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Introduction
Postoperative shivering is one of the 
most common complications occurring 
in the recovery room among patients 
the occurrence of which varies (ranging 
from 5% to 65%) in different researches 
and also depending on the types of drugs 
used and methods of anesthesia.[1] The 
mechanism of shivering occurrence has not 
been fully identified but it may be caused 
by hypothermia.[2] Moreover, the lack of 
sufficient cortical control and inhibitory 
reflexes of higher centers of the central 
nervous system on severe spinal activities 
presenting in the form of clonic activity 
can be an explanation for postoperative 
shivering. In addition, it has been observed 
that inadequate pain control exacerbates 
postoperative shivering.[1] One study 
found that 26 factors were involved in 
the occurrence of postoperative shivering, 
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Background: postoperative shivering is a common complication of various surgical, so far no 
acceptable theory has been presented on the prevention of it. The aim of this study was to compare 
the effect of intravenous injection of dexmedetomidine, ondansetron, and pethidine on postoperative 
shivering among patients under abdominal surgery. Materials and Methods: In a double‑blind 
clinical trial study, 128 patients undergoing abdominal surgery were selected and randomly divided 
into four groups of 32. In the 4 groups, 0.5 μg/kg dexmedetomidine, 0.5 mg/kg pethidine, 0.1 mg/kg 
ondansetron, and the same volume of normal saline were injected intravenously when anesthetics 
were discontinued and the incidence and severity of postoperative shivering were determined 
and compared in four groups. Results: The incidence of postoperative shivering was 12.5% in 
the dexmedetomidine group, 31.3% in the ondansetron group, 31.3% in the pethidine group, and 
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and pethidine is effective in decreasing the incidence of postoperative shivering, but the use of 
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fewer other postoperative complications.
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factors such as age, sex, duration of 
surgery and anesthesia, body temperature 
on entry to recovery, medications used 
in the induction and maintenance of 
anesthesia, nondepolarizing muscle 
relaxants, vasopressor, type of surgery, and 
others.[1] The prevention or treatment of 
postoperative shivering not only relieves 
the patient but also reduces complications 
such as increased oxygen consumption 
and plummeting of cardiac output. There 
are several ways to reduce the occurrence 
of postoperative shivering such as opioid 
use that is widely common in anesthesia 
and pain control and also in the treatment 
of postoperative shivering. Among such 
opioids, we can mention pethidine. 
Pethidine with the same analgesic dose is 
more effective in preventing or managing 
postoperative shivering than other 
opioids.[3] Pethidine is an analgesic opioid 
that is used in acute pain which binds 
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the opioid receptor in the brain, blocking the ascending 
pathways of pain that make a generalized depression of 
pain. It appears that the continuous intravenous injection 
of pethidine is a reasonable approach to controlling acute 
pain.[4] Pethidine is usually given in single doses as a 
preoperative drug or in multiple doses as a painkiller drug.[5] 
Ondansetron is a selective antagonist for the 5HT3 receptor 
in peripheral nerves that has antiemetic effects. It reduces 
the prevalence of nausea and vomiting which result from 
the toxic effects of drugs such as cisplatin and radiosen 
in high doses within the first 24 h after consumption. 
Ondansetron is used also to prevent nausea and vomiting 
before chemotherapy and radiotherapy. This is at least 
70 times stronger than metoclopramide but has no effect on 
motions caused by dopamine agonists. Ondansetron onset 
takes about 30 min and it is absorbed 100% orally. Its 
protein binding ability is 70%–76%.[6] Dexmedetomidine 
is a potent and specific alpha‑2 agonist used as a sedative 
and analgesic in the intensive care unit. This has a small 
amount of opioid effect, anxiolytic, sympatholytic, and is 
respiration protective. It also maintains better hemodynamic 
stability than other sedative agents.[7] The initial injection 
dose of dexmedetomidine is 1 μg/kg in 10 min, which can 
have a strong preventive effect on postoperative shivering.[8] 
Although there have been several studies on the effects of 
these drugs on postoperative shivering, there is no study to 
compare the efficacy of dexmedetomidine, ondansetron, and 
pethidine with each other in the abdomen surgery. Hence, 
the aim of this study is to determine the prophylactic effects 
of intravenous injection of dexmedetomidine, ondansetron, 
and pethidine on postoperative shivering.

Materials and Methods
This study was a double‑blind randomized clinical trial that 
was performed in the medical training centers of Isfahan 
University of Medical Sciences. The target population of 
this study were patients undergoing abdominal surgery. 
Inclusion criteria: entering criteria were the American 
Society of Anesthesiologists Class I and II who were 
candidates for abdominal surgery under general anesthesia, 
ranging from 18 to 60 years of age and both sexes with the 
patients’ consent to participate in the study. Furthermore, 
patients with a history of tricyclic antidepressants, 
monoamine oxidase inhibitors, vasoactive agents; painkiller 
and opiate medications, patients with musculoskeletal and 
nervous system diseases, thyroid disease, dysautonomia, 
fever, pregnancy, obesity (body mass index >27), history of 
cardiovascular, respiratory, endocrine or neurologic disease, 
allergic to magnesium sulfate, ketamine, and pethidine 
were not involved in the study.

In the case of severe bleeding during surgery or severe 
hemodynamic abnormalities, allergic reactions and 
shivering symptoms that needed more than 1‑time 
treatment with pethidine were also excluded. According 
to the mean comparison formula and with 95% confidence 

interval, 80% power of the test, the standard deviation of 
postoperative pain severity which was equal to 1.67, and 
0.8 to be the least significant difference between groups, 
the required sample size was estimated to be 32 patients 
in each group. Sampling was done by the simple method 
and patients depending on the time of entry who met the 
necessary conditions were entered into the study to reach 
the sample size. Furthermore, patients were distributed in a 
randomized block allocation method and with the required 
number among the groups. The study is a double‑blind 
clinical trial in which the drugs are provided in similar 
and coded syringes. The patients, injector, and clinical 
caregiver are unaware of the syringe’s content thus they 
are blind. Shivering severity was assessed by Crassly and 
Mahajan Score;

As:
0: no shiver
1: no muscle activity but the existence of piloerection, 

peripheral vasoconstriction, or both
2: muscle activity in one muscle group
3: Existence of contraction and muscle activity in more 

than 1 muscle group
4: intense muscle activity in all parts of the body.

Data collection

Beforehand, approval from the Ethics Committee (IR.
MUI.REC.1398.182) of the University and informed 
consent from the patients were obtained. This clinical 
trial was registered at www.irct.ir with identification 
code (IRCT20160307026950N18) and obtaining written 
consent from patients, 128 patients were selected having 
inclusion criteria and distributed by random allocation 
method in one of 4 groups. In Group D: 0.5 μg/kg 
dexmedetomidine, in Group P: 0.5 mg/kg Pethidine, in 
Group O: 0.1 mg/kg ondansetron, and in Group N: normal 
saline after discontinuing the anesthetic drug was injected 
intravenously. All drugs were diluted in the same 50cc 
syringes to the same volume and were infused by syringe 
pump over 10 min to patients. Fluid therapy protocol in all 
patients was the same, according to the 4‑2‑1 rule during 
the nothing by mouth (NPO) period and the 6‑8‑10 rule, 
intraoperatively. After the patients were placed on the bed 
and standard monitoring devices were applied, (including 
a pulse oximeter, capnography, blood pressures, and 
electrocardiogram), anesthesia was induced by injecting 
fentanyl (1.5 μg/kg), atracurium (0.5 mg/kg) thiopental 
sodium (5 mg/kg). After confirmed endotracheal intubation, 
anesthesia was continued by, isoflurane (in minimum 
alveolar concentration value), a gas mixture with 60% N2O 
in O2, and morphine (0.1 mg/kg). The patient’s ventilation 
was in a way that End‑tidal CO2 (ETCO2) was maintained 
at about 30–35 cm H2O. The central temperature was 
measured and recorded using a digital sublingual oral 
thermometer, before surgery, before drug administration, 
after intubation, every 15 min during the anesthesia, at 
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the end of anesthesia, after extubation, on arrival to the 
recovery room, and then every 15 min for 1 h. Furthermore, 
operating and recovery room temperatures (21°C–23°C)[9] 
at the above mentioned times and start time and end of 
surgery were recorded. The mean arterial pressure, heart 
rate, and level of blood oxygen saturation were recorded 
at base times, just before the injection of studied drugs 
and every 15 min after surgery. At the end of the surgery, 
the patients were reversed using atropine (0.02 mg/kg) 
and neostigmine (0.04 mg/kg). After full awakening, the 
patients were extubated and transferred to recovery.

Duration of extubation (from anesthesia discontinuation to 
extubation of endotracheal tube), anesthesia duration (from 
the injection of drugs to unconsciousness), the duration 
of surgery (from the first incision to the last suture) and 
duration of recovery (according to Modified form Aldrete 
table), and duration of being awake after anesthesia (from 
extubation time to the patient’s response to time, place, 
and person) were recorded. Subsequently, the patients 
entering the recovery received oxygen continuously 
through a nasal catheter at a rate of 3 l/min, then were 
covered with a blanket. Patients were monitored every 
15 min for shivering upon arrival and then ranked based 
on Crosley and Mahajan score. According to the above 
criteria in cases with Grade 3 or 4 of shivering, 25 mg 
pethidine was injected and an additional dose of pethidine 
was recorded. Finally, the obtained data were analyzed 
by SPSS software version 23 software (IBM, USA) using 
Chi‑square test, one‑sided ANOVA, repeated measures 
ANOVA, and Kruskal–Wallis tests with the significant 
level P < 0.05 [Figure 1].). The data were entered into 
SPSS version 20 software (IBM, USA)

Results
In this study, 128 patients undergoing abdominal surgery 
in 4 groups of 32 patients receiving dexmedetomidine, 
ondansetron, pethidine, and control were studied. Table 1 
shows the demographic and clinical distribution variables 
of the four groups in which there was no significant 
difference between the four groups. Furthermore, operation 
and anesthesia duration and the recovery length between 
the four groups had no significant difference, but the 
duration of the endotracheal tube extubation between the 
four groups had a significant difference (P = 0.015).

The analysis of hemodynamic parameters did not 
demonstrate a significant difference between the four 
groups during surgery and recovery. The trend of central 
and peripheral temperature changes during operation 
and recovery between the four groups was not different 
significantly.

The incidence of shivering was 40 patients (31.3%) 
including four patients (12.5%) in the dexmedetomidine 
group, 10 persons (31.3%) in the ondansetron group, 
10 patients (31.3%) in the pethidine group, and 

16 patients (50%) from the control group. Postoperative 
shivering frequency was significantly lower in the 
dexmedetomidine group (P = 0.015). The mean of 
shivering intensity in the four groups during recovery 
were 1.33 ± 0.39, 1.12 ± 0 0.4, 1.17 ± 8 0, and 1.13 ± 0.5, 
respectively, and the difference among the four groups was 
significant (P = 0.005). Studying shivering intensity in 
different time tables also indicated that the control group 
entering recovery had higher scores while it did not have a 
significant difference at other times [Table 2].

The mean of postoperative pain severity in the four 
dexmedetomidine, ondansetron, pethidine, and control 
groups was 0.6 ± 1.3, 2.4 ± 1.9, 1.8 ± 0.7, and 1.9 ± 0.4, 
respectively, the difference between groups was significant 
as well (P < 0.001). The mean scores of sedative 
administration in four groups of dexmedetomidine, 
magnesium sulfate, pethidine, and control were, respectively, 
1.18 ± 0.17, 1.21 ± 0.2, 1.34 ± 0.44, and 1.25 ± 0.17 and it 
did not indicate any significant difference between the four 
groups (P = 0.082). Given in Table 3, 20 patients (15.6%) 
had hemodynamic abnormality including 2 (6.3%) in the 
dexmedetomidine group, 4 (12.5%) in the ondansetron 
group, 6 (18.8%) from the pethidine group, 8 (25%) in 
the control group. There were no significant differences 
between the four groups (P = 0.19). The complication 
types included 4 cases having hypertension, 8 cases 
of hypotension, 4 cases of tachycardia, and 4 cases of 
bradycardia which had no significant differences between 
the four groups (P = 0.1). Moreover, 11 patients (34.4%) 
of the dexmedetomidine group, 16 patients (50%) of the 
ondansetron group, three patients (9.4%) of the pethidine 
group, and 13 (40.6%) patients of the control group 
received pethidine, and there was a significant difference 
between the four groups (P = 0.005). The received 
pethidine mean dose was significantly different between the 
four groups. The dexmedetomidine group had the lowest 
and the control group received the highest amount of 
pethidine (P = 0.035). There was no significant difference 
in the prevalence of nausea occurrence between the four 
groups, but the vomiting was significantly different between 
the groups (P = 0.013). The results are shown in Table 3.

Discussion
Postoperative shivering is a challenging issue in the 
field of anesthesia and surgery since this complication 
can lead to secondary complications in addition to the 
patient’s discomfort. As a result, various methods have 
been introduced to reduce the occurrence and severity 
of this complication. In the present study, demographic 
characteristics showed no significant differences among the 
four groups and had no disrupting effect on hemodynamic 
and respiratory parameters, or the intensity of shivering, 
pain, and sedation score. Therefore, it is most likely that 
the observed differences between the groups could be 
related to the preemptive administration of the medications 
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and most likely related to the type of prescription and used 
drugs. Vital parameters such as blood pressure, heart rate, 
and blood oxygen saturation during surgery and recovery 
did not show significant differences between the groups, 
and no case of serious hemodynamic complications 
requiring medical intervention was observed either. It 
can be acknowledged that the drugs used, both in type 
and dosage, had no adverse effects on the patient and 
could be considered safe anesthetic drugs. In a previous 
study by He et al., they found that ondansetron had a 
significant effect on postoperative shivering compared 

to placebo, whereas there was no difference between 
ondansetron and pethidine. In addition, there was no 
difference between ondansetron, pethidine, and placebo in 
the risk of bradycardia, but ondansetron was associated 
with a lower risk of hypotension than placebo. However, 
there was no difference in hypotension risk between 
ondansetron and pethidine.[10] Central and peripheral 
temperatures did not differ significantly between the four 
groups during the course of operation and anesthesia. 
Overall, the trend of body temperature changes during 
the study period was balanced and similar between the 
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• Not meeting inclusion criteria (n = 0)
• Declined to participate (n = 0)
• Other reasons (n = 0)
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Figure 1: Study flow diagram

Table 1: Distribution of demographic and general variables in four groups
Variable Unit C (Group) P (Group) O (Group) D (Group) P*
Age Years 44.7±9.4 45.7±8.8 45.2±9.4 51.2±11.2 0.14
BMI kg/m2 25.39±7.05 30.17±9.2 27.77±7.61 28.33±8.1 0.13
Variable Unit C (Group) P (Group) O (Group) D (Group) P**
Gender (%) Female 17 (53.2) 15 (46.8) 15 (46.8) 18 (56.2) 0.86

M 15 (46.8) 17 (53.2) 17 (53.2) 14 (43.8)
ASA (%) I 26 (81.2) 25 (78.1) 24 (75) 19 (59.4) 0.2

II 6 (18.8) 7 (21.9) 8 (25) 13 (40.6)
BUD (%) 6 (18.75) 6 (18.75) 5 (15.6) 8 (24.2) 0.75
Variable Unit C (Group) P (Group) O (Group) D (Group) P**
SD Min 104.5±41.3 100.5±42.7 113.3±46.6 128.8±70.3 0.14
AD Min 109.9±27.6 110.6±36.9 114.4±24.0 117.8±26.0 0.6
ED Min 13.7±5.7 16.5±8.2 17.7±6.8 20.2±10.4 0.015
RD Min 60.6±4.7 65.9±12.4 66.9±13.8 67.2±9.2 0.05
*One‑way ANOVA test, **Independent t‑test. BMI: Body mass index, BUD: Background underlying disease, SD: Surgery duration, 
AD: Anesthesia duration, ED: Extubation duration, RD: Recovery duration, C: Control, P: Pethidine, O: Ondansetron, D: Dexmedetomidine
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groups. The occurrence of postoperative shivering in the 
dexmedetomidine group was significantly lower than the 
other groups, whereas shivering in the ondansetron and 
pethidine groups was similar. There was also a significant 
difference in the severity of shivering between the groups 
and according to the findings of our study, it seems that 
the use of dexmedetomidine as a precursor can reduce 
the occurrence of postoperative shivering. Moreover, in 
addition to dexmedetomidine, the use of ondansetron and 
pethidine also appeared to decrease postoperative shivering 
compared to the control group who received no drug. In 
this regard, the results of a previously mentioned study by 
He et al. have shown that compared to ondansetron and 
placebo, ondansetron had a remarkable effect on reducing 
postoperative shivering compared to placebo, while there 
was no difference between ondansetron and pethidine, 
and these findings corroborate with our study results. This 
study concluded that ondansetron could effectively prevent 
postoperative shivering.[10]

In a further study by Entezari Asl et al. using ondansetron 
instead of meperidine was recommended as ondansetron 
was more efficient at reducing postoperative shivering 
(50%–13.3%) and it had fewer complications especially 
in patients with unstable hemodynamic conditions[11,8] 
In a study by Abdel‑Ghaffar et al. on the optimal dose 
of dexmedetomidine in shivering control with the least 
hemodynamic abnormalities, after treatment with three 

different doses of 0.2, 0.3, and 0.5 mg/kg body weight, they 
concluded that a dose of 0.3 mg/kg, had the greatest effect 
on treating postoperative shivering after spinal anesthesia. 
It also had positive hemodynamic and sedation effects.[12] 
A study by Thomas et al. has also shown that continuous 
dexmedetomidine infusion has a much greater advantage 
than its bolus type, but only intravenous administration 
of the drug has been suggested for a maintenance 
dose.[13] In the study of Doufas et al., the synergistic effect 
of dexmedetomidine and meperidine on postoperative 
shivering and its effect on reducing the sedative effect of 
the two drugs have been observed.[14] Furthermore, in the 
study by Nasseri et al., the occurrence and severity of 
postoperative shivering in the cesarean section was lower 
in patients who received dexmedetomidine (compared to 
the patients who received placebo); however, hypotension, 
bradycardia, nausea, and vomiting were similar between 
these two groups.[15] Moreover, in a study conducted 
by Bicer et al., intravenous injection of a dose of 
1 microgram per kilogram with the dosing of 0.5 mg/kg of 
dexmedetomidine had no significant difference in reducing 
postoperative shivering.[16] In our study, investigating other 
postoperative complications showed that the occurrence of 
hypotension was lower in the pethidine and control groups 
than in the dexmedetomidine and ondansetron groups. On 
the other hand, there was also a significant difference in 
vomiting, pethidine, and pethidine dose between groups; 
and these were lower in the dexmedetomidine group, which 
was similar to the results of the studies by Abdel‑Ghaffar,[12] 
Doufas[14] and Nasseri[15] about hemodynamic[12] disorders 
and the occurrence of nausea and vomiting[14] and those 
who received a pethidine dose.[15]

Conclusion
Findings of our study showed that the use of all 
three drugs (dexmedetomidine, ondansetron, and 
pethidine) was effective in reducing the occurrence 
of postoperative shivering but comparatively, using 
dexmedetomidine was associated with a lower occurrence 
of postoperative shivering, better hemodynamic stability, 
as well as less occurrence of postoperative complications. 

Table 2: Distribution of frequency and intensity of shivering in the recovery of the four groups
Variable Time C (Group) P (Group) O (Group) D (Group) P*
Shivering frequency (%) Enter PACU 13 (40.6) 0 2 (6.3) 2 (6.3) <0.001

15th min 4 (12.5) 0 2 (6.3) 2 (6.3) 0.016
30th min 2 (6.3) 0 0 1 (3.1) 0.042
45th min 2 (6.3) 2 (6.3) 0 0 0.16
60th min 2 (6.3) 0 0 0 0.01

Shivering NTST Enter PACU 2.41±0.87 1.94±0.88 2.16±0.81 1.31±0.64 <0.001
15th min 1.78±0.66 1.53±0.51 1.72±0.77 1.44±0.61 0.083
30th min 1.56±0.62 1.19±0.40 1.44±8.0 1.25±0.51 0.053
45th min 1.25±0.59 1.25±0.76 1.25±0.44 1.19±0.54 0.87
60th min 1.06±0.25 1.94±0.74 1.28±0.46 1.13±0.42 0.34

*Independent t‑test. C: Control, P: Pethidine, O: Ondansetron, D: Dexmedetomidine, PACU: Postanesthesia care unit

Table 3: Frequency distribution of postoperative 
complications of four understudied groups

Variable C 
(Group)

P 
(Group)

O 
(Group)

D 
(Group)

P

Hypertension (%) 0 1 (3.1) 2 (6.3) 1 (3.1)
Hypotension (%) 3 (9.4) 3 (9.4) 1 (3.1) 1 (3.1) 0/04
Tachycardia (%) 4 (12.5) 0 0 0
Bradycardia (%) 1 (3.1) 2 (6.3) 1 (3.1) 0
Nausea (%) 8 (25) 3 (9.4) 6 (6.18) 3 (9.4) 0.23
Vomiting (%) 11 (34.4) 3 (9.4) 6 (6.18) 2 (6.3) 0.013
Pethidine (%) 13 (40.6) 3 (9.4) 16 (50) 11 (34.4) 0.005
Pethidine (mg) (%) 22.7±2.6 20±0.0 25.7±9.6 18.3±3.9 0.035
C: Control, P: Pethidine, O: Ondansetron; D, Dexmedetomidine
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Therefore, it seems that using this drug for reducing 
postoperative shivering is preferable to ondansetron and 
pethidine. However, given the limitations of this study, such 
as the small sample size, further studies are recommended.
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