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BACKGROUND

Postoperative shivering is one of the most common
problems in the early recovery phase following
general anesthesia.lll It is considered as the sixth
most important problem of current clinical anesthe-
siology with an estimated rate of 5-65%.12!

It not only makes distress in patients but also
may result in different physiological changes in-
cluding increased tissue oxygen consumption and
carbon dioxide production which consequently in-
crease the cardiac output and minute ventilation.
These stressful physiologic conditions may cause
complications in the elderly and coronary artery
disease patients.!*l

Postoperative shivering was first described over
50 years ago. Though initial evidences indicated
that intraoperative hypothermia and reset of ther-
moregulatory centers are the main causative factors,
its occurrence among normothermic patients has
led scientists to seek other relative factors.® Several
studies have investigated the mechanisms respon-
sible for postoperative shivering but the precise ori-
gin has not been clearly determined yet. A number

of hypotheses have been developed in this regard
and many pharmacological interventions have been
investigated for management of this important
postanesthetic complication. The use of some
pharmacological agents such as clonidine, keta-
mine, doxapram, tramadol, pethidine, and other
opioids has been studied in many researches.®!
Among the mentioned agents, pethidine is one of
the most effective drugs in treatment and preven-
tion of postanesthetic shivering. It has been sug-
gested that pethidine could directly affect the ther-
moregulatory center or may act through opioid re-
ceptors. However, its underlying mechanisms have
not been understood to date.[%*!

As mentioned, different hypotheses have been
recommended regarding the role of thermoregula-
tory and non-thermoregulatory reactions. N-
methyl-D-aspartate (NMDA) receptor antagonists
are among the thermoregulatory factors which
might modulate thermoregulation at multiple le-
vels. Therefore, ketamine, as a competitive NMDA
receptor antagonist, could be effective for this pur-
pose.l Some studies have reported its beneficial
effects in this field.[112]
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Regarding non-thermoregulatory factors, activation
of the inflammatory responses and release of cyto-
kines during surgery are considered as the underly-
ing causes of postanesthetic shivering.3l Agents
with anti-inflammatory activity, such as dexame-
thasone, could thus reduce the occurrence of post-
anesthetic shivering by decreasing the gradient be-
tween core and skin temperature.'413

Since postanesthetic shivering is an accompany-
ing part of general anesthesia with different unplea-
sant and stressful consequences for patients under-
going surgery, it seems that its proper management
is necessary for both treatment and prevention. The
aim of this study was to compare the prophylactic
effects of ketamine, dexamethasone, and pethidine
in preventing postoperative shivering in general
anesthesia.

METHODS

In this prospective, randomized, double-blind, clinical
trial, 135 American Society of Anesthesiologists (ASA)
I and II patients aged 18-70 years, scheduled for elec-
tive surgery under general anesthesia at Alzahra Hos-
pital (Isfahan, Iran) in 2010, were enrolled.

Patients with a history of convulsions, hypersensi-
tivity reaction to ketamine, dexamethasone, or pethi-
dine, history of using tricyclic antidepressants (TCAs),
monoamine oxidase (MAO) inhibitors, and 3-blockers,
multiple allergies, hypertension, coronary artery dis-
ease, dysautonomia, and other cardiorespiratory or
neuromuscular pathology were excluded from the
study. In addition, patients who were hemodynamical-
ly unstable or had severe bleeding during surgery
were excluded.

The Medical Ethics Committee of Isfahan Universi-
ty of Medical Sciences (Isfahan, Iran) approved the
study protocol and all subjects gave their written con-
sent.

The patients were randomly allocated to receive
intravenous (IV) ketamine (0.5 mg/kg), dexamethasone
(0.6 mg/kg), or pethidine (0.5mg/kg), 30 minutes before
the anticipated completion of surgery.

The same standard protocol was used for anesthetic
management of patients in all three groups. Vital signs,
oxygen saturation, electrocardiography (ECG), non-
invasive blood pressure (NIBP), pulse oximetry (SpO2),
and end-tidal carbon dioxide (EtCO:) were recorded
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before and during surgery. EtCO: during surgery was
maintained at 30-35%.

Anesthesia was induced using IV fentanyl (2 pg/kg),
atracurium (0.5 mg/kg), and thiopental sodium (5
mg/kg). After orotracheal intubation, anesthesia was
maintained with nitrous oxide 60% in oxygen and isof-
lurane 1-1.5%. A 0.1-mg/kg IV dose of morphine was
also administered to all patients.

Residual neuromuscular blockade was antagonized
using 0.04 mg/kg neostigmine and 0.02 mg/kg atropine
at the end of the surgery. During surgery, skin surface
and IV fluid warming were not used. The operating
room temperature was set at 22-25°C. Tympanometry
was used to measure central temperature immediately
after induction of anesthesia and every 15 minutes un-
til the completion of surgery. Moreover, the tempera-
ture was measured and recorded every 5 minutes for
one hour in the recovery room. Environmental temper-
ature was also measured at the same time intervals.

After completion of surgery, the trachea was extu-
bated when the patient had adequate respiratory ef-
forts and properly responded to verbal commands. The
type and duration of anesthesia and surgery were rec-
orded.

In the recovery room, all patients were evaluated
for postoperative shivering every 5 minutes until 15
minutes and also at 15th, 30th, 45%, and 60th minutes.
The results were recorded by a trained nurse in the
recovery room. The severity of shivering was eva-
luated by a 5-grade scale in which 0-4 corresponded no
shivering, no muscle contraction but mild fascicula-
tions in the face and neck, or peripheral vasoconstric-
tion, visible tremor involving one muscle group, visible
tremor involving more than one muscle group, gross
muscular activity involving the entire body, respective-
ly.'®l In cases with a grade 3-4 shivering for more than
4 minutes, the prophylaxis was considered ineffective
and 25 mg IV pethidine was administered.

Moreover, mean heart rate, mean arterial pressure
(MAP), drug side effects, level of consciousness in the
recovery room, and duration of extubation were eva-
luated and recorded.

Side effects of the studied drugs including halluci-
nations, agitation, blurred vision, drowsiness, nausea,
vomiting, hypotension, tachycardia, meiosis, seizure,
urinary retention, numbness, dry mouth, and dizziness
were recorded.
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Time of discharge from the recovery room was de-
termined using postanesthesia discharge scoring sys-
tem of Aldrete and Kroulik which includes an assess-
ment of pain, surgical bleeding, and vital signs and
activity. A score of 9-10 indicated readiness for dis-
charge.l'”]

The obtained data was analyzed using SPSSis for
Windows (SPSS Inc., Chicago, IL, USA). Analysis of
variance (ANOVA) and chi-square test at a significance
level of p <0.05 were performed to analyze the data.

RESULTS

Out of 162 eligible patients, 27 were excluded. The re-
maining 135 ASA I-II patients were randomly divided
into 3 groups of 45. All patients were followed until the
end of the study. Demographic characteristics and oper-
ative details of the 3 groups are presented in table 1.

Mean values of central temperature in the 3 studied

groups during operation and in the recovery room are
presented in table 2. In addition, mean values of envi-
ronmental temperature in the 3 studied groups during
operation and in the recovery room are presented in
table 3.

Variations in central and environmental tempera-
ture (°C) in the 3 groups during operation and in the
recovery room at different times are demonstrated in
figures 1 and 2.

Variations in the severity of postoperative shivering
in the 3 groups in the recovery room are shown in
figure 3.

Overall postanesthetic shivering was seen in 36 pa-
tients including 17 (37.8%) in ketamine group, 14
(31.1%) in dexamethasone group, and 5 (11.1%) in pe-
thidine group (p = 0.012). No hallucination, delirium,
nausea, vomiting, hypertension, tachycardia, or other
complications were seen in any of the patients.

Table 1. Demographic and operative details of patients in ketamine, dexamethasone, and pethidine groups (Values are ex-

pressed as number (%) or mean + SD.)

Ketamine Dexamethasone Pethidine p
Demographic details
Age (years) 454 +13.3 47.9+13.6 46.5+12.2 0.67
Weight (kg) 62.9+8.6 67.6+9.8 67.6+9.4 0.02
Female 20 (44.4%) 22 (48.9%) 17 (37.8%) X
Male 25 (55.6%) 23 (51.7%) 28 (62.2%) 0.5
ASA | 25 (55.6%) 29 (64.4%) 28 (62.2%) 0.6
ASA I 20 (44.4%) 16 (35.6%) 17 (37.8%) Y
Operative details
Mean duration of operation (min) 57.1+14 63.4+16.8 64.9 + 21 0.08
Mean extubation time (min) 11.8+6.4 11.2+56 109+5.6 0.77
Mean duration of recovery (min) 51.6 +10.1 50.3 +12.6 47 + 8.6 0.1
Y: P-value is related to both ASA 1 and ASA2
XP-value is related to both sex (maleand female)
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Figure 1. Variations in central temperature (°C) in the three studied groups in the operation room (OR) and recovery room at different times

(p < 0.001)
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Table 2. Central temperature in the three studied groups during operation (at 0, 15 and 30 minutes) and in the recovery room (at 0-
60 minutes)

Time (min) Ketamine Dexamethasone Pethidine p
0 36.9+0.47 36.8+0.54 36.8+0.42
Operation room 15 36.8 £0.48 36.7 £ 0.55 36.7 £ 0.44 0.37
30 36.7 £ 0.52 36.7 £ 0.52 36.5+0.48
0 36.1+0.58 36.4+0.5 35.8+0.59
5 36.1 +0.56 36.4 +0.53 35.8+0.57
10 36.1+0.54 36.4 +0.49 35.8+0.54
15 36.2 + 0.58 36.4+0.5 35.8+0.54
20 36.2 + 0.56 36.5+ 0.51 359+0.6
Recovery room 25 36.2 + 0.56 36.6+0.5 36 +0.66 <0.001
30 36.3+0.59 36.6 + 0.48 36 +0.57
35 36.3+0.53 36.6 + 0.49 36 +0.56
40 36.4 +0.55 36.7 £ 0.47 36.1+0.53
45 36.4 +0.53 36.8+0.47 36.2+0.52
50 36.4+0.5 36.8+0.48 36.2+0.5
60 36.5+0.51 36.8 + 0.49 36.3+0.46
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Figure 2. Variations in the environmental temperature (°C) in the three studied groups in the operation room (OR) and recovery room at differ-
ent times (p < 0.001)

Table 3. Environmental temperature in the three studied groups during operation (at 0, 15 and 30 minutes) and in the recovery
room (at 0-60 minutes)

Time

(min) Ketamine Dexamethasone Pethidine p

0 36.3+0.43 35.7+0.9 36.3+0.43

Operation room 15 36.1+0.45 35.9+0.93 36.1+0.45 < 0.001
30 36.5+0.49 35.8+0.92 36 +0.49
0 35.4+0.52 35.7 + 0.56 35.4 +0.52
5 35.5+0.56 35.7 £ 0.56 35.5+0.56
10 35.4+0.52 35.7£0.57 35.4+0.52
15 35.4+0.55 35.8 + 0.56 35.4 +0.52
20 35.5+0.57 35.8 +0.54 35.4+0.55
25 35.5+0.56 35.9+0.54 35.5+0.57

Recovery room 30 35.6 + 0.54 35.9£0.53 35.5 £ 0.56 <0.001
35 35.6+0.5 35.9+0.54 35.6 + 0.54
40 35.7+0.48 36.0 + 0.53 35.7+0.5
45 35.7 £ 0.47 36.1+0.55 35.7 £0.47
50 35.7+0.46 36.1+0.54 35.7 £ 0.46
60 35.7 £ 0.45 36.1+0.53 35.7 £ 0.45
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Figure 3. Variations in the severity of postoperative shivering in the three studied groups in the recovery room (p > 0.05)

DISCUSSION

In this study, prophylactic effects of ketamine, dexame-
thasone, and pethidine in preventing postoperative
shivering in general anesthesia were compared. The
results indicated that mean values of environmental
temperature during surgery and in the recovery room
were significantly different between the 3 groups. On
the other hand, although mean values of central tem-
perature in the recovery room were significantly dif-
ferent between the 3 groups, no significant differences
were observed in values during surgery.

As mentioned, both central and environmental hy-
pothermia during surgical procedure, especially in the
recovery room, leads to postoperative shivering. Simi-
lar to previous studies, P! we found the overall preva-
lence of postoperative shivering to be 26.7% (36/135).
Postoperative shivering was detected in 37.8%, 31.1%,
and 11.1% of patients in ketamine, dexamethasone, and
pethidine groups, respectively. It was significantly dif-
ferent between the studied groups.

Many studies have confirmed the effectiveness of
pethidine in preventing postoperative shivering. The
anti-shivering mechanism of pethidine is due to its ac-
tion via k receptor rather than p opioid receptors.s!
However, pethidine has some adverse effects which
limit its use in some cases. It may cause respiratory
depression especially in patients with previous history
of opioids and anesthetics administration. Other side
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effects are hypotension, postoperative nausea and vo-
miting.[) Therefore, it seems that proper alternatives
should be determined for cases with contraindications
for pethidine administration.

Many studies have shown ketamine to have proper
effects in preventing postoperative shivering. Some
studies have also investigated different doses of the
drug.121 Dal et al. indicated low dose of ketamine (0.5
mg/kg) approximately 20 minutes before completion of
surgery under general anesthesia, which was also ad-
ministered in the current study, to be effective in pre-
venting postoperative shivering. They concluded that
ketamine can be used as an alternative prophylaxis for
preventing postoperative shivering in patients with
bradycardia, hypotension, respiratory depression, nau-
sea, vomiting, and allergic reactions to pethidine.l?! In
a recent study in Nigeria, the effectiveness of prophy-
lactic low-dose of ketamine in preventing postopera-
tive shivering has been reported.”! Likewise, Norouzi
et al. determined the optimum dose of ketamine for
preventing postanesthetic shivering as 0.5 mg/kg.[21

The role of dexamethasone as an anti-inflammatory
agent in reducing the incidence of postoperative shi-
vering, even at lower doses than that we used in the
current study, has been confirmed in many studies. In
two Iranian studies, Norouzi et al.?l and Khosravi et
al.22l showed that low doses of dexamethasone (0.15
mg/kg) could properly decrease the incidence of post-
operative shivering. In addition, Horn et al. indicated
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that the anti-shivering effect of dexamethasone is in-
dependent of any other factors such as age, type of
surgery, and duration of anesthesia.”?l In our study,
the rate of postoperative shivering was lower in dex-
amethasone group than ketamine group.

Similar to Vaughan et al, Y we found a positive
significant relationship between the occurrence of
postoperative shivering and body temperature. In con-
trast, Lyons et al. suggested patients with postopera-
tive shivering to have lower body temperature during
operation and to need less active warming methods.?’!

Factors such as age, duration of surgery, tempera-
ture of the operating room, and infusion solution,
which are considered as risk factors for hypothermia
and shivering,' were similar in all groups in the
present study. In addition, we tried to maintain the
operation room temperature at 22-25°C and avoid us-
ing skin surface and IV fluid warming to reduce the
effects of the abovementioned factors.

The limitation of our study was the short duration
of surgery. The mean duration of surgical period was
approximately 1 hour in all studied groups. It seems
that determining the anti-shivering effects of the stu-
died drugs in surgeries of longer duration would be
more practical and conclusive because of the high risk
of hypothermia in such surgeries.

In conclusion, considering the rates and severity of
shivering, and variations in central and environmental
temperature in our studied groups, it seems that, as
reported by previous studies, pethidine is the most
appropriate choice for treatment and preventing post-
operative shivering. Dexamethasone would also be
considered as a better alternative for pethidine than
ketamine.
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