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C L I N I C A L I N V E S T I G A T I O N
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Abstract

Background: Organ dysfunction after cardiac surgery may be reduced by dexmedetomidine. We evaluated whether 

perioperative dexmedetomidine reduces complications after cardiac surgery with cardiopulmonary bypass.

Methods: In this randomised, double-blind, placebo-controlled trial conducted in nine Chinese hospitals, adults 

scheduled for cardiac surgery with cardiopulmonary bypass were randomly assigned to receive i.v. dexmedetomidine 

(0.4 μg kg − 1 h − 1 ) or saline (placebo) for 12 h after the induction of anaesthesia. The co-primary outcomes were in-hospital 

mortality and major complications after surgery (including stroke, myocardial infarction, heart block, cardiac arrest), 

analysed by intention-to-treat. Secondary outcomes included individual complications.

Results: A total of 1073 participants (46% female; mean age: 54 yr [range: 47− 63 yr]) completed the study after ran-

domisation. Major complications occurred in 161/536 (30%) participants who received dexmedetomidine, compared with 

169/537 (32%) who received saline (relative risk: 0.93 [95% confidence interval: 0.72—1.21]; P=0.66). In addition, 10/536 

(1.9%) participants who received dexmedetomidine died in hospital, compared with 15/537 (2.8%) participants who 

received saline (odds ratio: 0.66 [95% confidence interval: 0.29—1.49]; P=0.32). Major complications, other than heart block, 

did not differ between participants who received dexmedetomidine, compared with participants who received saline. 

Safety outcomes and process measures did not differ between participants allocated to dexmedetomidine or saline. 

Conclusions: Perioperative use of dexmedetomidine did not reduce death, complications, or both in adults undergoing 

cardiopulmonary bypass-assisted cardiac surgery.
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Clinical trial registration: ClinicalTrials.gov (NCT02237495).
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Editor’s key points

• Dexmedetomidine could potentially protect organs 

in cardiac surgery with cardiopulmonary bypass.

• This multicentre placebo-controlled RCT evaluated 

whether perioperative dexmedetomidine reduces 

complications after cardiac surgery with cardiopul-

monary bypass.

• A total of 1100 adults scheduled for cardiac surgery 

with cardiopulmonary bypass were randomly 

assigned to receive either i.v. dexmedetomidine or 

normal saline for 12 h after induction of anaesthesia.

• Mortality and complication rates were similar be-

tween dexmedetomidine and placebo groups.

• Perioperative use of dexmedetomidine did not reduce 

organ dysfunction in adults undergoing cardiopul-

monary bypass-assisted cardiac surgery.

Cardiac surgery is associated with high rates of postoperative 

mortality and morbidity, 1,2 with major adverse events occur-

ring in around 12% of cardiac surgical patients compared with 

3% in other surgical populations. 3 Major complications after 

valve and coronary artery bypass grafting (CABG) procedures 

can occur in up to 30% of patients. 4,5 Consequently, healthcare 

costs increase substantially as a result of postoperative com-

plications. 6 Preventing these complications and enhancing 

survival rates in cardiac surgery patients remain challenging. 

Dexmedetomidine, a selective α 2 -adrenergic receptor 

agonist, exerts anxiolytic, sedative, analgesic, and sympatho-

lytic effects by inhibiting central sympathetic outflow through 

the blockade of α 2 -receptors in the brainstem. Dexmedetomi-

dine offers potentially beneficial effects in surgical 

settings, 7—10 particularly in cardiac surgery. 2,11,12 A recent 

systematic review and meta-analysis of 23 studies found that 

perioperative dexmedetomidine use decreased 30-day mor-

tality, and in-hospital and ICU stays, and reduced incidence of 

delirium and atrial fibrillation. 13 However, no guidelines 

currently recommend its perioperative use. 14,15 The hetero-

geneity among studies complicates the interpretation of its 

benefits, as another meta-analysis found no reduction in 

mortality or major complications from prophylactic α 2 - 
agonists. 16

To address confounding biases in observational studies 

and insufficient power in small trials, we conducted a large 

multicentre randomised placebo-controlled trial to determine 

whether perioperative dexmedetomidine administration ma-

jor complications in patients undergoing cardiopulmonary 

bypass (CPB)-assisted cardiac surgery.

Methods

Study design

Effects of Dexmedetomidine on Outcomes after Cardiac Sur-

gery (DOCS) was an investigator-initiated, multicentre,

randomised, double-blind, parallel-arm, and placebo-

controlled trial. The effect of perioperative dexmedetomidine 

on postoperative in-hospital all-cause mortality and major 

morbidities was assessed. Ethical approvals from the institu-

tional review board and ethics committee at each site were 

obtained. Before randomisation, all participants or their sur-

rogates provided written informed consent. The trial was 

registered at ClinicalTrials.gov before the first enrolment 

(NCT02237495), and overseen by an independent steering 

committee, aligning with a prespecified protocol and statisti-

cal analysis plan (Supplementary material) with regular site 

visits. The study was conducted at nine cardiovascular surgi-

cal centres across China, led by Xijing Hospital 

(Supplementary material).

Inclusion criteria

Patients ≥18 yr who underwent elective cardiac surgeries (i.e. 

isolated CABG, isolated valve, or concomitant CABG or valve 

surgery) with CPB were screened.

Exclusion criteria

We excluded emergency surgeries, participation in other trials 

within 30 days, refusal to consent, pregnancy, expected deep 

hypothermic circulatory arrest during surgery, myocardial 

infarction (MI) 30 days before the surgery, preoperative left 

ventricular ejection fraction <30% or severe heart failure, sick 

sinus or Wolff—Parkinson—White syndromes, sinus brady-

cardia (heart rate <50 beats min − 1 ), second degree or greater 

atrioventricular block without pacemaker, severe hepatic 

dysfunction (Child—Pugh class C), renal dysfunction (requiring 

renal replacement therapy [RRT]), known adverse responses to

α 2 -agonists, and α 2 -agonist exposure 30 days before the 

surgery.

Randomisation and masking

Randomisation was conducted using computer-generated 

permuted blocks with unknown sizes, stratified by site. Par-

ticipants were assigned to receive either i.v. dexmedetomidine 

or placebo (saline) in a 1:1 ratio. Allocation was encrypted via a 

web-based central randomisation service. Trained research 

nurses prepared study drugs and were not involved in other 

aspects of the trial. All personnel, including patients, sur-

geons, anaesthesiologists, intensivists, and statisticians, were 

blinded.

Study intervention

Dexmedetomidine (200 μg 2 ml − 1 ,Jiangsu Hengrui Medicine 

Co., Ltd.) and saline were provided in identical, pre-packed 

masked bottles. Independent drug encoding was handled by 

Jiangsu Hengrui Medicine Co., Ltd. In emergencies, treatment 

allocation could be unmasked by attending anaesthesiologists 

or intensivists to adjust doses or interrupt infusion, with all
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procedures documented. Study medications were diluted with 

saline to 50 ml before administration. Dexmedetomidine at 8 

μg ml − 1 concentration, or the same volume of saline, was 

continuously infused at 0.05 ml kg − 1 h − 1 (0.4 μg kg − 1 h − 1 ) i.v. 

The intervention commenced after anaesthesia induction and 

lasted for 12 h.

Clinical care

Perioperative monitoring and management followed the 

routine procedures of each centre and were at the discretion of 

the attending anaesthesiologists, with a general goal of 

maintaining mean arterial pressure (MAP) >65 mm Hg, central 

venous pressure 8—10 mm Hg, and cardiac index >2.2 L min − 1 

m − 2 . Haemodynamics were closely monitored with trans-

oesophageal echocardiography, central venous or pulmonary 

artery catheters, and radial artery catheter. Anaesthesia was 

maintained with volatile agents or propofol, and neuromus-

cular blocking agents used included rocuronium or cis-

atracurium. Traditional midline sternotomy open-heart 

procedure or thoracoscopy-assisted mini-invasive intercostal 

incision procedure were considered. CPB was supported by a 

membrane oxygenator and maintained MAP of 65—75 mm Hg. 

Dexmedetomidine infusion rates could be adjusted by anaes-

thesiologists or ICU physicians, with sedatives allowed, but no 

other α 2 -agonists.

Primary outcome

The co-primary outcomes were postoperative in-hospital 

mortality and major morbidities, including permanent or 

transient stroke, coma, perioperative MI, heart block, and 

cardiac arrest (details in Supplementary material).

Secondary outcomes

Secondary outcomes were each individual complication 

included in the co-primary outcome, plus new atrial fibrilla-

tion, acute kidney injury (AKI, defined by Kidney Disease: 

Improving Global Outcomes group), renal failure (stage 3 and 

AKI requiring RRT), and infections. Other prespecified out-

comes include postoperative length of hospital stay (LOS), 

length of ICU stay, and incidence of respiratory failure (defined 

as the need for mechanical ventilation over 48 h).

Safety outcomes

We recorded episodes of hypotension and bradycardia (heart 

rate <50 beats min − 1 ) that required intervention or treatment.

Exploratory outcomes

We also recorded 30-day and 1-yr complications such as 

mortality, major complications, atrial fibrillation, unplanned 

re-operation, and postoperative delirium (assessed with 

Confusion Assessment Method for ICU). Follow-ups were 

made by phone calls at 30 days and 1-yr. For patients lost to 

follow-up, their families, attending general practitioners, or 

surgeons were contacted by telephone or e-mail.

Sample size

Sample sizes were calculated for each endpoint indepen-

dently, with the final sample size determined based solely on 

in-hospital mortality estimates, owing to its lower event rate.

On the basis of previous studies, 2,17,18 we estimated that the in-

hospital mortality would be 4.5% of the patients in the placebo 

group. We calculated that a sample size of 550 in each group 

(1100 patients in total) would provide 90% power to detect a 

3.2% absolute reduction in the risk of in-hospital mortality 

(decreasing to 1.3%, corresponding to Cohen’s d=0.2) 2 in the 

dexmedetomidine group compared with the placebo group, 

using a two-sided alpha of 0.05. This calculation accounted for 

a 10% dropout rate. No interim analysis was planned.

Statistical analysis

Continuous data were described as mean (standard deviation 

[SD]) or median (interquartile range [IQR]), with comparisons 

using t-tests, Mann—Whitney tests, or Kruskal—Wallis tests. 

Normality was assessed using the Shapiro—Wilk test. Cate-

gorical data were presented as counts (percentages) (n [%]), 

and compared using Fisher’s exact or χ 2 tests. Variables with 

between-group absolute standardised differences (ASDs) 

>0.12 were considered imbalanced and was adjusted in ana-

lyses, derived from the formula 1.96×√[(550+550)/(550×550)]. 

In accordance with the prespecified statistical plan 

(Supplementary material), the primary analysis utilised a 

modified intention-to-treat population, including randomised 

patients who underwent the planned surgery, irrespective of 

the actual intervention received, unless consent was with-

drawn. The co-primary endpoints were compared using two-

tailed χ 2 tests or Fisher’s exact test, as appropriate, and were 

expressed as risk differences (RDs) with 95% confidence in-

tervals (CIs). The intervention effect was estimated using log-

binomial or logistic regression as appropriate and expressed 

with odds ratios (ORs) or relative risks (RRs), with 95% CIs. To 

ensure the robustness of the results, prespecified sensitivity 

analyses included an assessment of treatment effect hetero-

geneity across participating centres using the 

Cochran—Mantel—Haenszel test and mixed-effect models. For 

secondary outcomes, proportions were compared using the 

same methods as in the primary analyses. The intervention 

effects on continuous variables (length of hospital and ICU 

stays) were estimated using linear regression, with the coef-

ficient and 95% CIs reported. These were further treated as 

time-to-event variables where hazard ratios (HRs) and 95% Cis 

were derived from Cox proportional hazards models. 

Subgroup and exploratory analyses are detailed in Sup-

plementary material and Supplementary Figure 1.

No missing values were imputed. Statistical significance 

was required for both co-primary endpoints (α=0.05 for each, 

without multiplicity adjustment). No multiple comparisons 

adjustment was made for secondary endpoints, and therefore 

should be interpreted as exploratory. All analyses were per-

formed in R 4.1.0 (R Foundation for Statistical Computing, 

Vienna, Austria).

Results

Study population

From April 2014 to March 2017, from a total of 3642 patients 

screened for eligibility, 1100 were enrolled. After random-

isation, 14 participants randomised to receive dexmedetomi-

dine, and 12 participants randomised to placebo, had their 

surgeries cancelled, changed, or they withdrew consent to 

participate. The modified intention-to-treat population 

included 1073 participants (Table 1, Fig. 1), with 911
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Table 1 Participant characteristics. Data are reported as median (interquartile range) or n (%). *Intraoperative complications include 

hypotension (SBP ≤90 mm Hg or a >30% decrease from baseline), hypertension (SBP ≥180 mm Hg or a >30% increase from baseline), 

bradycardia (HR <50 beats min − 1 ), tachycardia (HR >120 beats min − 1 ), hypoxia (partial pressure of arterial oxygen <60 mm Hg), new-

onset arrhythmia requiring intervention or treatment, need for mechanical circulatory support (including IABP, extracorporeal 

membrane oxygenation, VAD, such as Impella, or permanent pacemaker), cardiac dysfunction with unsuccessfully weaning from 

cardiopulmonary bypass, requiring reinitiation of CPB, massive bleeding, thrombotic events, intraoperative death, and any other 

adverse events or complications. CABG, coronary artery bypass grafting; CK-MB, creatine kinase-myocardial band; COPD, chronic 

obstructive pulmonary disease; CPB, cardiopulmonary bypass; Dex, dexmedetomidine group; EuroSCORE II, European System for 

Cardiac Operative Risk Evaluation II; Hb, haemoglobin; HR, heart rate; IABP, intra-aortic balloon pump; MAP, mean arterial pressure; 

MI, myocardial infarction; Non-Dex, non-dexmedetomidine group; SBP, systolic blood pressure; VAD, ventricular assist device.

Overall (n¼1073) Dex (n¼536) Non-Dex (n¼537)

Patient characteristics

Age, mean (range) (yr) 54.4 (48.0—63.0) 54.2 (47.0—63.0) 54.6 (48.0—63.0)

Sex

Male 579 (54.0) 292 (54.5) 287 (53.4)

Female 494 (46.0) 244 (45.5) 250 (46.6)

Systolic blood pressure (mm Hg) 129 (115—148) 130 (115—150) 128 (116—146)

Diastolic blood pressure (mm Hg) 74.0 (65.0—82.0) 73.0 (65.0—83.0) 74.0 (66.0—82.0)

Weight (kg) 62.6 (11.1) 62.4 (11.2) 62.8 (11.1)

BMI (kg m − 2 ) 22.8 (19.0—28.1) 22.4 (19.0—28.1) 23.1 (19.1—28.7)

Current smoking 456 (33.2) 182 (34.0) 174 (32.4)

Baseline lab tests

Creatinine (μM) 83.0 (67.0—95.0) 83.0 (67.0—96.0) 82.0 (66.0—94.9)

CK-MB (U L − 1 ) 12.3 (10.0—16.0) 12.3 (10.0—16.0) 12.5 (10.0—16.0)

Cardiac history

Angina 148 (13.8) 69 (12.9) 79 (14.7)

Congestive heart failure 71 (6.62) 37 (6.90) 34 (6.33)

Previous MI 55 (5.13) 28 (5.22) 27 (5.03)

Atrial fibrillation 343 (32.0) 168 (31.3) 175 (32.6)

Previous cardiac surgery 43 (4.01) 22 (4.10) 21 (3.91)

EuroSCORE II 1.04 (0.80—1.51) 1.02 (0.80—1.58) 1.10 (0.80—1.50)

Other medical history

Stroke 86 (8.01) 40 (7.46) 46 (8.57)

Diabetes mellitus 91 (8.48) 38 (7.09) 53 (9.87)

Hypertension 271 (25.3) 132 (24.6) 139 (25.9)

Dyslipidaemia 44 (4.10) 19 (3.54) 25 (4.66)

Peptic ulcer disease 32 (2.98) 16 (2.99) 16 (2.98)

Previous gastrointestinal bleed 7 (0.65) 1 (0.19) 6 (1.12)

Peripheral arterial disease 20 (1.86) 8 (1.49) 12 (2.23)

Chronic renal failure 1 (0.09) 0 (0.00) 1 (0.19)

Any coagulopathy 9 (0.84) 1 (0.19) 8 (1.49)

COPD 20 (1.86) 10 (1.87) 10 (1.86)

Preoperative status

Preoperative inotropes or vasopressors 32 (2.98) 17 (3.17) 15 (2.79)

Preoperative IABP or VAD 1 (0.09) 0 (0.00) 1 (0.19)

Surgical incision

Median sternotomy 938 (87.4) 467 (87.1) 471 (87.7)

Minimally invasive intercostal incision 125 (11.6) 65 (12.1) 60 (11.2)

Surgical procedure

Isolated single valve 458 (42.7) 225 (41.9) 233 (43.5)

Aortic valve 207 (19.3) 100 (18.7) 107 (19.9)

Mitral valve 231 (21.5) 117 (21.8) 114 (21.2)

Tricuspid valve 18 (1.68) 8 (1.49) 10 (1.86)

Isolated CABG 114 (10.6) 59 (11.0) 55 (10.3)

Multiple valves 419 (39.0) 215 (40.0) 204 (38.1)

Combined valve+CABG 73 (6.80) 33 (6.15) 40 (7.46)

Other 8 (0.75) 5 (0.93) 3 (0.56)

Missing 1 (0.09) 0 (0.00) 1 (0.19)

Intraoperative adverse events 

Intraoperative complications* 50 (4.66) 23 (4.29) 27 (5.03)

Death 1 (0.09) 0 (0.00) 1 (0.19)

CPB information

Total CPB time (min) 119 (89.0—152) 120 (91.0—153) 118 (88.8—148)

Cross-clamp time (min) 69.0 (51.0—93.0) 69.0 (50.0—93.0) 70.0 (51.0—92.2)

Lowest Hb during CPB (g dl − 1 ) 7.90 (7.10—8.88) 8.00 (7.10—9.00) 7.90 (7.00—8.80)

Lowest MAP during CPB (mm Hg) 45.0 (40.0—51.0) 45.0 (40.0—53.0) 44.0 (39.0—50.0)

Lowest temperature during CPB ( ◦ C) 31.2 (30.0—32.8) 31.2 (30.0—32.9) 31.1 (30.0—32.7)

Antifibrinolytic use 1068 (99.5) 532 (99.3) 536 (99.8)
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456 included in per-protocol 
population

455 included in per-protocol 
population

81 protocol violation
  18 treatment did not last for 12 h
  13 temporary suspension but finished infusion 
  50 received open-labelled alpha2 agonists

81 protocol violation
  22 treatment did not last for 12 h
  27 temporary suspension but finished infusion
   2 not receiving intervention drug
  30 received open-labelled alpha2 agonists

537 included in modifed 
intention-to-treat population

536 included in modifed 
intention-to-treat population

11 surgery cancelled
  1 withdrew before surgery

12 surgery cancelled
2 withdrew before surgery
1 surgical procedure changed

549 randomised to 
placebo

551 randomised to 
dexmedetomidine

1100 patients randomised

2542 patients excluded
  1833 did not meet inclusion criteria 
   362 declined to participate
   347 other reasons

3642 patients assessed for eligibility

Fig 1. Study flowchart. A total of 1100 participants were randomised, and 1073 patients received the allocated study medication were 

included in the full analysis set, and 911 patients completed the study were included in the per-protocol set.

Table 2 Primary and secondary outcomes. Data are reported as median (interquartile range) or n (%). *Major morbidities include stroke, 

MI, coma, heart block, and cardiac arrest. † RR estimated via log-binomial regression as rate is greater than 30%. ‡ Both LOS and ICU stay 

are estimated as continuous variables, where the RD column reports the mean difference and OR column refers to the β-coefficient of 

log-transformed linear regression. CI, confidence interval; Dex, dexmedetomidine group; LOS, length of stay; Non-Dex, non-dexme-

detomidine group; OR, odds ratio; RD, risk difference; RR, relative risk.

Overall

(n¼1073)

Dex

(n¼536)

Non-Dex

(n¼537)

RD (95% CI) (%) OR/RR (95% CI) P-

value

Primary outcome 

Death 25 (2.33) 10 (1.87) 15 (2.79) − 0.92 (− 2.73 to 0.88) 0.66 (0.29—1.49) 0.421

Major morbidities* 330 (30.8) 161 (30.0) 169 (31.5) − 1.43 (− 6.96 to 4.09) 0.93 (0.72—1.21) † 0.658

Secondary outcomes 

Stroke 8 (0.75) 4 (0.75) 4 (0.74) 0.00 (− 1.03 to 1.03) 1.00 (0.25—4.03) 1.000

Myocardial infarction 298 (27.8) 145 (27.1) 153 (28.5) − 1.44 (− 6.80 to 3.92) 0.94 (0.72—1.22) † 0.674

Coma 4 (0.37) 2 (0.37) 2 (0.37) 0.00 (− 0.73 to 0.73) 1.00 (0.14—7.09) 1.000

Heart block 32 (2.98) 10 (1.86) 22 (4.10) − 2.23 (− 4.26 to − 0.20) 0.46 (0.22—0.95) 0.048

Cardiac arrest 19 (1.77) 9 (1.68) 10 (1.87) − 0.18 (− 1.76 to 1.40) 0.90 (0.37—2.17) 0.997

New-onset atrial

fibrillation

55 (5.13) 22 (4.10) 33 (6.15) − 2.04 (− 4.68 to 0.60) 0.65 (0.38—1.14) 0.171

Acute kidney injury 416 (38.8) 197 (36.8) 219 (40.8) − 4.03 (− 9.85 to 1.80) 0.85 (0.66—1.08) † 0.205

Renal failure 25 (2.33) 11 (2.05) 14 (2.61) − 0.55 (− 2.36 to 1.25) 0.79 (0.35—1.75) 0.700

Infection 311 (29.0) 166 (31.0) 145 (27.0) 3.97 (− 1.46 to 9.39) 1.22 (0.94—1.59) † 0.154

Respiratory failure 77 (7.18) 37 (6.90) 40 (7.45) − 0.55 (− 3.63 to 2.54) 0.92 (0.58—1.47) 0.826

Postoperative LOS (days) ‡ 11.0 (9.0—15.0) 11.0 (9.0—15.0) 11.0 (9.00—14.0) 0.00 (− 1.00 to 1.00) − 0.02 (− 0.04 to 0.07) 0.703

Postoperative ICU stay (h) ‡ 43.0 (37.0—65.5) 43.0 (30.8

—63.2)

44.0 (38.0—67.0) − 1.21 (− 251.19 to

248.78)

− 1.21 (− 12.11 to

9.69)

0.226

Dexmedetomidine in cardiac surgery ■  5



0.899

0.500

0.464

0.424

0.677

P-values

0.412

0.518

0.648

0.249

0.131

0.658

0.943

0.989

1.000

0.969

0.549

0.521

0.741

0.479

OR (95% CI)

0.49 (0.09–2.69)

0.74 (0.29–1.86)

0.80 (0.31–2.05)

0.37 (0.70–1.99)

0.19 (0.02–1.64)

0.78 (0.27–2.30)

1.08 (0.15–7.91)

Inf (0.00–Inf)

1.00 (0.00–Inf)

1.03 (0.20–5.22)

0.68 (0.19–2.42)

0.45 (0.04–5.06)

0.82 (0.25–2.71)

0.64 (0.18–2.22)

Dex

2/291

8/244

8/454

2/81

1/233

3/95

2/55

1/40

0/3

3/124

4/315

1/141

5/262

4/128

Non-Dex

4/287

11/250

10/458

5/79

5/225

8/215

2/59

0/33

0/5

3/128

6/322

2/129

6/258

7/145

Cardiopulmonary bypass time 

Cross-clamp time

Surgical procedure

Age, yr

Sex

Subgroups
In-hospital mortality
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1.05 (0.65–1.70)
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0.897
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0.592

0.866

0.296
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Fig 2. Prespecified subgroup analyses on sex, age, surgical procedure, cross-clamp time, and cardiopulmonary bypass time. Outcomes 

of in-hospital mortality and major morbidities, analysed separately. P-values refer to interaction effects across subgroups, and for each 

subgroup individually.CABG, coronary artery bypass grafting; CI, confidence interval; Dex, dexmedetomidine group; Non-Dex, non-dex-

medetomidine group.

6 ■  Lei et al.



participants (84.9%) completing the trial without any protocol 

violations (Supplementary Tables 1 and 2).

Co-primary outcomes

In-hospital mortality occurred in 10/536 (1.87%) participants 

who received dexmedetomidine, compared with 15/537 

(2.79%) participants who received saline placebo (OR: 0.66 [95% 

CI: 0.29—1.49]; Table 2; Supplementary Figs 2 and 3). Major 

complications developed in 161/536 (30.0%) participants who 

received dexmedetomidine, compared with 169/537 (31.5%) 

participants who received saline placebo (RR: 0.93 [95% CI: 

0.72—1.21]; P=0.658; Table 2). Similar results were found in the 

per-protocol and all sensitivity analyses (Supplementary 

Tables 3—6, Supplementary Figs 2—7).

Secondary outcomes

Major complications did not differ between participants who 

received dexmedetomidine, compared with participants who 

received saline placebo (Table 2). The incidence of heart block 

was higher in the participants who received the saline 

placebo.

Safety measures

Hypotension occurred in 41 participants (7.65%) who received 

dexmedetomidine, compared with 32 participants (5.96%) who 

received the saline placebo. The incidence of bradycardia was 

similar between both groups (Supplementary Table 7).

Subgroup analyses

Subgroup analyses, including 1-yr follow-up, mirrored the 

results of the co-primary and secondary outcome analyses 

(Fig. 2; Supplementary Fig. 8).

Discussion

In this multicentre trial, death and major complications did 

not differ between patients who randomly received dexme-

detomidine compared with saline placebo. None of the co-

primary endpoints―in-hospital all-cause mortality or major 

morbidities (including permanent or transient stroke, coma, 

MI, heart block, and cardiac arrest)―were different. Secondary 

outcomes were also comparable between groups. These data 

suggest that perioperative administration of dexmedetomi-

dine does not reduce the incidence of in-hospital mortality or 

major morbidities after cardiac surgery with CPB.

Cardiac surgery with CPB can trigger significant systemic 

inflammation, leading to organ dysfunctions, 19,20 and severe 

postoperative complications. 21 Dexmedetomidine may help 

mitigate this by reducing the hypothalamic—pituitary—adrenal 

axis and sympathoadrenal tone, and alleviating surgical stress 

and inflammation, 8,22 potentially protecting against myocar-

dial, neuronal, pulmonary, and renal injury. 12,22—24 These ef-

fects, together with its cytoprotective effects, may reduce 

postoperative complications such as AKI, delirium, and atrial 

fibrillation, which are linked to higher mortality. 25—27

Several observational studies and meta-analyses suggested 

reduced mortality and complications (AKI, delirium, and atrial 

fibrillation) with perioperative dexmedetomidine in cardiac 

surgical patients. 2,11—13,28 However, DOCS indicated no statis-

tically significant differences in in-hospital mortality between 

dexmedetomidine and placebo. The observed 1% difference

suggested that the study may have been underpowered to 

detect a survival effect. This can be attributed to the sub-

stantial reduction in observed mortality (2.33%) compared 

with the anticipated rate of 4.5%. Although this mortality is 

lower than previous reports, 2 it aligns with a more recent 

cardiac surgery study. 29 The observed mortality reduction may 

reflect improved perioperative care standards. Additionally, 

this may also reveal the heterogeneity in patient risk profile 

across participating centres (Xijing Hospital, 3.9% vs 1.4% in 

other centres). 30

To our knowledge, this is the largest randomised trial 

exploring perioperative use of dexmedetomidine in cardiac 

surgery, which helps to mitigate the fragility in smaller trials 

and enhances robust findings. However, the probability of a 

false negative finding remains owing to reduced statistical 

power, stemming from the lowered-than-expected event rate. 

The ACCEPT curve demonstrated that, at the prespecified 

unacceptable threshold of zero, the probability that dexme-

detomidine is superior to placebo in reducing mortality was 

84% (Supplementary Fig. 9), falling short of the 97.5% threshold 

(one-sided significance of 0.025). This further supports the 

negative results indicated by the primary analysis.

Previous studies reported that dexmedetomidine may 

lower mortality in cardiac surgery patients. 2,11 However, no 

guidelines currently recommend its perioperative use. 14,15 In 

observational studies, perioperative dexmedetomidine 

(0.24—0.6 μg kg − 1 per hour) administered after CPB and 

continued for <24 h decreased postoperative mortality in older 

patients (mean age 63). 2,11,12 This inherent observational 

design rendered the study susceptible to selection bias, con-

foundings, and variability in dexmedetomidine dosage and 

duration. A previous meta-analysis of 48 studies also showed 

reduced postoperative mortality. However, it included both 

observational studies and randomised trials and the benefits 

disappeared after excluding non-randomised trials.

The divergent results observed may be attributed to dif-

ferences in patient profiles. In DOCS, a wide range of proced-

ures (valve, CABG, and combined procedures) were included, 

resulting in a study population with a heterogeneous risk 

profile for postoperative complications. A retrospective study 

of CABG patients also reported no association between dex-

medetomidine use and 30-day mortality, which is consistent 

with our findings. 31 DOCS enrolled younger (mean age 55) and 

generally healthier patients, with fewer comorbidities, in 

China, compared with patients undergoing similar surgical 

procedures in Western countries. For example, in our previous 

observational study using US registry data, 2 the mean age was 

63 yr old. Age-related changes in the pharmacokinetics and 

pharmacodynamics of dexmedetomidine may affect its 

response. 32,33 This may translate into different responses to 

drug administration as demonstrated in the Early Sedation 

with Dexmedetomidine in Critically Ill Patients (SPICE III) trial, 

where mortality was reduced in older adults (median age 

>63.7) but increased in younger patients, highlighting age-

dependent treatment effects. 34 Small RCTs in cardiac surgery 

patients had heterogeneous methodologies, making interpre-

tation challenging. Even with recent evidence on reduced 

short-term mortality from a trial sequential analysis during 

1990—2022, 35 variations in dosing, timing, and duration of 

administration remain. The short-acting nature of dexmede-

tomidine may limit its benefits after discontinuation, high-

lighting the need for optimal dosing protocols. 36,37

A positive association with dexmedetomidine was only 

seen for infusions longer than 12 h, 2,10 whereas the timing of
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administration also contributed to variability in postoperative 

outcomes. 10,36,38,39 Many studies also reported decreased atrial 

fibrillation, 13,28,40 delirium, 41,42 AKI, 9,12,43 ICU stay, and 

tracheal intubation by facilitating conscious sedation with no 

respiratory depression. 44 However, the more recently pub-

lished DExmedetomidine for reduCtion of Atrial fibrillation 

and DElirium after cardiac surgery (DECADE) suggested 

otherwise: dexmedetomidine infusion (started from anaes-

thetic induction and lasting for 24 h) did not reduce atrial ar-

rhythmias or delirium in cardiac surgical patients, 45 

consistent with our findings.

Our study has several limitations. First, the lower-than-

expected event rate may reduce the statistical power of the 

findings. However, this potentially reflects improved periop-

erative care standards during the trial period. It may also 

reveal the heterogeneity in the risk profile for in-hospital 

mortality among the participating centres. Second, approxi-

mately 15% of participants met protocol violations. Although 

these violations reflect real-world clinical practice, they 

introduce potential biases, despite the robust results observed 

across different analytical sets. Among patients with protocol 

violations, a greater proportion in the dexmedetomidine group 

temporarily halted the infusion because of medical decisions 

based on haemodynamic instability, whereas more patients in 

the placebo group received open-label dexmedetomidine for 

ICU sedation. These findings reflect the haemodynamic and 

sedative effects of dexmedetomidine. Such violations may 

dilute the treatment effects and potentially lead to unblinding 

of ICU physicians. However, this is an inherent issue of clinical 

practice when comparing an active drug with a placebo. 

Outcome assessors were not involved in postoperative care. 

Third, DOCS primarily enrolled younger patients undergoing 

valve replacement for rheumatic heart disease, which differs 

from typical Western cardiac surgery. 2,11,28,45 This may explain 

the lower-than-expected postoperative mortality. 2,11,28 

Despite these limitations, the DOCS trial provides valuable 

evidence regarding the adjunctive use of dexmedetomidine 

perioperatively in CPB-assisted cardiac surgery patients across 

China.

In summary, we found that perioperative adjunctive use of 

dexmedetomidine, starting at induction of anaesthesia and 

continued for 12 h, did not reduce in-hospital mortality or 

postoperative major morbidities in adults undergoing 

cardiopulmonary bypass-assisted cardiac surgery.
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