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Atrial fibrillation is the most common heart-rhythm disorder, affecting about 1.5% to 2% of the

population with an increased risk of mortality and morbidity due to stroke, thromboembolism,

and heart failure. If the conversion back to sinus rhythm does not happen spontaneously, phar-

macological or electrical cardioversion (ECV) is the next available treatment options for some

patients. However, the long-term success following ECV is variable. This review describes the

factors that are associated with maintenance of sinus rhythm following ECV and proposes a clin-

ical strategy based on the available evidence.
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1 | INTRODUCTION

Atrial fibrillation (AF) is a supraventricular arrhythmia characterized by

extremely rapid and uncoordinated electrical activity in the atria with

variable conduction through the atrioventricular node, resulting in

irregular, and often rapid, ventricular contraction. AF is the most com-

mon sustained heart-rhythm disorder in the developed world, found

in 1% to 2% of the general population, with a higher prevalence in

females and older patients.1 Because of an aging population, it is likely

that AF patient numbers will continue to rise, along with associated

increases in healthcare costs.2 Palpitations, breathlessness, fatigue,

and reduced exercise tolerance are AF-associated symptoms, and

there is an increased risk of stroke with AF, with the need for

anticoagulation.2

In some patients, AF will be permanent and therapy is aimed at

controlling the ventricular rate (rate-control strategy). In other

patients, normal rhythm initially can be restored with pharmacological

or electrical cardioversion (ECV) but often requires additional strate-

gies to maintain sinus rhythm (SR; rhythm-control strategy).

There is no convincing mortality benefit to achieving rhythm con-

trol over rate control; therefore, treatment decisions are usually based

on the presence of symptoms and the perceived likelihood of success-

ful cardioversion. Cardioversion can be achieved by pharmacological

methods or ECV; however, maintenance of SR may only be tempo-

rary.3–7 The use of ECV may be indicated where pharmacological

rhythm-control strategies have failed and the patient remains symp-

tomatic. Patient selection is important, as the maintenance of long-

term SR can be difficult. The advantages of ECV are that it is associ-

ated with a high initial success rate (68%–98%)8; however, it requires

sedation or general anesthesia, and although initially successful, long-

term maintenance of SR is not reliably achieved.9 AF relapse following

ECV is also associated with increased mortality,10 thus highlighting

the importance of identifying the correct patient group for cardiover-

sion and, where possible, addressing reversible factors associated with

poorer outcomes. Furthermore, it is crucial at the time of ECV that

patients are appropriately prepared with adequate hydration and cor-

rection of any electrolyte abnormalities. ECV should also be avoided

in stable patients with concurrent infection or significant

inflammation.

Many factors have been reported to be associated with the main-

tenance of SR following ECV, with the aim of this review article to dis-

cuss these risk factors in more detail to help better decide who might
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gain long-term benefit from ECV. The review will consider patient fac-

tors, medication, comorbidities, coexistent cardiac disease, AF type,

and ECV procedural details.

2 | AF AND PATIENT FACTORS

2.1 | AF vs atrial flutter

ECV for atrial flutter has a higher success rate and lower recurrence

rate compared with ECV for AF,7,11 and this appears also to be true in

older patients (Table 1).10

2.2 | AF duration

AF can be described in terms of its duration as first diagnosed: parox-

ysmal, persistent (>7 days), long-standing persistent (>1 year), and

permanent (decision made that rate-control strategy is appropriate). It

is often difficult to determine how long patients have had AF, espe-

cially if they are asymptomatic. Multiple studies have suggested that a

shorter duration of AF prior to ECV is associated with a better out-

come from ECV and maintenance of SR.3–5,12,13 In addition, patients

with their first episode of AF also have been shown to have increased

ECV success rates within 30 days of cardioversion.8,14 It is likely that

chronic AF promotes electrical and structural remodeling, so that

patients with chronic AF appear to have larger atria and are more

resistant to ECV.6 The clinical implication is that patients with pro-

longed AF may be less likely to benefit from a rhythm-control strat-

egy. An AF duration >6 months has been shown to have a significant

increase in AF recurrence, with no difference in recurrence between

6 months and 1 year, suggesting 6 months as a realistic cutoff for trial

of ECV.3

2.3 | Sex

The prevalence of AF is higher in males than in females, at any

given age. However, given that women live longer, there is a higher

number of female patients with AF.15 Women also tend to be more

symptomatic with AF16 and have a higher risk of recurrence of AF

after successful ECV.8,17 Sex-based differences are also apparent in

treatment delivered, with women less likely to be treated with ECV,

less likely to be referred for ablation, and, if referred, they tend to

be treated later in the disease course.16 A possible explanation for

this finding is that women often present with a higher number of

risk factors, which may dissuade clinicians from referral.16 Female

AF patients are generally older15,17 with a higher prevalence of

hypertension,17 thyroid disease, and valve regurgitation15; symptom-

atic vascular disease and systolic heart failure (HF) were more

FIGURE 1 Suggested pathway for

management of stable patients with AF
undergoing ECV. Abbreviations: AF, atrial
fibrillation; COPD, chronic obstructive
pulmonary disease; ECV, electrical
cardioversion
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prevalent in male patients.15,16 Further research is necessary regard-

ing the sex differences in ECV treatment, as women are generally

underrepresented in studies, although the literature suggests they

suffer a higher symptom burden than men.15,16

2.4 | Age

In general, older patients are more likely to have AF.2 The incidence of

AF in those ages 50 to 59 years is 0.5%, compared with 9% in those

age > 80 years.18 Interestingly, although age had no effect on the

immediate success of ECV, at 1-year follow-up younger patients were

significantly more likely to be in SR.4 This has been shown in several

studies with variable methodologies and definitions of age

groups4,5,7,14; therefore, in clinical practice, older patients are less

likely to be offered ECV.

2.5 | Weight

Body weight < 80 kg has been shown to be an independent predictor

for the success of ECV.6 The reasoning for this finding may be that

patients who have a higher body weight may have greater energy

requirements for successful ECV. Therefore, patients who are sched-

uled for ECV should be encouraged to achieve a normal body mass

index.

2.6 | Smoking

Female smokers are significantly more likely to have AF recurrence

than are nonsmoking females, but interestingly there appears to be

no difference between smoking or nonsmoking males regarding

recurrence of AF.19 This could be due to a higher mortality rate in

men masking an increased recurrence rate and a possible increase

of diastolic HF, atrial stretch, and atrial arrhythmias.19 The proposed

theories of why smoking may increase AF recurrence include nico-

tine acting directly on atrial tissue, promoting fibrosis; nicotine inter-

action with ion channels and sympathetic effects, increasing the

heart rate; and finally, hypoxia and pulmonary hypertension due to

smoking, increasing right atrial hypertrophy and fibrosis.19 As a

result, patients should be strongly encouraged to stop smoking prior

to ECV.

2.7 | Medication

There is a large body of research detailing medication for maintaining

SR following ECV, with a Cochrane review outlining the current

trends.20 Overall, amiodarone, sotalol, ibutilide, aprindine, vernakalant,

flecainide, and propafenone are proven to improve outcomes follow-

ing ECV (Table 2). β-Blockers and rate-limiting calcium channel

blockers also appear to have a positive effect. The role of digoxin is

less certain. With regard to how long treatment should be given

TABLE 1 Duration of AF, patient factors, and ECV procedural details

Outcome HR/OR (95% CI) P Value Reference

AF vs atrial flutter ECV of atrial flutter has a higher initial success rate and
lower recurrence rate than those of AF

— 0.009 Ammash
et al11

AF duration >6 months; risk for recurrence of AF HR: 1.59 (1.22–2.07) 0.001 Toso et al3

Shorter total duration of AF OR: 0.92 (0.89–0.97) <0.001 Pisters et al4

AF duration (1-day increase) OR: 1.01 (1.00–1.03) 0.04 Marchese
et al5

Duration of AF in weeks OR: 0.9 (0.87–0.93) <0.0001 Soran et al12

Sex Women have a higher risk of recurrence of AF after
successful ECV

HR: 1.3 (1.0–1.6) 0.04 Gurevitz
et al17

Independent risk factor for AF recurrence within 30 days
of ECV

OR: 1.23 (1.01–1.51) 0.04 Grönberg
et al8

Age >65 years HR: 0.7 (0.5–0.99) <0.05 Boriani et al7

Per year of advancing age OR: 0.38 (0.97–0.99) 0.004 Pisters et al4

Per year of advancing age OR: 1.03 (1.00–1.06) 0.04 Marchese
et al5

Weight Independent predictor for the success of cardioversion if
<80 kg

OR: 2.3 (1.1–4.8) <0.03 Frick et al6

Smoking status Smoking women are significantly more likely to have AF
recurrence than are nonsmoking women; no differences
in smoking or nonsmoking males regarding recurrence
of AF

HR: 1.71 (1.10–0.67) 0.02 Kinoshita
et al19

Number of shocks at
ECV

≥2 shocks for successful ECV have a higher long-term
recurrence of AF compared with those converting to SR
with the first shock

OR: 2.05 (1.00–3.93) 0.044 Alla et al43

Increasing number of ECVs associated with increased
recurrence within 30 days

OR: 1.07 (1.05–1.09) <0.001 Grönberg
et al8

ECV after ablation High recurrence rates after ablation and cardioversion:
success vs partial success vs failed ECV; time (<30 days
vs >30 days) from atrial arrhythmia recurrence to
cardioversion as independent predictor of maintenance
of SR after a single ablation procedure

16% vs 22% vs 62%,
respectively

— Chilukuri
et al45

Abbreviations: AF, atrial fibrillation; CI, confidence interval; ECV, electrical cardioversion; HR, hazard ratio; OR, odds ratio; SR, sinus rhythm.
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before ECV, there is a lack of reliable data; however, when used,

amiodarone should be taken for a few weeks prior to ECV, and other

shorter-acting drugs for 1 to 3 days as per European Society of Cardi-

ology (ESC) guidelines.2

2.7.1 | Class I antiarrhythmics: flecainide and propafenone

Flecainide and propafenone inhibit fast Na+ channels and therefore

reduce the fast Na+ influx in phase 0 of the cardiac action potential.

Additionally, they may delay the inactivation of slow sodium channels

and inhibit the rapid component in the repolarizing phase, which could

be an explanation for the prolongation of the QRS complex and QT

interval. Because of their very slow dissociation of the sodium chan-

nel, flecainide and propafenone produce some degree of a block in

atria and ventricles, even at normal rates. Although the underlying

mechanism is not fully understood, these drugs should not be used

in patients with ischemic heart disease or other serious structural

heart disease.2 Both drugs only show limited efficiency in persistent

AF but are effective in preventing recurrence of AF after successful

ECV.2,20

2.7.2 | Class II antiarrhythmics: β-blockers
β-Blockers achieve their antiarrhythmic effects (1) by directly blocking

the sympathetic activity and (2) indirectly because of their antihyper-

tensive and anti-ischemic effect. β-Blocker therapy given prior to ECV

has shown to be an independent factor for maintenance of SR.6 Prior

β-blockade is likely beneficial through lowering the intracellular cal-

cium from calcium handling instability that can occur in induced AF

electrical remodeling,2 along with decreasing the atrial automaticity

and blood pressure.20

2.7.3 | Class III antiarrhythmics: sotalol

Sotalol is a β-blocker with additional class III properties. It appears to

be more effective than β-blockers but less effective than amiodarone

in the maintenance of SR after ECV.20 However, sotalol also has been

found to confer a significant increase in mortality; therefore, its use is

limited to only carefully selected patients.20

2.7.4 | Amiodarone and dronedarone

Amiodarone and dronedarone are mixed ion channel blockers with

additional antisympathetic nervous system effects and significantly

reduce the rate of recurrence of paroxysmal and persistent AF.20

Amiodarone appears more efficient than class 1 antiarrhythmics, dro-

nedarone, or sotalol.20 However, it is associated with a high rate of

adverse effects leading to discontinuation of treatment.2 Because of

the high rate of adverse effects, amiodarone is generally reserved for

patients with congestive HF, or as second-line therapy after failure of

other antiarrhythmic drugs.2,21 Dronedarone is an amiodarone ana-

logue that lacks the iodine atoms; although, like amiodarone, it inhibits

TABLE 2 Medications

Outcome OR (95% CI) P Value Reference

Class I

Flecainide Significantly superior compared with control at reducing AF
recurrence in meta-analysis

0.31 (0.16–0.60) <0.001 Lafuente-Lafuente et al20

Propafenone Significantly superior compared with control at reducing AF
recurrence in meta-analysis

0.37 (0.28–0.48) <0.001 Lafuente-Lafuente et al20

Class II

β-Blocker Significantly superior compared with control at reducing AF
recurrence in meta-analysis

0.62 (0.44–0.88) 0.008 Lafuente-Lafuente et al20

Increased success of ECV and maintenance of SR 7.0 (3.0–16.3) <0.00001 Frick et al6

Class III

Sotalol Significantly reduced AF recurrence in meta-analysis 0.43 (0.33–0.56) <0.001 Lafuente-Lafuente et al20

Amiodarone Continuous use of amiodarone during follow-up as
independent predictor for SR at 1-year follow-up

2.11 (1.56–2.86) <0.001 Pisters et al4

Significantly superior compared with control at reducing AF
recurrence in meta-analysis

0.19 (0.14–0.27) <0.001 Lafuente-Lafuente et al20

Dronedarone Significantly superior compared with control at reducing AF
recurrence in meta-analysis

0.59 (0.46–0.75) <0.001 Lafuente-Lafuente et al20

Class IV

Rate-limiting CCBs Use of verapamil significantly reduced AF recurrence when
used in combination with amiodarone or flecainide

— 0.03 De Simone et al23

Multivariate analysis predictor for success of ECV and
maintenance of SR

3.6 (1.1–12.1) <0.04 Frick et al6

Other

RAS inhibitor A significant reduction of recurrence of AF after ECV
compared with no RAS-inhibitor treatment; underutilization
of ACEI is related to AF recurrence

0.50 (0.37–0.69) <0.01 Li et al25

MRAs Lower plasma aldosterone levels associated with SR after
cardioversion

Liu et al27

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; CCB, calcium channel blocker; CI, confidence interval; ECV, electrical
cardioversion; HR, hazard ratio; MRA, mineralocorticoid receptor antagonist; OR, odds ratio; RAS, renin-angiotensin system; SR, sinus rhythm.
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numerous ion channels and therefore slows the ventricular rate in

patients with AF. Attention should also be paid to the fact that drone-

darone increases mortality in decompensated HF and permanent AF,2

although patients treated with dronedarone prior to ECV are signifi-

cantly more likely to be AF free.4,20

2.7.5 | Vernakalant and ibutilide

Vernakalant and ibutilide are both class III antiarrhythmics with action

blocking potassium and sodium channels. Vernakalant has been

shown to be superior to ibutilide in cardioversion; and although there

are no data on maintenance of SR, due to a high early success rate

with cardioversion, a reduction in AF recurrence is thought to be

likely.22

2.7.6 | Class IV antiarrhythmics: rate-limiting calcium
channel blockers

Rate-limiting calcium channel blockers diltiazem and verapamil have

direct effects on the heart by blocking L-type calcium channels, and

therefore they are used for ventricular rate control in both new-onset

and chronic AF. They reduce resting and exercise heart rate and can,

in contrast to β-blockers, improve exercise tolerance.2 However, the

reduction of intracellular calcium also causes a negative inotropic

effect; therefore, they should be avoided in patients with left ventric-

ular systolic dysfunction.2 The addition of verapamil to flecainide or

amiodarone after failed cardioversion appears to improve ECV

success,23 although routine use is not standard clinical practice.

2.7.7 | Other medications

Digitalis glycosides

Digoxin is an effective agent for controlling the heart rate at rest and

can be a useful agent for rate control in both acute and chronic AF

therapy, especially if patients have HF.2 However, digoxin has no role

in the maintenance of SR after ECV.24

Renin-angiotensin-system (RAS) blockade (in HTN or HF)

Angiotensin-converting enzyme inhibitors inhibit the conversion of

angiotensin I to angiotensin II, and this protein plays a major role in

cardiovascular hemostasis. As a contractile agonist, it induces signaling

pathways in smooth muscular cells and cardiomyocytes, which results

in contraction. Angiotensin-converting enzyme inhibitors and angio-

tensin receptor blockers are commonly used in all grades of HF and in

hypertension. They increase the likelihood of long-term SR after

ECV.25 However, more research is required, as some studies show no

benefit to RAS blockade26 and they are not recommended for routine

use pre-ECV.

Mineralocorticoid receptor antagonists

Mineralocorticoid receptor antagonists such as spironolactone and

eplerenone may have some benefit in patients with AF undergoing

ECV, although more evidence is required before these can be recom-

mended for widespread use.27 This effect is thought to be due to low-

ering plasma aldosterone levels with higher levels in persistent AF.27

TABLE 3 Comorbidities

Outcome OR/HR (95% CI) P Value Reference

Hypertension High blood pressure is an independent risk factor
for initial failure of ECV

OR: 1.73 (1.22–1.91) 0.015 Berry et al9

DM DM is an independent risk factor reducing the
likelihood of maintenance of SR after successful
ECV

OR: 0.34 (0.14–0.84) 0.01 Soran et al12

DM shown to be a risk factor with multivariate
analysis for failure of cardioversion within
30 days of ECV

OR: 1.36 (1.07–1.72) 0.01 Grönberg
et al8

COPD COPD absence as independent predictor of SR at
follow-up

OR: 0.23 (0.13–0.41) 0.003 Pisters et al4

OSA Higher recurrence risk after 1-year follow-up after
catheter ablation and ECV in patients with OSA;
appropriate treatment shows lower recurrence
rate (without treatment vs treatment vs control)

OR: 3.04 (1.45–6.36) 0.003 Mazza et al31

Inappropriately treated vs treated vs no OSA 82% vs 42% vs 53%,
respectively

0.013 (treated group),
0.009 (control group)

Kanagala
et al32

Renal
impairment

Recurrence rates rise with the severity of renal
impairment compared with patients with normal
renal function: eGFR <60 mL/min vs >60 mL/
min vs <30 mL/min

HR: 0.97 (0.95–0.99) 0.004 Schmidt
et al33

Multivariate analysis for failure of cardioversion
within 30 days of ECV

OR: 1.65 (1.09–2.50) 0.02 Grönberg
et al8

Hyperthyroidism Patients with hyperthyroid-induced persistent AF
had a much lower AF recurrence rate compared
with those with AF of nonthyroid origins after
ECV (83% vs 59% after 1-year follow-up)

HR: 0.64 (0.39–0.97) 0.04 Siu et al35

Abbreviations: AF, atrial fibrillation; CI, confidence interval; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; ECV, electrical cardiover-
sion; eGFR, estimated glomerular filtration rate; HR, hazard ratio; OR, odds ratio; OSA, obstructive sleep apnea; SR, sinus rhythm.
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2.8 | Comorbidities

2.8.1 | Hypertension

High blood pressure is an independent risk factor for initial failure of

ECV 9 to restore SR. β-Blockers and RAS blockers appear to be the

most effective agents to improve outcomes following ECV in hyper-

tensive patients. Although β-blockers have less effect on blood pres-

sure than do RAS blockers, the positive influence of hypertension

treated with β-blockers has been shown.28 Patients should have

hypertension effectively controlled with a pharmacological strategy

that includes a β-blocker, a renin-angiotensin-aldosterone system–

blocking drug, and a diuretic (if needed) prior to ECV (Table 3).

2.8.2 | Diabetes mellitus (DM)

DM is associated with the development of AF 29 and progression from

paroxysmal AF to persistent AF.30 Furthermore, DM is an indepen-

dent risk factor reducing the likelihood of maintenance of SR after

successful ECV.8,12 Suggested mechanisms for this effect include

increased hyperglycemia-induced cardiac myocyte necrosis, macro

and microvascular ischemia, autonomic neuropathy, and

hypoglycemia-induced adrenosympathetic axis activation with those

on blood sugar–lowering medications.

2.8.3 | Chronic obstructive pulmonary disease (COPD)

The absence of COPD was found to be an independent predictor of

SR at 1-year follow-up.4 This effect may be due to increased transtho-

racic resistance due to increased chest size, along with pathophysio-

logical changes, right atrial stretch, and remodeling due to raised

pulmonary pressures.4 Identification of COPD before ECV is useful, as

determining the relative contributions to breathlessness in patients

with AF and COPD can be difficult.

2.8.4 | Obstructive sleep apnea (OSA)

OSA is associated with AF through various proposed mechanisms

such as hypoxia, increased afterload, left ventricular diastolic dysfunc-

tion, sympathovagal imbalance, and systemic inflammation.31 There is

a higher recurrence risk after 1-year follow-up in patients with sleep

apnea undergoing ECV.31 These findings are similar to those of other

studies that both also found that patients appropriately treated for

OSA had a lower rate of recurrence compared with untreated patients

with OSA.32 The clinical implications are that patients who are at risk

of OSA, especially obese patients, should be screened for OSA and

appropriately treated prior to ECV to help reduce recurrence rates.

However, the delay in organizing investigation and treatment for OSA

will inevitably increase the duration of AF prior to ECV, and therefore

further research is required to assess the clinical impact of such a

strategy.

2.8.5 | Renal impairment

Renal disease has been found to be a risk factor for AF recurrence

within 30 days.8 Recurrence rates of AF were shown to increase with

increasing severity of renal impairment.33 Interestingly, patients with

an estimated glomerular filtration rate (eGFR) between 30 and 90 mL/

min were shown to have an improvement in their eGFR after 1 month

in SR, thought to be due to an improvement in renal hemodynamics

caused by improved cardiac output.33 These findings may have an

implication for treatment strategies for AF, with patients with mild to

moderate renal impairment (eGFR 30–90 mL/min) to be treated with

more aggressive approaches such as ablation, as they might have an

improvement in their renal function as a result.

2.8.6 | Hyperthyroidism

Hyperthyroidism is a well-recognized but rare cause of

AF. Approximately two-thirds of patients will have spontaneous reso-

lution of AF with normalization of thyroid levels, and the remaining

third may require intervention.34 Once treated, however, patients

with hyperthyroid-induced persistent AF have a much lower AF recur-

rence rate after ECV compared with those with nonthyroid AF.35 An

explanation for this effect could be the removal of the trigger factor,

hyperthyroidism in this case, and also a difference in atrial electro-

physiological properties in hyperthyroid AF with normalization of the

atrial effective refractory period once thyroid levels have been

corrected.35

2.9 | Coexistent cardiac disease

2.9.1 | Coronary artery disease (CAD)

There are conflicting data as to whether CAD is a clinically relevant

parameter to predict recurrence of AF after ECV. The presence of vas-

cular disease, including CAD, was also found to be a risk factor for

recurrence of AF within 30 days.8 However, data are conflicting, and

in the Atrial Fibrillation Follow-up Investigation of Rhythm Manage-

ment (AFFIRM) study, CAD was protective for AF recurrence at

2 months.36 Clearly, research is required to ascertain the interaction

between CAD and AF recurrence and whether treating CAD improved

AF outcomes. The presence of CAD should not be seen as a contrain-

dication to ECV (Table 4).

2.9.2 | Congenital heart disease

Treatment of atrial arrhythmias can be more challenging in congenital

heart disease, with data on ECV success limited. Two studies, a small

pilot study in 201211 and a larger study in 2017,37 have shown that

the recurrence rates were higher in congenital heart disease patients

with spontaneous echo contrast in the left atrium, presumably due to

advanced atrial dysfunction from chronic volume and pressure over-

load. A proportion of the congenital heart disease patients in the

2012 study went on to have radiofrequency ablation (22%), with vary-

ing success rates of 50% to 85%.11 The larger study found that recur-

rence rates were higher in those having undergone the Fontan

procedure, but there were no differences between the control group

and congenital heart disease group once those with the Fontan group

were eliminated from analysis.37 Although patients were not matched

for age in the studies, the results suggest that congenital heart disease

patients should be considered for ECV in the same way as the general

population, with special consideration reserved for those with the

Fontan procedure or spontaneous echo contrast.

2.9.3 | Rheumatic heart disease and chronic inflammation

Rheumatic heart disease is associated with AF recurrence following

ECV,38 most likely caused by the impact of rheumatic fever on mitral
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valve function, leading to increased atrial strain and remodeling. How-

ever, there is also increasing evidence that chronic inflammation is

associated with increased incidence of AF and poorer outcome, inde-

pendent of the severity of the valvular disease.13

2.9.4 | Left ventricular hypertrophy (LVH) and dysfunction

Patients with LVH and AF recurrence had a higher degree of LVH

than did those without recurrence.5 This finding helps support the

theory that LV dysfunction such as reduced LV compliance may con-

tribute to AF through structural changes to left atria via increased LV

filling pressures.

Left ventricular diastolic dysfunction, the main feature of LVH, is

more common in older patients and patients with DM and HTN, and it

may explain the higher failure rates of ECV in these patient groups

even in the absence of overt LVH. Impairment of LV diastolic function

is an independent predictor of early (2 weeks) and longtime (1 year)

AF recurrence.39 At 1 year it is also found that left atrial volume index

was a risk factor for recurrence at 1 year, along with the ratio of mitral

inflow to mitral annulus velocity at end-diastole. The diastolic impair-

ment of the LV can lead to atrial pressure increase and hypertrophy

leading to electrical instability manifesting itself as AF.

AF is associated with progression of LV systolic dysfunction along

with increased mortality.40 The presence of symptomatic LV dysfunc-

tion has been shown to have a negative impact upon ECV success in

the first 30 days of cardioversion,8 although whether any difference

between severity or symptomatic HF on success rates has not been

studied. However, conversion from AF to SR has not been shown to

decrease cardiovascular mortality in comparison with a rate-control

strategy.41

2.9.5 | Valvular heart disease

Mitral valve thickening was found, in the AFFIRM trial data, to be

associated with the need for multiple (≥2) ECVs in the first year after

the initial ECV.36 This is consistent with previous data showing AF

recurrence being associated with a past history of rheumatic fever,

one of the leading causes of mitral valve disease.38 Data from other

studies, however, have been variable, with Pisters et al. finding that

the absence of valvular disease was beneficial for recurrence rates

with pharmacological cardioversion but not with ECV.4 Therefore, the

presence of valvular heart disease per se is not a contraindication

to ECV.

TABLE 4 Coexistent cardiac disease

Outcome OR/HR (95% CI) P Value Reference

CAD Vascular disease shown to be a risk factor with
multivariate analysis for failure of
cardioversion within 30 days of ECV

OR: 1.54 (1.27–1.85) <0.001 Grönberg
et al8

CHD Treatment of atrial arrhythmias in CHD has
lower success rate, although not statistically
significant and increased likelihood of
arrhythmia recurrence (CHD vs control)

40% vs 54% 0.13 Ammash
et al11

Fontan physiology was a multivariate predictor
of AF recurrence

HR: 2.16 (1.24–4.35) <0.001 Egbe et al37

Rheumatic heart
disease

History of rheumatic heart disease significantly
shortens arrhythmia-free episodes after ECV

— — Abu-El-Haija
et al38

LV systolic
dysfunction

Multivariate analysis for failure of cardioversion
within 30 days of ECV

OR: 1.54 (1.10–2.17) 0.01 Grönberg
et al8

LV diastolic
dysfunction

Independent predictor of early (2-week) and
longtime (1-year) AF recurrence; LV filling
pressure > 8

2 weeks, OR: 1.297 (1.099–1.531); 1 year,
OR: 1.319 (1.134–1.536)

0.002,
0.0003

Caputo et al39

LVH Patients with AF recurrence had a higher
degree of LVH than did those without
recurrence

OR: 2.52 (1.26–5.01) 0.01 Marchese
et al5

Valvular heart
disease

Significant association with the need for
multiple (≥2) ECVs in the first year after the
initial one

HR: 2.36 (1.46–3.80) 0.00004 Raitt et al36

LA size LA diameter > 4.5 cm (sens, 70%; spec, 50%;
≥2 ECV in the first year)

OR: 1.86 (1.20–2.88) 0.005 Raitt et al36

Increased incidence of recurrence at long-term
follow-up with enlarged atrial volume

HR: 1.39 (1.11–1.18) 0.013 Toso et al3

Smaller LA diameter as independent predictor
for SR at follow-up

OR: 0.92 (0.95–0.99) 0.005 Pisters et al4

Independent predictor for AF recurrence
>4.4 cm

OR: 1.126 (1.015–1.249) 0.025 Efremidis
et al42

LA enlargement; each mL/cm2 increase in
indexed LA volume 21% increase of AF
recurrence

OR: 1.21 (1.11–1.30) <0.0001 Marchese
et al5

LA dimension <3.7 cm OR: 5.9 (1.4–25.4) 0.02 Frick et al6

Abbreviations: AF, atrial fibrillation; CAD, coronary artery disease; CHD, congenital heart disease; CI, confidence interval; ECV, electrical cardioversion; HR,
hazard ratio; LA, left atrial; LV, left ventricular; LVH, left ventricular hypertrophy; OR, odds ratio; sens, sensitivity; spec, specificity.
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2.9.6 | Left atrial (LA) size

Increased LA size is strongly associated with lower SR rates following

ECV in the short and longer term.3–6,36,42 Several studies have found

an increased atrial diameter as a risk factor for AF recurrence, such as

with left atrial diameter > 4.4 cm42 and 4.5 cm.36 Correcting for body

size with indexed LA volume is a stronger predictor of AF than simple

measurement of LA diameter.3,5 This effect is most likely caused by

atrial remodeling from stress on cardiac myocytes from volume/pres-

sure overload or tachycardia leading to atrial fibrosis and electrophysi-

ological predisposing to AF.5

However, there is no standard size or cutoff that defines an

enlarged LA, and there is much variation in the literature. It has been

suggested that moderate LA volume enlargement suggests a degree

of irreversibility and a significant increase with a volume > 33.5 mL/

m2,5 with similar results found with a LA volume > 34 mL/m2.3 Thus,

although increased LA size is not a contraindication to ECV, patients

with LA enlargement should be counseled that long-term maintenance

of SR is less likely.

3 | ECV PROCEDURAL DETAILS

3.1 | Number of shocks at ECV

It has been demonstrated that if achieving SR was initially difficult (≥2

shocks), then the risk of recurrent AF was higher.43 It may be that the

need for higher energy and multiple attempts could indicate more

extensive cardiac structural and electrical remodeling, or that comor-

bidities such as COPD, HF, and high body mass index often require a

higher amount of energy, although they found no difference in preva-

lence of these conditions between patients with 1 and multiple shocks

(Table 1).43

3.2 | Serial ECV

One study demonstrated merit in an aggressive strategy of serial ECV

(up to 2 further ECVs) in patients with early AF recurrence. This strat-

egy resulted in a 53% success at 1 year, compared with 29% in the

control group.44

3.3 | ECV after ablation

Following atrial ablation therapy, a 3-month “blanking period” is

expected, with early recurrence of AF due to inflammatory reactions

associated with the procedure.45 During this period, ECV has been

used to treat persistent AF recurrence. Patients who require ECV after

a prior AF ablation have a higher recurrence rates and the need for a

further ablation.45

4 | CONCLUSION

Many factors are associated with the maintenance of SR after ECV.

This makes it difficult to identify patients most likely to have a suc-

cessful long-term outcome after ECV. Generally, the longer-term out-

comes following ECV are disappointing; however, as described above,

certain factors appear to be associated with better outcomes, and

knowledge of these may help clinicians better select the patients who

are most likely to achieve long-term maintenance of SR after ECV. To

help aid the clinician, a scoring system has been designed and vali-

dated with a selection of factors as described earlier.14

Some of the risk factors described are potentially modifiable, and

treatment of conditions such as hypertension, OSA, and hyperthyroid-

ism should be considered before ECV. Smoking cessation and achiev-

ing a normal weight should be encouraged where needed, and

pretreatment with β-blockers or RAS blockade may help others. How-

ever, there remains a large number of nonmodifiable risk factors—such

as age, sex, structural heart disease, and comorbidities. Greater knowl-

edge of the impact of these risk factors will hopefully help cardiolo-

gists and patients decide wisely when choosing ECV as a treatment

option.
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