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Study objective:A place for clonidine has been suggested formany indications in perioperativemedicine. The aim
of this systematic review and these meta-analyses is to systematically, and quantitatively, evaluate these poten-
tial indications of clonidine.
Design, setting, patients and interventions:We selected and analyzed (qualitatively and, when possible, quantita-
tively) the available literature published on PubMed/Medline and on the Cochrane database. Inclusion criteria in-
cluded: human randomized controlled trials involving adults who received perioperative systemic (oral,
intramuscular, transdermal and intravenous) clonidine for every type of surgery.
Measurements and main results: We identified 775 trials and thereafter excluded 718 and analyzed 57 trials
concerning, in total, 14,790 patients of whom 7408 received clonidine and 6836 received placebo. Most impor-
tant results shows that, in qualitative and quantitative analyses, clonidine vs placebo reduces analgesics con-
sumption in, respectively, (159 vs 154 patients: 24%, 95%CI[16%–32%]; p b 0.001), reduces nausea and
vomiting (risk ratio, in 180 vs 181 patients: 0.35, 95%CI[0.25–0.51]; p b 0.001), improves hemodynamic stability
(reduction of HR: 14.9 bpm, 95%CI[10.4–19.5]; p b 0.001; reduction of theMAP: 12.5mmHg, 95%CI[7.14–17.86];
p b 0.001); 1 min after tracheal intubation, in 67 vs 68 patients), prevents postoperative shivering (risk ratio, in
140 vs 140 patients: 0.17, 95%CI[0.10–0.29]; p b 0.001). On the other hand, clonidine does not have any influence
on renal and cardiac outcomes (adverse events rates, in 5873 vs 5533 patients: 0.00, 95%CI[−0.10–0.11]; p =
0.96) and does not prolong awakening time.
Conclusions: In conclusion, these systematic review and meta-analyses of 57 trials confirm that clonidine im-
proves pain control, reduces PONV, improves hemodynamic and sympathetic stability, with no adverse conse-
quences on renal function or awakening time, but does not influence cardiac outcome in the general
population, after non-cardiac surgery. Nevertheless, given the high heterogeneity between the studies, this
does not exclude different results in patient subgroups or specific procedures.
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1. Introduction

After the results of the PeriOperative Ischemic Evaluation-2 (POISE-
2) study, a large multicentric study, suggesting that clonidine does not
improve the cardiac outcome of the patients in non-cardiac surgery
[1], it appears important to evaluate if clonidine has still a place in anes-
thesia. Indeed, these negative results may introduce doubts concerning
the added value of clonidine in the perioperative period. A definitive ev-
idence in other indications than prevention of myocardial infarction
may help the anesthesiologist to have a clear vision about the place of
clonidine.

Undergoing anesthesia and surgery is associated with specific risks
and complications before, during and after the procedure. To provide
patient comfort and safety is the objective of the anesthesiologist.

Clonidine is a centrally acting imidazolinα2-adrenergic agonist, an-
alog of norepinephrine. The pre-synaptic stimulation of α2-receptors is
coupled via G-protein to several effectors including inhibition of adenyl-
ate cyclase and effects on potassium and calcium channels [2] that final-
ly restricts the release of norepinephrine in the central nervous system
(in the nucleus tractus solitaries and nucleus reticularis lateralis region
of rostroventro-lateral medulla). Clonidine was synthesized for the
first time in 1962 in Germany. At the beginning it was commercialized
as antihypertensive drug and many years later his use in anesthesia
started for its marked sedation properties. Clonidine is rapidly absorbed
after oral administrationwith a time tomaximumplasma concentration
between 1.5 and 2 h [3] and has a half-life approximately 8–12 h [4,5].
This implies a possible place to target intra- and postoperative events.

This drug has been largely studied in anesthesia, suggesting a place
for analgesia, antiemesis, bleeding reduction, induction time reduction,
hemodynamic and hormonal stability, reduction of oxygen consump-
tion, renal protection, anesthetics-sparing effect, anxiolysis, sedation,
antishivering, recovery time reduction and myocardial protection.

The aim of these systematic review and meta-analyses is to system-
atically evaluate these potential indications of clonidine.

2. Methods

According to the Preferred Reporting Items for Systematic reviews
and Meta-Analyses (PRISMA) recommendations [6], we selected and
analyzed the available literature published on PubMed/Medline and
on the Cochrane database.
2.1. Information sources, eligibility criteria and study selection

We screened the PubMed/Medline (1966 – November 2014) and
the Cochrane database using the terms “clonidine” AND (“anaesthesia”
or “anesthesia”). We used the PICOS framework (patient, intervention,
comparison, outcome and study design) as proposed in the PRISMA
statement. Inclusion criteria included the facts that the studies were
human randomized controlled trials involving adults (aged N18 years)
who received systemic (oral, intramuscular, transdermal and intrave-
nous) clonidine pre, per or postoperative undergoing local, regional or
general anesthesia for every type of surgery, testing its different effects.
As our goal was to evaluate all the potential indications of clonidine, no
restriction was done on this field. Studies with no appropriate data
reporting (e.g. size effect in term of mean response) were excluded
from the quantitative analyses, and, eventually, from the qualitative
analyses. Missing data were considered as such. All articles identified
through the literature searchwere reviewed for inclusion by one author
(MCSM) with the help of another author (PF). Queries were solved by
consensus method between both authors (MCSM and PF).
2.2. Data collection

Firstly, one author (MCSM) screened the references identified by the
search strategy by title and abstract. After the selection of the clear and
complete references, relevant information from the original papers was
extracted. Incomplete or unclear reports were excluded. Finally the sec-
ond author involved in data collection (PF) independently checked the
extracted data. The Cochrane Collaboration's tool was used for assessing
risks of bias at the study level (including funnel plots). Only publications
in English were included (for full methodology, see the Appendix).
2.3. Data extraction

Extracted information included authors, country, date of publication,
studydesign, type of surgery, type of anesthesia, number of participants,
age, ASA score, clonidine dose(s), route of administration and timing.

In addition for every single effect of the clonidine studiedwe extract-
ed specific and relevant information, as detailed in the Appendix. Finally
we also extracted data on adverse events.
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2.4. Statistical analysis

A meta-analysis is typically a two-step process. Qualitative and
quantitative analyses were performed sequentially on the different out-
comes associated to the possible indications of clonidine. These out-
comes were isolated from the studies identified as described above.
For categorical outcomes, Mantel-Haenszel method was used, permit-
ting to pool risk ratios as risk differences. Concerning mean differences,
the fixed-effect mean difference for continuous outcomeswas used. For
these continuous outcomes, data are presented asmean, with their 95%
confidence intervals. Heterogeneity was assessed by the I2 statistics for
each comparison. An I2 N40%was considered to reject the homogeneity
of the comparison (and to accept heterogeneity hypothesis). For all the
comparisons, a p-value b 0.05 was considered as statistically significant.
In the cases of heterogeneity, random-effect models were used. Sensi-
tivity analyses and random effect models were used to confirm the ro-
bustness of these methods (data not shown).
Fig. 1. PRISMA flo
All the analyses were done using RevMan 5.3 (the Cochrane Collab-
oration, Oxford, UK).
3. Results

3.1. Studies' selection

We identified 775 trials and thereafter excluded 718. We analyzed
57 trials (Fig. 1) concerning 14,790 patients (ASA scored I to IV and
aged between 18 and 93) of whom 7408 received clonidine (between
1 and 5 μg/kg), 6836 received placebo, 501 received others drugs and
45were excluded. Demographic data showed therewere no differences
between the groups, regarding the age, the body weight, the ASA score
and the gender in all the 57 trials. Per protocol, we considered the com-
parisons of all the studies, included these in the qualitative analyses
(Table 2), and, if possible, we performed quantitative (meta-)analyses
w diagram.



Table 1
Included randomized controlled trials.

Reference Country Year Type of
study

Surgery Type
of
anesth

Number
of
patients

Clonidine
group

Placebo
group

Other
drugs

Excl Doses Via Timing Age ASA
score

Samantaray et al.
[24]

India 2014 P, R,
DB,
Pl-C

Thoracic surgery G 60 30 28 x 2 Clonidine 3 μg/kg vs placebo IV PER Op - 30 min pump 18–70 I–III

Singh et al. [25] India 2011 P, R, SB,
Pl-C

Laparoscopic
cholecystectomy

G 50 25 25 x x Clonidine 150 μg vs placebo Oral PRE Op - 90 min before
induction

20–60 I–II

Caumo et al. [26] Brazil 2009 P, R,
DB,
Pl-C

Abdominal
hysterectomy

G 59 19 20 20 x Clonidine 100 μg vs melatonine 5 mg vs
placebo

Oral PRE Op - night before and
60 min before induction

19–60 I–II

Yu et al. [27] Taiwan 2003 P, R,
DB,
Pl-C

Laparoscopic
cholecystectomy

G 32 15 15 x 2 Clonidine 150 μg vs placebo Oral PRE Op – 60–90 min before
induction

x I–III

Marchal et al.
[28]

Spain 2001 P, R,
DB,
Pl-C

Middle ear surgery G 40 19 21 x x Clonidine 300 μg vs placebo Oral PRE Op - 90 min before
induction

35–45 I–III

Dimou et al. [29] Belgium 2003 P, R,
DB,
Pl-C

Abdominal
hysterectomy

G 40 18 20 x 2 Clonidine 1 μg/kg vs placebo T and
IV

PRE Op - night before and
10 min before induction

20–59 I–II

Park et al. [30] Canada 1996 P, R,
DB,
Pl-C

Total knee
replacement or
hemiarthroplasty

G 44 20 19 x 5 Clonidine 5 μg/kg vs placebo Oral PRE Op – 90 min before
induction/POST op 12 h and 24
h

61–76 I–III

De Kock et al.
[31]

Belgium 1992 P, R Major abdominal
surgery

G 200 96 91 x 13 Clonidine 4 μg/kg + 2 μg/kg/h vs placebo IV PRE Op - 30 min and PER Op
pump

20–75 I–III

Jeffs et al. [32] UK 2002 P, R,
DB,
Pl-C

Lower abdominal
surgery

G 60 30 30 x x Clonidine 4 μg/kg vs placebo IV PER Op 18–75 I–II

Horn et al. [33] USA and
Austria

1997 P,R,
Pl-C

Ear, nose and
pharyngeal surgery

G 60 30 30 x x Clonidine 3 μg/kg vs placebo IV PER Op - 5 min before tracheal
extubation

20–64 I–II

Yadav et al. [34] India 2013 P, R,
DB,
Pl-C

Laparoscopic
cholecystectomy

G 120 40 44 36 x Clonidine 150 μg vs midazolam 15 mg vs
placebo

Oral PRE Op - 60 min before
induction

18–60 I–II

Taheri et al. [35] Iran 2010 P, R,
DB,
Pl-C

Ear surgery G 60 30 30 x x Clonidine 4 μg/kg vs placebo Oral PRE Op - 60 min before
induction

19–40 I

Oddly-Muhrbeck
et al. [36]

Sweden 2002 P,R,DB,
Pl-C

Breast cancer surgery G 68 30 30 x 8 Clonidine 2 μg/kg vs placebo IV PRE Op - before induction 33–83 I–II

Taghipour et al.
[9]

Iran 2012 P, R,
DB,
Pl-C

Lumbar spine
surgery

G 30 15 15 x x Clonidine 200 μg vs placebo Oral PRE Op – 60–90 min before
induction

20–65 I–II

Mohseni et al.
[37]

Iran 2011 P, R,
Pl-C

Endoscopic sinus
surgery

G 84 42 42 x x Clonidine 200 μg vs placebo Oral PRE Op - 90 min before
induction

23–57 I–II

Watanabe et al.
[14]

Japan 2006 P, R,
DB,
Pl-C

Abdominal
hysterectomy or
oophorectomy

G 84 41 40 x 3 Clonidine 150 μg vs 300 μg vs placebo Oral PRE Op - 90 min before
induction

19–60 I–II

Inomata et al.
[38]

Japan 1999 P, R, SB Surgical procedures G 104 52 52 x x Clonidine 4.5 μg/kg vs no medication Oral PRE Op - 90 min before
induction

30–48 I

Singhal et al. [12] India 2014 P, R, DB Elective surgery G 100 50 x 50 x Clonidine 200 μg vs gabapentin 900 mg Oral PRE Op - 90 min before
induction

20–50 I–II

Mujahid-ul-Islam
et al. [39]

Pakistan 2012 P, R,
DB,
Pl-C

Surgical procedures G 60 28 29 x 3 Clonidine 200 μg vs placebo IV PRE Op - 90 min before surgery 40–65 I–III

Montazeri et al.
[40]

Iran 2011 P, R,
DB,

Elective surgery G 96 32 32 32 x Clonidine 300 μg vs gabapentin 800 mg vs
placebo

Oral PRE Op - 90 min before surgery 18–65 I–II

(continued on next page)

143
M
.C.Sanchez

M
unoz

etal./
JournalofClinicalA

nesthesia
38

(2017)
140–153



Table 1 (continued)

Reference Country Year Type of
study

Surgery Type
of
anesth

Number
of
patients

Clonidine
group

Placebo
group

Other
drugs

Excl Doses Via Timing Age ASA
score

Sammenakousar
et al. [41]

India 2013 P, R Elective non-cardiac
surgery

G 150 50 50 50 x Clonidine 2 μg/kg vs fentanyl 2 μg/kg vs
placebo

IV PRE Op - 5 min before
laryngoscopy

20–60 I–II

Talebi et al. [42] Iran 2010 P, R,
DB,
Pl-C

Elective surgery G 274 137 137 x x Clonidine 200 μg vs placebo Oral PRE Op – 90–120 min before
surgery

18–45 I–II

Doak et al. [43] Canada 1993 P, R,
DB,
Pl-C

Elective orthopedic
or abdominal surgery

G 42 14 14 14 x Clonidine 5 μg/kg vs diazepam 0.15 mg/kg vs
placebo

IV PRE Op - 90 min before
induction

N45 I–II

Gupta et al. [44] India 2011 P, R, SB,
Pl-C

Laparoscopic
cholecystectomy

G 180 60 60 60 x Clonidine 200 μg vs 150 mg pregabalin vs
placebo

Oral PRE Op – 75–90 min before
surgery

35–52 I–II

Tripathi et al.
[45]

India 2011 P, R,
DB,
Pl-C

Laparoscopic
cholecystectomy

G 90 60 30 x x Clonidine 1 or 2 μg/kg vs placebo IV PRE Op - 30 min before
induction

20–60 I–II

Kalra et al. [46] India 2011 P, R,
DB,
Pl-C

Laparoscopic
cholecystectomy

G 120 60 27 29 4 Clonidine 1 or 1.5 μg/kg vs 50 mg/kg
magnesium vs placebo

IV PER Op - over 15 min after
induction and before
pneumoperitoneum

29–51 I

Kalajdzija et al.
[47]

Bosnia and
Herzegovina

2011 P, R,
Pl-C

Elective non-cardiac
surgery

G 60 30 30 x x Clonidine 0.2 μg/kg/min vs placebo IV PER Op 30–60 I–II

Schneemilch et
al. [48]

Germany 2006 P, R,
DB,
Pl-C

Carotid e
endarterectomy

R 80 40 40 x x Clonidine 1 μg/kg + 1 μg/kg/h vs placebo IV PRE Op after RA and PER Op
until skin closure

39–83 x

Hahm et al. [49] Korea 2002 P, R,
DB,
Pl-C

Knee, ear and nose
surgery

G 44 22 22 x x Clonidine 300 μg vs placebo Oral PRE Op - 120 min before
induction

20–50 I–II

Howie et al. [50] USA 1996 P, DB,
Pl-C

Coronary artery
bypass graft surgery

G 54 28 26 x x Clonidine 5 μg/kg + 5 μg/kg vs placebo Oral PRE and PER Op - 90 min
before induction and 30 min
before cardiopulmonary bypass

50–75 III–IV

Ellis et al. [16] USA 1994 P, R,
DB,
Pl-C

Elective major non
cardiac surgery

G 61 30 31 x x Clonidine 0.2 mg/day patch for 3 days + 0.3
mg vs placebo

T and
Oral

PRE, PER and POST Op (0.2
mg/d patch) and PRE Op 90
min before induction (0.3 mg)

61–75 x

Taittonen et al.
[51]

Finland 1998 P, R,
DB,
Pl-C

Elective plastic
surgery

G 30 10 10 10 x Clonidine 2 μg/kg vs midazolam 70 μg/kg vs
placebo

IM PRE Op – 40–50 min before
induction

27–57 I

Taittonen et al.
[52]

Finland 1997 P, R,
DB,
Pl-C

Elective plastic
surgery

G 30 10 10 10 x Clonidine 4 μg/kg vs dexmedetomidine
2.5 μg/kg vs placebo

IM PRE Op – 40–50 min before
induction

19–56 I

Von Montigny et
al. [53]

Belgium 1998 P, R, DB Colon resection
surgery

G 60 15 15 30 x Clonidine 4 μg/kg + 2 μg/kg/h vs sufentanil
0.2 μg/kg/h vs ketamine 0,5 mg/kg + 0,25
mg/kg/h vs bupivacaine 5% 7 ml +5 ml/h

IV PER Op 50–67 x

Vahabi et al. [54] Iran 2010 P, R,
DB,
Pl-C

Cystocele-rectocele
perineorrhaphy
surgery

G 60 30 30 x x Clonidine 5 μg/kg vs placebo Oral PRE Op - 90 min before
induction

20–40 I–II

Laisalmi et al.
[55]

Finland 2001 P, R,
DB,
Pl-C

Laparoscopic
cholecystectomy

G 30 15 15 x x Clonidine 4.5 μg/kg vs placebo IM PRE Op 32–56 x

Hamaya et al.
[56]

Japan 1994 P, R,
Pl-C

Otorhinolaryngologic
or orthopedic
surgery

G 57 38 19 x x Clonidine 5 μg/kg vs 2.5 μg/kg vs placebo Oral PRE Op - 90 min before
induction

34–43 I–II

Moghadam et al.
[57]

Iran 2011 P, R, SB,
Pl-C

Elective leg surgery G 160 80 80 x x x x x 18–65 I–II

Ghosh et al. [58] India 2008 P, R, SB,
Pl-C

Peripheral nerve
repair surgery

G 90 30 30 30 x Clonidine 200 μg vs metoprolol 100 mg vs
placebo

Oral PRE Op - 60 min before surgery 18–60 I–II

Morris et al. [59] Australia 2005 P,R,DB,
Pl-C

Lower extremity
vascular surgery

G 39 21 18 x x Clonidine 3 μg/kg vs placebo Oral PRE Op - 60 min before surgery 43–93 II–III

Fehr et al. [60] Switzerland 2001 P, R, Superficial surgical G 50 25 25 x x Clonidine 4 μg/kg vs placebo IV PER Op - 10 min infusion 18–70 I–II
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DB,
Pl-C

procedures

Goyagi et al. [61] Japan 2000 P, R,
Pl-C

Total abdominal
hysterectomy

G 41 22 19 x x Clonidine 5 μg/kg vs placebo Oral PRE Op - 90 min before
induction

25–61 I–II

Goyagi et al. [62] Japan 1999 P,R,Pl-C Elective
gynecological
surgery

G and
E

39 19 20 x x Clonidine 5 μg/kg vs placebo Oral PRE Op - 90 min before
induction

35–55 I–II

Imai et al. [63] Japan 1998 P, R, DB Breast cancer surgery G 80 40 20 20 x Clonidine 75 μg vs 150 μg vs diazepam 10 mg
vs placebo

Oral PRE Op - 60 min before
induction

36–64 I–II

Katoh et al. [64] Japan 1997 P, R,
Pl-C

Elective oral or nasal
surgery

G 42 21 21 x x Clonidine 5 μg/kg vs placebo Oral PRE Op - 60 min before
induction

20–60 I–II

Buggy et al. [19] Ireland 1997 P, R Elective, short
(b90 min)
peripheral surgery

G 60 30 30 x x Clonidine 150 μg vs placebo IV PRE Op - before induction 16–65 I–II

Jabbary et al. [65] Iran 2013 P, R,
Pl-C

Elective leg fracture
procedures

G 160 80 80 x x Clonidine 5 μg/kg vs placebo Oral PRE Op - 90 min before surgery 18–65 I–II

Vanderstappen
et al. [66]

Belgium 1996 P, R,
DB,
Pl-C

Elective peripheral
surgery

G 280 140 140 x x Clonidine 2 μg/kg vs placebo IV PER Op - 10 min after
induction

23–41 I–II

Sia [67] Italy 1998 P, R Knee arthroscopy E 100 50 50 x x Clonidine 1 μg/kg vs placebo IV PRE Op - just before epidural
anesthesia

18–44 I–II

Schwarzkopf et
al. [68]

Germany 2001 P, R, DB Laparoscopic or
orthopedic surgery

G 60 20 x 40 x Clonidine 150 μg vs 25 mg meperidine vs 25
mg urapidil

IV POST Op - after 5 min
continuous shivering

22–55 I–II

Shukla et al. [69] India 2011 P, R, DB Various surgical
procedures

S 80 40 x 40 x Clonidine 0.5 μg/kg vs 0.5 μg/kg tramadol IV POST Op 18–45 I

Rocha et al. [70] Brazil 2011 P, R, DB Heart catheterization Se 60 30 x 30 x Clonidine 0.5 μg/kg vs 0.1 μg/kg sufentanil IV PRE Op - before heart
catheterization

18–80 III

Filos et al. [22] Greece 1993 P, R,
DB,
Pl-C

Elective
ophthalmicus
surgery

L and
Se

60 40 20 x x Clonidine 150 μg vs 300 μg vs placebo Oral PRE Op - the morning of the
operation

65–82 I–III

Deveraux et al.
[1]

23
Countries

2014 P, R,
Pl-C

Non-cardiac Surgery G, E, R,
S

10,010 5009 5001 x x Clonidine 200 μg/day patch during 3 days vs
placebo

Oral/T PRE Op - before induction 58–79 x

Singh et al. [71] India 2013 P, R, DB Elective laparoscopic
cholecystectomy

G 80 40 40 x x Clonidine 2 μg/kg IV vs clonidine 2 μg/kg IM IV vs
IM

PRE Op – 60–90 min before
surgery

20–60 I–II

De Kock et al.
[72]

Belgium 1994 P, R,
Pl-C

Major abdominal
surgery

G 402 350 52 x x Clonidine 4 μg/kg + 2 μg/kg/h vs placebo IV PER Op - at the induction 72–34 I–IV

Maruyama et al.
[29]

Japan 2004 P, R,
Pl-C

Lower limb surgery
with tourniquet

Se 24 10 11 x 3 Clonidine 5 μg/kg vs placebo IV PRE Op - 60 min before the
operation

61–24 x

x = no data available/P = prospective/R = randomized/Pl-C = placebo controlled/BS = simple blind/DS = double blind.
G = general/E = epidural/R = other regional/S = spinal/Se = sedation/L = local.
IV = intravenous/IM = Intramuscular/T = transdermal.
Type anesth = type of anesthesia.
Excl = excluded.
Via = route of administration.
ASA score = American Association of Anesthesiology score.
Op = operative.
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Table 2
Qualitative analyses of randomized controlled trials on the effect of clonidine vs placebo.

Indication Number of studies Clonidine group Placebo/control group Positive studies Negative studies

First analgesic intake/time to first analgesic 4 100 98 3 1
Pain scores at 24 h 7 161 163 2 5
Analgesic consumption at 24 h 9 272 269 8 1
Postoperative nausea and vomiting prevention 6 180 217 6 0
Bleeding control 3 76 78 3 0
Inhalatory induction time 2 93 92 2 0
Heart rate reduction after tracheal intubation (1 min) 7 5 2
Mean arterial pressure reduction after tracheal intubation (1 min) 6 4 1
Hormonal and catecholaminergic stability 6 201 209 6 0
Preoperative oxygen consumption reduction 2 20 20 2 0
Intraoperative oxygen consumption reduction 3 35 35 1 2
Postoperative oxygen consumption reduction 2 20 20 1 1
Increased diuresis 2 68 49 2 0
Decreased renin activity 2 45 45 2 0
Shivering incidence reduction 6 360 360 6 0
Shivering treatment 2 60 80 1 1
Sedation and anxiolysis 10 402 453 8 2
Patients'satisfaction 5 145 158 5 0
Cardiac protection 2 5039 5032 0 2
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(detailed studies characteristics, including the route of administration,
in the Table 1 and in the Appendix).

3.2. Data analyses (for details, see the Appendix)

3.2.1. Does clonidine improve postoperative analgesia?
Data of postoperative analgesia were reported in 10 trials including

645 patients (302 received clonidine, 299 placebo, 20 melatonine and
29 were excluded). First analgesic intake/time to first analgesic (FAI/
TAR) were reported in 4 trials and pain scores (visual analgesic scale,
VAS, at 12, 24 and 48 h) in 7 trials. Pain scores at rest were not reduced
in the majority of the studies (Variability in scales types precluded any
quantitative analysis). In contrast, cumulative analgesic consumption
was reduced at 24 h and 36 h. Four trials were included in the quantita-
tive analysis, showing a reduction of analgesics consumption after 24 h
(reduction of 24%, 95%CI[16%–32%])(p b 0.001) (Fig. 2).

3.2.2. Does clonidine reduce postoperative nausea and vomiting?
Data of PONV were reported in 6 trials including 412 patients (180

received clonidine, 181 placebo, 36 midazolam and 15 were excluded).
The incidence of PONV was significantly reduced by clonidine in all the
6 trials (risk ratio: 0.35, 95%CI[0.25–0.51])(p b 0.001) (Fig. 3). Anti-
emetics rescue at 24 h was reported, and reduced, in 1 trial.
Table 3
Randomized controlled trials on the effect of clonidine vs placebo on anesthetic-sparing effect.

Reference Number of patients Clonidine group

Moghadam et al. [57] 160 80
Ghosh et al. [58] 90 30
Morris et al. [59] 39 21
Laisalmi et al. [55] 30 15
Fehr et al. [60] 50 25
Goyagi et al. [61] 41 22
Goyagi et al. [62] 39 19
Imai et al. [63] 80 40
Katoh et al. [64] 42 21
Howie et al. [50] 54 28
Singh et al. [25] 50 25
Oddly-Muhrbeck et al. [36] 68 30
Taghipour et al. [9] 30 15
Marchal et al. [28] 40 19
Inomata et al. [38] 104 52
Kalajdzija et al. [47] 60 30
Ellis et al. [16] 61 30
Hamaya et al. [56] 57 38

NS = not statistically significant difference.
3.2.3. Does clonidine reduce intraoperative bleeding?
Intraoperative bleedingwas investigated in 3 trials including154 pa-

tients (76 received clonidine, 78 placebo). Blood loss was reported, and
significantly reduced, in 2 trials. As these data were heterogeneous
(I2 = 91%), a random-effect model was used, but did not permit to con-
firm a significant difference (mean difference: −168.6 ml [−453.7–
116.5])(p=0.25) (Fig. 4). Variable type of bleeding scores were report-
ed, and significantly reduced, in 2 trials. Surgeon satisfaction score was
reported in 2 trials showing statistically a significant improvement in
one of them.
3.2.4. Does clonidine reduce induction time?
Data of induction time were reported (only for general anesthesia)

in 2 trials including 188 patients (93 of them received clonidine, 92 pla-
cebo). Induction time was recorded, and significantly reduced, in 2 tri-
als. As these data were heterogeneous (I2 = 86%), a random-effect
model was used, showing a statistically significant difference (meandif-
ference: −12.72 s [−21.5–3.9])(p = 0.005) (Fig. 5).
3.2.5. Does clonidine improve hemodynamic stability?
Data of hemodynamic stability were reported in 10 trials, in which 7

reported hemodynamic data for tracheal intubation response, including
Placebo group Narcotic-sparing effect

80 p b 0.0001 propofol
30 p b 0.001 propofol
18 p b 0.05 propofol
15 p b 0.05 alfentanil
25 p b 0.001 propofol/NS remifentanil
19 p = 0.0013 propofol
20 p b 0.05 propofol
20 p b 0.01 propofol
21 p b 0.001 sevoflurane
26 p b 0.04 sufentanil/p b 0.01 sevoflurane
25 p b 0.05 isoflurane
30 p b 0.04 propofol/p b 0.01 sevoflurane
15 p b 0.001 remifentanil
21 p b 0.001 isoflurane/p b 0.001 fentanyl/NS propofol
52 p = 0.0001 sevoflurane
30 p b 0.001 sevoflurane/NS fentanyl
31 p b 0.05 enflurane
19 p b 0.05 isoflurane



Table 4
Randomized controlled trials on the effect of clonidine vs placebo on safety and adverse events.

Reference Number of patients Clonidine group Placebo group Hypotension Bradycardia Others adverse events

Marchal et al. [28] 40 19 21 NS NS NS
Singh et al. [25] 50 25 25 x x No adverse events
Samantaray et al. [24] 60 30 28 NS NS NS
De Kock et al. [31] 200 96 91 x x No adverse events
Oddly-Muhrbeck et al. [36] 68 30 30 x x No adverse events
Taghipour et al. [9] 30 42 42 x NS NS
Mohseni et al. [37] 84 42 42 NS NS NS
Watanabe et al. [14] 84 41 40 x x NS
Inomata et al. [38] 104 15 15 x x No adverse events
Singh et al. [71] 80 40 40 NS NS Hypertension (\\C)
Gupta et al. [44] 180 60 60 x x No adverse events
Tripathi et al. [45] 90 60 30 x x No adverse events
Kalra et al. [46] 120 60 27 NS x No adverse events
Singh et al. [25] 50 25 25 NS NS No adverse events
Imai et al. [63] 80 40 20 0 0 No adverse events
Filos et al. [22] 60 40 20 p b 0.001 (+C) p b 0.05 (+C) No adverse events
De Kock et al. [72] 402 350 52 p b 0.01 (\\C) NS x
Maruyama et al. [29] 24 10 11 p b 0.05 (+C) x x
Singhal et al. [12] 100 50 50 NS NS No adverse events
Mujahid-ul-Islam et al. [39] 60 28 29 x x No adverse events
Montazeri et al. [40] 96 32 32 NS NS No adverse events
Kalajdzija et al. [47] 60 30 30 x x Others (\\C)
Schneemilch et al. [48] 80 40 40 x x Others (\\C)
Hahm et al. [49] 44 22 22 x x HypoK (\\C)
Howie et al. [50] 54 28 26 NS NS NS
Ellis et al. [16] 61 30 31 x x NS
Ghosh et al. [58] 90 30 30 x x No adverse events
Morris et al. [59] 39 21 18 NS NS No adverse events
Fehr et al. [60] 50 25 25 x x No adverse events
Goyagi et al. [61] 90 19 20 NS NS NS
Shukla et al. [69] 80 40 x# NS NS NS
Deveraux et al. [1] 10,010 5009 5001 p b 0.001 (+C) p = 0.02 (+C) NS

X = no data available/NS = not statistically significant differences.
+C = more in clonidine group/–C = less in clonidine group.
# = 40 received other drug (tramadol).
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772 patients (336 received clonidine, 287 placebo, 146 other drugs as
fentanyl (50), gabapentin [72] or diazepam [14] and 3 were excluded).

Heart rate (HR)was reported in 7 trials showing a statistically signif-
icant reduction 1 min after intubation (in 4 of 6 trials). HR was found
also significantly reduced after intubation (5 trials). Three trialswere in-
cluded in the quantitative analysis, showing a reduction of theHR 1min
after intubation (reduction of 14.9 bpm, 95%CI[10.4–19.5]; p b 0.001)
(Fig. 6).

Mean arterial pressure (MAP) was reported in 6 trials showing sta-
tistically significant reduction 1 min after intubation (in 4 of 5 trials).
Three trials were included in the quantitative analysis, showing a reduc-
tion of the MAP 1 min after intubation (reduction of 12.5 mm Hg,
95%CI[7.14–17.86]; p b 0.001) (Fig. 7).
Fig. 2. Forest plot for analgesic consumptionduring the 24first postoperative hours in randomize
±1 means ±100% of the analgesics consumption). For risks of biases: + = low risk; − = hig
Four trials reported hemodynamic data in laparoscopic surgeries in-
cluding 440 patients (205 received clonidine, 142 placebo, 89 received
other drugs as pregabalin [60] ormagnesium [29] and 4were excluded).
HRwas significantly reduced 1min after insufflation (one trial) asMAP.
3.2.6. Does clonidine improve hormonal stability and catecholamine
secretion?

Data of hormonal stability and catecholamine secretionwere report-
ed in 7 trials including 413 patients (201 received clonidine, 199 place-
bo, 10 midazolam and 3 were excluded). Epinephrine plasma
concentrations were significantly reduced by clonidine in all the 6 rele-
vant trials, and norepinephrine concentrations in 5 of 6 trials. As the
d-controlled trials comparing clonidine vsplacebo (0 correspond to the reference/placebo,
h risk; blank = unclear.

Image of Fig. 2


Fig. 3. Forest plot for reduction of incidence of nausea and vomiting during the 24 first postoperative hours in randomized-controlled trials comparing clonidine vs placebo. For risks of
biases: + = low risk; − = high risk; blank = unclear.
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methods used were different in these studies, no quantitative analyses
were considered as valid.

3.2.7. Does clonidine reduce oxygen consumption?
Data on oxygen consumptionwere reported in 3 trials including 120

patients (35 received clonidine, 35 placebo, 50 others drugs as midazo-
lam [10], dexmedetomidine [10], sufentanil [10], ketamine [10] or
bupivacaine [10]). Preoperative oxygen consumption was significantly
reduced in the 2 trials and intraoperative oxygen consumption was sig-
nificantly reduced in 1 of 3 trials, and in 1 of 2 trials postoperatively. But
differences in the design of the studies precluded any aggregation in a
meta-analysis.

3.2.8. Does clonidine modify renal function?
Data on renal function were reported in 3 trials including 147 pa-

tients (83 received clonidine, 64 placebo). Urine output was significant-
ly increased, and plasma renin activity decreased, in the 2 trials
reporting these. Regarding the different timepoints used, no aggregated
analysis was possible.

3.2.9. Does clonidine have an anesthetics-sparing effect?
Data of anesthetics-sparing effect were reported in 18 trials includ-

ing 1095 patients (540 received clonidine, 497 placebo, 50 received
other drugs as diazepam [20] or metoprolol [30] and 8 were excluded).
Anesthetics consumption as propofol [9], sevoflurane [5], isoflurane [3],
enflurane [1], alfentanil [1], sufentanil [1], remifentanil [1] was reported
in 18 trials. Anesthetics usewas significantly reduced in all the trials. Re-
garding heterogeneity of the comparisons, we did not perform any
quantitative analysis, but reported these into the Table 3.

3.2.10. Does clonidine reduce postoperative shivering?
Data of shiveringwere reported in 7 trials. In 5 of the trials clonidine

was given in prophylaxis, including 660 patients (330 received
Fig. 4. Forest plot for intraoperative bleeding reduction, in randomized-controlled trials c
clonidine and 330 placebo). Incidence of shivering was significantly re-
duced in the 5 trials. Severity of shivering was reported in the 2 trials
reporting it. Three trials were included in the quantitative analysis,
showing a reduction of the incidence of shivering (risk ratio: 0.17,
95%CI[0.10–0.29]; p b 0.001) (Fig. 8).

3.2.11. Does clonidine improve sedation and anxiolysis?
Data of sedation and anxiolysis were reported in in 10 trials includ-

ing 858 patients (402 received clonidine, 257 placebo, 196 other drugs
as sufentanil [30], diazepam [20], gabapentin [50], midazolam [36],
pregabalin [60] and 3 patients were excluded). Ramsay score for seda-
tion, OAAS, VAS score for sedation and for anxiety or sedative and anx-
iety score were significantly decreased in 8 of the 10 trials. Regarding
the variability of the used scores, no meta-analysis was performed.

3.2.12. Does clonidine modify recovery time?
Data on recovery time were reported in 11 trials including 961 pa-

tients (431 received clonidine, 394 placebo, 121 other drugs as
gabapentin [32], pregabalin [60], magnesium [29] and 15 patients
were excluded). Time in recovery room was reported in 6 trials, with
no significant difference in 5 but, in 1, time was significantly reduced
by clonidine. Considering the data heterogeneous (I2 = 71%), a ran-
dom-effectmodelwasused, not showingany statistically significant dif-
ference (mean difference: 6.3 min [−4.8–17.4])(p = 0.26) (Fig. 9).
Times to eyes opening, extubation, name, age and date of birth declara-
tion, response to verbal commands, complete arousal and awakening
were reported respectively in 16 trials showing statistically significant
results in different items in 12 of them: 9 reported better results for clo-
nidine and 3 worse in clonidine.

3.2.13. Does clonidine modify patients' satisfaction?
Data on patients' satisfaction were reported in 5 trials, in relation to

PONV, pain, sedation or anesthesia quality, including 314 patients (145
omparing clonidine vs placebo. For the two trials, risks of biases are unclear (blank).

Image of Fig. 3
Image of Fig. 4


Fig. 5. Forest plot for reduction of induction time, in randomized-controlled trials comparing clonidine vs placebo. For risks of biases: + = low risk;− = high risk; blank = unclear.
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received clonidine, 114 placebo, 44 other drugs as sufentanil [30] or di-
azepam [14] and 11 patients were excluded). Level of satisfaction was
significantly better in all the 5 trials in the clonidine group. Due to var-
ious used scales, no meta-analysis was performed.
3.2.14. Does clonidine protect the heart?
Data of cardiac protection were reported in 2 trials including 10,071

patients (5039 received clonidine and 5032 placebo). Cardiac outcome
was reported in 2 trials, including the POISE-2 trial. In these trials, cardi-
ac ischemia was differently considered, and, in the POISE-2 trial, only
myocardial infarction was reported (and not elevation of troponin or
creatinine-kinaseMB), precluding an aggregated analysis. No statistical-
ly significant differences were found between the groups.
3.2.15. Does clonidine induce adverse events and is it safe?
Data on adverse events and safety were reported in 32 trials includ-

ing 12,720 patients (6429 received clonidine, 5973 placebo, 261 other
drugs as tramadol [40], diazepam [20], magnesium [29], pregabalin
[60], metoprolol [30] and gabapentin and 36 exclusions were
recorded)(Table 4). Bradycardia was reported in 15 trials, results in 14
of the trials were not statistically significant but well in the POISE-2
trial, including the majority of the patients. Hypotension was reported
in 15 trials, results in 13 trials were not statistically significant but, sim-
ilarly, well in the POISE-2 trial. Other adverse events were hypertension
in non-clonidine patients (1 trial). When performing an aggregated
analysis, no difference was identified, in terms of adverse events rates,
between clonidine and placebo (0.00 [−0.10–0.11])(p = 0.96) (Fig.
10). Nevertheless, various definitions (i.e. occurrence of hypotension)
of these events render the interpretation difficult, as reflected by the
high heterogeneity, leading to the use of a random-effect model (I2 =
99%). No other adverse event was reported as related to clonidine.
Fig. 6. Forest plot for reduction of heart rate, 1 min after intubation, in randomized-controlled
blank = unclear.
4. Discussion

These systematic review andmeta-analyses of 57 trials wasmade to
evaluate the available literature on indications of clonidine during the
perioperative period. Different outcomes of clonidine in anesthesia
were studied, in different series representing, in total, nearly 15,000 pa-
tients. It appears that clonidine reduces analgesics consumption, re-
duces PONV, improves hemodynamic and sympathetic stabilities,
prevents postoperative shivering, and may reduce blood losses, induc-
tion time in inhalation anesthetic technique, without identified any in-
fluence on renal and cardiac outcomes or prolonged awakening time.
Clonidine improves patient's satisfaction, associated with some of
these items.

More in details, clonidine reduces FAI/TAR and VAS in the first 12 h,
decreases analgesic consumption at least during the first 36 postopera-
tive hours.

PONV is a common, distressing side effect of anesthesia and surgery
[7]. All the trials analyzed showed that clonidine reduces PONV inci-
dence and 24 h antiemetic rescue.

Clonidine does not alter laboratory blood coagulation [8] and seems
to even reduce bleeding. Hemodynamic stability and surgeon's comfort
may shorten the operating time, which further decreases bleeding [9,
10].

Induction time is a factor of success a inhaled induction anesthetic
technique [11] and is may be reduced by clonidine.

Hemodynamic stability is better achieved after tracheal intubation
with clonidine, considering tachycardia and arterial pressure, both con-
sidered as potentially deleterious, even if the consequences of these
events were not considered here [12–14]. Hemodynamic consequences
of laparoscopic surgery, increasingly used [15], are reduced with cloni-
dine. To note that the term “stability” used in the present quantitative
and qualitative review is mainly focusing on time after intubation and
insufflation. Of course, as consequences of hemodynamic variations
trials comparing clonidine vs placebo. For risks of biases: + = low risk; − = high risk;

Image of Fig. 5
Image of Fig. 6


Fig. 7. Forest plot for reduction of mean arterial pressure, 1 min after intubation, in randomized-controlled trials comparing clonidine vs placebo. For risks of biases: += low risk;− =
high risk; blank = unclear.

150 M.C. Sanchez Munoz et al. / Journal of Clinical Anesthesia 38 (2017) 140–153
are not limited to these periods, the occurrence of these events merits
further discussion, especially regarding its safety (detailed later in the
text).

In the same way the hormonal and catecholaminergic responses to
surgery [16] is attenuated by clonidine.

Whether the reduction of this endocrine response, linked to an in-
crease of arterial pressure, heart rate and oxygen consumption [17] per-
mits to clonidine to reduce perioperative metabolic demands is not
clear in this study.

There are many factors affecting renal function during anesthesia
and surgery including renal blood flow, blood volume and endocrine
system activity, all of these potentially influenced by clonidine. It ap-
pears that, even if clonidine can be associated with a reduced arterial
pressure, the net effect on renal function appears to be neutral or posi-
tive, and not negative.

Avoiding unnecessary costs while improving or maintaining quality
care is one goal in anesthesia [18] that can be achieved with clonidine,
either considering volatile agents or intravenous anesthetics.

Postoperative shivering, a common cause of discomfort as a trigger
to other deleterious complications [19] is reduced by clonidine, but
seemingly better in prophylaxis than in treatment. In spite of the het-
erogeneity of the assessment methods, clonidine may have advantages
in term of anxiolysis and sedation quality than the other drugs com-
monly used. As ambulatory surgery and diagnostic procedures under
anesthesia require fast rehabilitation for early hospital discharge, awak-
ening times with clonidine has retain attention. The results in the avail-
able literature show no differences, and some trials suggest even a
shorter time.

Myocardial infarction is a major vascular complication of surgery
and is associated with substantial mortality [20]. But, even if reducing
Fig. 8. Forest plot for reduction of incidence of postoperative incidence of shivering, in random
unclear (blank).
potentially deleterious sympathetic activation, clonidine does not im-
prove cardiac outcome.

Clonidine is a safe drug as is shown in the results of trials included in
this review. In contrast it is important to not elude the fact that non-fatal
bradycardia/non-fatal cardiac arrest and hypotension have been de-
scribed. And, even if no sequels have been reported, it should be as-
sumed that not enough data concerning bradycardia/non-fatal cardiac
arrest are available to formally conclude about their safety. Concerning
hypotension, as hypotension has been described as deleterious in
large trials, included POISE-2. But, in contrast, clonidine-induced hypo-
tension has never been specifically described as linked to classical ad-
verse events linked to hypotension (worse renal or cardiac outcomes).
Logically, it could be argued (even if not formally demonstrated here)
that hypotension due to other factors than clonidine (e.g. hypovolemic
shock) is problematic, but not necessarily if specifically due to clonidine.

Clonidine influences the effects of vasopressor and inotropic drugs,
effects that would merits further studies [21]. Clonidine has to be used
carefully in the elderly patient adjusting the dose [22] as in predicted
hypotensive response as after tourniquet deflation [23].

To note that, linked to the design, at least in quantitative analyses,
limitations of this work include the influence of interfering factors. We
didn't include, for example, doses and patients ages as possible interfer-
ing factors. The determination of these specific factors' influence would
merit further works. Another limitation is the fact that, as the analyzed
endpoints were typically primary outcomes (even if not always) of the
studies,manyof these endpointswere not analyzed on all the 14,790 in-
cluded patients. Moreover, an additional limitation is the variable doses
and route, not included in subgroups analyses, even if logical consider-
ing the variability of patients, procedures and indications. Regarding
separated analyses by route of administration, seeing the high
ized-controlled trials comparing clonidine vs placebo. For all the trials, risks of biases are

Image of Fig. 7
Image of Fig. 8


Fig. 9. Forest plot for recovery time difference, in randomized-controlled trials comparing clonidine vs placebo. For risks of biases: + = low risk; − = high risk; blank = unclear.
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biodisponibility of clonidine by mouth and the fact that most of the
studies using oral clonidine administered it 1 to 2 h before surgery (to
reach a peak plasma concentration at the induction of anesthesia [4]),
it seemed logical to pool studies focusing on PO and IV clonidine. It is
worth too to mention that postoperative pain as PONV are affected by
the type of surgery.
5. Conclusions

In conclusion, these systematic review andmeta-analyses of 57 trials
shows that clonidine improves pain control, reduces PONV, improves
hemodynamic and sympathetic stabilities, with no adverse conse-
quences on renal function or awakening time, but does not influence
Fig. 10. Forest plot for adverse events occurrence rates, in randomized-controlled trials compari
cardiac outcome in the general population after non-cardiac surgery.
Nevertheless, given the high heterogeneity between the studies, this
does not exclude different results in patient subgroups or specific proce-
dures. Further research may focus on the best candidates (patients) for
clonidine indications, and on the way to adapt the dose to the patients
and the procedure.
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Appendix A

A.1. Risk of bias details

Sequence generation, allocation concealment, blinding of partici-
pants and personnel, incomplete data outcome, selective output
reporting and any potential sources of bias were analyzed. Funnel
plots were used to analyze a potential publication bias and no evidence
of such bias was founded.

A.2. Data extraction details

For postoperative analgesia we extracted the time to first analgesia
request (TAR) or time to first analgesic injection (FAI), visual analog
scale (VAS) at 12, 24 and 48 h, and analgesic consumption at 24, 36
and 48 h.

For postoperative nausea and vomiting (PONV), we extracted the in-
cidence of PONV at 24 h, PONV free and antiemetic rescue at 24 h.

For intraoperative bleeding we extracted blood loss scores, surgeon
satisfaction and blood loss volumes.

For induction time, we extracted the induction time whichever the
type of anesthetic induction.

For hemodynamic stability, we separated the data concerning he-
modynamic response to tracheal intubation from these concerning he-
modynamic stability during pneumoperitoin induction for
laparoscopic surgery (heart rate (HR), systolic arterial pressure (SAP),
diastolic arterial pressure (DAP) and mean arterial pressure (MAP) be-
fore and 1, 2, 3, 4, 5, 7, 10 and 15 min after the intubation; and HR,
SAP, DAP and MAP before and after the induction, before and 1, 5, 10,
15, 30 and 60 min after the insufflation, after the CO₂ release and after
the tracheal extubation).

For hormonal stability and catecholamine secretion, we extracted
epinephrine, norepinephrine, cortisol and glucose levels.

For oxygen consumption, we extracted preoperative, preoperative
and postoperative VO₂.

For kidney function,we extracted 24h urine output, urinepotassium
and sodium, urine osmolality and plasma renin activity.

For anesthetics-sparing effect, we extracted the anesthetics
requirements.

For postoperative shivering,we extracted the incidence, severity and
duration of shivering, the core temperature and Thermal Comfort Score
(TCS - a value of 10 indicated extreme heat discomfort and a value of 1
indicated extreme cold discomfort). Data were separated whether clo-
nidine was studied as a prophylactic intervention or a treatment.

For anxiolysis and sedative effect, we extracted the anxiety and se-
dation scores as reported (VAS for anxiety ranged from 0 “not anxious
at all” to 100mm “most anxious I can imagine”, VAS for sedation ranged
0 “not sleepy at all” to 100 mm “extremely sleepy”, Ramsay sedation
scale*, Observer's Assessment of Alertness/Sedation – OAAS, sedation
score ranged 1 “wide awake”, 2 “sleeping comfortably but responding
verbal commands”, 3 “deep sleep but arousable”, 4 “deep sleep but
not arousable” and anxiety score ranged 0 “quiet and comfortable”, 1
“uneasy”, 2 “worried and anxious”, 3 “very worried or very upset”, 4
frightened or terrified).

For recovery time, we extracted time in recovery room, time to eyes
opening, time for name declaration, time to date of birth declaration,
time to age declaration, time to response to verbal commands and
time to complete arousal.

For satisfaction,we extracted level of satisfaction as reported in orig-
inal trials (1–4 scale ranged 1 “totally dissatisfied”, 2 “moderately dis-
satisfied”, 3 “reasonably satisfied” and 4 “totally satisfied”).

For cardiac protection we extracted all the patient's outcomes.
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