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Abstract: Atrial fibrillation is the most common type of tachyarrhythmia caused by multiple 

re-entrant wave forms within the atria and bombarding the atrioventricular node several times 

making it beat in a rapid, disorganized fashion termed “fibrillation”. In atrial fibrillation, atria 

beat more than 300 times per minute. The arrhythmatous condition needs to be controlled, as 

humans cannot withstand this rapid and chaotic beating of the heart. New investigational drugs 

like Dronedarone® are being used. Dronedarone is the most recent antiarrhythmic drugs. It was 

approved by US-FDA on July 2nd 2009 and is available in the USA as Multaq tablets (400 mg). 

Dronedarone falls under the category of multiple ion channel blocker. It mainly targets the 

repolarization currents, making them less active and hence prolonging the action potential 

duration (APD). Dronedarone also exhibits antiadrenergic activity, thus reducing the pace of the 

pacemaker. Dronedarone has been proven to be a safer and efficacious AAD, evidenced by both 

animal and human studies. These studies showed that there was prolongation of the APD and 

absence of QT interval prolongation with long term administration of the drug. Also there was 

reduced thyroid hormone receptor expression. Dronedarone is significantly safer and effective 

in maintaining the sinus rhythm and reducing the ventricular proarrhythmias, justifying it for 

the long term treatment of atrial fibrillation compared to other antiarrhythmic drugs.
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Introduction
Atrial fibrillation (AF) is the most common of the serious cardiac rhythm disturbances 

and is responsible for substantial morbidity and mortality. The prevalence of AF is 

almost 1% and it is estimated that by the year 2050, approximately 5 million subjects 

will have AF in the USA. There are currently two major treatment strategies for AF: 

rate control and rhythm control. Sustained sinus rhythm is associated with an improved 

quality of life and improved exercise performance.1 AF is the most common type of 

tachycardia in humans.2–4 AF prevalence increases with age.5 It typically occurs in 

the setting of specific structural and electrophysiological changes in the atria, which 

contribute to the perpetuation of arrhythmia by atrial remodeling.6

The rapid atrial activation, as occurs with AF, leads to the progressive shortening 

of the atrial action potential duration (APD), due to the down regulation of the L-type 

calcium currents and increase in the inward rectifier potassium currents.7–9 The shortened 

APD allows for smaller re-entry circuits and acceleration or stabilization of the re-entrant 

rotors helping to perpetuate arrhythmia.10,11 According to the leading circle hypothesis, 

maintenance of the re-entry depends on the wavelength or the distance travelled by an 

impulse during its own effective refractory period (ERP).12
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From a clinical point of view, AF is usually classified into 

three categories: paroxysmal, persistent, and permanent AF. In 

paroxysmal type, the episodes of AF spontaneously terminate 

after no more than a couple of days; in the persistent type the 

sustained arrhythmic episodes do not terminate  spontaneously 

but require electrical or pharmacological cardioversion for a 

normal sinus rhythm to be restored and finally as the disease 

evolves AF becomes permanent and cannot be terminated. 

The fourth type is lone AF; it has been used to describe AF 

in individuals without structural or cardiac or pulmonary 

disease, with low risk of thrombo-embolism. One of the main 

characteristics of AF is its propensity for recurrence. The basic 

and clinical studies have both shown that AF can lead to AF; 

the “AF begets AF” phenomenon.13

Currently amiodarone is one of the most widely used 

and most effective antiarrhythmic drugs (AADs) with little 

proarrhythmic potential. However, during chronic usage 

amiodarone and its active metabolite desethylamiodarone 

can cause serious extra cardiac adverse effects, including 

effects on the thyroid. Therefore, a safer and effective 

antiarrythmic agent needs to be developed.1 Hence, there 

is an immense need of new drugs for AF therapy as the 

traditional treatment has many unwanted effects, especially 

 proarrhythmia. Dronedarone is one such new investigational 

drug that has been proven to be safer and efficacious com-

pared to other AADs. The present review mainly focuses 

on the pharmacodynamics and pharmacokinetics and clini-

cal aspects of dronedarone. In this respect the review will 

improve the basic idea to understand the pharmacology of 

dronedarone. This is useful for the further research in car-

diovascular disease particularly in AF.

Dronedarone
Dronedarone (Figure 1) is a newer benzofuran derivative 

with a structural resemblance to amiodarone (Figure 2), with 

two molecular changes: it lacks the iodine moiety and it has a 

methane sulfonyl group that decreases lipophilicity, resulting 

in a shorter half-life and lower tissue accumulation.1,14 It falls 

under the category of a multichannel blocker. The synthesis 

of dronedarone is based on the amiodarone molecule 

and chemically it is [N-(2-butyl-3-{4-(3-(dibutylamino) 

 propoxy)-benzyl benzifuran-5-yl}methansulfonamide]. It is 

structurally modified to avoid toxicity risks.15

Unlike most other AADs, Dronedarone has been found 

to be safe, well tolerated and nonproarrhythmic in the AF 

population.16–18 This is mainly due to the removal of iodine 

molecules with the goal of eliminating the thyroid and 

pulmonary toxicities. In addition, the addition of a methyl 

sulphonyl group to decrease the lipophilicity there by reduces 

tissue accumulation.17

Pharmacokinetic parameter
Due to the extensive presystemic or first pass metabolism, the 

absolute bioavailability of dronedarone was found to be very 

low, where it is only about ∼15%, because of its high first 

pass metabolism.19 The peak plasma concentration after the 

oral administration of the drug is reached within 3–6 hours. 

Dronedarone is extensively metabolized by CYP3A4 iso-

enzymes. Initially it includes N-debutylation to form the 

active N-debutyl metabolite that exerts the pharmacodynamic 

effects.19 The steady-state serum level of dronedarone is 

achieved in five to seven days. The elimination half-life of 

dronedarone is 24 hours. It is cleared by a nonrenal mecha-

nism. Like amiodarone, oral bioavailability is increased 

two- to threefold when taken with food. It is well absorbed 

after oral administration (70% to 100%). The bioavailability 

is relatively low (15%) due to extensive hepatic first-pass 

metabolism by cytochrome P450 (CYP) 3A4 and CYP2D6, 

thus requiring twice-daily dosing to achieve steady-state 

serum levels.20

Pharmacodynamic parameter
The atrial action potential is the result of a coordinated 

activation of several voltage-activated depolarization 

(inward) and repolarizing (outward) currents. The resting 

membrane potential of atrial myocytes is controlled by 

the inward rectifying potassium currents (I
Ki

) and by the 

muscarinic potassium currents (I
KAch

). The inward recti-

fying potassium current appears to be less prominent in 

the atria than in the ventricles, the muscarinic potassium 

current is only expressed in the atria. This difference may 

explain the enhanced sensitivity of the atrial myocytes to 

the neurohormonal modulation and this also acts as the 

basis of the drug treatment specific for the atria.21 Different 

ion channels are found in the atrial tissue compared to the 

ventricular tissue. AADs that have specific activity for ion 

channels found exclusively or predominantly in the atria 

may provide effective treatment for AF without ventricular 
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Figure 1 Structure of dronedarone.
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proarrhythmia. Several such ion channels are attractive 

targets for the treatment of AF. In the case of AF, there is 

a manifestation of the shortening of APD, with a relatively 

greater contribution from the ultra rapid potassium current 

I
Kur

, the transient outward potassium current I
to
, and the 

muscarinic acetylcholine potassium current. As well, there 

is a decreased influence of the delayed rectifying potassium 

currents (of both rapid and slow type) and calcium currents 

(Figures 3, 4).22

The currently available AADs mainly target the 

 potassium channels and tend to block the late phase 3 

 repolarization currents, I
Kr

 and I
Ks

 and may make them less 

active during AF.22 Dronedarone functions as a blocker 

of multiple ion channels and exhibits noncompetitive 

 antiadrenergic activity.23 Dronedarone reversibly inhibits a 

set of potassium currents, I
CaL

, sodium-calcium exchanger 

and sodium currents. Heterogenity is observed among vari-

ous cardiac regions (left vs right ventricular and Purkinje 

fibres) in response to the drug. Dronedarone leads to no 

change or even shortening of the APD in most regions of 

the left ventricular and purkinje cells.24

Acute ion channel-blocking 
properties dronedarone in-vitro
Many ion channel-blocking properties of dronedarone 

have been studied under in vitro conditions using the 

cells of various species. Different half maximal inhibitory 

 concentration (IC
50

) values have been observed for various 

species and these values differ accordingly when the target 

and the type of cell species has been changed. The IC
50

 values 

of dronedarone for muscarinic potassium currents of rabbit 

sinus node cells and Guinea pig atrial cells were found to be 

63 nmol/L and 10 nmol/L respectively.25,26 The IC
50

 value of 

dronedarone was found to be ∼9 µmol/L when the target was 

I
HERG

 in Xenopus oocytes at room temperature.27 The IC
50

 

value was found to be high, ∼180 nmol/L, when the target was 

L-type calcium currents in guinea pig ventricular myocytes 

recorded at 35 ± 1°C.28 There is about 97% reduction in 

the production of sodium currents with 3 µmol/L using the 

human atrial myocytes recorded at room temperature.29

Adverse events
Like any other drugs, dronedarone also produces adverse 

events but are low risk compared to other AADs. These 

include: diarrhea, nausea, bradycardia, QT prolongation syn-

drome, and rash. It is also necessary to let your health care 

provider know if you develop any heart failure symptoms or 

worsening heart failure while on dronedarone. Such symptoms 

may include shortness of breath, wheezing, difficulty in sleep-

ing due to breathing problems, rapid weight gain, and water 

retention or swelling of the arms, legs, feet, or hands.30

Contraindications
Dronedarone is contraindicated31 in patients with:

• NYHA class IV heart failure or NYHA class II/III 

heart failure with a recent decompensation requiring 

 hospitalization.

• Second or third degree atrioventricular block or sick sinus 

syndrome.

• Bradycardia of less than 50 beats/min.

• Concomitant use of strong CYP3A inhibitors, such as 

ketoconazole, itraconazole, and voriconazole.

• Concomitant use of drugs or herbal products that prolong 

the QT interval, and might increase the risk of torsade-

de-pointes.

• Severe hepatic impairment in pregnancy, as dronedarone 

is a category X drug and hence it may produce the harmful 

effects in the fetus.

Drug interactions
Dronedarone is primarily metabolized by CYP3A and is a 

moderate inhibitor of CYP3A and CYP2D6.31 The blood lev-

els of dronedarone can therefore be affected by inhibitors and 

inducers of CYP3A and can also interact with drugs that are 

the substrates of CYP3A and CYP2D6. Dronedarone has been 

found to interact with drugs similarly to some phenothiazones, 

Amiodarone
C25H29I2NO3

O (CH2)3CH3 O(CH2)2N(C2H5)2

I

I
C

O

Figure 2 Structure of amiodarone.
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certain macrolides, some class I and class III AADs that prolong 

the QT interval and hence induce torsades-de-pointes.

1. Where it potentiates the electrophysiologic effects of 

dronedarone, such as decreased atrioventricular (AV) 

node conduction. dronedarone was found to increase the 

levels of digoxin when co-administered.

2. Calcium channel blockers with depressant effects on sinus 

and AV nodes could potentiate the dronedarone effects 

on conduction.

3. When β-blockers were administered with dronedarone, 

severe bradycardia was observed. Hence a low dose of 

β-blockers is given initially.

4. Repeated administration of CYP3A inhibitors such as 

ketoconazole resulted in a 17-fold increase in the drone-

darone exposure and hence they are contraindicated.

5. Grape fruit juice, a moderate inhibitor of CYP3A, resulted 

in a threefold increase in dronedarone exposure. Patients 

should avoid grape fruit beverages while on dronedarone.

6. Dronedarone was also found to interact with many statins 

such simvastatin and increases exposure and so statins 

are also contraindicated.

7. In patients with AF/atrial flutter, there was no observed excess 

risk of bleeding when dronedarone was co-administered 

with the oral anticoagulants and CYP2C9 substrates, war-

farin and losartan. No interactions were observed between 

dronedarone and losartan.

8. Theophylline, a CYP1A2 substrate, did not show an 

increase in the steady state exposure when co-administered 

with dronedarone.

Although some possible interactions are mentioned, along 

with their contraindications, the actual mechanism of interac-

tions has not yet being elucidated for dronedarone.

Evidence from animal studies
Dronedarone has similar acute and long-term electrophysiologic 

properties to amiodarone in rabbit atrial muscle.32 It was also 

found that dronedarone produced less prolongation of ven-

tricular repolarization than amiodarone during long-term 

treatment of canines. The lack of APD prolongation with 

short term administration in animal models may relate to 

the balanced influence on depolarizing and repolarizing 

 currents.24 In the rabbit atrial muscle, long-term (four weeks) 

oral dronedarone administration of 100 mg/kg/day led to the 

prolongation of the APD to ∼90% repolarization by ∼19%, 

while short term administration shortened the APD
90

 which 

was found to be similar to amiodarone in the same model.32 In 

a similar model of the rabbit atrial muscle, dronedarone was 

evaluated in a five-week oral administration for the effects on 

ventricular APD
90

. In this study, dronedarone 100 mg/kg/day 

produced a greater prolongation of APD at a cycle length of 

300 ms. This prolongation of the ventricular APD also trans-

lated into a prolongation of the QT syndrome of conscious 

rabbits ∼30% increase, ie, from 140 ± 9 to 183 ± 9 ms for 

dronedarone 100 mg/kg/day.33

Results obtained in a canine model of chronic atrioven-

tricular block showed a small but significant increase in the 

QT interval with long term oral dronedarone administration 

for three weeks (20 mg/kg twice daily).34 In contrast, a study 

in healthy dogs fed with 25 mg/kg (twice daily) dronedarone 

for four weeks demonstrated the absence of QT interval 

prolongation, whereas amiodarone led to the significant 

QT interval prolongation.24 Differences in the thyroid 

 hormone-dependent gene expression between amiodarone 

and dronedarone have been noted in rat hearts. Thyroid 

receptor (TRα) expression was reduced by amiodarone and 

dronedarone in the right atrium, whereas expression of TRα1
 

was increased with amiodarone but not with dronedarone 

in the left ventricular apex.35 It was also observed in a dog 

model of acquired long QT syndrome caused long term 

atrioventricular block, torsades-de-pointes occurred more 

frequently with dronedarone than amiodarone.36

Evidence from human studies
Several prospective, randomized, double-blind, multicenter 

clinical trials of dronedarone have been performed. These 

include the following trials for products, such as Dose 

Adjustment For Normal Eating (DAFNE), Erasmus Uni-

versity Research Institute for Decision Information System 

(EURIDIS), American-Australian-African trial with Drone-

darONe In atrial fibrillation or flutter patients for the main-

tenance of Sinus rhythm (ADONIS), Antiarrhythmic Trial 

Phase 0:
Na+

Phase 1: IKur, Ito, IKAch

Phase 2: Ca2+, Na+, K+

Phase 3: IKs, IKr

Phase 4

Figure 3 The five phases of the cardic myocyte action potential.
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with Dronedarone in Moderate-to-Severe Congestive Heart 

Failure Evaluating Morbidity Decrease (ANDROMEDA), 

Efficacy and safety of dRonedArone for The cOntrol of 

ventricular rate during atrial fibrillation (ERATO), A placebo-

controlled, double-blind, parallel arm Trial to assess the 

efficacy of dronedarone 400 mg bid for the prevention of 

cardiovascular Hospitalization or death from any cause in 

patiENts with Atrial fibrillation/atrial flutter (ATHENA), 

Efficacy and Safety of Dronedarone Versus Amiodarone for 

the Maintenance of Sinus Rhythm in Patients With Atrial 

Fibrillation (DIONYSOS).

DAFNE
DAFNE is a dose-finding trial, where the safety and effec-

tiveness of dronedarone at a dosage of 400 mg twice daily 

was measured. It evaluated dronedarone 800 mg, 1200 mg, 

and 1600 mg/day for AF relapse population in 270 patients 

with persistent AF. A six-month follow-up was observed, 

where the time to AF relapse increased in dronedarone 

patients, with a median of 60 days compared with five days 

on placebo. At the end of the six-month follow up, 25% of 

the patients receiving dronedarone 800 mg/day remained 

in a sinus rhythm. It was also found that there is potentially 

a higher rate of gastrointestinal adverse effects among the 

patients assigned to 1200 mg/day and 1600 mg/day. This led 

to discontinuation of the drug.19

EUriDiS and ADONiS
These were two identically designed prospective trials 

 evaluating the efficacy of dronedarone for sinus rhythm main-

tenance, including a total of 1237 patients with paroxysmal 

or persistent AF or atrial flutter. Patients were randomized to 

receive either dronedarone (400 mg) or placebo twice daily 

for one year. The results were observed so, as a median time 

to the first episode of AF or flutter of 53 days in the placebo 

group compared with 116 days in the dronedarone group 

(P  0.0001).18

ANDrOMEDA
The ANDROMEDA trial was intended as a survival trial 

evaluating the dronedarone treatment (400 mg/day twice 

daily) compared with placebo in patients with placebo in 

patients with the symptomatic heart failure and systolic left 

ventricular dysfunction (without AF). This trial was terminated 

because of increased mortality with dronedarone after the 

inclusion of 617 patients and median treatment duration of 

approximately two months. Twenty-five patients (8%) in the 

dronedarone group died, compared to 12 in the placebo group 

(4%). It was suggested that the deaths were predominantly due 

to worsening heart failure, and also there was no evidence of 

proarrhythmia in the dronedarone group. Increase in the serum 

creatinine levels were observed more frequently in the active 

treatment arm. Since dronedarone causes a reversible increase 

in the serum creatine levels, this could potentially have been 

mistaken for angiotensin-converting enzyme (ACE) inhibi-

tor or angiotensin-II receptor antagonist toxicity which may 

cause worsening of the heart failure. This is one of the pos-

sible explanations for the increased mortality observed with 

dronedarone therapy in ANDROMEDA. As a result of this 

trial, dronedarone is not recommended for the use in patients 

with a history of New York Heart Association Classification 

(NYHA) III/IV heart failure.37

ErATO
ERATO was the only dronedarone trial that enrolled patients 

with permanent AF to evaluate the rate control properties with 

dronedarone in addition to the standard rate control therapy. 

This trial found that dronedarone significantly reduced the 

mean 24-hour ventricular rate by 12 beats/minute vs placebo 

(P  0.0001).38

ATHENA
Completed in January 2008, ATHENA is the most recent 

study of dronedarone. The trial included 4628 patients 

with paroxysmal or persistent AF and was designed as an 

outcome trial. It is the largest antiarrhythmic drug trial in 

AF conducted to date. ATHENA observed a 24% reduc-

tion in the risk of cardiovascular hospitalization or death 

during a follow-up of nearly 21 months with regard to the 

primary end point (death from any cause or cardiovascular 

SR

AF

Figure 4 Controlled action potential versus remodeled action potential in AF.
Abbreviations: AF, atrial fibrillation; SR, sinus rhythm.
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hospitalization). The population studied included elderly AF 

patients (mean age, 72 ± 9 years) with additional risk factors. 

Interestingly there were several potentially important findings 

regarding the secondary end point. Cardiovascular mortal-

ity was reduced by 29% in patients receiving dronedarone. 

Dronedarone-treated patients were hospitalized less often 

for cardiovascular reasons (25% less). The death rate from 

cardiac arrhythmia was greatly reduced by dronedarone 

treatment (45% risk reduction).39

Conclusion
Atrial fibrillation is a growing medical problem with increasing 

prevalence. Hence, improved therapeutic approaches are needed, 

among which dronedarone may prove useful, especially in the 

long-term treatment of AF with fewer adverse effects. Many 

other drugs like propafenone SR, azimilide, tedisamil, other 

atrial selective drugs such as AZD7009, AVE0118, and some 

serotonin-5HT
4
 receptor antagonists (which reduce the calcium 

load in the myocardial cells) are under investigation for the 

treatment of AF. Although attempts are made to cure AF by 

catheter ablation techniques, it remains questionable whether 

this technique will ever be applicable to the majority of the 

patients. Dronedarone proves to be safe and effective for all 

types of AF and for all the age groups. It is likely that various 

forms of AF therapy will optimally be tailored to specific patient 

populations. This is an area of major ongoing investigation that 

provides hope for major improvements in AF management over 

the next decade.
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