central
temperature between the three groups (Table 3).

Discussion
Preventing and treating postoperative shivering is an important part of patient care following surgical
operations (9). The reason is that more serious complications may develop in the patient in response to
sympathetic excitation, increased oxygen uptake, or increased carbon dioxide production (5).

In this study which, pethidine, ondansetron, and granisetron drugs were used, and their effects on
preventing and controlling postoperative shivering were investigated in patients who have been surgically
treated under general anesthesia. The extent of incidence of shivering in granisetron group was higher
than pethidine and ondansetron. Thus, it can be inferred that ondansetron and pethidine have the same
effectiveness when used before termination of surgery to decrease incidence of postoperative shivering.
However, use of granisetron in reducing the extent of incidence of postoperative shivering has not been
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as effective as these two drugs. There was also a statistically signi�cant difference between ondansetron
and granisetron (p = 0.02).

Considering the effect of ondansetron on preventing incidence of postoperative shivering and comparing
it with pethidine, various studies have been conducted, in most of which effectiveness of ondansetron
has been emphasized. For example, in a study conducted by Entezari et al (9), for patients in the �rst,
second, and third groups, 4 mg of ondansetron, 0.4 mg/kg of pethidine, and 2 cc normal saline solution
were injected to patients respectively. Postoperative shivering was observed in 13.3% and 20% of the
ondansetron and pethidine groups respectively, which showed reduction compared to the control group in
which 50% of patients experienced shivering.

Further, based on the meta-analysis by Tie et al on the papers related to the effect of ondansetron
postoperative shivering in 2014 when compared with placebo, ondansetron decreased the extent of
postoperative shivering from 49.3% to 23.4%, but it has had no special superiority over pethidine in
mitigating shivering (15).

The effect of granisetron on reducing postoperative shivering has been examined in several studies. For
example, in a study by Mohammadi et al on 100 patients undergoing C-section surgery with spinal
anesthesia, the extent of incidence of postoperative shivering in the granisetron group was 8% versus
54% in the placebo group (5).

The study by Asif Iqbal in India suggested that the extent of postoperative shivering 15 min after the
operation was lower in the granisetron and pethidine groups, compared to placebo (17 and 7% versus
60%) (12).

In the study by Sajedi et al, the extent of incidence of shivering in the granisetron group with a dose of 40
μg/kg was 9 out of 33 and in pethidine group was 6 out of 33 (14).

Considering comparison of ondansetron and granisetron in preventing postoperative shivering, no similar
study was found. Nevertheless, Reshad et al compared these two drugs on hemodynamic changes
following spinal anesthesia. They concluded that ondansetron is more effective than granisetron in
reducing hypotension (16), which is to a large extent in line with the results of the present study, in which
hemodynamic changes have been lower in the ondansetron group than in the granisetron group.

The observed difference between these two drugs can be due to difference at the site of effect of
ondansetron on mix receptors and more speci�c effect of granisetron on 5-hydroxy tryptamine receptors
and its less a�nity on other 5-hydroxy tryptamine, adrenergic, histaminergic, dopaminergic receptors and
those of opiates (18).

Considering comparison of these drugs in preventing postoperative nausea and vomiting, Gupta et al (17)
studied patients undergoing laparoscopy surgery. They concluded that the extent of nausea after
operation was 30% in the ondansetron group, which was 10% in the granisetron group (p<0.05). Kabade
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et al also concluded that prophylactic granisetron reduces the need of antiemetic’s (19). This �nding is
also largely consistent with the results of our study.

The limitation of the present study was not assessing the effect of different doses of ondansetron and
granisetron on reducing the extent of postoperative shivering. Also, use of placebo group can also be
another limitation of the present study, which underrepresents the results of the present research.

Conclusion
Based on the �ndings, use of intravenous ondansetron 4 mg when compared with granisetron 40 μg/kg
has had a signi�cant effect on preventing postoperative shivering, and has been as effective as
pethidine. Further, hemodynamic changes by this drug have been lower than those of granisetron and
pethidine, while granisetron has been more effective than these two drugs in terms of preventing nausea
and vomiting.
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Tables
Table 1: Demographic characteristics of groups
Pvalue Granisetron Ondansetron Pethidine Variable

0.71 39.3±17.7 42.6±17.6 43.9±13 Age (µ±δ)
0.48 10/20 9/21 6/24 Sex (M/F)
0.10 66.1±12.8 72.6±14.7 72.6±12.7 Weight (µ±δ)
0.51 164.5±10.1 162.6±10.1 161.5±9.2 Height (µ±δ)
0.88 74.1±27.7 70.5±32.5 71.8±25.5 Duration of Surgery (min)
0.87 98.8±32.5 98.5±35.3 94.9±26.9 Duration of Anesthesia (min)
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Table2: Incidence and score of shivering in groups

Pvalue Granisetron Ondansetron Pethidine Variable

0.04 10 (33.3) 3 (10) 4 (13.3) Shivering in recovery (%)
0.063 0/5/4/1 0/0/1/2 0/3/0/1 Shivering score (1/2/3/4)
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Table3: Comparison of hemodynamic and temperature variations in groups at time

sections (µ±δ)

Pvalue End of

Recovery

Beginning of

Recovery

End

Operation

After

Anesthesia

Basal Variables

            Granisetron

<0.0001 91.9±10.8 92.2±12.7 ‡84.7±15.4 88.9±18.9 97.9±12.1 Mean Arterial pressure

0.002 76.5±10.2 76.6±10.7 ‡69.5±14.5 74.2±18.6 81.7±11.7 Diastolic Blood Pressure

0.54 122.8±14.9 123.3±19.7 115.2±20.1 118.5±21.4 130.5±15.8 Systolic Blood Pressure

0.002 77.2±18.1 83.3±15.1 77.8±13.6 82.9±12.2 88.9±15 Heart Rate

<0.0001 36.4±0.59 ‡†35.8±0.57 ‡†35.7±0.66 36.6±0.48 37±0.58 Central temperature 

<0.0001 0.83±35.4‡ 0.73±35.1‡ 1.14±34.8‡ 0.59±35.9‡ 36.2±0.87 Peripheral temperature

            Ondansetron

0.075 92.6±11.9 91.5±11.8 95.2±11.9 98.5±18.9 91.5±10.2 Mean Arterial pressure

0.017 78.4±10.4 77±9.7 80.5±11.3 84±16.8 75.7±8.2 Diastolic Blood Pressure

0.3 120.8±16.3 120.3±18 124.6±16.3 127.6±24.5 123.2±17.3 Systolic Blood Pressure

0.009 74.1±13.1 78.5±14.5 78.5±10.3 85.8±18.2 81.4±13.6 Heart Rate

<0.0001 36.5±0.57 36.5±0.51 36.3±0.67 36.9±0.67 37.1±0.59 Central temperature 

<0.0001 36.1±0.58 35.7±0.67 35.7±0.82 36.6±0.41 36.9±0.46 Peripheral temperature

            Pethidine

<0.0001 90.7±7.3 90.3±12.4 98.5±13.9 94.5±16.6 100.6±14.9 Mean Arterial pressure

0.003 76±6.8 75.7±11.1 74.6±12.6 79.8±15.6 84.3±14.6 Diastolic Blood Pressure

<0.0001 120.1±10.2 119.5±16.5 116.3±17.6 123.8±20.1 133.1±17.4 Systolic Blood Pressure

<0.0001 71.3±8.3 81±12 79.9±12.6 85.2±12.7 87.3±14.2 Heart Rate

<0.0001 36.6±0.59 36.3±0.6 36.2±0.63 36.8±0.53 37.3±0.58 Central temperature 

0.54 35.5±0.91 35.1±0.73 34.9±0.77 35.9±0.63 36.2±0.87 Peripheral temperature

†Significant compared with the pethidine group. using repeated measure ANOVA and the Bonferroni test;

‡ Significant compared with the ondansetron group

 Significant comparison between ondansetron and pethidine groups
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Figure 1

Randomly allocation and followed up �owchart
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