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Purpose: It is uncertainwhether dexmedetomidine is better than propofol for sedation in postcardiac surgery pa-

tients. The purpose of this meta-analysis was to compare the effects of dexmedetomidine and propofol sedation
on outcomes in adult patients after cardiac surgery.
Methods: Randomized controlled trials comparing outcomes in cardiac surgery patients sedated with
dexmedetomidine or propofol were retrieved from PubMed, Embase, Web of Science, the Cochrane Library,
and Clinicaltrials.Gov until May 23, 2016.
Results: A total of 969 patients in 8 studies met the selection criteria. The results revealed that dexmedetomidine
was associatedwith a lower risk of delirium (risk ratio, 0.40;95% confidence interval [CI], 0.24-0.64; P= .0002), a
shorter length of intubation (hours; mean difference, -0.95; 95% CI, -1.26 to -0.64; P b .00001), but a higher in-
cidence of bradycardia (risk ratio 3.17; 95% CI, 1.41-7.10; P= .005) as compared to propofol. There were no sta-
tistical differences in the incidence of hypotension or atrial fibrillation, or the length of intensive care unit stay
between dexmedetomidine and propofol sedation regimens.
Conclusions: Dexmedetomidine sedation could reduce postoperative delirium and was associated with shorter
length of intubation, but might increase bradycardia in patients after cardiac surgery compared with propofol.

© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

There are more than 2 million cardiac surgical procedures per-
formed worldwide each year [1]. Although the mortality of cardiac sur-
gical procedures has significantly decreased due to the great
improvement in the surgical techniques, the major complication rates
are as high as 14.4% to 30.1% [2-4]. These complications are associated
with prolongedhospital stay, increase in resource utilization, andhigher
health care costs [5]. Thus, postoperative care of these patients remains
to be optimized.

It is accepted that sedation is an important component of postoper-
ative management after cardiac surgery [6] and has an important effect
on patient outcomes [7]. Several studies, including 2 meta-analyses,
have shown that dexmedetomidine is associated with a decrease in
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the incidences of postoperative complications in patients undergo-
ing cardiac surgery [6,8-11]. However, 3 of these studies, including
the 2 meta-analyses, did not directly compare dexmedetomidine
with propofol [6,8,9]. Current guidelines suggest that sedation strat-
egies using nonbenzodiazepine sedatives (either propofol or
dexmedetomidine) may be preferred over sedation with benzodiaz-
epines to improve clinical outcomes in mechanically ventilated adult
intensive care unit (ICU) patients [7]. However, it is uncertain
whether dexmedetomidine is better than propofol for sedation in
patients after cardiac surgery. Therefore, we conducted a meta-
analysis with trial sequential analysis (TSA) to evaluate the clinical
effectiveness of dexmedetomidine sedation on improving outcomes
in the patients after cardiac surgery compared with propofol.

2. Methods

2.1. Literature search

Two researchers independently carried out a comprehensive litera-
ture search. Trials comparing outcomes in adult patients who underwent
cardiac surgery and sedated with dexmedetomidine or propofol were re-
trieved from PubMed, Embase,Web of Science, the Cochrane Library, and
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Fig. 1. Flow diagram of study selection.
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ClinicalTrials.gov until May 23, 2016. A basic search was performed using
the following keywords: “dexmedetomidine” AND “propofol” AND (“car-
diac surgery” OR “heart surgery”OR “coronary artery bypass grafting”OR
“heart valve” OR “cardiopulmonary bypass”) AND (“sedative” OR “seda-
tion”). No language restriction was applied for the selection of articles.
2.2. Eligibility criteria

Eligible studies were of randomized controlled trials (RCTs), com-
paring dexmedetomidine with propofol for sedation in adult patients
after cardiac surgery.
Table 1
Included studies and their main characteristics

First author,
year [ref.]

Country Surgery type No. of patients DEX

DEX Propofol Loading dose

Herr 2003
[16]

America
and Canada

CABG 148 147 1 μg/kg for 20

Corbett
2005 [15]

America
CABG (only 4 patients
without CPB in the DEX arm)

43 46 1 μg/kg for 15

Maldonado
2009 [10]

America Valve surgery with CPB 30 30 0.4 μg/kg

Ren 2013
[17]

China CABG (off-pump) 81 81 No

Eremenko
2014 [18]

Russia Cardiac surgery 28 27 No

Karaman
2015 [19]

Turkey CABG 31 33 No

Djaiani
2016 [11]

Canada
Cardiac surgery (patients
aged ≥60 y)

91 92
0.4 μg/kg for
10-20 min or
bolus

Liu 2016
[14]

China Valve surgery with CPB 29 32 No

BIS indicates bispectral index; CPB, cardiopulmonary bypass; DEX, dexmedetomidine; RASS, Rich
2.3. Data abstraction and quality assessment

Data were independently extracted by 2 reviewers and meta-
analyzed according to predefined study selection criteria and clinical
end points. The methodological quality of included studies was evaluat-
ed using the Cochrane risk of bias assessment tool as previously
prescribed [12]. Disagreements on data abstraction and quality assess-
ment between the 2 reviewers were resolved by a third reviewer.
The abstracted data were as follows: first author, year of publication,
region or country, surgery type, sample size, and details of sedation
with dexmedetomidine and propofol (eg, sedation goal and drug dos-
ages). The following adverse eventswere extracted if reported: delirium,
Propofol Target sedation level

Infusion
rate

Loading
dose

Infusion rate

min
0.2-0.7 μg
kg−1 h−1 Varied

Varied, 97.56
± 15.83 mg/h

RSS ≥ 3 during assisted ventilation
and ≥2 after extubation

min
0.2-0.7 μg
kg−1 h−1 No

0.3-4.5 mg
kg−1 h−1

RSS = 5 for the first 2 h after
surgery, followed by a score of 3-4

0.2-0.7 μg
kg−1 h−1 No

1.2-3 mg kg−1

h−1
RSS = 3 before extubation and 2
after extubation

0.2-0.5 μg
kg−1 h−1 No

2-4 mg kg−1

h−1 in ICU
Not given

0.2-0.7 μg
kg−1 h−1 No

0.3-2 mg kg−1

h−1 RASS was used (unclear)

0.2-1.0 μg
kg−1 h−1 No

1-3 mg kg−1

h−1
RSS: 3-4
BIS: 60-90

no
0.2-0.7 μg
kg−1 h−1 No

1.5-3 mg kg−1

h−1 SAS = 4

0.2-1.5 μg
kg−1 h−1 No

0.3-3 mg kg−1

h−1 RASS: −3 to 0

mondAgitation-Sedation Scale; RSS, Ramsay Sedation Score; SAS, Sedation-Agitation Scale.
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Table 2
Risk of bias in the included RCTs

Study [ref.]
Random sequence
generation

Allocation
concealment

Blinding of participants and
personnel

Blinding of outcome
assessment

Incomplete
outcome data

Selective
reporting

Other sources
of bias

Herr et al [16] Unclear Low risk High risk Unclear Low risk Low risk Low risk
Corbett et al [15] Low risk Low risk High risk Unclear Low risk Low risk Low risk
Maldonado et al [10] Unclear Unclear High risk Low risk Low risk Low risk Low risk
Ren et al [17] Unclear Unclear High risk High risk Low risk Low risk Low risk
Eremenko and Chemova [18] Unclear Unclear High risk Unclear Low risk Low risk Low risk
Karaman et al [19] Low risk Low risk High risk Unclear Low risk Low risk Low risk
Djaiani et al [11] Low risk Low risk High risk Low risk Low risk Low risk Low risk
Liu et al [14] Low risk Low risk High risk Low risk Low risk Low risk Low risk
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hypotension, bradycardia, atrialfibrillation, ventricular tachycardia, nau-
sea and vomiting, hyperglycemia, and any postoperative infection. In ad-
dition, length of intubation and duration of ICU and hospital stay were
also extracted.

The primary end point of themeta-analysis was the incidence of de-
lirium, whereas secondary end points were the incidences of hypoten-
sion, bradycardia and atrial fibrillation, the length of intubation, and
the duration of ICU stay. These end points were chosen because of
their importance in clinical practice and frequency of being reported.

2.4. Statistical analysis

Treatment effects were reported as risk ratio (RR) with 95% confi-
dence interval (CI) for adverse events or mean difference (MD) with
95% CI for length of intubation and duration of ICU and hospital stay.
Analyses were performed using Review Manager 5.3 (The Cochrane
Collaboration). We assessed the heterogeneity among studies using
Cochran Q test (P b .10 for statistical significance) and the I2 index (I2

N 50% for substantial heterogeneity). If heterogeneity was absent, the
fixed-effect model was chosen to calculate pooled effects; otherwise, a
random-effect model was used.We used TSA to examine andminimize
the impact of type 1 errors due to sparse data and repeated significance
testing following updateswith new trials [13]. The software TSA version
0.9 betawas used for these analyses [13]. P b .05 (2-sided)was regarded
as statistically significant.

3. Results

3.1. Identifying eligible studies

The results of our search strategy are shown in Fig. 1. We identified
503 titles, including 132 articles in PubMed, 146 articles in Web of Sci-
ence, 141 articles in Embase, 57 articles in Cochrane Library, and 27 ar-
ticles in ClinicalTrials.gov. Of these, 489 studies did not meet the
inclusion criteria or were duplicates retrieved from the 4 databases
and 1 Web site. We excluded studies on the bases of trial type, surgery
type, and patient age. A total of 14 studies were reviewed, of which 8
publications met all selection criteria. However, 1 study data could not
Study or Subgroup

Corbett 2005

Djaiani 2016

Liu 2016

Maldonado 2009

Total (95% CI)

Total events

Heterogeneity: Chi² = 5.40, df = 3 (P = .14); I² = 44%

Test for overall effect: Z = 3.72 (P = .0002)

Events

1

16

0

1

18

Total

43

91

29

30

193

Events

1

29

2

15

47

Total

46

92

32

30

200

Weight

2.0%

61.1%

5.0%

31.8%

100.0%

M-H, 

1.07

0.5

0.2

0.0

0.40

Dexmedetomidine Propofol Ris

Fig. 2. Meta-analys
be extracted. Recently, we conducted a similar study [14]. Therefore,
there were still 8 studies [10,11,14-19] included in the meta-analysis
and they reported 969 patients in all, of whom 481 were assigned to
the dexmedetomidine group and 488 to the propofol group.

3.2. Description of the included papers

The details of surgery type, the number of patients, and the protocol
of sedation of the included studies are presented in Table 1. Four studies
were coronary artery bypass grafting (CABG), 2 studies were valve sur-
gery, and 2 studies were mixed cardiac surgery. The smallest study
contained 55 patients [18], whereas the largest study included 295 pa-
tients [16]. The overall quality of the trials is moderate, none of them
met the “blinding of participants and personnel” bias criterion and
thus were rated as high-risk (Table 2).

3.3. Outcomes of the pooled studies

The incidence of delirium was reported in the 4 RCTs [10,11,14,15].
There were 18 (9.3%) of 193 patients with delirium in the
dexmedetomidine group and 47 (23.5%) of 200 patients with delirium
in the propofol group. Meta-analysis showed that the dexmedetomidine
sedation significantly decreased postoperative delirium (POD; RR, 0.40;
95% CI, 0.24-0.64; P = .0002) (Fig. 2). Although the number of patients
was small and therefore the quality of evidence is not high, TSA led us
to upgrade the overall assessment (Fig. 3).

Pooling of data from 5 studies [14-16,18,19] and another 6 studies
[11,14-17,19] showed that there was no difference in the incidence of
hypotension or atrial fibrillation between dexmedetomidine and
propofol sedation strategies, respectively (Figs. 4 and 5). However,
when compared with propofol, dexmedetomidine sedation was associ-
ated with a higher risk of bradycardia (RR, 3.17; 95% CI, 1.41-7.10; P =
.005) (Fig. 6) from the pooled results of 4 studies [14,16,18,19]. These
results were confirmed by TSA (Supplementary Electronic Material,
Figs. E1, E2, and E3).

Seven studies reported the length of intubation as an outcome [10,11,
14-16,18,19]. Meta-analysis showed that dexmedetomidine sedation
might decrease the length of intubation compared with propofol
Fixed, 95% CI

 [0.07, 16.57]

6 [0.33, 0.95]

2 [0.01, 4.40]

7 [0.01, 0.47]

 [0.24, 0.64]

k Ratio Risk Ratio

M-H, Fixed, 95% CI

0.01 0.1 1 10 100

Favours dexmedetomidine Favours propofol

is of delirium.
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Fig. 3. Trial sequential analysis of 4 trials of the effect of dexmedetomidine sedation on the incidence of delirium compared with propofol. Cumulative Z curve in blue does not cross the
boundary of required information size (RIS; 1,036) in themeta-analysis (full red linewith diamonds)with a relative risk reduction (RRR) of 60.43% (α=.05) and a power of 80% (β=0.20).
However, the cumulative Z curve breaks through the trial sequential monitoring boundary for favoring dexmedetomidine. The analysis therefore demonstrated that dexmedetomidine, as
compared with propofol, had an intervention effect of an RRR of 60.43% with a power of 80% in 4 randomized trials with a total number of accrued participants of 393.
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(hours; MD, −0.95; 95% CI, −1.26 to−0.64; P b .00001) (Fig. 7). In the
subgroup analysis, there was a significant difference in the length of in-
tubation in the patients who underwent CABG between the
dexmedetomidine and propofol sedation regimens (hours; MD, −0.98;
95% CI,−1.30 to−0.66; P b .00001) (Fig. 7). However, there was no sig-
nificant difference in the length of intubation in the patients who
underwent valve surgery or mixed cardiac surgery between the 2 seda-
tion regimens (Fig. 7). Themeta-analysis and TSA of the length of intuba-
tion both showed that the outcome was mainly affected by the study
conducted by Karaman et al [19] (Fig. 7 and Supplementary Electronic
Material, Fig. E4).

In addition, a meta-analysis of 5 studies [10,11,14,15,18] of
dexmedetomidine vs propofol found no difference in the duration of
ICU stay (hours; MD, −9.72; 95% CI, −29.22 to 9.78; P = .33) (Fig. 8),
which was confirmed by TSA (Supplementary Electronic Material,
Fig. E5). The heterogeneity of duration of ICU stay (I2 = 78% and P =
.001) is considerable among the included trials.

3.4. Publication bias and sensitivity analyses

We were unable to evaluate the publication bias due to the small
number of the included studies in each comparison. Through performing
Study or Subgroup

Corbett 2005

Eremenko 2014

Herr  2003

Karaman 2015

Liu 2016

Total (95% CI)

Total events

Heterogeneity: Chi² = 6.51, df = 4 (P = .16); I² = 39%

Test for overall effect: Z = 0.98 (P = .33)

Events

35

9

36

4

9

93

Total

43

28

148

31

29

279

Events

31

15

24

5

11

86

Total

46

27

147

33

32

285

Weight

35.4%

18.1%

28.5%

5.7%

12.4%

100.0%

M-H, F

1.2

0.5

1.4

0.8

0.9

1.12

Dexmedetomidine Propofol Ris

Fig. 4.Meta-analysis
a sensitivity analysis (the studies with “low risk” of “random sequence
generation” and “allocation concealment”), the overall effect size was
found to change minimally regardless of delirium or the length of intu-
bation, but the incidence of bradycardia was found no difference be-
tween the dexmedetomidine and propofol sedation strategies (Table 3).

4. Discussion

This meta-analysis suggests that dexmedetomidine sedation may
reduce delirium and the length of intubation, but may increase the
risk of bradycardia in patients after cardiac surgery compared with
propofol. There was no difference in the incidence of hypotension or
atrial fibrillation, or the duration of ICU stay between the 2 sedation
strategies.

Delirium is an acute mental disorder that involves changes in con-
sciousness, attention, cognition, and perception [11]. Postoperative de-
lirium occurs frequently in patients after cardiac surgery and is
associated with prolonged hospital stay, higher costs, and increased
morbidity and mortality [10,11,20]. Our results showed that
dexmedetomidine sedationmay reduce the incidence of POD compared
with propofol. Several specific characteristics of dexmedetomidine may
contribute to its effect on prevention of POD, such as follows:
ixed, 95% CI

1 [0.94, 1.55]

8 [0.31, 1.09]

9 [0.94, 2.37]

5 [0.25, 2.88]

0 [0.44, 1.86]

 [0.90, 1.39]

k Ratio Risk Ratio

M-H, Fixed, 95% CI

0.01 0.1 1 10 100

Favours dexmedetomidine Favours propofol

of hypotension.

Image of Fig. 4
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Corbett 2005

Djaiani 2016

Herr  2003

Karaman 2015

Liu 2016

Ren 2013

Total (95% CI)

Total events

Heterogeneity: Chi² = 3.51, df = 5 (P = .62); I² = 0%

Test for overall effect: Z = 0.35 (P = .72)

Events

1

53

12

2

17

1

86

Total

43

91

148

31

29

81

423

Events

0

48

12

1

19

5

85

Total

46

92

147

33

32

81

431

Weight

0.6%

56.6%

14.3%

1.1%

21.4%

5.9%

100.0%

M-H, Fixed, 95% CI

3.20 [0.13, 76.60]

1.12 [0.86, 1.45]

0.99 [0.46, 2.14]

2.13 [0.20, 22.32]

0.99 [0.65, 1.50]

0.20 [0.02, 1.67]

1.04 [0.84, 1.30]

Dexmedetomidine Propofol Risk Ratio Risk Ratio

M-H, Fixed, 95% CI

0.01 0.1 1 10 100

Favours dexmedetomidine Favours propofol

Fig. 5.Meta-analysis of atrial fibrillation.
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dexmedetomidine improves the quality of sleep in critically ill patients,
has opioid-sparing effect, is lacking anticholinergic activity, and attenu-
ates the inflammatory response [9,11]. Conversely, propofol, which acts
by potentiating γ-aminobutyric acid type A receptors, has been impli-
cated in the development andworsening of delirium [10]. Furthermore,
unlike propofol, dexmedetomidine does not cause respiratory depres-
sion and could hypothetically improveweaning and shorten extubation
times [6,11]. Consequently, it is not surprising that the use of
dexmedetomidine has increased over time in critically ill patients, espe-
cially in patients after cardiac surgery [21].

The study also showed that dexmedetomidine sedation shortened
the length of intubation compared with propofol. However, there was
a subgroup difference effect across different surgery types: CABG [15,
16,19] (MD, −0.98; 95% CI,−1.30 to−0.66; P b .00001), valve surgery
[10,14] (MD, 0.30; 95% CI, −1.40 to 1.99; P = .73), and mixed cardiac
surgery [11,18] (MD,−1.70; 95% CI,−4.04 to 0.64; P= .15). The results
revealed that dexmedetomidine might only facilitate early extubation
in patients after CABG, which was similar to a previously published
meta-analysis [9]. Compared with patients undergoing CABG, patients
undergoing valve surgery or combined cardiac surgery are less fit and
have higher incidence of complications [2-4,22-24], which may conceal
the effect of dexmedetomidine sedation on shortening length of intuba-
tion. Further research is still needed to confirm this conclusion. In addi-
tion, the results of the meta-analysis did not support that
dexmedetomidine sedation could reduce the duration of ICU stay com-
pared with propofol in patients after cardiac surgery, even in patients
after isolated CABG [15]. This may be due to the severity of illness and
postoperative complications play the main role in determining the du-
ration of ICU stay. Furthermore, the heterogeneity of the duration of
ICU stay is considerable among the included trials, whichmay be attrib-
uted to different surgery types and primary outcomes in these trials and
different clinical practices in these ICUs.

The most common adverse events associated with dexmedetomidine
treatment are hypotension and bradycardia [6]. Our results showed that
Study or Subgroup

Eremenko 2014

Herr  2003

Karaman 2015

Liu 2016

Total (95% CI)

Total events

Heterogeneity: Chi² = 0.47, df = 3 (P = .93); I² = 0%

Test for overall effect: Z = 2.80 (P = .005)

Events

10

5

2

5

22

Total

28

148

31

29

236

Events

3

2

1

1

7

Total

27

147

33

32

239

Weight

43.8%

28.7%

13.9%

13.6%

100.0%

M-H, 

3.21

2.48

2.13

5.52

3.17

Dexmedetomidine Propofol Ris

Fig. 6.Meta-analysis
the incidence of hypotension was high in the dexmedetomidine group,
but there was no difference in the incidence of hypotension between
the dexmedetomidine and propofol sedation regimens (33.3% vs 30.2%,
P = .33). However, dexmedetomidine sedation was associated with a
higher incidence of bradycardia compared with propofol (9.3% vs 2.9%,
P = .005). Interestingly, sensitivity analysis revealed that the incidence
of bradycardia was found no difference between the 2 regimens in the
studies with low risk of random sequence generation and allocation con-
cealment. These results caution that we should closely monitor blood
pressure and electrocardiography (heart rate) regardless of using
dexmedetomidine or propofol for sedation.

Atrial fibrillation is themost common complication after cardiac sur-
gery [25]. Although studies demonstrated that dexmedetomidine could
reduce myocardial ischemia-reperfusion injury and improve the perfu-
sion of myocardium in patients undergoing cardiac surgery [8,17] and
could decrease catecholamines [26] and inhibit the arrhythmogenic ef-
fect of epinephrine [27], the results were unable to confirm that
dexmedetomidine sedation could reduce the incidence of postoperative
atrial fibrillation after cardiac surgery compared with propofol.

Although we have adhered to Cochrane methodology and applied
TSA to strengthen our conclusions and reduce the risk of random
error, there are some potential limitations in the meta-analysis. First,
the number of patients in most clinical trials included in the meta-
analysis is limited and is thus at risk of overestimating treatment effects
and of underestimating adverse effects. Second, there is a large variety
of primary end points in the retrieved studies. The selection of patients,
the study period, the sedation levels, the definitions of outcomes, and
the methods of assessments were also different in these trials, which
may affect the precision and reliability of the outcomes. A more con-
trolled research setting may be necessary to accurately evaluate the ef-
fects of dexmedetomidine and propofol on outcomes.

In summary, this is the first meta-analysis comparing the effects
of dexmedetomidine and propofol sedation on outcomes in patients
after cardiac surgery. This study showed that dexmedetomidine
Fixed, 95% CI

 [0.99, 10.43]

 [0.49, 12.60]

 [0.20, 22.32]

 [0.68, 44.49]

 [1.41, 7.10]

k Ratio Risk Ratio

M-H, Fixed, 95% CI

0.01 0.1 1 10 100
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of bradycardia.
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sedation might reduce the risk of POD and shorten the length of
intubation. Therefore, dexmedetomidine might be a better choice for
sedation in patients after cardiac surgery compared with propofol.
However, we still should be vigilant about the risk of hypotension and
bradycardia caused by dexmedetomidine. Furthermore, high-quality,
Table 3
Sensitivity analysis according to low risk of random sequence generation and allocation
concealment

Outcomes
No. of
studies

No. of
patients RR (95% CI) P I2

Delirium 3 333 0.55 (0.33 to 0.92) .02 0%
Hypotension 3 214 1.10 (0.85 to 1.42) .47 0%
Bradycardia 2 125 3.63 (0.76 to 17.26) .11 0%
Atrial fibrillation 4 397 1.11 (0.89 to 1.39) .35 0%
Length of intubation 4 397 −0.97 (−1.31 to −0.64) b.00001 0%
Length of ICU stay 3 333 0.06 (−1.64 to 1.76) .95 0%
large-scale RCTs are still needed to confirm the clinical benefits of
dexmedetomidine sedation for patients after cardiac surgery.

Appendix A. Supplementary data

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.jcrc.2016.10.026.

References

[1] Mao H, Katz N, Ariyanon W, Blanca-Martos L, Adybelli Z, Giuliani A, et al. Cardiac
surgery-associated acute kidney injury. Cardiorenal Med 2013;3:178–99.

[2] Shahian DM, O'Brien SM, Filardo G, Ferraris VA, Haan CK, Rich JB, et al. The Society of
Thoracic Surgeons 2008 cardiac surgery risk models: part 3—valve plus coronary ar-
tery bypass grafting surgery. Ann Thorac Surg 2009;88:S43–62.

[3] O'Brien SM, Shahian DM, Filardo G, Ferraris VA, Haan CK, Rich JB, et al. The Society of
Thoracic Surgeons 2008 cardiac surgery risk models: part 2—isolated valve surgery.
Ann Thorac Surg 2009;88:S23–42.

[4] Shahian DM, O'Brien SM, Filardo G, Ferraris VA, Haan CK, Rich JB, et al. The Society of
Thoracic Surgeons 2008 cardiac surgery risk models: part 1—coronary artery bypass
grafting surgery. Ann Thorac Surg 2009;88:S2–22.

http://dx.doi.org/10.1016/j.jcrc.2016.10.026
http://dx.doi.org/10.1016/j.jcrc.2016.10.026
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0005
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0005
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0010
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0010
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0010
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0015
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0015
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0015
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0020
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0020
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0020


196 X. Liu et al. / Journal of Critical Care 38 (2017) 190–196
[5] Osawa EA, Rhodes A, Landoni G, Galas FR, Fukushima JT, Park CH, et al. Effect of peri-
operative goal-directed hemodynamic resuscitation therapy on outcomes following
cardiac surgery: a randomized clinical trial and systematic review. Crit Care Med
2015.

[6] Lin YY, He B, Chen J, Wang ZN. Can dexmedetomidine be a safe and efficacious sed-
ative agent in post-cardiac surgery patients? A meta-analysis. Crit Care 2012;16:
R169.

[7] Barr J, Fraser GL, Puntillo K, Ely EW, Gelinas C, Dasta JF, et al. Clinical practice guide-
lines for the management of pain, agitation, and delirium in adult patients in the in-
tensive care unit. Crit Care Med 2013;41:263–306.

[8] Ji F, Li Z, Nguyen H, Young N, Shi P, Fleming N, et al. Perioperative dexmedetomidine
improves outcomes of cardiac surgery. Circulation 2013;127:1576–84.

[9] Geng J, Qian J, Cheng H, Ji F, Liu H. The influence of perioperative dexmedetomidine
on patients undergoing cardiac surgery: a meta-analysis. PLoS One 2016;11:
e0152829.

[10] Maldonado JR, Wysong A, van der Starre PJ, Block T, Miller C, Reitz BA.
Dexmedetomidine and the reduction of postoperative delirium after cardiac sur-
gery. Psychosomatics 2009;50:206–17.

[11] Djaiani G, Silverton N, Fedorko L, Carroll J, Styra R, Rao V, et al. Dexmedetomidine
versus propofol sedation reduces delirium after cardiac surgery: a randomized con-
trolled trial. Anesthesiology 2016;124:362–8.

[12] Song F, Zhong LJ, Han L, Xie GH, Xiao C, Zhao B, et al. Intensive insulin therapy for
septic patients: a meta-analysis of randomized controlled trials. Biomed Res Int
2014;2014:698265.

[13] Thorlund K, Engstrøm J, Wetterslev J, Brok J, Imberger G, Gluud C. User manual for
trial sequential analysis (TSA). Copenhagen, Denmark: Copenhagen Trial Unit, Cen-
tre for Clinical Intervention Research; 2011 1–115[Available from www.ctu.dk/tsa].

[14] Liu X, Zhang K, Wang W, Xie G, Cheng B, Wang Y, et al. Dexmedetomidine versus
propofol sedation improves sublingual microcirculation after cardiac surgery: a ran-
domized controlled trial. J Cardiothorac Vasc Anesth 2016. http://dx.doi.org/10.
1053/j.jvca.2016.05.038.

[15] Corbett SM, Rebuck JA, Greene CM, Callas PW, Neale BW, Healey MA, et al.
Dexmedetomidine does not improve patient satisfaction when compared with
propofol during mechanical ventilation. Crit Care Med 2005;33:940–5.
[16] Herr DL, Sum-Ping ST, England M. ICU sedation after coronary artery bypass graft
surgery: dexmedetomidine-based versus propofol-based sedation regimens. J
Cardiothorac Vasc Anesth 2003;17:576–84.

[17] Ren J, Zhang H, Huang L, Liu Y, Liu F, Dong Z. Protective effect of dexmedetomidine in
coronary artery bypass grafting surgery. Exp Ther Med 2013;6:497–502.

[18] Eremenko AA, Chemova EV. Comparison of dexmedetomidine and propofol for
short-term sedation in early postoperative period after cardiac surgery. Anesteziol
Reanimatol 2014;37-41.

[19] Karaman Y, Abud B, Tekgul ZT, Cakmak M, Yildiz M, Gonullu M. Effects of
dexmedetomidine and propofol on sedation in patients after coronary artery bypass
graft surgery in a fast-track recovery room setting. J Anesth 2015;29:522–8.

[20] Gosselt AN, Slooter AJ, Boere PR, Zaal IJ. Risk factors for delirium after on-pump car-
diac surgery: a systematic review. Crit Care 2015;19:346.

[21] Wunsch H, Kahn JM, Kramer AA, Wagener G, Li GH, Sladen RN, et al.
Dexmedetomidine in the care of critically ill patients from 2001 to 2007: an obser-
vational cohort study. Anesthesiology 2010;113:386–94.

[22] Goel K, Pack QR, Lahr B, Greason KL, Lopez-Jimenez F, Squires RW, et al. Cardiac re-
habilitation is associated with reduced long-term mortality in patients undergoing
combined heart valve and CABG surgery. Eur J Prev Cardiol 2015;22:159–68.

[23] Ch'ng SL, Cochrane AD, Wolfe R, Reid C, Smith CI, Smith JA. Procedure-specific cardi-
ac surgeon volume associated with patient outcome following valve surgery, but not
isolated CABG surgery. Heart Lung Circ 2015;24:583–9.

[24] Savage PD, Rengo JL, Menzies KE, Ades PA. Cardiac rehabilitation after heart valve
surgery: comparison with coronary artery bypass graft patients. J Cardiopulm
Rehabil Prev 2015;35:231–7.

[25] Burgess DC, Kilborn MJ, Keech AC. Interventions for prevention of post-operative
atrial fibrillation and its complications after cardiac surgery: a meta-analysis. Eur
Heart J 2006;27:2846–57.

[26] Mukhtar AM, Obayah EM, Hassona AM. The use of dexmedetomidine in pediatric
cardiac surgery. Anesth Analg 2006;103:52–6.

[27] Hayashi Y, Sumikawa K, Maze M, Yamatodani A, Kamibayashi T, Kuro M, et al.
Dexmedetomidine prevents epinephrine-induced arrhythmias through stimulation
of central alpha 2 adrenoceptors in halothane-anesthetized dogs. Anesthesiology
1991;75:113–7.

http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0025
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0025
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0025
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0025
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0030
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0030
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0030
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0035
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0035
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0035
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0040
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0040
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0045
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0045
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0045
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0050
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0050
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0050
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0055
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0055
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0055
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0060
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0060
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0060
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0065
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0065
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0065
http://dx.doi.org/10.1053/j.jvca.2016.05.038
http://dx.doi.org/10.1053/j.jvca.2016.05.038
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0075
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0075
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0075
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0080
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0080
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0080
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0085
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0085
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0090
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0090
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0090
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0095
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0095
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0095
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0100
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0100
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0105
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0105
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0105
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0110
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0110
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0110
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0115
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0115
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0115
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0120
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0120
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0120
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0125
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0125
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0125
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0130
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0130
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0135
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0135
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0135
http://refhub.elsevier.com/S0883-9441(16)30336-7/rf0135

	Dexmedetomidine vs propofol sedation reduces delirium in patients after cardiac surgery: A meta-�analysis with trial sequen...
	1. Introduction
	2. Methods
	2.1. Literature search
	2.2. Eligibility criteria
	2.3. Data abstraction and quality assessment
	2.4. Statistical analysis

	3. Results
	3.1. Identifying eligible studies
	3.2. Description of the included papers
	3.3. Outcomes of the pooled studies
	3.4. Publication bias and sensitivity analyses

	4. Discussion
	Appendix A. Supplementary data
	References


