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A B S T R A C T

Background

Shivering after general anaesthesia is common. It is unpleasant but can also have adverse physiological effects. Alpha-2 (α-2) adrenergic

agonist receptors, which can lead to reduced sympathetic activity and central regulation of vasoconstrictor tone, are a group of drugs

that have been used to try to prevent postoperative shivering.

Objectives

To assess the following: the effects of α-2 agonists on the prevention of shivering and subsequent complications after general anaesthesia

in people undergoing surgery; the effects of α-2 agonists on the risk of inadvertent perioperative hypothermia; and whether any adverse

effects are associated with these interventions.

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL), MEDLINE, and EMBASE on 13 June 2014. Our

search terms were relevant to the review question and limited to studies that assessed shivering or hypothermia. We also carried out

searches of clinical trials registers, and forward and backward citation tracking.

Selection criteria

We considered all randomized controlled trials, quasi-randomized studies, and cluster-randomized studies with adult participants

undergoing surgery with general anaesthesia in which an α-2 agonist was compared with another α-2 agonist or a placebo for the

prevention of shivering.

Data collection and analysis

Two review authors independently assessed trial quality and extracted data, consulting a third review author in the case of disagreements.

We used standard Cochrane methodological procedures, including an assessment of risk of bias and use of GRADEpro software to

interpret findings.
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Main results

We included 20 studies with 1401 surgical participants comparing an α-2 agonist against a control. Thirteen studies compared clonidine

with a control, whilst seven compared dexmedetomidine with a control. The doses, methods, and time of administration varied between

studies: three studies gave the drug orally or as an intravenous bolus preoperatively and nine intraoperatively; one study gave the drug

as an infusion starting preoperatively and seven started at varying points from anaesthetic induction to the end of surgery. Whilst

all the studies were described as randomized, many provided insufficient detail on methods used. We had anticipated that attempts

would be made to reduce performance bias by blinding of personnel and participants, however this was detailed in only six of the

papers. Similarly, in some studies detail was lacking on methods to reduce the risk of detection bias. We therefore downgraded the

quality of evidence in our ’Summary of findings’ table by one level for risk of bias using the Grades of Recommendation, Assessment,

Development and Evaluation (GRADE) approach.

All 20 included studies presented outcome data for postoperative shivering, and in meta-analysis α-2 agonists were shown to significantly

reduce the risk of shivering (Mantel-Haenszel risk ratio 0.28, 95% confidence interval 0.18 to 0.43, P value < 0.0001). We found

significant evidence of heterogeneity (I2 = 80%) for this result that was not explained by sensitivity or subgroup analysis; we therefore

downgraded the inconsistency of the evidence by one level. Although we did not feel that there were concerns with imprecision or

indirectness of the data, we downgraded the quality of the evidence for the risk of publication bias following visual analysis of a funnel

plot. Using GRADEpro, we rated the overall quality of the data for shivering as very low. Only one study reported the incidence of

core hypothermia, whilst 12 studies measured core temperature. However, as the results for core temperature were reported in different

styles, pooling the results was inappropriate. We found no studies with participant-reported outcomes such as experience of shivering

or participant satisfaction. We found limited data for the outcomes of length of stay in the postanaesthetic care unit (three studies, 200

participants) and the following adverse effects: sedation (nine studies, 875 participants), bradycardia (eight studies, 716 participants),

and hypotension (seven studies, 688 participants). Unpooled analysis suggested that sedation and bradycardia were significantly more

common with dexmedetomidine than placebo, with all seven dexmedetomidine studies and none of the clonidine studies reporting

statistically significantly higher levels of sedation as an adverse effect.

Authors’ conclusions

There is evidence that clonidine and dexmedetomidine can reduce postoperative shivering, but patients given dexmedetomidine may

be more sedated. However, our assessment of the quality of this evidence is very low.

P L A I N L A N G U A G E S U M M A R Y

Alpha-2 adrenergic agonists to prevent shivering after general anaesthesia

Background

Shivering after general anaesthesia is common. As well as being unpleasant for the patient, it can increase pain and affect oxygen levels.

Alpha-2 (α-2) adrenergic agonists are a group of drugs that have been tested for the purpose of preventing or treating shivering. We

aimed with this review to consider whether α-2 agonists can be administered to reduce shivering after surgery without causing serious

side effects.

Study characteristics

The evidence is current up to 13 June 2014. We found 20 relevant randomized controlled trials with 1401 participants undergoing

surgical procedures with general anaesthesia. These studies compared an α-2 agonist (either clonidine or dexmedetomidine) with a

control. The doses, methods, and time that the drugs were given varied between studies.

Key results

All studies reported results for shivering. Our analysis showed that α-2 agonists significantly reduce the risk of postoperative shivering

when administered before or during surgery. However, our analysis also showed that there were significant differences between studies

that we could not explain. Some study authors had also presented results for core temperature, length of stay in the recovery room,

and clinical side effects of the drugs. Seven studies reported that participants given dexmedetomidine were more likely to have a higher

level of sedation after surgery, and five studies reported that participants given dexmedetomidine were more likely to have bradycardia

(slower heart rate). We did not combine these results in an analysis. None of the studies presented patient-reported outcomes.

Quality of the evidence

2Alpha-2 adrenergic agonists for the prevention of shivering following general anaesthesia (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



We felt that the quality of the evidence was low and that some authors did not make enough of an effort to reduce the risk of bias in

the methods, which could affect their results. For example, not all authors masked the anaesthetist or surgeon to which drug was given

to each participant. This, along with some unexplained differences between studies and some concern about whether we could have

missed some relevant results that had not been published, led us to assess the quality of the evidence for shivering as very low. We used

GRADEpro software to assess evidence quality.

Conclusion

Alpha-2 agonists may reduce the number of people who shiver after surgical procedures, but they are likely to make people sleepier as

a side effect. However, the evidence is from studies of very low quality.
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S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]

Alpha-2 adrenergic agonist compared to placebo/control for the prevention of shivering following general anaesthesia

Patient or population: people with surgical requirement for general anaesthesia

Settings:

Intervention: alpha-2 adrenergic agonist

Comparison: placebo or control

Outcomes Illustrative comparative risks* (95% CI) Relative effect

(95% CI)

No of Participants

(studies)

Quality of the evidence

(GRADE)

Comments

Assumed risk Corresponding risk

Placebo or control Alpha-2 adrenergic ago-

nist

Shivering Study population RR 0.28

(0.18 to 0.43)

1391

(20 studies)

⊕©©©

very low1,2,3

570 per 1000 160 per 1000

(103 to 245)

Moderate

513 per 1000 144 per 1000

(92 to 221)

Incidence of core hy-

pothermia - not mea-

sured

See comment See comment Not estimable - See comment Comparison of core tem-

perature measured at dif-

ferent intervals in 12 stud-

ies and reported in differ-

ent styles. Not possible

to combine data mean-

ingfully

Participant satisfaction/

experience of shivering

- not measured

See comment See comment Not estimable - See comment Not reported in any stud-

ies
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*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on the

assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

CI: Confidence interval; RR: Risk ratio

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: We are very uncertain about the estimate.

1 Of 20 studies, only 8 presented adequate methods of randomization; only 6 appropriately addressed performance bias; and 12

appropriately addressed detection bias. We therefore downgraded one level for study limitations.
2 Whilst there was a consistency of results between studies, we calculated a high level of heterogeneity with the I2 statistic. We therefore

downgraded one level for inconsistency.
3 There was evidence of potential publication bias by observation of a funnel plot that showed asymmetry with a lack of negative results.

We therefore downgraded one level for publication bias.
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B A C K G R O U N D

Description of the condition

Patient shivering after surgery is common. At least 10% of people

who have undergone surgery shiver during recovery, and some es-

timates are as high as 66% (Alfonsi 2003; Eberhart 2005). Younger

patients and those undergoing lengthy surgery or having a pros-

thesis, such as a joint or valve, placed inside their body are more

likely to shiver (Eberhart 2005). The mechanism and pathophys-

iology of perioperative shivering are poorly understood, but shiv-

ering occurs primarily in response to core hypothermia, when the

shivering threshold is passed.

Hypothermia is a common and potentially serious side effect of

surgery, occurring in up to 20% of patients (Harper 2008). Core

temperature falls rapidly in the first hour of general anaesthesia

due to inhibition of the usual thermoregulatory systems in the hy-

pothalamus, which leads to peripheral vasodilatation and redistri-

bution of body heat from the core to the periphery. This steep fall in

temperature is followed by a slower, linear decrease perhaps related

to a reduction in metabolic rate and heat production during anaes-

thesia. Increased heat loss from exposed skin and body surfaces

and infusion of cool fluids also increase the risk of the core body

temperature falling. After two to three hours, a phase is achieved

when core hypothermia triggers thermoregulatory vasoconstric-

tion, reducing heat loss from the skin, and metabolic heat pro-

duction maintains a core temperature plateau (Kurz 1995; NICE

Guideline CG65). Perioperative hypothermia is associated with

an increased risk of cardiovascular events and wound infections

and can impair drug metabolism and clotting systems, increas-

ing the risk of perioperative bleeding (Horosz 2013). The main

ways of preventing inadvertent perioperative hypothermia (IPH)

are temperature monitoring, forced air warming, and warming of

intravenous fluids and blood products (NICE Guideline CG65).

Currently there are three published Cochrane reviews, Alderson

2014, Campbell 2012, and Warttig 2014, and two Cochrane re-

views in progress considering the prevention and treatment of IPH

(Urrútia 2011; Warttig 2015).

However, not all patients who shiver are hypothermic and not all

hypothermic patients shiver (Eberhart 2005). Shivering may help

increase body temperature, but it is uncomfortable for the patient,

often increasing the sensation of cold. It can increase postoperative

pain by disturbing the wound, increase intraocular pressure, and

interfere with the monitoring equipment. Shivering can double

oxygen consumption (Alfonsi 2003). Both anaesthetists and pa-

tients list shivering as an outcome to be avoided (Macario 1999;

Macario 1999a).

Description of the intervention

Clonidine, mivazerol, and dexmedetomidine are centrally acting

alpha-2 (α-2) adrenergic agonists, acting primarily on presynaptic

α-2 receptors in the vasomotor centre in the brainstem. The acti-

vation of these receptors stimulates a negative feedback loop and

leads to reduced sympathetic activity and reduced central regula-

tion of vasoconstrictor tone (De Witte 2002). Clonidine is used

to treat hypertension, particularly severe hypertension, as it has an

effect after a single oral dose (Brenner 2013). The perioperative

use of α-2 adrenergic agonists is increasing due to their sedative

and analgesic effects; they have also been shown to decrease the

required dose of anaesthetic agents (Jalonen 1997; Kamibayashi

2000).

A Cochrane review found that the perioperative administration of

α-2 agonists reduced the risk of perioperative mortality and car-

diovascular events by 30% (Wijeysundera 2009). Other system-

atic reviews have also found reductions in perioperative risk in pa-

tients receiving clonidine, in Nishina 2002, or dexmedetomidine,

in Biccard 2008.

How the intervention might work

Previous meta-analyses have demonstrated that clonidine is effec-

tive in both the prevention and treatment of shivering and the

treatment of perioperative shivering (Kranke 2004). The mecha-

nism of action is unclear, but it may act by lowering the core tem-

perature at which shivering starts to occur (Alfonsi 2003; Buggy

2000). However, due to its vasomotor effects, specifically the asso-

ciated reduction of vasomotor tone, clonidine has also been con-

sidered a potential risk factor for IPH. A meta-analysis for the

NICE guideline found no evidence to support this risk (NICE

Guideline CG65).

Why it is important to do this review

This systematic review and meta-analyses considered the effects of

α-2 adrenergic agonists on IPH and shivering. Existing reviews on

the effects of clonidine on IPH and shivering need updating. The

search for the Kranke 2004 review on shivering was performed in

2003, and the search for evidence for the NICE guideline cov-

ers until the year 2007 (NICE Guideline CG65). A more recent

review of agents to prevent shivering was restricted to only stud-

ies that showed a benefit (Park 2012). The effects of dexmedeto-

midine on IPH and shivering have not been summarized in a

systematic review. More recent studies use this agent, and it is

known to bind to the α-2 receptor more strongly than clonidine

(Kamibayashi 2000).

Potential adverse effects of these agents (such as rebound hyper-

tension or hypotension) have not been summarized in a systematic

review.

6Alpha-2 adrenergic agonists for the prevention of shivering following general anaesthesia (Review)
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O B J E C T I V E S

To assess the following: the effects of α-2 agonists on the pre-

vention of shivering and subsequent complications after general

anaesthesia in people undergoing surgery; the effects of α-2 ago-

nists on the risk of IPH; and whether any adverse effects are asso-

ciated with these interventions.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We considered all randomized controlled trials (RCTs) including

quasi-randomized studies and cluster-randomized studies.

Types of participants

We included adults (over 18 years of age) undergoing elective and

emergency surgery (including surgery for trauma) under general

anaesthesia (GA).

The α-2 agonists have multiple sites of action centrally and pe-

ripherally. The disruption of thermoregulatory systems differs be-

tween GA and regional or neuraxial block. In spinal or neuraxial

anaesthesia, the peripheral vasodilatation is limited to the area of

the block and is due to the peripheral blockade rather than cen-

tral control. The initial heat loss may be less due to the smaller

proportion of body area affected by the initial vasodilatation, but

there is a risk of continued heat loss and serious hypothermia, as

this vasodilatation is not discontinued by thermoregulatory vaso-

constriction (NICE Guideline CG65).

The mechanism of shivering is not fully understood and may differ

between people having GA with or without neuraxial block. We

therefore decided to restrict this review to GA cases in order to

reduce heterogeneity between studies due to different pathways

of action. Similarly, mechanisms of hypothermia and shivering

may differ in obstetric patients, with shivering occurring in some

women after normal delivery. We have therefore not included the

following groups:

• patients undergoing operative procedures under local,

regional, or neuraxial anaesthesia;

• patients receiving neuraxial anaesthesia for analgesia in

addition to GA;

• patients who have been treated with therapeutic

hypothermia (e.g. use of cardiopulmonary bypass);

• patients with isolated severe head injuries resulting in

impaired temperature control;

• patients undergoing surgery for burns (e.g. for skin

grafting);

• obstetric patients.

Types of interventions

We included intravenous, oral, or transdermal administration of α-

2 adrenergic agonists (clonidine, mivazerol, or dexmedetomidine)

given before or during surgery specifically to prevent hypothermia

or shivering.

We aimed to include both:

• comparisons to a placebo or no treatment;

• comparisons between α-2 adrenergic agonists (e.g. between

clonidine and dexmedetomidine) at equipotent doses.

We did not include comparisons with other pharmacological

agents or comparisons of different drug dosages of the same agent.

We did not include studies of agents given to stop established shiv-

ering.

Types of outcome measures

Primary outcomes

1. Incidence of shivering occurring during 12 hours, measured

from either the end of the surgical procedure or arrival of the

participant at the postanaesthetic care unit (PACU) until the last

time of follow-up. Shivering may be measured on a dichotomous

’present or absent’ scale or graded using scales such as the Crossley

and Mahajan score (Crossley 1994).

2. Core hypothermia, either:

• incidence of core/ transitional temperature less than 36 oC

at any time from induction of anaesthesia until 12 hours after

the end of the surgical procedure or arrival at PACU; or

• core/ transitional temperature at 30, 60, 90, 120 minutes

after induction, at the end of the surgical procedure, on arrival at

PACU, or other times within 12 hours postoperatively.

Core/ transitional temperature in this instance refers to the tem-

perature measured directly at the tympanic membrane, bladder,

oesophagus, pulmonary artery, nasopharynx, or rectum.

3. Participant-reported outcomes such as experience of shivering

or satisfaction with recovery.

Secondary outcomes

1. Major cardiovascular complications (cardiovascular death,

non-fatal myocardial infarction, non-fatal stroke, non-fatal

cardiac arrest) within 30 days of surgery

2. All-cause mortality within 30 days of surgery

3. Length of stay in PACU and on ward after surgery

4. Unplanned high dependency or intensive care unit

admission

5. Adverse effects of drugs including sedation, bradycardia,

hypotension

Due to the large number of trials performed with these agents

for other perioperative outcomes, such as cardiovascular compli-

cations, we did not include studies that did not report on any of

our primary outcomes.
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Search methods for identification of studies

Electronic searches

We searched for eligible trials in the following databases: Cochrane

Central Register of Controlled Trials (CENTRAL) (the Cochrane

Library; 2014, Issue 6), MEDLINE (via Ovid) (from 1946 to June

2014), and EMBASE (via Ovid) (from 1974 to June 2014). The

Cochrane highly sensitive filter for RCTs was applied in MED-

LINE and EMBASE. We have presented our search strategies in

Appendix 1, Appendix 2, and Appendix 3. We searched using

both MeSH headings (or equivalent structured vocabulary in other

databases) and free text. See also Differences between protocol and

review.

We also searched trial registers (www.clinicaltrials.gov,

www.controlled-trials.com, and the World Health Organization

(WHO) International Clinical Trials Registry Platform (http://

www.who.int/ictrp/network/en/)) for ongoing trials.

We included any publication that reported study data including

abstracts, letters, and articles. We used no restrictions on language

of publication.

Searching other resources

We undertook forward and backward citation tracking for key

review articles and eligible articles identified from the electronic

resources. This included reviews of the effects of α-2 adrenergic

agonists on other outcomes such as cardiovascular events and pe-

rioperative risk (Wijeysundera 2009).

Data collection and analysis

Selection of studies

The results of the searches were collated and duplicates removed.

Two review authors (SL, AN) independently screened all titles

and abstracts and removed studies that were likely ineligible. We

included titles without abstracts at this stage if potentially relevant.

Two review authors (SL, AN) independently reviewed the full

texts of potentially relevant titles and recorded on study eligibility

forms (included in Appendix 4). Differences that could not be

resolved were referred to review author AS or review author PA.

We recorded the numbers of papers retrieved and decisions made

at each stage in a PRISMA flowchart.

Data extraction and management

Two review authors (SL, AS) independently extracted data from

eligible studies using the form in Appendix 4. We resolved dis-

agreements by discussion.

Assessment of risk of bias in included studies

We used the Cochrane ’Risk of bias’ tool to assess the quality of

the study design and extent of potential bias (Higgins 2011a). We

considered the following domains.

• Sequence generation

• Allocation concealment

• Blinding of participants, personnel, and outcomes assessors

• Incomplete outcome data

• Selective outcomes reporting

Blinding of intervention and control groups in the studies eligible

for this review is feasible, and we anticipated that most studies

would attempt some form of blinding. We paid particular atten-

tion to the risk of performance bias in the included studies due

to the uncertainty about underlying mechanisms of shivering and

temperature control. A wide range of pharmacological agents have

been shown to affect the risk of shivering, and it was important

that the overall anaesthetic regimen and perioperative tempera-

ture control measures were similar in the intervention and con-

trol groups. We remained aware that detection bias could be in-

fluenced by the potentially subjective assessment of shivering. We

did not anticipate that incomplete outcome data for shivering and

temperature outcomes would be an important source of bias due

to the short (12-hour) follow-up period, but considered losses to

follow-up for other outcomes such as mortality and complications.

• Other sources of bias

Cluster designs are feasible for this topic, with the anaesthetist,

operating theatre, or hospital being the unit of randomization, but

we did not expect to find many trials of this design on this topic.

For any cluster-randomized trials that we included, we would have

paid particular attention to the baseline characteristics of the par-

ticipants and the type of surgery being undertaken.

We completed a ’Risk of bias’ table for each included study as part

of the data extraction form. For each outcome, we summarized

’Risk of bias’ assessments for each domain in ’Risk of bias’ graphs

and figures, and across all domains in a ’Summary of findings’

table.

Measures of treatment effect

Study authors presented data for shivering either as dichotomous

or using scales for degrees of shivering. Scales varied between stud-

ies and were open to subjective reporting. We decided to analyse

such scale data as dichotomous, that is number of shivering events

versus no shivering.

Unit of analysis issues

All studies were randomized with a parallel design. One study

compared three different doses of the same drug with a placebo;

for this study we combined the data from these three arms for the

shivering outcome compared to the placebo. All other studies were

two-arm comparison designs.
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Dealing with missing data

We performed sensitivity analysis to compare results for those

studies where limited data was available.

Assessment of heterogeneity

We expected that the findings may differ between studies included

in the review. This heterogeneity may be due to:

• type of α-2 agonist for comparison with placebo;

• dose of α-2 agonist given;

• time α-2 agonist given;

• anaesthetic and premedication agents given;

• method used to measure shivering;

• method and site used to measure temperature;

• methods used for temperature control during surgery (e.g.

thermal insulation, warming of fluids, active warming);

• age group and comorbidity of participants;

• type of surgery;

• year of study.

We assessed heterogeneity using I2 statistic and investigated high

levels of heterogeneity through subgroup analyses.

Assessment of reporting biases

We examined funnel plots to assess the potential for publication

bias using visual assessment. Heterogeneity between studies may

lead to asymmetry, and we considered this possibility when re-

viewing the results.

In addition to studies with no published results, reporting bias may

be present within a study with data on some outcomes collected

but not reported. No studies included a reference to a published

protocol, for example from a clinical trials register, and we did not

attempt to contact authors to request a protocol.

Data synthesis

We only completed meta-analysis for our primary outcome of

shivering. Having converted all the individual study results into

dichotomous data, we used Mantel-Haenszel model of risk ratios

in RevMan 5.3. Pooled estimates had a 95% confidence interval.

Subgroup analysis and investigation of heterogeneity

Where appropriate, we completed subgroup analyses in order to

investigate the potential sources of heterogeneity that are described

above, using the I2 statistic to assess any reduction.

Sensitivity analysis

We carried out sensitivity analyses to explore the potential impact

of missing data, as described in the section Dealing with missing

data. We also carried out analysis on results of the ’Risk of bias’

assessment and model of analyses.

Summary of findings

We used the principles of the Grades of Recommendation, Assess-

ment, Development and Evaluation (GRADE) approach to pro-

vide an overall assessment of the evidence relating to our primary

outcome of the incidence of shivering (Guyatt 2008). There was

insufficient evidence to assess the outcomes relating to incidence

of core hypothermia and participant satisfaction.

The GRADE approach incorporates risk of bias, directness of evi-

dence, heterogeneity of the data, precision of effect estimates, and

risk of publication bias to give an overall measure of how confi-

dent we can be that our estimate of effect is correct. One review

author (SL) used the GRADEpro software (GRADEpro) to create

a ’Summary of findings’ table for each outcome. Review author

AS checked this and agreed with it.

R E S U L T S

Description of studies

Results of the search

Our searches identified a total of 4687 records. We considered

the full text of 49 of these papers and identified 20 to include in

the review. We identified one ongoing study through clinical trials

registers. We have summarized this in Figure 1.
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Figure 1. Study flow diagram.

Included studies

We found 20 studies with 1401 participants that met our inclu-

sion criteria. Adult participants were scheduled for a wide variety

of procedures of between one- and two-hours duration, with the

exception of two studies, whose participants had surgery with a

duration of two to three hours, in Aldehayat 2011, and over three

hours, in Quintin 1991a. Most had participants who were Ameri-

can Society of Anesthesiologists (ASA) I or ASA II. Delaunay 1991

and Abdelmageed 2014 included only participants who were ASA

I, and Sumpelmann 1994 included participants who were ASA I,

II, or III.

Thirteen studies compared clonidine against a control (

Buggy 1997; Delaunay 1991; Frank 1999; Grundmann

1997; Horn 1997; Horn 1998; Jabbary Moghaddam 2013;

Mohammadi 2007; Quintin 1991a; Sahin 2002; Sumpelmann

1994; Vanderstappen 1996; Yildiz 2005), whilst seven com-

pared dexmedetomidine against a control (Abdelmageed 2014;

Aldehayat 2011; Bajwa 2012; Bicer 2006; Elvan 2008; Karaman

2013; Kim 2013).

Controls were all saline, except for Jabbary Moghaddam 2013,

which gave a placebo in the form of a vitamin C tablet, and Frank

1999 and Mohammadi 2007, which gave a placebo but did not

say what it was.

No studies compared one type of α-2 agonist with another.

There were a variety of doses and methods of administration for

clonidine and dexmedetomidine. For clonidine, five studies gave

an intravenous (iv) bolus of 150 µg (Buggy 1997), 3 µg/kg (Horn

1997), 1.5 µg/kg (Horn 1998), 2 µg/kg (Sahin 2002), and 5 µg/kg

(Sumpelmann 1994). Five studies gave clonidine as an iv infusion

of 2 µg/kg over 20 minutes (Delaunay 1991), 4 µg/kg over 10

minutes (Frank 1999), 2 µg/kg in 10 ml saline over 2 minutes

(Grundmann 1997, 5 µg/kg over 3 hours (Quintin 1991a), and

2 µg/kg over 10 minutes (Vanderstappen 1996). Two studies gave

clonidine orally in a dose of 5 µg/kg, in Jabbary Moghaddam

2013, and 0.2 mg, in Mohammadi 2007. One study (Yildiz 2005),

written in Turkish, gave a dose of 2 µg/kg, but we did not note

the details of the administration method. For dexmedetomidine,

three studies gave a dose of 1 µg/kg intravenously (Aldehayat 2011;

Bajwa 2012; Bicer 2006), two studies gave a loading dose of 1 µg/

kg over 10 minutes followed by an infusion of 0.4 µg/kg/hour and

0.5 µg/kg/hour (Elvan 2008; Karaman 2013), one study gave a

dose of 2.5 mg/kg intramuscularly (Abdelmageed 2014), and one

study gave different doses to three study groups of 0.5 µg/kg, 0.75
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µg/kg, and 1 µg/kg (Kim 2013).

Timings of administration of the study drugs also differed. Two

studies gave the intervention drug preoperatively at 90 min-

utes before surgery and at 30 minutes before surgery (Jabbary

Moghaddam 2013; Mohammadi 2007), and one gave the drug

prior to induction (Buggy 1997). Of those studies in which the

drug was given intraoperatively, one gave the drug one hour be-

fore the end of surgery (Sumpelmann 1994), one at 45 minutes

before the end of surgery (Abdelmageed 2014), one at 30 min-

utes before the end of surgery (Bajwa 2012), one at 20 minutes

before the end of surgery (Aldehayat 2011), one at the time of

wound closure (Bicer 2006), three at 5 minutes before extubation

(Horn 1997; Horn 1998; Sahin 2002), and one at the end of

anaesthesia (Yildiz 2005). Of those studies in which the drug was

given as an infusion, one was started preoperatively 10 minutes

before anaesthesia (Frank 1999), one immediately after induction

(Vanderstappen 1996), two were started after intubation (Elvan

2008; Karaman 2013), one from the beginning of surgical incision

(Quintin 1991a), one at 30 minutes before the end of surgery (Kim

2013), one at 5 minutes before the end of surgery (Grundmann

1997), and one at the end of surgery (Delaunay 1991).

For details presented by study, see Characteristics of included

studies.

Ongoing studies

We identified one ongoing study from our searches of clinical

trials websites (IRCT138902083773N2). This study aims to assess

postoperative shivering in people given either 0.2 mg clonidine

or a placebo before anaesthesia. See Characteristics of ongoing

studies.

Studies awaiting classification

There were no studies awaiting classification.

Excluded studies

We referenced 17 excluded studies (Apitzsch 2000; Arslan 2000;

Bakhamees 2007; Bernard 1991; Bernard 1998; Eberhart 2000;

Gao 2012; Hidalgo 2005; Lee 2013; Mizobe 2005; Onodera 2011;

Piper 2000; Piper 2002; Piper 2004; Quintin 1991b; Rohrbach

1999; Wright 1990). A number of studies comparing an α-2 ago-

nist with placebo assessed outcomes other than those listed in our

review. We also excluded those studies which either did not report

on shivering or temperature at all or which did not report shivering

or temperature as their primary aim. Details of these studies are

in Characteristics of excluded studies. We found three studies that

had been retracted by the journals (Piper 2000; Piper 2002; Piper

2004), and we therefore agreed to exclude these studies, again see

Characteristics of excluded studies.

Risk of bias in included studies

Two Turkish studies (Sahin 2002; Yildiz 2005), whilst still having

sufficient data for inclusion, are awaiting translation of the full

text. We were therefore unable to make judgements about their

risk of bias and have not included this information below. For a

summary of the risk of bias across domains and studies, see Figure

2.
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Figure 2. Risk of bias summary: review authors’ judgements about each risk of bias item for each included

study.
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Allocation

All studies were described as randomized, although only eight

studies provided sufficient details of their methods of random-

ization (Abdelmageed 2014; Bajwa 2012; Elvan 2008; Jabbary

Moghaddam 2013; Karaman 2013; Kim 2013; Mohammadi

2007; Quintin 1991a). Of these, only four studies adequately de-

scribed a method used to conceal the allocation of the intervention

to personnel and participants (Abdelmageed 2014; Bajwa 2012;

Elvan 2008; Karaman 2013; Kim 2013).

Blinding

Blinding of intervention and control groups in the eligible studies

for this review is feasible, and we anticipated that most studies

would attempt some form of blinding. However, only six studies

made significant attempts to blind the anaesthetists from the group

allocation, allocating the preparation of the syringes to someone

not involved in the study (Abdelmageed 2014; Bajwa 2012; Elvan

2008; Karaman 2013; Kim 2013; Mohammadi 2007). As other

full-text studies did not provide such detail, we assumed that no

attempts had been made to conceal the drug allocation from the

anaesthetist, and we therefore judged these studies to be at high

risk of performance bias for all included outcomes.

Twelve studies attempted to reduce the risk of detection bias in

the assessment of shivering, using an independent observer to

record data (Abdelmageed 2014; Aldehayat 2011; Buggy 1997;

Elvan 2008; Grundmann 1997; Horn 1997; Horn 1998; Jabbary

Moghaddam 2013; Karaman 2013; Kim 2013; Mohammadi

2007; Vanderstappen 1996). Where other studies did not detail

methods to reduce detection bias, we did not make a judgement

and recorded this domain as unclear. Fewer studies reported who

was responsible for assessing temperature outcomes and compli-

cations (Horn 1998; Kim 2013; Vanderstappen 1996). Some of

these outcomes were measured at time points both in the oper-

ating room and in the recovery room, and we judged that if at-

tempts were made to reduce performance bias in the operating

room and if the assessment of shivering in the recovery room was

also blinded, there would also be a low risk of detection bias for

temperature outcomes and complications for these studies (Elvan

2008; Mohammadi 2007). The remaining studies did not report

details for these domains, and we therefore did not make a judge-

ment, recording these as unclear.

Incomplete outcome data

Nineteen of 20 included studies reported no or few apparent losses

to the participant group and were therefore judged as at low risk

of attrition bias. Elvan 2008 lost a high number of participants

due to a comprehensive exclusion criteria.

Selective reporting

We did not seek previous published protocols for each of the in-

cluded studies. Whilst all studies appeared to present results for

outcomes indicated in their methods section, we did not feel this

was sufficient to judge the potential for reporting bias. We there-

fore recorded this domain as unclear.

Other potential sources of bias

We paid attention to baseline characteristics to ensure that they

were comparable and assessed all but one study as at low risk of bias

for this. The baseline characteristics in Horn 1997 demonstrated

some differences between the study groups, and whilst we felt that

these differences were not clinically relevant to affect the study

outcomes, they suggested that the randomization process may not

have been rigorously pursued. We therefore judged this study as

at high risk of bias for differences in baseline characteristics.

Two studies were potentially at high risk of bias due to study

funding from a pharmaceutical company, although the paper did

not report whether the study drug had been provided by this

company (Quintin 1991a; Vanderstappen 1996).

Three studies reported data for time in recovery, however none of

these studies mentioned whether a standardized discharge criteria

was used, and we therefore judged this outcome as at high risk of

bias.

Effects of interventions

See: Summary of findings for the main comparison Alpha-2

adrenergic agonist compared to placebo/control for the prevention

of shivering following general anaesthesia

Primary outcomes

1. Incidence of shivering

Twenty studies with 1391 participants compared an α-2 adrener-

gic agonist with a placebo/saline and assessed postoperative shiv-

ering. Alpha-2 agonists were shown to significantly reduce the

risk of shivering (Mantel-Haenszel (M-H) risk ratio (RR) 0.28,

95% confidence interval (CI) 0.18 to 0.43, P value < 0.00001).

See Analysis 1.1 and Figure 3. However, we found significant ev-

idence of heterogeneity (I2 = 80%, P value < 0.00001), a funnel

plot of all studies contributing data also showed evidence of asym-

metry (see Figure 4), and there were high levels of performance

bias or insufficient detail from study authors (see Risk of bias in

included studies). Using GRADE, we therefore downgraded the

quality of this result for risk of bias, inconsistency, and possible

13Alpha-2 adrenergic agonists for the prevention of shivering following general anaesthesia (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



publication bias to very low (see Summary of findings for the main

comparison).

Figure 3. Forest plot of comparison: 1 alpha-2 adrenergic agonist vs. other, outcome: 1.1 shivering.

14Alpha-2 adrenergic agonists for the prevention of shivering following general anaesthesia (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Figure 4. Funnel plot of comparison: Alpha-2 agonists versus placebo. Postoperative shivering

2. Core hypothermia

We found only one study that reported on the incidence of hy-

pothermia (Abdelmageed 2014), which was high in both groups

with no statistical significance. However, 12 studies with 978 par-

ticipants measured core temperature (Bicer 2006; Buggy 1997;

Delaunay 1991; Elvan 2008; Grundmann 1997; Horn 1997;

Horn 1998; Karaman 2013; Kim 2013; Mohammadi 2007;

Quintin 1991a; Vanderstappen 1996). Times of measurement dif-

fered between studies, as did the style in which the results were

reported, with some results presented in graphs and others as nar-

rative description. Given these issues, we did not feel it appropriate

to attempt to extract these data and combine in an analysis, nor did

we import data for this outcome into the Summary of findings for

the main comparison. Where possible, we included study authors’

own interpretation of these results in Characteristics of included

studies.

Of these 12 studies, two studies presented only mean core temper-

atures for each group, with no apparent significant difference be-

tween groups (Delaunay 1991; Mohammadi 2007). Three stud-

ies reported a fall in core temperature in both study groups but

stated that there was no difference between intervention and con-

trol (Bicer 2006; Buggy 1997; Horn 1997). One study did not

report a fall in temperature but stated that there were no differ-

ences in core temperature between groups (Horn 1998). Karaman

2013 reported a fall in temperature but did not compare between

groups. It was not possible to extract data for three studies for

which either the wrong temperature measurement was reported

or the data were presented in a graph only (Grundmann 1997;

Quintin 1991a; Vanderstappen 1996). For Kim 2013, we were

able to interpret the data on the graph to say that whilst there

was a fall in temperature for both groups, this was greater in the

dexmedetomidine group.

Only Elvan 2008 reported a statistically significant result for tem-

perature between groups, reporting an equivalent fall intraopera-

tively but with postoperative temperatures in the dexmedetomi-

dine group significantly lower (P value < 0.05).

3. Participant-reported outcomes

None of the studies reported relevant participant-reported out-

comes such as experience of shivering or satisfaction with recovery.

We were therefore unable to incorporate this outcome into the

’Summary of findings’ table.
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Secondary outcomes

1. Major cardiovascular complications

None of the studies reported major cardiovascular complications

such as cardiovascular death, non-fatal myocardial infarction, non-

fatal stroke, or non-fatal cardiac arrest.

2. All-cause mortality

None of the studies reported mortality.

3. Length of stay in postanaesthetic care unit

Only three studies reported time in the recovery room. Buggy

1997 reported mean time in minutes with participants in the cloni-

dine group spending slightly longer (25.1 (standard error of the

mean 3.9)) than in the control group (23.6 (standard error of the

mean 4.7)). In Mohammadi 2007, the reported mean time was

also longer for the clonidine than placebo group (clonidine 48.5

(standard deviation ± 13.4), placebo 41.2 (standard deviation ±

14.6)). In Jabbary Moghaddam 2013 there was an apparent error

in the reporting of recovery time, with different data in text and

tables; we have therefore not reported these data.

4. Unplanned high dependency or intensive care unit

admission

None of the studies reported high dependency or intensive care

unit admissions.

5. Adverse effects of drugs

a) Sedation

All seven dexmedetomidine studies, Abdelmageed 2014,

Aldehayat 2011, Bajwa 2012, Bicer 2006, Elvan 2008, Karaman

2013, and Kim 2013, and two clonidine studies, Delaunay 1991

and Vanderstappen 1996, reported results for sedation. As study

authors used a variety of scales to measure sedation at different

time intervals, it was therefore not appropriate to combine re-

sults for this outcome. All authors of dexmedetomidine studies re-

ported a statistically significant difference in sedation scores, with

participants given dexmedetomidine more likely to have a higher

level of sedation than the control group (P value < 0.001 for Elvan

2008 and the remaining six studies with a P value < 0.05). In

the clonidine studies, Delaunay 1991 reported that participants in

the clonidine group were slightly more sedated than the control,

but that this was not statistically significant, and Vanderstappen

1996 reported that there were no statistically significant differ-

ences in sedation between groups. We have presented study data

in Characteristics of included studies.

b) Bradycardia

Eight studies reported on bradycardia as an adverse event. Five of

these studies reported a statistically significant difference between

groups (P value < 0.05), with more bradycardia in the intervention

group than the control (Abdelmageed 2014; Elvan 2008; Frank

1999; Karaman 2013; Quintin 1991a). Kim 2013, which had

three groups of different doses of dexmedetomidine, reported sig-

nificantly more bradycardia in the groups given 0.75 and 1.0 µg/

kg dexmedetomidine (P value < 0.05). Vanderstappen 1996 re-

ported no difference in the number of participants with bradycar-

dia between groups, and Sahin 2002 reported that there were no

bradycardia events in any participants. We have presented study

data in Characteristics of included studies.

c) Hypotension

Seven studies reported on hypotension as an adverse event. Six

of these studies reported that there was no statistically signif-

icant difference between the intervention and control groups

(Abdelmageed 2014; Elvan 2008; Karaman 2013; Kim 2013;

Quintin 1991a; Vanderstappen 1996). Sahin 2002 reported that

there were no hypotension events in any participants. We have

presented study data in Characteristics of included studies.

Subgroup analysis

We carried out subgroup analysis for type of α-2 agonist for the

outcome of shivering. Both clonidine and dexmedetomidine were

shown to reduce the risk of postoperative shivering (clonidine M-

H, RR 0.30, 95% CI 0.17 to 0.53; dexmedetomidine M-H, RR

0.28, 95% CI 0.21 to 0.38), and there was no statistically signifi-

cant difference between groups (P value = 0.87). There remained

a high level of heterogeneity in the clonidine group (I2 = 78%)

but not in the dexmedetomidine group (I2 = 0%). See Analysis

2.1 and Figure 5.
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Figure 5. Forest plot of comparison: Subgroup by alpha-2 adrenergic agonist for outcome 2.1: Shivering.

There was no statistically significant difference between groups

divided by whether or not participants received a premedication

in addition to clonidine/dexmedetomidine (P value = 0.20) (see

Analysis 3.1), nor any statistically significant difference between

groups divided by those studies conducted prior to and after the

year 2000 (P value = 0.98) (see Analysis 4.1).

It was not possible to conduct subgroup analysis for dose of α-2

agonist as there were too many differences in doses to make mean-

ingful comparisons between groups. Similarly, it was impractical

to divide studies into groups for methods used to measure shiv-

ering, methods to control for temperature during surgery, age of

participants, comorbidities, and type of surgery.

As most shivering occurs during postanaesthetic care unit admis-

sion, it is important that outcome assessors are blinded to reduce

any potential risk of bias. We performed subgroup analysis specif-

ically on those studies that had a low risk for detection bias of

shivering compared to those studies that we had judged at either

high risk of bias or as unclear. There was no difference between

subgroups, and both groups of studies had a statistically signifi-

cant result with a reduction in postoperative shivering when α-2

agonists were given. See Analysis 5.1.

Sensitivity analysis

1. Risk of bias

We removed studies from analysis that had not provided sufficient

information to be judged as well randomized, nor had taken ad-

equate steps to ensure blinding of personnel. The effect estimate

for postoperative shivering remained statistically significant (M-

H, RR 0.31, 95% CI 0.22 to 0.45. P value < 0.00001) (see Analysis

6.1).

2. Effect measures

Given the high level of heterogeneity with the effect estimate in

Analysis 1.1, we presented a random-effects rather than a fixed-

effect method for analysis (Higgins 2011, Section 9.5.3). A sensi-

tivity analysis using a fixed-effect method also gave a statistically

significant effect for our primary outcome of shivering (M-H, RR

0.41, 95% CI 0.36 to 0.47).
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3. Abstracts

We took details from an abstract only for Yildiz 2005, and did

not have a full translation of Sahin 2002 for the ’Risk of bias’

table. Removing these studies in sensitivity analysis did not have

a significant effect on the results for our primary outcome (M-H,

RR 0.28, 95% CI 0.18 to 0.44).

D I S C U S S I O N

Summary of main results

We found evidence of an effect of α-2 agonists given pre- or intra-

operatively on the risk of postoperative shivering, with fewer shiv-

ering events in those participants given clonidine or dexmedeto-

midine compared with a placebo/control. We found a high level

of heterogeneity in the results for this outcome. When considering

clonidine and dexmedetomidine separately, we found evidence of

an effect for both drugs. However, there remained a high level of

heterogeneity in the clonidine studies, whilst the dexmedetomi-

dine group had none. This could not be explained through further

subgroup or sensitivity analysis. Visual asymmetry shown in the

funnel plot (Figure 4) may be explained by the high number of

small studies in the review or by publication bias, also demon-

strated by the lack of studies with negative results, but we did not

pursue this with further analysis (Higgins 2011, Section 10.4).

We were unable to combine data for other outcomes due to dif-

ferences in definitions and measurement scales used. Most studies

reported no significant differences in core temperature between

groups, with only one study, Elvan 2008, reporting a statistically

significant difference in postoperative core temperature drop in

the dexmedetomidine group. Individual studies that measured se-

dation reported a statistically significant increase in the level of

sedation in participants given dexmedetomidine, but this effect

was not statistically significant in the clonidine studies. For those

eight studies reporting on bradycardia (Abdelmageed 2014; Elvan

2008; Frank 1999; Karaman 2013; Kim 2013; Quintin 1991a;

Sahin 2002; Vanderstappen 1996), six reported more bradycar-

dia at a statistically significant level in the α-2 agonist group

(Abdelmageed 2014; Elvan 2008; Frank 1999; Karaman 2013;

Kim 2013; Quintin 1991a), and for the seven studies reporting

on hypotension (Abdelmageed 2014; Elvan 2008; Karaman 2013;

Kim 2013; Quintin 1991a; Vanderstappen 1996; Sahin 2002),

six reported no statistically significant results between groups

(Abdelmageed 2014; Elvan 2008; Karaman 2013; Kim 2013;

Quintin 1991a; Vanderstappen 1996).

Overall completeness and applicability of
evidence

We conducted a thorough search including backward and forward

citation tracking. The 20 studies that we identified measured our

primary outcome of shivering.

As the studies represented an unselected population group under-

going a wide variety of surgical procedures, the data are applicable

to current practice. The variety of doses and timings most likely

reflects the diversity of techniques within the wide range of what

is construed as ’expert practice’ (Smith 2009; Smith 2011).

Quality of the evidence

Reporting of methods used to reduce the risk of bias in individual

studies was often incomplete. Few studies adequately reported the

methods used for randomization of participants, and few had made

sufficient efforts to blind personnel to group allocation or to blind

outcome assessors. Although we were still able to demonstrate

evidence of an effect on postoperative shivering when eliminating

those studies with increased risk of bias in a sensitivity analysis, we

downgraded the quality of evidence by one level in the Summary

of findings for the main comparison. Our concern about the high

levels of heterogeneity led us to downgrade the inconsistency of

the results by one level, and we suspected publication bias due to

our visual analysis of the funnel plot (Figure 4). We did not judge

imprecision or indirectness of the evidence to be of concern and

therefore did not downgrade in these domains. Overall, we judged

the evidence to be very low quality. See Summary of findings for

the main comparison for details.

Potential biases in the review process

As we did not analyse the data for shivering on the scales presented

by individual authors, we have not been able to determine degrees

of shivering and therefore may have introduced some level of re-

porting bias. We did not pursue the possible causes of heterogene-

ity in our analysis beyond some prespecified subgroup analysis.

We did not complete subgroup analysis for those groups for which

we felt the results would not be meaningful, which may also have

introduced some bias into the review process.

Agreements and disagreements with other
studies or reviews

The results of our review are consistent with those of Kranke 2004,

in which seven of our 20 included studies were considered (Buggy

1997; Delaunay 1991; Frank 1999; Grundmann 1997; Horn

1997; Horn 1998; Vanderstappen 1996). In this paper, clonidine

was also shown to reduce the risk of postoperative shivering.
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Implications for practice

This review suggests that clonidine and dexmedetomidine may

prevent postoperative shivering. However, the optimal dose and

timing of these agents remains unclear. There were fewer data

for sedation, bradycardia, and hypotension, but clinicians using

these drugs should be aware that unpooled analysis suggests that

sedation and bradycardia were significantly more common with

dexmedetomidine than placebo. All seven dexmedetomidine stud-

ies (though none of the clonidine studies) reported statistically

significantly higher levels of sedation as an adverse effect. There

was insufficient data in our included studies for us to report on

whether α-2 agonists are effective in reducing inadvertent periop-

erative hypothermia. Using GRADEpro, we concluded that the

evidence was very low quality.

Implications for research

Establishing the cause of heterogeneity amongst studies would

increase the validity of the results of this review; future research

should consider this in study design by ensuring that studies have

standardized doses, timings, and methods of administration of the

intervention drugs.

Future studies in this area should be conducted to a high stan-

dard of quality, with appropriate attempts to blind personnel and

participants from group allocation. Studies with a high number

of participants would reduce the potential effect of small study

size seen in this review. Studies that consider participant-reported

outcomes of shivering and satisfaction with recovery after anaes-

thetic would be particularly important in future research, as this

input was absent in our included studies. Future research should

also compare different doses and time points in order to clarify the

clinically appropriate ways to administer the drugs.
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Abdelmageed 2014

Methods RCT, parallel design, Saudi Arabia

Participants • 85 participants scheduled for arthroscopic cruciate ligament reconstruction

• ASA 1

Interventions 1. Dexmedetomidine 2.5 µg/kg intramuscular injection

2. Isotonic saline intramuscular injection

Treatment given 45 minutes before expected end of surgery

Outcomes Review outcomes:

• Postoperative shivering measured on a 5-point scale (0 = no shivering; 4 =

muscular activity involving the whole body)

• Occurence of hypothermia, temperature < 36 °C

• Adverse effects of drugs measured with sedation on 4-point scale (0 = awake and

alert; 3 = difficult or impossible to awake); number of participants given ephedrine for

hypotension and atropine for bradycardia

Other outcomes:

• Extubation time, time to eye opening. onset time of shivering

• Pain measured on VAS

• Nausea and vomiting

Review outcome results • Shivering on admission to PACU: see Analysis 1.1

• Occurrence of hypothermia: dexmed 19/43; control 17/42

• Sedation: Study authors state, “The scores of sedation were significantly higher in

group D (dexmedetomidine) than in group C (control) until 4 h postoperatively (P < 0.

05). No patient had sedation score of 3”.

• Bradycardia: dexmed 9/43; control 0/42

• Hypotension: dexmed 1/43; control 0/42

Notes • Premedication with lorazepam 2 mg orally

• GA: propofol 2 mg/kg, fentanyl 1.5 µg/kg, atracurium 0.5 mg/kg. Maintained

with 1% to 2% sevoflurane in 60% nitrous oxide and 40% oxygen

• Duration of surgery, mean mins (SD): dexmed 114 (±13); control 109 (±21)

• Temperature of operating room maintained at 19 °C to 20 °C with constant

humidity 70%. Irrigation and iv fluids administered at room temperature.

Temperature in PACU maintained at 22°C to 23 °C with constant humidity.

Participants covered with warm blanket and surgical drapes during operation and

warmed cotton blanket postoperatively

• Only male participants

Risk of bias

Bias Authors’ judgement Support for judgement
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Abdelmageed 2014 (Continued)

Random sequence generation (selection

bias)

Low risk Computer-generated random number list

Allocation concealment (selection bias) Unclear risk No details

Blinding of participants and personnel

(performance bias):Shivering

Low risk Syringes prepared by technician not involved in

data collection

Blinding of participants and personnel

(performance bias): Temperature

Low risk Syringes prepared by technician not involved in

data collection

Blinding of participants and personnel

(performance bias): Complications

Low risk Syringes prepared by technician not involved in

data collection

Blinding of outcome assessment (detection

bias): Shivering

Low risk Measured by staff in PACU who were blinded to

treatment group

Blinding of outcome assessment (detection

bias): Temperature

Low risk Measured by staff in PACU who were blinded to

treatment group

Blinding of outcome assessment (detection

bias): Complications

Low risk Measured by staff in PACU who were blinded to

treatment group

Incomplete outcome data (attrition bias)

All outcomes

Low risk No apparent losses

Selective reporting (reporting bias) Unclear risk Published protocol not sought

Other bias Low risk Baseline characteristics comparable

Aldehayat 2011

Methods RCT, parallel design, Jordan

Participants • 70 participants scheduled for surgery of 2- to 3-hour duration. No details of types

of procedures

• ASA I and II

Interventions 1. Dexmedetomidine 1 µg/kg, iv

2. Saline, equivalent volume as above, iv

Treatment given 20 mins before end of surgery

Outcomes Review outcomes:

• Postoperative shivering measured on a 4-point scale (0 = no shivering; 3 = gross

muscular activity involving entire body), every 5 mins for 30 mins

• Adverse effects of drugs measured with sedation assessed on a 5-point scale (0 =

alert; 4 = no response to vigorous tactile stimulation), every 5 mins for 30 mins
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Aldehayat 2011 (Continued)

Review outcome results • Shivering: see Analysis 1.1

• Adverse effects, sedation (arouse to gentle voice, arouse with gentle tactile

stimulation, or arouse with vigorous tactile stimulation) at 30 mins: dexmed 25/35;

saline 13/35 (P value < 0.05)

Notes • No premedication given

• GA: thiopentone (no dose given) and atracurium 0.6 mg/kg. Maintained with

isoflurane with 60% nitrous oxide in oxygen. Analgesics perioperatively fentanyl citrate

1 to 2 mg/kg iv, morphine 5 to 10 mg according to participant variables

• Duration of surgery, mean mins (SD): dexmed 152 (24); saline 140 (23)

• Participant temperature maintained at > 36 °C. No details of how this was

achieved

• Only one study author

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Use of shuffled, opaque, sealed envelopes

Allocation concealment (selection bias) Unclear risk As above

Blinding of participants and personnel

(performance bias):Shivering

High risk No details given -- assume anaesthetist not blinded

Blinding of participants and personnel

(performance bias): Complications

High risk No details given -- assume anaesthetist not blinded

Blinding of outcome assessment (detection

bias): Shivering

Low risk Postoperative shivering measured by an observer unaware

of treatment given

Blinding of outcome assessment (detection

bias): Complications

Low risk Postoperative sedation measured by an observer unaware

of treatment given

Incomplete outcome data (attrition bias)

All outcomes

Low risk

No losses reported

Selective reporting (reporting bias) Unclear risk Published protocol not sought
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Bajwa 2012

Methods RCT, parallel design, India

Participants • 80 participants scheduled for laparoscopic surgeries

• ASA I and II

Interventions 1. Dexmedetomidine 1 µg/kg, iv

2. Saline 2 ml

Treatment given 30 mins before expected end of surgery

Outcomes Review outcomes:

• Postoperative shivering measured on a 4-point scale (1 = no shivering; 4 = gross

muscular jitter of entire body)

• Adverse effects of drugs measured with HR, MAP, sedation assessed on a 6-point

scale (0 = no sedation/widely awake/slightly restless; 5 = unarousable). Does not give a

time point at which sedation was measured

Other outcomes:

• Headache, nausea, vomiting, dry mouth, myalgia

Review outcome results • Shivering: see Analysis 1.1

• Adverse effects, sedation, number of participants scoring above 2: dexmed 18/40;

saline 4/40 (P value < 0.05). Authors state, “The difference in sedation scores between

the two groups was statistically significant, but the mild sedation induced by

dexmedetomidine did not produce any other clinical side effects”.

• Postoperative HR mean (SD): dexmed 65.28 (4.92); saline 78.56 (6.64).

Postoperative MAP mean (SD): dexmed 77.28 (5.64); saline 87.52 (8.18)

Notes • Premedication with alprazolam 0.25 mg and ranitidine 150 mg orally night

before surgery and 2 hours before proposed surgical procedure

• GA: propofol 2 mg/kg, fentanyl 1.5 µg/kg, midazolam 1 mg, vecuronium 0.1 mg/

kg. Maintained with 60% nitrous oxide in oxygen, isoflurane 1% to 1.5% and

vecuronium bromide 0.03 to 0.05 mg/kg as and when required

• Duration of surgery, mean mins (SD): dexmed 59.14 (4.28); saline 57.86 (5.68)

• Adequate covering of the body and operation room temperature was maintained

at 24 °C to 25 °C. All patients covered with warm blanket in PACU

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk “computer coded envelopes”

Allocation concealment (selection bias) Low risk Treatment drugs prepared by an anaesthesia technician

unaware of study design

Blinding of participants and personnel

(performance bias):Shivering

Low risk Assume anaesthetist was blinded as drugs prepared by a

blinded technician
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Bajwa 2012 (Continued)

Blinding of participants and personnel

(performance bias): Complications

Low risk Assume anaesthetist was blinded as drugs prepared by a

blinded technician

Blinding of outcome assessment (detection

bias): Shivering

Unclear risk No details of whether staff nurse assessing outcomes was

blinded

Blinding of outcome assessment (detection

bias): Complications

Unclear risk No details of whether staff nurse assessing outcomes was

blinded

Incomplete outcome data (attrition bias)

All outcomes

Low risk

No apparent losses

Selective reporting (reporting bias) Unclear risk Pre-published protocol not sought

Bicer 2006

Methods RCT, parallel design, Turkey

Participants • 120 participants scheduled for elective abdominal or orthopaedic surgery. Also

included meperidine group, not included in this review. Therefore 80 participants

included

• ASA I and II

Interventions 1. Dexmedetomidine 1 µg/kg, iv

2. Saline 0.9%, iv

Treatment given at time of wound closure

Outcomes Review outcomes:

• Postoperative shivering measured on a 4-point scale (0 = no shivering; 3 = gross

muscular activity involving entire body), every 10 mins for 60 mins

• Core temperature, tympanic measurement, at regular intervals intra- and

postoperatively

• Adverse effects of drugs measured with sedation scores using a 6-point scale (1 =

alert; 6 = unarousable)

Other outcomes:

• Extubation, awakening and orientation times

• Postanaesthetic recovery scores

• Pain scores

Review outcome results • Shivering: see Analysis 1.1

• Temperature scores given at several time points. Authors state, “Tympanic

temperatures did not differ between groups, but they were lower than baseline from 15

min after intubation until the end of the study period (P < 0.05).”

• Sedation: Authors state, “Sedation scores were significantly higher in the

dexmedetomidine group than in the...placebo group...(< 0.05)”
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Bicer 2006 (Continued)

Notes • Study also had meperidine group, not included in this review

• No premedication given

• GA: thiopental 5 mg/kg, fentanyl 1.5 µg/kg, and atracurium 0.5 mg/kg.

Maintained with 60% nitrous oxide in oxygen and sevoflurane (2.0% ± 0.5% end-tidal

concentration). Supplemental doses of atracurium administered at discretion of

anaesthesiologist

• Duration of surgery, mean mins (SD): dexmed 115 (41); placebo 98 (40)

• Participants covered with surgical drapes during anaesthesia, but were not actively

heated. Cotton blanket in PACU

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Described as randomized, but no details given

Allocation concealment (selection bias) Unclear risk No details

Blinding of participants and personnel

(performance bias):Shivering

High risk No details of blinding -- assume anaesthetist not blinded

Blinding of participants and personnel

(performance bias): Temperature

High risk No details of blinding -- assume anaesthetist not blinded

Blinding of outcome assessment (detection

bias): Shivering

Unclear risk No details of who assessed outcomes and whether they

were blinded

Blinding of outcome assessment (detection

bias): Temperature

Unclear risk No details of who assessed outcomes and whether they

were blinded

Incomplete outcome data (attrition bias)

All outcomes

Low risk No losses reported

Selective reporting (reporting bias) Unclear risk Published protocol not sought

Buggy 1997

Methods RCT, parallel design

Participants • 60 participants scheduled for elective orthopaedic limb surgery

• ASA I and II

• Hospital, Ireland

Interventions 1. Clonidine 150 µg, iv

2. Saline 1 ml, iv

Treatments given prior to induction
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Buggy 1997 (Continued)

Outcomes Review outcomes:

• Postoperative shivering defined as readily detectable fasciculations and tremor of

the jaw, neck, trunk, and extremities lasting > 20 seconds

• Core temperature, naso-pharyngeal measurement, recorded at induction and

every 15 mins intraoperatively. Skin temperature only measured postoperatively

• Time in recovery room

• Adverse effects of drugs, measured with systolic blood pressure

Other outcomes:

• Thermal comfort scores of participants measured at baseline and in recovery room

Review outcome results • Shivering: see Analysis 1.1

• Temperature: Results presented in figures, unable to extract data. Authors state,

“Although core temperature decreased slightly up to 45 min of anaesthesia, and

peripheral temperature increased over the full duration studied in both groups, there

were no differences between the groups at any time”

• Time in recovery room, mean mins (SEM): clon 25.1 (3.9); control 23.6 (4.7)

• Adverse effects. Lowest intraoperative systolic BP, mmHg (SEM): clon 96.2 (7.4);

control 97.2 (6.7)

Notes • No premedication

• GA: fentanyl 1 µg/kg and propofol 2 to 3 mg/kg. Maintained with 70% nitrous

oxide and 1.5% to 2.5% enflurane in oxygen. One litre iv fluid at room temperature

administered

• Duration of anaesthesia, mins (SD): clon 59.7 (20.2); control 64.8 (24.3)

• Temperature and relative humidity maintained at 21.9 °C to 22.2 °C, and 59% to

61%, respectively. All participants received standard surgical draping

• Study powered for 30% reduction in shivering

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Described as randomized. No further details

Allocation concealment (selection bias) Unclear risk No details

Blinding of participants and personnel

(performance bias):Shivering

High risk No details given. Assumed anaesthetist/clinician not blinded

Blinding of participants and personnel

(performance bias): Temperature

High risk No details given. Assumed anaesthetist/clinician not blinded

Blinding of participants and personnel

(performance bias): Complications

High risk No details given. Assumed anaesthetist/clinician not blinded

Blinding of outcome assessment (detection

bias): Shivering

Low risk Assessed by recovery nurses unaware of study groups
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Buggy 1997 (Continued)

Blinding of outcome assessment (detection

bias): Temperature

Unclear risk Assessed intraoperatively, no details of who assessed this outcome

Blinding of outcome assessment (detection

bias): Complications

Unclear risk Assessed intraoperatively, no details of who assessed this outcome

Incomplete outcome data (attrition bias)

All outcomes

Low risk No apparent losses

Selective reporting (reporting bias) Unclear risk No protocol sought

Other bias High risk For outcome (time in recovery) there is no standardized dis-

charge criteria

Delaunay 1991

Methods RCT, parallel design

Participants • 20 participants undergoing thyroid surgery

• ASA I

• France

Interventions 1. Clonidine 2 µg/kg, iv, over 20 mins

2. Isotonic saline solution (no further details)

Treatments given at end of surgery

Outcomes Review outcomes:

• Postoperative shivering in first 15 mins

• Core temperature, rectal measurement

• Adverse effects of drugs, measured with systolic arterial pressure, heart rate, and

sedation scores (measured on a 3-point scale: fully conscious, drowsy, mostly sleeping

but answering verbal command)

Other outcomes:

• Oxygen consumption, carbon dioxide production, and respiratory quotient

• Pain scores

Review outcome results • Shivering: see Analysis 1.1

• Temperature, mean (SD): clon 36.4 ºC (0.4); control 36.5 ºC (0.3)

• Adverse effects: All data for this outcome reported on graphs only, not possible to

extract data. Authors state, “Although no significant difference was measured, patients

were slightly more sedated but had less pain in the clonidine group, while systolic

arterial pressure and heart rate were slightly less in this group”.

Notes • Premedication with lorazepam 1 mg

• GA: thiopentone 5 mg/kg, alfentanil 150 to 200 µg, and vecuronium 0.1 mg/kg.

Maintained with 50% nitrous oxide and 0.6% to 1% isoflurane in oxygen, plus

additional bolus doses of alfentanil

31Alpha-2 adrenergic agonists for the prevention of shivering following general anaesthesia (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Delaunay 1991 (Continued)

• Duration of surgery mins (SD): clon 78 (16); control 78 (17)

• No details of temperature control before/after/during surgery

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Authors state, “allocated randomly to two groups”. No further

details

Allocation concealment (selection bias) Unclear risk No details

Blinding of participants and personnel

(performance bias):Shivering

High risk No details given. Assume anaesthetist/clinician aware of group

allocation

Blinding of participants and personnel

(performance bias): Temperature

High risk No details given. Assume anaesthetist/clinician aware of group

allocation

Blinding of participants and personnel

(performance bias): Complications

High risk No details given. Assume anaesthetist/clinician aware of group

allocation

Blinding of outcome assessment (detection

bias): Shivering

Unclear risk Independent observer unaware of group allocation

Blinding of outcome assessment (detection

bias): Temperature

Unclear risk Independent observer unaware of group allocation

Blinding of outcome assessment (detection

bias): Complications

Unclear risk Independent observer unaware of group allocation

Incomplete outcome data (attrition bias)

All outcomes

Low risk No apparent losses

Selective reporting (reporting bias) Unclear risk Protocol not sought

Elvan 2008

Methods RCT, parallel design, Turkey

Participants • 90 female participants scheduled for elective total abdominal hysterectomy

• ASA I and II

Interventions 1. Dexmedetomidine, loading dose of 1 µg/kg over 10 mins followed by an infusion

at 0.4 µg/kg/hour (length of time of infusion not stated)

2. Saline, same amount as above

Treatment given after endotracheal intubation
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Elvan 2008 (Continued)

Outcomes Review outcomes:

• Postoperative shivering recorded every 10 mins during first hour following a 4-

point scale

• Core temperature, tympanic measurement recorded at 7 time points before,

during, and after anaesthesia

• Adverse effects of drugs measured by number of participants given atropine for

bradycardia (< 45 bpm) and ephedrine for hypotension. Levels of sedation measured

with Ramsay scores

Other outcomes:

• Pain scores using VAS

• Nausea and vomiting

• Respiratory depression

Review outcome results • Shivering: see Analysis 1.1

• Temperature: Results recorded in graphs, not possible to extract data. Authors

state, “The tympanic temperatures in both groups showed a statistically significant

reduction at the end of the operation when compared with the baseline values (P < 0.

05). There were no significant differences in the intraoperative values between the

groups. Postoperative tympanic temperature measurements in the dexmedetomidine

group were lower than that of the saline group (P < 0.05). At 60 min, postoperative

temperatures were higher than baseline values in both groups (P value < 0.05)”

• Adverse effects: Bradycardia: dexmed 19/40, saline 8/40. Hypotension: dexmed

3/40, saline 2/40. Sedation scores reported in bar charts only, not possible to extract

date. Authors state, “The average Sedation scores in the recovery room were lower in

the saline group than in the dexmedetomidine group at all times. Level 5 or 6 Sedation

scores were observed in neither groups”

Notes • No premedication given

• GA: propofol 2.5 mg/kg, vecuronium 0.1 mg/kg, and fentanyl 1 µg/kg.

Maintained with 2% to 3% sevoflurane and 50% N2O in O2

• Duration of surgery, mean mins (SD): dexmed 78.3 (19.7); saline 81.9 (28.2)

• Operation room temperature kept between 18 °C and 23 °C. Participants only

covered with surgical drapes and none actively warmed during or after anaesthesia.

Covered with cotton blanket in PACU

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Computer-generated random number table

Allocation concealment (selection bias) Low risk Drugs prepared in coded syringes by an anaesthetist not

involved in anaesthetic and postoperative management

of participant

Blinding of participants and personnel

(performance bias):Shivering

Low risk Drugs prepared in coded syringes by an anaesthetist not

involved in anaesthetic and postoperative management
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Elvan 2008 (Continued)

of participant

Blinding of participants and personnel

(performance bias): Temperature

Low risk Drugs prepared in coded syringes by an anaesthetist not

involved in anaesthetic and postoperative management

of participant

Blinding of participants and personnel

(performance bias): Complications

Low risk Drugs prepared in coded syringes by an anaesthetist not

involved in anaesthetic and postoperative management

of participant

Blinding of outcome assessment (detection

bias): Shivering

Low risk Anaesthetist and recovery room nurse, unaware of group

allocations, observed participant for shivering

Blinding of outcome assessment (detection

bias): Temperature

Low risk Assumed that assessment of this outcome was also done

by anaesthetist or recovery room nurse, although no de-

tails given in paper

Blinding of outcome assessment (detection

bias): Complications

Low risk Anaesthetist and recovery room nurse, unaware of group

allocations, observed participant for sedation. No details

of who assessed other adverse effects and whether blinded

Incomplete outcome data (attrition bias)

All outcomes

High risk High attrition rate. 5 participants excluded from each

group due to comprehensive exclusion criteria (e.g. re-

ceiving additional analgesic, nausea, surgery duration be-

yond 180 mins, core temperature below 35 °C)

Selective reporting (reporting bias) Unclear risk Published protocol not sought

Other bias Low risk Baseline characteristics comparable

Frank 1999

Methods RCT, parallel design, Germany

Participants • 28 participants scheduled for maxillofacial surgery

• ASA I and II

Interventions 1. Clonidine 4 µg/kg, iv

2. Placebo

Treatment given 10 minutes before anaesthesia

Outcomes Review outcomes:

• Postoperative shivering, measured on 3-point scale (none, moderate, severe)

• Adverse effects of drugs measured by fall in blood pressure (treated with

vasopressors) and bradycardia (treated with atropine)
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Frank 1999 (Continued)

Review outcome results • Shivering: see Analysis 1.1

• Adverse effects: bradycardia/hypotension: clon 7/14; placebo 1/14

Notes • Premedication with midazolam 7.5 mg, orally

• GA: propofol 0.5 mg/kg bolus until a spectral edge frequency of < 12 Hz achieved,

fentanyl 3 µg/kg, and rocuronium 0.6 mg/kg. Maintained with N2O/O2/sevoflurane

• Duration of surgery, mean mins (SD): clon 104.6 (56.2); placebo 108.9 (39.8)

• No details of temperature controls to maintain participant temperature

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Described as randomized but no details given

Allocation concealment (selection bias) Unclear risk No details

Blinding of participants and personnel

(performance bias):Shivering

High risk No details of whether anaesthetist was blinded. As-

sumed not

Blinding of participants and personnel

(performance bias): Complications

High risk No details of whether anaesthetist was blinded. As-

sumed not

Blinding of outcome assessment (detection

bias): Shivering

Unclear risk No details of who assessed outcomes and whether

blinded

Blinding of outcome assessment (detection

bias): Complications

Unclear risk No details of who assessed outcomes and whether

blinded

Incomplete outcome data (attrition bias)

All outcomes

Low risk No apparent losses

Selective reporting (reporting bias) Unclear risk Published protocol not sought

Grundmann 1997

Methods RCT, parallel design

Participants • 40 participants scheduled for elective microsurgical vertebral disk resection

• ASA I and II

• Germany

Interventions 1. Clonidine 2 µg/kg in 10 ml saline, iv

2. Saline 10 ml, iv

A group of 20 participants given pethidine, but not included in this review
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Grundmann 1997 (Continued)

Treatment given 5 mins before end of surgery over 2 mins

Outcomes Review outcomes:

• Postoperative shivering

• Core temperature, rectal measurement, taken at 10 specified time points

• Adverse effects of drugs measured with HR and MAP

Other outcomes:

• Pain

Review outcome results • Shivering: see Analysis 1.1

• Temperature: results presented in graph, unable to extract data

• Adverse effects: results presented in graph, unable to extract data

Notes • Premedication of diazepam 10 mg given orally on morning of surgery

• GA: thiopental 5 mg/kg, fentanyl 2 µg/kg, and 0.1 mg/kg vecuronium.

Maintained with isoflurane in 66% N2O and 33% O2

• Duration of surgery, mean (SD): clon 107.0 (37.9); placebo 99.9 (33.0)

• Infusion drugs kept at room temperature. Operating theatre at 20 ºC. In recovery

room, beds were not warmed and were covered with a normal blanket. Temperature of

room kept at 21 ºC

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Described as randomized but no further details

Allocation concealment (selection bias) Unclear risk No details

Blinding of participants and personnel

(performance bias):Shivering

High risk No details. Assume anaesthetist not blinded to group allocation

Blinding of participants and personnel

(performance bias): Temperature

High risk No details. Assume anaesthetist not blinded to group allocation

Blinding of participants and personnel

(performance bias): Complications

High risk No details. Assume anaesthetist not blinded to group allocation

Blinding of outcome assessment (detection

bias): Shivering

Low risk Investigators assessing outcomes were blind to drug allocation

Blinding of outcome assessment (detection

bias): Temperature

Unclear risk Unclear who assessed this outcome

Blinding of outcome assessment (detection

bias): Complications

Unclear risk Unclear who assessed this outcome
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Grundmann 1997 (Continued)

Incomplete outcome data (attrition bias)

All outcomes

Low risk No apparent losses

Selective reporting (reporting bias) Unclear risk Published protocol not sought

Horn 1997

Methods RCT, parallel design

Participants • 60 participants scheduled for elective ear, nose, or pharyngeal surgery

• ASA I and II

• Hospital setting, Germany

• Participants randomized to different anaesthetic agents (propofol/sevoflurane)

before being randomized to intervention drugs. Data for shivering taken from

combined anaesthetic groups

Interventions 1. Clonidine 3 µg/kg, iv

2. Saline (amount not given), iv

Treatments given when surgery finished, on return of laryngeal reflexes and spontaneous

breathing, 5 mins prior to extubation

Outcomes Review outcomes:

• Postoperative shivering, measured using a 3-point scale (none, moderate, severe)

• Core temperature, rectal measurement. Reported at 20 mins after extubation

• Adverse effects of drugs, measured with MAP, HR, and time to arousal (recorded

as ’absent’ or ’awakened’ to verbal command “open your eyes and lift your arms”)

All measured at 5 min intervals for 60 mins

Other study outcomes:

• Oxygen saturation

• Postoperative pain scores

Review outcome results • Shivering: see Analysis 1.1

• Temperature, mean (SD): (not possible to combine GA groups as below into 2

groups) iso/saline 35.8 ºC (0.8); iso/clon 35.7 ºC (0.9); prop/saline 35.7 ºC (0.8);

prop/clon 35.8 ºC (0.7)

• Time to arousal, mean mins (SD): (not possible to combine GA groups as below

into 2 groups) iso/saline 9 (5); iso/clon 12 (4); prop/saline 11 (5); prop/clon 10 (4)

• Data for MAP and HR reported every 5 mins for each group. Authors state,

“There were no clinically important differences in heart rate and mean arterial blood

pressure among the groups. When saline was administered, mean arterial blood

pressure increased 15 min after extubation and subsequently remained elevated. After

clonidine administration, mean arterial blood pressure remained nearly constant”

Notes • Participants given premedication of midazolam 1 mg/kg

• GA: propofol 2.0 mg/kg, fentanyl 1.5 µg/kg, vecuronium 0.1 mg/kg.

Maintenance with either isoflurane (1.5% ± 0.4% end-tidal concentration) and 70%

nitrous oxide in oxygen OR continuous infusion of propofol (8 mg/kg/hour)

administered with oxygen/air
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Horn 1997 (Continued)

• Duration of surgery mins (SD): iso/saline 51 (± 27); iso/clon 51 (± 35) mins;

prop/saline 56 (± 23) mins; prop/clon 56 (± 28) mins

• Participants covered with warmed sheets during anaesthesia, but not actively

warmed

• Participants randomly allocated to different drugs for anaesthetic maintenance

(isoflurane or propofol) and then randomly allocated to clonidine or saline within these

groups. Data from anaesthetic drugs groups combined into the alpha-2 adrenergic

agonists groups

• Supported by grants from Joseph Drown Foundation (CA, USA) and National

Institutes of Health Grant. Unlikely to introduce bias

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk No details. Participants were “randomly assigned”

Allocation concealment (selection bias) Unclear risk No details

Blinding of participants and personnel

(performance bias):Shivering

High risk No details. Assume anaesthetist/clinician not blinded

Blinding of participants and personnel

(performance bias): Temperature

High risk No details. Assume anaesthetist/clinician not blinded

Blinding of outcome assessment (detection

bias): Shivering

Low risk Assessed by an anaesthetist blinded to anaesthetic type and cloni-

dine administration

Blinding of outcome assessment (detection

bias): Temperature

Unclear risk No details of who assessed temperature

Incomplete outcome data (attrition bias)

All outcomes

Low risk No apparent losses

Selective reporting (reporting bias) Unclear risk Published protocol not sought

Other bias High risk Some differences in baseline characteristics, although not clini-

cally significant suggests something amiss in randomization pro-

cess

Other bias High risk Small study -- no power calculation
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Horn 1998

Methods RCT, parallel design

Participants • 60 participants scheduled for elective ear, nose, and pharyngeal surgery. 30

participants not included in this review due to wrong comparison groups (meperidine

and physostigmine)

• ASA I and II

• Germany

Interventions 1. Clonidine 1.5 µg/kg, iv

2. Saline, iv

Treatment given after return of laryngeal reflexes and spontaneous ventilation

Outcomes Review outcomes:

• Postoperative shivering measured using a 3-point scale (none, moderate, severe)

• Core temperature, rectal measurement

• Adverse effects of drugs measured with MAP, HR, and arousal state

Other outcomes:

• Pain scores measured on VAS

• Nausea and vomiting

Review outcome results • Shivering: see Analysis 1.1

• Temperature: data given only for 15 mins after extubation mean (SD): clon 35.7

(0.4); saline 35.9 (0.6)

• Adverse effects: data given for HR and MAP at 5 min time points for 60 mins.

Authors state, “There were no clinically important differences in heart rate amongst the

groups. Mean arterial blood pressure increased 10 min after administration of saline...

and subsequently remained elevated for 20 mins...In contrast, mean arterial blood

pressure remained constant after clonidine administration and was thus significantly

lower than that in patients given saline”.

Notes • Premedication with midazolam 0.1 mg/kg, orally

• GA: propofol 2 mg/kg and fentanyl 1.5 µg/kg and vecuronium 0.1 mg/kg

Maintained with isoflurane (1.5% ± 0.4% end-tidal concentration) and 70% nitrous

oxide in oxygen

• Duration of surgery, mean mins (SD): clon 99 (41); saline 75 (32)

• Participants were covered with warmed sheets during anaesthesia but were not

actively heated. Ambient temperature of operating rooms and PACU was maintained

near 23 °C

• Funding from grants to include corporate funding from pharmaceutical

companies (Augustine Medical Inc. and Apotheus Laboratories Ltd.), may have

supplied clonidine

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Participants “randomly allocated” but no further details
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Horn 1998 (Continued)

Allocation concealment (selection bias) Unclear risk No details

Blinding of participants and personnel

(performance bias):Shivering

High risk No details of whether anaesthetist/clinician aware of drug allo-

cation. Assumed aware

Blinding of participants and personnel

(performance bias): Temperature

High risk No details of whether anaesthetist/clinician aware of drug allo-

cation. Assumed aware

Blinding of participants and personnel

(performance bias): Complications

High risk No details of whether anaesthetist/clinician aware of drug allo-

cation. Assumed aware

Blinding of outcome assessment (detection

bias): Shivering

Low risk Assessed by an anaesthesiologist blinded to drug allocation

Blinding of outcome assessment (detection

bias): Temperature

Low risk Assessed by an anaesthesiologist blinded to drug allocation

Blinding of outcome assessment (detection

bias): Complications

Low risk Assessed by an anaesthesiologist blinded to drug allocation

Incomplete outcome data (attrition bias)

All outcomes

Low risk No apparent losses

Selective reporting (reporting bias) Unclear risk Protocol not sought

Other bias Low risk Baseline characteristics equivalent

Jabbary Moghaddam 2013

Methods RCT, parallel design, Iran

Participants • 160 participants scheduled for elective leg fracture surgery. Included participants

by groups of opium or non-opium addicts. Data for this review only taken from non-

opium addicts, therefore 80 participants included

• ASA I and II

Interventions 1. Clonidine 5 µg/kg, orally

2. Placebo, vitamin C tablet, orally

Treatment given 90 mins before surgery

Outcomes Review outcomes:

• Postoperative shivering assessed in recovery room by incidence of muscular

activity in 1 or more muscle groups

• Mean recovery time
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Jabbary Moghaddam 2013 (Continued)

Review outcome results • Shivering: see Analysis 1.1

• Recovery time: data in table and text not compatible and therefore not reported in

this review

Notes • Premedication with fentanyl 2 µg/kg iv and midazolam 0.02 mg/kg iv

• GA: thiopental 5 mg/kg and atracurium 0.5 mg/kg. Maintenance with O2/N2O

as 1/1 litre and propofol by infusion dosage of 100 µg/kg/min

• Duration of surgery, mean mins (SD): clon 108 (23); control 110 (27)

• No details of methods to maintain participant temperature

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Use of block randomization with details of stratification

given

Allocation concealment (selection bias) Unclear risk No details

Blinding of participants and personnel

(performance bias):Shivering

High risk No details of whether clinician/anaesthetist blinded. As-

sume not

Blinding of outcome assessment (detection

bias): Shivering

Low risk Nurse who assessed shivering in recovery room did not have

any information on group allocation

Incomplete outcome data (attrition bias)

All outcomes

Low risk No apparent losses

Selective reporting (reporting bias) Unclear risk Published protocol not sought

Other bias Unclear risk Baseline characteristics: more men than women in each

group, although comparable between groups

Karaman 2013

Methods RCT, parallel design

Participants • 60 participants scheduled for elective gynaecologic laparoscopy

• ASA I or II, ages 20 to 50 years

• Turkey

Interventions 1. Dexmedetomidine, loading dose of 1 µg/kg over 10 mins, followed by an infusion

of 0.5 µg/kg/hour, iv

2. Saline, volume and timing as above

Infusions started after endotracheal intubation and stopped at beginning of closure of

fascia
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Karaman 2013 (Continued)

Outcomes Review outcomes:

• Postoperative shivering, measured on a 5-point scale (0 = no shivering, up to 4 =

shivering involving the whole body)

• Temperature in PACU, tympanic measurement

• Adverse effects of drugs, measured as number of participants given ephedrine to

treat hypotension, number of participants given atropine to treat bradycardia, and

sedation

Other outcomes:

• Pain

Review outcome results • Shivering: see Analysis 1.1

• Temperature, mean (SD): reported in graphs only, unable to extract data. Authors

state, “The tympanic temperatures of both groups showed a statistically significant

reduction at the end of the operation when compared with the baseline values (P < 0.

05)”. Text does not compare/report analysis between groups

• Hypotension: dexmed 2/30; saline 0/30

• Bradycardia: dexmed 11/30; saline 5/30

• Sedation: Scores reported every 10 mins for 60 mins. Authors state, “Sedation

scores were lower than 3 in all patients. However, sedation scores were significantly

higher at all times in the dexmedetomidine group than in the placebo group (P < 0.05)

”.

Notes • Premedication not given

• GA: propofol 2.5 mg/kg, fentanyl 1 µg/kg, and rocuronium 0.6 mg/kg.

Maintained with sevoflurane (2% ± 0.5% end-tidal oxygen) in a 50% air-oxygen mix

• Duration of surgery, mean mins (SD): dexmed 62.33 (19.9); saline 65.83 (11.75)

• Covered with surgical drapes during anaesthesia but not actively heated.

Temperature of operating rooms kept at 20 °C to 23 °C. In recovery room, participants

covered with a cotton blanket

• Institutional funding only. Unlikely to introduce bias

• Powered to detect reduction in shivering of at least 30%

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Computer-generated random number table

Allocation concealment (selection bias) Low risk Drugs prepared in coded syringes by anaesthesiologist not in-

volved in anaesthetic or postoperative management of partici-

pant

Blinding of participants and personnel

(performance bias):Shivering

Low risk Anaesthetist unaware of group allocation

Blinding of participants and personnel

(performance bias): Temperature

Low risk Anaesthetist unaware of group allocation
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Karaman 2013 (Continued)

Blinding of participants and personnel

(performance bias): Complications

Low risk Anaesthetist unaware of group allocation

Blinding of outcome assessment (detection

bias): Shivering

Low risk Measured by an investigator in charge of PACU who was not

aware of administered drug

Blinding of outcome assessment (detection

bias): Temperature

Low risk Measured by an investigator in charge of PACU who was not

aware of administered drug

Blinding of outcome assessment (detection

bias): Complications

Low risk Measured by an investigator in charge of PACU who was not

aware of administered drug

Incomplete outcome data (attrition bias)

All outcomes

Low risk No apparent losses

Selective reporting (reporting bias) Unclear risk Published protocol not sought

Kim 2013

Methods RCT, parallel design

Participants • 132 participants scheduled for laparoscopic total hysterectomy. 12 excluded for

needing blood transfusion or transfer to open abdominal hysterectomy, therefore data

for 120 participants

• ASA I and II

• Korea

Interventions 1. Dexmedetomidine, 3 groups of different doses: 0.5 µg/kg, 0.75 µg/kg, 1.0 µg/kg,

iv

2. Saline 50 ml, iv

Treatment given 30 mins before expected completion of surgery, over 10 mins

Outcomes Review outcomes:

• Postoperative shivering measured on 4-point scale (0 = no shivering, 3 = gross

muscular activity involving the whole body)

• Temperature, tympanic measurement, at 6 time points (after induction; before

drug administration; after extubation; postoperative at 0, 20, and 40 mins)

• Adverse effects of drugs measured as number of participants given atropine for

bradycardia, number of participants given ephedrine for hypotension, and levels of

postoperative sedation measured using a MOAA/S scale

Other outcomes:

• First analgesic rescue time

• Pain measured on VAS

Review outcome results • Shivering: see Analysis 1.1

• Temperature - visual interpretation of graph: that whilst there was a fall in

temperature for both groups, this was greater in the dexmed group

• Adverse effects: Bradycardia: dexmed 9/90; saline 5/30. Hypotension: dexmed 3/
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Kim 2013 (Continued)

90; saline 2/30. Sedation: not possible to combine dexmed scores, authors state: “The

MOAA/S was significantly lower in the dexmedetomidine groups compared with the

saline group on arrival in the recovery room (P < 0.05) but there were no significant

differences among the groups at 20 min and 40 min after arrival in the PACU”.

Notes • Data for 3 doses of dexmed combined into 1 group

• No premedication given

• GA: propofol 2 to 2.5 mg/kg and rocuronium 0.6 mg/kg. Maintained with 6% to

8% desflurane with 50% nitrous oxide in oxygen.

• Duration of surgery reported in 4 groups, approximately 110 mins

• Operating room temperature kept below 21 °C to 22 °C. Participants covered

only with surgical drapes, and none of the participants were actively warmed during or

after anaesthesia. Recovery room temperature kept at 22 °C to 23 °C

• See also Kim 2013b

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Computer-generated random numbers

Allocation concealment (selection bias) Low risk Drugs prepared by nurses not taking part in study

Blinding of participants and personnel

(performance bias):Shivering

Low risk Anaesthetist not aware of drug allocation

Blinding of participants and personnel

(performance bias): Temperature

Low risk Anaesthetist not aware of drug allocation

Blinding of participants and personnel

(performance bias): Complications

Low risk Anaesthetist not aware of drug allocation

Blinding of outcome assessment (detection

bias): Shivering

Low risk Assessed by blinded anaesthesiologist

Blinding of outcome assessment (detection

bias): Temperature

Low risk Assessed by blinded anaesthesiologist

Blinding of outcome assessment (detection

bias): Complications

Low risk Assessed by blinded anaesthesiologist

Incomplete outcome data (attrition bias)

All outcomes

Low risk No apparent losses

Selective reporting (reporting bias) Unclear risk Published protocol not sought
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Kim 2013 (Continued)

Other bias Low risk Baseline characteristics comparable

Mohammadi 2007

Methods RCT, parallel design

Participants • 80 participants scheduled for elective abdominal surgery

• ASA I and II

• Iran

Interventions 1. Clonidine 0.2 mg, orally

2. Placebo, orally

Treatments given 30 mins before surgery

Outcomes Review outcomes:

• Postoperative shivering measured on a 5-point scale (0 = no shivering; 4 = gross

muscular activity involving entire body)

• Core temperature, nasopharyngeal measurement, recorded after induction of

anaesthesia and end of anaesthesia

• Time in recovery

• Adverse effects of drugs measured with arterial blood pressure, HR, and

peripheral oxygen saturation

Review outcome results • Shivering: see Analysis 1.1

• Temperature at end of anaesthesia: clon 35 °C (± 0.4); placebo 35.6 °C (± 0.6)

• Time in recovery, mean mins (SD): clon 48.5 (13.4); placebo 41.2 (14.6)

• Adverse effects: no data presented. Authors state, “arterial blood pressure, heart

rate and peripheral oxygen saturation remained stable during the operation”.

Notes • No premedication given

• GA: fentanyl 3 µg/kg, thiopentone 5 mg/kg, and atracurium 0.5 mg/kg.

Maintained with isoflurane 0.4% to 1.6% with 50% nitrous oxide in oxygen

• Duration of anaesthesia, mins (SD): clon 125.8 (27.5); placebo 124.8 (28.6)

• Not actively warmed during surgery, and iv fluids not given through a warming

device

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Computer-generated codes

Allocation concealment (selection bias) Unclear risk Codes concealed until interactions assigned. No further details

Blinding of participants and personnel

(performance bias):Shivering

Low risk Drugs given by independent anaesthetist. Both anaesthesiologist

and participant blinded to group allocation
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Mohammadi 2007 (Continued)

Blinding of participants and personnel

(performance bias): Temperature

Low risk Drugs given by independent anaesthetist. Both anaesthesiologist

and participant blinded to group allocation

Blinding of participants and personnel

(performance bias): Complications

Low risk Drugs given by independent anaesthetist. Both anaesthesiologist

and participant blinded to group allocation

Blinding of participants and personnel

(performance bias): Length of stay/un-

planned admissions

Low risk Drugs given by independent anaesthetist. Both anaesthesiologist

and participant blinded to group allocation

Blinding of outcome assessment (detection

bias): Shivering

Low risk Assessed by one of investigators in PACU, not aware of admin-

istered drug

Blinding of outcome assessment (detection

bias): Temperature

Low risk No details of who assessed this and whether blinded. However,

as anaesthesiologist and participant blinded as well as assessor of

shivering in PACU, we assumed blinding of this outcome

Blinding of outcome assessment (detection

bias): Complications

Low risk No details of who assessed this and whether blinded. However,

as anaesthesiologist and participant blinded as well as assessor of

shivering in PACU, we assumed blinding of this outcome

Blinding of outcome assessment (detection

bias): Length of stay

Low risk No details of who assessed this and whether blinded. However,

as anaesthesiologist and participant blinded as well as assessor of

shivering in PACU, we assumed blinding of this outcome

Incomplete outcome data (attrition bias)

All outcomes

Low risk

No losses reported

Selective reporting (reporting bias) Unclear risk No pre-published protocol sought

Other bias Low risk Baseline characteristics comparable

Other bias Unclear risk No details of whether standardized criteria for discharge from

PACU were used

Quintin 1991a

Methods RCT, parallel design, France

Participants • 28 participants scheduled for colon or colorectal surgery lasting at least 3 hours

• ASA I and II

Interventions 1. Clonidine 5 µg/kg, iv infusion

2. Saline

Treatment given at beginning of surgical incision, over 3 hours
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Quintin 1991a (Continued)

Outcomes Review outcomes:

• Shivering measured every 5 mins, as absent = no visible muscular fasciculations

observed in the masseter muscle; or present = minimal muscular fasciculations

observed in the same muscle or vigorous continuous or violent tremor

• Core temperature, oesophageal measurement, recorded over 6 hours

postoperatively

• Adverse effects of drugs: HR, MAP, SBP, tachycardia, hypertension, bradycardia,

hypotension, participants receiving atropine

Other outcomes:

• Oxygen uptake

• Plasma samples

Review outcome results • Shivering: see Analysis 1.1

• Temperature: results presented in graphs, not possible to extract data. Authors

state, “The rate of increase in oesophageal temperature was similar in both groups”

• Adverse effects: tachycardia, hypertension, bradycardia, hypotension reported by

number of episodes rather than participants. Authors state, “Postoperatively the

number of episodes of tachycardia and hypertension was reduced in the clonidine

group (P < 0.01). The clonidine group experienced a greater number of episodes of

bradycardia (P < 0.05), although HR remained always above 40 beats per min.

Furthermore, relative bradycardia was not accompanied by systolic hypotension in the

clonidine group. Clonidine affected the extreme values for HR and SBP only

minimally”.

Notes • Premedication given with hydroxyzine 1.5 mg/kg and clorazepate 0.25 mg/kg

• GA: thiopental 4 mg/kg, fentanyl 4 µg/kg, and atracurium 500 µg/kg.

Maintained with 66% N2O and fentanyl 4 µg/kg/hour

• Duration of surgery, mean mins (SEM): clon 255 (±9); placebo 252 (±13)

• Participants covered in a sheet. Gases humidified and rewarmed throughout the

study, including intraoperative period. Operating and recovery room temperatures

were 20 °C ± 1 °C and 23 °C ± 1 °C. Warmed fluids used

• Some study funding from pharmaceutical company

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Computer-generated random table

Allocation concealment (selection bias) Unclear risk No details

Blinding of participants and personnel

(performance bias):Shivering

High risk No details of whether anaesthetist blinded. Assumed not

Blinding of participants and personnel

(performance bias): Temperature

High risk No details of whether anaesthetist blinded. Assumed not
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Quintin 1991a (Continued)

Blinding of participants and personnel

(performance bias): Complications

High risk No details of whether anaesthetist blinded. Assumed not

Blinding of outcome assessment (detection

bias): Shivering

Unclear risk No details of blinding of outcome assessors

Blinding of outcome assessment (detection

bias): Temperature

Unclear risk No details of blinding of outcome assessors

Blinding of outcome assessment (detection

bias): Complications

Unclear risk No details of blinding of outcome assessors

Incomplete outcome data (attrition bias)

All outcomes

Low risk No apparent losses

Selective reporting (reporting bias) Unclear risk Published protocol not sought

Other bias Low risk Baseline characteristics balanced

Other bias High risk Supported by Boehringer-Ingelheim France, INSERM

(CN89-43), (pharmaceutical company may have sup-

plied clonidine?)

Sahin 2002

Methods RCT, parallel design, Turkey

Participants • 30 participants scheduled for ear and nose surgery

• ASA I and II

Interventions 1. Clonidine 2 µg/kg, iv

2. Saline 10 ml

Treatment given 5 mins before tracheal extubation

Outcomes Review outcomes:

• Postoperative shivering

• Adverse effects of drugs: hypotension, bradycardia, sedation

Other outcomes:

• Pain scores on VAS

Review outcome results • Shivering: see Analysis 1.1

• Adverse events: Authors state, “Bradycardia or hypotension was not observed at

any measurement time”. Authors also state, “Postoperative sedation was evaluated by

Ramsay Sedation Scale and postoperative differences were found between the groups at

20 minutes (P = 0.04)”. We were unable to access tables for this study and therefore do

not know the direction of this difference
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Sahin 2002 (Continued)

Notes • Premedication with diazepam 10 mg night before and midazolam 0.03 mg/kg iv

on arrival in anaesthetic room

• GA: propofol 2.0 mg/kg and fentanyl 1.5 µg/kg and vecuronium 0.1 mg/kg

Maintained with sevoflurane (1.5% - 2.0% end-tidal concentration) and 70% nitrous

oxide in oxygen

• Theatre temperature maintained at 22 °C to 24 °C

• Limited detail taken largely from English abstract

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Insufficient detail in abstract to judge risk of bias

Allocation concealment (selection bias) Unclear risk Insufficient detail in abstract to judge risk of bias

Blinding of participants and personnel

(performance bias):Shivering

Unclear risk Insufficient detail in abstract to judge risk of bias

Blinding of participants and personnel

(performance bias): Complications

Unclear risk Insufficient detail in abstract to judge risk of bias

Blinding of outcome assessment (detection

bias): Shivering

Unclear risk Insufficient detail in abstract to judge risk of bias

Blinding of outcome assessment (detection

bias): Complications

Unclear risk Insufficient detail in abstract to judge risk of bias

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Insufficient detail in abstract to judge risk of bias

Selective reporting (reporting bias) Unclear risk Insufficient detail in abstract to judge risk of bias. Pub-

lished protocol not sought

Other bias Unclear risk Insufficient detail in abstract to judge risk of bias

Sumpelmann 1994

Methods RCT, parallel design

Participants • 40 participants scheduled for maxillofacial surgery

• ASA I, II, and III

• Germany
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Sumpelmann 1994 (Continued)

Interventions 1. Clonidine 5 µg/kg in saline 0.9% 50 ml, iv

2. Saline 0.9% 50 ml

Treatment given 1 hour before end of surgery

Outcomes Review outcomes:

• Postoperative shivering

• Adverse effects of drugs measured as HR, MAP, hypotension

Other outcomes:

• Pain scores

Review outcome results • Shivering: see Analysis 1.1

• Adverse effects: no episodes of reduced blood pressure requiring treatment in

either group

Notes • Premedication with midazolam 0.1 to 0.2 mg/kg 30 mins before anaesthetic

• GA: precurarization with vecuronium 2 mg/kg then thiopental 5 to 7 mg/kg and

1 to 1.5 mg/kg succinylcholine. Maintained with 1% to 2% isoflurane in O2/N2O.

• Duration of anaesthesia, mean mins (SD): clon 146.5 (73.7); placebo 167.6 (116.

2)

• No details of any temperature control measures

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Described as randomized but no further details

Allocation concealment (selection bias) Unclear risk No details given

Blinding of participants and personnel

(performance bias):Shivering

High risk No details given. Assumed anaesthetist not blinded

Blinding of participants and personnel

(performance bias): Complications

High risk No details given. Assumed anaesthetist not blinded

Blinding of outcome assessment (detection

bias): Shivering

Unclear risk No details of who assessed outcomes and whether blinded

Blinding of outcome assessment (detection

bias): Complications

Unclear risk No details of who assessed outcomes and whether blinded

Incomplete outcome data (attrition bias)

All outcomes

Low risk No apparent losses

Selective reporting (reporting bias) Unclear risk Published protocol not sought
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Sumpelmann 1994 (Continued)

Other bias Low risk Baseline characteristics comparable

Vanderstappen 1996

Methods RCT, parallel design

Participants • 280 participants, all male, undergoing elective peripheral surgery

• ASA I and II

• Belgium

Interventions 1. Clonidine 2 µg/kg, continuous iv infusion over 10 mins

2. Saline as above

Treatment given immediately after induction

Outcomes Review outcomes:

• Postoperative shivering measured on a 4-point scale (none, mild, moderate,

severe) every 5 mins for 30 mins

• Core temperature, oesophageal measurement, after intubation and at end of

anaesthesia

• Adverse effects of drugs measured as number of participants treated with

vasoactive drugs and residual sedation assessed every 5 mins for 30 mins from end of

anaesthesia

Review outcome results • Shivering: see Analysis 1.1

• Temperature only reported as mean decrease between induction and end of

anaesthesia for each group

• Adverse effects: Atropine for bradycardia: dexmed 14/140; placebo 12/140.

Ephedrine for hypotension: dexmed 2/140; placebo 2/140. Sedation: the study authors

reported no statistically significant differences in sedation between groups

Notes • Premedication with lorazepam 0.05 mg/kg sublingually, 1 hour before surgery

• GA: thiopentone 5 mg/kg, alfentanil 30 µg/kg, and 0.1 mg/kg vecuronium 0.1

mg/kg. Maintained with isoflurane < 0.8%, nitrous oxide and oxygen, and alfentanil

infusion

• Duration of surgery, mean mins (SD): clon 74 (47); placebo 80 (59)

• No details of any methods to maintain participant temperature

• Funding for study from grant from Boehringer Ingelheim, Brussels, Belgium

(pharmaceutical company)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk “random fashion”

Allocation concealment (selection bias) Unclear risk No details
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Vanderstappen 1996 (Continued)

Blinding of participants and personnel

(performance bias):Shivering

High risk No details. Assume not blinded

Blinding of participants and personnel

(performance bias): Temperature

High risk No details. Assume not blinded

Blinding of participants and personnel

(performance bias): Complications

High risk No details. Assume not blinded

Blinding of outcome assessment (detection

bias): Shivering

Low risk All measurements done by an independent observer who was

unaware of type of medication given

Blinding of outcome assessment (detection

bias): Temperature

Low risk All measurements done by an independent observer who was

unaware of type of medication given

Blinding of outcome assessment (detection

bias): Complications

Low risk All measurements done by an independent observer who was

unaware of type of medication given

Incomplete outcome data (attrition bias)

All outcomes

Low risk No apparent losses

Selective reporting (reporting bias) Unclear risk Published protocol not sought

Other bias Low risk Baseline imbalances comparable

Other bias High risk Drug company funded

Yildiz 2005

Methods RCT, parallel design

Participants • 40 participants

• ASA I and II

• Turkey

Interventions 1. Clonidine 2 µg/kg, iv

2. Saline

Outcomes Review outcomes:

• Postoperative shivering

• Temperature drop measured but not absolute temperatures

• Adverse effects of drugs measured with HR and BP

Other outcomes:

• Pain scores on VAS

Review outcome results • Shivering: see Analysis 1.1
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Yildiz 2005 (Continued)

Notes • GA: propofol 2 mg/kg and fentanyl 1 µg/kg. Maintained with desflurane (5% to

6%) in both groups

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Insufficient detail in abstract to judge risk of bias

Allocation concealment (selection bias) Unclear risk Insufficient detail in abstract to judge risk of bias

Blinding of participants and personnel

(performance bias):Shivering

Unclear risk Insufficient detail in abstract to judge risk of bias

Blinding of participants and personnel

(performance bias): Temperature

Unclear risk Insufficient detail in abstract to judge risk of bias

Blinding of participants and personnel

(performance bias): Complications

Unclear risk Insufficient detail in abstract to judge risk of bias

Blinding of outcome assessment (detection

bias): Shivering

Unclear risk Insufficient detail in abstract to judge risk of bias

Blinding of outcome assessment (detection

bias): Temperature

Unclear risk Insufficient detail in abstract to judge risk of bias

Blinding of outcome assessment (detection

bias): Complications

Unclear risk Insufficient detail in abstract to judge risk of bias

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Insufficient detail in abstract to judge risk of bias

Selective reporting (reporting bias) Unclear risk Insufficient detail in abstract to judge risk of bias. Published

protocol not sought

ASA = American Society of Anesthesiologists;

BP = blood pressure;

clon = clonidine;

dexmed = dexmedetomidine;

GA = general anaesthetic;

HR = heart rate;

iso = isoflurane;

iv = intravenous;

MAP = mean arterial pressure;

min(s) = minute(s);

MOAA/S = Modified Observer’s Assessment of Alertness/Sedation;
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N2O = nitrous oxide;

O2 = oxygen;

PACU = postanaesthesia care unit;

prop = propofol;

RCT = randomized controlled trial;

SBP = systolic blood pressure;

SD = standard deviation;

SEM = standard error of the mean;

VAS = visual analogue scale.

Note: Some cells in the ’Risk of bias’ tables have been left blank. For these cells the domain is not applicable to the particular study, for

example the outcome in the domain was not measured by the study authors.

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Apitzsch 2000 RCT, comparing mivazerol 4 µg/kg with placebo. Aim to assess haemodynamics and plasma catecholamines.

Shivering reported but not as primary outcome

Arslan 2000 RCT, comparing clonidine 2 µg/kg with tramadol 1.5 mg/kg or 0.9% saline. Aim to assess postanaesthetic

shivering. Abstract only and no data included. No author contact details available in abstract, which is 14 years

old

Bakhamees 2007 RCT, comparing dexmedetomidine 8 µg/kg with placebo. Aim to assess haemodynamics, recovery profile, and

morphine use in postoperative period. No shivering reported

Bernard 1991 RCT, comparing clonidine 3.5 µg/kg iv with placebo. Aim of study to assess haemodynamic and catecholamine

changes in postoperative period. Temperature reported but not in terms of hypothermia. No shivering reported.

Does not address our review question

Bernard 1998 RCT, comparing clonidine 150 µg with a placebo. Aim to assess the effect of clonidine on heat redistribution.

No shivering reported. Does not address our review question

Eberhart 2000 RCT, comparing clonidine 1.5 µg/kg, midazolam 50 µg/kg, and placebo on day case patients. Aim to assess

anxiolytic effect of midazolam against clonidine. Shivering not primary aim of study

Gao 2012 RCT, comparing dexmedetomidine with placebo. Shivering reported but not apparent primary aim of study

Hidalgo 2005 RCT, comparing oral clonidine 100 µg with placebo. Aim to study the effect of small oral clonidine doses on

perioperative outcomes assessed by anxiolysis, analgesia, and haemodynamic stability. No shivering reported

Lee 2013 RCT, comparing dexmedetomidine with placebo. Aim to determine antihyperalgesia effects. Shivering reported

but not primary aim of study

Mizobe 2005 RCT, comparing clonidine 150 µg and clonidine 300 µg with placebo. Aim to determine effect of clonidine on

positive end-expiratory pressure. No shivering reported. Does not address our review question
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(Continued)

Onodera 2011 Comparing dexmedetomidine with no treatment. Aim to determine analgesic effects rather than shivering

Piper 2000 Study was retracted by the journal. See Piper 2000a

Piper 2002 Study was retracted by the journal. See Piper 2002a

Piper 2004 Study was retracted by the journal. See Piper 2004a

Quintin 1991b RCT, comparing clonidine 7 µg/kg with placebo. Aim to study vasoactive hormones and cardiovascular state after

aortic surgery. Shivering reported but not primary aim of study

Rohrbach 1999 RCT, comparing clonidine with placebo. Shivering not reported as primary outcome

Wright 1990 RCT, comparing clonidine 0.3 mg with placebo. Aim to evaluate clonidine as premedication. No shivering

reported

RCT = randomized controlled trial.

Characteristics of ongoing studies [ordered by study ID]

IRCT138902083773N2

Trial name or title Evaluation of oral clonidine effects on prevention of post-anaesthesia shivering

Methods RCT, parallel design, Iran

Participants Age 16-80 years, ASA I-II, elective surgery

Target sample size 60

Interventions 1. 0.2 mg clonidine tablet

2. placebo

Treatment to be administered before anaesthesia

Outcomes • shivering in recovery room. Measured using Crossley & Mahajan shivering score

• heart rate, oxygen saturation, emergence from anaesthesia, mean blood pressure

Starting date Date of first enrolment 31.8.2004

Contact information imanifar@tums.ac.ir

Notes
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D A T A A N D A N A L Y S E S

Comparison 1. alpha-2 adrenergic agonist vs. other

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 shivering 20 1391 Risk Ratio (M-H, Random, 95% CI) 0.28 [0.18, 0.43]

Comparison 2. Subgroup by alpha-2 adrenergic agonist

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Shivering 20 1391 Risk Ratio (M-H, Random, 95% CI) 0.28 [0.18, 0.43]

1.1 Clonidine vs. other 13 816 Risk Ratio (M-H, Random, 95% CI) 0.30 [0.17, 0.53]

1.2 Dexmedetomidine vs.

other

7 575 Risk Ratio (M-H, Random, 95% CI) 0.28 [0.21, 0.38]

Comparison 3. Subgroup by premedication

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Shivering 19 1351 Risk Ratio (M-H, Random, 95% CI) 0.27 [0.17, 0.42]

1.1 Premedication 12 801 Risk Ratio (M-H, Random, 95% CI) 0.19 [0.08, 0.46]

1.2 No premedication 7 550 Risk Ratio (M-H, Random, 95% CI) 0.35 [0.27, 0.45]

Comparison 4. Subgroup by year of study

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Shivering 20 1391 Risk Ratio (M-H, Random, 95% CI) 0.28 [0.18, 0.43]

1.1 After year 2000 11 805 Risk Ratio (M-H, Random, 95% CI) 0.30 [0.22, 0.40]

1.2 Before year 2000 9 586 Risk Ratio (M-H, Random, 95% CI) 0.30 [0.14, 0.64]
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Comparison 5. Subgroup by blinding of outcome assessors

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Shivering 20 1391 Risk Ratio (M-H, Fixed, 95% CI) 0.41 [0.36, 0.47]

1.1 low risk of bias 12 1045 Risk Ratio (M-H, Fixed, 95% CI) 0.45 [0.39, 0.53]

1.2 high or unclear risk of bias 8 346 Risk Ratio (M-H, Fixed, 95% CI) 0.27 [0.18, 0.40]

Comparison 6. Sensitivity analysis. Blinding of personnel

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Shivering 6 505 Risk Ratio (M-H, Random, 95% CI) 0.31 [0.22, 0.45]

Analysis 1.1. Comparison 1 alpha-2 adrenergic agonist vs. other, Outcome 1 shivering.

Review: Alpha-2 adrenergic agonists for the prevention of shivering following general anaesthesia

Comparison: 1 alpha-2 adrenergic agonist vs. other

Outcome: 1 shivering

Study or subgroup Alpha-2 agonist Control Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Abdelmageed 2014 5/43 27/42 6.2 % 0.18 [ 0.08, 0.43 ]

Aldehayat 2011 4/35 16/35 5.7 % 0.25 [ 0.09, 0.67 ]

Bajwa 2012 2/40 17/40 4.4 % 0.12 [ 0.03, 0.48 ]

Bicer 2006 6/40 22/40 6.5 % 0.27 [ 0.12, 0.60 ]

Buggy 1997 6/30 20/30 6.6 % 0.30 [ 0.14, 0.64 ]

Delaunay 1991 1/10 5/10 3.0 % 0.20 [ 0.03, 1.42 ]

Elvan 2008 7/40 21/40 6.7 % 0.33 [ 0.16, 0.69 ]

Frank 1999 3/14 9/14 5.4 % 0.33 [ 0.11, 0.98 ]

Grundmann 1997 1/20 11/20 3.0 % 0.09 [ 0.01, 0.64 ]

Horn 1997 0/30 10/30 1.8 % 0.05 [ 0.00, 0.78 ]

0.01 0.1 1 10 100

Favours alpha-2 agonist Favours control

(Continued . . . )
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(. . . Continued)
Study or subgroup Alpha-2 agonist Control Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Horn 1998 0/15 6/15 1.8 % 0.08 [ 0.00, 1.25 ]

Jabbary Moghaddam 2013 0/40 13/40 1.8 % 0.04 [ 0.00, 0.60 ]

Karaman 2013 3/30 14/30 5.2 % 0.21 [ 0.07, 0.67 ]

Kim 2013 21/90 19/30 7.6 % 0.37 [ 0.23, 0.59 ]

Mohammadi 2007 13/40 28/40 7.5 % 0.46 [ 0.28, 0.76 ]

Quintin 1991a 6/14 6/14 6.2 % 1.00 [ 0.43, 2.35 ]

Sahin 2002 2/15 13/15 4.7 % 0.15 [ 0.04, 0.57 ]

Sumpelmann 1994 0/20 9/20 1.8 % 0.05 [ 0.00, 0.85 ]

Vanderstappen 1996 85/140 104/140 8.2 % 0.82 [ 0.69, 0.96 ]

Yildiz 2005 4/20 9/20 5.7 % 0.44 [ 0.16, 1.21 ]

Total (95% CI) 726 665 100.0 % 0.28 [ 0.18, 0.43 ]

Total events: 169 (Alpha-2 agonist), 379 (Control)

Heterogeneity: Tau2 = 0.56; Chi2 = 96.04, df = 19 (P<0.00001); I2 =80%

Test for overall effect: Z = 5.89 (P < 0.00001)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours alpha-2 agonist Favours control
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Analysis 2.1. Comparison 2 Subgroup by alpha-2 adrenergic agonist, Outcome 1 Shivering.

Review: Alpha-2 adrenergic agonists for the prevention of shivering following general anaesthesia

Comparison: 2 Subgroup by alpha-2 adrenergic agonist

Outcome: 1 Shivering

Study or subgroup Alpha-2 agonist Control Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

1 Clonidine vs. other

Buggy 1997 6/30 20/30 6.6 % 0.30 [ 0.14, 0.64 ]

Delaunay 1991 1/10 5/10 3.0 % 0.20 [ 0.03, 1.42 ]

Frank 1999 3/14 9/14 5.4 % 0.33 [ 0.11, 0.98 ]

Grundmann 1997 1/20 11/20 3.0 % 0.09 [ 0.01, 0.64 ]

Horn 1997 0/30 10/30 1.8 % 0.05 [ 0.00, 0.78 ]

Horn 1998 0/15 6/15 1.8 % 0.08 [ 0.00, 1.25 ]

Jabbary Moghaddam 2013 0/40 13/40 1.8 % 0.04 [ 0.00, 0.60 ]

Mohammadi 2007 13/40 28/40 7.5 % 0.46 [ 0.28, 0.76 ]

Quintin 1991a 6/14 6/14 6.2 % 1.00 [ 0.43, 2.35 ]

Sahin 2002 2/15 13/15 4.7 % 0.15 [ 0.04, 0.57 ]

Sumpelmann 1994 0/20 9/20 1.8 % 0.05 [ 0.00, 0.85 ]

Vanderstappen 1996 85/140 104/140 8.2 % 0.82 [ 0.69, 0.96 ]

Yildiz 2005 4/20 9/20 5.7 % 0.44 [ 0.16, 1.21 ]

Subtotal (95% CI) 408 408 57.7 % 0.30 [ 0.17, 0.53 ]

Total events: 121 (Alpha-2 agonist), 243 (Control)

Heterogeneity: Tau2 = 0.61; Chi2 = 55.75, df = 12 (P<0.00001); I2 =78%

Test for overall effect: Z = 4.09 (P = 0.000043)

2 Dexmedetomidine vs. other

Abdelmageed 2014 5/43 27/42 6.2 % 0.18 [ 0.08, 0.43 ]

Aldehayat 2011 4/35 16/35 5.7 % 0.25 [ 0.09, 0.67 ]

Bajwa 2012 2/40 17/40 4.4 % 0.12 [ 0.03, 0.48 ]

Bicer 2006 6/40 22/40 6.5 % 0.27 [ 0.12, 0.60 ]

Elvan 2008 7/40 21/40 6.7 % 0.33 [ 0.16, 0.69 ]

Karaman 2013 3/30 14/30 5.2 % 0.21 [ 0.07, 0.67 ]

Kim 2013 21/90 19/30 7.6 % 0.37 [ 0.23, 0.59 ]

Subtotal (95% CI) 318 257 42.3 % 0.28 [ 0.21, 0.38 ]

0.01 0.1 1 10 100

Favours alpha-2 agonist Favours control

(Continued . . . )
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(. . . Continued)
Study or subgroup Alpha-2 agonist Control Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Total events: 48 (Alpha-2 agonist), 136 (Control)

Heterogeneity: Tau2 = 0.0; Chi2 = 4.79, df = 6 (P = 0.57); I2 =0.0%

Test for overall effect: Z = 8.46 (P < 0.00001)

Total (95% CI) 726 665 100.0 % 0.28 [ 0.18, 0.43 ]

Total events: 169 (Alpha-2 agonist), 379 (Control)

Heterogeneity: Tau2 = 0.56; Chi2 = 96.04, df = 19 (P<0.00001); I2 =80%

Test for overall effect: Z = 5.89 (P < 0.00001)

Test for subgroup differences: Chi2 = 0.03, df = 1 (P = 0.87), I2 =0.0%

0.01 0.1 1 10 100

Favours alpha-2 agonist Favours control

Analysis 3.1. Comparison 3 Subgroup by premedication, Outcome 1 Shivering.

Review: Alpha-2 adrenergic agonists for the prevention of shivering following general anaesthesia

Comparison: 3 Subgroup by premedication

Outcome: 1 Shivering

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

1 Premedication

Abdelmageed 2014 5/43 27/42 6.6 % 0.18 [ 0.08, 0.43 ]

Bajwa 2012 2/40 17/40 4.7 % 0.12 [ 0.03, 0.48 ]

Delaunay 1991 1/10 5/10 3.3 % 0.20 [ 0.03, 1.42 ]

Frank 1999 3/14 9/14 5.8 % 0.33 [ 0.11, 0.98 ]

Grundmann 1997 1/20 11/20 3.3 % 0.09 [ 0.01, 0.64 ]

Horn 1997 0/30 10/30 2.0 % 0.05 [ 0.00, 0.78 ]

Horn 1998 0/15 6/15 2.0 % 0.08 [ 0.00, 1.25 ]

Jabbary Moghaddam 2013 0/40 13/40 2.0 % 0.04 [ 0.00, 0.60 ]

Quintin 1991a 6/14 6/14 6.6 % 1.00 [ 0.43, 2.35 ]

0.01 0.1 1 10 100

Favours alpha-2 agonist Favours control
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(. . . Continued)
Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Sahin 2002 2/15 13/15 5.0 % 0.15 [ 0.04, 0.57 ]

Sumpelmann 1994 0/20 9/20 2.0 % 0.05 [ 0.00, 0.85 ]

Vanderstappen 1996 85/140 104/140 8.6 % 0.82 [ 0.69, 0.96 ]

Subtotal (95% CI) 401 400 51.7 % 0.19 [ 0.08, 0.46 ]

Total events: 105 (Experimental), 230 (Control)

Heterogeneity: Tau2 = 1.55; Chi2 = 73.86, df = 11 (P<0.00001); I2 =85%

Test for overall effect: Z = 3.75 (P = 0.00017)

2 No premedication

Aldehayat 2011 4/35 16/35 6.1 % 0.25 [ 0.09, 0.67 ]

Bicer 2006 6/40 22/40 6.8 % 0.27 [ 0.12, 0.60 ]

Buggy 1997 6/30 20/30 7.0 % 0.30 [ 0.14, 0.64 ]

Elvan 2008 7/40 21/40 7.0 % 0.33 [ 0.16, 0.69 ]

Karaman 2013 3/30 14/30 5.6 % 0.21 [ 0.07, 0.67 ]

Kim 2013 21/90 19/30 8.0 % 0.37 [ 0.23, 0.59 ]

Mohammadi 2007 13/40 28/40 7.9 % 0.46 [ 0.28, 0.76 ]

Subtotal (95% CI) 305 245 48.3 % 0.35 [ 0.27, 0.45 ]

Total events: 60 (Experimental), 140 (Control)

Heterogeneity: Tau2 = 0.0; Chi2 = 3.20, df = 6 (P = 0.78); I2 =0.0%

Test for overall effect: Z = 8.21 (P < 0.00001)

Total (95% CI) 706 645 100.0 % 0.27 [ 0.17, 0.42 ]

Total events: 165 (Experimental), 370 (Control)

Heterogeneity: Tau2 = 0.60; Chi2 = 96.31, df = 18 (P<0.00001); I2 =81%

Test for overall effect: Z = 5.76 (P < 0.00001)

Test for subgroup differences: Chi2 = 1.66, df = 1 (P = 0.20), I2 =40%

0.01 0.1 1 10 100

Favours alpha-2 agonist Favours control
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Analysis 4.1. Comparison 4 Subgroup by year of study, Outcome 1 Shivering.

Review: Alpha-2 adrenergic agonists for the prevention of shivering following general anaesthesia

Comparison: 4 Subgroup by year of study

Outcome: 1 Shivering

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

1 After year 2000

Abdelmageed 2014 5/43 27/42 6.2 % 0.18 [ 0.08, 0.43 ]

Aldehayat 2011 4/35 16/35 5.7 % 0.25 [ 0.09, 0.67 ]

Bajwa 2012 2/40 17/40 4.4 % 0.12 [ 0.03, 0.48 ]

Bicer 2006 6/40 22/40 6.5 % 0.27 [ 0.12, 0.60 ]

Elvan 2008 7/40 21/40 6.7 % 0.33 [ 0.16, 0.69 ]

Jabbary Moghaddam 2013 0/40 13/40 1.8 % 0.04 [ 0.00, 0.60 ]

Karaman 2013 3/30 14/30 5.2 % 0.21 [ 0.07, 0.67 ]

Kim 2013 21/90 19/30 7.6 % 0.37 [ 0.23, 0.59 ]

Mohammadi 2007 13/40 28/40 7.5 % 0.46 [ 0.28, 0.76 ]

Sahin 2002 2/15 13/15 4.7 % 0.15 [ 0.04, 0.57 ]

Yildiz 2005 4/20 9/20 5.7 % 0.44 [ 0.16, 1.21 ]

Subtotal (95% CI) 433 372 62.0 % 0.30 [ 0.22, 0.40 ]

Total events: 67 (Experimental), 199 (Control)

Heterogeneity: Tau2 = 0.05; Chi2 = 12.58, df = 10 (P = 0.25); I2 =20%

Test for overall effect: Z = 8.30 (P < 0.00001)

2 Before year 2000

Buggy 1997 6/30 20/30 6.6 % 0.30 [ 0.14, 0.64 ]

Delaunay 1991 1/10 5/10 3.0 % 0.20 [ 0.03, 1.42 ]

Frank 1999 3/14 9/14 5.4 % 0.33 [ 0.11, 0.98 ]

Grundmann 1997 1/20 11/20 3.0 % 0.09 [ 0.01, 0.64 ]

Horn 1997 0/30 10/30 1.8 % 0.05 [ 0.00, 0.78 ]

Horn 1998 0/15 6/15 1.8 % 0.08 [ 0.00, 1.25 ]

Quintin 1991a 6/14 6/14 6.2 % 1.00 [ 0.43, 2.35 ]

Sumpelmann 1994 0/20 9/20 1.8 % 0.05 [ 0.00, 0.85 ]

Vanderstappen 1996 85/140 104/140 8.2 % 0.82 [ 0.69, 0.96 ]

Subtotal (95% CI) 293 293 38.0 % 0.30 [ 0.14, 0.64 ]

0.01 0.1 1 10 100

Favours alpha-2 agonist Favours control
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(. . . Continued)
Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Total events: 102 (Experimental), 180 (Control)

Heterogeneity: Tau2 = 0.81; Chi2 = 35.96, df = 8 (P = 0.00002); I2 =78%

Test for overall effect: Z = 3.07 (P = 0.0021)

Total (95% CI) 726 665 100.0 % 0.28 [ 0.18, 0.43 ]

Total events: 169 (Experimental), 379 (Control)

Heterogeneity: Tau2 = 0.56; Chi2 = 96.04, df = 19 (P<0.00001); I2 =80%

Test for overall effect: Z = 5.89 (P < 0.00001)

Test for subgroup differences: Chi2 = 0.00, df = 1 (P = 0.98), I2 =0.0%

0.01 0.1 1 10 100

Favours alpha-2 agonist Favours control

Analysis 5.1. Comparison 5 Subgroup by blinding of outcome assessors, Outcome 1 Shivering.

Review: Alpha-2 adrenergic agonists for the prevention of shivering following general anaesthesia

Comparison: 5 Subgroup by blinding of outcome assessors

Outcome: 1 Shivering

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 low risk of bias

Abdelmageed 2014 5/43 27/42 7.0 % 0.18 [ 0.08, 0.43 ]

Aldehayat 2011 4/35 16/35 4.1 % 0.25 [ 0.09, 0.67 ]

Buggy 1997 6/30 20/30 5.1 % 0.30 [ 0.14, 0.64 ]

Elvan 2008 7/40 21/40 5.4 % 0.33 [ 0.16, 0.69 ]

Grundmann 1997 1/20 11/20 2.8 % 0.09 [ 0.01, 0.64 ]

Horn 1997 0/30 10/30 2.7 % 0.05 [ 0.00, 0.78 ]

Horn 1998 0/15 6/15 1.7 % 0.08 [ 0.00, 1.25 ]

Jabbary Moghaddam 2013 0/40 13/40 3.5 % 0.04 [ 0.00, 0.60 ]

Karaman 2013 3/30 14/30 3.6 % 0.21 [ 0.07, 0.67 ]

0.01 0.1 1 10 100

Favours alpha-2-agonist Favours control
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(. . . Continued)
Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Kim 2013 21/90 19/30 7.3 % 0.37 [ 0.23, 0.59 ]

Mohammadi 2007 13/40 28/40 7.2 % 0.46 [ 0.28, 0.76 ]

Vanderstappen 1996 85/140 104/140 26.6 % 0.82 [ 0.69, 0.96 ]

Subtotal (95% CI) 553 492 76.8 % 0.45 [ 0.39, 0.53 ]

Total events: 145 (Experimental), 289 (Control)

Heterogeneity: Chi2 = 68.98, df = 11 (P<0.00001); I2 =84%

Test for overall effect: Z = 10.36 (P < 0.00001)

2 high or unclear risk of bias

Bajwa 2012 2/40 17/40 4.3 % 0.12 [ 0.03, 0.48 ]

Bicer 2006 6/40 22/40 5.6 % 0.27 [ 0.12, 0.60 ]

Delaunay 1991 1/10 5/10 1.3 % 0.20 [ 0.03, 1.42 ]

Frank 1999 3/14 9/14 2.3 % 0.33 [ 0.11, 0.98 ]

Quintin 1991a 6/14 6/14 1.5 % 1.00 [ 0.43, 2.35 ]

Sahin 2002 2/15 13/15 3.3 % 0.15 [ 0.04, 0.57 ]

Sumpelmann 1994 0/20 9/20 2.4 % 0.05 [ 0.00, 0.85 ]

Yildiz 2005 4/20 9/20 2.3 % 0.44 [ 0.16, 1.21 ]

Subtotal (95% CI) 173 173 23.2 % 0.27 [ 0.18, 0.40 ]

Total events: 24 (Experimental), 90 (Control)

Heterogeneity: Chi2 = 13.56, df = 7 (P = 0.06); I2 =48%

Test for overall effect: Z = 6.52 (P < 0.00001)

Total (95% CI) 726 665 100.0 % 0.41 [ 0.36, 0.47 ]

Total events: 169 (Experimental), 379 (Control)

Heterogeneity: Chi2 = 96.04, df = 19 (P<0.00001); I2 =80%

Test for overall effect: Z = 12.31 (P < 0.00001)

Test for subgroup differences: Chi2 = 5.74, df = 1 (P = 0.02), I2 =83%

0.01 0.1 1 10 100

Favours alpha-2-agonist Favours control

64Alpha-2 adrenergic agonists for the prevention of shivering following general anaesthesia (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Analysis 6.1. Comparison 6 Sensitivity analysis. Blinding of personnel, Outcome 1 Shivering.

Review: Alpha-2 adrenergic agonists for the prevention of shivering following general anaesthesia

Comparison: 6 Sensitivity analysis. Blinding of personnel

Outcome: 1 Shivering

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Abdelmageed 2014 5/43 27/42 13.4 % 0.18 [ 0.08, 0.43 ]

Bajwa 2012 2/40 17/40 5.9 % 0.12 [ 0.03, 0.48 ]

Elvan 2008 7/40 21/40 16.7 % 0.33 [ 0.16, 0.69 ]

Karaman 2013 3/30 14/30 8.4 % 0.21 [ 0.07, 0.67 ]

Kim 2013 21/90 19/30 28.6 % 0.37 [ 0.23, 0.59 ]

Mohammadi 2007 13/40 28/40 27.0 % 0.46 [ 0.28, 0.76 ]

Total (95% CI) 283 222 100.0 % 0.31 [ 0.22, 0.45 ]

Total events: 51 (Experimental), 126 (Control)

Heterogeneity: Tau2 = 0.06; Chi2 = 7.38, df = 5 (P = 0.19); I2 =32%

Test for overall effect: Z = 6.32 (P < 0.00001)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours alpha-2 agonist Favours control

A P P E N D I C E S

Appendix 1. Ovid MEDLINE search strategy

1 ((randomized controlled trial or controlled clinical trial).pt. or randomized.ab. or placebo.ab. or drug therapy.fs. or randomly.

ab. or trial.ab. or groups.ab.) not (animals not (humans and animals)).sh

2 exp Hypothermia/ or exp body temperature regulation/ or exp piloerection/ or exp shivering/ or exp tremor/ or hypo?therm*.af.

or normo?therm*.mp. or thermo?regulat*.mp. or (shiver* or shake* or shaking* or tremor*).mp. or ((thermal or temperature)

adj2 (regulat* or manage* or maintain*)).mp. or (low* adj2 temperature*).mp. or thermo?genesis.mp. or ((reduc* or prevent*)

.af. and (temperature adj3 (decrease or decline)).mp.) or (heat adj2 (preserv* or loss or retention or retain* or balance)).mp. or

(core adj2 (thermal or temperature*)).mp

3 exp *“chemicals and drugs (non mesh)”/
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(Continued)

4 (clonidine or duraclon or catapres or dixarit or kapvay or clophelin or dexmedetomidine or precedex or mivazerol).mp

5 (pharmacolog* or medication*).ab,ti.

6 de.xs.

7 (de or dt).fs.

8 or/3-7

9 exp surgical procedures, operative/

10 su.fs.

11 (surger* or surgical or postoperativ* or post-operativ*).ti,ab

12 or/9-11

13 1 and 2 and 8 and 12

Appendix 2. Ovid EMBASE search strategy

1 ((randomized controlled trial or controlled clinical trial).pt. or randomized.ab. or placebo.ab. or drug therapy.fs. or randomly.

ab. or trial.ab. or groups.ab.) not (animals not (humans and animals)).sh

2 exp Hypothermia/ or exp body temperature regulation/ or exp piloerection/ or exp shivering/ or exp tremor/ or hypo?therm*.af.

or normo?therm*.mp. or thermo?regulat*.mp. or (shiver* or shake* or shaking* or tremor*).mp. or ((thermal or temperature)

adj2 (regulat* or manage* or maintain*)).mp. or (low* adj2 temperature*).mp. or thermo?genesis.mp. or ((reduc* or prevent*)

.af. and (temperature adj3 (decrease or decline)).mp.) or (heat adj2 (preserv* or loss or retention or retain* or balance)).mp. or

(core adj2 (thermal or temperature*)).mp

3 exp drugs/

4 (clonidine or duraclon or catapres or dixarit or kapvay or clophelin or dexmedetomidine or precedex or mivazerol).mp

5 (pharmacolog* or medication*).ab,ti.

6 (de or dt).fs.

7 3 or 4 or 5 or 6

8 exp surgical procedures, operative/

9 su.fs.
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(Continued)

10 (surger* or surgical or postoperativ* or post-operativ*).ti,ab

11 8 or 9 or 10

12 1 and 2 and 7 and 11

Appendix 3. CENTRAL search strategy

#1 MeSH descriptor: [Hypothermia] explode all trees

#2 MeSH descriptor: [Body Temperature Regulation] explode all trees

#3 MeSH descriptor: [Piloerection] explode all trees

#4 MeSH descriptor: [Shivering] explode all trees

#5 MeSH descriptor: [Tremor] explode all trees

#6 hypo?therm* or normo?therm* or thermo?regulat* or (shiver* or shake* or shaking* or tremor*) or ((thermal or temperature)

near (regulat* or manage* or maintain*)) or (low* near temperature*) or thermo?genesis or ((reduc* or prevent*) and (tem-

perature near (decrease or decline))) or heat near (preserv* or loss or retention or retain* or balance) or (core near (thermal or

temperature*))

#7 #1 or #2 or #3 or #4 or #5 or #6

#8 drug*:ti,ab or (clonidine or duraclon or catapres or dixarit or kapvay or slophelin or dexmedetomidine or precedex or mivazerol)

or (pharmacolog* or medication*):ti,ab

#9 MeSH descriptor: [Surgical Procedures, Operative] explode all trees

#10 (surg* or surgical):ti,ab

#11 #9 or #10

#12 #7 and #8 and #11
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Appendix 4. Draft study eligibility and data extraction form

1. General Information

Date form completed (dd/mm/yyyy)

Name/ID of person extracting data

Report title

(title of paper/ abstract/ report that data are extracted from)

Report ID

(ID for this paper/ abstract/ report)

Study ID

(surname of first author and year first full report of study was published
e.g. Smith 2001)

Report IDs of other reports of this study

(e.g. duplicate publications, follow-up studies)

Reference details

Report author contact details

Publication type

(e.g. full report, abstract, letter)

Study funding sources

(including role of funders)

Possible conflicts of interest

(for study authors)

Notes:

2. Study Eligibility

Study

Character-

istics

Eligibility criteria

(Insert eligibility criteria for
each characteristic as defined
in the Protocol)

Yes No Unclear Location in text

(pg & ¶/fig/table)
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(Continued)

Type of

study

Randomized Controlled

Trial

Controlled Clinical Trial

(quasi-randomized trial)

Partici-

pants

Adults (over 18 years of

age) undergoing elective

and emergency surgery (in-

cluding surgery for trauma)

under general anaesthesia

NB No neuraxial anaesthe-

sia given. No therapeutic

hypothermia patients

Types of in-

tervention

Intravenous, oral or trans-

dermal administration α -

2 adrenergic agonists (cloni-

dine,

mivazerol or dexmedetomi-

dine) given before or during

surgery specifically to pre-

vent hypothermia or shiver-

ing

Compared to

Placebo or no treatment

Other α -2 adrenergic ago-

nists

INCLUDE EXCLUDE

Reason for

exclusion

Notes:

DO NOT PROCEED IF STUDY EXCLUDED FROM REVIEW

3. Population and setting
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Description Location in text

(pg & ¶/fig/table)

Population description

(type of surgery)

Location of study

(Town, country)

Setting

(type of hospital)

Other Inclusion criteria

Exclusion criteria

Method/s of recruitment of participants

Informed consent obtained Yes/No/Un-

clear

4. Methods

Descriptions as stated in report/paper Location in text

(pg & ¶/fig/table)

Aim of study

Design (e.g. parallel, crossover, cluster)

Unit of allocation

(by individuals, cluster/ groups or body parts)

Start date

End date

Total study duration

Ethical approval obtained

5. Participants

Provide overall data and, if available, comparative data for each intervention or comparison group.
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Description as stated in report/paper Location in text

(pg & ¶/fig/table)

Total no. randomized

Clusters

(if applicable, no., type, no. people per cluster)

Baseline imbalances

Withdrawals and exclusions

(if not provided below by outcome)

Age

Sex

Race/Ethnicity

Premedication given

Type of anaesthetic given

(GA, spinal )

Details of temperature control before

during and after surgery

(insulation, active warming )

Other details

Other relevant sociodemographics

Subgroups measured

Subgroups reported

6. Intervention groups

6.1 Intervention group - repeat as required
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Description as stated in report/paper Location in text

(pg & ¶/fig/table)

Group name

(Clonidine, dexmedetomidine )

No. randomized to group

Name of drug

Dose of drug used

Route of administration

Time treatment started

Duration of treatment

Criteria for stopping/changing treat-

ment

Co-interventions

6.2 Comparison group - repeat as required

Description as stated in report/paper Location in text

(pg & ¶/fig/table)

Group name

(saline, Clonidine, dexmedetomidine)

No. randomized to group

Name of drug

Dose of drug used

Route of administration

Time treatment started

Duration of treatment

Criteria for stopping/changing treat-

ment

72Alpha-2 adrenergic agonists for the prevention of shivering following general anaesthesia (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



(Continued)

Co-interventions

7. Outcomes

TYPES OF OUTCOME

MEASURES

MEASURED REPORTED FORM COMPLETED

Primary outcomes

1. Shivering occurring dur-

ing 12 hours after the end

of the surgical procedure/ar-

rival at postanaesthetic care unit

(PACU)

2. Occurrence of core hypother-

mia (temperature < 36 °C) at

any time from induction of

anaesthesia until 12 hours after

the end of the surgical proce-

dure/arrival at PACU

3. Core temperature measured

at 30, 60, 90, 120 minutes after

induction and/or at the end of

the surgical procedure/arrival at

PACU or other times within 12

hours postoperatively

4. Patient satisfaction / experi-

ence of shivering

Secondary outcomes

1. Major CV complications

(CV death, MI, stroke or car-

diac arrest) within 30 days of

surgery

2. All-cause mortality within 30

days of surgery

3. Length of stay in PACU and

on ward after surgery
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(Continued)

4. Unplanned high dependency

or intensive care admission

5. Adverse effects of drugs in-

cluding hypotension, bradycar-

dia, sedation

7.1 Other outcomes reported by study authors

Outcome measure Measured Reported Form completed

8. ’Risk of Bias’ assessment

Domain Risk of bias :

high/low /unclear

Support for judgement Location in text

Random sequence generation

(selection bias)

Allocation concealment

(selection bias)

Blinding of participants and

personnel

(performance bias)

1. Shivering outcomes

2. Temperature outcomes

3. Complications/ Mortality/

adverse effects

4. Patient-reported outcomes

5. Length of stay /unplanned

admissions
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(Continued)

Blinding of outcome assess-

ment

(detection bias)

1. 1. Shivering outcomes

2. Temperature outcomes

3. Complications/ Mortality/

adverse effects

4. Patient-reported outcomes

5. Length of stay /unplanned

admissions

Incomplete outcome data

(attrition bias)

Selective outcome reporting?

(reporting bias)

Other bias

(baseline characteristics for clus-
ter-randomized, carryover for
crossover trials)

9. Applicability

Yes/No/Unclear Support for Judgement

Have important populations been ex-

cluded from the study? (consider disadvan-
taged populations, and possible differences in
the intervention effect)

Is the intervention likely to be aimed at

disadvantaged groups? (e.g. lower socioeco-
nomic groups)

Does the study directly address the re-

view question?

(any issues of partial or indirect applicability)

10. Other information
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Description as stated in report/paper Location in text

Key conclusions of study authors

References to other relevant studies

Correspondence required for further

study information (from whom, what and
when)

Dichotomous outcomes (e.g. shivering, admissions, mortality, complications)

Description of outcome

Description as stated in report/paper Location in text

(pg & ¶/fig/table)

Report ID

Outcome name

e.g. occurrence of shivering, hypothermia

Time points measured

Time points reported

Outcome definition (with diagnostic crite-
ria if relevant)

Measurement instrument used (e.g. scale
or site of thermometer.Is the scale validated?

)

Person measuring/reporting

Imputation of missing data

(e.g. assumptions made for ITT analysis)

Assumed risk estimate

(e.g. baseline or population risk noted in
Background)

Power

Results
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Description as stated in report/paper Location in text

(pg & ¶/fig/table)

Comparison

(Clonidine vs
saline)

Outcome

Subgroup

Time point

(specify whether
from start or end
of intervention)

Results Intervention Comparison

No. events No. participants No. events No. participants

No. miss-

ing participants

and reasons

No. par-

ticipants moved

from

other group and

reasons

Any

other results re-

ported - such as

HR, RRs

Unit of analy-

sis (by individu-
als, cluster/groups
or body parts)

Sta-

tistical methods

used and appro-

priateness

of these meth-

ods (e.g. adjust-
ment for correla-
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(Continued)

tion)

Reanalysis re-

quired? (specify)
Yes No Unclear

Reanalysis pos-

sible?

Yes No Unclear

Reanalysed re-

sults
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D I F F E R E N C E S B E T W E E N P R O T O C O L A N D R E V I E W

Types of outcome measures

We made a change to the primary outcome of ’core temperature’, adding the term ’transitional’ to the core temperature measurements.

Electronic searches

There was a spelling mistake of dexmedetomidine in the protocol search strategy (Nicholson 2014). For the purpose of this review, the

search strategies were amended across all databases.

Subgroup analysis

We did not perform subgroup analysis for the following stated groups in our protocol:

• Dose of α-2 agonist given

• Time α-2 agonist was given

• Method used to measure shivering

• Method and site used to measure temperature

• Methods used for temperature control during surgery (e.g. thermal insulation, warming of fluids, active warming)

• Intravenous versus inhalation general anaesthesia

• Age group and comorbidities of participants

• Type of surgery
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