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ABSTRACT
Background: Shivering is an undesirable complication following general anesthesia and spinal
anesthesia, whose early control can reduce postoperativemetabolic and respiratory complications.
Therefore, this study aims to compare the effects of prophylactic injection of ketamine and pethi-
dine on postoperative shivering.Methods: This double-blind clinical trial was performed on 105
patients with short-term orthopedic and ENT surgery. The patients were randomly divided into
three groups; 20 minutes before the end of the surgery, 0.4 mg/kg of pethidine was injected to the
first group, 0.5mg/kg of ketaminewas injected to the secondgroup, and normal salinewas injected
to the third group. After the surgery, the tympanic membrane temperature was measured at 0, 10,
20, and 30 minutes. The shivering was also measured by a four-point grading from zero (no shiv-
ering) to four (severe shivering). Data were analyzed by one-way ANOVA, Kruskal Wallis, Chi-square
and Pearson correlation. Results: The mean age of patients was 35.8±11.45 years in the ketamine
group, 34.8±11.64 years in the normal saline group, and 33.11±10.5 years in the pethidine group.
The one-way ANOVA showed no significant difference in the mean age between the three groups
(P=0.645). The incidence and intensity of shivering were significantly higher in the normal saline
group than in the ketamine and pethidine groups (p=0.001). However, there was no significant
difference in the incidence and the intensity of shivering between the ketamine and the pethidine
groups (p=0.936). Conclusion: The results showed that the 0.5 mg/kg of ketamine could control
the post-anesthetic shivering.
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INTRODUCTION
Surgery and anesthesia disturb the balance between
the production and loss of body temperature. The
use of anesthetics and opioids leads to motor and
behavioral inhibition, body movements and conse-
quently a decrease in body temperature, which re-
sults in shivering 1. The core body temperature de-
creases from 0.5ºC to 1.5ºC after anesthesia induc-
tion. All anesthetic drugs specifically change the
temperature-regulating system 2. Postoperative shiv-
ering, in addition to discomfort and dissatisfaction
of the patient, accounts for numerous complications
such as cardiorespiratory abnormalities, increased
oxygen consumption, subsequent cell hypoxia, and
increased production of lactic acid and carbon diox-
ide. The shivering can also increase return time, pain
perception, and intraocular and intracranial pres-
sure 3,4. Previous studies recommended various med-
ications such as Meperidine, Ketamine plus Midazo-
lam, Neostigmine and Ketanserin to control and treat
post anesthetic shivering 5,6.
Pethidine is one of the most effective drugs to con-
trol postoperative shivering 7. In more recent stud-
ies, ketamine has also been reported as an effective

drug to control postanesthetic shivering 8. Another
study introduced the use of pethidine with dexam-
ethasone as the more effective method than ketamine
and midazolam 9. Ketamine controls postanesthetic
shivering by multiple mechanism. Ketamine is a drug
binding to N-methyl-d-aspartate (NMDA) receptor,
which is critical at different levels in thermoregula-
tion. NMDA receptors regulate noradrenergic and
serotonergic systems in locus coeruleus 10. Previ-
ous studies have shown that ketamine is effective in
controlling postanesthetic shivering 11–13. Therefore,
this study was conducted to compare the effects of
prophylactic injection of ketamine, and pethidine on
post-anesthetic shivering.

METHODS
Study Design, Ethical Considerations, Pa-
tients
The current double-blind clinical trial was approved
by the Deputy of Research and Technology at Za-
hedan University of Medical Sciences, Iran, and per-
mitted by the Ethics Committee of the University. All
enrolled patients in the study signed consents after be-
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ing fully informed.

Sample Size andRandomization
The sample size was calculated to be 105 people ac-
cording to previous studies and formula to calculate
sample size. These patients were divided randomly
into three groups of 35 after enrolling in the study
based on inclusion criteria 14.

Inclusion and Exclusion Criteria
The inclusion criteria were Class I and II Ameri-
can Society of Anaesthesiology (ASA) including no
history of cardiovascular, respiratory, psychiatric,
neuromuscular (myoclonus, Parkinson, Huntington,
multiple sclerosis, seizure), endocrine disorders (dia-
betes and thyroid disorders), and body temperature
ranging from 36.5ºC to 38ºC. In addition, patients
with intraoperative blood transfusion were also ex-
cluded from the study.

Interventions
The operating room temperature was adjusted to
24◦C by air conditioner according to the tropical na-
ture of the area. Then, the ear temperature was mea-
sured and recorded.
Next, an angiocath number 18 was fixed in the left
antecubital fossa for all patients, followed by nor-
mal saline infusion (10cc/kg). The monitoring device
(SAADAT, Iran) was used to non-invasively moni-
tor of heart rhythm, arterial oxygen saturation, and
blood pressure. The oxygenwas prescribedwith a face
mask for patients (7 liters per minute). The anesthe-
sia was induced with propofol (2 mg/kg/IV), midazo-
lam (2 mg/IV), fentanyl (1 µg/kg/IV) and atracurium
(0.5 mg/kg/IV).The intubation was done with a video
laryngoscope. During the operation, the anesthe-
sia continued with 60% N2O, oxygen and propo-
fol (100-200 µg/kg/min) and remifentanil (0.05-0.1
µg/kg/min). A repeated dose of the atracurium, if
needed (0.1 mg/kg/IV), was performed every 20min-
utes. All medications were injected and stored at
room temperature.
Twenty minutes prior to the end of surgery, the first
group was injected with 0.4 mg/kg of pethidine (Iran
Pharmaceutical darou pakhsh Company), the sec-
ond group with 0.5 mg/kg of ketamine (Manufac-
ture of Germany ROTEXMEDICA company), and
the third group with placebo (normal saline); the vol-
ume of three syringes reached 3 cc. For blinding, the
used drugs were prepared by the researcher and pre-
sented to an anesthetic expert who was unaware of
the study and grouping of patients. After complet-
ing the surgery, the residual neuromuscular block was

returned with neostigmine (0.04 mg/kg/IV) and at-
ropine (0.02 mg/kg/IV).
After obtaining the necessary criteria, the tracheal
tube was removed from the patients. The type and
duration of operation were recorded in information
forms. The patients were transferred to a recovery
ward and oxygen therapy was started with a facemask
(7 liters per minute), and the patient’s body was cov-
ered with a double layer linen bed sheet.
An anesthesiologist, who was unaware of processing
and grouping of the studied patients, assessed the pa-
tients for the shivering. The tympanic membrane
temperature was recorded at 0, 10, 20 and 30 minutes
after entering the recovery room. The shivering was
evaluated with a four-point grading system.
In case of obtaining the score of two and over, the
shivering was treated with 25 mg/IV of pethidine.

Statistical Analysis
Data were then compared with SPSS version 22
software using descriptive statistics and one-way
ANOVA, KruskalWallis, chi-square and Pearson cor-
relation.

RESULTS
In total, the patients were composed of 62% of women
and 38% of men. There was no significant difference
regarding gender distribution among patients in the
three groups (P=0.176) (Table 2).
The mean age of patients was 35.8±11.45 years in
the ketamine group, 33.11±10.5 years in the pethi-
dine group, and 34.8±11.64 years in the normal saline
group. The one-way ANOVA showed no significant
difference in the mean age between the three groups
(P=0.645).
Themean duration of surgerywas 109.24±37.87min-
utes in the ketamine group, 105.30±36.97 minutes
in the normal saline group and 106.41±35.94 in the
pethidine group, which was not significantly different
(P=0.975) Table 3.
The frequency of shivering in the groups receiving ke-
tamine and pethidine was significantly lower than in
the normal saline group (p=0.001).
The shivering grade was significantly lower in the
ketamine and pethidine groups than in the normal
saline group (p=0.001). In the normal saline group,
86% of patients had postoperative shivering, of which
only 6% were severe that reported in the same group.
In the ketamine group, only 14% of the patients expe-
rienced shivering, of which 6% had moderate grade
and the rest was mild, and none of the patients had
severe shivering.
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Table 1: The shivering was evaluated with a four-point
grading system

Grade Clinical signs

0 No shivering

1 Mild fasciculation of face or neck

2 Visible tremor involving more than one muscle group

3 Gross muscular activity involving the entire body

Table 2: Frequency distribution of patients according to sex in three groups

Groups Sex Total P-value

Male Female

Ketamine 15
43%

20
57%

35 0.176

Pethidine 16
46%

19
54%

35

Normal saline 9
26%

29
74%

35

Total 40
38%

65
62%

105

Table 3: Frequency distribution of postoperative shivering among patients in different groups

Groups Shivering p-value

Without shivering With shivering

Ketamine,
Pethidine

30(86%)
34(97%)

5(14%)
1(3%)

0.06

Ketamine,
Normal saline

30(86%)
5(14%)

5(14%)
30(86%)

0.001

Pethidine,
Normal saline

34(97%)
5(14%)

1(3%)
30(86%)

0.001

Total 69(66%) 36(34%)

In the pethidine group, only 3% of the patients had
mild shivering, but there was no significant difference
in the incidence rate of shivering between the pethi-
dine and ketamine groups (p=0.0936) (Table 4 and
Figure 1).
The patients with the Grade 2 shivering (moderate)
were treated by the pethidine injection in the recov-
ery room. In the ketamine group, only two patients
(6%) required the pethidine, while 19 patients (54%)
in the normal saline group needed the pethidine in-
jection, so the need for the pethidine injection was
significantly lower in the ketamine group than in the
normal saline group (P<0.001). However, no signif-
icant difference was observed between the pethidine
and ketamine groups (P=0.7). In addition, there was a

significant and reverse correlation between the post-
operative shivering and the tympanicmembrane tem-
perature at the time before induction of anesthesia, at
the beginning of the recovery room and 0, 10, 20 and
30 minutes after entering the recovery room (r=-0.6,
P=0.001).

DISCUSSION
The results of this study showed that the use of a low
dose prophylactic ketamine could be effective in con-
trolling the postoperative shivering of patients, while
pethidine requires a higher dose to achieve the same
effect. However, in studies with a dose of 0.75 mg/kg,
the control of shivering by the ketamine has been re-
ported to bemore effective than the pethidine, but ac-
companied by side effects such as nystagmus and ver-
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Table 4: Results of grading the postoperative shivering in different groups of patients

Groups Shivering grades p-value

Negative Mild Moderate Severe

Ketamine,
Pethidine

30(86%)
34(97%)

3(8%)
1(3%)

2(6%)
0(0%)

0(0%)
0( 0%)

0.0936

Ketamine,
Normal saline

30(86%)
5(14%)

3(8%)
19(34%)

2(6%)
9(26%)

0(0%)
2(6%)

0.001

Pethidine,
Normal saline

34(97%)
5(14%)

1(3%)
19(34%)

0(0%)
9(26%)

0(0%)
2(6%)

0.001

Total 69
65%

23
22%

11
11%

2
2%

Figure 1: The incidence rate of shivering in the three groups according to the number of patients. The high-
est number of patients without shivering was in the group receiving pethidine and at all other times, the number
of peoplewith shivering in the normal saline groupwas high, while the number of shiveringwas close to ketamine
and pethidine groups.

tigo 15,16. In any case, the prophylactic use of an ap-
propriate drug seems necessary to control the post-
operative shivering. In line with the results of this
study, Manouchehrian et al. reported that the ke-
tamine is effective in controlling postoperative shiver-
ing. However, the difference between this study and
our study is that ketamine was compared to hydrocor-
tisone and placebo (normal saline) instead of pethi-
dine. They concluded that ketamine was more effec-
tive to control postoperative shivering. According to
the results of both studies, the emphasis was placed
on the ability of prophylactic ketamine to control the
postoperative shivering 17. Akram et al. compared

ketamine and tramadol to control postoperative shiv-
ering and reported that ketamine could control post-
operative shivering better than tramadol 8. Contrary
to the results of the study, Loyal et al. compared
the effect of intravenous clonidine and tramadol to
control post-spinal anesthesia shivering and reported
that tramadol is more effective in controlling postop-
erative shivering 18. No complete and specific treat-
ment has been identified for postoperative shiver-
ing 19. With sympathetic stimulation, ketamine can
increase blood pressure, heart rate, and cardiac out-
put, and these can be beneficial in patients with hy-
pothermia 20,21. Low-dose of ketamine during spinal
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Table 5: Frequency distribution of the need for pethidine (shivering grades of two and over) in recovery room
between different groups

Groups Need for pethidine injection in recovery room P-value

No Yes

Ketamine,
Pethidine

33(94%)
35(100%)

2(6%)
0(0%)

0.7

Ketamine,
Normal saline

33(94%)
16(46%)

2(6%)
19(54%)

0.001

Pethidine,
Normal saline

35(100%)
16(46%)

0(0%)
19(54%)

0.000

Total 84
80%

21
20%

anesthesia prevents lower body temperature 22. Kish-
nani et al. compared the combination of ketamine
plus midazolam versus tramadol and placebo to con-
trol the post-spinal anesthesia shivering and reported
that tramadol controls postoperative shivering better
than the combination of ketamine plus midazolam.
It should be noted that the mentioned study used a
dose of 25 mg/kg of ketamine and 40 µg/kg of mida-
zolam and only five patients experienced mild shiv-
ering, while our results reported three patients with
mild shivering in the ketamine group and six patients
withmoderate shivering, which aremuch higher than
the mentioned study. The reason for this is probably
related to midazolam and synergistic effects between
these two drugs. In the noted study, the difference
in the tramadol group with the ketamine group was
only in one patient, but this difference was statisti-
cally significant 6. Based on the results of this study,
Mahoori et al. compared the prophylactic use with a
dose of 0.5 mg/kg of ketamine and placebo and con-
cluded that the incidence rate of shivering in the two
groups did not differ significantly, but the intensity of
shivering was much lower in the ketamine group 21.
Solhpour et al. compared the prophylactic use of
meperidine, meperidine plus dexamethasone, and ke-
tamine plus midazolam for preventing shivering dur-
ing spinal anesthesia. Different from other studies,
they stated that the use of meperidine plus dexam-
ethasone controls the post-spinal anesthesia shiver-
ing better than the ketamine plus midazolam and the
meperidine alone though differences in Grades 2 and
three shivering occurred between three groupswas re-
lated to only two patients 9. Mohamed et al. reported
that the administration of 0.5mg/kg of pethidine con-
trols postoperative shivering better than 0.5mg/kg of
tramadol, but induces more sedation 23.
One of the limitations of the present study is the fail-
ure to accurately adjust the temperature of all parts of

the recovery environment due to its large space which
may have affected the results. Other limitations in-
clude small sample size in each group, and only one
center was involved in the study. Thus, larger sam-
ple size and multiple studying sites would be recom-
mended to validate the findings in this study.

CONCLUSIONS
Despite the better ability of pethidine to control
postanesthetic shivering, there is a potential risk of
respiratory depression by pethidine in general anes-
thetized patients who have received opioid for induc-
tion. Given the small difference in the incidence rate
and the intensity of shivering between pethidine and
ketamine in this study, the use of pethidine is rec-
ommended to control post-spinal anesthesia shiver-
ing and the prophylactic ketamine should be used to
control the post general anesthesia shivering.
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