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Abstract Rhythm control in atrial fibrillation (AF) can be
achieved using pharmacological therapy. Amiodarone is
the most efficacious anti-arrhythmic agent; however, its use
is limited due to an unfavourable safety profile, including
pro-arrhythmia, thyroid, liver, skin and pulmonary com-
plications. Dronedarone, which is structurally similar to
amiodarone, was developed to try and achieve a favourable
balance of efficacy and risk. Dronedarone has been eval-
uated in several large clinical trials, which have shown
reduced mortality and hospitalization rates in patients with
non-permanent AF. In patients with permanent AF and/or
heart failure, dronedarone has been shown to cause
increased mortality and morbidity and should not be used
in these groups. Compared with amiodarone, dronedarone
has fewer toxic effects (thyroid, skin, pulmonary) and,
although less efficacious, may be used as first-line therapy
for maintenance of sinus rhythm in patients with non-per-
manent AF. Clinicians must be vigilant in monitoring their
patients to ensure they do not develop permanent AF or
heart failure.

1 Introduction

Atrial fibrillation (AF) is the most common sustained car-
diac arrhythmia, and gives rise to substantial mortality and
morbidity due to thromboembolism and stroke [1-3].
Treatment involves stroke prevention with appropriate
anticoagulation, and choosing a rate versus rhythm control
strategy [4—6]. A rhythm control strategy can be achieved
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with pharmacological, electrical or more invasive inter-
vention such as catheter ablation. The safety profile of anti-
arrhythmic agents is a major concern to clinicians and, in
particular, the risk of pro-arrhythmia. In this review we will
discuss dronedarone, a relatively novel anti-arrhythmic
agent, and evaluate its role in the treatment of AF. We aim
to provide an overview of its benefits and risks, using all
the available evidence and hope to put this drug into per-
spective to help guide clinicians in its appropriate use.

1.1 Literature Search Methodology

Although this is not a formal systematic review, informa-
tion was obtained using the MEDLINE search engine
(between January 1980 and December 2011), recent
guidelines on the management of AF and recent review
articles. The following search terms were used individually
or in combination: ‘dronedarone’, ‘atrial fibrillation’, ‘AF’,
‘rate control’, ‘rhythm control’, ‘cardioversion’, ‘safety’,
‘risks’ and ‘adverse effects’. Only articles in English were
used.

2 Types of Atrial Fibrillation (AF) and Natural Course

For the purpose of this review we refer to the different
types of AF (paroxysmal, persistent and permanent) which
are distinguished based on presentation and duration.
Unless otherwise specified, the following definitions apply
(obtained from the FEuropean Society of Cardiology
guidelines for the management of AF) [5]. Paroxysmal AF
refers to an episode of AF lasting up to 7 days. Persistent
AF is an episode lasting more than 7 days or requiring
termination by cardioversion. Permanent AF is when the
presence of AF is accepted by the patient and physician,
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and rhythm control strategies are not pursued. Long-
standing persistent AF refers to patients with AF of more
than 1 year’s duration where a rhythm strategy is still to be
pursued.

The distinction between long-standing persistent and
permanent AF is based purely on the intention to cardiovert
or remain in abnormal rhythm. The natural course of AF is
such that patients usually begin with paroxysmal AF and
eventually progress into permanent AF. At some point
patients may become symptomatic and therefore require
cardioversion, during which time they are labelled as per-
sistent AF; therefore, it can be seen that the type of AF is
not static and can change depending on the time course,
symptoms and management intention.

3 Rhythm Control Strategy and Anti-Arrhythmic
Agents

Large trials have determined no significant difference in
mortality between rate or rhythm approach [7-11]. A sig-
nificant proportion of patients will remain symptomatic
despite adequate ventricular rate control and may require
restoration of sinus rhythm to fully control symptoms [8—
12]. Early cardioversion may also be necessary in patients
when AF causes hypotension and worsening heart failure
[4-6]. The main drugs available for cardioversion include
amiodarone, dronedarone, flecainide, propafenone and
sotalol. Other drugs such as quinidine, disopyramide, dof-
etilide or procainamide are available; however, their use-
fulness is not well established with the exception of
disopyramide, which may be useful in vagally-mediated
AF [4, 5].

Amiodarone is the most effective drug in maintaining
sinus rhythm, and is recommended for use in patients with
structural heart disease or severe heart failure [4-6].
Unfortunately, amiodarone has many adverse effects,
including thyroid dysfunction, liver toxicity, photosensi-
tivity, visual disturbances, gastrointestinal symptoms, pul-
monary fibrosis and pro-arrhythmia, which have limited its
use [13, 14]. It has been thought that many of the adverse
effects are a result of the iodine content and prolonged half-
life of the drug [13-15].

The ideal anti-arrhythmic agent for the treatment of AF
would need to be effective at cardioversion and mainte-
nance of sinus rhythm, with minimal adverse effects.
Dronedarone, structurally similar to amiodarone but with-
out iodine, was developed to try and achieve this balance. It
was approved for the treatment of AF by the US FDA [16]
in July 2009 and by the European Medicines Agency [17]
(EMA) in December 2009. The FDA approved droneda-
rone to “reduce the risk of cardiovascular hospitalization in
patients with paroxysmal or persistent AF/atrial flutter
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(AFI), with a recent episode of AF/AFl and associated
cardiovascular risk factors (including age >70 years,
hypertension, diabetes, prior cerebrovascular accident, left
atrial diameter >50 mm or left ventricular ejection fraction
[LVEF] <40 %), who are in sinus rhythm or who will be
cardioverted” [18]. In December 2011 a warning was
added to the product labelling and dronedarone was con-
traindicated in patients with heart failure (New York
Health Association [NYHA] class IV or class II-III and
recent decompensation requiring hospitalization or referral
to a specialized heart failure clinic). This warning was
added following evidence from a large clinical trial (which
will be discussed later in this review) which showed that
dronedarone doubled the mortality in this group of patients
[19].

The EMA approved dronedarone in adult clinically
stable patients with non-permanent AF to prevent the
recurrence of AF or to lower the ventricular rate. In Sep-
tember 2011, further safety messages were added that [20]:

e dronedarone should not be used in patients with NYHA
class IV or unstable class III;

e dronedarone is not recommended in patients with
recent (1-3 months) stable NYHA class III or with
LVEF <35 %;

e liver function tests should be performed prior and
during treatment.

4 Pharmacological Properties

The structural, electrophysiological and pharmacological
properties of dronedarone are summarized in Tables 1 and
2. In Table 2, comparisons are made with amiodarone
because of the following: (i) historically, dronedarone was
developed from amiodarone to try and overcome its unfa-
vourable safety profile; (ii) clinicians may view droneda-
rone as a direct alternative to amiodarone in the
management of AF; and (iii) amiodarone is the only anti-
arrhythmic that has been compared with dronedarone in a
robust clinical trial (see Sect. 4) [21].

4.1 Structure and Electrophysiological Effects

Dronedarone (N-[2-butyl-3[4-(3-dibutylaminopropoxy)ben-
zoyl]-benzofurane-5-ylJmethane-sulfonamide  hydrochlo-
ride) is a non-iodinated benzofuran derivative of amiodarone,
which was synthesized by removal of iodine and addition of a
methane-sulfonyl group [20, 22] (see fig. 1). Unsurprisingly,
dronedarone has similar electrophysiological properties to
amiodarone [20, 23-27] (see Table 1) and fulfills all four
classes of the Vaughan-Williams classification. Dronedarone
is a multichannel inhibitor: potent fast Na™ channel current
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Table 1 Electrophysiological properties of dronedarone

Multichannel inhibitor

Potent Na™ channel current inhibitor (10-fold greater than amiodarone) [29] (VWC class T)

Potent acetylcholine-activated K™ current inhibitor (100-fold greater than amiodarone) [30] (VWC class III)
Delayed-rectifier, slowly activated delayed-rectifier, inward-rectifier K* current inhibitor [31-34] (VWC class III)
L-type Ca>* current inhibitor [31-35] (VWC class IV)

Anti-adrenergic

Non-competitive inhibitor (comparable to amiodarone) [36-38] (VWC class II)
Sinus rate slowing [24, 30, 39] (VWC class IV)
Delays cardiac action potential [24, 39, 40]

Reduces ischaemia-induced ventricular arrhythmias (more potent than amiodarone) [24, 41-43]

Other

Acute administration shortens cardiac action potential [44] whilst sustained administration increases cardiac action potential [38, 39]

Sustained administration increases QTc interval [38, 40] (chronic use of amiodarone can also prolong QTc [45])

Ca?* calcium, K+ potassium, Na™ sodium, VWC Vaughan-Williams Classification

Table 2 Pharmacological properties of dronedarone and amiodarone

Property

Dronedarone

Amiodarone

Structure

Oral absorption

Oral bioavailability (%)
Volume of distribution
Distribution

Time to peak plasma
concentration (h)

Time to steady-state plasma
concentration

Half-life

Metabolism
Excretion

Dose

Dose adjustments required?

Benzofuran derivative without iodine, with addition of
methane-sulfonyl group [20, 22]

70-94 % (increased with food) [46, 47]
Cuax 84147 ng/mL [46]*

AUCy.., 474 ng - h/mL [46]*

15 [46, 47]

1.2-1.4 L [46, 48-50]

Heavily protein bound [46]

3-6 [46, 48-50]

4-8 days [46, 48-50]

13-31 hours [46, 48-50]

Hepatic first pass via CYP450 [46, 47]

6 % via kidneys

Excreted in breast milk

Does not pass placenta or blood brain barrier [46, 47]
Only available as oral preparation

Initiation: 400 mg bid PO

Maintenance: 400 mg bid (PO) [17, 18, 46]

None [52]

Benzofuran derivative with (37 %) iodine [53]

30-65 % (increased with food) [54-59]

Camax 380-1400 ng/mL [59]° AUCq 4>
14,000-33,000 ng - h/mL [59]°

20-50 [54-58]

Wide variation (4-700 L) [54-58]

Highly lipophilic [54-58]

3-7 [54-58]

>2 weeks [54-58]

10-40 days [54-58]

>100 days in patients receiving long-term oral
therapy [55]

Hepatic first pass via CYP450 [54-58]

<1 % via kidneys

Excreted in breast milk

Passes placenta [54-58]

Depends on route (IV or PO)

Initiation: 5 mg/kg in 1 h (IV)

Or 600 mg od for 4 weeks (PO), then 400 mg od
for 4 weeks (PO)

Maintenance: 50 mg/h (IV)

100-200 mg od (PO) [5]

Liver impairment [54-58]

AUCy.., area under the concentration-time curve from zero to infinity, AUCy.4, AUC from 0 to 42 days, bid twice daily, C,,,, peak concen-
tration, CYP450 cytochrome P450, IV intravenous, od once daily, PO oral

? Based on an oral dose of 400 mg bid

® Based on a single oral dose of 600 mg
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L3428

Dronedarone
SR33589B
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HCI

Fig. 1 Chemical
amiodarone

of dronedarone

structure

compared  with

inhibitor [28] (class I); potent acetylcholine-activated K"
current inhibitor [29] (class III); other K current inhibition
[delayed-rectifier, slowly activated delayed-rectifier and
inward-rectifier K current] [30-33] (class IIT); and L-type
Ca®" current inhibitor [30-34] (class IV). It has o- and
B-adrenoreceptor antagonist activity [35-37] (class II), and
delays the cardiac action potentials and refractoriness [23, 38,
39]. Its effects result in sinus rate slowing [23, 29, 38], pro-
longation of the PR interval and mild QTc prolongation [37,
39]. Importantly, in animals, dronedarone has been shown to
reduce ischaemia-induced ventricular arrhythmias [23, 40—
42].

4.2 Pharmacokinetics

Overall, 70-94 % of dronedarone is absorbed following
oral administration. The bioavailability of dronedarone
increases 2- to 3-fold when taken with food. It has low
absolute bioavailability (15 %) as it undergoes hepatic first-
pass metabolism via the cytochrome P450 (CYP) mecha-
nism, and therefore twice-daily regimens are required to
maintain steady-state concentrations [47]. Six percent is
excreted through the kidney and does not pass the blood-
brain barrier nor the placenta; however, it is excreted in
breast milk [45, 46]. Dronedarone and its metabolites are
heavily protein-bound and have a volume of distribution of
1.2-1.4 L. [45, 47-49]. Steady-state concentrations are
reached in 7 days, and the half-life is 13-31 hours, which is
much reduced compared with amiodarone [45, 47-49]
(half-life 1040 days; see Table 2). Dronedarone can cause
a 10-20 % rise in serum creatinine levels, but does not
affect glomerular filtration rate [50]. The recommended
dose is 400 mg twice-daily orally (initiation and mainte-
nance); one tablet with the morning meal and one with the
evening meal [17, 18]. There are no intravenous prepara-
tions of dronedarone, and there are no dose adjustments for
age, kidney function, ethnicity or sex [51].
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5 Efficacy

In this section we will evaluate the efficacy of dronedarone
in the treatment of AF as determined from clinical trials
(see Tables 3 and 4). Studies have demonstrated a number
of benefits, which include conversion to sinus rhythm;
prevention of AF recurrence after successful cardioversion;
ventricular rate-slowing; blood pressure (BP) lowering;
reductions in hospitalizations due to cardiovascular events;
and reductions in mortality.

5.1 DAFNE 2003

The Dronedarone Atrial Fibrillation study after Electrical
Cardioversion (DAFNE) was a double-blind, randomized,
placebo-controlled trial designed to select the most
appropriate dose of dronedarone for the prevention of
recurrent AF after successful cardioversion [59]. Overall,
270 patients with persistent AF from 50 centres in 11
countries were randomized to receive placebo or drone-
darone in doses of either 800 mg, 1200 mg or 1600 mg
daily (400 mg, 600 mg or 800 mg twice daily), and all
underwent electrical cardioversion. Of 270 patients, 199
were successfully restored to sinus rhythm and continued
treatment for 6 months.

The average age of patients included was around 60 years,
with the majority being male (57-79 %), around half with
hypertension and just under one-fifth with heart failure.
Patients in the four groups had similar characteristics.

5.1.1 Prevention of Recurrent AF After Successful
Cardioversion

The primary endpoint was time to first AF recurrence, which
was significantly greater in patients receiving 800-mg
dronedarone than placebo. The median time to first AF
recurrence was 5.3 days in the placebo group and 60 days in
the dronedarone 800-mg group (relative risk reduction 55 %;
95 % CI 72-28 %; p = 0.001). In the 800-mg group, 35 %
of patients remained in sinus rhythm at 6 months, compared
with 10 % in the placebo group. There were similar out-
comes in the intention-to-treat analysis, with time to AF
recurrence of 56 days in the dronedarone 800-mg group
compared with 5.3 days in the placebo group. There was no
significant difference in time to AF recurrence in the other
doses of dronedarone compared with placebo, which is
interesting as it suggests there is no dose effect.

5.1.2 Conversion to Sinus Rhythm
Rates of spontaneous cardioversion were higher in patients

receiving dronedarone compared with placebo. Further-
more, this relationship appeared to be dose-related with
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increasing effect at higher doses. Cardioversion rates were
5.8 %, 8.2 % and 14.8 % in patients receiving dronedarone
800 mg, 1200 mg and 1600 mg, respectively, compared
with 3.1 % in the placebo group. In this study, dronedarone
was not shown to significantly affect the rates of electrical
cardioversion, which were 73 % in the placebo group
compared with 77.3 %, 87.9 % and 76.6 % in patients
receiving dronedarone 800 mg, 1200 mg and 1600 mg,
respectively.

5.1.3 Slowing of Ventricular Rate

In patients receiving dronedarone, a significant ventricular
rate-slowing effect was seen following AF recurrence,
which increased with higher doses. The ventricular rate
slowed by 13.2, 19.2 and 17.8 beats per minute (bpm) in
the 800 mg, 1200 mg and 1600 mg groups, respectively,
compared with placebo (p = 0.0001).

5.2 EURIDIS/ADONIS 2007

The European Trial in Atrial Fibrillation or Flutter Patients
receiving Dronedarone for the maintenance of Sinus
Rhythm (EURIDIS) and the American-Australian-African
Trial with Dronedarone in Atrial Fibrillation or Flutter
Patients for the Maintenance of Sinus Rhythm (ADONIS)
were identical, placebo-controlled, multicentre, double-
blind, parallel-group trials conducted in 17 countries
worldwide [51]. The trials were designed to evaluate the
efficacy of dronedarone in the management of patients with
non-valvular AF. To qualify for the study patients had to
have had at least one episode of AF within the preceding
3 months and were in sinus rhythm for at least 1 hour
before randomization. Exclusion criteria included perma-
nent AF, torsades de pointes, bradycardia, heart failure or
taking class I or III antiarrhythmic agents.

Overall, 612 (EURIDIS) and 625 (ADONIS) patients
were randomized to receive either dronedarone 400 mg
twice daily or placebo. The mean age of patients was
63 years, approximately 70 % were male, 41 % had
structural heart disease and 57 % had hypertension.

5.2.1 Prevention of Recurrent AF

In EURIDIS, the primary endpoint was time from ran-
domization to the first documented recurrence of AF,
which, in the modified intention-to-treat analysis, occurred
after 96 days (median) in the dronedarone group compared
with 41 days in the placebo group. Following 1 year,
67.1 % of patients in the dronedarone group and 77.5 % of
patients in the placebo group had a recurrence of AF
(hazard ratio [HR] 0.78; 95 % CI 0.64-0.96; p = 0.01).
The on-treatment analysis had similar results (p = 0.01).
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In ADONIS, in the modified intention-to-treat analysis,
the median times from randomization to documented AF
recurrence were 158 days in the dronedarone group com-
pared with 59 days in the placebo group. After 12 months,
61.1 % of patients in the dronedarone group had a recur-
rence of AF compared with 72.8 % of patients in the pla-
cebo group (HR 0.73; 95 % CI 0.59-0.89; p = 0.002).
Once again there were similar results in the on-treatment
analysis (p = 0.002).

When data from both trials were combined, the median
times to documented AF recurrence were 116 days in the
dronedarone group compared with 53 days in the placebo
group. After 12 months, rates of AF recurrence were
64.1 % in the dronedarone group compared with 75.2 % in
the placebo group (HR 0.75; 95 % CI 0.65-0.87;
p < 0.001). In these analyses, patients who discontinued
dronedarone or who had an AF recurrence within 5 days
were not included. Furthermore, rates of symptomatic AF
recurrence were less in the dronedarone group (37.7 %)
compared with placebo (46.0 %; HR 0.71; 95 % CI
0.60-0.86; p < 0.001).

5.2.2 Slowing of Ventricular Rate

In patients with AF recurrence, the mean ventricular
rate &+ standard deviation (SD) was found to be slower in
patients taking dronedarone (103 £ 25.9 bpm) compared
with placebo (117.1 + 30.4 bpm; p < 0.001).

5.2.3 Reduced Hospitalization or Death

A post hoc analysis was performed. In EURIDIS, 21.2 %
of patients in the dronedarone group had been hospitalized
or died at 12 months, compared with 32.0 % of patients in
the placebo group (HR 0.66; 95 % CI 0.47-0.93;
p = 0.02). In ADONIS, rates of hospitalization or death in
the dronedarone group were 24.5 % compared with 29.8 %
in the placebo group (HR 0.80; 95 % CI 0.56-1.14;
p = 0.22). In the combined analysis, rates of hospitaliza-
tion or death in the dronedarone group were 22.8 % com-
pared with 30.9 % in the placebo group (HR 0.73; 95 % CI
0.57-0.93; p = 0.01).

5.3 ERATO 2008

The Efficacy and Safety of Dronedarone for the Control of
Ventricular Rate during Atrial Fibrillation (ERATO) study
was a randomized, double-blind, placebo-controlled, par-
allel-group, multicentre study conducted in nine European
countries [60]. ERATO was designed to assess the efficacy
of dronedarone in the control of ventricular rate in patients
with permanent AF (>6 months’ duration), when added to
standard therapy. Patients included in this trial had
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symptomatic, permanent AF where cardioversion was not
considered an option. Overall, 174 patients were random-
ized to receive 6 months’ treatment with dronedarone
400 mg twice daily or matching placebo, and assessed
using 24-hour holters at days O and 14 and 4 months fol-
lowing treatment. Patients were also assessed using exer-
cise tolerance tests at days O and 14. The mean age of
patients was approximately 65 years, approximately 68 %
were male, approximately 50 % had hypertension,
approximately 40 % had structural heart disease and
approximately 50 % had concomitant B-blockers (exclud-
ing sotalol).

5.3.1 Slowing of Ventricular Rate

In ERATO, dronedarone treatment resulted in a reduced
ventricular rate compared with placebo. The mean ven-
tricular rate after 2 weeks was reduced by 11.0 bpm in the
dronedarone group compared with an increase of 0.7 bpm
in the placebo group (p < 0.001). Patients receiving con-
comitant rate-lowering drugs were also found to have a
reduced ventricular rate with dronedarone. In patients
receiving dronedarone, mean ventricular rates were
reduced by 14.9, 11.5 and 5.1 bpm in those receiving
concomitant B-blockers, digoxin and calcium channel
blockers, respectively, compared with placebo. In the
4-month analysis, a sustained reduction in mean ventricular
rate was seen in patients receiving dronedarone (10.1 bpm)
compared with placebo (1.3 bpm; p < 0.001). Similarly,
there was a reduction in heart rate in patients receiving
concomitant rate-lowering therapy.

In the per-protocol analysis, the mean ventricular rate
was reduced by 12.3 bpm (95 % CI —14.6 to —10.0 bpm)
after 14 days in the dronedarone group compared with an
increase of 0.4 bpm in the placebo group (95 % CI —2.2 to
2.9; p < 0.001).

The rate-lowering effect was also observed during
exercise testing with reductions of 25.6 (submaximal
exercise) and 27.4 bpm (maximal exercise) in the drone-
darone group compared with 2.2 (submaximal) and
2.9 bpm (maximal) in the placebo group (p < 0.001).
Importantly, there was no reduction in exercise tolerance in
the dronedarone group.

5.4 ATHENA 2009

ATHENA (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) was conducted in 37 countries between 2005
and 2007 [61]. A total of 4628 patients with paroxysmal

AF or atrial flutter were included with at least one of the
following requirements: age of at least 70 years; arterial
hypertension (treated with at least two antihypertensive
drugs); diabetes mellitus; previous stroke; transient
ischaemic attack, or thromboembolism; left atrial diameter
greater than or equal to 50 mm; and LVEF <40 %. The
mean follow-up period was 21 months. Primary outcome
measures included first hospitalization due to cardiovas-
cular event or death from any cause. During the course of
the study, the overall mortality figures were lower than
expected and therefore the inclusion criteria was changed
to include higher risk patients (minimum age of 70 years).
The mean age was 71.6 years, approximately 53 % were
male, approximately 86 % had hypertension and approxi-
mately 60 % had structural heart disease. Approximately
4 % and approximately 12 % had LVEF less than 35 %
and 45 %, respectively, and around 70 % had concomitant
B-blockers.

5.4.1 Reduced Hospitalization Due to Cardiovascular
Event or Death

In the dronedarone group, 31.9 % of patients had a primary
outcome event compared with 39.4 % in the placebo group
(HR 0.76; 95 % CI 0.69-0.84; p < 0.001). In the drone-
darone group, there were 116 deaths (5.0 %) compared
with 139 (6.0 %) in the placebo group (HR 0.84; 95 % CI
0.66-1.08; p = 0.18).

In the dronedarone group, 29.3 % of patients had a first
hospitalization due to cardiovascular event compared with
36.9 % of patients receiving placebo (HR 0.74; 95 % CI
0.67-0.82; p < 0.001).

With regard to all outcome events (hospitalization due
to any cardiovascular event or death from any cause), there
were fewer events in the dronedarone group (54.5 %)
compared with placebo (71.7 %; HR 0.76; 95 % CI
0.68-0.84; p < 0.001).

In a post hoc analysis of ATHENA, EURIDIS and
ADONIS, dronedarone was found to reduce the risk of
cardiovascular hospitalization or death by 44 % in patients
with lone AF (HR 0.56; 95 % CI 0.36-0.88; p = 0.004)
[62].

5.4.2 Reduced Death from Cardiovascular Causes

Deaths due to a cardiovascular cause occurred in 2.7 % of
patients taking dronedarone compared with 3.9 % of
patients in the placebo group (HR 0.71; 95 % CI
0.51-0.98; p = 0.03). Deaths due to cardiac arrhythmia
occurred in 1.1 % of patients receiving dronedarone com-
pared with 2.1 % receiving placebo (HR 0.55; 95 % CI
0.34-0.88; p = 0.01).
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5.4.3 Reduced Hospitalization Due to AF or Acute
Coronary Syndrome

Further analysis showed that the reduction in hospitaliza-
tion was mainly driven by a reduction in AF (14.6 vs
21.9 % dronedarone vs placebo; HR 0.63; 95 % CI
0.55-0.72; p < 0.01). There were also significantly less
hospitalizations due to acute coronary syndrome with
dronedarone compared with placebo (2.7 vs 3.8 %,
respectively; HR 0.70; 95 % CI 0.51-0.97; p = 0.03).
There were no significant differences in the number of
hospitalizations for heart failure or ventricular arrhythmia
or non-fatal cardiac arrests in both groups.

5.5 DIONYSOS 2010

The Randomized, Double-Blind Trial to evaluate the
Efficacy and Safety of Dronedarone (400 mg bid) Versus
Amiodarone (600 mg qd for 28 days, then 200 mg qd
thereafter) for at least 6 months for the maintenance of
sinus rhythm in patients with AF (DIONYSOS) was a
short-term study comparing dronedarone and amiodarone
[21]. The investigators aimed to provide a direct compar-
ison of benefit-to-risk ratio of dronedarone and amioda-
rone, recruiting patients with documented AF (>72 hours’
duration) for whom cardioversion and anti-arrhythmic
drugs were indicated. The trial was conducted in 112
centres in 23 countries with 504 patients randomized to
receive either dronedarone or amiodarone. Patients under-
went electrical cardioversion between 10 and 28 days fol-
lowing treatment, unless they had spontaneously reverted
to sinus rhythm. The mean age was 64 years, approxi-
mately 70 % were male, 67 % had hypertension, 29 % had
structural heart disease and approximately 22 % had
chronic heart failure.

The primary endpoints included a measure of efficacy
(recurrence of AF, or premature discontinuation of drug
due to lack of efficacy), and a measure of safety (premature
discontinuation of drug due to intolerance). For the purpose
of analysis, treatment failure included AF recurrence,
unsuccessful electrical cardioversion plus no spontaneous
cardioversion and no electrical cardioversion. The main
safety endpoint included thyroid, hepatic, pulmonary,
neurologic, skin, eye or gastrointestinal specific events, or
premature discontinuation due to an adverse event.

The composite primary endpoint, which included time
to first AF recurrence or premature drug discontinuation,
occurred more frequently in the dronedarone group
(75.1 %) compared with amiodarone (58.8 %; HR 1.59;
95 % CI 1.28-1.98; p < 0.001) following 12 months of
treatment.
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5.5.1 Prevention of Recurrent AF After Successful
Cardioversion/Conversion to Sinus Rhythm

The rates of AF recurrence (including lack of cardiover-
sion) occurred more frequently in the dronedarone group
(63.5 %) compared with amiodarone (42.0 %). There were
fewer spontaneous cardioversions in the dronedarone group
(29) compared with the amiodarone group (83). Conse-
quently, there were more electrical cardioversions per-
formed in the dronedarone group. The number of
unsuccessful cardioversions was higher in the dronedarone
group (29 vs 16); however, this may be explained by the
higher numbers of patients undergoing electrical cardio-
version in the dronedarone group (200 vs 153) as the
proportion of successful cardioversions was similar in both
groups (83.0 vs 85.6 %).

5.5.2 Reducing Blood Pressure (BP)

Dronedarone was found to have a BP-lowering effect
compared with amiodarone. The mean change from dia-
stolic BP was —2.04 mmHg with dronedarone compared
with —0.32 mmHg with amiodarone (p = 0.0068). The
mean change from systolic BP was +1.55 mmHg with
dronedarone compared with +6.58 mmHg with amioda-
rone (p < 0.0001).

5.6 PALLAS 2011

The Permanent Atrial Fibrillation Outcome Study Using
Dronedarone on Top of Standard Therapy (PALLAS) was
a randomized, double-blind, placebo-controlled trial con-
ducted in 37 countries [19]. The primary outcome measures
included a combination of stroke, myocardial infarction,
systemic embolism or death from cardiovascular causes,
and are discussed in Sect. 6. Other outcome measures
included death from non-cardiovascular causes and rates of
hospitalization. A total of 3236 patients with permanent AF
were randomized to receive either dronedarone (400 mg
twice daily) or placebo. The study was stopped early due to
safety concerns. In both groups the mean age was 75 years,
and approximately 69 % of patients had a >2 year history
of permanent AF or atrial flutter. Two-thirds of patients had
heart failure, 88 % were receiving rate-lowering therapy
(one-third receiving digoxin) and 84 % were receiving a
vitamin K antagonist (VKA).

5.6.1 Conversion to Sinus Rhythm
At 4 months, 3.7 % of patients in the dronedarone group

were in sinus rhythm compared with 1.4 % in the placebo
group (p = 0.01).
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5.6.2 Slowing Ventricular Rate

At 1 month, the mean heart rate (£SD) was reduced by
7.6 £+ 14.5 bpm in the dronedarone group, compared with
an increase of 0.1 & 14.0 in the placebo group (p < 0.001).

5.6.3 Reducing BP

At 1 month, the mean reduction in systolic BP was
3.5 £ 16.1 mmHg in the dronedarone group compared
with 1.7 & 16.1 mmHg in the placebo group (p = 0.003).

6 Risk Assessment

In this section, we have used data from the seven large
clinical trials [19, 21, 51, 59-61, 63], of which only one was a
direct comparison with amiodarone (DIONYSOS) [21].

6.1 Heart Failure

The Antiarrhythmic Trial with Dronedarone in Moderate to
Severe Chronic Heart Failure Evaluating Morbidity
Decrease (ANDROMEDA) was a double-blind, placebo-
controlled, randomized, parallel-group trial conducted at 72
hospitals [63]. The study randomly assigned 627 patients
with symptomatic heart failure and severe left ventricular
(LV) systolic dysfunction to receive either dronedarone
400 mg twice daily or placebo. The median age of patients
was approximately 71 years, and approximately three-
quarters were male. Around one-third of patients had
hypertension, approximately 30 % of patients had dilated
cardiomyopathy and approximately 60 % were taking
B-blockers. Almost 60 % of patients were classified as New
York Heart Association (NYHA) class III and the mean
duration of heart failure was approximately 20 months.
The primary endpoint was the composite of death from
any cause or hospitalization for heart failure. The study
was stopped prematurely after 7 months because of safety
concerns. During the median 2 months’ follow—up, 25
patients in the dronedarone group (8.1 %) died compared
with 12 patients in the placebo group (3.8 %; HR 2.13; 95
% CI 1.07-4.25; p = 0.03). The higher mortality in the
dronedarone group was attributed to worsening heart fail-
ure, which occurred in ten patients in the dronedarone
group compared with two patients in the placebo group.
In PALLAS there was a significantly higher risk of
hospitalization due to heart failure in patients receiving
dronedarone compared with placebo (HR 1.81; 95 % CI
1.10-2.99; p = 0.02) [19]. However, a sub-study analysis
found similar risks of both primary outcomes (combination
of stroke, myocardial infarction, systemic embolism or
death from cardiovascular causes) and hospitalization for

heart failure in patients with an LVEF lower than 40 %
compared with those with an ejection fraction >40 %.

In prior studies, rates of heart failure were low with only
38 out of 3604 patients (approximately 1 %) reported to
have heart failure as a consequence of dronedarone therapy
[21, 51, 59-61]. In ATHENA, 92 patients with LV ejection
fraction <35 %, and 464 patients with NYHA class II-III
received dronedarone; however, death from cardiovascular
causes occurred less frequently in the dronedarone group
(2.7 %) compared with placebo (3.9 %; HR 0.71; 95 % CI
0.51-0.98; p = 0.03) [61]. There was no significant dif-
ference in rates of first hospitalization due to congestive
cardiac failure in the dronedarone group (4.9 %) compared
with placebo (5.7 %; HR 0.86; 95 % CI 0.67-1.10;
p = 0.22).

Further discussion can be found in Sect. 8.

6.2 Permanent AF

In ERATO, the first study to include patients with perma-
nent AF (>6 months’ duration), dronedarone was found to
be generally well tolerated with no major adverse effects.
During the study, one sudden death was reported in the
dronedarone group (a female patient with congenital heart
disease and family history of sudden death) and two further
deaths occurred following trial completion (one in the
dronedarone group), although these were considered
unrelated to trial participation. This study suggested
dronedarone may be safe in patients with permanent AF,
however it was far from conclusive: ERATO was a short
study (duration of dronedarone was only 6 months) with
relatively few patients (85 patients).

The role of dronedarone in permanent AF was further
investigated in PALLAS, however the study was discon-
tinued early due to safety concerns [19].

The first co-primary event (composite of stroke, myo-
cardial infarction, systemic embolism or death from car-
diovascular disease) occurred in 43 patients receiving
dronedarone compared with 19 in the placebo group (HR
2.29; 95 % CI 1.34-3.94; p = 0.002). The second co-pri-
mary event (composite of unplanned hospitalization for
cardiovascular causes or death) occurred in 127 patients
receiving dronedarone compared with 67 patients receiving
placebo (HR 1.95; 95 % CI 1.45-2.62; p < 0.001).

There were 25 deaths in the dronedarone group com-
pared with 13 in the placebo group (HR 1.94; 95 % CI
0.99-3.79; p = 0.049). Of these deaths, 21 were due to
cardiovascular causes in the dronedarone group compared
with 10 in the placebo group (HR 2.11; 95 % CI 1.00—4.49;
p = 0.046). In the dronedarone group there were 13 deaths
due to arrhythmia compared with 4 in the placebo group
(HR 3.26; 95 % CI 1.06-10.00; p = 0.03).
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Stroke occurred in 23 patients receiving dronedarone
compared with 10 in the placebo group (HR 2.32; 95 % CI
1.11-4.88; p = 0.02). Unplanned hospitalization for car-
diovascular causes occurred in 113 patients receiving
dronedarone compared with 59 patients in the placebo
group (HR 1.97; 95 % CI 1.44-2.70; p < 0.001).

Hospitalization due to heart failure occurred in 43
patients in the dronedarone group compared with 24 in the
placebo group (HR 1.81; 95 % CI 1.10-2.99; p = 0.02). Of
note, there was no significant difference in the rates of
myocardial infarction or systemic embolism in both
groups, which occurred infrequently.

A sub-study analysis found consistent results across the
sub-groups with regard to both co-primary outcomes. How-
ever, analysis of the secondary outcomes (hospitalization for
cardiovascular causes or death) showed that patients with
diabetes had a greater risk in the dronedarone group compared
with patients without diabetes (p = 0.03 for interaction).

Patients with LVEF lower than or greater than 40 % had
a similar risk of both primary outcomes and hospitalization
for heart failure. The same was true for patients with
NYHA symptoms classes II and III.

The results from PALLAS suggest that dronedarone
causes increased mortality (mainly due to pro-arrhythmia
and strokes) and hospitalization (mainly due to heart failure)
in patients with permanent AF and increased risk of vascular
events, and therefore should not be used in this group.

6.3 Adverse Effects

Dronedarone was found to be well tolerated, with only
approximately 13 % of patients discontinuing the drug
prematurely [19, 21, 51, 59-61] (see Table 5). The main
complaint was gastrointestinal events, with diarrhoea being
the most common. Dronedarone was found to be better
tolerated than amiodarone with less premature discontinu-
ations. The traditional adverse effects seen with amioda-
rone, including thyroid dysfunction, photosensitivity or
pulmonary fibrosis, were rare in dronedarone [63].

6.3.1 Cardiovascular

There was one case of torsades de pointes tachycardia
reported in a female patient receiving dronedarone, which
occurred following resuscitation from out-of-hospital ven-
tricular fibrillation [61]. An implantable defibrillator was
inserted and she was discharged home.

Dronedarone was found to prolong QT/QTc interval
significantly more than placebo and significantly less than
amiodarone. Prolongation of the PR interval occurred more
significantly with dronedarone compared with placebo, and
the effect was greater with increasing doses. The incidence
of peripheral oedema, dyspnoea, PR and QT/QTc
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prolongation and bradycardia was statistically significantly
higher in patients receiving dronedarone compared with
placebo; however, they did not occur frequently. In clinical
trials of dronedarone, pro-arrhythmia (bradycardia, ven-
tricular or supraventricular arrhythmia) was rarely seen
with the exception of PALLAS where there were signifi-
cantly more deaths due to arrhythmia in the dronedarone
group compared with placebo [19, 21, 51, 59-61].

Heart failure is discussed earlier; however, excluding
PALLAS and ANDROMEDA, occurred infrequently [51,
59-61]. In ANDROMEDA, when events resulting in death
were excluded, around 22 % of patients in the dronedarone
group reported cardiac events that were mainly driven by
heart failure (10 %) [63]; However, these rates did not
reach statistical significance when compared with placebo.

6.3.2 Gastrointestinal

In the DAFNE study, the main cause for cessation of dron-
edarone was due to gastrointestinal symptoms, which
included diarrhoea, vomiting, nausea and gastroenteritis
[59]. In the other trials, gastrointestinal effects were com-
mon. In DIONYSOS, there were more cases of gastrointes-
tinal events in the dronedarone group (12.9 %) compared
with the amiodarone group (5.1 %); however, none were
serious [40]. In the dronedarone group, 9.2 % of patients had
at least one episode of diarrhoea compared with 3.1 % in the
amiodarone group, lasting a median of 7.0 and 4.0 days,
respectively. Diarrhoea was reported four times more in the
dronedarone group (8 %) compared with amiodarone (2 %).

6.3.3 Renal Events

In the large clinical trials, an increase in serum creatinine
was seen in approximately 3 % of patients [19, 21, 51, 59—
61]. There was a similar increase in serum creatinine levels
in patients receiving amiodarone and dronedarone (mean
increase of 10 umol/L), which normalized 10-15 days
following discontinuation in the dronedarone group and
persisted in the amiodarone group [21].

6.3.4 Hepatic Events

Hepatic impairment was found to occur in approximately
3 % (0.5-12 %) of patients taking dronedarone; however,
this was not statistically significant when compared with
placebo or amiodarone [21, 51, 59, 63].

The FDA issued a safety communication following two
cases of patients with dronedarone-induced acute liver
failure requiring liver transplantation [64]. They advised
clinicians to check liver function prior to initiating drone-
darone and to continually monitor liver enzymes for at least
6 months after.
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Table 5 Rates of adverse events (calculated from major clinical
trials [19, 21, 52, 60-64])

Event Rate (%)
Total adverse events 49 (33-76)
Premature discontinuation 13 (5-15)
Death 3 (<1-8)
Heart failure 1 (1-10)
Stroke <1
Myocardial infarction <1
Gastrointestinal (including abdominal 16 (2-26)
pain)
Central nervous system (dizziness) 9 (1-17)
Respiratory 9 (5-15)
Diarrhoea 8 (6-10)
Dermatology 5 (<1-10)
Dyspnoea 5 (3-6)
Nausea/vomiting 5 (5-5)
Bradycardia 3 (34
Elevation of serum creatinine 3 (2-5)
Hepatic impairment 3 (<1-12)
Cough 2 (24
QT increase 2 (1-11)
Thyroid dysfunction 2 (<1-14)
Angina pectoris, blurred vision, <1

extrasystole, infections, interstitial lung
disease, non-cardiac chest pain,
supraventricular tachycardia,
thromboses, ventricular arrhythmia

Values are expressed as mean (range) across the various studies

6.3.5 Other Events

Other reported events included central nervous system
(dizziness, insomnia, paraesthesia), respiratory (dyspnoea,
cough), dermatology (skin rash, discolouration) and thyroid
dysfunction (hyper- and hypothyroidism). However, these
were not significantly more frequent in patients taking
dronedarone compared with placebo. There were fewer
thyroid and neurological events in patients receiving
dronedarone compared with amiodarone (thyroid 0.8 vs
5.9 %; neurological 1.2 vs 6.7 %) [21].

6.4 Drug Interactions

Dronedarone has several important drug interactions that
clinicians will need to be aware of; for example, interac-
tions with drugs using the CYP systems. Dronedarone is
highly metabolized by CYP3A4 and is also a moderate
inhibitor [20]. Potent CYP3A4 inhibitors such as antifun-
gals, macrolide antibiotics and protease inhibitors will
increase plasma levels of dronedarone causing toxicity and
therefore should not be co-administered. Moderate inhibi-
tors of CYP3A4 such as verapamil and diltiazem may be

used cautiously with dronedarone. Simvastatin is metabo-
lized with CYP3A and concomitant use with dronedarone
will increase simvastatin levels. Dronedarone is a weak
inhibitor of CYP2D6 [47]. B-blockers such as metoprolol
are metabolized with CYP2D6 and result in increased
B-blocker levels if used with dronedarone. Dronedarone is
a p-glycoprotein inhibitor which, if used with digoxin or
dabigatran (metabolized with p-glycoprotein), will result in
increased digoxin or dabigatran levels. Therefore, reduced
doses of calcium channel blockers, simvastatin, B-blockers,
digoxin (half-dose) and dabigatran are advised [65].

In the large clinical trials, dronedarone was found to
increase digoxin levels; however, this did not result in
toxicity [19, 21, 60]. In PALLAS, patients receiving
digoxin were found to have higher plasma concentrations
7 days following therapy in the dronedarone group com-
pared with placebo (1.2 £ 0.8 vs 0.9 & 0.6 ng/mL,
respectively; p < 0.001) [19]. A similar change in digoxin
levels was found with amiodarone [21].

Dronedarone does not appear to interact significantly with
oral anticoagulants (OAC) as there was no effect seen on
international normalized ratios (INR) of patients receiving
OAC [60]. In contrast, amiodarone appeared to interact with
OAC as there was a higher proportion of patients with ele-
vated INR (>4.5) with amiodarone compared with drone-
darone, and more frequent dose adjustments [21]. There
were fewer haemorrhagic events in patients taking drone-
darone and fewer patients with low haemoglobin levels
(1.3 %) compared with amiodarone (4.7 %).

7 Benefit Risk Summary

The benefits and risks of dronedarone are summarized in
Table 6.

8 Place in Therapy

Before discussing the place of dronedarone in the man-
agement of AF we must first address some inconsistent
findings between the studies. As previously stated, in ear-
lier studies [51, 61] dronedarone was found to reduce the
risk of cardiovascular hospitalization or death in patients
with non-permanent AF. However, in more recent studies
[19, 63] dronedarone was found to cause increased mor-
tality, worsening heart failure, more strokes [19] and more
cardiovascular hospitalizations.

8.1 Role in Heart Failure

In ATHENA the primary outcome was any cardiovascular
hospitalization or death from any cause, which was found
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Table 6 Summary benefits vs risks of dronedarone in atrial fibrilla-
tion [19, 21, 52, 60-64]

Benefits

Reduced hospitalization or death

Reduced hospitalization due to cardiovascular event or death
Reduced death from cardiovascular death

Reduced hospitalization due to AF or ACS

Prevention of recurrent AF after successful cardioversion
Conversion of sinus rhythm

Reducing blood pressure

Slowing ventricular rate

Better tolerated than amiodarone (less premature discontinuations)
More BP-lowering effect than amiodarone

Less QTc prolongation than amiodarone

Less thyroid disease, photosensitivity, pulmonary fibrosis
Risks

Increased mortality due to heart failure (in patients with
symptomatic heart failure and severe LVSD)

Increased mortality due to arrhythmia and stroke (in patients with
permanent AF and high cardiovascular risk)

Increased hospitalization due to a heart failure episode (in patients
with permanent AF and high cardiovascular risk)

Increased risk in diabetes (in patients with permanent AF and high
cardiovascular risk)

QTc prolongation

GI symptoms including diarrhoea
Increased creatinine levels
Hepatic failure: rare but serious

Contraindications: protease inhibitors, macrolide antibiotics,
antifungals, tricyclic antidepressants, any drugs that prolong
QTc

Dronedarone causes increased digoxin, dabigatran, simvastatin,
B-blockers, protease inhibitors, antifungals, macrolides

Calcium channel blockers increase dronedarone levels

ACS acute coronary syndrome, AF atrial fibrillation, BP blood pres-
sure, GI gastrointestinal, LVSD left ventricular systolic dysfunction

to be significantly less in patients receiving dronedarone
[61]. However, further inspection suggests that droneda-
rone may not have such beneficial effects in heart failure as
would first appear. The first point to note is that there was
no significant reduction in all-cause mortality. Secondly,
although there was a reduction in cardiovascular mortality,
this was driven by a reduction in deaths due to cardiac
arrhythmia (HR 0.55; 95 % CI 0.34-0.88; p = 0.01).
Thirdly, although there was a reduction in first hospital-
ization due to cardiovascular causes, this was driven by
reductions in AF and acute coronary syndrome-related
hospitalizations, with no significant reduction in first hos-
pitalization due to heart failure. The sub-group analysis of
patients with heart failure (approximately 20 %) showed
similar results. This study supports the finding that
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dronedarone has good anti-arrhythmic effects (maintenance
of sinus rhythm and prevention of cardiac arrhythmias).

The results of ANDROMEDA were opposite to those of
prior studies that had shown that dronedarone could have
effects potentially beneficial to patients with heart failure:
rate-lowering effect, mild BP-lowering effect, anti-adren-
ergic effect and a ventricular arrhythmia-suppressing
effect. A reduction in mortality was expected, however the
opposite occurred: dronedarone was found to double the
risk of all-cause mortality. Almost all deaths were due to
cardiovascular causes and were predominantly due to
worsening heart failure and arrhythmias. To try and place
these findings into context we must understand the group of
patients studied and scrutinize the results further.

The main differences between ATHENA and
ANDROMEDA are as follows. ATHENA was a study of 4628
patients with non-permanent AF (defined as an ECG showing
AF or atrial flutter, and a second ECG showing sinus rhythm
within 6 months prior to randomization), of whom around
20 % (approximately 900) had stable heart failure (with no
recent decompensation within 4 weeks prior to randomiza-
tion, and NYHA class I-11I). ANDROMEDA was a study of
627 patients with unstable heart failure (recent hospitalization
with new or worsening heart failure with NYHA class II-1V),
of whom one-quarter (approximately 150) had AF (type
unspecified) at randomization. In comparing these studies we
are comparing approximately 900 patients with non-perma-
nent AF and stable heart failure (ATHENA) with approxi-
mately 150 patients with unspecified AF and unstable heart
failure (ANDROMEDA). At the time of randomization it
appears that patients in ANDROMEDA were not optimally
treated for heart failure, with 88 % receiving an ACE inhibitor
or angiotensin-receptor blocker (ARB), 62 % receiving a
B-blocker and 42 % receiving spironolactone. Given the
majority of patients were in NYHA class II-III, there was
scope for further optimization of heart failure therapy.

It is believed that the main cause for the increased mor-
tality found in ANDROMEDA was the instability of patients
recruited (recent onset or worsening of heart failure). It has
also been suggested that the study was discontinued too
prematurely and therefore was not statistically powered to
draw major conclusions. The number of deaths was small (25
in the dronedarone group vs 12 in placebo), which has led to
some believing that if the study had continued the mortality
rates may have evened out. To further support this, when
events resulting in death were excluded, similar rates of
cardiac events (including heart failure) were seen in both
groups (any cardiac event dronedarone vs placebo, 21.9 vs
16.4 %; heart failure event 10.0 vs 8.2 %).

Following ANDROMEDA, the FDA added a warning
label to the product labelling for dronedarone contraindi-
cating its use in heart failure NYHA class -1V, or
unstable NYHA class II [16].
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Fig. 2 Suggested use of
dronedarone in the maintenance
of sinus rhythm in patients with
non-permanent atrial
fibrillation, according to disease
pathology. Drugs are listed in
alphabetical order and do not

Disease pathology

Recommended therapy to maintain sinus rhythm

represent the order of
recommended use. Adapted
from Wann et al., with
permission [4]. LVH = left
ventricular hypertrophy

substantial LVH

Hypertension

First-line Second-line
No (or minimal)
heart discase | ——————,| Dronedarone
Flecainide Amiodarone
/v Propafenone Dofetilide
Hypertension Sotalol
without |

| Catheter ablation

with
substantial LVH

T

/./’I Amiodarone |

=I Amiodarone

Dofetilide
Coronary artery »  Dronedarone !
disease Sotalol \
.| catheter ablation |
Heart failure | »  Amiodarone |~
Table 7 Further trials investigating dronedarone®
Study (ClinicalTrials.gov identifier) Design Purpose

HESTIA Interventional, phase 4, randomized,
(NCTO01135017) double blind

ODYSSEUS Interventional, phase 4, randomized,
(NCTO01198873) placebo-controlled, double-blind

ARTEMIS LOAD

(NCT01140581) open-label study

ARTEMIS AF LT

(NCT01199081) study

Randomized, phase 4, multicentre,

Randomized, multicentre, open-label

Evaluate effects of dronedarone 400 mg bid on AF
burden in patients with PPM; incidence of overdrive
pacing; safety

Evaluate effects of dronedarone 400 mg bid on left
atrial function, dimension; left ventricular function;
safety and tolerability

Determine optimal timing of initiation of dronedarone
treatment after conversion with loading dose of
amiodarone in patients with persistent AF requiring
cardioversion

Document pharmacokinetics and optimal timing of
initiation of dronedarone following long-term
amiodarone in patients with paroxysmal or persistent
AF

4 Available from http://www.clinicaltrials.gov

AF atrial fibrillation, ARTEMIS AF LOAD optimal timing of dronedarone initiation after conversion in patients with persistent atrial fibrillation,
ARTEMIS AF LT pharmacokinetics and optimal timing of dronedarone initiation following long-term amiodarone in patients with paroxysmal or
persistent atrial fibrillation, bid twice daily, HESTIA effects of dronedarone on atrial fibrillation burden in subjects with permanent pacemakers,
ODYSSEUS effects of dronedarone on cardiac geometry and function in patients with atrial fibrillation and left atrial enlargement,

PPM permanent pacemaker

8.2 Role in Permanent AF

PALLAS showed that dronedarone had deleterious effects
in high-risk patients with permanent AF (almost double the
death rate, double cardiovascular deaths, 3-fold increase in
arrhythmia-associated deaths, double stroke rate and
almost double hospitalizations due to heart failure) [19]. In
PALLAS, permanent AF was defined as an ECG showing

AF 14 days prior to randomization, and a second ECG
showing AF 6 months or more prior to randomization. The
conventional timescale for the definition of permanent AF
is 1 year; therefore, it is possible that some of the patients
recruited may not have had permanent AF in the strictest
sense. However, this is unlikely to be the explanation as the
majority of patients (70 %) had AF for a duration of more
than 2 years. The increased stroke rate could not be
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attributed to a lack of oral anticoagulation (84 % of
patients were receiving VKA). The increased hospitaliza-
tions due to heart failure also cannot be explained. In
PALLAS, around 15 % of patients had symptomatic heart
failure at randomization, with around 20 % reported to
have an LVEF <40 %. Although this study was stopped
early a large number of patients had already been enrolled,
unlike ANDROMEDA. Therefore, it is unlikely that these
findings were due to chance. Digoxin toxicity may have
had a role in the increased mortality and arrhythmia risk.
As mentioned previously, digoxin can interact with dron-
edarone, resulting in increased levels of digoxin. In PAL-
LAS, a 33 % increase in digoxin serum levels (0.9-1.2
ng/mL) was reported, and a previous study showed that
digoxin levels >1.2 ng/mL was associated with increased
cardiovascular deaths [66].

It is unclear why dronedarone would cause such nega-
tive effects in permanent AF whilst having favourable
outcomes in non-permanent AF. Our current understanding
of AF is that permanent and non-permanent is the same
disease pathology but that permanent AF is at a more
advanced stage. However, the results of PALLAS may
suggest that perhaps they are not the same but rather two
distinct disease processes. Further work is required to fully
understand permanent AF.

In light of the findings from PALLAS, the FDA updated
the warning label contraindicating dronedarone for use in
patients with atrial fibrillation who will not or cannot be
cardioverted into sinus thythm, i.e. patients with permanent
AF [67].

8.3 Role in Non-Permanent AF

Dronedarone is licensed for use in patients with non-per-
manent AF [18, 20]. American and European guidelines
recommend dronedarone to reduce cardiovascular hospi-
talizations in patients with paroxysmal AF or following
cardioversion of persistent AF [4, 5]. Dronedarone is not as
efficacious as amiodarone [21, 68] but because it lacks the
toxicity of amiodarone it is recommended as first-line
therapy (alongside other agents) in these patients with no
(or minimal) heart disease, hypertension (without sub-
stantial LV hypertrophy) and coronary artery disease (see
fig. 2).

Dronedarone can be used concomitantly with ACE
inhibitors/ARBs/statins and [B-blockers. It should not be
used in patients with heart failure (specifically NYHA class
IV heart failure, or patients with an episode of heart failure
decompensation in the past 4 weeks, especially if they have
an LVEF <35 %) or substantial LV hypertrophy, in which
case amiodarone is preferred.

Dronedarone can be safely initiated in an outpatient
setting; however, clinicians must be careful to monitor

A\ Adis

patients with an ECG every 3 months. If the patient is
found to be in AF then a decision must be made to either
adopt a rate or rhythm control strategy. If a rate control
strategy is to be pursued (i.e. AF is accepted) then drone-
darone should be stopped and alternative therapy may be
initiated (e.g. B-blockers, calcium channel blockers, ami-
odarone). However, if a rhythm control strategy is to be
pursued (i.e. to maintain sinus rhythm) then a cardioversion
should be performed — with dronedarone or an alternative
anti-arrhythmic agent (e.g. flecainide, sotalol, propafenone,
dofetilide or amiodarone). If cardioversion is successful
then dronedarone may be continued and the patient fol-
lowed up with 3-monthly ECGs. If cardioversion is
unsuccessful it may be reasonable to stop dronedarone and
try another agent. It is advisable that dronedarone should
be discontinued in patients who remain in AF for 6 months
or more.

9 Future Trials

Several clinical trials are under way to evaluate droneda-
rone further. These are summarized in Table 7.

10 Conclusion

Dronedarone is an effective anti-arrhythmic agent in
patients with non-permanent AF, reducing mortality and
hospitalization rates. It should not be used in patients with
permanent AF or those with heart failure because in these
groups of patients it can cause increased mortality and
morbidity.

Although not as efficacious as amiodarone, dronedarone
is recommended as first-line therapy (as are other antiar-
rhythmic agents) to maintain sinus rhythm because it has
less toxic effects (thyroid, skin, pulmonary). The main
adverse effects include gastrointestinal (mainly diarrhoea),
hepatic (rare but important) and QTc prolongation. Clini-
cians must monitor their patients every 3 months to ensure
they do not develop permanent AF or heart failure, and
every 6 months with liver function tests. Clinical trials are
in place to further evaluate the safety of dronedarone (in
particular the effect on LV function) and to determine its
optimal timing. Dronedarone appears to be a useful addi-
tion to the armory for rhythm control strategies in the
management of AF.
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