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Electrical cardioversion (EC) for atrial ﬁbrillation (AF) is a common procedure performed in an attempt to
restore normal sinus rhythm (NSR). Many factors predict long-term maintenance of NSR and the risk of AF
recurrence. The duration of AF, cardiac size and function, rheumatic heart disease, signiﬁcant mitral valve
disease, left atrial enlargement, and older age are among the most common recognized factors. A number of
interventions can potentially decrease the AF recurrence rate. Identifying and treating reversible causes and
the use of antiarrhythmic medications in certain situations can help decrease the risk of AF recurrence. The
role of the newer anticoagulants is expanding, and wider application is expected in the near future. We hope
that this summary will serve as a guide to physicians and healthcare providers to address the question of who
should undergo cardioversion, as there are patients who are most likely to beneﬁt from this procedure and
others that will revert back into AF within a short period. To identify who would beneﬁt most from EC and
have a reasonable chance of long-term maintenance of NSR, a thorough evaluation of each individual patient
should be performed to tailor the best therapy to each individual.

Introduction
Preservation of sinus rhythm after successful electrical
cardioversion (EC) for atrial fibrillation (AF) remains a
challenge for clinicians. Despite high rates of successful
cardioversion (>90%) and restoration of normal sinus
rhythm (NSR) for the treatment of AF, less than half
remain in sinus rhythm after 1 year.1,2 AF is a common
problem affecting approximately 2.3 million individuals in
the United States alone.3 Factors that help maintain patients
in sinus rhythm after successful cardioversion have been
investigated, as well as the predictors of AF recurrence after
successful EC. These factors are important to recognize, as
they can help guide the physician’s decision regarding the
optimal treatment strategy for AF and which patients would
benefit most from restoration of NSR. We believe that many
cardioversions could be avoided if clear guidelines identify
the patients who may or may not have a reasonable chance
of long-term maintenance of NSR.
Predictors of Maintenance of Sinus Rhythm After
Successful Cardioversion
Delays in conversion and prolonged episodes of AF promote
electrical atrial remodeling that makes restoration of sinus
rhythm more difficult and increases the likelihood of
postcardioversion AF recurrence.4 Maintenance of sinus
rhythm at 1 month is related to short duration of AF before
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cardioversion.5 In one study, it was shown that AF will likely
recur after cardioversion if AF has been present for 3 or
more years,1 whereas another study demonstrated that the
presence of AF for <1 month is a significant predictor for
cardioversion success.6 The presence of underlying heart
disease, especially rheumatic heart disease, was associated
with increased risk of recurrence of AF after successful
cardioversion.2
Atrial remodeling plays an essential role in early
AF recurrence, and the use of intracellular calciumlowering medications (calcium channel blockers) during AF
appeared to reduce recurrences, possibly due to a reduction
of this adverse remodeling.7
There is strong evidence that the renin-angiotensinaldosterone (RAS) system has a role in AF. The effects
of treatment with angiotensin-converting enzyme inhibitors
(ACE-Is) or angiotensin receptor blockers (ARBs), in the
primary or secondary prevention of AF, showed a significant
reduction in the risk for AF recurrence after cardioversion
with the use of ACE-Is or ARBs, reducing the odds for
secondary AF by 33%.8 A recent meta-analysis of 3972
patients with AF showed that inhibition of RAS is effective,
safe, and well tolerated for preventing the recurrence of AF.9
The left atrial (LA) diameter is a powerful predictor
of AF recurrence as shown in more than one AFFIRM
(Atrial Fibrillation Follow-up Investigation of Rhythm
Management) analysis.10,11 AF recurrence is more likely
to occur within 6 months after a successful cardioversion if
left atrial enlargement is present, especially when the (LA)
diameter exceeds 5.0 cm.5,6
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A recent prospective study assessed the predictive value
of the left atrial volume index (LAVI) in EC, and observed the
recurrence rate of AF after a successful EC in patients with
nonvalvular AF. Lower LAVI values (<30 mL/m2 ) before the
EC were strong and independent predictors of the success of
the EC and the maintenance of NSR after a successful EC.12
The average LAVI for patients who maintained NSR by the
end of the first month was 30.8 ± 6.2 mL/m2 , whereas the
average LAVI was 46.8 ± 13.9 mL/m2 for those who reverted
back to AF.
The presence of left ventricular dysfunction, as well as
mitral valve disease, are also risk factors for AF recurrence.13
Cardioversion for AF is less successful in the presence
of obstructive sleep apnea (OSA), and treatment of OSA
has been shown to improve control of AF.14 However, a
stronger relationship between OSA treatment and success
of AF cardioversion needs to be established.
In a substudy done on subjects from the AFFIRM study,10
it was noted that P-wave duration of >135 ms is a risk
factor for the early recurrence of AF within 2 months of
cardioversion. In this study, 563 patients were randomized
to rate control, and 730 patients were randomized to rhythm
control strategy. The rate control arm consisted of patients
who were in sinus rhythm at the time of randomization.
NSR could have been achieved by either electrical or
chemical cardioversion. In the rhythm control arm, patients
were put on antiarrhythmic medications and had repeated
cardioversions when AF recurrence was noted. Risk factors
for having 2 or more cardioversions in this arm were found to
be LA enlargement of >4.5 cm and mitral valve thickening.
One major limitation of this study is that the results would
be relevant to the AFFIRM study population (age >65 years
and presence of risk factors for stroke or death), and may
not be applicable to the general population with AF.
Predictors of recurrence in another retrospective study
were age (patients <65 years old), paroxysmal AF, and
alcohol consumption.15 Another prospective study found
that short duration of AF, treatment with β-blockers or
verapamil/diltiazem, and right atrial dimension <37 mm

are independent predictors for maintenance of sinus
rhythm.16
Some investigators advocated for an aggressive policy
toward persistent AF by means of repetitive electrical
cardioversions for early AF recurrence. They found this
approach (repeat cardioversion for early AF recurrence compared to medical therapy alone) useful in maintaining sinus
rhythm after 12 months.17 Data from the Metrix (InControl,
Redmond, WA) automatic implantable atrial defibrillator
trial showed clear evidence that in patients with symptomatic, recurrent, and drug refractory AF, recurrent ECs
are safe and effective in restoring NSR.18 They also noticed
that the frequency of symptomatic AF episodes decreased,
the time between episodes requiring therapy increased, and
the risk of having an episode requiring treatment decreased
with serial cardioversions with each AF recurrence.19,20
In another study, it was shown that serial cardioversions
were successful in maintaining sinus rhythm only in young
patients who have good exercise tolerance and duration of
AF of less than 36 months but not in older (>56 years old)
patients who have poor exercise tolerance and >36 months
duration of AF.21 Other investigators have suggested that
cardioversion should be avoided in patients older than
80 years because the risks outweigh the benefits in this
population.13 Table 1 summarizes the major findings and
studies regarding the various predictors.

Antiarrhythmic Drugs and Their Role in Maintenance
of Sinus Rhythm
Antiarrhythmic agents initiated prior to EC have been
shown to increase the likelihood of a successful EC as
well as the long-term maintenance of NSR.4 Because many
antiarrhythmic medications have potentially serious side
effects, including proarrhythmic effects, they should be
only prescribed by physicians familiar with their use.
Patient characteristics along with the side effect profile
of each antiarrhythmic agent should be considered prior
to initiating these medications. Amiodarone, dofetilide,
flecainide, propafenone, and sotalol are the most commonly

Table 1. Predictors of AF Recurrence After Successful Electrical Cardioversion
Sample Size
(Population)

Major Finding

85 patients

Maintenance of NSR is related to a short duration of AF

Dalzell et al6

80 patients

AF duration <1 month is a signiﬁcant predictor of EC
long-term success

Rheumatic heart
disease

Van Gelder et al2

246 patients

Rheumatic heart disease decreases EC long-term success

Left atrial size

Olshansky et al 11

2472 patients

LA diameter >4.5 cm predicts AF recurrence

Akdemir et al

80 patients

LAVI <30 mL/m2 is a strong predictor of EC success

LV dysfunction

Raitt et al10

1293 patients

LV ejection fraction <0.50 is a risk factor for AF recurrence

P wave duration

Raitt et al10

1293 patients

P-wave duration >135 ms is a risk factor for AF recurrence

11 322 patients (systematic
review of 44 trials)

Antiarrhythmic drugs signiﬁcantly reduce AF recurrence

Predictor
Time in AF

Authors
Dittrich et al

5

12

Antiarrhythmic
drugs

Lafuente-Lafuente et al

22

Abbreviations: AF, atrial ﬁbrillation; EC, electrical cardioversion; LA, left atrium; LAVI, left atrial volume index; LV, left ventricle; NSR, normal sinus rhythm.
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used antiarrhythmics to maintain NSR. It was shown in
more than one study that amiodarone is associated with
the highest chance of maintaining NSR but with also the
greatest risk of long-term toxicities.22,23
The presence of ischemic or structural heart disease,
paroxysmal vs persistent AF, adrenergically mediated AF,
and the concern for proarrhythmia are other factors that
influence which antiarrhythmic medication should be used.
For example, dofetilide is rarely used in paroxysmal AF due
to its reduced efficacy when compared to amiodarone in
this setting,24 β-blockers may be used when proarrhythmia
is a concern or if AF is thought to be adrenergically
mediated, and a screen for coronary heart disease should
be done prior to initiating class 1C agents (flecainide and
propafenone).24 In the presence of heart failure, amiodarone
is preferred over dofetilide, and the use of flecainide,
propafenone, and dronedarone is relatively contraindicated
per the current American College of Cardiology/American
Heart Association/Heart Rhythm Society guidelines.24 – 26
Ibutilide, a class III agent, which is available only as
an intravenous medication, is useful for the acute conversion of AF, has been used in patients who are resistant
to EC, and was shown to lower the cardioversion energy
requirement.27,28 However, ibutilide prolongs repolarization and the QT interval, with the potential of provoking
torsade de pointes and nonsustained monomorphic ventricular tachycardia, and patients should be observed with
continuous electrocardiograph monitoring after the infusion
of this medication for 4 hours or until the QT interval has
normalized.27 In 3 large series, the rate of torsade de pointes
ranged between 1.7% and 3.6%.27,29,30 It was shown that
pretreatment with intravenous magnesium prior to ibutilide
infusion decreases the risk of torsade de pointes significantly
and improves the conversion efficacy of this medication.31

Anticoagulation Before and After Cardioversion
All patients with AF duration longer than 48 hours or of
unknown duration undergoing EC should be anticoagulated prior to the procedure due to the increased risk of
thromboembolic events associated with conversion from
AF to NSR. It has been shown that most embolic events
occur within 10 days of cardioversion, and mainly occur in
patients who are not effectively anticoagulated in the pericardioversion period.32 The risk of thromboembolism has
decreased significantly (<1%) if anticoagulation has been
used for 4 weeks prior, and 4 weeks after cardioversion.32,33
The rationale for precardioversion anticoagulation is that
left atrial thrombi might have formed, and the resolution
of such thrombi with proper anticoagulation decreases the
risk of embolization and stroke events.34 The rationale for
postcardioversion anticoagulation, is largely related to atrial
stunning, which is defined as a transient atrial contractile
dysfunction that develops after cardioversion and lasts up
to 4 weeks, until the complete recovery of atrial mechanical
function.35 Current guidelines recommend a goal international normalized ratio (INR) of 2.0 to 3.0 for nonvalvular AF
when warfarin is used as an anticoagulant.36
The safety of anticoagulation with warfarin in older
patients has been demonstrated even in those patients
receiving dual antiplatelet therapy in addition to warfarin.37

However, a recent study by Hess et al suggests that that
many older patients with AF who qualify for anticoagulation
are being managed without warfarin therapy.38
In recent years, new oral, nonwarfarin, anticoagulants
have been introduced, with the potential benefit of
eliminating both monitoring during therapy (serial INRs)
and frequent dose adjustments as compared to warfarin.
For example, dabigatran, an oral direct thrombin inhibitor,
was evaluated and compared to warfarin in the RELY (Randomized Evaluation of Long-Term Anticoagulant
Therapy) trial in over 18 000 patients.39 It was shown that the
lower dose of dabigatran (110 mg twice daily) was similar to,
and the higher dose (150 mg twice daily) was superior to,
warfarin for the prevention of chronic thromboembolism
and stroke. Similar observations were noted when a
subpopulation of the RE-LY trial who underwent EC were
studied. No significant difference in the rate of stroke within
30 days of cardioversion was noted between patients who
received dabigatran or warfarin,40 which makes dabigatran
a reasonable alternative to warfarin for patients who require
anticoagulation around the EC period. The oral factor Xa
inhibitor anticoagulants, rivaroxaban and apixaban, have
been studied as well and were compared to warfarin. It
was shown that these agents are at least equal to warfarin
for the prevention of thromboembolism in patients with
AF.41,42 However, unlike dabigatran, these agents have not
been studied and evaluated in the pericardioversion period,
which limits their use for the prevention of thromboembolic
events prior to or immediately after cardioversion until more
studies are conducted.

Discussion and Conclusion
Many factors predict the maintenance of sinus rhythm following EC, which include but are not limited to the duration
of AF, cardiac size and function, underlying heart disease,
rheumatic heart disease, significant mitral valve disease, left
atrial enlargement, age, the New York Heart Association
functional class, and the timing and number of AF recurrences. Unstable hemodynamics and worsening symptoms
ascribed to AF are clear indications to pursue EC (Figure 1).
We also believe that at least 1 attempt at cardioversion is
warranted in the majority of patients with a first-ever episode
of AF; however, it seems advisable to give up even the first
attempt at cardioversion in special populations like the minimally symptomatic or asymptomatic patients who are very
old, in patients with AF episodes dating back more than 24
to 36 months, and in those with severe valvular heart disease, severe left ventricular dysfunction, or marked left atrial
enlargement. We do not recommend serial cardioversions
if AF recurs after the second EC, because <14% of patients
remain in NSR for a prolonged period after a third EC.17
Initiation and maintenance of antiarrhythmic agents around
EC help restore NSR and prevent AF recurrence. However,
their use should be discouraged in patients with their first
episode of AF who are at low risk of recurrence or have an
easily reversible cause of their AF such as hyperthyroidism,
stimulant use, or alcohol intoxication.
The use of intracellular calcium-lowering medications
reduced AF recurrences, possibly due to a reduction of
adverse electrical remodeling of the atrium.7 However, βblockers are more commonly used as first-line agents to
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Figure 1. Suggested algorithm for atrial ﬁbrillation management. Abbreviations: AF, atrial ﬁbrillation; AV, atrioventricular; LA, left atrium; MV, mitral valve;
PPM, permanent pacemaker.

prevent AF recurrence.43 It would be interesting to compare
the efficacy of these 2 agents for the prevention of AF
recurrence in a randomized, controlled trial. Inhibition of
the RAS system is another area of possible future research.
It was shown that the use of an ACE-I or ARB decreases
AF recurrence by 33%.8 The predictive value of the P wave
duration has been studied,10 and future work may focus on
its value for prediction of future AF recurrences.
Finally, by better tailoring the specific treatment to the
individual patient, we can hope to apply these therapies to
those most likely to benefit and avoid the cost and potential
morbidity in those least likely to maintain sinus rhythm.
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