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Dexmedetomidine for reduction of atrial fibrillation and 
delirium after cardiac surgery (DECADE): a randomised 
placebo-controlled trial
Alparslan Turan, Andra Duncan, Steve Leung, Nika Karimi, Jonathan Fang, Guangmei Mao, Jennifer Hargrave, Marc Gillinov, Carlos Trombetta, 
Sabry Ayad, Manal Hassan, Andrew Feider, Kimberly Howard-Quijano, Kurt Ruetzler, Daniel I Sessler, for the DECADE Study Group*

Summary
Background Atrial fibrillation and delirium are common consequences of cardiac surgery. Dexmedetomidine has 
unique properties as sedative agent and might reduce the risk of each complication. This study coprimarily aimed to 
establish whether dexmedetomidine reduces the incidence of new-onset atrial fibrillation and the incidence of 
delirium.

Methods A randomised, placebo-controlled trial was done at six academic hospitals in the USA. Patients who had had 
cardiac surgery with cardiopulmonary bypass were enrolled. Patients were randomly assigned 1:1, stratified by site, to 
dexmedetomidine or normal saline placebo. Randomisation was computer generated with random permuted block 
size 2 and 4, and allocation was concealed by a web-based system. Patients, caregivers, and evaluators were all masked 
to treatment. The study drug was prepared by the pharmacy or an otherwise uninvolved research associate so that 
investigators and clinicians were fully masked to allocation. Participants were given either dexmedetomidine infusion 
or saline placebo started before the surgical incision at a rate of 0·1 μg/kg per h then increased to 0·2 μg/kg per h at 
the end of bypass, and postoperatively increased to 0·4 μg/kg per h, which was maintained until 24 h. The coprimary 
outcomes were atrial fibrillation and delirium occurring between intensive care unit admission and the earlier of 
postoperative day 5 or hospital discharge. All analyses were intention-to-treat. The trial is registered with ClinicalTrials.gov, 
NCT02004613 and is closed.

Findings 798 patients of 3357 screened were enrolled from April 17, 2013, to Dec 6, 2018. The trial was stopped per 
protocol after the last designated interim analysis. Among 798 patients randomly assigned, 794 were analysed, with 
400 assigned to dexmedetomidine and 398 assigned to placebo. The incidence of atrial fibrillation was 121 (30%) in 
397 patients given dexmedetomidine and 134 (34%) in 395 patients given placebo, a difference that was not significant: 
relative risk 0·90 (97·8% CI 0·72, 1·15; p=0·34). The incidence of delirium was non-significantly increased from 12% 
in patients given placebo to 17% in those given dexmedetomidine: 1·48 (97·8% CI 0·99–2·23). Safety outcomes were 
clinically important bradycardia (requiring treatment) and hypotension, myocardial infarction, stroke, surgical site 
infection, pulmonary embolism, deep venous thrombosis, and death. 21 (5%) of 394 patients given dexmedetomidine 
and 8 (2%) of 396 patients given placebo, had a serious adverse event as determined by clinicians. 1 (<1%) of 
391 patients given dexmedetomidine and 1 (<1%) of 387 patients given placebo died.

Interpretation Dexmedetomidine infusion, initiated at anaesthetic induction and continued for 24 h, did not decrease 
postoperative atrial arrhythmias or delirium in patients recovering from cardiac surgery. Dexmedetomidine should 
not be infused to reduce atrial fibrillation or delirium in patients having cardiac surgery.
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Introduction
Mortality after cardiac surgery has decreased markedly 
since 2000. However, postoperative atrial arrhythmias 
and delirium both remain common.1,2 Atrial fibrillation, 
the most common atrial arrhythmia after cardiac 
surgery, prolongs intensive care unit (ICU) and hospital 
stays, increases cost of care, and augments mortality.1,3,4,5 
Delirium presages poor cognitive recovery, functional 
decline, nursing home disposition, and even death.6,7,8 
Cardiac surgery and cardio pulmonary bypass activate 
the sympathetic nervous system and provoke systemic 

inflam matory responses, both of which contribute to 
atrial fibrillation and delirium, although other mecha
nisms undoubtedly contribute.1,2

Dexmedetomidine is a central α2 adrenergic agonist 
that is frequently used for sedation. The drug minimally 
impairs ventilation, and arousability is typically well 
maintained.9 Dexmedetomidine is sympatholytic, and 
therefore reduces heart rate and consequently improves 
myocardial oxygen demand. It also depresses sinus 
node and atrial ventricular nodal function which, along 
with the drug’s antiinflammatory properties, makes 

Lancet 2020; 396: 177–85

See Comment page 145

*Members of the DECADE Study 
Group are listed at the end of this 
Article

Department of Outcomes 
Research, Anesthesiology 
Institute (Prof A Turan MD, 
J Fang MD, G Mao PhD, 
K Ruetzler M, Prof D I Sessler MD), 
Department of Regional 
Practice (Prof S Ayad MD, 
M Hassan MD), Department of 
General Anesthesiology 
(Prof A Turan, Prof S Ayad, 
K Ruetzler), Department of 
Cardiovascular Anesthesiology 
(A Duncan MD, J Hargrave MD, 
C Trombetta MD), Department 
of Quantitative Health Sciences 
(G Mao), Department of 
Thoracic and Cardiovascular 
Surgery (Prof M Gillinov MD), 
Cleveland Clinic, Cleveland, OH, 
USA; Department of Radiology, 
Metrohealth Hospital, 
Cleveland, OH, USA 
(S Leung MD); Department of 
Anesthesiology, University of 
Rochester, Rochester, NY, USA 
(N Karimi MD); Department of 
Anesthesia, University of Iowa 
Hospitals and Clinics, Iowa City, 
IA, USA (A Feider MD); and 
Department of Anesthesiology 
and Perioperative Medicine, 
University of Pittsburgh School 
of Medicine and University of 
Pittsburgh Medical Center, 
Pittsburgh, PA, USA 
(K Howard-Quijano MD)

Correspondence to:  
Prof Alparslan Turan, 
Department of Outcomes 
Reasearch, Anesthesiology 
Institute, Cleveland Clinic, 
Cleveland, OH 44195, USA 
turana@ccf.org

http://crossmark.crossref.org/dialog/?doi=10.1016/S0140-6736(20)30631-0&domain=pdf


Articles

178 www.thelancet.com   Vol 396   July 18, 2020

dexmedetomidine a reasonable prophylactic drug for 
postoperative atrial fibrillation.9,10 A metaanalysis 
(published after our trial started) of dexmedetomidine 
and atrial fibrillation which included nine studies and a 
total of 1295 randomly assigned patients showed no 
reduction in the overall incidence of atrial fibrillation.11 
However, available studies were limited by small sample 
sizes and variations in the dose and duration of dex
medetomidine administration.

Dexmedetomidine has antiinflammatory properties 
and decreases the need for opioids and benzodiaze
pines, both of which are probable causes of delirium.2,10 
Dexmedetomidine differs from other sedatives in 
retaining nearnormal natural sleep architecture which 
might attenuate delirium resulting from the sleep 
deprivation that is common in patients in the ICU.12 
These properties suggest that dexmedetomidine sedation 
might reduce the incidence of postoperative delirium. A 
metaanalysis (published after our trial started) included 
nine studies in a total of 1301 patients who had had 
cardiac surgery, and concluded that dexmedetomidine 
decreases delirium.13 However, interpretation of this 
metaanalysis is compli cated because it included studies 
in which delirium was not the primary outcome; delirium 
was assessed in various ways; various dexmedetomidine 
doses and durations were used; and most included low 
numbers of patients.

Kidney injury and persistent incisional pain are also 
common after cardiac surgery. Kidney injury is at least 
partially due to ischaemiareperfusion injury, along with 
renal and systemic inflammation.14 Dexmedetomidine 
provides end organprotection via the drug’s anti
inflammatory, antioxidative, and antiapoptotic effects.10,15 
Animal studies support the renoprotective effect of 

dexmedetomidine in various renal injury models.15,16 A 
metaanalysis in congenital heart surgery suggests that 
dexmedetomidine has renoprotective effects.17 Uncon
trolled acute pain is inflammatory, and is strongly 
associated with persistent pain. Many studies report 
reduced acute pain in patients given dexmedetomidine, 
but the drug’s effect on persistent pain remains unclear.18 
Dexmedetomidine might therefore ameliorate renal 
injury and persistent pain, but neither has been well 
evaluated.

We therefore tested two primary hypotheses, namely 
that the incidence of newonset atrial fibrillation and 
the incidence of delirium are reduced in patients given 
24 h of perioperative dexmedetomidine. Secondarily, 
we tested the hypotheses that dexmedetomidine 
reduces kidney injury and persistent pain after cardiac 
surgery.

Methods
DECADE was an investigatorinitiated, multicentre, 
doubleblind trial with parallel design and superiority 
outcomes. This study was approved by the institutional 
review boards of Cleveland Clinic and each partici
pating institution. With written informed consent, 
patients scheduled for cardiac surgery with bypass 
were enrolled at the Cleveland Clinic main campus, 
Cleveland Clinic Fairview Hospital, Cleveland Clinic 
Hillcrest Hospital, Ohio State University Medical 
Center, Northwestern Memorial Hospital, and the 
University of California Los Angeles Medical Center. 
The trial was registered at ClinicalTrials.gov before the 
first patient was enrolled (NCT02004613). There were 
no substantive changes to the protocol after initiation 
of patient enrolment.

Research in context

Evidence before this study
Atrial fibrillation and delirium are among the most common 
complications after cardiac surgery. Cardiac surgery and 
cardiopulmonary bypass activate the sympathetic system, 
and the consequent systemic inflammation contributes to 
atrial fibrillation and delirium. Dexmedetomidine is a unique 
sedative that has sympatholytic and anti-inflammatory 
properties that can reduce atrial fibrillation and delirium. 
Before starting the trial, we searched the National Library of 
Medicine for randomized trials, systematic reviews, and 
meta-analyses, published in English, between Jan 1, 2000, 
and March 31, 2013, with the terms of “dexmedetomidine and 
delirium”, and “dexmedetomidine and atrial fibrillation”. 
We identified only a few small studies of dexmedetomidine 
for delirium in critical care patients, and two others in cardiac 
surgical patients. There were similarly only a few small studies 
for atrial fibrillation. The studies individually and combined 
did not provide a clear consensus on the effect of 
dexmedetomidine on delirium or atrial fibrillation.

Added value of this study
We conducted a randomised and blinded trial in patients 
having cardiac surgery with cardiopulmonary bypass. 
Specifically, we tested the hypothesis that a continuous 
infusion of dexmedetomidine started at induction of 
anaesthesia and continuing for 24 h reduces atrial fibrillation 
and delirium in patients recovering from cardiac surgery. 

Implications of all the available evidence
Dexmedetomidine infusion did not decrease postoperative 
atrial fibrillation in patients recovering from cardiac surgery. 
Furthermore, dexmedetomidine non-significantly worsened 
delirium, possibly by provoking hypotension. Dexmedetomidine 
should be used cautiously in cardiac surgical patients because it 
provokes hypotension, and should not be given in the 
expectation that the drug will reduce atrial fibrillation or 
delirium.
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Study design and participants
In this study, patients aged 18–85 years who were 
scheduled for cardiac surgery with cardiopulmonary 
bypass and who had heart rates ≥50 beats per min were 
included. Patients were excluded if they had; sicksinus or 
WolffParkinsonWhite syndromes; atrioventricular block; 
hypersensitivity or known allergy to dexmedetomidine; 
hepatic disease (eg, twice normal liver enzyme concentra
tions); atrial fibrillation within 30 days; a permanent 
pacemaker; used amiodarone or dexmedetomidine within 
30 days; an ejection fraction <30% or severe heart failure; 
a myocardial infarction within 7 days; a bodymass index 
≥40 kg/m²; or, took clonidine within 48 h.

Randomisation and masking
Patients were premedicated, and anaesthesia was induced 
per routine at participating institutions. Typically, standard 
monitoring included central venous or pulmonary artery 
catheters and transoesophageal echocardiography. Anaes
thesia was usually induced with midazolam, thiopental, 
etomidate, propofol, and sufentanil or fentanyl, or both, 
and maintained with volatile anaesthetics and a non
depolarising muscle relaxant. Surgical approaches 
included full midline sternotomy or minimally invasive 
upper hemisternotomy. Cardiopulmonary bypass typically 
used a membrane oxygenator with an integrated arterial 
filter. Centrifugal pumps were used to provide arterial 
flow of 2 L/min per m² with mean arterial pressure kept at 
65 mm Hg or higher.

Consenting patients were randomly assigned 1:1, to 
dexmedetomidine or normal saline placebo. Random
isation was computer generated with random permuted 
block sizes of 2 or 4, and allocation was concealed by a 
webbased system that was accessed no earlier than the 
evening before surgery. The study drug was prepared by 
the pharmacy or an otherwise uninvolved research 
associate so that investigators and clinicians were fully 
masked to allocation.

Procedures
Dexmedetomidine infusion, without a bolus dose, (or a 
similar volume of saline) was started before the surgical 
incision at a rate of 0·1 μg/kg per h; at the end of bypass, 
the dose was increased to 0·2 μg/kg per h. However, 
anaesthesiologists were permitted to reduce dose of 
the study drug as necessary to preserve haemodynamic 
stability. Intraoperative opioids and benzodiazepines 
were given at the discretion of the anaesthesiologist. Post
operatively, dexmedetomidine (or placebo) was increased 
to 0·4 μg/kg per h which was maintained until 24 h after 
the infusion began. Again, clinicians were allowed to 
decrease administration of the study medi cation if 
clinically indicated, and to provide whatever additional 
sedation and analgesia as necessary. Typically, propofol, 
opioids, and benzodiazepines were used per preference of 
the attending ICU staff physician. Prophylactic amiodarone 
was not permitted.

Outcomes
The coprimary outcomes were atrial fibrillation and 
delirium occurring between ICU admission and the 
earlier of postoperative day 5 or hospital discharge.

Patients in cardiac ICU had continuous electro
cardiogram monitoring. Diagnoses of atrial fibrillation in 
the cardiac ICU were made by clinicians who were masked 
to group allocation. Thereafter, patients had twelvelead 
electro car diograms morning and evening until the earlier 

Figure 1: Trial profile

398 patients in placebo group 

396 patients in intention-to-treat
placebo group 

2 patients requested their data
to be excluded

3357 patients screened 

798 patients randomly assigned 

400 patients in dexmedetomidine group

398 patients in intention-to-treat
dexmedetomidine group 

2 patients requested their data
to be excluded 

Missing Dexmedetomidine 
(n=398)

Missing Placebo 
(n=396)

Demographics

Age, years 2 63 (11) 2 62 (12)

Sex 2 .. 2 ..

Female .. 130 (33%) .. 107 (27%)

Male .. 266 (67%) .. 287 (73%)

White (versus not white) 3 365 (92%) 2 363 (92%)

American Society of 
Anesthesiologists

3 ·· 3 ··

1–2 ·· 8 (2%) ·· 5 (1)

3 ·· 105 (27%) ·· 96 (24%)

4–5 ·· 282 (71%) ·· 292 (74%)

Body-mass index, kg/m² 3 29 (15) 2 29 (8)

Short Form 12 Health Survey

Physical health score 30 44 (38–53) 23 46 (38–53)

Mental health score 30 56 (48–60) 23 55 (48–60)

Modified Brief Pain Inventory

Overall severity (any) 24 95 (24%) 20 89 (23%)

Pain interference 23 85 (21%) 20 83 (21%)

Pain Catastrophizing Scale

Rumination 37 5 (4–8) 45 5 (4–8)

Magnification 37 3 (3–5) 45 3 (3–5)

Helplessness 38 7 (6–9) 45 6 (6–9)

Social history

Current smoker 3 33 (8%) 3 34 (9%)

Uses illegal drugs 3 13 (3%) 3 7 (2%)

(Table 1 continues on next page)
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of hospital discharge or 5 days. A cardiologist or anaes
thesiologist masked to randomised group allocations 
established whether atrial fibrillation was present in each 
electro cardiogram (ECG). Atrial fibrillation was defined 
by: clinician diagnosis; documented arrhythmia lasting 
at least 5 min or, presence of arrhythmia on ECGs in 
unmonitored patients.

Delirium assessments were preceded by a Richmond 
Agitation and Sedation Scale to assess sedation.19 
Delirium was only assessed if Richmond Agitation and 
Sedation Scale scores were not −4 or −5, indicating 
insufficient alertness. Confusion Assessment Method for 
the ICU (CAMICU)20,21 evaluations were done in person 
by formally trained masked research physicians for the 
initial 5 postoperative days so long as patients remained 
hospitalised. Morning assessments were done before 
1000 h, and evening assessments after 1700 h. Nurses, 
independent of research physicians’ evaluation, also 
assessed CAMICU daily and described patients’ mental 
status in their notes. Patients were considered to have 
had delirium if one or more CAMICU assessments by 
investigators or nurses were positive, or if there was clear 
indication of delirium in written nursing evaluations.

One secondary outcome was kidney function; specifically, 
we evaluated changes over time in Acute Kidney Injury 
Network (AKIN) classifications22 from baseline to dis
charge on the basis of most recent preoperative creatinine 
concentration and the highest concentration during the 
initial 5 postoperative days.

The other secondary outcome was persistent incisional 
pain, defined as any incisional pain 90 days after surgery. 
Patients were evaluated at 90 days by modified Brief Pain 
Inventory,23 Sleep Interference scale24 and the Neuropathic 
Pain Questionnaire Short Form25. As with all other 
outcomes, investigators were masked to group allocation.

Safety outcomes were also collected; clinically important 
bradycardia (requiring treatment) and hypotension 
(requiring vasopressor infusion or fluid bolus), stroke, 
myocardial infarction, deep venous thrombosis, pulmo
nary embolism, surgical site infection, and death.

Statistical analysis
The statistical analysis plan was developed before patient 
enrolment and was included in our institutional research 
board application. Sample size was based on atrial 
arrhythmias. On the basis of previous reports and our 
own cardiac registry data, we expected approximately 
30% of the patients having had a coronary artery bypass 
graft and 40% of the patients having had valvular surgery 
to develop an atrial arrhythmia. We therefore assumed 
an incidence of approximately 0·35 in the control group 
for calculating a sample size. On the basis of a 
preliminary retrospective study of 765 patients given 
dexmedetomidine who had a lower risk of having atrial 
arrhythmias: (odds ratio [OR] 0·74 (95% CI 0·60–0·91; 
p=0·004), we expected a 30% relative reduction in the 
percentage of patients developing atrial arrhythmias 

Missing Dexmedetomidine 
(n=398)

Missing Placebo 
(n=396)

(Continued from previous page)

Medical history

Pulmonary disease 3 46 (12%) 3 56 (14%)

Diabetes 3 91 (23%) 3 74 (19%)

Kidney disease 3 40 (10%) 3 35 (9%)

Stroke 3 21 (5%) 3 17 (4%)

Hypertension 3 264 (67%) 3 269 (68%)

Dyslipidaemia 3 246 (62%) 3 232 (59%)

Peptic ulcer disease 3 22 (6%) 3 26 (7%)

Previous gastrointestinal bleed 3 6 (2%) 3 5 (1%)

Peripheral artery disease 3 21 (5%) 3 15 (4%)

Chronic renal failure 3 18 (5%) 3 11 (3%)

Any coagulopathies 3 9 (2%) 3 10 (3%)

Chronic obstructive pulmonary 
disease

3 23 (6%) 3 13 (33%)

Neurological disease 3 25 (6%) 3 27 (7%)

Chronic pain condition 3 41 (10%) 3 34 (9%)

Cardiac disease history

Angina 3 111 (28%) 3 87 (22%)

Congestive heart failure 3 30 (8%) 3 28 (7%)

Previous myocardial infarction 3 47 (12%) 3 39 (10%)

Stent placement 3 51 (13%) 3 42 (11%)

Previous cardiac surgery 3 40 (10%) 3 58 (15%)

Left ventricular ejection fraction 16 60% (55–65) 15 60% (56–65)

Medications

Angiotensin-converting enzyme 
inhibitor

5 99 (25%) 3 119 (30%)

Angiotensin receptor blocker 
agent

5 71 (18%) 3 63 (16%)

β blocker 5 204 (52%) 3 186 (47%)

Calcium channel blocker 5 76 (19%) 3 66 (17%)

Diuretic 5 87 (22%) 3 97 (25%)

Antiarrhythmic 5 5 (1%) 3 7 (2%)

Digoxin 5 2 (1%) 3 1 (<1%)

Nitroglycerine 5 60 (15%) 3 52 (13%)

Statin 5 229 (58%) 3 208 (53%)

Insulin 5 40 (10%) 3 32 (8%)

Sulfonylurea 5 21 (5%) 3 17 (4%)

Non-statin lipid-lowering agent 5 25 (6%) 3 17 (4%)

Other oral hypoglycaemic 5 44 (11%) 3 45 (12%)

H2 antagonist 5 15 (4%) 3 16 (4%)

Proton pump inhibitor 5 89 (23%) 3 93 (24%)

Aspirin 5 226 (58%) 3 207 (53%)

Thienopyridine 5 16 (4%) 3 11 (3%)

Glycoprotein IIb–llla inhibitor 5 6 (2%) 3 3 (1%)

Ticagrelor 5 1 (<1%) 3 3 (1%)

Vitamin K antagonist 5 8 (2%) 3 10 (3%)

Thrombolytic therapy 5 4 (1%) 3 5 (1%)

Dabigatran 5 0 4 1 (<1%)

Unfractionated heparin 5 10 (3%) 3 4 (1%)

Low molecular weight heparin 5 4 (1%) 3 3 (1%)

(Table 1 continues on next page)
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with dexmedetomidine infusion. With a maximum 
sample size of n=965 patients, we expected to have 
85% power at the 0·025 significance level to detect a 
relative risk (RR) of 0·70 or stronger, following the 
abovespecified group sequential design with five 
interim analyses.

All analyses were intentiontotreat. We assessed 
the balance of randomised groups on baseline and 
procedural characteristics using absolute standardised 
difference, defined as the absolute difference in means, 
mean ranks, or proportions divided by the pooled 
standard deviation. Baseline variables with absolute 
standardised difference >0·14, that is,

were considered to be imbalanced and would be adjusted 
for in all analyses.

Primarily, we compared the dexmedetomidine and 
placebo groups separately on postoperative atrial fibril
lation and postoperative delirium using logistic regres
sion models with log links to estimate RRs. In a posthoc 
analysis, we assessed the heterogeneity of the treatment 
effect on atrial fibrillation or delirium across study sites 
by testing for the treatmentbysite interaction. An 
interaction term <0·10 would suggest potential treatment 
effect heterogeneity across site.

90day pain was assessed by means of logistic 
regression with a log link to estimate RR. We originally 
planned to estimate the effect of dexmedetomidine on 
ordinal AKIN categories by means of the proportional 
logistic regression model. However, few patients had 
AKIN classifications of stage 1, 2, or 3. We therefore 
used renal status as risk (or worse) versus no risk for this 
analysis. We estimated the RR of kidney injury using a 
loglinked binomial model.

Interim analyses for efficacy and futility were planned at 
each 17% of the maximum planned enrolment by means of 
group sequential methods: a γ spending function with 
γ being −4 for efficacy and −1 for futility. The overall 
significance level was maintained at 0·05 across the interim 
monitoring. As the trial stopped after 83% of the maximum 
planned enrolment, which corresponded to 965 patients, 
the significance criterion for primary outcomes was 0·022 
after adjusting for two outcomes (ie, 0·05/2, Bonferroni 
correction) and α spending in interim analyses. The 
significance level for secondary analysis was 0·025 
(ie, 0·05/2, Bonferroni correction), adjusted for multiple 
comparisons. We used SAS version 9.4 for the analyses.

Role of the funding source
The funder of the study had no role in the design, data 
collection, management, data analysis, interpretation, 
writing of the report, or the decision to submit the 
manuscript for publication. The corresponding author 
had full access to all the data in the study, and had final 

responsibility for the decision to submit for publication. 
A copy of the manuscript was shared with the funder as a 
courtesy.

Results
Patients were enrolled from April 17, 2013, to Dec 6, 2018. 
The fifth interim analysis was done after 83% of 
the planned patients were enrolled. Because futility 
boundaries were crossed at that time, the Executive 
Committee terminated the trial per protocol after 
enrolment of 798 patients, of whom 400 were assigned 
to dexmedetomidine and 398 patients were assigned to 
placebo group. Two patients each who were assigned to 
dexmedetomidine and placebo withdrew from the trial 
after surgery and requested that their data be excluded; 
398 patients assigned to dexmedetomidine and 396 patients 
assigned to placebo were therefore included in the 
intentiontotreat analysis (figure 1). History of previous 
cardiac surgery had an absolute standardised difference of 
0·14 and was adjusted for in all analyses (table 1).

The incidence of atrial arrhythmia was 121 (30%) in the 
dexmedetomidine group and 134 (34%) in the placebo 

1·96 × 
—1 √ n1 n2
– –1+

Missing Dexmedetomidine 
(n=398)

Missing Placebo 
(n=396)

(Continued from previous page)

Baseline laboratory tests

Baseline creatinine, mg/L 9 1 (0·8–1·2) 7 1 (0·9–1·1)

Baseline blood urea nitrogen, mg/L 65 17 (14–22) 56 17 (14–21)

Surgical information

Surgical type 5 ·· 7 ··

Valve–aorta only ·· 212 (54%) ·· 230 (59%)

Coronary artery bypass grafting 
only

·· 8 (2%) ·· 3 (1%)

Coronary artery bypass grafting + 
valve or aorta

·· 173 (44%) ·· 156 (40%)

Preoperative inotropes or 
vasopressor infusion

5 39 (10%) 7 32 (8%)

Preoperative intra-aortic balloon 
pump or ventricular assist device

5 5 (1%) 7 5 (1%)

Anaesthesia maintained with 5 ·· 7 ··

Propofol infusion ·· 16 (4%) ·· 17 (4%)

Volatile gas ·· 377 (96%) ·· 372 (96%)

Antifibrinolytic use 8 180 (46%) 10 177 (46%)

Cardiopulmonary bypass use 5 388 (99%) 7 387 (100%)

Site

Main campus ·· 219 (55%) ·· 220 (56)

Fairview ·· 48 (12%) ·· 45 (11)

Hillcrest ·· 44 (11%) ·· 43 (11)

Maryland ·· 1 (<1%) ·· 1 (<1%)

Northwestern ·· 37 (9%) ·· 37 (9%)

Ohio State University ·· 14 (4%) ·· 14 (4%)

University of California Los Angeles ·· 35 (9%) ·· 36 (9%)

Data are mean (SD), median (IQR), or n (%).

Table 1: Baseline characteristics
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group. The effect of dexmedetomidine on atrial fibril
lation was not significant, with a RR of 0·91 (97·8% CI 
0·72–1·15; p=0·34). As for postoperative delirium, 
67 patients (17%) in the dexmedetomidine group and 
46 patients (12%) in the placebo group had delirium 
identified from CAMICU and nursing notes. The 
estimated RR for dexmedetomidine on postope rative 
delirium was 1·48 (97·8% CI 0·99, 2·23; p=0·026 
[p≤0·022 required for significance]). Treatment effects 

were homogeneous across trial sites for atrial fibrillation 
or delirium outcomes (table 2) and treatment effects were 
consistent across subgroups of age, sex, and surgery 
type (figure 2). We did a sensitivity analysis without 
adjusting for any potential confounders. The results were 
consistent with the primary analysis (appendix p 1).

Dexmedetomidine did not significantly alter kidney 
function or 90day incisional pain (table 2). We categorised 
postoperative kidney function into no risk, risk, injury, or 
failure using AKIN criteria. The RR of risk or injury or 
failure was 1·40 (97·5% CI 0·84– 2·34; p=0·14) comparing 
dexmedetomidine with the placebo group. A total of 
589 patients (74%) completed 90day assessment on pain: 
27% who were given dexmedetomidine reported pain 
versus 31% of those given placebo, for a RR of 0·87 
(97·5% CI 0·65–1·16; p=0·29).

Exploratory outcomes are summarised in table 3. 
Patients randomised to dexmedetomidine stayed longer 
in the ICU. The median length of ICU stay was 51 h in 
the dexmedetomidine group (IQR 29–93), whereas the 
median was 47 h in the placebo group (IQR 26–78). 
Moreover, patients randomised to dexmedetomidine were 
more likely to have clinically important hypotension. The 
incidence was 57% in the dexmedetomidine group and 
36% in the placebo group. A posthoc analysis showed 
that 65 (58%) of 113 patients who had delirium also had 
clinically important hypotension; in contrast, 293 (44%) of 
663 patients who did not have delirium had hypotension 
(p=0·009).

The costeffectiveness analysis of dexmedetomidine 
after cardiac surgery was not done because of the absence 
of beneficial effect on either primary outcome.

Discussion
Dexmedetomidine infusion initiated at induction of 
cardiac anaesthesia and continued for 24 h did not 
decrease atrial fibrillation or delirium. Furthermore, 
dexmedetomidine infusion did not reduce the incidence 
of persistent surgical pain and kidney function.

Dexmedetomidine 
(n=398)

Placebo 
(n=396)

Relative risk*† p value†

Missing Incidence Missing Incidence

Primary

Atrial arrhythmia 1 121 (30%) 1 134 (34%) 0·91 (0·72–1·15) 0·34

Delirium 9 67 (17%) 9 46 (12%) 1·48 (0·99–2·23) 0·026

Secondary

Kidney function‡

Acute Kidney Injury 
Network classification

9 ·· 7 ·· 1·40 (0·84–2·34) 0·14

No risk ·· 348 (89%) ·· 359 (92%) ·· ··

Stage 1 ·· 33 (8%) ·· 29 (7%) ·· ··

Stage 2 ·· 4 (1%) ·· 0 ·· ··

Stage 3 ·· 4 (1%) ·· 1 (<1%) ·· ··

90-day pain

Any pain (Modified 
Brief Pain Inventory)

109 79 (27%) 96 93 (31%) 0·87 (0·65–1·16) 0·29

Modified Brief Pain 
Inventory average 
pain§

·· 2 (1–4) ·· 1 (1–2) ·· ··

Data are n (%) and median (Q1–Q3), as appropriate. *Relative risk (dexmedetomidine vs placebo) was estimated from 
a logistic regression model with a log link, adjusted for previous cardiac history; data are 97·8% CI for primary outcomes; 
97·5% CI for secondary outcomes. There was no heterogeneity of the treatment effect across sites for all outcomes. 
The p values of interaction between treatment and site were 0·53 for atrial arrhythmia and 0·48 for delirium. 
†The overall α was maintained at 0·05. For the primary outcomes, the significant level is p<0·022 after adjusting for 
two outcomes (ie, 0·05/2, Bonferroni correction) and further for α spending in interim analyses. For secondary 
outcomes, the significance level is p<0·025 adjusted for two outcomes (ie, 0·05/2, Bonferroni correction). ‡The effect 
on kidney function is compared as the risk of risk or injury or failure. §Among patients who reported any 90-day pain.

Table 2: Comparisons of dexmedetomidine versus placebo on primary outcomes

Figure 2: Forest plot of relative risk for subgroups of age, sex, and surgery type

Age (years)

<64

≥64

Sex

Male

Female

Surgery type

Valve only

Coronary artery bypass graft

Overall

410

380

533

237

442

340

792

Number of 
patients

Favours dexmedetomidine Favours placebo

1·00·3 0·5 1·5

0·51

0·66

0·87

0·34

Relative risk of atrial
arrhythmia 97·5% CI

p value

Favours dexmedetomidine Favours placebo

1·00·3 0·5 1·5 2·0 5·0

0·19

0·17

0·67

0·03

Relative risk of 
delirium 97·5% CI

p value

See Online for appendix
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In a preliminary observational analysis,26 a 26% reduction 
in atrial fibrillation in patients given dexmedetomidine 
was observed, which prompted the current trial. However, 
the previous analysis was observational, meaning that 
the decision to use dexmedetomidine was not ran
domly assigned and thus subject to selection bias and 
confounding. A further consequence of the study’s 
observational approach was that dexmedetomidine doses 
varied and the duration of use was unclear. A metaanalysis 
of 1295 patients reported that the odds or RR of atrial 
fibrillation after adult cardiac surgery was not reduced by 
dexmedetomidine,11 but among the nine included trials, 
only one was primarily designed to evaluate the effect of 
dexmedetomidine on atrial fibrillation. Thereafter, Liu 
and colleagues27 reported a significant decrease in atrial 
fibrillation with dexmedetomidine (36% vs 14%) even 
though the investigators started dexmedetomidine after 
surgery rather than at induction of anaesthesia. However, 
Liu and colleagues only included 88 patients, making their 
results highly fragile (fragility index=1, meaning that only a 
single event needed to be added to the dexmedetomidine 
group to make p>0·05). Our trial included nine times as 
many patients and 113 events, presumably making its 
results far more reliable.

Dexmedetomidine has been evaluated for delirium in 
three distinct patient populations; critical care, non
cardiac surgical elderly patients, and cardiac surgical 
patients. Studies of dexmedetomidine sedation in critical 
care units report less delirium in patients randomised to 
dexmedetomidine than to benzodiazepines and pro
pofol.28,29 Medical critical care patients typically have 
considerably more delirium (eg, 30–50%) than surgical 
patients, presumably because they remain intubated 
longer then surgical patients, and because medical 
conditions might contribute to development of delirium.

Results in surgical patients are diverse; the largest 
previous trial in noncardiac surgical patients included 
390 patients and reported a 12% incidence of delirium, 
which is similar to what we observed.30 And as in our 
trial, dexmedetomidine did not reduce delirium.

A metaanalysis in cardiac surgical patients included 
ten trials with 1387 patients.31 Dexmedetomidine reduced 
the risk of delirium by 54%, with RRs of 46% (95% CI 
0·34–0·62). In contrast, not only did dexmedetomidine 
fail to reduce delirium in our patients as we expected, but 
patients given the drug had 47% increase in delirium: 
17% vs 12%. It was unexpected that dexmedetomidine 
increased delirium; it possibly results from hypotension 
that the drug provoked. Consistent with this theory, 
hypotension is associated with delirium in ICU and 
surgical patients and avoidance of intraoperative hypo
tension as part of a multimodal intervention strategy to 
decrease postoperative delirium has been proposed.32,33

Acute kidney injury after cardiac surgery is common 
and mechanistic studies suggest that dexmedetomidine 
might be protective.15,16 Zhai and colleagues showed a 
protective effect of dexmedetomidine on the kidney in 

just 72 patients who had cardiac valve replacements.34 A 
metaanalysis, which included nine randomised con
trolled trials with a total of 1308 patients, concluded that 
dexmedetomidine might reduce renal injury in elderly 
patients.35 However, the trial was limited by high 
heterogeneity among the included studies. Furthermore, 
as with any metaanalysis, the extent to which publication 
bias contributes is essentially unknown. Patients random
ised to dexmedetomidine in our trial had marginally 
worse renal function, possibly mediated by hypotension.

The prevalence of persistent incisional pain after 
cardiac surgery is 27–41% at 90 days.36 The 29% inci dence 
in our patients is thus consistent with previous reports. 
There is a strong association between acute surgical pain 
and persistent incisional pain. Furthermore, it is well 
established that dexmedetomidine is analgesic for 
various types of surgical pain. We thus expected 
dexmedetomidine to reduce persistent pain. In fact, 
dexmedetomidine did not reduce persistent pain at 
90 days. Furthermore, neuropathic pain and quality of 
life at 90 days were similar in our treatment groups.

Our persistent pain results contrast with previous 
work, none of which was in cardiac surgical patients. In 
mastectomy and cholecystectomy trials, intraoperative 
dexmedetomidine decreased pain at 90 days and 
180 days.37,38 However, both trials were underpowered and 
fragile, with a combined total of just 129 patients 
and 30 outcomes. Other potential explanations for 
divergent results include the fact that sternotomies 

Dexmedetomidine (n=398) Placebo (n=396)

Missing Summary statistics Missing Summary statistics

Length of intensive care unit stay, h 5 51 (29–93) 7 47 (26–78)

Length of postoperative hospital stay, 
days

6 6 (5–8) 6 6 (5–7)

Kidney function outcomes

Maximum blood urea nitrogen 
(mg/dL)

63 20 (15–26) 65 19 (15–25)

Maximum creatinine, mg/dL 3 1·02 (0·85–1·30) 3 1·03 (0·86–1·20)

90-day outcomes

SF-12—physical health 117 51 (43–55) 104 50 (43–55)

SF-12—mental health 117 57 (49–60) 104 57 (51–60)

Neuropathic pain 109 85 (29%) 97 96 (32%)

Major complications

Clinically important bradycardia 4 36 (9%) 6 45 (11%)

Clinically important hypotension 4 224 (57%) 6 140 (36%)

Postoperative myocardial infarction 4 3 (1%) 6 3 (1%)

Postoperative stroke 4 7 (2%) 6 4 (1%)

Surgical site infection 4 1 (<1%) 6 0

Documented pulmonary embolism 
or deep vein thrombosis

4 1 (<1%) 6 0

Serious adverse event 4 21 (5%) 6 8 (2%)

Death 7 1 (<1%) 9 1 (<1%)

Data are n (%), mean (SD), or median (IQR). SF-12=12-item short form health survey.

Table 3: Descriptive summary of exploratory outcomes
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