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Background: Dronedarone is an amiodarone derivative that was approved in the US in July 

2009 to reduce the risk of cardiovascular hospitalization in patients with paroxysmal or persistent 

atrial fibrillation (AF), who are in sinus rhythm (SR), or who will be cardioverted.

Objective: This article reviews the pharmacology, adverse effects, and clinical evidence 

available to date on the use of dronedarone in the management of AF and its potential role in 

the emergency department setting.

Results: In the EURIDIS and ADONIS studies evaluating the efficacy of dronedarone in 

maintaining SR, dronedarone significantly reduced the risk of recurrence of AF compared to 

placebo, by 22% and 27%, respectively. The ERATO study examined the ability of dronedarone 

to control ventricular rate in permanent AF. The DIONYSOS study demonstrated that recurrences 

of AF were more frequent with dronedarone. However, discontinuation of therapy due to 

intolerance was more frequent with amiodarone. Furthermore, the ATHENA study demonstrated 

that dronedarone reduced mortality and cardiovascular hospitalization by 24% (P , 0.05) in 

patients in SR but with other associated risks and a history of AF. However, the ANDROMEDA 

study, evaluating the use of dronedarone in patients with recent decompensated heart failure, 

and the PALLAS study, evaluating the use of dronedarone in patients with chronic AF, were 

both terminated prematurely due to a trend toward an increased risk of cardiovascular events.

Conclusion: Dronedarone has been demonstrated to be effective in reducing the incidence 

of AF recurrence. It appears to be less effective but better tolerated than amiodarone. 

 Dronedarone appears to have a low proarrhythmic risk and is the first anti-arrhythmic that has 

been demonstrated to reduce cardiovascular mortality and cardiovascular hospitalization in 

clinically stable patients with other risk factors for recurrent AF. Therefore, dronedarone can be 

recommended as an anti-arrhythmic of choice in clinically stable patients for maintaining SR. 

If dronedarone is to be used in a patient with chronic stable heart failure, the patient must be 

monitored closely for any worsening of heart failure symptoms. The drug must be discontinued 

should the heart failure symptoms worsen.

Keywords: dronedarone, atrial fibrillation, anti-arrhythmics

Introduction
Atrial fibrillation (AF) is a common arrhythmia that brings patients to the emergency 

department and is associated with increased cardiovascular mortality, stroke, and hos-

pitalization in the US.1 Risk of AF increases with age (incidence up to 26.0% for men 

and 23.0% for women by the age of 40).2 At the emergency department,  management 

of symptomatic AF includes rapid assessment of potential hemodynamic instability, 

the identification and treatment of the underlying or precipitating cause, and a careful 
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assessment of the patient’s history with  particular attention 

to the risk of thromboembolism. At this time, management of 

AF involves achieving three major therapeutic goals: ventric-

ular rate control (rate control); preventing thromboembolic 

events; and restoration of sinus rhythm (SR) (rhythm 

control).3 Rate control involves the use of atrioventricular 

nodal blocking agents such as beta-blockers, calcium channel 

blockers (diltiazem and verapamil) or digoxin. Patients who 

receive rate control management strategy will require long-

term anticoagulation with warfarin or dabigatran therapy to 

prevent thromboembolic events. If they only have one of the 

following risk factors: congestive heart failure; hypertension; 

age .75 years; or diabetes, then aspirin may be used. Rhythm 

control involves the use of Class Ic and III anti-arrhythmic 

agents such as flecainide and amiodarone, for restoring and 

maintaining SR. Theoretically, one of the advantages of 

rhythm control therapy is that long-term anticoagulation may 

not be needed if the patient stays in SR after its restoration.3 

However, studies evaluating rate vs rhythm control strategy 

indicate that long-term anticoagulation therapy may still be 

needed even if rhythm control strategy is used, as patients 

may still go back into AF and thromboembolic events may 

still occur.4 Numerous clinical trials have compared the 

rate control strategy with the rhythm control strategy with 

respect to long-term cardiovascular outcomes in patients with 

AF. From a therapeutic point of view, each strategy has its 

pros and cons.5 Overall, rate and rhythm control strategies 

are believed to produce non significant differences in long-

term cardiovascular outcomes. The decision regarding the 

initial strategy of rate vs rhythm control in the emergency 

department depends on multiple factors including patient 

and physician preference, clarity of the history of onset of 

symptoms, type and duration of AF, severity of symptoms, 

patient age, and other associated cardiovascular diseases and 

medical conditions.

If rhythm control approach is chosen, cardioversion 

can be performed either electrically or pharmacologically. 

The pharmacologic rhythm control agents (ie, Class Ic 

and III  anti-arrhythmics) that are currently available have 

variable efficacy and safety limitations.6 Amiodarone, 

dofetilide, ibutilide, flecainide, propafenone, procainamide, 

and quinidine have been studied and proven effective for 

pharmacologic cardioversion.3 Other agents including sotalol 

have been demonstrated to be effective for maintaining SR.3 

Amiodarone is generally considered the agent with the best 

efficacy in restoring and maintaining SR.3,7–10 In the Sotalol 

Amiodarone Atrial Fibrillation Efficacy Trial (SAFE-T), the 

largest trial of amiodarone in AF, amiodarone was shown to 

be significantly more efficacious than sotalol and placebo in 

maintaining SR (AF recurrence rate in 1 year: 48% for amio-

darone, 68% for sotalol, and 87% for placebo, P , 0.001).8 

In the Atrial Fibrillation Follow-up Investigation of Rhythm 

Management (AFFIRM) sub-study, amiodarone was also 

demonstrated to be the best agent in maintaining SR (AF 

recurrence rate in 1 year: 38% for amiodarone; 77% for other 

Class I agents; and 62% for sotalol, P , 0.001).10 Amiodarone 

is one of the few anti-arrhythmic agents that is well tolerated 

by patients with congestive heart failure and AF.11 In this 

patient population, amiodarone exerts minimal negative ino-

tropic effects relative to other Class Ic and III anti-arrhythmic 

agents.12 In addition, amiodarone also demonstrates the lowest 

risk of Torsade de pointes among all Class Ic and III anti-

arrhythmic agents (0.7% compared to 1.7%–4% for other 

agents).13 However, amiodarone does have an extensive side 

effect profile. Significant toxicities that require long-term 

monitoring include hypo- and hyperthyroidism, elevation of 

liver function enzymes, and pulmonary fibrosis.13 In addition, 

although amiodarone has been demonstrated to be effica-

cious in restoring and maintaining SR, it is not clear whether 

amiodarone has any meaningful impact on the long-term 

outcome of AF patients in terms of cardiovascular morbidity 

and mortality.

Dronedarone (Multaq®, Sanofi Aventis, Paris, France) 

is a noniodinated benzofuran derivative of amiodarone 

that was approved by the Food and Drug Administration 

(FDA) in July 2009 for reduction of risk of cardiovascular 

hospitalization in patients with paroxysmal or persistent AF, 

who have had a recent episode of AF and have associated car-

diovascular risk factors (including age .70, left ventricular 

ejection fraction ,40%, hypertension, diabetes, and/or 

prior cerebrovascular accident) who are in SR or who will 

be cardioverted.14 Compared to amiodarone, dronedarone 

has shown a shorter half-life, decreased lipophilicity, and 

minimal noncardiovascular toxicity in clinical trials. The 

most recent update of the American Heart Association and 

American College of Cardiology Guidelines on the man-

agement of AF recommends the use of dronedarone as one 

of the first choices for rhythm control in patients with AF 

with no heart disease, hypertension without left ventricular 

hypertrophy, and coronary artery disease.3 This article 

reviews the pharmacology, adverse effects, and clinical 

evidence available to date on the use of dronedarone in the 

management of AF. Its role in the emergency department 

setting will also be discussed.
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Clinical pharmacology
Mechanism of action
Dronedarone (methanesulfonamide, N-(2-butyl-3-

[43{(dibutylamino) propoxy}benzoyl]-5-benzofuranyl)-, 

monochloride) has anti-arrhythmic properties similar to 

amiodarone. It possesses activity in all four Vaughan Williams 

classes. It has demonstrated rate-dependent inhibition of the 

rapid Na+ current (Class I), α- and β-adrenergic receptor inhi-

bition (Class II), blockade of K+ outward currents as the main 

mechanism of action (Class III), and blockade of slow Ca2+ 

inward currents (Class IV).15,16 Class I and III effects increase 

refractory periods and decelerate cardiac conduction, provid-

ing mechanisms that induce rhythm control. Balanced inhibi-

tion of multiple outward currents may explain the decrease in 

the transmural dispersion of repolarization, which prevents 

significant proarrhythmic effects.17 Furthermore, in contrast 

to pure potassium channel blockers, dronedarone increases 

action potential duration and effective refractory period 

without reverse use-dependency, preventing the risk of early 

afterdepolarization.17,18 In addition, Class II and IV effects 

contribute to rate control properties in addition to the anti-

adrenergic (Class II) and blood pressure lowering (Class IV) 

effects of the drug.19,20 Table 1 summarizes the clinical phar-

macologic profiles of amiodarone and dronedarone.

Pharmacokinetics
Healthy volunteers
Studies evaluating the pharmacokinetic profile of drone-

darone in healthy volunteers and atrial fibrillation have not 

been published to date. The following information is obtained 

from the briefing document submitted by the manufacturer, 

Sanofi Aventis, to the FDA, as part of the supporting docu-

ment for approval purposes.14 After oral administration in 

nonfasting conditions in healthy subjects, dronedarone is 

demonstrated to be at least 70% absorbed. However, its 

absolute bioavailability is only 15% due to significant first 

pass metabolism. Peak plasma concentrations of dronedarone 

are reached within 3 to 6 hours. At an oral dose of 400 mg 

twice daily, steady state levels of the drug are reached within 

4 to 8 days of treatment. Dronedarone was recommended to 

be taken with meals in all the efficacy/safety studies. It was 

reported that the impact of administration of dronedarone 

in the fasting state was significant (a 2–3 fold decrease in 

exposure) after a single dose. Such an impact would only be a 

30%–40% decrease in exposure during chronic treatment.

Dronedarone is metabolized extensively by the cytochrome 

P450 (CYP) 3A4 enzyme into a main active metabolite, 

SR35021, and numerous other nonactive metabolites. 

SR35021 contributes to 10%–30% of the pharmacological 

activity of dronedarone. Dronedarone is a moderate 

inhibitor of CYP3A4, CYP2D6, and P-glycoprotein. Both 

dronedarone and SR35021 exhibit high and nonsaturable 

protein binding (.98%) in human plasma, primarily to 

albumin. The numerous metabolites of dronedarone are 

mainly excreted in the feces. Renal excretion is a very minor 

route of elimination (6% of the dronedarone dose). The 

steady state terminal elimination half-life of dronedarone is 

approximately 30 hours and that of SR35021 approximately 

25 hours. Dronedarone is completely eliminated from plasma 

within 2 weeks after the last dose of 400 mg twice daily 

treatment.14

Special populations
The pharmacokinetics of dronedarone in patients with AF 

are similar to those in healthy subjects.14 On average, female 

patients have dronedarone exposures 1.3-fold higher compared 

with male patients. In patients with body weight #60 kg, 

exposures are 1.4-fold higher compared with patients with 

body weight 60–100 kg. In patients $65 years or $75 years of 

age, exposures are 1.2-fold and 1.4-fold higher compared with 

patients ,65 years old.14 History of heart failure and renal 

function do not significantly influence the pharmacokinetics 

of dronedarone in patients.14 Moderate hepatic impairment 

(definition not specified) modifies the pharmacokinetics of 

dronedarone: the steady-state dronedarone exposure increases 

by 1.3-fold and active metabolite exposure decreases by 1.6- 

to 1.9-fold.14 Safety and efficacy in children below the age of 

18 years have not been established.21

Pharmacodynamics/effect  
on electrocardiogram
The effect of dronedarone on 12-lead ECG parameters (heart 

rate, PR, and QTc) was investigated in healthy subjects 

following repeated oral doses up to 1600 mg once daily or 

800 mg twice daily for 14 days and 1600 mg twice daily 

for 10 days. In the dronedarone 400 mg twice daily group, 

there was no apparent effect on heart rate; a moderate heart 

rate lowering effect (∼4 beats per minute) was noted at 

800 mg twice daily. There was a clear dose-dependent effect 

on PR-interval with an increase of +5 ms at 400 mg twice 

daily and up to +50 ms at 1600 mg twice daily. There was 

a moderate dose-related effect on the QTc-interval with an 

increase of +10 ms at 400 mg twice daily and up to +25 ms 

with 1600 mg twice daily.21
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Table 1 Clinical pharmacologic profile of amiodarone vs dronedarone21,37

Dronedarone Amiodarone

vaughan Williams  
Class

All four classes, but the contribution of each of these activities  
to the clinical effect is unknown

All four classes, but predominantly Class iii

indications Reduction of risk of cardiovascular hospitalization  
in paroxysmal/persistent AF/AFL with recent episode of AF/AFL 
and associated cardiovascular risk factors

Recurrent ventricular fibrillation; recurrent 
hemodynamically unstable ventricular tachycardia; 
supraventricular arrhythmias; acute management of AF; 
long-term management in preventing recurrent AF

Onset of action 4–8 hours 2–3 days to 1–3 weeks
Half-life 13–19 hours 40–55 days
Protein binding .98% ∼96%
Metabolism By CYP3A, CYP2D6 By CYP3A4, CYP2C8
Route of elimination ∼6% renal, 84% feces Hepatic metabolism and biliary excretion
Contraindications •  Class iv heart failure or symptomatic heart failure  

with a recent decompensation
•  Second- or third-degree atrioventicular (Av) block or  

sick sinus syndrome (except when used in conjunction with a  
functioning pacemaker)

• Bradycardia ,50 beats per minute 
• Concomitant use of a strong CYP3A inhibitor 
•  Concomitant use of drugs or herbal products that  

prolong the QT interval and may induce Torsade de pointes
• Severe hepatic impairment 
• QTc Bazett interval $500 ms 
• Pregnancy 
• Nursing mothers

• Cardiogenic shock 
•  Severe sinus-node dysfunction, causing marked sinus 

bradycardia; second- or third-degree atrioventricular 
block; and when episodes of bradycardia have caused 
syncope (except when used in conjunction  
with a pacemaker)

•  Hypersensitivity to the drug or to any of its 
components, including iodine

Precautions •  Heart failure: if heart failure develops or worsens, consider  
the suspension or discontinuation of therapy

• Liver injury: if hepatic injury is suspected, discontinue therapy 
•  Hypokalemia and hypomagnesemia: Maintain potassium and 

magnesium levels within the normal range
• QT prolongation: Stop dronedarone if QTc Bazett $500 ms 
•  increase in creatinine: Within a week, dronedarone causes a  

small increase in serum creatinine that does not reflect a  
change in underlying renal function

•  Teratogen: Women of childbearing potential should use  
effective contraception while using dronedarone

•  Pulmonary toxicity (hypersensitivity pneumonitis or 
interstitial/alveolar pneumonitis), sometimes fatal, has 
been reported

•  Hepatic disease, including a few fatal cases, has been 
reported

• Arrhythmia, new onset or worsening, may occur
•  Acute myocardial infarction, particularly  

with iv administration
• Adult respiratory distress syndrome has been reported 
• Atrioventricular block has been reported (iv)
• Bradycardia has been reported
•  Concomitant use with anti-arrhythmics, diuretics, 

grapefruit juice, HMG-CoA reductase inhibitors,   
QT-prolonging drugs (azoles, fluoroquinolones, 
macrolide antibiotics)

•  Corneal microdeposits have been reported and may 
result in visual halos or blurred vision (oral)

•  Corneal refractive laser surgery; contraindicated by most 
manufacturers of corneal refractive laser surgery devices

•  Hypokalemia, preexisting; may exaggerate degree of QT 
prolongation and increase the potential for Torsade de 
pointes; correct prior to treatment when possible

•  Hypomagnesemia, preexisting; may exaggerate degree of 
QT prolongation and increase the potential for Torsade 
de pointe; correct prior to treatment when possible

•  Hypotension has been reported, particularly with  
iv administration; postmarketing reports identify  
some refractory and fatal cases

•  Implanted defibrillator or pacemaker, preexisting; may 
result in changes to electrical conduction properties 
(pacing or defibrillating thresholds) of heart; monitoring 
recommended (oral)

(Continued)
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Table 1 (Continued)

Dronedarone Amiodarone

•  Inadequate dietary iodine intake, prior; may increase 
incidence of amiodarone-induced hyperthyroidism

• Left ventricular dysfunction 
•  Liver enzyme elevations commonly reported; 

hepatocellular necrosis leading to hepatic coma, acute 
renal failure, and death associated with intravenous 
administration that is at a much higher than recommended 
loading dose concentration and rate of infusion

•  Liver injury, mild with liver enzyme elevations, 
commonly reported; rare fatal cases also reported (oral)

•  Optic neuritis, in some cases resulting in visual 
impairment that had led to blindness, has been reported

•  Optic neuropathy, in some cases resulting in visual 
impairment that had led to blindness, has been reported

•  Peripheral neuropathy has developed; resolution 
may occur after discontinuation but may be slow and 
incomplete (oral)

•  Photosensitivity has been reported and may be related 
to cumulative dose and duration of therapy (oral)

•  Proarrhythmic events, new or worsened arrhythmias, 
have been reported with possible prolonged effects; 
monitoring recommended

•  Pulmonary infiltrates and/or fibrosis have been reported
•  Surgery; increased sensitivity to myocardial depressant 

and conduction effects of halogenated inhalational 
anesthetics; perioperative monitoring recommended

•  Thyroid abnormalities (hypothyroidism, hyperthyroidism, 
thyroid nodules, thyroid cancer) have been reported; 
increased risk for thyrotoxicosis and/or arrhythmia 
breakthrough or exacerbation, including fatalities

Drug interactions • Anti-arrhythmics 
• Digoxin 
• Calcium channel blockers 
• Beta-blockers 
• CYP3A inducers 
• Grapefruit juice 
•  CYP3A substrates with a narrow therapeutic index  

(eg, sirolimus and tacrolimus)
• Warfarin

• Protease inhibitors 
• H1 and H2 antagonist 
• Trazodone 
• Grapefruit juice 
• Statins (simvastatin, lovastatin, atorvastatin) 
• Cyclosporin 
• Digoxin 
• Anti-arrhythmics 
• Calcium channel blockers 
• Beta-blockers 
• Warfarin 
• Clopidogrel 
• Rifampin 
• St John’s Wort 
• Macrolides 
• Fluoroquinolones

Adverse reactions • Bradycardia 
• Elevation of serum creatinine 
• QTc Bazett prolongation 
• Asthenia condition 
• Gastrointestinal complaints

• Pulmonary toxicity 
• Arrhythmia 
• Bradycardia 
• Hepatic failure 
• Neurological problems 
• Gastrointestinal complaints 
• Ophthalmic abnormalities 
• Thyroid abnormalities 
• Dermatological reactions 
• QTc Bazett prolongation

Abbreviations: AF, atrial fibrillation; AFL, atrial flutter; HF, heart failure.
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Drug interactions
Since a large portion of the clearance of dronedarone is 

mediated by CYP3A4, interaction of dronedarone and strong 

inhibitors of CYP3A4 has been studied. The administration 

of ketoconazole with a single 200 mg dose of dronedarone 

has been reported to cause a 17-fold increase in dronedarone 

exposure. The increase in exposure with ketoconazole was 

reported to be 5- to 8-fold with repeated 400 mg twice daily 

doses of dronedarone.14 Moderate CYP3A4 inhibitors such 

as diltiazem, verapamil have been reported to have a modest 

effect (1.5-fold) on dronedarone exposures with no  significant 

change on the active metabolite.14 Large consumption of 

grapefruit juice (double strength, large volume, three times 

daily), a CYP3A4 inhibitor, increases dronedarone exposure 

by 3-fold.14 Strong CYP3A4 inducers such as rifampin have 

been reported to decrease dronedarone exposure by 5-fold.14

Due to its inhibitory effect on CYP3A4, dronedarone 

400 mg twice daily has been reported to increase simvastatin 

exposure by 4-fold.14 Dronedarone 400 mg twice daily has 

also been reported to increase the exposure of verapamil by 

1.4-fold, and nisoldipine by 1.5-fold.14

Dronedarone 400 mg twice daily has been reported to 

increase digoxin exposure by 2.5-fold via its inhibitory action 

on the P-glycoprotein transporter.14 Exposure to dabigatran 

is also higher when it is administered with dronedarone than 

when it is administered alone (1.7- to 2-fold).14

Dronedarone is also a moderate inhibitor of CYP2D6. 

The interaction between dronedarone and metoprolol has also 

been studied. Forty-four healthy male subjects genotyped for 

CYP2D6 (39 extensive metabolizers, five poor metabolizers) 

were randomized to receive placebo (n = 12), 800 mg (n = 6), 

1200 mg (n = 9), or 1600 mg (n = 17) of dronedarone daily 

after having taken metoprolol 200 mg daily for 5 days. 

Metoprolol and dronedarone therapy were continued for an 

additional 8 days.22 Pharmacokinetic parameters of metoprolol 

were investigated at day 5 and at day 13. C
max

 and AUC
0–24 h

 

of metoprolol increased from days 5 to 13 in proportion to 

dronedarone dose only in CYP2D6 extensive metabolizer 

subjects (P , 0.001). Plasma metoprolol concentrations 

were highest in poor metabolizer subjects. Addition of 

dronedarone (800–1600 mg daily) to metoprolol (200 mg 

daily) increased bioavailability of metoprolol in CYP2D6 

extensive metabolizers. Nevertheless at 400 mg twice daily, 

(the approved therapeutic dose) these effects were modest.

Clinical trials
Pertinent clinical trials evaluating the clinical efficacy 

and safety of dronedarone are summarized in Table 2. 

The Dronedarone for the Prevention of Atrial Fibrillation: 

a Dose-Ranging Study (DAFNE) study was a double-blind, 

randomized placebo-controlled, dose-ranging study that 

compared three different doses of dronedarone (400 mg 

twice daily, 600 mg twice daily, and 800 mg twice daily) 

with placebo for the maintenance of SR following electrical 

cardioversion in 270 patients with AF, treated for 6 months.23 

The primary  endpoint was time to first AF relapse over 

6 months. There was an increase in time to AF recurrence 

with dronedarone 400 mg twice daily compared to placebo 

(median 60 vs 5.3 days, relative risk reduction 55%, 95% 

confidence interval [CI]: 28%–72%; P = 0.001). There was 

no improvement in efficacy at the higher doses, although 

drug discontinuations occurred more frequently (22.6% vs 

3.9% on the 1600 mg and 800 mg daily doses of dronedarone, 

respectively). No proarrhythmic effect was observed in the 

study. This study established that dronedarone given orally 

in 400 mg twice daily regimen is efficacious and safe enough 

to continue to further clinical trials. Premature drug discon-

tinuations were mainly due to gastrointestinal side effects. 

No evidence of thyroid, ocular, or pulmonary toxicity was 

found in this study.

The EURopean trial In atrial fibrillation or flutter patients 

receiving Dronedarone for the maintenance of SR (EURIDIS) 

and American Australian African trial with DronedarONe 

In atrial fibrillation or flutter for the maintenance of SR 

(ADONIS) trials were double-blind, randomized, placebo-

controlled trials, identical in design, evaluating the effect of 

dronedarone (400 mg twice daily) in maintaining normal SR 

in 615 and 629 patients with AF/atrial flutter, respectively.24 

At 12 months, dronedarone reduced the risk of AF/atrial 

flutter recurrence by 22% in the EURIDIS trial (P = 0.01) 

and by 27.5% in the ADONIS trial (P = 0.002). A post hoc 

analysis showed that dronedarone was associated with 34% 

and 27% lower risk of the combined endpoint of all-cause 

hospitalization or death, in the EURIDIS and ADONIS trials, 

respectively (hazard ratio [HR]: 0.73, 95% CI: 0.57–0.93; 

P = 0.01). The rates of cardiac and noncardiac adverse effects 

with dronedarone were comparable with placebo. Elevated 

serum creatinine levels were observed more frequently in 

the dronedarone group than in the placebo group (2.4% vs 

0.2%, P = 0.004). These results suggest that dronedarone may 

have utility as an anti-arrhythmic agent beyond maintenance 

of normal SR.

The Efficacy and Safety of Dronedarone for the Control 

of Ventricular Rate during Atrial Fibrillation (ERATO) trial 

was a double-blind, randomized, placebo-controlled trial to 

evaluate the efficacy of dronedarone 400 mg twice daily in 
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controlling ventricular rate in 174 patients with symptomatic 

permanent AF, for 6 months.25 Dronedarone significantly 

reduced the ventricular rate (mean reduction of ventricular 

heart rate at day 14 was 11.7 beats per minute compared with 

placebo, P , 0.0001). This effect was consistent throughout 

the 6-month trial period. During maximal exercise there was 

a mean reduction of 24.5 beats per minute (P , 0.0001), 

without a signif icant reduction in exercise tolerance. 

Gastrointestinal disturbances were common in both groups 

occurring in 20% of patients receiving dronedarone vs 13.5% 

of those receiving placebo.

Given that many anti-arrhythmics reduce the risk of 

an arrhythmia but increase the risk of death, the FDA 

recommended that the mortality effect following dronedarone 

therapy be evaluated. As such, ANtiarrhythmic trial with 

DROnedarone in Moderate-to-severe congestive heart 

failure Evaluating morbidity DecreAse (ANDROMEDA), 

a randomized double-blind, placebo-controlled trial in patients 

hospitalized for decompensated heart failure was conducted to 

evaluate the effect of dronedarone 400 mg twice daily on the 

risk of hospitalizations for worsening heart failure or death in 

627 patients. Only 25% of these patients had AF/atrial flutter 

at randomization.26 The primary composite endpoint of death 

from any cause or hospitalization for heart failure occurred in 

53 patients (17.1%) in the dronedarone group compared to 40 

(12.6%) in the placebo group (HR: 1.38, 95% CI: 0.92–2.09; 

P = 0.12). However, all-cause mortality was double in patients 

who received dronedarone 25 (8.1%) vs those administered 

placebo, 12 (3.8%), (HR: 2.13, 95% CI: 1.07–4.25; P = 0.03). 

Other adverse events were similar between groups except 

for increases in serum creatinine concentration, which were 

observed more frequently in the dronedarone group than the 

placebo group (2.6% vs 0%, P , 0.05). Worsening heart 

failure was the cause of ten deaths in the dronedarone group 

and two deaths in the placebo group. Due to this observation, 

the trial was prematurely terminated. The FDA commented 

that the result was plausibly true (increased heart failure 

deaths due to dronedarone’s negative inotropic property), but 

could equally well be chance (stopping boundary of P , 0.05 

and many interim analyses much inflated the false-positive 

error rate).14 The exact mechanism of dronedarone-induced 

worsening of heart failure remains unknown. A higher 

incidence of withdrawal of angiotensin-converting enzyme 

inhibitors in dronedarone patients due to the elevation of 

serum creatinine (caused by dronedarone) has been postulated 

as a possible mechanism.

The ATHENA study (A placebo-controlled, double-blind, 

parallel arm Trial to assess the efficacy of dronedarone 400 mg 
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bid. for the prevention of cardiovascular  Hospitalisation or 

death from any cause in patiENts with Atrial fibrillation/

atrial flutter) was conducted to further explore the effects 

of dronedarone on the risk of cardiovascular death and 

 hospitalization. ATHENA was a randomized, double-blind, 

placebo-controlled trial where dronedarone 400 mg twice 

daily was compared with placebo in addition to standard care 

among patients with a recent or current history of AF/atrial 

flutter.27 Based on the results of ANDROMEDA, patients 

with decompensated heart failure and Class III/IV heart fail-

ure were excluded. The primary outcome was a composite of 

first hospitalization due to cardiovascular events and all-cause 

mortality. Secondary outcomes were death from any cause, 

death from cardiovascular causes, and hospitalization due 

to cardiovascular events. A total of 4628 patients were ran-

domized to either placebo or dronedarone. Treatment with 

dronedarone 400 mg twice daily was associated with a 24% 

reduction of the combined risk of cardiovascular hospital-

ization or all-cause death (HR: 0.76, 95% CI: 0.69–0.84; 

P , 0.001) when compared with placebo. This reduction 

was driven by a 26% reduction in number of cardiovascular 

hospitalizations (HR: 0.74, 95% CI: 0.67–0.82; P , 0.001) 

and a 29% reduction in cardiovascular deaths (HR: 0.71, 

95% CI: 0.51–0.98; P = 0.03). The decrease in the number 

of cardiovascular hospitalizations with dronedarone was 

mainly due to a reduction in hospitalizations for AF (HR: 

0.63, 95% CI: 0.55–0.72; P , 0.001). In addition, signifi-

cantly fewer hospitalizations for an acute coronary syndrome 

were observed in the dronedarone group (HR: 0.70, 95% CI: 

0.51–0.97; P = 0.03). There were no significant differences 

between the two groups in the number of hospitalizations for 

heart failure, ventricular arrhythmia or nonfatal cardiac arrest, 

or noncardiovascular reasons.28 The dronedarone group had 

higher rates of bradycardia (3.5% vs 1.2%, P , 0.001), QT 

interval prolongation (1.7% vs 0.6%, P , 0.001),  nausea 

(5.3% vs 3.1%, P , 0.001), diarrhea (9.7% vs 6.2%, 

P , 0.001), rash (3.4% vs 2.0%, P , 0.006), and increased 

serum creatinine level (4.7% vs 1.3%, P , 0.001) than the 

placebo group. However, thyroid- and pulmonary-related 

adverse events were not significantly different between the 

two groups. This trial demonstrated a beneficial effect of 

dronedarone on cardiovascular morbidity and mortality. 

However, its place in therapy relative to amiodarone or 

other AF medications cannot be elucidated from these data. 

Although not the primary endpoints, a post hoc analysis of 

ATHENA also evaluated the rhythm- and rate-controlling 

properties of dronedarone.29 The median time to first AF 

or atrial flutter recurrence in patients in SR at baseline was 

498 days in placebo patients and 737 days in dronedarone 

patients (HR: 0.749, 95% CI: 0.68–0.82; P , 0.001). In the 

dronedarone group, 339 patients (15%) had .1 electrical 

cardioversion, compared to 481 (21%) in the placebo group 

(HR: 0.684, 95% CI: 0.60–0.79; P , 0.001). The likelihood 

of permanent AF or atrial flutter was lower with dronedarone 

(178 patients [7.6%]) compared to placebo (295 patients 

[12.8%]; P , 0.001). At the time of first AF or atrial flutter 

recurrence, the mean heart rates were 85.3 and 95.5 beats/

minute in the dronedarone and placebo groups, respectively 

(P , 0.001). The investigators concluded that dronedarone 

demonstrated both rhythm- and rate-controlling properties in 

ATHENA. These effects are likely to contribute to the reduc-

tion of important clinical outcomes observed in this trial.

Although the ATHENA study was not supposed to enroll 

patients with Class III heart failure, there were 209 patients 

with New York Heart Association (NYHA) Class II/III conges-

tive heart failure (CHF) and a left ventricular ejection fraction 

#40% (114 placebo, 95 dronedarone patients) enrolled.30 In 

this subgroup of patients, a primary outcome event occurred 

in 59/114 placebo patients compared with 42/95 dronedarone 

patients (HR: 0.78, 95% CI: 0.52–1.16). Twenty of 114 

placebo patients and twelve of 95 dronedarone patients died 

during the study (HR: 0.71, 95% CI: 0.34–1.44). Fifty-four 

placebo and 42 dronedarone patients were hospitalized for an 

intermittent episode of NYHA Class IV CHF (HR: 0.78, 95% 

CI: 0.52–1.17). The investigators concluded that in patients 

with stable heart failure, dronedarone did not increase mor-

tality and cardiovascular hospitalization.  However, it is still 

important to note that should patients’ heart failure symptoms 

worsen, dronedarone therapy should be withheld based on 

the result of the ANDROMEDA study.

The Efficacy and Safety of Dronedarone versus Amio-

darone for the Maintenance of SR in Patients with Atrial 

Fibrillation (DIONYSOS) study, is a randomized, double-

blind trial that was designed to compare dronedarone (400 mg 

twice daily) and amiodarone (600 mg daily for 28 days 

and 200 mg daily thereafter) in 504 patients with AF.31 At 

12 months, significantly more patients in the dronedarone 

group reached the primary endpoint defined as recurrence of 

AF or premature study drug discontinuation for intolerance or 

lack of efficacy compared to amiodarone (73.9% vs 55.3%, 

P , 0.0001). Recurrences of AF were more frequent with 

dronedarone (63.5% vs 42.0%, P = not reported), whereas 

premature study drug discontinuations due to intolerance 

were less frequent with dronedarone, although not sig-

nificantly so, compared to the amiodarone group (10.4% vs 

13.3%, P = 0.13). Patients on dronedarone compared with 
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amiodarone had a nonsignificant decrease in the incidence 

of the predefined composite safety endpoint including 

 thyroid, hepatic, pulmonary, neurological, skin, ocular, and 

gastrointestinal adverse events as well as premature study 

drug discontinuation due to any adverse event (83 vs 107, 

P = 0.1291). In the dronedarone arm less thyroid events 

(2% vs 15%), neurological events (3% vs 17%) and prema-

ture study drug discontinuation due to any adverse events 

(13% vs 28%) were observed (P values not reported). In 

 contrast, gastrointestinal events (diarrhea, vomiting, nausea) 

were more frequent in the dronedarone arm (32% vs 13%). 

 Pronounced QTc prolongation was experienced less often in 

the dronedarone arm than the amiodarone arm (27% vs 52%) 

and no episodes of Torsade de pointes occurred throughout 

the study. Although the duration of this study was too short to 

develop definitive conclusions regarding long-term efficacy 

and safety of dronedarone directly compared to amiodarone, 

these data help identify the place in therapy for dronedarone. 

Dronedarone appears to improve tolerance at the cost of 

decreased efficacy.

A meta-analysis was performed based on eight ran-

domized placebo-controlled trials of dronedarone and 

amiodarone.32 The analysis included studies that enrolled AF 

patients, had follow-up for greater than 6 months, and reported 

recurrent AF or all-cause mortality as endpoints. The number 

of dronedarone-treated patients was substantially higher than 

the number of amiodarone-treated patients (5967 vs 669). 

A significant reduction in recurrent AF compared to placebo 

was observed with amiodarone (odds ratio [OR]: 0.12, 95% 

CI: 0.08–0.19,) but not with dronedarone (OR: 0.79, 95% 

CI: 0.33–1.87). The superiority of amiodarone over drone-

darone for the prevention of recurrent AF was suggested in 

a logistic regression model (OR: 0.49, 95% CI: 0.37–0.63; 

P , 0.001). However, the models also identify a trend toward 

greater all-cause mortality (OR: 1.61, 95% CI: 0.97–2.68; 

P = 0.066) and greater overall adverse events requiring drug 

discontinuation (OR: 1.81, 95% CI: 1.33–2.46; P , 0.001) 

with amiodarone compared to dronedarone. Combining the 

results from this meta-analysis and the DIONYSOS study, 

the authors estimated that for every 1000 patients treated 

with dronedarone instead of amiodarone, there would be 

228 more recurrences of AF at 1 year in exchange for 9.6 

fewer deaths and 62 fewer adverse events requiring therapy 

discontinuation. Several limitations of the analysis may 

involve differences in patient populations. Permanent AF was 

excluded from all dronedarone studies, while paroxysmal AF 

was excluded from two of the four amiodarone trials. Only 

one (amiodarone) study included highly symptomatic AF 

patients while in clinical practice elimination of symptoms 

due to AF is often the primary reason to utilize the rhythm 

control strategy.

Adverse events
The mean dronedarone exposure across the studies was 

12 months.23–31 In ATHENA, the mean and maximum 

 follow-up was 21 months and 30 months, respectively.27 Of 

note, while the ATHENA study enrolled patients $70 years 

of age (n = 4628), patients in other trials were relatively 

young (mean age ,66 years) compared to the population at 

risk who will utilize dronedarone.23–31 In addition, no patients 

had severe congestive heart failure at baseline and almost all 

the patients had a left ventricular ejection fraction greater than 

35%.14, 23–31 Overall, from all the clinical trials, the incidence 

of deaths was similar in the dronedarone (1.2%) and placebo 

(1.1%) groups during the study period. Dronedarone was 

associated with a higher risk of gastrointestinal disorders 

compared to placebo (1.9% vs 0.5%, P not reported).14 Other 

adverse events of dronedarone reported included diarrhea, 

nausea or vomiting, serum creatinine increase (shown to be 

related to inhibition of creatinine secretion at kidney tubular 

level without decrease in glomerular filtration), rash, and 

cardiac effects (bradycardia, QT prolongation).

Unlike amiodarone, dronedarone does not appear to 

 significantly increase the risk of thyroid, neurological, 

hepatic, or pulmonary toxicity in clinical studies.14,23–31 

However, longer term data will be required to confirm 

this. Recently  (January 2011), the FDA has announced that 

 several case reports of hepatocellular liver injury and hepatic 

failure in patients treated with dronedarone, including two 

post-marketing reports of acute hepatic failure requiring 

transplantation have been received.33 Because these  reactions 

are reported voluntarily from a treatment population of 

unknown size, it was not possible to reliably estimate 

their frequency or establish a causal relationship to drug 

exposure. The two cases of acute hepatic failure requiring 

transplantation occurred at 4.5 and 6 months after initiation of 

dronedarone in patients with previously normal hepatic serum 

enzymes. Both patients were female and approximately 

70 years of age. In the first case, the patient had underlying 

intermittent atrial fibrillation, arterial hypertension, and stable 

coronary artery disease. She was treated with dronedarone for 

4.5 months. Two weeks prior to  hospitalization she reported 

increased exhaustion and tiredness. One week prior to 

admission she discontinued dronedarone, and at the time of 

admission she was noted to have jaundice, coagulopathy, 

transaminitis, and hyperbilirubinemia, which progressed to 

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

64

Cheng

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Open Access Emergency Medicine 2011:3

hepatic encephalopathy over the next 9 days. A  pre-transplant 

workup did not reveal another etiology of liver failure. In the 

second case, the patient had a medical history of  paroxysmal 

atrial f ibrillation and Sjögren’s syndrome. Following 

6 months of treatment with dronedarone she developed 

weakness, abdominal pain, coagulopathy, transaminitis, 

and hyperbilirubinemia. She was transplanted 1 month 

later; no alternative etiology for liver failure was identified 

in the transplant work-up. In both cases, the explanted liver 

showed evidence of extensive hepatocellular necrosis. Liver 

injury is now added as a warning in the official prescribing 

information of dronedarone.21

More recently, the PALLAS study examining the use of 

dronedarone compared to placebo in approximately 3000 

patients with permanent AF (.2 years), who were .65 years 

of age and had at least one additional risk factor including 

history of coronary artery disease, previous stroke, heart fail-

ure, or diabetes, was stopped prematurely due to a significant 

increase in cardiovascular events in the dronedarone arm 

(cardiovascular death, MI, stroke, thromboembolic event: 

dronedarone 2%, placebo, 0.9%, P = 0.009).34 Full details of 

this study are not currently available. However, it is a second 

indication (in addition to the ANDROMEDA study) that 

dronedarone may not be suitable for sicker patients.

Precautions and contraindications
Based on findings from clinical studies, dronedarone 

is contraindicated for use in the following populations: 

(1) Class IV heart failure or symptomatic heart fail-

ure with a recent decompensation (within last month); 

(2) second- or third-degree atrioventicular block or sick 

sinus syndrome (except when used in conjunction with a 

functioning pacemaker); (3) bradycardia ,50 beats per 

minute; (4)  concomitant use of a strong CYP3A inhibitor; 

(5)  concomitant use of drugs or herbal products that pro-

long the QT interval and may induce Torsade de pointes; 

(6) severe hepatic impairment; (7) patients with QTc Bazett 

interval $500 ms; and (8) pregnant or nursing women.21

Several precautions and warnings were also issued by 

the manufacturer. Symptoms of heart failure should be 

monitored during dronedarone therapy. If heart failure 

develops or worsens, clinicians should consider withholding 

or discontinuing dronedarone therapy. If liver injury is 

suspected during treatment, one should consider discontinuing 

or not re-initiating dronedarone. Clinicians should also be 

vigilant about monitoring potassium and magnesium serum 

concentrations and make sure that they are within the normal 

range to minimize risk of proarrhythmia. Dronedarone should 

be withheld if a patient’s QT interval exceeds 500 ms at 

any time.21

Dosage and administration
The recommended dose of oral dronedarone is 400 mg 

twice daily in adults. Adjustment of dosage in poor renal 

function is not necessary. There is no recommendation 

on dronedarone dosage adjustment in patients with liver 

 function abnormalities. Based on a pharmacokinetics study, 

moderate liver dysfunction increases dronedarone exposure.14 

Due to the recent report of possible dronedarone-induced 

liver injury, use of dronedarone in those patients should 

be avoided. Dronedarone therapy can be initiated in both 

inpatient and outpatient settings.

It is to be expected that, in a clinical situation, many 

patients who require dronedarone therapy will already be 

on other anti-arrhythmic agents. It is therefore important 

to consider a safe strategy in therapy switching in order 

to prevent adverse events, specifically additive effects in 

prolonged QT intervals and risk of Torsade de pointes. 

In the ANDROMEDA and ATHENA studies, patients 

who received prior amiodarone treatment, therapy was 

discontinued at least 4 weeks before randomization.26,27 

Other Class I and III anti-arrhythmic agents were withdrawn 

for at least five plasma half-lives prior to the first dose of 

dronedarone administration (Pers comm, Sanofi-Aventis, 

2009). In the ERATO study, patients’ amiodarone therapy 

was stopped for at least 2 months prior to enrollment.14 Since 

ERATO enrolled patients with chronic AF on rate control 

therapy only, no patients were receiving other Class I and III 

anti-arrhythmic agents immediately prior to the study. In the 

EURIDIS and ADONIS trials, patients who were previously 

on amiodarone were allowed into the trial and dronedarone 

could be initiated immediately after discontinuation of 

amiodarone therapy. Patients who were receiving other 

Class I and III anti-arrhythmic agents at the time of screening 

were excluded from the study.24 No adverse events relating 

to therapy switching were reported in the EURIDIS and 

ADONIS trials.

As the recommendation for handling prior anti-arrhythmic 

agents varies among clinical trials, it is important to 

design the switching strategy based on individual patient 

characteristics and other comorbidities. For instance, for 

patients who are switching therapy because of intolerance 

to prior anti-arrhythmic agents, and whose risk of AF recur-

rence without anti-arrhythmics is not high, it is probably 

advisable to wait until the previous anti-arrhythmic agents 

are washed out of the system before initiating dronedarone. 
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This means five plasma half-lives of the anti-arrhythmic 

agents. Except for amiodarone, this will be ∼2–3 days. In 

patients who were on amiodarone previously, waiting for at 

least 4 weeks (if possible) would be advisable. Amiodarone 

has an average half-life of ∼45 days, therefore theoretically, it 

will not be completely washed out for ∼225 days. If patient’s 

risk of AF recurrence is high, such as in those with heart 

failure, uncontrolled hypertension, AF longer than 3 months 

duration, age .70 years, left atrial enlargement, or rheumatic 

heart disease,3 a prolonged waiting period for the previous 

agent to be washed out may not be advisable. In these cases, 

if patients were on Class I and III anti-arrhythmic agents in 

addition to amiodarone, dronedarone can still be initiated 

after the previous agents have been stopped for 2–3 days. If 

patients were previously on amiodarone, dronedarone can 

probably be started immediately after amiodarone discontinu-

ation (without waiting for 4 weeks) with more frequent ECG 

monitoring for prolonged QT intervals during the first week 

after initiation of dronedarone therapy (dronedarone terminal 

half-life is ∼30 hours. It will take five half-lives [∼150 hours] 

to achieve maximum steady state serum concentration). The 

Optimal Timing of Dronedarone Initiation After Conversion 

in Patients With Persistent Atrial Fibrillation (ARTEMIS 

Load) study is currently ongoing to address this issue.35

Future perspective and role  
in the emergency department
Clinical studies performed to date indicate that dronedarone 

400 mg given orally twice daily is the optimal dose (greatest 

efficacy and least toxicity). Based on the results of currently 

available clinical trials, dronedarone is effective in reducing 

incidence of recurrence of AF in patients who have been car-

dioverted back to SR. Dronedarone is not a medication that is 

meant for acute conversion back to SR. Although it appears 

to be less effective yet better tolerated than amiodarone, 

dronedarone appears to have a low proarrhythmic risk. Only 

one case of Torsade de pointes was reported in all the clini-

cal trials after 10 months of treatment. This patient also had 

other risk factors for proarrhythmia, including prolonged 

baseline QT interval and borderline low serum potassium 

 concentration.14 Dronedarone is the first anti-arrhythmic that 

has been demonstrated to not only maintain SR, but to reduce 

cardiovascular morbidity and mortality in clinically stable 

patients with other risk factors for recurrent AF, including 

stable heart failure patients. Therefore, dronedarone can be 

recommended as an anti-arrhythmic of choice in clinically 

stable patients with associated risk factors for recurrent 

AF, including those with no heart disease, hypertension 

without left ventricular hypertrophy, and coronary artery 

disease.3 Amiodarone may be reserved as an alternate agent 

in patients failing on dronedarone (ie, with recurrent AF) if 

it is determined that it is essential to maintain the patient in 

SR. However, if dronedarone is to be used in a patient with 

chronic stable heart failure, the patient must be monitored 

closely for any worsening of heart failure symptoms. Patients 

presenting to the  emergency department on dronedarone 

should be evaluated for possible worsening of signs and 

symptoms of heart failure, and questioned about recent hospi-

talization due to heart failure. Should the patient demonstrate 

worsening of symptoms of heart failure, or have documented 

recent hospitalization for heart failure, dronedarone therapy 

should be discontinued and an alternative agent, such as 

amiodarone, should be considered.

Dronedarone has not been compared with other com-

monly prescribed anti-arrhythmic agents such as sotalol 

or dofetilide for management of AF in terms of efficacy 

or tolerability. However, a mixed-treatment comparison 

model study of 39 randomized double-blind placebo control 

studies of different anti-arrhythmics (including amiodarone, 

dronedarone, sotalol, felcainide, and propafenone) demon-

strated that amiodarone had the largest effect in reducing 

AF recurrence (OR: 0.22, 95% CI: 0.16–0.29) but was 

associated with the highest rate of patients experiencing 

at least one serious adverse event (OR: 2.41, 95% CI: 

0.96–6.06) and treatment withdrawals due to adverse events 

(OR: 2.91, 95% CI: 1.66–5.11). Dronedarone was associ-

ated with the lowest rate of proarrhythmic events including 

bradycardia (OR: 1.45, 95% CI: 1.02–2.08) compared to 

all other agents.36

Unlike amiodarone, dronedarone has not been studied 

for management of other arrhythmias such as ventricular 

arrhythmia, another common arrhythmia in heart failure 

patients. Future clinical studies may want to explore these 

aspects. Dronedarone has also not been studied for other 

types of supraventricular arrhythmia. In addition, numerous 

clinical trials in recent years comparing rate control strategy 

vs rhythm control strategy have demonstrated that both 

treatment approaches are similar in terms of long-term 

cardiovascular outcomes in patients with AF, including 

heart failure patients, who were traditionally believed to be 

better served by maintaining SR from a symptom control 

perspective.5 Dronedarone is the f irst anti-arrhythmic 

agent that has been demonstrated to reduce cardiovascular 

morbidity and mortality. Whether this will alter the overall 

approach of using rate vs rhythm control strategy for AF 

management needs to be further evaluated. Longer-term 
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postmarketing studies are important, to continue to monitor 

potential unexpected long-term adverse events.

Conclusion
Dronedarone has been demonstrated to be effective in 

 reducing the incidence of recurrence of AF, although 

it appears to be less effective but better tolerated than 

 amiodarone. Dronedarone appears to have a low proar-

rhythmic risk and is the first anti-arrhythmic that has been 

demonstrated to reduce cardiovascular morbidity and mor-

tality, in clinically stable patients with other risk factors for 

recurrent AF. Therefore, dronedarone can be recommended 

as an anti-arrhythmic of choice in clinically stable patients 

with associated risk factors for recurrent AF, including those 

with no heart disease, hypertension without left ventricular 

hypertrophy, or coronary artery disease. Amiodarone may 

be reserved as an alternate agent in patients failing on drone-

darone and where it is essential to maintain the patient in 

SR. However, if dronedarone is to be used in a patient with 

chronic stable heart failure, the patient must be monitored 

closely for any worsening of heart failure symptoms. The 

drug must be discontinued should the heart failure symptoms 

worsen. Because dronedarone is not indicated for acute 

cardioversion, it is probably unlikely that dronedarone will 

be initiated in an emergency department setting. However, 

health care professionals practicing in emergency room 

settings should monitor worsening of signs and symptoms 

of heart failure in patients presenting on dronedarone and 

discontinue the drug if that occurs. The most common side 

effects reported for dronedarone include diarrhea, nausea, 

and vomiting. Transient increase in serum creatinine due to 

dronedarone’s inhibition of renal tubular secretion of crea-

tinine has been observed in clinical trials, where it occurred 

early after treatment and reached a plateau after 7 days.
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