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Abstract
Introduction: Here we aimed to study the effectiveness of dexmedetomidine as an anesthetic adjunct in surgery.
Material and methods: A systematic evaluation was performed on publish
ed clinical trials. Major databases such as Medline database were employed
to search and identify relevant studies and then Rev.Man 5 was used for
meta-analysis as well as forest plots. Mean difference (MD) was chosen as
the effect size for measurement data, while odds ratio (OR) was calculated
for enumeration data.
Results: A total of 18 studies met the inclusion criteria. The postoperative
heart rate and mean arterial pressure for the dexmedetomidine group were
significantly lower than the control group (combined MDs were –14.12 and
–9.96). The incidence rates of postoperative nausea and vomiting, chills, and
shivering of the dexmedetomidine group were lower than the control group
(pooled ORs were 0.41, 0.21 and 0.14, respectively). However, the occurrence
rates of bradycardia and hypotension in the dexmedetomidine group were
higher than the control group (pooled ORs were 5.14 and 3.00).
Conclusions: Dexmedetomidine can stabilize blood pressure and heart rate,
and prevent postoperative adverse reactions. However, patients with original hypovolemia or heart block should be cautious. Besides, the quality of
such studies should be improved in methodology to evaluate their efficacy
and safety comprehensively.
Key words: dexmedetomidine, anesthesia, sedation, systematic evaluation.

Introduction
Surgery induces a stress response that may result in prolonged postoperative convalescence [1]. Thus anesthetic management is necessary
to modulate this physiological response. Dexmedetomidine is one of the
a2 adrenergic receptor agonists, which have been used as antihypertensive drugs in some clinical trials. In recent years, studies indicated that
a2 receptor agonists possess sedative properties and thus some of them
are used as adjuvant drugs in anesthesia. Dexmedetomidine has high
selectivity and good potency and thus has drawn a lot of attention in the
United States [2]. It came into common usage in 2004 in Japan [3, 4] and
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the clinical trials and application of dexmedetomidine began in China in 2007 [5, 6].
Dexmedetomidine mainly acts on α2 receptors
in the brain and spinal cord. It affects the functions of central nervous, circulatory and respiratory systems and exhibits sympatholytic, sedative
and analgesic properties [7] through the following
mechanisms: inhibition of protein kinase A and
subsequent phosphorylation, activation of potassium channels and hyperpolarization of plasma
membrane, inhibition of adenylate cyclase activity, reduction of neuronal firing as well as inhibition of voltage-gated calcium ion channels [8].
Though dexmedetomidine possesses good pro
perties, it often produces hypotension and bradycardia [9]. It is necessary to carry out a systematic
evaluation as it is widely used in anesthesia. Several studies have provided evaluations with focus
on its intensive care unit (ICU) application [10] and
cardiac protection [11]. Thus we performed a meta-analysis of general randomized controlled trials to understand its effectiveness and safety and
provide guidance for its clinical applications.

Material and methods
Inclusion, exclusion criteria and retrieval
strategy
Inclusion criteria: Randomized controlled trials (RCTs) researching the efficacy and safety of
dexmedetomidine in general anesthesia were included. Dexmedetomidine was used as an adjunct
drug for sedation and analgesia in the experimental group, while saline was used as a placebo in
the control group. Dexmedetomidine or placebo
was given during the anesthesia induction phase
or maintenance phase. Other drugs were kept consistent between the two groups. Additionally, the
following outcome measures should be contained
in the studies: (1) the hemodynamic parameters:
mean arterial pressure and heart rate at the end
of surgery (usually within 3 h after surgery); (2) in
dicators of postoperative adverse reactions, such
as nausea and vomiting, chills and shivering;
(3) safety (or side effects) indicators such as peri
operative hypotension and bradycardia.
Exclusion criteria: (1) dexmedetomidine was
used in the postoperative ICU care; (2) although
curves were provided for indicators, no specific data could be extracted; (3) a variety of sedatives were applied, not only dexmedetomidine;
(4) multi-group trials and quasi-randomized controlled trials.
Retrieval method: MEDLINE, EMBASE, EBSCO,
Springer, Ovid and Cochrane library were searched
with the keywords dexmedetomidine and randomized controlled trials. The deadline was July
2012.
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Quality assessment and data extraction
Quality assessment was performed in the following aspects: (1) the random allocation method
adopted; (2) whether in a blind fashion; (3) evaluation on exit of trial.
The following information were extracted: (1)
general information, such as the subject of the
study, name of the researchers and source of the
literature; (2) characteristics of the study: experimental design, research measures, implementation methods, measures to prevent bias, main results, etc.; (3) outcome measures: number of case
for each group, statistical number for all measurement data, and number of case for all measurement data.

Statistical analysis
Rev.Man 5 provided by the Cochrane Collaboration was used for meta-analysis and forest plot.
Mean difference (MD) was calculated as the effect
size for measurement data and odds ratio (OR) for
enumeration data. The 95% confidence interval
(CI) was also provided. The chi-square (c2) test
was performed to determine the heterogeneity
among studies. If homogeneity existed (p > 0.05),
a fixed-effects model was used in analysis. If not
(p < 0.05), a random-effects model was used.

Results
General information
A total of 18 studies [12–29] published during
1992–2012 met the criteria and were included
in the analysis. Sixteen of them adopted a double-blind design while the other two did not [26,
27]. Six studies did not describe the randomization method [23, 25–29]. Major maintaining narcotics were sevoflurane, isoflurane, propofol and
fentanyl. The dose of dexmedetomidine was between 0.5 μg/kg and 2.5 μg/kg.

Efficacy qnalysis
Cardiac rate
Cardiac rate was reported in 5 studies. As between-study heterogeneity existed (p < 0.05), a random-effects model was adopted. The combined
MD was –14.12 (95% CI: –18.02, –10.21) and it
was significant (Z = 7.09, p < 0.00001). Thus the
heart rate of the dexmedetomidine group was significantly lower compared with the control group
(Figure 1).

Mean arterial blood pressure
A total of 4 studies analyzed the influence of
dexmedetomidine on mean arterial blood pressure. No between-study heterogeneity existed ac-
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Study
or subgroup

Experimental
Control
Weight
Mean SD Total Mean SD Total [%]

Aho-Scheinin 1992 58
10
Lawrence 1997
59
7.7
Rabie 2011
73.4 3.77
Sukhminder 2012 65.28 4.92
Yildiz 2006
64.6 6.31

20
25
20
40
25

62
83
90.6
78.56
78.36

10
20.2
5.02
6.64
5.29

20
25
20
40
25

16.2
12.0
24.2
24.6
23.1

Mean difference
IV, Random, 95% CI

Mean difference
IV, Random, 95% CI

–4.00 (–10.20, 2.20)
–24.00 (–32.47, –15.53)
–17.20 (–19.95, –14.45)
–13.28 (–15.84, –10.72)
–13.76 (–16.99, –10.53)

Total (95% CI)			
130			
130 100 –14.12 (–18.02, –10.21)
Heterogeneity: t2 = 14.43, c2 = 20.61, df = 4 (p = 0.0004); I2 = 81%
–100
–50
0
Test for overall effect: Z = 7.09 (p < 0.00001)
		Favours experimental		

50
100
Favours control

Figure 1. Statistical results for cardiac rate from 5 studies

cording to the test (p > 0.05), so a fixed-effects
model was used. The combined MD was –9.96
(95% CI: –12.16, –7.75) and it was significant (Z =
8.87, p < 0.00001). Thus the mean arterial blood
pressure of the dexmedetomidine group was significantly lower than that of the control group (Figure 2).

Incidence of nausea and vomiting
Incidence of nausea and vomiting was recorded in 9 studies. A fixed-effects model was adopted since no heterogeneity was found among the
studies (p > 0.05). The pooled OR was calculated
as 0.41 (95% CI: 0.32, 0.52) and it was significant (Z = 7.34, p < 0.00001), so we can concluded
Study
or subgroup

Experimental
Control
Weight
Mean SD Total Mean SD Total [%]

Rabie 2011
85
6.55
Sukhminder 2012 77.28 5.64
Aho-Scheinin 1992 68
12
Aho-Erkola 1992
82
18

20
40
20
10

96.1
87.52
74
85

5.2
8.18
9
21

Total (95% CI)			

90			

that dexmedetomidine yielded a significant drop
in the occurrence of postoperative nausea and
vomiting in comparison with the control group
(Figure 3).

Incidence of chills
A total of 4 studies described the incidence of
chills. A fixed-effects model was adopted since
no between-study heterogeneity was found
(p > 0.05). The pooled OR was determined as 0.21
(95% CI: 0.12, 0.38) and it was significant according to the statistical result (Z = 5.20, p < 0.00001).
Thus dexmedetomidine resulted in a significantly
lower incidence of chills compared with the control (Figure 4).
Mean difference
IV, Fixed, 95% CI

20
40
20
10

36.1
51.1
11.2
1.6

–11.10 (–14.77, –7.43)
–10.24 (–13.32, –7.16)
–6.00 (–12.57, 0.57)
–3.00 (–20.14, 14.14)

90

100

–9.96 (–12.16, –7.75)

Mean difference
IV, Fixed, 95% CI

Heterogeneity: c2 = 2.43, df = 3 (p = 0.49); I2 = 0%
–100
–50
0
		Favours experimental		

Test for overall effect: Z = 8.87 (p < 0.00001)

50
100
Favours control

Figure 2. Statistical results for mean arterial blood pressure from 4 studies
Study
or subgroup

Events

Brodie 1995

19

131

35

129

14.7

0.46 (0.24, 0.85)

Brodie 1999

18

102

20

48

10.9

0.30 (0.14, 0.65)

Fakhoury 2004

11

98

12

46

7.1

0.36 (0.14, 0.89)

Gilad 2007

1

32

10

32

4.7

0.07 (0.01, 0.60)

Lee 2011

4

57

7

53

3.3

0.50 (0.14, 1.80)

Nieto 2001

38

417

27

201

16.1

0.65 (0.38, 1.09)

Reunanen 1996

10

226

12

117

7.3

0.41 (0.17, 0.97)

Rowan 2005

24

199

61

197

26.2

0.31 (0.18, 0.52)

Saetre 2007

13

93

23

91

9.7

0.48 (0.23, 1.02)

1335		

914

100

0.41 (0.32, 0.52)

Total (95% CI)		
Total events

LTG
Total

138		

CBZ
Events
Total

Weight
[%]

Odds ratio
M-H, Fixed, 95% CI

Odds ratio
IV, Fixed, 95% CI

207

Heterogeneity: c2 = 7.82, df = 8 (p = 0.45); I2 = 0%
Test for overall effect: Z = 7.34 (p < 0.00001)

0.01
0.1
1
		Favours experimental		

10
100
Favours control

Figure 3. Statistical results for incidence of nausea and vomiting from 5 studies
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Study
or subgroup

Experimental
Events
Total

Control
Events
Total

Weight
[%]

Odds ratio
M-H, Fixed, 95% CI

Bicer 2006

6

40

22

40

35.8

0.14 (0.05, 0.42)

Jaionen 1997

13

40

23

40

29.7

0.36 (0.14, 0.89)

Sukhminder 2012

2

40

17

40

30.9

0.07 (0.02, 0.34)

Yildiz 2008

2

25

2

25

3.5

1.00 (0.13, 7.72)

145		

145

100

0.21 (0.12, 0.38)

Total (95% CI)		
Total events

23		

Odds ratio
M-H, Fixed, 95% CI

64

Heterogeneity: c2 = 5.83, df = 3 (p = 0.12); I2 = 49%

0.01
0.1
1
		Favours experimental		

Test for overall effect: Z = 5.20 (p < 0.00001)

10
100
Favours control

Figure 4. Statistical results for incidence of chill from 4 studies
Study
or subgroup
Guler 2005
Isik 2005

Experimental
Events
Total
5
1

Control
Events
Total

30
21

17
10

Weight
[%]

Odds ratio
M-H, Fixed, 95% CI

30
21

28.2
19.0

0.15 (0.05, 0.51)
0.06 (0.01, 0.49)

Shukry 2005

6

23

14

23

20.6

0.23 (0.06, 0.79)

Sukhminder 2012

22

40

36

40

32.2

0.14 (0.04, 0.45)

Total (95% CI)		
114		
114
Total events
34		
77
Heterogeneity: c2 = 1.27, df = 3 (p = 0.74); I2 = 0%

100

0.14 (0.07, 0.28)

Odds ratio
M-H, Fixed, 95% CI

0.01
0.1
1
		Favours experimental		

Test for overall effect: Z = 5.74 (p < 0.00001)

10
100
Favours control

Figure 5. Statistical results for incidence of restlessness from 4 studies

Incidence of restlessness
A total of 4 studies provided information regarding restlessness. As there was no heterogeneity, a fixed-effects model was utilized to determine the pooled OR as 0.14 (95% CI: 0.07, 0.28).
Statistical analysis showed that it was significant
(Z = 5.74, p < 0.00001), so it can be concluded
that dexmedetomidine significantly reduced the
incidence of restlessness in comparison with the
control (Figure 5).

Incidence of bradycardia
Incidence of bradycardia was reported in 7 studies. Since no between-study heterogeneity was observed (p > 0.05), a fixed-effects model was used.
Study
or subgroup

Experimental
Events
Total

Control
Events
Total

The pooled OR was 5.14 (95% CI: 2.25, 11.76) and
it was significant (Z = 3.38, p = 0.0001), which indicated that dexmedetomidine resulted in a significantly higher incidence of bradycardia compared with the control (Figure 6).

Incidence of hypotension
Incidence of hypotension was extracted from
6 studies. As there was no between-study heterogeneity, a fixed-effects model was adopted. The
pooled OR was calculated as 3.00 (95% CI: 1.21,
7.45) and it was significant (Z = 2.37, p = 0.02).
Thus dexmedetomidine resulted in a significantly higher incidence of hypotension in comparison
with the control (Figure 7).

Weight
[%]

Odds ratio
M-H, Fixed, 95% CI

5.1
15.9

14.54 (0.67, 316.69)
2.09 (0.18, 24.73)

Aho-Erkola 1992
Jaakola 1992

4
2

10
24

0
1

10
24

Lawrence 1997

14

25

0

25

3.8

64.30 (3.52, 1173.22)

Rabie 2011
Talke 1995
Talke 2000
Yildiz 2006

2
3
1
3

20
6
22
25

3
0
0
1

20
6
19
25

46.8
4.3
8.7
15.3

0.63 (0.09, 4.24)
13.00 (0.51, 330.48)
2.72 (0.10, 70.79)
3.27 (0.32, 33.84)

Total (95% CI)		
132		
129
Total events
29		
5
Heterogeneity: c2 = 9.11, df = 6 (p = 0.17); I2 = 34%
Test for overall effect: Z = 3.88 (p < 0.0001)

100

5.14 (2.25, 11.76)

Odds ratio
M-H, Fixed, 95% CI

0.01
0.1
1
		Favours experimental		

10
100
Favours control

Figure 6. Statistical results for incidence of bradycardia from 7 studies
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Study
or subgroup

Experimental
Events
Total

Control
Events
Total

Weight
[%]

Odds ratio
M-H, Fixed, 95% CI

Ferdi 2010

3

15

2

15

27.0

1.63 (0.23, 11.46)

Lawrence 1997
Rabie 2011
Talke 1995
Talke 2000
Yildiz 2006

5
2
6
1
4

25
20
6
22
25

0
3
4
0
0

25
20
6
19
25

6.6
45.5
5.4
8.4
7.0

13.68 (0.71, 262.17)
0.63 (0.09, 4.24)
7.22 (0.28, 189.19)
2.72 (0.10, 70.79)
10.67 (0.54, 209.64)

Total (95% CI)		
113		
110
Total events
21		
9
Heterogeneity: c2 = 4.94, df = 5 (p = 0.42); I2 = 0%
Test for overall effect: Z = 2.37 (p < 0.02)

100

3.00 (1.21, 7.45)

Odds ratio
M-H, Fixed, 95% CI

0.01
0.1
1
		Favours experimental		

10
100
Favours control

Figure 7. Statistical results for incidence of hypotension from 6 studies

Discussion
In general anesthesia, patients generally produce a stress response to the cardiovascular system
because of invasive damage due to surgical instruments. If the stability of the cardiovascular system
is destroyed, fluctuation in blood pressure and heart
rate will occur, which may further lead to hypertension and tachycardia. Dexmedetomidine is a highly
selective a2 receptor agonist that can reduce the
sensitivity of the sympathetic nervous system and
maintain the stability of cardiovascular function in
patients with surgery. A previous study showed that
pre-operative intravenous administered dexmedetomidine could attenuate the increase of norepinephrine caused by tracheal intubation and surgery
[30]. Another study showed that dexmedetomidine
lowered peripheral vascular resistance and stabled
the blood flow velocity during the operation [31].
However, due to its short half-life and high elimination speed, we are uncertain whether the effect
of dexmedetomidine can be maintained to the end
of surgery when it is injected within the usual safe
dose range (0.5–2.5 μg/kg). We analyzed postoperative heart rate and mean arterial pressure and found
that they were significantly lower in the dexmedetomidine group than the placebo group. Therefore,
it can be concluded that the hemodynamic effects
of dexmedetomidine can be maintained to the end
of the surgery.
Postoperative nausea and vomiting, chills and
restlessness are common adverse reactions in anesthesia surgery. Nausea and vomiting not only
decrease the patients’ life quality, but also slow
down the speed of recovery and even prolong hospitalization. Postoperative restlessness affects the
wound healing process. Chills will raise intracranial pressure, lead to cardiovascular adverse reactions and increase wound pain. Dexmedetomidine
inhibits the central nervous system by acting on
the locus coeruleus and controlling downstream
the medulla oblongata. Some studies indicated
that dexmedetomidine significantly reduced the
occurrence of postoperative nausea and vomiting

[19], and also decreased the incidence of agitation [12]. It was also found that dexmedetomidine
could significantly lower the incidence of shivering and its effect was even better than midazolam
[32]. This study reached the same conclusion after
a systematic evaluation showing that dexmedetomidine had a significant effect on the incidence of
postoperative nausea and vomiting, chills as well
as restlessness.
Dexmedetomidine can lead to a decline in
blood pressure and heart rate and thus has a good
effect in the control of the surgical stress response.
However, dexmedetomidine will cause hypotension and bradycardia, which presents certain risks
to patients with original low blood volume or heart
block. We analyzed the occurrence of perioperative
hypotension and bradycardia, and found a significantly higher incidence in patients with dexmedetomidine. It is necessary for anesthesiologists to
add appropriate atropine and other drugs during
the operation to alleviate the condition.
Our meta-analysis contains some limitations.
First, the publication bias was not assessed using
a funnel plot due to the small number of studies
(< 10) included in the analyses of the outcome measures. Second, the randomization method was not
described in some papers and the double-blind
method was not adopted in several studies, so it
is necessary to be cautious in the interpretation
of these research results. Third, hemodynamic indicators are affected by the types of surgery and
thus cannot be merged to carry out a systematic evaluation. Subsequent studies should strictly
control the experimental conditions to better address these questions. Finally, chills and restlessness lack specific measurement methods, which
need to be developed in the future to distinguish
different levels and thus help to better understand
the effectiveness of dexmedetomidine.
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