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Abstract

Background

Cardiac surgery patients often experience several types of tachyarrhythmias after admis-

sion to the intensive care unit (ICU), which increases mortality and morbidity. Dexmedetomi-

dine (DEX) is a popular medicine used for sedation in the ICU, and its other

pharmacological characteristics are gradually being uncovered.

Purpose

To determine whether DEX has an antiarrhythmic effect after cardiac surgery.

Methods

The three primary databases MEDLINE, Embase (OVID SP) and the Cochrane Central

Register of Controlled Trials (CENTRAL) were searched, and all English-language and ran-

domized control-designed clinical publications comparing DEX to control medicines for

sedation after elective cardiac surgery were included. Two colleagues independently

extracted the data and performed other quality assessments. A subgroup analysis was per-

formed according to the different medicines used and whether cardiopulmonary bypass

(CPB) was applied. All tachyarrhythmias that occurred in the atria and ventricles were

analyzed.

Results

A total of 1295 patients in 9 studies met the selection criteria among 2587 studies that were

screened. After quantitative synthesis, our results revealed that the DEX group was associ-

ated with a lower incidence of ventricular arrhythmia (VA, OR 0.24, 95% CI 0.09–0.64, I2 =

0%, P = 0.005) than the control group. Subgroup analysis did not reveal a significant differ-

ence between the DEX and propofol subgroups (OR 0.13, 95% CI 0.03–0.56, I2 = 0%, P =

0.007). Additionally, no difference in the incidence of atrial fibrillation (AF) was observed
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regardless of the different control medicines (OR 0.82, 95% CI 0.60–1.10, I2 = 25%, P =

0.19) or whether CPB was applied.

Conclusions

This meta-analysis revealed that DEX has an antiarrhythmic effect that decreases the inci-

dence of VA compared to other drugs used for sedation following cardiac surgery. DEX may

not have an effect on AF, but cautious interpretation should be exercised due to high

heterogeneity.

Introduction

The incidence of complications has decisive significance for overall mortality in patients fol-

lowing cardiac operations. A high incidence of complications is directly correlated with

increased hospitalization and economic costs as well as with the quality of life of the patients.

Postoperative arrhythmia (POA) is a type of complication that can occur following cardiac

surgery. Atrial tachyarrhythmia is a common postoperative heart rhythm disorder and

includes the so-called postoperative atrial fibrillation (POAF). Ventricular arrhythmia (VA) is

also a major complication with lower frequency and less clarity.

Increasing evidence suggests that POAs are mainly caused by the diversity of patient char-

acteristics and surgery items [1–2]. Currently, increasing studies have focused on congenital

heart disease in infants, for whom postoperative arrhythmias frequently occur in the early

postoperative period [3–5]. According to reports, the incidences of different types of arrhyth-

mias can reach 48% in pediatric cardiac patients [6–7]. Moreover, up to 40–50% of patients

will develop POAF during hospitalization following cardiac surgery [8]. The occurrence of

atrial fibrillation (AF) not only prolongs hospitalization but also increases the cost [9–10]. Fur-

thermore, treatment of these arrhythmias is limited by ineffective antiarrhythmic therapies

and the significant adverse effects of drugs. The development of antiarrhythmic drugs has

always been challenging and limited.

Dexmedetomidine (DEX) is a highly selective α-2 receptor agonist that has been applied

safely and efficiently in perioperative cardiac surgery since its approval by the U.S. Food and

Drug Administration [11]. Since that time, DEX has been popular for cardiac surgery patients

on fast-track anesthesia when recovery is required during the ICU stay [12–14]. Based on sev-

eral randomized control studies, DEX can provide safe and effective sedation [15–16], facilitate

extubation [15], and reduce delirium [17–18], AF [19], and renal [20] and myocardial injury

[21]. Meta-analyses and reviews have also indicated that this drug is safe and efficacious for

post-cardiac surgery patients [22–23].

Ettema and his coworkers hypothesized that DEX was necessary to prevent postoperative

complications from preadmission interventions for older cardiac surgery patients [24]. Based

on their theory, rate and rhythm control strategies are typically the focus for supraventricular

tachyarrhythmias, and prompt cardioversion for VAs is necessary [1]. Prophylactic drugs,

such as beta-blockers [25], amiodarone [26] and lidocaine[27], have their own limitations,

and there is controversy regarding the effectiveness of antiarrhythmia medications. As a first-

line sedation medicine [28], DEX seems to be a promising option for postoperative cardiac

patients, but clinical and review articles have reported conflicting results on its efficiency as an

arrhythmia treatment following infant heart surgery [29–31], and few studies have reported its

arrhythmia treatment efficiency in adult cardiac patients, with the exception of Liu’s report
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[19]. Nevertheless, efforts must be taken to prevent POAs, and the lack of relevant reviews on

the use of DEX as a treatment for POAs is noteworthy.

Methods

Search strategy

Two investigators independently searched the computerized databases Embase (OVID SP),

the Cochrane Central Register of Controlled Trials (CENTRAL), and MEDLINE. All eligible

articles written in English between 1966 and May 2017 were chosen. The search strategy

included the words “Dexmedetomidine”, “Adrenergic alpha-Agonists”, “Precedex”, “Thoracic

Surgery”, “Cardiac Surgical Procedures”, “cardiac surgery”, “Arrhythmias, Cardiac” and

“Anti-Arrhythmia Agents”. Various combinations of these free words were also used S1 File.

The search concluded in June 2017, and 2 new interesting reports were identified for further

review.

Eligible studies

All eligible studies met the following conditions: 1, all randomized controlled trials involving

valve replacement surgery or coronary artery bypass surgery with or without cardiopulmonary

bypass that compared DEX to control drugs; 2, sedation time<24 h in the ICU regardless of

when extubation occurred; 3, the patients were older than 18 years; 4, there were no limitations

on the time of drug infusion and dose limit; and 5, reported the incidence of AF or VA.

Data extraction and quality control

After the full-text articles were retrieved, two investigators independently conducted quality

assessments of the articles using the Cochrane Risk Bias Assessment Tool of the Cochrane

Handbook for Systematic Reviews of Interventions (Higgins 2011) [32]. The assessment items

included the following: random sequence generation, blinding of participants and personnel,

blinding of outcome assessment, incomplete outcome data, allocation concealment, selective

reporting, and other biases S1 and S9 Tables. Next, the data were extracted, and a third opera-

tor intervened when disagreements occurred. The primary outcomes were the incidence of AF

and ventricular tachyarrhythmia (including ventricular fibrillation (VF) and ventricular tachy-

cardia (VT)) S10 and S11 Tables. The GRADE system for each outcome was applied to evalu-

ate the quality of the grade.

Statistical analysis

Review manager (version 5.3) [33] was used to pool and analyze the eligible studies when

two or more studies reported the outcomes of interest. The fixed-effects model was applied

throughout the whole analysis. A random-effects model was used only in the presence of clini-

cally and statistically significant heterogeneity (P>0.1, I2<50%). The odds ratio (OR) was

chosen as the effect measure for dichotomous outcomes. Subgroup analyses were performed

based on the different infused medicines and whether cardiopulmonary bypass (CPB) was uti-

lized. Sensitivity analyses were also performed by removing studies with low quality or a small

sample size to confirm the stability of the results after analysis. After meta-analysis of all the

outcomes, the summaries of the findings for each outcome were created with the GRADE sys-

tem to evaluate the quality of the evidence.
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Results

Included studies

Twenty-five hundred and eighty records were identified in the electronic databases Medline

(104), EMBASE (449) and CENTRAL (2027). After checking for duplications, screening the

titles or abstracts and reviewing the content, 63 full-text articles were retrieved from a database

purchased by our own unit. Fifty-four articles were excluded due to various reasons. Finally,

the remaining 9 studies were included in the quantitative analysis [15–21, 34–35] (Fig 1).

Basic characteristics of the studies

Nine studies were included in this review. The total number of patients was 1295, and the

included patients across all studies ranged from 11 to 152 Table 1. There were 7 studies (449 in

Fig 1. Study flow diagram.

https://doi.org/10.1371/journal.pone.0193303.g001
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the DEX group, 461 in the control group) that compared DEX to propofol [15–17, 19, 21, 34–

35] and accounted for approximately 70% of the total patients. One study compared DEX to

morphine [18] and placebo [20]. Five studies performed cardiac surgery without CPB assis-

tance [15, 16, 20–21, 35]. Intravenous infusion of DEX began primarily upon admission to the

ICU in 6 studies. Only 1 study adopted a low infusion rate (0.04 μg/kg/h) without a bolus vol-

ume upon admission to the ICU [20].

Risk of bias

According to the Cochrane handbook, a high risk of bias was present in less than 25% of

the included studies. Following a detailed evaluation of each study, we determined that 4

studies in this review could be considered as high quality because a high risk of bias was

not identified [16–18,35]. Three studies were considered to be of moderate quality due to

incomplete data that resulted in disproportionate data loss [20–21,34]; for example, one

study mentioned “respiratory function” indicators in the methods, but no results were

provided in the subsequent sections [20]. The remaining 2 studies were classified as low

quality due to high risk of bias from either the lack of randomization, attrition balance or

ITT [15,19].

Summary of findings by the GRADE system

Using the GRADE system, two main outcomes were graded: AF was graded as low-quality evi-

dence because of incomplete data, disproportionate data loss [15, 19] and imprecision bias due

to a small number of studies with wide confidence intervals. Ventricular tachyarrhythmia was

graded as moderate-quality evidence because only one level was downgraded due to methodo-

logical bias [21, 35] Table 2.

Table 1. Characteristics of the included studies.

Author

(publication year)

Age Patient

number

Surgery type DEX intervention time DEX intervention Control infusion

Herr(2003) 61.9 295 CABG Sternal closure~24 h in the ICU 1.0 μg/kg induction then

maintained by 0.2 to 0.7μg/kg/h

Propofol used, but no

detailed data

Corbett(2005) 63.6 89 CABG ICU admission~1 hr postextubation 1 μg/kg induction then maintained

by 0.4 μg/kg/h.

Propofol: 0.2 to 0.7

μg/kg/h

Shehabi(2009) 71.5 306 On-pump cardiac

surgery�
ICU admission~extubation/leaving the

ICU/48 h maximum

0.1 to 0.7 μg/kg/h Morphine: 10 to 70

μg/kg/h

Goksedef(2013) 58 100 CABG ICU admission~24 h maximum 0.04 μg/kg/h Placebo

Ren(2013) 60 162 CABG Vascular anastomosis grafting~12 h in

the ICU

0.2–0.5 μg/kg/h Propofol: 2–4 mg/kg/h

Karaman(2015) 62.5 64 CABG ICU admission~extubation 0.2–1.0 μg/kg/h Propofol: 1.0–3.0

mg/kg/h

George(2016) 72.7 183 On-pump cardiac

surgery�
ICU admission~extubation 0.4 μg/kg bolus followed by 0.2 to

0.7 μg/kg/h

Propofol: 25 to 50

μg/kg/min

Liu(2016) 62.5 90 On-pump cardiac

surgery�
ICU admission~extubation 0.2–1.5 μg/kg/h Propofol: 0.3–3

mg/kg/h

Liu(2017) 53 61 On-pump cardiac

surgery�
ICU admission~extubation 0.2–1.5 μg/kg/h Propofol: 5 to 50

μg/kg/min

CABG, coronary artery bypass grafting; ICU, intensive care unit; DEX, dexmedetomidine; and

�, on-pump cardiac surgery including valve surgery and/or CABG.

https://doi.org/10.1371/journal.pone.0193303.t001
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What is the influence of DEX on VA?

Four of the 9 included studies, with 1295 participants, evaluated VA. The overall outcome of

the four studies revealed a lower incidence of VA in the DEX (1%) group than in the control

(5%) group (P = 0.005). Of these studies, 3 were pooled together in the meta-analysis as they

compared DEX with propofol. A statistically significant difference in the incidence of VA was

revealed between the DEX and propofol subgroups (OR 0.13, 95% CI 0.03–0.56, I2 = 0%,

P = 0.007). One study, which was not pooled due to the lack of CPB [18], exhibited a lower

incidence of VA in the DEX group (2%) than in the morphine group (3%) (Fig 2).

What is the influence of DEX on AF?

The incidence of AF is presented in all 9 studies. In the medicine control subgroup, no reduc-

tion in the overall incidence of AF was observed (P = 0.19) (Fig 3). Seven studies involving pro-

pofol use were compared in the subgroup analysis, and similar results were found (OR 0.84,

Table 2. Summary of findings for each outcome.

Outcomes Illustrative comparative risks (95% CI) Relative effect No of participants Quality of the evidence Comments

Assumed risk

Control drugs

Corresponding risk

DEX

(95% CI) (Studies) (GRADE)

Study population

Atrial fibrillation 206 per 1000 169 per 1000

(124 to 227)

RR 0.82

(0.6 to 1.1)

1295

(9 studies)

��⊝⊝
low1,2

Moderate

Ventricular tachyarrhythmia 45 per 1000 11 per 1000

(4 to 29)

RR 0.24

(0.09 to 0.64)

845

(4 studies)

���⊝
moderate3

Moderate

CI: confidence interval; RR: risk ratio; DEX, dexmedetomidine
1, attrition bias occurred due to incomplete data or NO ITT
2, several low number of studies with very wide confidence intervals; and
3

, several methodological limitations occurred, such as random distribution and double blinding.

https://doi.org/10.1371/journal.pone.0193303.t002

Fig 2. Forest plot of the incidence of ventricular arrhythmia after cardiac surgery with sedation by DEX compared to control

medicine.

https://doi.org/10.1371/journal.pone.0193303.g002
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95% CI 0.56–1.24, I2 = 43%, P = 0.37). In the CPB subgroup, the incidence of AF was presented

in 4 studies, three of which compared DEX with propofol (Fig 4). A random-effects model was

adopted due to high heterogeneity (I2 = 68%). No significant difference was identified between

the DEX and propofol subgroups (OR 1.11, 95% CI 0.69–1.77, I2 = 0%, P = 0.67), even after

Fig 3. Forest plot of the incidence of AF after cardiac surgery with sedation by DEX compared to different medicines and the

subgroup analysis.

https://doi.org/10.1371/journal.pone.0193303.g003

Fig 4. Forest plot of the incidence of AF among patients after cardiac surgery under CPB with sedation by DEX compared to

control medicine and the subgroup analysis.

https://doi.org/10.1371/journal.pone.0193303.g004
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one low-quality study was removed for sensitivity analysis [19] (Fig 5). Moreover, in the with-

out-CPB subgroup, no significant differences were identified among the main comparisons

between DEX and propofol (4 studies, 610 patients) (OR 0.89, 95% CI 0.45–1.76, I2 = 5%,

P = 0.74) (Fig 6).

Discussion

With the popularity of DEX sedation for ICU patients, an increasing number of functions and

shortcomings for this drug have been reported. Moreover, the controversial reports urgently

need to be resolved. Our current meta-analysis indicates that infusion with DEX following car-

diac surgery may decrease the incidence of VT but not AF compared with control drugs. Cur-

rently, the pathogenesis of POAs is largely understood. The proposed risk factors for POAs

Fig 5. Forest plot of the sensitivity analysis of the incidence of AF among patients after cardiac surgery under CPB with

sedation by DEX compared to control medicine.

https://doi.org/10.1371/journal.pone.0193303.g005

Fig 6. Forest plot of the incidence of AF among patients after cardiac surgery without CPB with sedation by DEX compared

to control medicine and the subgroup analysis.

https://doi.org/10.1371/journal.pone.0193303.g006
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include hypoxia, ischemia, trauma, inflammation, catecholamines and electrolyte abnormali-

ties, but some patients have different characteristics [36]. It is well known that tachyarrhyth-

mias can lead to reduced diastolic filling time and cardiac output, which can result in

myocardial ischemia and hypotension. Related research has indicated that the excitation of

sympathetic nerves is the primary pathogenesis of tachyarrhythmia following cardiac surgery

[37]. AF following cardiac surgery is a thoroughly studied postoperative tachyarrhythmia [38–

42]. Specifically, new-onset AF is the focus of current research studies [39]. According to

Banach’s meta-analysis, the incidence of AF among patients after cardiac surgery doubles the

risk of death [43]. The ACCP Guidelines for the Prevention and Management of Postoperative

Atrial Fibrillation After Cardiac Surgery were proposed by The American College of Chest

Physicians in 2005 [44]. The recommendations for the management of POAF were subse-

quently updated in 2016 [45]. The potential mechanism underlying POAF may be activation

of a systemic proinflammatory state, myocardial irritation, and heightened sympathetic tone.

Although various functional drugs are recommended, it remains unclear whether these drugs

have definitive effects. Another arrhythmia that can lead to sudden cardiac death in the cardiac

ICU is VT or VF, which has an incidence of 5–8% [46]. It has been reported that VT or VF

after cardiac surgery not only worsens long-term prognosis but also increases in-hospital mor-

tality [47–48]. There are many risk factors for VT/VF, including ischemia, sympathetic stimu-

lation, and electrolyte abnormalities [49]. However, there are not many medications available

for the treatment and prevention of VT or VF nor many related clinical research studies.

Amiodarone may currently be the most effective drug [50], but clinical research for the devel-

opment of new drugs is urgently required.

DEX is a highly selective new-generation alpha-2 adrenergic receptor agonist and has been

applied safely for sedation. DEX also exhibits anxiolytic, analgesic, and sympatholytic proper-

ties [51]. By activating G-protein transmembrane alpha-2 receptors in the brain, DEX can the-

oretically influence the transmission of sympathetic activity from the central to the peripheral

nervous system and elicit an antiarrhythmic effect. This anti-epinephrine effect has already

been shown to be effective by Hayashi’s research [52]. Activation of the vagus nerve was also

subsequently thought to be a mechanism responsible for the antidysrhythmic effect of DEX

[53]. Additionally, studies have reported the multifunctional characteristics of DEX treatment

in cardiac surgery, which include reducing myocardial ischemia-reperfusion injury [21, 54]

and inhibiting the inflammatory response [55–56]. In conclusion, all of the above features

indicate that DEX has antiarrhythmic effects. Additionally, these effects were confirmed for

the first time in a cohort study showing that DEX can decrease the incidence of ventricular

and supraventricular tachyarrhythmias in patients following congenital heart surgery [31].

To our knowledge, this is the first meta-analysis of the effects of DEX on ventricular tachy-

arrhythmias in adult cardiac patients. Our results revealed, with moderate-quality evidence

Table 2, that DEX can decrease the overall incidence of VT and VF by 76% compared to con-

trol drugs. However, few RCTs have investigated this relationship in adult patients; most

related studies are review articles or have focused on pediatric patients [30–31]. Nevertheless,

the results of these studies are consistent with those of our study. Additional prospective RCTs

are required to verify the antiarrhythmic effect of DEX. In contrast, prophylactics for AF are a

controversial topic in different types of patients; Ai and his coworkers reported the ineffective-

ness of DEX for lung cancer patients [57], but Liu’s study reported positive effects of DEX in

the prevention of AF [19]. Some related reviews have also strived to clarify AF risk factors and

drug prevention strategies [3, 45]. Our meta-analysis concluded that DEX did not exhibit

effective antiarrhythmic qualities compared to control drugs (P = 0.56). Moreover, this study

included evidence that was graded to be of low quality Table 2. When targeting different con-

trol drugs that were formulated ahead of time, the same statistical results were found (P = 0.84,
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0.68, and 0.82, respectively). However, the subgroup analysis by CPB exhibited obvious hetero-

geneity (I2 = 59%), which was eliminated after sensitivity analysis with the removal of one

study [19]; subsequently, consistent results were obtained. The heterogeneity from the

removed study was probably attributed to the young age of the study cohort (approximately 50

years) and the shortened clamping time (approximately 50 minutes), which were different

from the other studies. Increased age and clamping times are well-known risk factors for

POAF [58–60] and directly influence the incidence of AF and patient prognosis. However,

given the multifactorial influences on AF and the low quality of evidence, this part of the

results should be interpreted cautiously.

Several limitations are present in our meta-analysis: 1, Due to the shortage of RCTs, only 1

study was evaluated in the subgroup analysis according to the different drugs infused, which

can lead to incapability when quantitatively merging the results. 2. All of the collected outcome

measures were not the main outcomes of the included studies; therefore, it is possible that the

tests had inadequate power. 3. Many design differences among these studies made it difficult

to reduce clinical heterogeneity; for example, the timing of dexmedetomidine administration,

the duration of the dexmedetomidine infusion, the presence or lack of a loading dose, and the

infusion drug dosage varied.

Conclusions

Based on this meta-analysis, we conclude that DEX elicits antiarrhythmic effects by decreasing

the incidence of VA compared with control drugs following cardiac surgery. No statistically

significant difference in AF incidence was observed between the DEX and control groups, but

cautious interpretation should be exercised when CPB is utilized. Additional larger-scale pro-

spective studies or further subgroup analyses are warranted in the future.
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20. Göksedef D. The effects of dexmedetomidine infusion on renal functions after coronary artery bypass

graft surgery: a randomized, double-blind, placebo-controlled study. Turkish Journal of Thoracic and

Cardiovascular Surgery 2013; 21(3):594–602.

21. Ren J, Zhang H, Huang L, et al. Protective effect of dexmedetomidine in coronary artery bypass grafting

surgery. Exp Ther Med 2013; 6(2):497–502. https://doi.org/10.3892/etm.2013.1183 PMID: 24137215

22. Constantin JM, Momon A, Mantz J, et al. Efficacy and safety of sedation with dexmedetomidine in criti-

cal care patients: A meta-analysis of randomized controlled trials. Anaesthesia Critical Care and Pain

Medicine 2016; 35(1):7–15.

23. Cao FF, Zhang HT, Feng X. Role of dexmedetomidine in the perioperative period of patients undergoing

coronary artery bypass graft surgery: A meta-analysis. Medical Journal of Chinese People’s Liberation

Army 2014; 39(12):981–986.

24. Ettema RG, Van Koeven H, Peelen LM, et al. Preadmission interventions to prevent postoperative com-

plications in older cardiac surgery patients: a systematic review. Int J Nurs Stud 2014; 51(2):251–260.

https://doi.org/10.1016/j.ijnurstu.2013.05.011 PMID: 23796313

25. Maniar PB, Balcetyte-Harris N, Tamis JE, et al. Intravenous versus oral beta-blockers for prevention of

post-CABG atrial fibrillation in high-risk patients identified by signal-averaged ECG: lessons of a pilot

study. Card Electrophysiol Rev 2003; 7(2):158–161. PMID: 14618042

26. Greenspon AJ, Kidwell GA, Hurley W, et al. Amiodarone-related postoperative adult respiratory distress

syndrome. Circulation 1991; 84(5 Suppl):Iii407–415. PMID: 1934438

27. Fogel RI, Prystowsky EN. Management of malignant ventricular arrhythmias and cardiac arrest. Crit

Care Med 2000; 28(10 Suppl):N165–169. PMID: 11055686

28. Pichot C, Ghignone M, Quintin L. Dexmedetomidine and clonidine: from second- to first-line sedative

agents in the critical care setting? J Intensive Care Med 2012; 27(4):219–237. https://doi.org/10.1177/

0885066610396815 PMID: 21525113

29. Keshary M LO, Lemley K. Incidence of arrhythmias in children receiving dexmedetomidine after con-

genital heart disease repair. Critical care medicine. 2015, 43 (12 Suppl 1): 145.

30. Tobias JD, Chrysostomou C. Dexmedetomidine: antiarrhythmic effects in the pediatric cardiac patient.

Pediatr Cardiol 2013; 34(4):779–785. https://doi.org/10.1007/s00246-013-0659-7 PMID: 23435789

31. Chrysostomou C, Sanchez-de-Toledo J, Wearden P, et al. Perioperative use of dexmedetomidine is

associated with decreased incidence of ventricular and supraventricular tachyarrhy thmias after con-

genital cardiac operations. Ann Thorac Surg 2011; 92(3):964–972; discussion 972. https://doi.org/10.

1016/j.athoracsur.2011.04.099 PMID: 21871284

32. Higgins JP, Altman DG, Gotzsche PC, et al. The Cochrane Collaboration’s tool for assessing risk of

bias in randomised trials. Bmj 2011; 343:d5928. https://doi.org/10.1136/bmj.d5928 PMID: 22008217

Does dexmedetomidine have antiarrhythmic effect?

PLOS ONE | https://doi.org/10.1371/journal.pone.0193303 March 1, 2018 12 / 14

https://doi.org/10.1053/j.jvca.2016.05.043
http://www.ncbi.nlm.nih.gov/pubmed/27640896
https://doi.org/10.1053/j.jvca.2016.05.042
http://www.ncbi.nlm.nih.gov/pubmed/27640895
https://doi.org/10.7860/JCDR/2014/9624.4946
http://www.ncbi.nlm.nih.gov/pubmed/25478365
https://doi.org/10.1007/s00540-015-1975-2
http://www.ncbi.nlm.nih.gov/pubmed/25617159
http://www.ncbi.nlm.nih.gov/pubmed/14579210
https://doi.org/10.1097/ALN.0000000000000951
https://doi.org/10.1097/ALN.0000000000000951
http://www.ncbi.nlm.nih.gov/pubmed/26575144
https://doi.org/10.1097/ALN.0b013e3181b6a783
https://doi.org/10.1097/ALN.0b013e3181b6a783
http://www.ncbi.nlm.nih.gov/pubmed/19786862
https://doi.org/10.1186/s13054-016-1480-5
https://doi.org/10.1186/s13054-016-1480-5
http://www.ncbi.nlm.nih.gov/pubmed/27654700
https://doi.org/10.3892/etm.2013.1183
http://www.ncbi.nlm.nih.gov/pubmed/24137215
https://doi.org/10.1016/j.ijnurstu.2013.05.011
http://www.ncbi.nlm.nih.gov/pubmed/23796313
http://www.ncbi.nlm.nih.gov/pubmed/14618042
http://www.ncbi.nlm.nih.gov/pubmed/1934438
http://www.ncbi.nlm.nih.gov/pubmed/11055686
https://doi.org/10.1177/0885066610396815
https://doi.org/10.1177/0885066610396815
http://www.ncbi.nlm.nih.gov/pubmed/21525113
https://doi.org/10.1007/s00246-013-0659-7
http://www.ncbi.nlm.nih.gov/pubmed/23435789
https://doi.org/10.1016/j.athoracsur.2011.04.099
https://doi.org/10.1016/j.athoracsur.2011.04.099
http://www.ncbi.nlm.nih.gov/pubmed/21871284
https://doi.org/10.1136/bmj.d5928
http://www.ncbi.nlm.nih.gov/pubmed/22008217
https://doi.org/10.1371/journal.pone.0193303


33. The Nordic Cochrane Centre TCC. Review Manager (Rev Man). Version 5.3. Copenhagen: The Nordic

Cochrane Centre, The Cochrane Collaboration, 2014.

34. Liu X, Zhang K, Wang W, et al. Dexmedetomidine Versus Propofol Sedation Improves Sublingual

Microcirculation After Cardiac Surgery: a Randomized Controlled Trial. Journal of cardiothoracic and

vascular anesthesia. 2017; 30(6):1509–1515.

35. Corbett SM, Rebuck JA, Greene CM, et al. Dexmedetomidine does not improve patient satisfaction

when compared with propofol during mechanical ventilation*. Critical Care Medicine 2005; 33(5):940–

945. PMID: 15891317

36. Heintz KM, Hollenberg SM. Perioperative cardiac issues: postoperative arrhythmias. Surg Clin North

Am 2005; 85(6):1103–1114, viii. https://doi.org/10.1016/j.suc.2005.09.003 PMID: 16326196

37. Kalisnik JM, Avbelj V, Trobec R, et al. Assessment of cardiac autonomic regulation and ventricular repo-

larization after off-pump coronary artery bypass grafting. Heart Surg Forum 2006; 9(3):E661–667.

https://doi.org/10.1532/HSF98.2006-1020 PMID: 16753938

38. Yadava M, Hughey AB, Crawford TC. Postoperative Atrial Fibrillation: Incidence, Mechanisms, and

Clinical Correlates. Heart Fail Clin 2016; 12(2):299–308. https://doi.org/10.1016/j.hfc.2015.08.023

PMID: 26968672

39. Lomivorotov VV, Efremov SM, Pokushalov EA, et al. New-Onset Atrial Fibrillation After Cardiac Sur-

gery: Pathophysiology, Prophylaxis, and Treatment. J Cardiothorac Vasc Anesth 2016; 30(1):200–216.

https://doi.org/10.1053/j.jvca.2015.08.003 PMID: 26597469

40. Zakkar M, Ascione R, James AF, et al. Inflammation, oxidative stress and postoperative atrial fibrillation

in cardiac surgery. Pharmacol Ther 2015; 154:13–20. https://doi.org/10.1016/j.pharmthera.2015.06.

009 PMID: 26116810

41. Raiten J, Patel PA, Gutsche J. Management of postoperative atrial fibrillation in cardiac surgery

patients. Semin Cardiothorac Vasc Anesth 2015; 19(2):122–129. https://doi.org/10.1177/

1089253214551283 PMID: 25975595

42. Worden JC, Asare K. Postoperative atrial fibrillation: role of inflammatory biomarkers and use of colchi-

cine for its prevention. Pharmacotherapy 2014; 34(11):1167–1173. https://doi.org/10.1002/phar.1485

PMID: 25283810

43. Banach M, Goch A, Misztal M, et al. Relation between postoperative mortality and atrial fibrillation

before surgical revascularization—3-year follow-up. Thorac Cardiovasc Surg 2008; 56(1):20–23.

https://doi.org/10.1055/s-2007-989249 PMID: 18200462

44. Fleisher LA, Bass EB, McKeown P. Methodological approach: American College of Chest Physicians

guidelines for the prevention and management of postoperative atrial fibrillation after cardiac surgery.

Chest 2005; 128(2 Suppl):17s–23s. PMID: 16167660

45. Ha AC, Mazer CD, Verma S, et al. Management of postoperative atrial fibrillation after cardiac surgery.

Curr Opin Cardiol 2016; 31(2):183–190. https://doi.org/10.1097/HCO.0000000000000264 PMID:

26836987

46. Ting P, Chua TS, Wong A, et al. Trends in mortality from acute myocardial infarction in the coronary

care unit. Ann Acad Med Singapore 2007; 36(12):974–979. PMID: 18185876

47. Pires LA, Hafley GE, Lee KL, et al. Prognostic significance of nonsustained ventricular tachycardia iden-

tified postoperatively after coronary artery bypass surgery in patients with left ventricular dysfunction. J

Cardiovasc Electrophysiol 2002; 13(8):757–763. PMID: 12212692

48. El-Chami MF, Sawaya FJ, Kilgo P, et al. Ventricular arrhythmia after cardiac surgery: incidence, predic-

tors, and outcomes. J Am Coll Cardiol 2012; 60(25):2664–2671. https://doi.org/10.1016/j.jacc.2012.08.

1011 PMID: 23177295

49. Schleifer JW, Srivathsan K. Ventricular arrhythmias: state of the art. Cardiol Clin 2013; 31(4):595–605,

ix. https://doi.org/10.1016/j.ccl.2013.07.007 PMID: 24188223

50. Connolly SJ, Dorian P, Roberts RS, et al. Comparison of beta-blockers, amiodarone plus beta-blockers,

or sotalol for prevention of shocks from implantable cardioverter defibrillators: the OPTIC Study: a ran-

domized trial. Jama 2006; 295(2):165–171. https://doi.org/10.1001/jama.295.2.165 PMID: 16403928

51. Nguyen V, Tiemann D, Park E, et al. Alpha-2 Agonists. Anesthesiol Clin 2017; 35(2):233–245. https://

doi.org/10.1016/j.anclin.2017.01.009 PMID: 28526145

52. Hayashi Y, Sumikawa K, Maze M, et al. Dexmedetomidine prevents epinephrine-induced arrhythmias

through stimulation of central alpha 2 adrenoceptors in halothane-anesthetized dogs. Anesthesiology

1991; 75(1):113–117. PMID: 1676567

53. Kamibayashi T, Hayashi Y, Mammoto T, et al. Role of the vagus nerve in the antidysrhythmic effect of

dexmedetomidine on halothane/epinephrine dysrhythmias in dogs. Anesthesiology 1995; 83(5):992–

999. PMID: 7486186

Does dexmedetomidine have antiarrhythmic effect?

PLOS ONE | https://doi.org/10.1371/journal.pone.0193303 March 1, 2018 13 / 14

http://www.ncbi.nlm.nih.gov/pubmed/15891317
https://doi.org/10.1016/j.suc.2005.09.003
http://www.ncbi.nlm.nih.gov/pubmed/16326196
https://doi.org/10.1532/HSF98.2006-1020
http://www.ncbi.nlm.nih.gov/pubmed/16753938
https://doi.org/10.1016/j.hfc.2015.08.023
http://www.ncbi.nlm.nih.gov/pubmed/26968672
https://doi.org/10.1053/j.jvca.2015.08.003
http://www.ncbi.nlm.nih.gov/pubmed/26597469
https://doi.org/10.1016/j.pharmthera.2015.06.009
https://doi.org/10.1016/j.pharmthera.2015.06.009
http://www.ncbi.nlm.nih.gov/pubmed/26116810
https://doi.org/10.1177/1089253214551283
https://doi.org/10.1177/1089253214551283
http://www.ncbi.nlm.nih.gov/pubmed/25975595
https://doi.org/10.1002/phar.1485
http://www.ncbi.nlm.nih.gov/pubmed/25283810
https://doi.org/10.1055/s-2007-989249
http://www.ncbi.nlm.nih.gov/pubmed/18200462
http://www.ncbi.nlm.nih.gov/pubmed/16167660
https://doi.org/10.1097/HCO.0000000000000264
http://www.ncbi.nlm.nih.gov/pubmed/26836987
http://www.ncbi.nlm.nih.gov/pubmed/18185876
http://www.ncbi.nlm.nih.gov/pubmed/12212692
https://doi.org/10.1016/j.jacc.2012.08.1011
https://doi.org/10.1016/j.jacc.2012.08.1011
http://www.ncbi.nlm.nih.gov/pubmed/23177295
https://doi.org/10.1016/j.ccl.2013.07.007
http://www.ncbi.nlm.nih.gov/pubmed/24188223
https://doi.org/10.1001/jama.295.2.165
http://www.ncbi.nlm.nih.gov/pubmed/16403928
https://doi.org/10.1016/j.anclin.2017.01.009
https://doi.org/10.1016/j.anclin.2017.01.009
http://www.ncbi.nlm.nih.gov/pubmed/28526145
http://www.ncbi.nlm.nih.gov/pubmed/1676567
http://www.ncbi.nlm.nih.gov/pubmed/7486186
https://doi.org/10.1371/journal.pone.0193303


54. Ji F, Li Z, Nguyen H, et al. Perioperative dexmedetomidine improves outcomes of cardiac surgery. Cir-

culation 2013; 127(15):1576–1584. https://doi.org/10.1161/CIRCULATIONAHA.112.000936 PMID:

23513068

55. Xiang H, Hu B, Li Z, et al. Dexmedetomidine controls systemic cytokine levels through the cholinergic

anti-inflammatory pathway. Inflammation 2014; 37(5):1763–1770. https://doi.org/10.1007/s10753-014-

9906-1 PMID: 24803295

56. Ueki M, Kawasaki T, Habe K, et al. The effects of dexmedetomidine on inflammatory mediators after

cardiopulmonary bypass. Anaesthesia 2014; 69(7):693–700. https://doi.org/10.1111/anae.12636

PMID: 24773263

57. Ai D, Xu G, Feng L, et al. Dexmedetomidine does not reduce atrial fibrillation after lung cancer surgery.

Journal of Cardiothoracic and Vascular Anesthesia 2015; 29(2):396–401. https://doi.org/10.1053/j.jvca.

2014.05.013 PMID: 25440618

58. Tadic M, Ivanovic B, Zivkovic N. Predictors of atrial fibrillation following coronary artery bypass surgery.

Med Sci Monit 2011; 17(1):Cr48–55. https://doi.org/10.12659/MSM.881329 PMID: 21169910

59. Koletsis EN, Prokakis C, Crockett JR, et al. Prognostic factors of atrial fibrillation following elective coro-

nary artery bypass grafting: the impact of quantified intraoperative myocardial ischemia. J Cardiothorac

Surg 2011; 6:127. https://doi.org/10.1186/1749-8090-6-127 PMID: 21967892

60. Banach M, Rysz J, Drozdz JA, et al. Risk factors of atrial fibrillation following coronary artery bypass

grafting: a preliminary report. Circ J 2006; 70(4):438–441. PMID: 16565561

Does dexmedetomidine have antiarrhythmic effect?

PLOS ONE | https://doi.org/10.1371/journal.pone.0193303 March 1, 2018 14 / 14

https://doi.org/10.1161/CIRCULATIONAHA.112.000936
http://www.ncbi.nlm.nih.gov/pubmed/23513068
https://doi.org/10.1007/s10753-014-9906-1
https://doi.org/10.1007/s10753-014-9906-1
http://www.ncbi.nlm.nih.gov/pubmed/24803295
https://doi.org/10.1111/anae.12636
http://www.ncbi.nlm.nih.gov/pubmed/24773263
https://doi.org/10.1053/j.jvca.2014.05.013
https://doi.org/10.1053/j.jvca.2014.05.013
http://www.ncbi.nlm.nih.gov/pubmed/25440618
https://doi.org/10.12659/MSM.881329
http://www.ncbi.nlm.nih.gov/pubmed/21169910
https://doi.org/10.1186/1749-8090-6-127
http://www.ncbi.nlm.nih.gov/pubmed/21967892
http://www.ncbi.nlm.nih.gov/pubmed/16565561
https://doi.org/10.1371/journal.pone.0193303

