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Atrial fibrillation (AF) is the most common form of arrhythmia, carrying highAbstract
social costs. It is usually first seen by general practitioners or in emergency
departments. Despite the availability of consensus guidelines, considerable varia-
tions exist in treatment practice, especially outside specialised cardiological
settings. Cardioversion to sinus rhythm aims to: (i) restore the atrial contribution
to ventricular filling/output; (ii) regularise ventricular rate; and (iii) interrupt atrial
remodelling. Cardioversion always requires careful assessment of potential proar-
rhythmic and thromboembolic risks, and this translates into the need to personal-
ise treatment decisions. Among the many clinical variables that affect strategy
selection, time from onset is crucial.

In selected patients, pharmacological cardioversion of recent-onset AF can be
a safely used, feasible and effective approach, even in internal medicine and
emergency departments. In most cases of recent-onset AF, pharmacological
cardioversion provides an important – and probably more cost effective – alterna-
tive to electrical cardioversion, which can then be employed as a second-line
therapy for nonresponders.

Class IC agents (flecainide or propafenone), which can be safely used in
hospitalised patients with recent-onset AF without left ventricular dysfunction,
can provide rapid conversion to sinus rhythm after either intravenous administra-
tion or oral loading. Although intravenous amiodarone requires longer conversion
times, it is still the standard treatment for patients with heart failure. Ibutilide also
provides good conversion rates and could be used for AF patients with left
ventricular dysfunction (were it not for high costs).

For long-lasting AF most pharmacological treatments have only limited effi-
cacy and electrical cardioversion remains the gold standard in this setting.
However, a widely used strategy involves pretreatment with amiodarone in the
weeks before planned electrical cardioversion: this provides optimal prophylaxis
and can sometimes even restore sinus rhythm. Dofetilide may also be capable of
restoring sinus rhythm in up to 25–30% of patients and can be used in patients
with heart failure.

The potential risk of proarrhythmia increases the need for careful therapeutic
decision making and management of pharmacological cardioversion. The results
of recent trials (AFFIRM [Atrial Fibrillation Follow-up Investigation of Rhythm
Management] and RACE [Rate Control versus Electrical Cardioversion for Per-
sistent Atrial Fibrillation]) on rate versus rhythm control strategies in the long
term have led to a generalised shift in interest towards rate control. Although
carefully designed studies are required to better define the role of pharmacological
rhythm control in specific AF settings, this alternative option remains a recom-
mendable strategy for many patients, especially those in acute care.

Atrial fibrillation (AF) is the most common form spent in hospital.[1] Many different options are cur-
of sustained arrhythmia occurring in clinical prac- rently available to manage this arrhythmia.[3,4] For
tice,[1] and its prevalence is expected to rise in the patients with AF of recent onset or with newly
coming years.[2] Management of AF carries high discovered/first-detected AF, restoration of sinus
social costs related to hospitalisation. In the US, AF rhythm or control of ventricular rate are not the only
accounts for almost a million patient days per year reasons for hospitalisation. Other major reasons in-
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clude exclusion of precipitating factors, establish- onset AF. In long-lasting AF, the role of pharmaco-
logical conversion is more obscure: after under-ment of anti-thromboembolic prophylaxis and (if
lining the central role played by electrical cardiover-necessary) restoration of cardiac compensation. De-
sion in this setting, we focus on amiodarone (espe-spite the trend towards a wider use of rate control
cially because of its role in maintaining sinusinstead of rhythm control for long-term manage-
rhythm). We then address the issue of the proar-ment of patients with recurrent AF,[5-7] attempts to
rhythmic effects of antiarrhythmic agents, outliningrestore sinus rhythm with drugs remain a common
possible risk factors for these potentially life-threat-practice. The latter approach is frequently preferred
ening adverse reactions. After a glance at somebecause clinical management becomes relatively
promising novel class III antiarrhythmic agents, westraightforward once cardioversion has been
briefly consider the controversial question of whereachieved, and also because successful rhythm con-
and how pharmacological conversion can usefullytrol stops atrial remodelling.[8] Not surprisingly,
be attempted in routine clinical practice. To con-surveys[9,10] indicate that emergency and internal
clude, we comment the role of pharmacologicalmedicine departments usually opt for pharmacologi-
cardioversion in the light of the results of recentcal cardioversion of AF (appropriate management of
trials (AFFIRM [Atrial Fibrillation Follow-up In-AF is not just the business of cardiologists). Thus,
vestigation of Rhythm Management][5] and RACEpractical, evidence-based indications are required to
[Rate Control versus Electrical Cardioversion forhelp physicians decide when to select pharmacolog-
Persistent Atrial Fibrillation][6]) on rate versusical rather than electrical cardioversion, and how to
rhythm control strategies.choose among the various drugs and regimens avail-

able.
1. Preliminary Considerations:The most recent set of American College of
Importance of Time from OnsetCardiology (ACC)/American Heart Association
of Arrhythmia(AHA) and the European Society of Cardiology

(ESC) guidelines for the management of patients Over the years, various classifications of AF have
with AF[11] list general recommendations (types of been reported in the literature,[12] in many cases
recommendation, accompanied by levels of evi- without a precise definition of the temporal and
dence) for administration of the main available clinical characteristics of each definition. According
drugs to patients with recent-onset and long-lasting to the main current classification, as set out in the
AF. Physicians then have to try to select the most recent ACC/AHA/ESC guidelines,[11] AF is to be
appropriate regimen to adopt for an individual pa- defined as ‘paroxysmal’ when it terminates sponta-
tient in a specific setting. neously (usually within 24 hours, sometimes 1

By focusing on the risk-benefit and safety pro- week), ‘persistent’ when pharmacological or electri-
files of the various regimens in different clinical cal cardioversion is effective, and ‘permanent’ when
settings, this review aims to bring together practical cardioversion fails or is not attempted. Furthermore,
information as a guide for clinical practice. We the ‘first-detected’ episode of AF should be distin-
begin by stressing the crucial importance of time guished. After two or more episodes, AF is consid-
from onset of arrhythmia (recent-onset vs long-last- ered ‘recurrent’ (irrespective of whether it is parox-
ing AF) for the formulation of any rational treatment ysmal or persistent).
strategy; careful assessment of potential proarrhyth- Management and treatment of AF is strongly
mic and thromboembolic risks is also essential, and influenced by the time that has elapsed from its
this translates into the need to personalise treatment onset, and most of the studies available in the litera-
decisions. We then provide a survey of the many ture regarding pharmacological cardioversion evalu-
drug regimens that can be, have been, or still are ated patients with so-called ‘recent-onset’ AF (last-
employed for pharmacological conversion of recent- ing <48 hours from onset).[11] Therefore, in this
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review, we must consider the therapeutic options 3. Front-Line Management of
reported for AF of ‘recent onset’ (a term that occa- Recent-Onset AF
sionally appears even in the ACC/AHA/ESC guide-

For AF of recent-onset (lasting <48 hours), ap-lines) and for ‘long-lasting’ AF.
propriate front-line clinical management implies: (i)
assessment of haemodynamic tolerance of AF (to2. Thromboembolic Risk in Atrial
rule out acute haemodynamic impairment); (ii) pro-Fibrillation (AF): Implications for
phylaxis for AF-related thromboembolic complica-Clinical Management
tions; and (iii) acute treatment for conversion to

The mechanical atrial dysfunction associated sinus rhythm and/or rate control.
with the onset of AF is generally accompanied by The first point is of most importance since the
hypercoagulability and endothelial dysfunction, de- presence of acute haemodynamic impairment (as
termining a prothrombotic state and a substantial detected by the presence of hypotension or other
risk of thromboembolism.[13] Adequate prophylaxis signs of low cardiac output) dictates prompt conver-
is therefore essential for patients who have been in sion to sinus rhythm by electrical cardioversion. The
AF for >48 hours or who have AF of undetermined second point, regarding the importance of thrombo-
duration. embolic prophylaxis is discussed in section 2. As

Traditionally, oral anticoagulants (with an inter- regards the third point, the rationale for attempting
national normalised ratio between 2.0 and 3.0) are rapid restoration of sinus rhythm is based on the
administered for at least 3 weeks before any attempt need to: (i) prevent electrophysiological and struc-
at pharmacological/electrical cardioversion. An al- tural remodelling;[8] (ii) avoid the need for oral
ternative approach is based on prompt anticoagula- anticoagulants (which, however, are a specific re-
tion with intravenous heparin, followed by transoe- quirement in long-lasting AF);[15] (iii) reduce the
sophageal echocardiography to rule out the presence length of hospital stay or in some cases avoid hos-
of intra-atrial thrombi. In this case, cardioversion pitalisation altogether by providing management in
(pharmacological or electrical) can be safely per- emergency departments or outpatient clinics;[16] and
formed[14] as long as oral anticoagulants are main- (iv) improve overall patient compliance and also
tained for at least 1 month afterwards. In patients tolerability to recurrent AF.
with AF lasting more than 48 hours, this latter
approach allows an ‘accelerated’ cardioversion, 3.1 Spontaneous Conversion to Sinus
which might – in theory – limit the extent of the AF- Rhythm: Clinical and
induced remodelling that develops over time. How- Methodological Implications
ever, the ACUTE (Assessment of Cardioversion
Using Transesophageal Echocardiography) trial[14] A series of controlled studies showed that in
revealed no advantage in terms of medium-term (8 patients with recent-onset AF, restoration of sinus
weeks) maintenance of sinus rhythm. rhythm most often occurs spontaneously in 10–18%

The risk of thromboembolism in AF lasting <48 within 3 hours of hospitalisation, 55–66% within 24
hours[15] is considerably lower (probably <1%). Ac- hours, and 76–83% within 48 hours (see figure
cording to current guidelines,[11] cardioversion may 1).[17-21] Clinical predictors of spontaneous conver-
be performed without transoesophageal echocardi- sion to sinus rhythm are absence of structural heart
ography or prolonged anticoagulation. Nevertheless, disease,[19,22] age <60 years[23] and AF of <24 hours
in high-risk patients with previous thromboembo- duration.[21] These observations highlight the need
lism or severe left ventricular dysfunction, it is for placebo-controlled trials to evaluate antiar-
prudent either to delay cardioversion or use intrave- rhythmic efficacy. They also suggest the clinical
nous heparin and perform transoesophageal echo- utility of adopting an observation period of some
cardiography.[15] hours before active treatment in selected patients
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Fig. 1. Conversion rates to sinus rhythm at different time intervals, following the administration of placebo, according to a series of controlled
studies.[17-21]

(those with the highest likelihood of spontaneous does continue to be used for rate control, particularly
conversion). in patients with chronic heart failure or left ventricu-

lar dysfunction (in other settings it has been almost
3.2 Options for completely superseded by β-adrenoceptor antagon-
Pharmacological Cardioversion ists and calcium channel antagonists).[7]

A series of pharmacological options are available 3.2.2 Quinidine
for converting AF of recent onset. However, the Treatment with oral quinidine was first proposed
levels of evidence supporting the use of each option in 1918.[29] Quinidine has class IA properties and
varies widely, depending on the designs of the avail- anticholinergic activity that can facilitate conduc-
able studies.[11,24] In the US, only intravenous ibu- tion through the atrioventricular node and accelerate
tilide, oral quinidine and oral dofetilide currently ventricular response. Thus, concomitant pharmaco-
have formal approval from the US FDA for conver- logical depression of the atrioventricular node is
sion of AF.[25] Table I summarises efficacy, inci- required. The quinidine preparation most commonly
dence of adverse effects and level of evidence (ac- used for oral administration is quinidine sulphate.
cording to recent guidelines) of the different agents This preparation used to be administered orally by a
used in conversion of recent-onset AF. titration including 200mg orally every 2 hours up to

3.2.1 Digoxin 1200mg, or 300–400mg three times daily. Nowa-
For many years intravenous digoxin was widely days, lower dosages of 300–600mg are commonly

used for all cardioversion purposes, including re- adopted with simple oral loading.[30] Heterogeneous
cent-onset AF. This approach has become irrevoca- studies (including some uncontrolled evaluations)
bly dated since a series of placebo-controlled trials suggest that the efficacy of quinidine in restoring
using intravenous and oral digoxin conclusively sinus rhythm may vary between 30% and
demonstrated that this drug does not enhance con- 90%.[18,31-33] An historical review[34] suggested 71%
version rates.[26-28] However, in practice, digoxin efficacy in sinus rhythm restoration. A meta-analy-
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Table I. Effects of different agents in conversion of recent-onset (<48 hours) atrial fibrillation (reproduced from Boriani et al.,[22] with
permission)

Drug Type of Level of Route of Time of Efficacy Adverse effects
recommendationa evidenceb administration conversion (%) (%)

Quinidine IIb B PO <24h 59–92 3–46

Procainamide IIb C IV <1.5h 43–88 2–12

Disopyramide NA NA IV <8h 55–86 7

Propafenone I A IV <4h 43–89 0–17

PO <5h 72–86 10–14

Flecainide I A IV <2h 65–96 7–31

PO <5h 78–95 21–23

Amiodarone IIa A IV <12h 25–89 7–27

Dofetilide I A PO <2h 43 15

Ibutilide I A IV <1.5h 31–60 25

Sotalol III A IV <4h 31–85 10–20

Esmolol NA NA IV <40min 6–50 14–19

a Types (classes) of recommendation for a treatment, summarising both the evidence and expert opinion: I, evidence for and/or
general agreement that the treatment is useful and effective; II, conflicting evidence and/or a divergence of opinion about its
usefulness/efficacy; IIa, weight of evidence/opinion is favourable; IIb, usefulness/efficacy is less well established by evidence/
opinion; III, evidence and/or general agreement that it is not useful/effective and in some cases may be harmful.

b Levels of evidence: ‘A’ (highest), based on data from multiple randomised clinical trials; ‘B’ (intermediate), based on a limited
number of randomised trials, non-randomised studies or observational registries; ‘C’ (lowest), primarily based on expert consensus.

IV = intravenous; NA = not available; PO = oral.

sis by Miller et al.[35] which included 200 patients interval is prolonged for >0.55 seconds in the pres-
ence of hypokalaemia or bradycardia. However, therevealed ‘moderate’ evidence of efficacy, with an
problem is not strictly related to quinidine dosageodds ratio of 2.9 (95% CI 1.2, 7.0).
and can occur even at low or subtherapeutic plasmaThe safety and tolerability profile of quinidine
concentrations.[37] Moreover, torsade de pointespresents some cause for concern. There is a high
usually occurs after resumption of sinus rhythm inincidence of adverse effects, most often affecting
AF patients, its onset being favoured by the lowerthe gastrointestinal tract. These may lead to dose
ventricular rate. Fatal complications due to thereduction or withdrawal of treatment in up to
proarrhythmic effects of quinidine were reported by42–58% of patients.[35,36] Adverse events present a
Tebbe et al.[38] in a large group of patients undergo-major obstacle to long-term prophylactic use of
ing in-hospital treatment. In general, it seems advis-quinidine (against AF recurrences), and safety is a
able to suspend quinidine in the presence of QRS

key issue also in the context of cardioversion. The
prolongation to >50% of the basal value, a QRS

most harmful adverse event following quinidine ad-
duration >140 msec or a QT/corrected QT (QTc)

ministration is torsade de pointes, which may cause
value >500 msec.[39]

syncope or cardiac arrest.[37] This arrhythmia has
A meta-analysis of the use of quinidine for long-

been reported during treatment with quinidine in
term prophylaxis of AF recurrences,[40] which re-

1–8% of treated patients.[37] QT prolongation may
vealed an increase in all-cause mortality compared

be either a toxic effect (related to drug doses and
with controls, revived wider concerns about its use

plasma concentrations) or an idiosyncratic reaction in clinical practice. However, no meta-analysis is
that can occur after the first dose, even in the context available for the cardioversion setting.
of low plasma concentrations. Although the latter

3.2.3 Procainamideform is unpredictable, some clinical risk factors
(female sex, bradycardia, concurrent hypokalaemia) Intravenous procainamide is not currently used
have been identified.[11] The risk is higher if the QT for conversion of AF and the drug is not universally
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available in Europe.[29] It remains the drug of choice rhythmic agents, there is a risk of transforming AF
in the US for wide complex tachycardia caused by into a relatively slow atrial flutter with the possibili-
anterograde conduction of AF over an accessory ty of 1 : 1 conduction in the ventricle, leading to an
pathway.[30] At doses of 5–15 mg/kg (maximum ECG pattern typical of so-called ‘wide QRS com-
dose 1000mg) delivered at 0.2–0.4 mg/kg/min over plex tachycardia’, which is not easy to distinguish
10–15 minutes, procainamide has been reported to from ventricular tachycardia. Such complications
show limited efficacy compared with other currently are strongly facilitated by adrenergic stimulation,[43]

available agents.[30] Fenster et al.[41] reported a con- and they have been reported in 3.5–5% of patients
version rate of 57%. In a blinded comparison with treated with class IC antiarrhythmic drugs.[37,44-46]

ibutilide, sinus rhythm restoration within 1.5 hours For this reason, it is advisable to keep patients at rest
was observed in 15–20% of patients.[42] The most in the hours following intravenous or oral adminis-
common adverse effect during intravenous adminis- tration of propafenone or any other class IC agent.
tration is hypotension with depression of cardiac However, phases in which regularised atrial rhythm
function. Torsade de pointes can occur as a conse- is accompanied by fast ventricular rate can also
quence of excessive QT prolongation.[11] occur in AF patients not being treated with class IC

agents.[47] To control the ventricular rate in cases of
3.2.4 Propafenone transformation of AF into atrial flutter, Marcus[44]

The efficacy of propafenone in converting re- proposed concurrent administration of calcium
cent-onset AF has been evaluated in a series of trials channel antagonists, β-adrenoceptor antagonists or
dealing with both intravenous and oral administra- digoxin, but the validity of this strategy has yet to be
tion. With intravenous administration (2 mg/kg bo- prospectively validated. Milder adverse effects in-
lus followed by 0.0078 mg/kg infusion), conversion clude slight hypotension and gastrointestinal symp-
rates ranging from 43% to 89% have been report- toms such as nausea.
ed,[22] all significantly higher than with placebo.
Propafenone undergoes hepatic metabolism and one 3.2.5 Flecainide
of its metabolites (5-hydroxy-propafenone) contrib- The other class IC agent used to treat AF is
utes to drug effectiveness. These two factors explain flecainide. Here again, because of the negative ino-
the increasing conversion rates observed in the first
hours, following production of metabolites in the
liver.[17] Propafenone has also been administered as
oral loading (450–600mg, depending on body-
weight), with conversion rates of 45–55% at 3 hours
and 69–78% at 8 hours, always significantly higher
than placebo (figure 2).[22] Conversion to sinus
rhythm usually occurs within 3–4 hours of oral
loading. This regimen has been tested in in-patient
settings and is currently under evaluation for select-
ed outpatients who have been previously tested in
hospital.

Intravenous or oral administration of propafe-
none requires careful selection with systematic ex-
clusion of patients with left ventricular dysfunction
or congestive heart failure, sick sinus syndrome,
intraventricular conduction defects (QRS duration
≥110 msec) and second- or third-degree atrioven-
tricular block.[22] As with other class IC antiar-
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tropic effects of the drug, it is essential to exclude (table I).[22] However, in three controlled stud-
patients with left ventricular dysfunction or heart ies[20,52,60] amiodarone failed to show evident effi-
failure. Flecainide was initially evaluated for intra- cacy for acute treatment of recent-onset AF. The
venous treatment of patients with paroxysmal AF delayed effect can probably be ascribed to the phar-
(1.5–2 mg/kg bolus in 10–20 minutes).[11] On the macokinetic profile of amiodarone and the absence
basis of three studies[48-50] and one comparative trial of desethylamiodarone-related electrophysiological
evaluating its efficacy versus oral quinidine,[51] in- effects during acute administration.
travenous flecainide seems to provide good conver- Three relevant major meta-analyses have recent-
sion rates (67–86%) coupled with a relatively rapid ly appeared.[61-63] In a meta-analysis of 13 studies
effect, with the majority of conversions occurring involving 1174 patients, Chevalier et al.[62] found
within 2 hours of administration. Oral loading of that intravenous amiodarone provided similar con-
flecainide (200–300mg as single dose) has also been version rates to placebo at 1–2 hours, but was supe-
tested in selected patients with little sign of underly- rior at 6–8 hours (56% vs 43% with placebo) and at
ing heart disease.[20,52,53] This approach most often 24 hours (82% vs 56%). Class IC agents (flecainide
restores sinus rhythm within 3–5 hours of adminis- and propafenone) were shown to be more effective
tration, the overall efficacy being about 51% at 3 than amiodarone at 1–2, 3–5 and 6–8 hours. A meta-
hours and 72% at 8 hours.[52] As with propafenone, it analysis[61] that did not focus on specific time inter-
is important to bear in mind the risk of atrial flutter vals revealed 82% efficacy at 2–48 hours for intra-
with 1 : 1 atrioventricular conduction common to all venous amiodarone (vs 60% with placebo); no sig-
class IC agents and to keep patients at rest after nificant difference in efficacy was found between
either route of administration. amiodarone and other antiarrhythmic agents, includ-

ing class IC antiarrhythmic drugs. Finally, in a meta-3.2.6 Cibenzoline
analysis evaluating 91 studies and various antiar-Introduced about 20 years ago, cibenzoline has
rhythmic agents administered for restoration andclass I antiarrhythmic activity, associated with some
maintenance of sinus rhythm,[63] amiodarone did notproperties of class III and IV drugs.[54-58] Limited
differ from the pooled results of other antiar-data are available regarding the efficacy of
rhythmic agents; however, inclusion of other trialscibenzoline in cardioversion of AF. In a prospective,
regarding cardioversion or long-term sinus rhythmopen-label study[59] involving 51 patients with atrial
maintenance prevented any definitive conclusionstachyarrhythmia (of whom 18 had AF) lasting at
about the overall efficacy of amiodarone with re-least 3 hours, intravenous cibenzoline (a slow bolus
spect to other agents.infusion of 1 mg/kg, followed by a 8 mg/kg/24h

continuous infusion) achieved conversion in about Recently, Blanc et al.[64] compared oral loading
70% of patients, a result similar to that obtained in of amiodarone 30 mg/kg and propafenone in recent-
an analogous group treated with amiodarone. The onset AF. At 24 hours, no difference was found in
brief duration of arrhythmia may have led to an conversion efficacy (47% for amiodarone). How-
overestimation of the efficacy of cibenzoline (5 of ever, the longer mean conversion time (6.9 vs 2.4
the 51 patients converted spontaneously to sinus hours for propafenone) reinforced the concept that
rhythm). Thus, the available data provide little sup- amiodarone is relatively slow acting. Despite this
port for the use of cibenzoline in AF. important limitation, amiodarone is a treatment of

choice for AF in the setting of acute ischaemia,3.2.7 Amiodarone
acute myocardial infarction or left ventricular dys-In Europe, intravenous administration of ami-
function. Moreover, intravenous amiodarone mayodarone (5 mg/kg bolus followed by 1.5–1.8 g/24h)
also be used in AF complicating cardiac surgery.is widely used to treat AF, especially in the presence

Clinical use of intravenous amiodarone requiresof contraindications to class IC agents. The reported
some caution. In the presence of left ventricularefficacy of amiodarone ranges from 25% to 89%
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3.2.9 Ibutilidedysfunction and/or low cardiac output, haemodyna-
mic impairment may occur, largely because of the Ibutilide is a class III antiarrhythmic drug that has
effects of polysorbate 80, the solvent present in been extensively evaluated in the US.[75-77] Although
conventional amiodarone preparations for intrave- use of ibutilide is now authorised in many countries,
nous administration. An aqueous formulation of the high cost of this agent has discouraged wide-
amiodarone is under clinical evaluation: initial ex- spread adoption. Ibutilide was the first drug specifi-
periences confirm its superior haemodynamic toler- cally designed, developed and approved in the US
ability.[65] Intravenous amiodarone should not be for AF conversion to sinus rhythm.[78] This agent has
used in AF associated with ventricular pre-excita- a short half-life, as a result of extensive tissue distri-
tion because of its predominant effect on the atrio- bution, and is available only for intravenous admin-

istration, because of high first pass clearance by theventricular node, increasing conduction over the
liver.accessory pathway and the risk of ventricular fibril-

lation.[66] Finally, it should also be remembered that Intravenous ibutilide (0.05–0.025 mg/kg in 10
administration of amiodarone via a peripheral vein minutes) has been used for conversion of both AF
carries a risk of phlebitis. and atrial flutter. With AF its efficacy ranged be-

tween 27% and 40%, while higher conversion rates
(30–71%) were obtained in patients with atrial flut-3.2.8 Dofetilide
ter. When sinus rhythm restoration is achieved, it

Dofetilide is a relatively new class III antiar-
usually occurs after 60–90 minutes.[76,77,79,80] Other-

rhythmic agent that prolongs action potential dura- wise, direct current (DC) cardioversion can be safe-
tion and refractoriness of both the atrial and the ly performed later[81] with high conversion rates.[82]

ventricular myocardium. Dofetilide can be adminis- The advantages of ibutilide are the rapidity of its
tered either intravenously or orally, but only the oral action and the absence of negative inotropic ef-
formulation is currently approved for clinical use fects[77,83] (even in patients with reduced left ventric-
and only available in the US and Canada. Following ular function[76]). Apart from hypotension and
oral administration there is a linear relationship be- bradycardia, ibutilide infusion can also be asso-
tween plasma dofetilide concentrations and the QTc ciated with polymorphic ventricular tachycardia or
interval.[67] Dofetilide is largely cleared by the kid- torsade de pointes.[11,76,84]

neys, and the dosage needs to be adjusted in patients
Among 586 patients treated acutely with ibu-with impaired renal function.[68] Although oral dofe-

tilide, non-sustained polymorphic ventricular tachy-tilide has a class I indication for both recent-onset
cardia was observed in 2.7%, while sustained poly-and chronic AF,[11] the major prospective studies
morphic ventricular tachycardia occurred insuggesting its clinical use were performed in pa-
1.7%.[77] Other authors reported a slightly highertients with chronic persistent AF.
incidence of proarrhythmia.[35,79] Factors that in-

For recent-onset AF, studies on intravenous dofe- crease the risk of proarrhythmia include female gen-
tilide have shown an overall efficacy ranging be- der, non-White race, heart failure and brady-
tween 14% and 53%.[69-73] Its efficacy appears to be cardia.[77] In view of the time dependency of QT
considerably higher in atrial flutter than in AF[69-74] prolongation and the time distribution of proarrhyth-
(about 71% vs 30%). In the various studies, 3.6% of mia, patients should be monitored by ECG for at
patients developed torsade de pointes, with 0.5% least 4 hours after ibutilide administration to detect
presenting sustained episodes.[69-74] As regards par- any proarrhythmic event.[11,30,75,76] Since ibutilide
oxysmal AF or paroxysmal atrial flutter, based on cannot be used orally, acute intravenous administra-
the results of four studies, use of oral dofetilide is tion can be followed by administration of an appro-
not currently recommended by US FDA authori- priate antiarrhythmic drug for prophylaxis of recur-
ties.[68] rence.[30]
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3.2.10 Sotalol dyspnea, worsening of bronchospasm and, more
seriously, bradycardia and hypotension) and to QTSotalol is widely used for prophylaxis of AF.
prolongation (risk of torsade de pointes).[91-93] How-However, the available data do not support the use
ever, the adverse effects of sotalol do not seem to beof sotalol for cardioversion, regardless of the route
worse than those of class I drugs.of administration. Whereas an early study[85] pre-

sented sotalol as a highly effective drug for conver- 3.2.11 Comparisons Between Different Agents and
sion of acute AF, all but one[86] of the subsequent Drug Regimens
randomised trials have been highly unfavourable. In Not many comparative studies exist regarding the
particular, it now appears that sotalol is inferior to efficacy of two or more drugs for pharmacological
quinidine[32] or flecainide,[87] and that it is only conversion of recent-onset AF. Demonstration of
slightly superior to placebo.[88] The discrepancy be- the superiority of any given agent within a specific
tween the efficacy of sotalol in preventing recur- setting appears problematic. For the purposes of this
rence of AF and its limitations as a converting agent review, table II provides a summary of the results of
can be explained by its tendency to prolong atrial the principal meta-analyses[35,61-63,94,95] available in
refractoriness more at low heart rates than at high the literature regarding the efficacy of the various
rates – an effect known as ‘reverse use depend- drugs in terms of odds ratios and relative risk with
ence’.[89,90]

respect to placebo. As shown in table II, the highest
Adverse effects of sotalol are related to its β- odds ratio values have been reported for flecainide

adrenergic antagonistic activity (fatigue, dizziness, and ibutilide.

Table II. Efficacy of different agents used for pharmacological cardioversion of recent-onset atrial fibrillation (AF) in terms of odds ratios and
relative risks (95% CI) with respect to placebo, based on the main available meta-analyses/pooled analyses. Values in italics are
extrapolated from the published data; all other values refer to data reported in the original articles 

Treatment Odds ratio (95% CI) Relative risk (95% CI)

Class IA drugs[63] 2.4 (1.9, 3.1) 1.6 (1.4, 2.0)

disopyramide (IV)[94] 7.0 (0.3, 153.0) NA

disopyramide (IV)[35] 7.0 (0.3, 153.0) 5.6 (0.3, 109.7)

quinidine[94] 2.9 (1.2, 6.9) NA

quinidine[35] 2.9 (1.2, 7.0) 2.4 (1.0, 5.5)

Class IC drugs[63] 4.0 (2.5, 6.6) 2.2 (1.5, 3.3)

flecainide[94] 13.2 (6.4, 27.4) NA

flecainide[35] 24.7 (9.0, 68.3) 7.5 (3.1, 18.4)

propafenone[94] 3.9 (2.3, 6.8) NA

propafenone[35] 4.6 (2.6, 8.2) 2.4 (1.4, 4.1)

Class III drugs[63] 2.1 (1.5, 3.0) 1.6 (1.2, 2.1)

amiodarone (within 8h of administration)[62] 1.3 (1.06, 1.8) 1.2 (1.0, 1.5)

amiodarone (within 24h of administration)[62] 3.7 (2.3, 5.9) 1.4 (1.2, 1.7)

amiodarone (IV)[61] 2.9 (1.8, 4.5) 1.4 (1.1, 1.7)

amiodarone (IV infusion in AF lasting ≤48h)[95] NA 1.40 (1.25, 1.57)

amiodarone (IV infusion in AF lasting >48h)[95] NA 4.33 (2.76, 6.77)

amiodarone[94] 3.2 (2.5, 5.1) NA

amiodarone (IV)[35] 5.7 (1.0, 33.4) 1.7 (0.5, 6.0)

dofetilide[94] 6.7 (4.5, 10) NA

ibutilide (IV)[94] 30.7 (10.9, 86) NA

ibutilide/dofetilide (IV)[35] 29.1 (9.8, 86.1) 18.8 (6.1, 58.1)

sotalol[94] 1.1 (0.1, 6.9) NA

sotalol (oral)[35] 0.4 (0.0, 3.0) 0.5 (0.1, 3.0)
IV = intravenous; NA = not available.
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3.2.12 Postoperative AF guidelines)[11] is largely confined to amiodarone and
Some mention should be made of postoperative (to some extent) dofetilide. This situation is mainly

AF, which can be considered a particular type of because of the limited efficacy of most other drugs,
recent-onset AF. Occurring in about 20–50% of and the widespread acceptance of electrical cardi-
patients submitted to cardiac surgery,[11,96] especial- oversion as the gold standard in long-lasting AF.
ly in second and third postoperative days,[97] AF is Although a study performed in an animal model of
the most common postoperative arrhythmia[96,98] sustained AF (>7 days)[102] suggested that class I and
and has high associated costs.[99] Alongside age, III antiarrhythmic intravenous drugs could provide
many other less well established pre-/intra-/post- good efficacy for conversion to sinus rhythm, this
operative factors have been proposed (valvular heart concept has not been reflected in clinical practice,
disease, previous episodes of AF, atrial enlarge- perhaps because of the influence of underlying heart
ment, chronic lung disease and certain surgical tech- disease, triggering factors and chronic remodelling.
niques, etc.) for prediction of postoperative The design of the relatively few prospective studies
AF.[11,98,100] Pharmacological prevention of post- regarding the clinical efficacy of antiarrhythmic
operative AF has been extensively evaluated; it is agents in long-lasting AF usually involved a straight
advisable to treat patients undergoing cardiac sur- comparison between two antiarrhythmic agents (fre-
gery with an oral β-adrenoceptor antagonist unless quently without a placebo arm) among patients with
contraindicated.[11] Other reasonable options in heterogeneous durations of AF. While summarising
high-risk patients are postoperative atrial pacing and the available evidence regarding the various agents,
(especially in patients with low ejection fraction) we concentrate on the role of amiodarone and dofe-
amiodarone.[11,100] tilide. Both of these drugs can be used in patients

The high spontaneous conversion rate (up to with structural heart alterations. Amiodarone has the
80%)[100,101] of postoperative AF supports the use of advantage that it can be used in preparation for
a rate control strategy (generally based on β-adreno- electrical cardioversion (as well as being more ef-
ceptor antagonists because of the frequent presence fective than class I agents in maintaining sinus
of high adrenergic drive), except for haemodynami- rhythm).
cally unstable or highly symptomatic patients or Table III summarises efficacy, incidence of ad-
when anticoagulation is contraindicated.[98,100,101] In verse effects, and level of evidence (according to
the presence of haemodynamic instability, electrical recent guidelines) of the various agents within the
cardioversion is advisable (a straightforward proce- setting of long-lasting AF.
dure in intensive care settings). In the remaining
patients, it is preferable to use agents such as intra- 4.1.1 Amiodarone
venous amiodarone or ibutilide,[11,96,98,100] avoiding The drug that currently lays the strongest claim to
class IC agents, especially after myocardial infarc- play a major role in long-lasting AF is amiodarone.
tion[100] or in the presence of left ventricular dys- In addition to pharmacological cardioversion, ami-
function. odarone can also be used in preparation for electrical

cardioversion; it can also help maintain sinus
4. Long-Lasting AF rhythm. It should be noted that oral administration

of amiodarone leads to progressive accumulation
(over a period of weeks) of desethyl-amiodarone, an4.1 The Role of
important active metabolite that exerts antiar-Pharmacological Cardioversion
rhythmic effects in its own right.

While pharmacological cardioversion is a major As regards pharmacological cardioversion,[103]

option for haemodynamically stable patients with amiodarone achieved good conversion rates at 48
AF of recent onset, its use for persistent AF of long hours (44%) after intravenous administration. Al-
duration (i.e. >7 days according to ACC/AHA/ESC though Zehender et al.[104] encountered a conversion
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Table III. Effects of different agents in conversion of long-lasting (>7 days) atrial fibrillation

Drug Type of Level of Route of Time of Efficacy Adverse effects
recommendationa evidenceb administration conversion (%) (%)

Quinidine IIb B PO 8.5h–3.5d 32–60 25–27

Propafenone IIb B IV + PO ≤20d 6–41 3

Flecainide IIb B IV + PO 1.5–7.5h 0–46 6–18

Amiodarone IIa A IV + PO 7–20d 12–44 0–40

Dofetilide I A PO 24–36h 6–30c 1–3c

Dofetilide NA NA IV 20 min–6h 19–24 3–5

Ibutilide IIa A IV NA 16–50 NA

Sotalol III A IV NA 0–6 NA

a Types (classes) of recommendation for a treatment, summarising both the evidence and expert opinion: I, evidence for and/or
general agreement that the treatment is useful and effective; II, conflicting evidence and/or a divergence of opinion about its
usefulness/efficacy; IIa, weight of evidence/opinion is favourable; IIb, usefulness/efficacy is less well established by evidence/
opinion; III, evidence and/or general agreement that it is not useful/effective and in some cases may be harmful.

b Levels of evidence: A (highest), based on data from multiple randomised clinical trials; B (intermediate), based on a limited number
of randomised trials, non-randomised studies or observational registries; C (lowest), primarily based on expert consensus.

c Dose dependent.

 IV = intravenous; NA = not available; PO = oral.

4.1.2 Dofetiliderate of only 10% at 72 hours from intravenous
Dofetilide is a relatively new class III antiar-administration, subsequent oral administration led

rhythmic agent that has been specifically tested forto a conversion rate of 40% by day 14. Subgroup
long-lasting AF/atrial flutter, and has gained USanalyses of prospective studies regarding patients
FDA approval for use in this setting.[113] Three ran-with heterogeneous duration of AF indicate conver-
domised, controlled trials investigating the efficacysion rates of 27–34% within 4 weeks in patients with
of intravenous dofetilide have all shown its superior-

AF lasting at least 1 month.[105-107] Taken together,
ity to placebo in long-lasting AF.[72,114,115] At a dose

the available studies suggest that around 30–40% of of 8 µg/kg, mean conversion rates in the long-last-
patients with long-lasting AF are likely to convert ing AF subgroup ranged from 19% to 24% (one trial
within 2–4 weeks of oral amiodarone administra- also included a 4 µg/kg dosage arm, which provided
tion. a 10% conversion rate).[72] Much higher conversion

rates were obtained in the long-lasting atrial flutterData derived from studies where amiodarone was
subgroups.used in preparation for electrical cardioversion gen-

Oral dofetilide has been studied in two large-erally regard patients with more refractory AF. A
scale trials dedicated to chronic AF/atrial flutter. Inseries of studies on such patients provided homoge-
the EMERALD (European and Australian Mul-neous conversion rates of 12–25% before electrical
ticenter Evaluation on Atrial Fibrillation Dofetilide)cardioversion[108-112] (followed by eventual success
trial,[116] patients with AF (the majority) or atrialrates of 67–100% after electrical shock). These find-
flutter were randomised to receive either dofetilide

ings are of especial clinical relevance in view of the
125, 250 or 500µg twice daily, sotalol 80mg orally

generally long duration of the AF and the frequent twice daily or placebo. Dofetilide proved superior to
failure of other treatments. Taken together, they sotalol in terms of conversion rates (up to 29% vs
strongly support the use of amiodarone for patients 6%) in AF patients, and it displayed a dose-depen-
with long-lasting AF who are candidates for electri- dent profile. The SAFIRE-D (Symptomatic Atrial
cal cardioversion. However, it should be noted that Fibrillation Investigative Research on Dofetilide)
the well known adverse effects can limit long-term trial[117] showed similar dose-dependent conversion
treatment with this agent after cardioversion. rates (6–30%), while subgroup analysis confirmed
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the superior efficacy of dofetilide in atrial flutter version rates of 6–41%.[125-127] Two placebo-con-
(67% vs 22% in AF). It should be noted that dofe- trolled trials[125,126] assessing the usefulness of
tilide did not seem to influence the reversion rates propafenone before external electrical shock show-
obtained at subsequent electrical cardioversion ed rates of conversion within 48 hours of 6–6.5%.
(about 70–80% in all arms). These two trials – along Kochiadakis et al.[127] found that the efficacy of
with a subgroup analysis[118] of the DIAMOND propafenone in patients with AF lasting >3 weeks
(Danish Investigations of Arrhythmia and Mortality was rather similar to that of amiodarone (41% vs
ON Dofetilide) trials – showed that dofetilide is 47% within 4 weeks).
effective for sinus rhythm maintenance at 1 year.

4.1.6 IbutilideAlthough dofetilide provides one of the two ma-
Very few data are available regarding the effi-jor pharmacological options for long-lasting AF, its

cacy of intravenous ibutilide in conversion of long-availability (in the oral formulation only) is current-
lasting AF. Three small subgroup analyses reportedly confined to the US and Canada. Initiation of
efficacy levels of 16–50%;[79,80,84] however, confir-treatment with dofetilide requires at least 4 days of
mation from specifically targeted studies would bein-hospital monitoring.
necessary to establish the role of ibutilide in this
setting. Ibutilide has been successfully used for fa-4.1.3 Quinidine
cilitating DC cardioversion of long-lasting AF,[128]Although quinidine has been used in the manage-
although use of this agent in patients with very lowment of long-lasting AF, few data exist to support its
ejection fraction may lead to severe proarrhythmia.employment in this setting. Indeed, few studies have

analysed the efficacy of quinidine for conversion of
4.1.7 Sotalol

long-lasting AF to sinus rhythm. After the optimistic
The few data present in the literature[87,129] sug-pioneering evaluations,[119,120] estimates of efficacy

gest that sotalol is ineffective for conversion ofhave ranged between 32% and 60%,[51,103,104,121]

chronic as well as acute AF (although it presentspresenting similar efficacy in two comparative stud-
good efficacy for sinus rhythm maintenance).ies versus amiodarone[103,104] and superior efficacy

with respect to flecainide.[51]

5. Proarrhythmic Effects of
Antiarrhythmic Drugs and4.1.4 Flecainide
Predisposing FactorsDespite the effectiveness of flecainide in recent-

onset AF, prospective studies[48,87,122,123] suggest that
Many authors have reported associations be-this drug is much less effective for long-lasting AF

tween antiarrhythmic agents and potentially lethaland, therefore, cannot be considered an advisable
proarrhythmic effects.[40,130,131] ‘Proarrhythmia’,therapeutic option in this setting. Borgeat et al.[51]

that is, arrhythmia provoked or worsened by admin-found that while flecainide showed similar efficacy
istration of antiarrhythmic drugs, by definitionto quinidine in AF lasting <10 days, it had much
strictly refers to therapeutic doses or plasma concen-lower efficacy in long-lasting AF. Prospective stud-
trations.[37,132] Such reactions are generally consid-ies[48,87,122,123] have reported conversion rates with
ered relevant only if they significantly increase theflecainide ranging from 0% to 46% in heterogene-
incidence of symptomatic arrhythmias or result in anous groups of patients with long-lasting AF.
increase in mortality from arrhythmia with respect

4.1.5 Propafenone to placebo.[131] Otherwise, it is difficult to gauge
Not surprisingly, propafenone shares with flecai- whether a given drug has been proarrhythmic in a

nide a similarly low efficacy profile for long-lasting specific patient, both because of day-to-day variabil-
AF. Initial optimism following the report from an ity in arrhythmia frequency (commonly seen even in
uncontrolled study of a conversion rate of 65%[124] the absence of drug therapy) and the characteristic
was tempered by subsequent studies showing con- progression of any underlying cardiopathy.
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Table IV. Risk of proarrhythmic effects with antiarrhythmic drugs used in atrial fibrillation (AF) cardioversion

Effects Drug Incidence

Transformation of AF to atrial flutter with higher Quinidine, class IA AA Rare at current regimens
ventricular rate

Transformation of AF to atrial flutter with 1 : 1 AV Flecainide, propafenone 3.5–5%
conduction and wide QRS

Torsade de pointes Quinidine, class IA AA 1–8%

Ibutilide, dofetilide, sotalol Up to 8%

Amiodarone 0.7%

VT or VF Potentially all AA Rare except when LV dysfunction or congestive
heart failure are present

High-grade AV block Class IA AA, class IC AA Rare

Aggravation of sinus node dysfunction in sinus Potentially all AA Variable according to drugs and underlying sinus
node disease node disease
AA = antiarrhythmic agents; AV = atrioventricular; LV = left ventricle; VF = ventricular fibrillation; VT = ventricular tachycardia.

Many different mechanisms underlie proar- determined conditions (e.g. latent forms of long-QT
syndrome), left ventricular hypertrophy and associa-rhythmia, and each antiarrhythmic agent presents its
tion with drugs that prolong the QT interval.[132,136]own particular spectrum. Table IV shows the main

proarrhythmic effects of the drugs used for treating As a proarrhythmic effect of pharmacological
AF or atrial flutter. Torsade de pointes – a conversion of AF, torsade more often (in about 69%
polymorphic ventricular tachycardia that occurs in of reported cases) occurs after restoration of sinus
the setting of QT interval prolongation and can rhythm.[138] This is due to the facilitating effect of
deteriorate to ventricular fibrillation – is associated rate slowing during the transition to sinus rhythm.
with class IA and class III antiarrhythmic agents. Clinically, on administration of class IA or class III
This proarrhythmic event is mediated by early after- agents for conversion of AF, a period of some hours
depolarisation caused by substances that prolong the of observation is, therefore, strongly recommended
action potential duration. This phenomenon is often following conversion to sinus rhythm.[136]

associated with quinidine administration, where it is
Class IC antiarrhythmic drugs (propafenone, fle-not dose related.[37,133] Sotalol can also cause torsade

cainide) have marked effects on conduction velocityde pointes, but here the risk is dose dependent, being
and, like IA agents, can organise and slow the rate ofestimated at around 1% for dosages of 160–240 mg/
AF, converting it to atrial flutter. In some patients

day, rising to 4–5% at >480 mg/day.[37,92] Although
the atrial rate is slow enough to allow 1 : 1 atrioven-

amiodarone can also cause torsade de pointes, the
tricular conduction, which can lead to rapid ventric-

overall incidence is lower than that associated with
ular response with wide QRS complexes simulating

class IA and other class III agents, even in patients
ventricular tachycardia, followed by the risk of hae-

with structural heart disease.[131,134,135] The reasons
modynamic impairment.[37] The reported overall in-

for this are almost certainly multifactorial,[135,136]
cidence of 1 : 1 atrioventricular conduction during

and can largely be attributed to the β-antagonist
treatment with class IC antiarrhythmic agents is

properties of amiodarone and its calcium channel
3.5–5%.[37] Conditions associated with adrenergic

antagonising effect.[136,137]
stimulation can favour this type of proarrhythmia by

Factors known to be associated with increased facilitating conduction through the atrioventricular
risk of developing torsade de pointes during treat- node. β-Adrenoceptor antagonists, calcium channel
ment with the agents discussed in the previous sec- antagonists and even digoxin have been proposed to
tions include hypokalaemia, hypomagnesaemia, fe- overcome this problem. However, no controlled
male gender, bradycardia (spontaneous or drug in- data are available regarding their efficacy in patients
duced), renal/hepatic failure, some genetically treated with class IC agents.
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As shown in table IV, other types of arrhythmia trial,[147] intravenous tedisamil obtained good con-
related to depression of atrioventricular conduction version rates in patients with AF and atrial flutter
and/or sinus node function can be caused by any (46% and 57% in the 0.4 and 0.6 mg/kg groups,
antiarrhythmic agent, most often in the context of respectively, vs 9% in the placebo arm). The inci-
pre-existing sinus node dysfunction, atrioventricular dence of proarrhythmia was 1.8% (with isolated
block or bundle branch block.[37,139]

episodes of monomorphic self-terminating ventricu-
lar tachycardia and non-sustained torsade deInduction of ventricular proarrhythmia (sustained
pointes).ventricular tachycardia or ventricular fibrillation)

are rare in the absence of marked impairment of left Another class III agent that has undergone phase
ventricular function or other predisposing factors II evaluation is RSD 1235. In a recent phase II
(e.g. electrolyte disequilibrium). It should be noted Canadian multicentre, randomised trial,[148] this pro-
that ventricular fibrillation can occur in the absence totype atrial-specific compound[145] provided a con-
of torsade de pointes or QT prolongation,[140-142]

version rate of 61% (vs 5.3% with placebo) in
especially in the first few days of administration of

patients with AF lasting 3–72 hours, without any
class IA drugs (or other agents with similar elec-

increase in proarrhythmic events.[148]
trophysiological properties) to patients with left

Dronedarone exerts similar electropharmacologi-ventricular dysfunction.[141,142] Appearance of a sus-
tained monomorphic ventricular tachycardia (or the cal effects to amiodarone, of which it is a derivate,
shift from a non-sustained to a sustained form) is while probably avoiding the adverse thyroid and
most commonly seen with class IC antiarrhythmic pulmonary effects associated with the parent
drugs, probably as a result of drug-induced slowing drug.[145] Dronedarone is being assessed for main-
of conduction velocity. Such events are more fre- tenance of sinus rhythm in ongoing multicentre,
quent in patients with structural heart disease or randomised trials (ADONIS [Australian-American-
previous ventricular tachyarrhythmias.[132] The African Trial with Dronedarone in Atrial Fibrilla-
tachycardia, which can be incessant and resistant to tion or Flutter for the Maintenance of Sinus
external cardioversion, is often precipitated by exer- Rhythm] and EURIDIS [European Trial in Atrial
cise.[143] An increase in resting sinus rhythm or QRS Fibrillation or Flutter Patients Receiving
duration during exercise can provide an early warn- Dronedarone for the Maintenance of Sinus
ing.[144] If this arrhythmia develops during antiar- Rhythm]). In the DAFNE (Dronedarone Atrial Fi-
rhythmic treatment and is unresponsive to external brillation Study after Electrical Cardioversion)
cardioversion, β-adrenoceptor antagonists or hyper- trial[149] dronedarone provided a higher incidence of
tonic sodium bicarbonate can be beneficial.[132]

cardioversion with respect to placebo (14.8% in the
1600mg arm vs 3.1%) during the 5–7 days between
the first administration and the planned DC cardi-6. Novel Drugs
oversion – a result rather similar to that obtained
with amiodarone pre-treatment in patients with

Among the many agents currently under evalua- long-lasting AF.[149]

tion, the most promising are class III antiarrhythmic
Azimilide is a relatively pure class III agentdrugs.[145]

which is expected to exert a similar therapeutic
Although tedisamil was first evaluated as an

effect to dofetilide in AF patients, although specific
antianginal agent,[146] its ability to inhibit many

data regarding conversion of AF and atrial flutter are
kinds of repolarising ion channels coupled with its

still awaited.[145]
relatively selective activity in atrial tissue directed

Further studies are required to further establishattention to its potential for AF conversion. In a
recent dose-finding multicentre, randomised the roles of all these novel drugs.
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7. Management of AF in cal cardioversion followed (if necessary) by electri-
Clinical Practice cal conversion or on electrical (prior to pharmaco-

logical) cardioversion. Although the efficacy of the
As mentioned in the introductory section, the first attempt was similar with pharmacological or

responsibility of managing AF often falls to emer- electrical cardioversion (74% vs 73%), the drugs-
gency or internal medicine departments, in collabo- first strategy obtained a significantly higher final
ration with general practitioners. Several studies conversion rate (96% vs 84%), probably due to the
have shown that AF can be appropriately treated in facilitating effect of the antiarrhythmic drug. (The
emergency departments,[10,82,150-153] and specific low success rates of electrical cardioversion were
guidelines for the selection of patients requiring somewhat unusual, as was the extensive use of oral
direct admission to a cardiology department are hard quinidine for pharmacological conversion.) Another
to define. Effective management and treatment of important finding of this trial was the significantly
AF in non-cardiology hospital settings has been better cost effectiveness of the drugs-first strategy,
facilitated by the widespread availability of continu- especially in patients with lone AF. However, this
ous telemetry in many wards (together with the treatment strategy was associated with a higher inci-
option of cardiology consultations). Despite dissem- dence of severe complications, mainly in patients
ination of clinical guidelines and evidence from with structural heart disease, while mild adverse
clinical trials, in practice, therapeutic approaches events were preferentially associated with sedation
vary considerably from one setting to another. In a (which was performed by a cardiologist, presumably
questionnaire survey involving 214 UK physicians, to reduce expense). Finally, the hospital stay was
Lip et al.[154] found that cardiologists were more 1 ± 2 days in the drugs-first arm and 2 ± 2 days in
likely to attempt pharmacological cardioversion first the other arm.
(39% vs 18% of non-cardiologists) and electrical Key decisions for optimising in-hospital manage-
cardioversion (86% vs 69%) later on. (Interestingly, ment of AF regard the duration of the observation
the authors also found that most physicians were period before active pharmacological/electrical in-
oriented to introduce antiarrhythmic drugs in pa- tervention, and the choice of the most appropriate
tients with new-onset AF, but usually prescribed treatment. Both decisions have to be based on a
digoxin as a rate control agent.) series of clinical considerations related to clinical

Management of AF weighs heavily on the health conditions:
budget, accounting for about 45% of all hospital • recent-onset versus long-lasting AF or AF of
admissions for arrhythmia,[155] with an average unknown onset
length of stay of 4–5 days.[151,155,156] In an experi- • haemodynamic stability
ence reported by Dell’Orfano et al.[151] the overall

• chance of spontaneous conversion to sinuscosts of pharmacological conversion were lower
rhythmthan those of electrical cardioversion, which, it

• thromboembolic riskshould be noted, requires a longer hospital stay.
• first AF episode versus recurrenceOther authors analysed the possibility of performing

electrical cardioversion as a front-line strategy for • previous antiarrhythmic drug treatments
restoration of sinus rhythm, as a viable alternative to • lone AF versus underlying heart disease
the conventional drugs-first approach. In an interest- • triggering factors
ing multicentre, randomised trial comparing the ef-

• risk factors for proarrhythmiafectiveness and costs of pharmacological and DC
• physician’s propensity for pharmacological ver-cardioversion,[157] 139 patients with AF lasting <6

sus electrical cardioversionmonths, left ventricular ejection fraction >40% and
• comorbiditieswithout recent myocardial infarction were randomly

assigned to strategies based either on pharmacologi- • healthcare setting.
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Table V. Criteria of choice for atrial fibrillation (AF) treatment in different clinical settings

Clinical setting Treatment of choice

AF of recent onset without signs or symptoms of heart failure or ventricular dysfunction Flecainide IV or oral loading
Propafenone IV or oral loading

AF with acute haemodynamic impairment, low cardiac output or shock Electrical cardioversion

AF of recent onset in patients with ventricular dysfunction and/or heart failure Amiodarone IV (with caution)
Ibutilide IV (with caution)

AF of recent onset in patients with intraventricular conduction disturbances Amiodarone IV

AF of recent onset in patients with Wolff-Parkinson-White syndrome Procainamide IV
Flecainide IV
Propafenone IV

AF of recent onset in patients with acute myocardial infarction or acute myocardial ischaemia Amiodarone IV

Postoperative AF (recent-onset) Amiodarone IV
Ibutilide IV

Long-lasting AF Electrical cardioversion
Amiodarone PO
Dofetilide PO

Long-lasting AF with planned electrical cardioversion Amiodarone PO
IV = intravenous; PO = oral.

Table V contains a series of suggestions based on rapid conversion to sinus rhythm in hospitalised
the literature and our experience. patients with recent-onset AF without left ventricu-

lar dysfunction. Although intravenous amiodarone
requires longer conversion times, it is still the

8. Conclusions standard treatment for patients with heart failure.
For long-lasting AF (>7 days), the efficacy of antiar-
rhythmic agents is limited and electrical cardiover-The results of the recent AFFIRM and RACE
sion remains the gold standard. Nevertheless, ami-trials have tended to shift attention from rhythm
odarone can provide a synergistic treatment: when itcontrol to (ventricular) rate control. Nevertheless,
does not immediately interrupt AF, it can subse-especially in acute settings, conversion of AF to
quently restore sinus rhythm in candidates for elec-sinus rhythm remains an important therapeutic op-
trical cardioversion and, hence, help maintain sinustion. The aims of this strategy are to: (i) restore the
rhythm.atrial contribution to ventricular filling and output;

In view of the potential for proarrhythmic and(ii) regularise ventricular rate; and (iii) interrupt
adverse effects of the various drugs, choice of theatrial remodelling. In selected patients, pharmaco-
most appropriate agent and route of administrationlogical cardioversion of recent-onset AF can safely
should be based on evaluations of the risk-benefitprovide a feasible and effective option, even for
ratio of each option in the context of the clinicalinternal medicine and emergency departments. In
picture of the individual patient.most patients with recent-onset AF, pharmacologi-

cal cardioversion provides a more feasible – and
probably more cost effective – alternative to electri-
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