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Abstract: Purpose: Postoperative shivering is a long-standing problem, resulting in serious consequences. The cur-
rent meta-analysis aimed to explore the prophylactic use of granisetron as an efficacious agent for postoperative 
shivering. Methods: Two researchers searched Cochrane Library, PubMed, and Embase databases for controlled 
clinical trials, independently. This meta-analysis of randomized controlled trials (RCTs) was performed with Review 
Manager. Results: Eight trials, including 839 patients, were examined in the current meta-analysis. Granisetron re-
duced postoperative shivering, compared with a placebo (pooled risk ratio [RR]: 0.30, 95% confidence interval [CI]: 
0.24 to 0.39), especially with a higher incidence of grade 0 shivering (no shivering) (pooled RR 2.04, 95% CI 1.48 to 
2.80) and a lower incidence of grade 3 shivering (pooled RR 0.43, 95% CI 0.27 to 0.69). Anti-shivering effects can 
be achieved after general anesthesia (GA) and regional anesthesia (SA), as well as after both laparoscopic surgery 
and open surgery. Not only 40 ug/kg but also 2 mg of granisetron reduced incidence rates of shivering, compared 
with a placebo. Additionally, granisetron decreased postoperative nausea, vomiting, and pruritus. Conclusion: The 
present meta-analysis demonstrates that intravenous prophylactic infusions with granisetron may prevent postop-
erative shivering. Present results provide new evidence, expanding the clinical value of granisetron in addition to 
routine usage for postoperative nausea and vomiting.
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Introduction

A physiological response of the body, shivering 
can effectively preserve heat via involuntary 
skeletal muscle and peripheral vascular con-
traction [1]. Shivering can increase oxygen and 
energy consumption, as well as carbon dioxide 
production [2]. It may even lead to severe side 
effects during postoperative recovery [3], espe-
cially in patients with impaired cardiopulmo-
nary function [4]. In addition, for conscious pa- 
tients, shivering may be an especially uncom-
fortable experience during anesthesia recovery 
[5]. Thus, in reducing related adverse events 
and improving postoperative quality of rehabili-
tation, safe and effective treatments and pre-
vention of shivering are crucial. 

Granisetron is a 5-hydroxytryptamine 3 (5-HT3) 
receptor antagonist. It has been used as an 
antiemetic to treat nausea and vomiting follow-
ing chemotherapy, radiotherapy, and opera-
tions [6]. It can reduce the activity of the vagus 
nerve, a nerve that activates the vomiting cen-
ter in the medulla oblongata [7]. Moreover, so- 
me clinical researchers have already studied 
the administration of granisetron to prevent 
shivering [8]. However, controversy remains co- 
ncerning the effectiveness of magnesium in 
arresting shivering. Different results have been 
reported in different studies [9-16]. 

To the best of our knowledge, no quantitative 
analysis has been conducted on the combina-
tion of related data primarily. Therefore, the cur-
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rent meta-analysis was conducted, aiming to 
explore the prophylactic use of granisetron as 
an efficacious agent for postoperative shiver- 
ing. 

Materials and methods

Classification of shivering scores

Aiming to assess the roles of granisetron in 
shivering, this meta-analysis was performed 
according to recommendations of the PRISMA 
statement. Shivering was graded using a five 
point scale (0 = No shivering; 1 = Piloerection 
or peripheral vasoconstriction but no visible 
shivering; 2 = Muscular activity in only one mu- 
scle group; 3 = Muscular activity in more than 
one muscle group but not generalized shiver-
ing; and 4 = Shivering involving the whole body) 
[17], validated in the postoperative period. It 
was defined as real ‘shivering’ with grades ≥ 3. 

Search strategy

Two authors (M.J.N. and W.Z.P.) systematically 
searched Cochrane Central Register of Con- 
trolled Trials (CENTRAL), Embase, and PubMed. 
The search strategy included the following key 
words: (granisetron) and (shivering, shiver, tr- 
emor, shaking, chill, rigors, or ague) and (anes-
thesia, anesthesia, surgery, operation, or post-
operative). The literature search was updated 
on September 30, 2018, with no language and 
initial time limitations. Reference lists of the 
reviews, original reports, and case reports (re- 
trieved through the electronic searches) were 
checked, identifying studies that had not yet 
been included in the computerized databases.

Study selection and data retrieval 

Study selection criteria were pre-established. 
Inclusion criteria: (1) Randomized controlled tri-
als (RCTs); (2) Administration of granisetron pr- 
ophylactically; (3) Presence of shivering report-
ed; and (4) Granisetron versus placebo. 

Exclusion criteria: (1) Duplicates or abstracts 
only; (2) Missing data; (3) Patients with severe 
cerebrovascular disease or other contraindica-
tions of granisetron; and (4) Incorrect statistical 
analysis performed in the report. 

Data retrieval included name of the first author, 
publication year, participants, type of anesthe-
sia and surgery, interventions, number of total 

patients and shivering cases, length of opera-
tion, and other side effects [hypotensive, pruri-
tus, nausea, and vomiting (because nausea 
and vomiting were defined as two separate 
phenomena, studies should report and evalu-
ate the variables distinctly)] [18]. Since few 
patients will experience vomiting without nau-
sea, incidence rates of postoperative nausea 
and vomiting (PONV) and postoperative nausea 
(PON) are similar. Thus, original papers often do 
not try to distinguish between these variables 
[19]. If PONV but not PON was reported in trails, 
PONV variables were considered as a very close 
substitute for PON. When both PONV and PON 
were reported simultaneously, this study asse- 
ssed the nausea values. 

Two authors (S.B. and L.X.), independently, as- 
sessed the articles for compliance with inclu-
sion/exclusion criteria. Disputes were settled 
promptly by group discussion.

Qualitative assessment 

Quality of the studies was evaluated, indepen-
dently, according to the guidelines of Cochrane 
Collaboration [20], containing six categories 
(randomization sequence generation (selection 
bias), blinding method (performance bias and 
detection bias), allocation concealment (selec-
tion bias), incomplete outcome data (attrition 
bias), selective reporting (reporting bias), and 
other bias, with the first three categories con-
sidered as “key domains”). The categories ab- 
ove could be summarized into three levels, high 
risk, unclear risk, and low risk. The risk of bias 
of each study was evaluated according to the 
levels of the three key domains: “High” (high 
risk of bias for one or more key domains), 
“Unclear” (unclear risk of bias for one or more 
key domains), and “Low” (low risk of bias for all 
key domains). 

Statistical methods 

The efficacy of granisetron on shivering, com-
pared with a placebo, was estimated by calcu-
lating pooled risk ratios (RR). Core temperature, 
before and after anesthesia, was assessed by 
pooled standard mean difference (SMD), with 
95% confidence intervals (CI). Overall effects 
were determined by w tests, with P < 0.05 indi-
cating statistical significance. When I2 ≤ 50%, a 
fixed-effects model was adopted. Otherwise, a 
random-effects model was used. Sensitivity 
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not satisfying the inclusion 
criteria (five trails) and with 
different measurements (ei- 
ght trails). Fifteen papers 
were carefully read. Reana- 
lysis of previous test data 
was reported in seven pa- 
pers. Thus, they were excl- 
uded. Finally, a total of ei- 
ght trials [9-16] meeting 
the selection criteria were 
included in the meta-analy- 
sis. 

Study characteristics

All included studies [9-16] 
explored the efficacy of gr- 
anisetron, compared with a 
placebo, on shivering. They 
included author name, pub-
lishing year, style of partici-
pants, type of anesthesia 
and surgery, trial of drug, 
dosage regimen, compari-
sons (study group and con-
trol group), number of total 
cases and shivering cases. 
Incidence of shivering (po- 
oled RR 0.30, 95% CI 0.24 
to 0.39) in the granisetron 
group was significantly lo- 
wer than the placebo group. 
Two included articles clear-
ly mentioned anesthesia 

analysis was performed to test the robustness 
of these results, reanalyzing the data of low-
risk and unclear-risk studies only. Subgroup 
analyses were based on shivering grades, type 
of anesthesia, and surgery and dose of granis-
etron. Potential publication bias was assessed 
via Begg’s and Egger’s tests. Review Manager 
(RevMan®) (Version 6.0.; The Cochrane Coll- 
aboration, Oxford, UK) and Stata® (Version 
14.0.; Stata Corp, TX, USA) was used to per-
form statistical analysis.

Results

Study selection

As shown in Figure 1, the search of PubMed, 
Embase, Cochrane Library, and reference lists 
yielded 145 articles. Initially, 117 trials were 
discarded. A total of 88 trials were not con-
trolled trials, while the other 29 trials were 
duplicates. Another 13 trails were excluded for 

times: 107±12.37 min, 105±8.59 min [12], 
132.4±52 min, 134.5±49 min [15]. The pooled 
estimate did not show statistical differences 
(RR 1.90, 95% CI -1.86 to 5.67) (Table 1). 

Methodological quality of studies included

All eight included trials [9-16] provided a de- 
tailed description of randomization. Six studies 
[9-11, 13, 15, 16] were double-blinded. Seven 
trials [9-14, 16] reported allocation conceal-
ment. All studies [9-16] reported the end points 
mentioned in the Methods section (reporting 
bias), without incomplete outcomes (attrition 
bias) and other biases. An overview of the risk 
of bias is summarized in Figure 2.

Results of the meta-analysis

Eight trials [9-16], including 839 patients, in- 
vestigated the efficacy of preventing postoper-
ative shivering, comparing granisetron with a 
placebo. 

Figure 1. Flow diagram of the in-
clusion and exclusion process. 
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Table 1. Characteristics of included trials

Author Year Participants Type of  
anesthesia Type of surgery Trail Dosage 

regimen Comparisons Total 
(case) Shivering Anesthesia time 

(Mean ± SD, min)
Abdel-Ghaffar [9] 2018 Adult RA Caesarean Section Over 1 min, 5 min before the 

spinal block
S Granisetron 1 mg IV 69 11 -

Granisetron 0.7 mg IV 72 21 -

Placebo IV 71 55 -

Eldaba [10] 2012 Children RA Lower limb surgery Over a five minute period just 
before spinal puncture

S Granisetron 10 µg/kg IV 40 0 -

Placebo IV 40 6 -

Iqbal [11] 2009 Adult GA Laparoscopic surgery Before induction of anaesthesia S Granisetron 40 anise IV 30 6 -

Placebo IV 30 18 -

Khan [12] 2006 Adult GA Laparoscopic Cholecystectomy Before induction of anaesthesia S Granisetron 40 anise IV 60 0 107±12.37

Placebo IV 60 5 105±8.59

Ma [13] 2009 Adult GA Gynecological laparoscopic 
operation

Before induction of anaesthesia S Granisetron 2 mg IV 50 9 -

Placebo IV 50 26 -

Sagir [14] 2007 Adult RA Urological surgery After intrathecal injection S Granisetron 3 mg IV 40 4 -

Placebo IV 40 12 -

Sajedi [15] 2008 Adult GA Elective orthopedic surgery At the end of surgery S Granisetron 40 μg/kg IV 33 8 132.4±52

Placebo IV 33 17 134.5±49

Singh [16] 2011 Adult GA Elective surgery Before induction of anesthesia S Granisetron 2 mg IV 25 1 -

Placebo IV 25 6 -

RR (95% CI) 0.30 (0.24, 0.39) 1.90 (-1.86, 5.67)

I2 0% 0%
GA: general anesthesia, RA: reginal anesthesia, S: single dose.
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Incidence of shivering (pooled RR 0.30, 95% CI 
0.24 to 0.39) in the granisetron group was sig-
nificantly lower than that in the placebo group 
(Table 1), especially with a higher incidence of 
grade 0 shivering (no shivering) (pooled RR 
2.04, 95% CI 1.48 to 2.80) and a lower inci-
dence of grade 3 shivering (pooled RR 0.43, 
95% CI 0.27 to 0.69) (Table 2). Begg’s and 
Egger’s tests suggested no significant publica-
tion bias existed in comparisons of shivering (P 
= 0.835 and P = 0.924) between granisetron 
and the placebo (Figure 3).

Types of anesthesia 

Granisetron significantly reduced incidence ra- 
tes of shivering after general anesthesia (GA) 
(pooled RR of five trails [11-13, 15, 16]: 0.34, 
95% CI: 0.23 to 0.50) and regional anesthesia 

(SA) (nausea: pooled RR of three trials [9, 10, 
14]: 0.29, 95% CI: 0.21 to 0.39) (Figure 4).

Types of surgery

Granisetron pretreatment lowered incidence 
rates of shivering after laparoscopic surgery 
(pooled RR of three trails [11-13]: 0.31, 95% CI: 
0.19 to 0.51) and open surgery (pooled RR of 
five trails [9, 10, 14-16]: 0.30, 95% CI: 0.23 to 
0.40), compared with the placebo (Figure 5). 

Dosage of granisetron 

Subgroup analysis demonstrated beneficial eff- 
ects of a single-dose bolus of 40 ug/kg granis-
etron, compared with a placebo, on shivering 
(pooled RR of three trials [11, 12, 15]: 0.30, 
95% CI: 0.16 to 0.55). Moreover, 2mg granise-
tron also reduced incidence rates of shivering 
(pooled RR of two trials [13, 16]: 0.31, 95% CI: 
0.17 to 0.58) (Figure 6).

Other adverse effects

PON: There were eight studies in seven trials [9, 
11-16] reporting PON. Compared with the pla-
cebo, a reduction in PON, with statistical signifi-
cance (RR 0.38, 95% CI 0.26 to 0.54), was ex- 
posed in patients receiving granisetron (Table 
3).

Postoperative vomiting (POV): POV was involved 
in four studies [11-14]. Pooled estimates sh- 
owed a statistical reduction in POV (RR 0.41, 
95% CI 0.23 to 0.72) in patients receiving 
granisetron, compared with the placebo (Table 
3).

Hypotensive: Hypotension was involved in three 
studies [9, 14], compared with a placebo. The 
pooled estimate did not exclude a statistical 
reduction in hypotension (RR 0.97, 95% CI 0.78 
to 1.20) in patients receiving granisetron (Table 
3). 

Pruritus: Two studies in one trial [9] assessed 
postoperative pruritus. Pooled analysis showed 
a statistically significant decrease (RR 0.03, 
95% CI 0.00 to 0.22) in this side effect in the 
granisetron group (Table 3).

Core temperature before and after anesthesia

Differences between core temperatures before 
(pooled RR 0.32, 95% CI: -0.29 to 0.94) and 
after (pooled RR -0.25, 95% CI: -0.59 to 0.08) 

Figure 2. Summary of the risk of bias of included 
studies.
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differences in results from 
overall pooled estimates 
across all outcomes.

Discussion

Postoperative shivering, 
one of the leading causes 
of discomfort in patients 
recovering from anesthe-
sia, is a long-standing prob-
lem, resulting in serious co- 
nsequences. Although lots 
of research has been con-
ducted in past decades, 
shivering remains an extr- 
emely significant challenge 
due to the complex mech- 
anisms. 

The present meta-analysis 
was undertaken to evalu-
ate the efficacy of prophy-
lactic granisetron on pre-
vention of shivering. Main 
findings are as follows: (1) 
Granisetron showed superi-
ority to placebos on the pr- 
evention of shivering with-
out different core tempe- 
ratures in all common an- 
esthesia and surgeries; (2) 
The beneficial effects of gr- 
anisetron on shivering were 
expressed primarily throu- 
gh more patients without 
shivering and lower inci-

anesthesia in two trials [10, 11] were not statis-
tically significant (Figure 7).

Sensitivity analysis

Since studies with high risk were excluded for 
sensitivity analysis, there were no significant 

dence rates of grade 3 shivering; (3) The  
most commonly used dose in published arti-
cles, both intravenous 4 ug/kg and 2 mg bo- 
lus infusions showed a preventive effect on 
shivering; and (4) Granisetron reduces inci-
dence of PON, POV, and postoperative pru- 
ritus.

Table 2. Efficacy of intravenous granisetron in reducing shivering compared with a placebo
Comparison Number of studies Granisetron Placebo RR (95% CI) I2 References
Shivering grade
    0 2 55/70 27/70 2.04 (1.48, 2.80) 0% [11, 14]
    1 2 3/70 9/70 0.47 (0.03, 7.31) 68% [11, 14]
    2 3 3/103 6/103 0.50 (0.13, 1.94) 0% [11, 14, 15]
    3 3 18/103 42/103 0.43 (0.27, 0.69) 0% [11, 14, 15]
    4 3 0/103 5/103 0.09 (0.01, 1.58) 0% [11, 14, 15]

Figure 3. Egger’s and Begg’s tests of included articles to assess potential pub-
lication bias.
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Shivering usually results from anesthesia inhib-
iting the body’s thermoregulatory capability 
[21]. Cutaneous vasodilation may also be a 

causative factor [22]. First, thermoregulation is 
controlled by central nervous system neu-
rotransmitters in the hypothalamus where the 

Figure 4. Results of subgroup analysis concerning incidence of postoperative shivering by anesthesia types.

Figure 5. Results of subgroup analysis concerning incidence of postoperative shivering by surgery types.
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preoptic area releases 5-HT3 to activate heat 
production pathways [23-25]. This increases 
body temperature through shivering [26]. In 
addition, other studies have demonstrated that 
5-HT could be an excitatory transmitter acting 
on the warm receptor-heat loss pathways [27]. 
Moreover, intravenous administration of 5-HT 

has been reported to provoke vasodilation  
in mouse models [28]. Thus, its beneficial  
anti-shivering effects may be explained by  
the fact that granisetron, as a 5-HT3 receptor 
antagonist, may decrease not only heat loss, 
but also heat production, augmenting vaso- 
constriction.

Figure 6. Results of subgroup analysis concerning incidence of postoperative shivering by dosage of granisetron.

Table 3. Efficacy of intravenous granisetron in reducing other operative side effects compared with a 
placebo
Comparison Number of studies Granisetron Placebo RR (95% CI) I2 References
PON 8 32/379 87/380 0.38 (0.26, 0.54) 41% [9, 11-16]
POV 4 44/199 36/200 0.41 (0.23, 0.72) 0% [9, 15, 16]
Hypotensive 3 82/181 85/182 0.97 (0.78, 1.20) 0% [9, 14]
Pruritus 2 0/141 32/141 0.03 (0.00, 0.22) 0% [9]

Figure 7. Results of analysis of the core temperature before (A) and after (B) anesthesia.
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Controversy remains concerning the efficacy on 
shivering. Several studies [9, 11, 13-15] have 
suggested a superior role of granisetron, com-
pared with a placebo, but others [10, 12, 16] 
have not. The current study included total eight 
articles about the efficacy of granisetron on 
postoperative shivering, compared with a pla-
cebo, with plenty of relative clinical outcome 
variables. These improved the reliability of pre- 
sent conclusions. To the best of our knowledge, 
this is the first study to shed light on the effica-
cy of granisetron on shivering from a variety of 
aspects, via meta-analysis of RCTs compared 
with placebos. Almost all included studies were 
well-designed and assessed as “Low”. These 
strategies led to solid conclusions.

The clinical use of granisetron to prevent shiv-
ering remains unclear. The current meta-analy-
sis found that both 40 ug/kg and 2 mg bolus 
infusions were effective in preventing postop-
erative shivering. Granisetron has been applied 
as an antiemetic to treat PONV through reduc-
ing the activity of the vagus nerve, a nerve that 
activates the vomiting center in the medulla 
oblongata [7]. The current study showed the 
definite pharmacological effects above. Results 
showed that granisetron could reduce the inci-
dence of postoperative pruritus simultaneous-
ly. The anti-pruritic efficacy of granisetron has 
been previously investigated. The reason may 
be that pruritus is related to direct stimulation 
of 5-HT3 receptors in the dorsal horn of the spi-
nal cord and medulla. Therefore, 5-HT3 antago-
nists may be beneficial in its treatment [29]. 

However, the current meta-analysis had several 
limitations. First, the total number of trails 
included was significant, but the amounts in 
subgroups were too small to secure conclusive 
results. In addition, significant heterogeneity 
existed in the number of patients with shivering 
grade 1 and core temperatures before anes-
thesia, possibly due to the instability of evalua-
tion and measurements. Therefore, more RCTs, 
including kinds of patients and various doses 
or routes of administration in specific anesthe-
sia or surgeries, should be designed to confirm 
the efficacy of granisetron on postoperative 
shivering.

In conclusion, the present meta-analysis dem-
onstrates that intravenous prophylactic infu-
sions of granisetron may prevent postoperative 
shivering. Results provide new evidence, ex- 

panding the clinical value of granisetron in 
addition to routine usage for PONV.

Acknowledgements

This study was supported by funds from the 
General Program (MS201639), Youth Programs 
(Q201713) and Suitable Technology Promotion 
Project (T201631) of Wuxi Commission of He- 
alth and Family Planning, and General Program 
of Nanjing Medical University (2016NJMU131).

Disclosure of conflict of interest

None.

Address correspondence to: Zhiping Wang, Jiangsu 
Province Key Laboratory of Anesthesiology, Xuzhou 
Medical University, No. 209 Tongshan Road, Xuzhou 
221004, Jiangsu, China. Tel: +86-13338787071; 
E-mail: zhpsqxt@163.com

References

[1] Lopez MB. Postanaesthetic shivering - from 
pathophysiology to prevention. Rom J Anaesth 
Intensive Care 2018; 25: 73-81.

[2] Badjatia N, Strongilis E, Prescutti M, Fernandez 
L, Fernandez A, Buitrago M, Schmidt JM and 
Mayer SA. Metabolic benefits of surface coun-
ter warming during therapeutic temperature 
modulation. Crit Care Med 2009; 37: 1893-
1897.

[3] Wang G, Zhang L, Lou S, Chen Y, Cao Y, Wang 
R, Zhang L and Tang P. Effect of Dexmedeto- 
midine in preventing postoperative side ef-
fects for laparoscopic surgery: a meta-analysis 
of randomized controlled trials and trial se-
quential analysis (PRISMA). Medicine (Balti- 
more) 2016; 95: e2927.

[4] Leslie K and Sessler DI. The implications of hy-
pothermia for early tracheal extubation follow-
ing cardiac surgery. J Cardiothorac Vasc Anesth 
1998; 12: 30-34; discussion 41-34.

[5] He L, Xu JM, Liu SM, Chen ZJ, Li X and Zhu R. 
Intrathecal dexmedetomidine alleviates shiver-
ing during cesarean delivery under spinal an-
esthesia. Biol Pharm Bull 2017; 40: 169-173.

[6] Suzuki K, Yamanaka T, Hashimoto H, Shimada 
Y, Arata K, Matsui R, Goto K, Takiguchi T, 
Ohyanagi F, Kogure Y, Nogami N, Nakao M, 
Takeda K, Azuma K, Nagase S, Hayashi T, 
Fujiwara K, Shimada T, Seki N and Yamamoto 
N. Randomized, double-blind, phase III trial of 
palonosetron versus granisetron in the triplet 
regimen for preventing chemotherapy-induced 
nausea and vomiting after highly emetogenic 
chemotherapy: TRIPLE study. Ann Oncol 2016; 
27: 1601-1606.

mailto:zhpsqxt@163.com


Prophylactic granisetron prevents postoperative shivering

11036 Int J Clin Exp Med 2019;12(9):11027-11036

[7] Minami M, Endo T, Hamaue N and Hirafuji M. 
[Serotonin and anticancer drug-induced eme-
sis]. Yakugaku Zasshi 2004; 124: 491-507.

[8] Zhou C, Zhu Y, Liu Z and Ruan L. 5-HT3 recep-
tor antagonists for the prevention of postoper-
ative shivering: a meta-analysis. J Int Med Res 
2016; 44: 1174-1181.

[9] Abdel-Ghaffar HS and Moeen SM. Prophylactic 
granisetron for post-spinal anesthesia shiver-
ing in caesarean section: a randomized con-
trolled clinical study. Acta Anaesthesiol Scand 
2019; 63: 381-388.

[10] Eldaba AA and Amr YM. Premedication with 
granisetron reduces shivering during spinal 
anaesthesia in children. Anaesth Intensive 
Care 2012; 40: 150-153.

[11] Iqbal A, Ahmed A, Rudra A, Wankhede RG, 
Sengupta S, Das T and Roy D. Prophylactic 
granisetron vs pethidine for the prevention of 
postoperative shivering: a randomized control 
trial. Indian J Anaesth 2009; 53: 330-334.

[12] Khan Mohd P, Kohli M, Kumar GA and Singh V. 
Granisetron and granisetron dexamethasone 
combination for prevention of postoperative 
nausea and vomiting after laparoscopic chole-
cystectomy: a double blind, placebo controlled 
study. Journal of Anaesthesiology Clinical Ph- 
armacology 2006; 22: 261-265.

[13] Ma YS, Lin XM and Zhou J. [Effects of granise-
tron/lidocaine combination on propofol injec-
tion-induced pain: a double-blind randomized 
clinical trial]. Sichuan Da Xue Xue Bao Yi Xue 
Ban 2009; 40: 536-538.

[14] Sagir O, Gulhas N, Toprak H, Yucel A, Begec Z 
and Ersoy O. Control of shivering during region-
al anaesthesia: prophylactic ketamine and 
granisetron. Acta Anaesthesiol Scand 2007; 
51: 44-49.

[15] Sajedi P, Yaraghi A and Ali Moseli H. Efficacy of 
granisetron in preventing postanesthetic shiv-
ering. Acta Anaesthesiologica Taiwanica 2008; 
46: 166-170.

[16] Singh DK, Jindal P and Singh G. Comparative 
study of attenuation of the pain caused by pro-
pofol intravenous injection, by granisetron, 
magnesium sulfate and nitroglycerine. Saudi J 
Anaesth 2011; 5: 50-54. 

[17] Wang W, Song X, Wang T, Zhang C and Sun L. 
5-HT3 receptor antagonists for the prevention 
of perioperative shivering: a meta-analysis. J 
Clin Pharmacol 2017; 57: 428-439.

[18] Apfel CC, Roewer N and Korttila K. How to 
study postoperative nausea and vomiting. Acta 
Anaesthesiol Scand 2002; 46: 921-928.

[19] Visser K, Hassink EA, Bonsel GJ, Moen J and 
Kalkman CJ. Randomized controlled trial of to-
tal intravenous anesthesia with propofol ver-
sus inhalation anesthesia with isoflurane-ni-
trous oxide: postoperative nausea with vomit-
ing and economic analysis. Anesthesiology 
2001; 95: 616-626.

[20] Higgins JPT, Green S; Cochrane Collaboration. 
Cochrane handbook for systematic reviews of 
interventions. Chichester, England; Hoboken, 
NJ: Wiley-Blackwell; 2008. pp. 649.

[21] Sessler DI. Perianesthetic thermoregulation 
and heat balance in humans. FASEB J 1993; 7: 
638-644.

[22] Nakamura K. Central circuitries for body tem-
perature regulation and fever. Am J Physiol 
Regul Integr Comp Physiol 2011; 301: R1207-
1228.

[23] Morrison SF. Central neural control of thermo-
regulation and brown adipose tissue. Auton 
Neurosci 2016; 196: 14-24.

[24] Voronova IP, Naumenko VS, Khramova GM, 
Kozyreva TV and Popova NK. Central 5-HT3 
receptor-induced hypothermia is associated 
with reduced metabolic rate and increased 
heat loss. Neurosci Lett 2011; 504: 209-214.

[25] Rudd JA, Nalivaiko E, Matsuki N, Wan C and 
Andrews PL. The involvement of TRPV1 in em-
esis and anti-emesis. Temperature (Austin) 
2015; 2: 258-276.

[26] Hoshijima H, Takeuchi R, Kuratani N, Nishizawa 
S, Denawa Y, Shiga T and Nagasaka H. Inci- 
dence of postoperative shivering comparing 
remifentanil with other opioids: a meta-analy-
sis. J Clin Anesth 2016; 32: 300-312.

[27] Bligh J, Cottle WH and Maskrey M. Influence of 
ambient temperature on the thermoregulatory 
responses to 5-hydroxytryptamine, noradrena-
line and acetylcholine injected into the lateral 
cerebral ventricles of sheep, goats and rab-
bits. J Physiol 1971; 212: 377-392.

[28] Seitz BM, Orer HS, Krieger-Burke T, Darios ES, 
Thompson JM, Fink GD and Watts SW. 5-HT 
causes splanchnic venodilation. Am J Physiol 
Heart Circ Physiol 2017; 313: H676-H686. 

[29] Miquel MC, Emerit MB, Nosjean A, Simon A, 
Rumajogee P, Brisorgueil MJ, Doucet E, Hamon 
M and Verge D. Differential subcellular local-
ization of the 5-HT3-As receptor subunit in the 
rat central nervous system. Eur J Neurosci 
2002; 15: 449-457.


