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ABSTRACT – Atrial fibrillation (AF) is the most common 
arrhythmia worldwide, increasing in incidence with the aging 
population. Substantial morbidity and mortality accompany 
its diagnosis. Management should focus on rate and rhythm 
management, on reducing thromboembolic risk, and also 
potentially on targeting the mechanisms responsible for its 
perpetuation. Current antiarrhythmic therapy has only modest 
efficacy and substantial side effects, and anticoagulation 
regimes are cumbersome and require regular monitoring. 
Novel anticoagulants and antiarrhythmics hold the promise of 
improved efficacy and safety. This review covers current 
therapy for AF, major advances in pharmacological manage-
ment and future directions for therapy.

KEY WORDS: atrial fibrillation, pharmacotherapy, anticoagu-
lation, antiarrhythmics 

Background

The main goals of management in atrial fibrillation (AF) are to 
ameliorate symptoms and reduce the risk of adverse sequelae. A 
combination of strategies to maintain sinus rhythm, control 
heart rate and reduce thromboembolic risk have been employed. 
Widespread prescription of antiarrhythmic drugs (AAD) is, 
however, limited by their proarrhythmic effect and/or their 
significant extra-cardiac toxicity.1–3

The recent expansion of electrophysiology services and cath-
eter ablation techniques has provided modern alternatives to 
long-term AAD therapy. Ablation has not, however, proven to 
be a panacea, with disappointing recurrence rates, particularly 
in persistent AF.4 Pharmacotherapy of AF has provided prom-
ising progress and as our understanding of pathogenesis 
evolves, the paradigm has shifted towards preventative 
therapy. 

AF remains the most common arrhythmia worldwide, with an 
estimated and increasing prevalence of 1–2%.5,6 It is an inde-
pendent marker for increased mortality and morbidity, carrying 
a five-fold increased risk of stroke, hospitalisation and/or heart 
failure.7 AF is divided into sub-types that are based on duration: 
episodes shorter than seven days are referred to as paroxysmal; 
persistent AF has episodes that last for more than seven days; 
and permanent AF is accepted in the long term.

The principles of medical management are: 

1 assessment of stroke risk and appropriate antithrombotic 
therapy;

2 treatment of symptoms with rate or rhythm control; and
3 treatment of underlying disease processes. 

Thromboprophylaxis

Risk stratification

Antithrombotic therapy for AF is the only treatment consistently 
associated with a reduction in mortality. Several validated risk-
stratification scores exist to determine the adjusted annual risk 
of stroke. Paroxysmal, persistent and permanent AF have similar 
rates of stroke. The minimum burden of AF required to cause a 
clinically significant rise in stroke risk is, however, currently 
unknown.8,9 The NICE AF management guidelines published in 
2006 used a three-tier risk stratification algorithm, which many 
found difficult to apply.10 The more widely used CHADS2 score 
(Cardiac failure, Hypertension, Age ≥75, Diabetes, Stroke) 
assigned one point for each risk factor and two points for pre-
vious stroke or transient ischaemic attack (TIA) (Table 1).11,12 

Anticoagulation was recommended for those with a score of 
≥2. The recognition of further risk factors for stroke meant that 
some patients classified as low risk by the CHADS2 score were 
still at moderate risk and could benefit from anticoagulation. 
This lead to the development of the CHA2DS2-VASc scoring 
system (Table 2), which identifies truly low risk patients 
(score = 0) who do not need thromboprophylaxis. This scoring 
system has been adopted by the updated European guidelines for 
those whose original CHADS2 score is ≤1.13, 14

Warfarin

Dose-adjusted warfarin is currently regarded as the gold standard 
for stroke prevention. A meta-analysis has demonstrated a clear 
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Table 1. Association of CHADS2 score and stroke rate.

CHADS2 score Adjusted stroke rate (%/yr)

0 1.9

1 2.8

2 4.0

3 5.9

4 8.5

5 12.5

6 18.2

C � cardiac failure; H � hypertension; A � age �75; D � diabetes; S � stroke or 
TIA; TIA � transient ischaemic attack. Each is assigned one point except stroke or 
TIA, which is assigned two points. Adapted from Gage et al. 2011.11
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benefit of warfarin over placebo or no treatment, with a risk reduc-
tion of 64% (95% confidence interval (CI) 49–74).15 Studies also 
show consistent underuse of warfarin in high-risk patients because 
of factors such as advanced age and falls, significant bleeding risks 
(which tend to be overestimated by clinicians16) and the need for 
regular monitoring resulting from variability in metabolism and 
polypharmacy.17–19 In contemporary studies, the risk of intracer-
ebral haemorrhage in warfarin-treated patients with atrial fibrilla-
tion is 0.7%, with a major bleeding rate of 3.6% per annum.20 The 
consequences of intracranial bleeding are, however, catastrophic 
with a 76% risk of death or significant disability.21 Achieving ade-
quate anticoagulation is therefore critical but problematic as the 
therapeutic index for warfarin is narrow. An analysis of patients 
receiving ‘optimal’ warfarin management found them to be in 
therapeutic range 63% of the time on average.22 

Aspirin

Aspirin has long been seen as an alternative to warfarin, but its 
efficacy in stroke prevention in AF is unconvincing. In Hart 
et al ’s meta analysis, aspirin was associated with a non-significant 
relative risk reduction of 19% (CI, –1–35) when compared with 
placebo or no treatment.15 A large more recent Danish cohort 
study found that aspirin had no effect on stroke risk.23 By con-
trast, when aspirin was compared directly to warfarin, warfarin 
reduced the risk of stroke by just 38%, which suggests that 
aspirin might still have a modest effect. In patients aged over 75 
years, the benefit of aspirin seems to decline24 with no benefit 
with aspirin over placebo,25 and bleeding risks from aspirin are 
similar to those of warfarin in this group.26 Thus, the recom-
mendation for aspirin is likely to be downgraded in future 
guidelines.

Dual antiplatelet therapy

The ACTIVE investigators reported two trials that assessed the 
combination of aspirin and Clopidogrel for stroke prevention in 
AF. ACTIVE ‘W’ randomised patients with AF and at least one 
stroke risk factor into two treatment groups: once receiving dual 
antiplatelet therapy and the other warfarin. The study was termi-
nated early because of the superiority of warfarin. Importantly, 
the rates of major bleeding were not significantly different in the 
two groups.27 In the ACTIVE ‘A’ trial, patients who were ineli-
gible for warfarin therapy were randomised into a group 
receiving dual antiplatelet therapy and a group who received 
aspirin alone. The addition of Clopidogrel significantly reduced 
the risk of ischaemic stroke from 2.8 to 1.9% per annum (rela-
tive risk (RR) 0.68 (0.62–0.83)) but increased the risk of major 
bleeding from 1.3% to 2.0% (RR 1.57 (1.29–1.92)).28 Dual 
antiplatelet therapy could therefore have a role in patients who 
are unsuitable for warfarin therapy (because of labile coagula-
tion control, as measured by International Normalised Ratio 
(INR), or patient choice for example) but the associated risk of 
major bleeding should be considered similar to that of 
warfarin.

New anticoagulants

Several new oral anticoagulants have been developed: the direct 
thrombin inhibitors and the Factor Xa inhibitors (Fig 1). Their 
advantages rely on a predictable anticoagulant effect with no 
requirement for monitoring, minimal drug and food interac-
tions and a faster onset and offset of action (Table 3). It is likely 
that future guidelines will be heavily influenced by these new 
drugs.

Direct thrombin inhibitor: Dabigatran

Dabigatran is a direct thrombin inhibitor that has recently been 
approved by NICE for patients with at least one risk factor for 
stroke, like those recruited to the RE-LY trial. Dabigatran, when 

Fig 1. Schematic of the coagulation cascade and mechanism of 
action of novel anticoagulants.
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Table 2. Association of CHA2DS2–VASc score and stroke rate.

CHA2DS2–VASc Score Adjusted stroke rate (%/yr)

0 0

1 1.3

2 2.2

3 3.2

4 4.0

5 6.7

6 9.8

7 9.6

8 6.7

9 15.2
C � cardiac failure; A � age 65–74; A2 � age�75 (2 points); D � diabetes; 
H � hypertension; MI = myocardial infarction; S2 � stroke or TIA (2 points), SC � 
sex category (female � 1 point); TIA � transient ischaemic attack; V � vascular 
disease (prior MI, peripheral vascular disease or aortic plaque). Adapted from Lip 
et al. 2010.14

CMJ-1206-544-552-Behr.indd   545CMJ-1206-544-552-Behr.indd   545 11/23/12   9:49:31 AM11/23/12   9:49:31 AM



Anthony Li and Elijah R Behr

546  © Royal College of Physicians, 2012. All rights reserved.

taken at a dose of 150 mg twice daily, was superior to warfarin in 
reducing the rates of systemic embolism and stroke by 34%, 
mainly by reducing the rate of haemorrhagic strokes. The 
bleeding risk associated with the two drugs was comparable 
overall. Dabigatran at 110 mg twice daily was shown to be non-
inferior to warfarin and it was associated with a significant 20% 
lower rate of bleeding.29 Despite these impressive results, con-
cerns have emerged over an unexplained small increase in the 
risk of myocardial infarction (MI) that was associated with 
Dabigatran (RR 1.35, CI 0.98–1.87, p=0.07 for 110 mg twice 
daily; RR 1.38, CI 1–1.91, p=0.048 for 150 mg twice daily). 
Initially, this association was thought to be clinically unimpor-
tant, 30,31 but the risk of MI was highlighted again in a recent 
meta-analysis of seven heterogeneous randomised trials of 
Dabigatran: overall risk (OR) 1.33 (95% CI 1.03–1.71, 
p=0.03).32 Uncertainty remains as existing studies are under-
powered to detect a difference in cardiac events and the results 
could represent a protective effect of warfarin in MI.33 Regardless, 
Dabigatran has a significant net benefit compared with warfarin 
therapy.

Factor Xa inhibitors

Rivaroxaban is an oral direct inhibitor of Factor Xa. The 
ROCKET-AF study was designed as a non-inferiority trial that 
randomised approximately 14,000 patients with AF and mod-
erate to high risk of stroke (mean CHADS2 score ~3.5) into 
treatment groups receiving either a single daily dose of 
Rivaroxaban 50 mg or dose-adjusted warfarin. Rivaroxaban was 
non-inferior to warfarin in the intention to treat analysis, pro-
ducing a non-significant 12% risk reduction for all strokes and 
systemic embolism. It resulted in significantly reduced risk of 
intracranial haemorrhage (0.5% vs 0.7%) and fatal bleeding 
(0.2% vs 0.5%). Adequate control of anti coagulation by war-
farin, as measured by the proportion of time spent in the thera-
peutic range, was only 55%, substantially less than in other trials 
of new oral anticoagulants.

Apixaban is another oral direct inhibitor of Factor Xa. The 
AVERROES study, which randomised patients deemed unsuitable 
for warfarin to receive twice daily Apixaban or aspirin, was 

stopped early because of the clear superiority of Apixaban in 
reducing the relative risk of stroke or systemic embolism by 55% 
while maintaining similar rates of major bleeding.34 Following 
from this, ARISTOLE compared twice-daily Apixaban 5 mg 
against warfarin. Apixaban was superior to warfarin, producing 
a significant 21% reduction in any stroke and systemic embo-
lism; as with Dabigatran, this reduction was due to a significant 
reduction in haemorrhagic strokes. Furthermore, Apixaban 
reduced all-cause mortality by 11%, a first amongst the new oral 
anticoagulants. In terms of major bleeding, Apixaban proved 
superior to warfarin, being associated with significantly less 
major bleeding and, unlike Dabigatran and Rivaroxaban, no 
increase in gastrointestinal bleeding.35 

Disadvantages and uncertainties of the new oral 

anticoagulants

Despite their obvious advantages, concerns have been expressed 
over the new oral anticoagulants. Primarily, the unease results 
from an inability to measure anticoagulation effect reliably and 
from the lack of a routine antidote in emergency situations. It 
has also been argued that their shorter half-life might disadvan-
tage poorly compliant patients in whom a lack of monitoring 
could play a role.36 

In addition, these large phase 3 trials were performed in a 
selected population, and several unanswered questions remain 
over their applicability to the wider population. The elderly popu-
lation of older than 80 years were not well represented, and this 
could be important as the incidence of AF, risk of bleeding and 
comorbidity all increase with age. All new oral anticoagulants have 
varying degrees of renal metabolism and insufficient data exist to 
confirm their safety (at either full or reduced doses) in patients 
with severe renal disease.37,38 Uncertainty remains as to how the 
new anticoagulants should be used in patients undergoing cardio-
version, how patients on therapy who develop acute coronary 
syndromes should be managed, and how these drugs should be 
used in patients with mechanical heart valves. It is also uncertain 
which patients should receive which drug; for example, should 
patients with previous gastrointestinal bleeding be given Apixaban 
in view of the small risk benefit? It is also difficult to draw 

Table 3. Comparison of the new anticoagulants.

Drug Dose Renal 
clearance

Interactions Major bleeding
RR (95% CI)

Stroke or embolism
RR (95% CI)

Mortality vs warfarin
RR (95% CI)

Dabigatran 100 mg PO BD

150 mg PO BD

80% P-gp 0.80 (0.69–0.93)

0.93 (0.81–1.07) NS

0.91 (0.74–1.11) NS

0.66 (0.53–0.82)

0.91 (0.80–1.03) NS

0.88 (0.77–1.0) NS

Rivaroxaban 20 mg PO OD 66% P-gp, 

CYP450

1.03 (0.89–1.18) NS 0.88 (0.75–1.03) NS 0.85 (0.70–1.02) NS

Apixaban 5mg PO BD 25% P-gp

CYP450

0.70 (0.61–0.81) 0.80 (0.67–0.92) HR 0.89 (0.80–0.99)

CI � confidence interval; BD � twice daily; CYP450 � cytochrome P450 (avoid inducers and inhibitors); NS � not significant; OD � once daily; PO � taken orally; 
P-gp � permeability glycoprotein system (inhibitors: amiodarone, verapamil, quinidine, ketoconazole, clarithromycin; inducers: rifampicin, St. Johns wort, carbamazepine, 
phenytoin); RR � relative risk when compared with warfarin treatment for non-valvular AF.
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comparisons between treatments because of differences in trial 
design and patient populations. Head-to-head comparisons are 
needed.

Rate versus rhythm control

The results supported an initial rate control strategy causing an 
intellectual dilemma given that sinus rhythm is associated with 
better outcomes than AF. AFFIRM and AF-CHF were two of the 
largest trials designed to establish outcomes in patients assigned 
to either rate or rhythm control approaches, and they found that 
neither strategy provided a survival advantage.39,40 The results 
supported an initial rate-control strategy, causing an intellectual 
dilemma given that maintenance of sinus rhythm has been asso-
ciated with better outcomes in AF. The association of increased 
mortality or lack of benefit with AAD therapy is thought to be 
due to proarrhythmia or the lack of efficacy in maintaining sinus 
rhythm.41 

Current European Society of Cardiology (ESC) guidelines 
advocate an individualised approach and early discussion with 
regards to choice of strategy, basing the decision on adequacy of 
symptom control after concurrent rate control has been insti-
tuted and the likelihood of maintaining sinus rhythm. This is 
influenced by AF type and by the underlying disease processes 
contributing to the perpetuation of AF, amongst other factors. 
Although evidence is lacking, a rhythm-control strategy is 
usually adopted in younger patients (younger than 65 years old) 
as a first-line treatment. There is increasing recognition of a 
window of opportunity for early intervention to alter the 
progression from paroxysmal to permanent AF.42

Rate control

The definition of adequate rate control has been based histori-
cally upon arbitrary definitions set by clinical trials (a resting 
heart rate of less than 80 bpm in AFFIRM and less than 100 bpm 

in RACE) and has been the subject of debate.39,43 Recently, the 
RACE II trial results suggest that lenient rate control (<110 bpm 
at rest) was not inferior to strict rate control (<80 bpm at rest) 
in controlling AF symptoms. The heart rates achieved in the two 
arms of this study were, however, similar and the patients were 
comparatively well with only a short period of follow up.44 In 
addition to symptom control, rate control is necessary to prevent 
tachycardia-induced cardiomyopathy, but we do not yet know 
what rate and chronicity are required for tachycardia cardiomy-
opathy to occur and what its risk factors are. Limited data have 
indicated that left ventricular function improves mostly within 
3–6 months of effective rate control, but improvements can con-
tinue at a slower rate for up to a year. Recurrent tachycardia can 
cause a rapid decline in function and might be a risk for sudden 
death.45,46

Current drugs for rate control have changed little and include 
beta-blockers and non-dihydropyridine calcium channel blockers 
(Verapamil and Diltiazem) and Digoxin. They can be used safely 
in the absence of pre-excitation. The choice of drug should be 
guided by individual lifestyle and underlying disease (Fig 2). 
Combinations might be necessary to achieve adequate control; for 
example, Digoxin could be taken alongside either a beta-blocker 
or a calcium-channel blocker.47 The combination of a beta-
blocker with Verapamil is not routinely used in view of the risk of 
heart block and hypotension. In view of its extra-cardiac effects, 
the use of Amiodarone for rate control should be limited to spe-
cific patients for whom conventional measures are ineffective or 
contraindicated. Antithrombotic treatment should also be scruti-
nised as Amiodarone might lead to inadvertent cardioversion. 

New drugs for rate control

The development of drugs purely for controlling heart rate has 
halted over the past few years. The most promising agents were 
the selective Adenosine A1 blockers, which have a selective dro-
motropic effect on the AV node without the side effects associ-

ated with Adenosine. Tecadenoson was tested in 
a phase 2 trial in patients, but further progress 
was halted because of unreported side effects.48

Rhythm control 

AAD usage is limited primarily by their proar-
rhythmic side effects, but these drugs can be 
used safely in selected patient groups with reg-
ular monitoring. The current ESC guidelines 
(Fig 3) are notable for the inclusion of the novel 
AAD Dronedarone. In contrast to the NICE 
guidelines, the ESC guidelines do not suggest 
the use of beta-blockers as first-line agents for 
rhythm control, as their effect on the mainte-
nance of sinus rhythm is minimal unless it is 
clearly driven adrenergically.49,50

The choice of first-line agents is determined 
by the underlying heart disease. Amiodarone is 

Inactive lifestyle Active lifestyle

Atrial fibrillation

No associated disease

Digoxin
β-blocker
CCB

β-blocker
CCB
Digoxin

CCB
Digoxin
Selective β1-blocker

β-blocker
Digoxin

Heart failure Asthma/COPD

Fig 2. Rate control algorithm. CCB � non-dihydropyridine calcium channel antagonist such 
as Diltiazem or Verapamil; COPD � chronic obstructive pulmonary disease. Adapted from 
the 2010 ESC guidelines for the management of AF.7
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Flecainide and Sotalol as the risk of proarrhythmia might be 
increased by these drugs (Table 4).54

Dronedarone

Dronedarone is a benzofuran derivative multichannel blocker, 
similar to amiodarone but lacking the iodine moiety. It is not 
prone, however, to induce thyroid, neurological, ocular or der-
matological adverse events. There are insufficient data to 
determine the potential for pulmonary or liver toxicities that 
might be associated with this drug and so regular monitoring is 
suggested by the European Medicines Agency (EMA).55 In the 
DIONYSOS trial, the antiarrhythmic efficacy of Dronedarone 
was inferior to that of Amiodarone with a recurrence of AF of 
64% vs 42% at one year post cardioversion.56 Although direct 
head-to-head comparisons are lacking, the efficacy of 
Dronedarone is likely to be similar to those of Sotalol and other 
Class 1c agents.51,57

Clinical trials involving Dronedarone have shown both 
promising and concerning results. Dronedarone was associated 
with a doubling of mortality rate compared to placebo in 
patients without AF who were hospitalised for decompensated 
heart failure and an ejection fraction (EF) <35% in the 
ANDROMEDA trial.58 The ATHENA trial excluded patients 
with NYHA IV heart failure, with only 3.9% of the 4,000 
patients having an EF <35%. For the first time, an AAD for AF 
significantly reduced hospitalisation and cardiovascular death; 
in this case by 24%.59

On the basis of these results, Dronedarone was incorporated 
into the updated ESC guidelines and, in 2010, NICE released a 
technology appraisal on Dronedarone that recommended its use 
in a selected group of patients mirroring the inclusion criteria 

for the ATHENA trial: 60 a second-line therapy 
in non-permanent AF without NYHA 3–4 heart 
failure AND at least one of Hypertension on 
more than two drugs; diabetes; previous TIA, 
stroke or systemic embolism; left atrial diameter 
greater than 5 cm; left ventricular ejection frac-
tion (LVEF) 35–40%; or age ≥70.

The more recent PALLAS trial randomised 
approximately 3,000 high-risk permanent AF 
patients to receive either Dronedarone or pla-
cebo in addition to standard therapy. This trial 
included patients with coronary disease, symp-
tomatic heart failure (NYHA class 2–3) and 
admission to hospital in the previous year, EF 
<40%, or major risk factors for heart disease. 
The study was terminated early because of a 
significant increase in stroke, heart failure and 
death associated with Dronedarone (HR 2.11, 
CI 1.34–3.94), mostly due to arrhythmia.61 In 
light of these findings, the EMA issued a report 
recommending that Dronedarone should not 
be given to patients with left ventricular (LV) 
systolic dysfunction or with current or previous 

the only agent suggested for unstable patients who have New 
York Heart Association category 2 (NYHA 2) or NYHA 3–4 
heart failure. With the exception of Sotalol in stable coronary 
artery disease, all other commonly used AADs mentioned in the 
ESC guidelines are contraindicated by significant underlying 
heart disease. Although Dronedarone is only contraindicated in 
unstable NYHA 2 or NYHA 3–4 heart failure, recent evidence 
has emerged that is likely to prompt its re-evaluation. 

In general, AADs have only modest effects in maintaining 
sinus rhythm. In a meta-analysis of 44 AAD trials,51 when com-
pared to placebo, AADs as a whole reduced the recurrence of AF 
by 30–50% in patients post cardioversion. Amiodarone was the 
most effective drug; class 1a agents (Quinidine and Disopyramide) 
had significant drawbacks of proarrhythmia and increased mor-
tality.51 Despite Amiodarone’s efficacy in maintaining sinus 
rhythm and its relative safety in the presence of structural heart 
disease, guidelines have suggested that it should be used only 
when all other therapies have failed or are contraindicated 
(Fig 3). Its serious side effects (thyrotoxicosis, liver and pulmo-
nary toxicity) occur not infrequently, and the combination of 
these plus more common side effects such as hypothyroidism, 
photosensitivity and skin discolouration leads to significant 
discontinuation rates of up to 70% after five years.52,53 Extra-
cardiac side effects should be screened for by 6-monthly thyroid 
and liver function testing with a low index of suspicion for 
adverse pulmonary events.

Regardless of which AAD is chosen, the initiation of therapy 
should always be accompanied by monitoring of QRS duration, 
QT interval and bradycardia. If the QTc interval approaches or 
exceeds 500 ms or if the QRS duration exceeds 120% of baseline, 
then therapy should be discontinued. In addition, monitoring of 
renal function and electrolytes is necessary, particularly with 

Atrial fibrillation

Minimal/no heart disease Significant underlying heart disease

HT with LVH CAD Heart failure

Stable
NYHAI/II

NYHAIII/IV or
unstable NYHA II

Dronedarone
Flecainide
Propafenone
Sotalol

Dronedarone DronedaroneDronedarone
Sotalol

Amiodarone

Fig 3. Rhythm control algorithm. CAD � coronary artery disease; HT � hypertension; 
LVH � left ventricular hypertrophy; NYHA � New York Heart Association. Adapted from 
the 2010 ESC guidelines for the management of AF.7
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compromised should be electrically cardioverted on an emer-
gent basis. Sinus rhythm can be restored safely provided that the 
onset of AF is within 48 hours. If the onset is more than 48 
hours, anticoagulation within therapeutic range should be 
ensured for a month prior to attempting restoration of sinus 
rhythm, or transoesophageal echocardiography should be 
undertaken to rule out atrial thrombus formation if the need to 
restore sinus rhythm is judged to be more urgent. Several drugs 
are available for cardioversion. The choice of agent should be 
guided by the presence of structural heart disease as class 1c 
agents are contraindicated in the presence of such disease. In 
general, pharmacological cardioversion is achieved more suc-
cessfully the sooner it is attempted after the onset of AF, with a 
considerable drop in efficacy of antiarrhythmic agents after 
seven days. 

Flecainide has been shown to be effective in recent onset AF 
(ie during the first 48 hours), with conversion rates of up to 90% 
in some studies.68 Oral and iv preparations are equally effective, 
although iv preparations are more rapid.69 Propafenone has 
similar efficacy.70,71 During the first 48 hours after the onset of 
AF, Amiodarone achieves sinus rhythm within 24 hours in 
approximately 90% of patients.72

New drugs for the restoration of sinus rhythm

Vernakalant, an atrial-selective AAD, has demonstrated its supe-
riority against placebo with conversion rates of approximately 
50–60% and a median time to sinus rhythm without proar-
rythmia of 8–14 minutes.73–75 Vernakalant is superior for rapid 
cardioversion (within 90 minutes) of AF of up to 48-hour dura-
tion compared to Amiodarone. In contrast to the class 1c agents, 
Vernakalant might also provide a safer alternative in patients 
with ischaemic heart disease76 and post cardiac surgery,77 but 
has not yet been studied in those with other forms of structural 
heart disease.

Upstream therapies

AF is a progressive disease that involves continual atrial electrical 
and structural remodelling, which perpetuates AF. The 
factors that contribute to remodelling are an attractive target for 
primary and secondary prevention.

episodes of heart failure.55 We are therefore likely to see 
Dronedarone downgraded in subsequent guidelines so that it is 
used, in line with other AADs, only in patients without struc-
tural heart disease.

New drugs for rhythm control

Amiodarone analogues. Several other Amiodarone analogues 
are currently in development and have favourable side-effect 
profiles. Budiodarone has a shorter half-life and less tissue 
accumulation than Amiodarone. Compared to placebo, it 
reduced significantly the AF burden by 74% in patients with 
dual chamber pacemakers.62 Celiverone had been developed 
without an iodine moiety, but in early studies this drug had no 
effect on either AF recurrence post cardioversion or rate of 
cardioversion to sinus rhythm.63 

Atrial repolarisation-delaying agents. Atrial repolarisation-delaying 
agents that selectively target atrial ion channels, theoretically 
reducing the risk of proarrhythmia, are in development.64 The 
most promising agents target the Kv1.5 channel that is responsible 
for the ultra-rapid delayed rectifier potassium current (IKur). Many 
of these agents, such as Vernakalant, which has been licensed in 
Europe for intravenous acute cardioversion of AF, act on multiple 
ion channels (IKur, Ito and INa).

Sodium channel blockers. Ranolazine, which was originally 
developed for the treatment of angina, is an inhibitor of the late 
and peak INa current. In the MERLIN-TIMI 36 trial, which 
compared Ranolazine against placebo in 6,500 patients with non-
ST-elevation MI, Ranolazine significantly reduced the incidence 
of new onset AF by 29%.65 It is currently being investigated for its 
use in maintaining sinus rhythm post cardioversion.66

Other novel drugs for rhythm control. More novel AADs are in 
development, but most have not been tested in humans. These 
include agents that inhibit Na/H exchangers, IKACH blockers, 
Gap-junction modifiers and calcium-handling modifiers.67

Pharmacological restoration of sinus rhythm

In select patients, conversion to sinus rhythm can provide relief 
from highly symptomatic AF. Patients who are haemodynamically 

Table 4. Commonly prescribed antiarrhythmic drugs for the maintenance of sinus rhythm.

Drug Dose Renal disease OR for AF recurrence at one year vs control 
(Peto OR-fixed effects)*

Dronedarone 400 mg BD CI if CrCl <30mg/ml 0.60 (0.47–0.77)

Sotalol 80–160 mg BD CI if CrCl <50mg/ml, requires dose adjustment 
 if moderate renal impairment

0.43 (0.35–0.53)

Propafenone 150–300 mg TDS Caution in renal impairment 0.34 (0.25–0.44)

Flecainide 100–200 mg BD CI if CrCl <50mg/ml 0.30 (0.16–0.57) 

Amiodarone 200 mg OD after loading 0.19 (0.14–0.26)
BD � twice daily; CI � contraindicated; CrCl � creatinine clearance; OD � once daily; OR � odds ratio; TDS � three times daily. *Adapted from Sullivan et al. 2012.54
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The renal angiotensin aldosterone system (RAAS) is thought 
to be partly responsible for the inflammation, negative remodel-
ling and fibrosis of the atria. Experimental animal models have 
demonstrated that treatment with angiotensin-converting 
enzyme inhibitors (ACEi) and aldosterone receptor blockers 
(ARB) reduces interstitial fibrosis.78 Four meta-analyses evalu-
ating ACEi or ARB for the prevention of AF have shown a 
significant reduction in new onset AF of 18–33% driven prima-
rily by a 32–48% reduction in patients with LV systolic dysfunc-
tion and/or heart failure.79–82 One meta-analysis showed a 
significant 23% reduction in new onset AF in hypertensives.81 
The evidence for secondary prevention with ACEi or ARB agents 
is controversial, but their use prior to cardioversion reduced the 
risk of recurrent AF by 45–51%.79,81,82

There is also a growing interest in targeting inflammation. 
The pleotropic and anti-inflammatory effects of statins on elec-
trical and structural remodelling have been studied in animal 
models.83 There is no convincing evidence from clinical trials, 
however, to show that statins can reduce either the onset of new 
AF or AF recurrence after cardioversion. When given in the 
preoperative phase of cardiac surgery (bypass and valve), how-
ever, meta-analysis suggests a 34% reduction in new AF.84 Like 
statins, polyunsaturated fatty acid (PUFA) supplements have 
been postulated to act via inflammatory pathways, and their 
effects are supported by convincing data from animal studies. 
This has not been translated, however, to clinical outcomes in 
humans. Large clinical trials are underway that may yet support 
their use.85

Conclusions

AF has long been recognised as a complex and progressive disease 
with significant associated morbidity and mortality. Its incidence is 
increasing in an ageing population. Pharmacological therapies 
exist and are currently in development to treat thromboembolic 
risk and to allow the maintenance of sinus rhythm without proar-
rhythmic or extra-cardiac side effects. There will be imminent 
changes in the guidelines to incorporate new anticoagulants. 
Dronedarone has not fulfilled its promise as a ‘safer Amiodarone’ 
and its use is likely to be restricted. Upstream therapies are an 
attractive future prospect but have yet to find robust clinical sup-
port in patients without vascular risk factors or structural heart 
disease. This may represent a failure to predict and hence target 
those patients most at risk of developing AF. AF is associated with 
a genetic predisposition and there are families in whom rare 
genetic mutations have been isolated who display premature dis-
ease.86 It is likely, however, that multiple genetic variants with 
modest effects contribute to this genetic risk.87 Identification of 
these variants might allow us to target new pathways for the 
development of upstream therapies. 
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