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Management Of Atrial Fibrillation In Patients With Heart Failure
Andrew E. Darby, MD

University of Virginia Health System.

Abstract
Atrial fibrillation (AF) and heart failure (HF) are common conditions that frequently coexist.  Both conditions share risk factors, are 

associated with increased morbidity and mortality, and may worsen the other.  The presence of heart failure and symptoms associated with 
it may influence both the approach to management (i.e., rate versus rhythm control) and the treatment options available for AF patients.  
The presence of HF increases the stroke risk with atrial fibrillation, and thromboembolic risk reduction is paramount.  Some patients with HF  
tolerate AF poorly and therefore , a rhythm control strategy may be preferred.  More insight into the success rates with catheter ablation in 
heart failure has been gleaned from recent studies.
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Introduction
Atrial fibrillation and heart failure have been recognized as the 2 

epidemics of modern cardiovascular medicine.1 In an analysis of the 
Framingham Heart Study, atrial fibrillation (AF) and heart failure 
(HF) have been associated with each other, as the presence of either 
one increases the risk of developing the other and also increases the 
mortality risk associated with the other.2 The incidence and prev-
alence of AF are increasing, even after adjustment for aging of the 
population, and the prevalence of HF is increasing as improved ther-
apies are prolonging survival.1,3-4 The risk of AF increases 4.5- to 5.9-
fold in the presence of HF, and HF is a more powerful risk factor for 
AF than advanced age, valvular heart disease, hypertension, diabetes 
mellitus, or prior myocardial infarction.5,6 AF prevalence increases as 
HF severity worsens.  AF has been estimated to occur in 5 to 10% of 
patients with mild HF, 10 to 26% with moderate disease, and up to 
50% with advanced HF.7-12 Overall, patients with HF develop AF at 
a rate of 6 to 8% per year, and AF is present in > 15% of HF patients.

Controversy exists as to the prognostic significance of AF in heart 
failure, although a negative impact is presumed. AF may negative-
ly affect outcomes in HF through adverse hemodynamic changes, 
heightened thromboembolic risk, and exposure of patients to the 
harmful effects of AF therapies (e.g., antiarrhythmic drugs and anti-
coagulants).7-9 Heart failure also facilitates atrial remodeling, which 
promotes the development and maintenance of AF (figure 1).  Studies 
of HF patients with and without systolic dysfunction have suggested 
an association between baseline AF and greater long-term morbidity, 
mortality, and/or hospitalization for HF.13-16 A retrospective analy-

sis of SOLVD, for instance, which enrolled 6500 patients with left 
ventricular ejection fraction < 35%, found baseline AF to be an in-
dependent predictor for all-cause mortality, progressive pump failure, 
and the combined end point of death or hospitalization for heart 
failure.13 A more recent analysis of a multicenter cohort of adults 
with HF found preexisting and incident AF were associated with 
higher rates of ischemic stroke, hospitalization for HF, and death.17  
The associations of AF with these adverse outcomes occurred simi-
larly for patients with reduced as well as preserved systolic function.  
Despite data from retrospective and observational studies suggesting 
AF worsens HF prognosis, the complexities of both conditions make 
it difficult to determine whether AF is an independent risk factor for 
mortality or rather is indicative of disease severity.

Among patients with AF and HF, the timing of the development 
of these conditions may have prognostic implications.  A recent study 
assessed the incidence of subsequent hospitalization or all-cause 
mortality among 182 consecutive patients hospitalized with AF and 
HF.18 Outcomes were analyzed based upon whether patients devel-
oped AF before or concurrent with HF as opposed to those who 
had HF prior to onset of AF. Over an approximate 16-month fol-
low-up period, patients who had HF prior to the development of AF 
had worse outcomes with more repeat hospitalizations and increased 
mortality.  The results suggest that HF patients who develop AF may 
have more severe underlying cardiac structural abnormalities and 
worse prognosis compared with AF patients who later develop HF.  
In addition, the development of AF in a HF patient may be a marker 
of disease progression.
Clinical Management Of Atrial Fibrillation In Heart Failure 
Patients

The American College of Cardiology/American Heart Associa-
tion/Heart Rhythm Society (ACC/AHA/HRS) updated guidelines 
on the management of AF have recently been published and pro-
vide an extensive referenced document on the evaluation and treat-
ment of AF.19 Similar to patients without HF, the primary tenets of 
AF management in HF patients should include: 1) thromboembolic 
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systolic dysfunction was present in 3207 patients, and 2736 had left 
ventricular systolic dysfunction with or without symptoms of heart 
failure.27 Retrospective analysis of these subgroups demonstrated 
patients with LV dysfunction (with or without HF) had a higher 
thromboembolic risk compared with those who had heart failure 
with preserved LV function and patients without either HF or LV 
dysfunction. Importantly, apixaban reduced the risk of stroke and 
thromboembolic events more than warfarin in all 3 patient groups.  
From the available data, it appears that the novel anticoagulants are 
at least as effective as, if not superior to, warfarin for prevention of 
stroke and embolic events in patients with heart failure.  An im-
portant caveat, however, is the NOAC studies were underpowered to 
detect statistically significant differences among subgroups.

A number of left atrial appendage closure procedures are being 
developed as alternatives to warfarin for patients who cannot receive 
systemic anticoagulation. Options for left atrial appendage occlusion 
include percutaneous procedures such as WATCHMAN (Boston 
Scientific, Natick, MA) and LARIAT (SentreHEART, Inc., Red-
wood City, CA) as well as surgical removal or occlusion such as with 
the thoracoscopic AtriClip device(AtriCure, West Chester, OH). 
The PROTECT AF Trial randomized approximately 700 patients 
to left atrial appendage occlusion with the WATCHMAN device 
versus warfarin, and the Continued Access Protocol (CAP) regis-
try was a subsequent nonrandomized registry including 460 patients 
undergoing Watchman implantation.28 Exclusion criteria for PRO-
TECT AF included NYHA Class IV heart failure and LVEF < 
30%.  Among the patients randomized in PROTECT AF and CAP, 
approximately 27% and 19% had symptomatic heart failure, respec-
tively.  We do not have data at the present time regarding outcomes 
in HF patients.  Consequently, we cannot judge the effectiveness of 
the WATCHMAN device for stroke prevention in AF patients with 
heart failure. Similarly, we have no data on the LARIAT, AtriClip, 
or other left atrial appendage occlusion procedures for stroke preven-
tion in HF patients with AF.
Ventricular Rate Control

Adequate control of the ventricular response to AF improves 
symptoms by alleviating the negative hemodynamic effects of rapid 
rates.  Left ventricular function may improve with adequate rate con-
trol if the LV dysfunction is due to persistent tachycardia.29 Recent 
guidelines suggest a lenient rate-control strategy (resting HR < 110 
bpm) is reasonable as long as patients remain asymptomatic and LV 
systolic function is preserved with no mention of appropriate rate 
control criteria for patients with heart failure.19 Guidelines advocate 
more stringent rate control for symptomatic patients (HR < 80 bpm 
at rest, < 110 bpm with moderate exertion).  RACE II (Rate Control 
Efficacy in Permanent Atrial Fibrillation: A Comparison Between 
Lenient Versus Strict Rate Control II) found no significant differ-
ence in HF events between patients randomized to strict (resting HR 
< 80 bpm; < 110 bpm with moderate exercise) or lenient (resting HR 
< 110 bpm) rate control.30 Further evidence is required to define the 
appropriate heart rate goal for ambulatory patients with HF and AF.  
In the absence of additional data, we believe a lenient approach is a 
reasonable starting point for most patients.  Patients with refracto-
ry symptoms or LV dysfunction believed due to elevated heart rates 
would then be candidates for a trial of strict rate control.

Pharmacologic options for controlling the ventricular response to 
AF include β-blockers, nondihydropyridine calcium channel block-

risk assessment and anticoagulation as appropriate; 2) ventricular 
rate control; and 3) assessment of the need for cardioversion to and 
maintenance of sinus rhythm.  However, several unique issues must 
be considered when treating HF patients with AF.  Some HF patients 
have implantable cardioverter-defibrillators in place that should be 
programmed to minimize the risk of inappropriate therapies.  Be-
cause most patients with structural heart disease are on multiple 
medications, a careful review of the medication history is important 
to prevent overdosage and adverse drug interactions. In addition, HF 
treatments should be optimized for AF therapies to be most effective 
(figure 2).  This should include guideline-directed medical therapy 
(e.g., angiotensin-converting enzyme inhibitors or angiotensin re-
ceptor blockers; beta-blockers with proven efficacy in heart failure; 
and aldosterone antagonsists/diuretics when appropriate) as well as 
device-based therapy (e.g., cardiac resynchronization).
Stroke Prevention

As outlined in the CHADS2 index, HF and/or LVEF < 35% is a 
risk factor for stroke in AF.19 The CHA2DS2-VASc scoring system 
has been developed as an alternative scoring system for stroke risk 
stratification. It continues to include HF as a stroke risk factor but 
also incorporates additional stroke risk factors not included in the 
traditional CHADS score (e.g., vascular disease; age 65 – 75 years; 
female gender).  The CHA2DS2-VASc score has been found superior 
to the CHADS2 score in predicting stroke risk in AF and is partic-
ularly helpful in determining which patients are truly “low” risk and 
in whom anticoagulation may be withheld.20-22 Recent AF guide-
lines recommend the CHA2DS2-VASc scoring system for stroke risk 
stratification and advocate systemic anticoagulation in patients with 
a score ≥ 1.19,23 Because heart failure patients often have additional 
stroke risk factors, our practice is to routinely recommend systemic 
anticoagulation for patients with HF in the absence of contraindi-
cations. 

Options for systemic anticoagulation include warfarin and the 
novel oral anticoagulants (NOACs) dabigatran, rivaroxaban, and 
apixaban.  A substudy of RE-LY found the overall benefits for stroke 
prevention, as well as risks of major and intracranial bleeding, were 
similar with dabigatran and warfarin in 4904 patients with HF com-
pared to those without HF.24 Among the 14264 patients randomized 
to rivaroxaban versus warfarin in ROCKET-AF, 9033 had heart fail-
ure or reduced ejection fraction.25 There were no statistically signifi-
cant differences between treatments in patients with or without HF.  
ARISTOTLE randomized 18201 patients with atrial fibrillation 
and at least 1 additional stroke risk factor to apixaban versus dose-ad-
justed warfarin.26 Symptomatic heart failure without left ventricular 
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Figure 1.  Mechanisms underlying the complex interplay between atrial 
fibrillation and heart failure.

Figure 1: Mechanisms underlying the complex interplay between atrial 
fibrillation and heart failure.
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comitant AF and HF and may therefore be the preferred β-blocker 
for patients with both conditions.38 In addition, guidelines for heart 
failure management recommend against the use of calcium chan-
nel antagonists in patients with AF and systolic dysfunction.39 The 
combination of a β-blocker and digoxin may be more effective than 
a single agent and should be considered if β-blockade alone does not 
control the ventricular rate.40  It is prudent not to initiate β-blockers 
in the acute decompensated state and rather start therapy once the 
volume status is optimized unless the heart failure exacerbation is 
presumably due to an uncontrolled ventricular response to AF. 

A nonpharmacologic method to achieve long-term rate control is 
catheter ablation of the atrioventricular node and implantation of 
a permanent pacemaker. This strategy has been shown to improve 
LV function, exercise capacity, and quality of life in patients with 
medically-refractory AF.41 Chronic right ventricular pacing, however, 
creates a dyssynchronous pattern of ventricular activation that may 
worsen HF. Thus, for patients with baseline LV function ≤ 45% or 
mild to moderate heart failure symptoms at baseline, it is prefera-
ble to implant a biventricular pacing system at the time of atrioven-
tricular junction ablation to avoid chronic right ventricular pacing 
alone.42,43 Catheter ablation of AF (pulmonary vein isolation) has 
been compared against AVN ablation with biventricular pacing in 
patients with drug-refractory AF.44 In this study, greater improve-
ments in LV function, exercise tolerance, and quality of life were 
more often observed among 41 patients who underwent catheter ab-
lation compared with 40 patients who underwent AVN ablation with 
biventricular pacing over 6 months’ follow-up.  Additional evidence 
in support of catheter ablation was provided by an observational 
nested case-control study in which improved survival was associat-
ed with pulmonary vein isolation (146 patients) compared with AV 
junction ablation (101 patients) or anti-arrhythmic therapy/cardio-
version (205 patients) over a 7-year follow-up period.45 The study re-
sults are confounded by the non-randomized selection of therapy.  In 
our practice, we generally reserve AV junction ablation with pacing 
for patients who have failed or not tolerated antiarrhythmic therapy 
and, typically, at least one attempt at PVI.  If catheter ablation of the 
AV junction is considered for a patient with heart failure, a resyn-
chronization device should be strongly considered.
Rhythm Control

Data from prospective, randomized -controlled trials demonstrat-
ing a survival advantage with maintenance of sinus rhythm in HF 
are lacking. The AFFIRM and RACE trials found maintenance of 
sinus rhythm in mixed AF populations provided no benefit with a 
trend toward harm.46,47 Extrapolation of these results to patients with 
HF must be done with caution because only a small percentage of 
patients in both trials had reduced LV function or HF symptoms at 
baseline. For instance, a subset analysis of AFFIRM found no sig-
nificant improvement in mortality, hospitalization, and New York 
Heart Association class with rhythm control among patients with LV 
dysfunction, although only 339 patients had symptoms ≥ New York 
Heart Association class II.48 Other reports, however, have suggested 
an association between sinus rhythm and improved survival in HF 
patients. An analysis of the Congestive Heart Failure Survival Trial 
of Antiarrhythmic Therapy (CHF-STAT) found improved survival 
among 51 patients treated with amiodarone who converted to, and 
maintained, sinus rhythm compared with 52 patients in the placebo 
arm.49 Maintenance of sinus rhythm in patients with LV function < 

ers, and digoxin. Digoxin primarily slows the ventricular rate by in-
creasing parasympathetic tone on the atrioventricular node.  Con-
ditions associated with high sympathetic tone, such as heart failure, 
may easily overcome this effect, rendering digoxin frequently ineffec-
tive as monotherapy.  Thus, additional medications are often required 
for adequate rate control in patients with heart failure. Controversy 
exists regarding the impact of digoxin on mortality in AF patients 
with and without heart failure.  A post hoc analysis of the Digitalis 
Investigation Group (DIG) trial found an increased risk of death 
among women, but not men, treated with digoxin.31 Another review 
of the DIG trial data assessed outcomes based upon serum digoxin 
concentration independent of gender.32 Among 5548 patients fol-
lowed over an average of 40 months, patients with a serum digoxin 
concentration 0.5 – 0.9 ng/ml had reduced mortality and hospitaliza-
tions. Higher digoxin concentrations were associated with reduced 
HF hospitalization with no effect on mortality.  Post hoc analyses of 
AFFIRM also provide conflicting data with regard to the effect of 
digoxin on mortality among patients with AF.  One post hoc analysis 
of AFFIRM found digoxin was associated with a significant increase 
in all-cause mortality in patients with AF, regardless of gender or the 
presence or absence of HF.33 Another post hoc study of AFFIRM 
data used propensity scoring to assess the effect of digoxin on mor-
tality and found no evidence of increased mortality or hospitalization 
among patients taking digoxin as baseline initial therapy.34  We rarely 
use digoxin as monotherapy to control the ventricular response to AF 
but occasionally add it to beta-blocker therapy if additional slowing 
of the ventricular rate is needed.  If digoxin is used, the serum con-
centration should be monitored due to the drug’s narrow therapeutic 
window. 

In patients who have heart failure with preserved LV systolic func-
tion, calcium channel antagonists or β-blockers may be used as first 
line therapy.  In multiple studies of HF patients with reduced systolic 
function, long-term use of β-blockers has been shown to lessen the 
symptoms of HF and reduce the risk of death or hospitalization.35-37 
We therefore prefer β-blockers for long-term rate control in patients 
with both HF and AF. Carvedilol improves LVEF with a trend to-
ward fewer deaths and HF hospitalizations in patients with con-

Management of Atrial Fibrillation in Heart Failure
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Figure 2.  Overview of management considerations for patients with atrial fibrillation and heart failure.

Figure 2:

Overview of management considerations for patients with atrial 
fibrillation and heart failure. (ACEI/ARB, angiotensin-converting 
enzyme inhibitor/angiotensin receptor blocker; CRT, cardiac 
resynchronization therapy; NOAC, novel oral anticoagulant)
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function and rapid ventricular rates may lead to hemodynamic insta-
bility and advanced symptoms); valvular heart disease, particularly 
mitral stenosis; and perhaps certain obstructive congenital heart le-
sions. For any HF patient with AF who has at least mild symptoms, 
our preference is to try and maintain sinus rhythm with the thought 
that maintaining AV synchrony will help alleviate symptoms.
Antiarrhythmic Therapy

Rhythm control in HF patients with AF is challenging with fewer 
available antiarrhythmic options due to the potential for proarrhyth-
mia in patients with structural heart disease. In addition, patients 
with HF are often on additional medical therapies placing them at 
risk for drug interactions and greater risk of side effects. Renal in-
sufficiency is also common in HF patients which may result in de-
layed clearance of antiarrhythmic drugs thereby increasing the risk 
for proarrhythmia and toxicity.  The primary pharmacological agents 
for rhythm control in patients with AF and HF are the class III anti-
arrhythmic drugs.  Amiodarone has the greatest efficacy with regard 
to maintenance of sinus rhythm, although the noncardiac toxicities 
of the drug limit its widespread use.19,23,53 Amiodarone may cause 
bradycardia and prolongation of the QT interval but rarely causes 
ventricular proarrhythmia.  It is worth noting, however, that patients 
with NYHA Class III symptoms randomized to amiodarone in the 
SCD-HeFT trial had increased mortality relative to placebo.54 The 
reasons for this finding are unclear, and it has not been our practice 
to withhold amiodarone from such patients.

The DIAMOND congestive heart failure trial found dofetilide rea-
sonably safe and effective in HF patients.55 Dofetilide was more ef-
fective than placebo in maintaining sinus rhythm with no adverse 
effect on all-cause mortality but resulted in a lower combined end 
point of mortality and HF hospitalization. Dronedarone is another 
potential agent for rhythm control in AF.  It is modestly effective in 
maintaining sinus rhythm and, when AF does occur, has ventricular 
rate-slowing properties. In ATHENA, which included a mixed pop-
ulation with paroxysmal and persistent AF, dronedarone reduced the 
primary end point (composite of hospitalization due to cardiovascu-
lar events and death) as well as deaths from cardiovascular causes, 
primarily as a result of a reduction in arrhythmic death.50-56 The study 
enrolled 21% with a history of NYHA class II or III symptoms, and 
12% had LV ejection fraction < 45%. Patients with HF who received 
dronedarone had a benefit similar to that of the entire group.  The 
drug should not be used, however, in patients with clinically signif-
icant NYHA class III or IV heart failure or those with a recent hos-
pitalization for heart failure in the preceding 4 weeks, nor should it 
be used for rate control in patients with permanent atrial fibrillation 
because of increased mortality and adverse events.19,57,58 SWORD 
(Survival with Oral d-Sotalol), a trial of d-sotalol in patients with LV 
ejection fraction ≤ 40% post myocardial infarction demonstrated in-
creased mortality with d-sotalol compared with placebo.59 SWORD 
was not a study looking specifically at AF patients and maintenance 
of sinus rhythm, but it does raise concern about the use of sotalol in 
patients with HF post-myocardial infarction. Class Ia and Ic agents 
have negative inotropic effects and the potential for proarrhythmia in 
patients with HF and should thus be avoided.19

Catheter Ablation
With limited antiarrhythmic options in HF patients and data from 

multiple studies demonstrating superiority of catheter ablation over 
antiarrhythmic therapy in mixed populations, catheter ablation is an 

35% was also associated with a significant reduction in mortality in 
the Danish Investigations of Arrhythmia and Mortality on Dofetilide 
(DIAMOND) trials.44-50 Among the 3028 patients enrolled in the 2 
DIAMOND studies, 506 had AF or atrial flutter at baseline. Cardio-
version occurred in 148 dofetilide- and 86 placebo-treated patients.  
The mortality benefit associated with maintenance of sinus rhythm 
was present in both the dofetilide and placebo groups.

The Atrial Fibrillation and Congestive Heart Failure (AF-CHF) 
trial was the first prospective randomized trial comparing rate and 
rhythm control in HF patients.51 The study randomized 1376 patients 
with LV ejection fraction < 35%, HF symptoms, and paroxysmal or 
persistent AF to either rhythm control (primarily amiodarone) or rate 
control (mostly β-blockers).  At a mean follow-up of 37 months, there 
was no significant difference in the primary outcome of death from 
cardiovascular causes between the rhythm and rate control groups 
(27 and 25%, respectively) by intention-to-treat analysis.  There was 
also no advantage with regard to stroke prevention or HF hospitali-
zation in the rhythm control group. The AF-CHF trial therefore ap-
pears to extend the general findings of AFFIRM to patients with HF. 

An additional study (CAFÉ-II) randomly assigned 61 patients with 
chronic heart failure and persistent AF to either a rate or rhythm 
control strategy.52 Patients in the rhythm control arm were treated 
with amiodarone for 3 months followed by cardioversion after which 
amiodarone was continued to maintain sinus rhythm. Both groups 
were treated with goal heart rate < 80 bpm at rest and < 110 bpm 
with exertion when in AF. At 1 year follow-up, 66% of patients in 
the rhythm control arm were in sinus rhythm.  There were no signif-
icant differences in NYHA class and exercise capacity between the 
2 groups, but patients assigned to rhythm control had improved LV 
function and quality of life compared to patients assigned to rate con-
trol.

In the absence of randomized trial data demonstrating a survival 
advantage with maintaining sinus rhythm in HF patients, the deci-
sion to adopt a rhythm control approach is driven largely by symp-
toms.  Some patients, particularly those with structural heart disease 
and/or heart failure, tolerate AF poorly (i.e., develop hemodynamic 
instability or pulmonary edema or experience rapid heart rates that 
are difficult to control , and a rhythm control strategy may be pre-
ferred. Specific situations in which this may be the case include AF 
complicating hypertrophic cardiomyopathy (loss of atrial transport 
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Figure 3.  Published success rates of AF ablation in patients with heart failure (with and without concomitant antiarrhythmic therapy).

Figure 3: Published success rates of AF ablation in patients with heart 
failure (with and without concomitant antiarrhythmic therapy).
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had greater improvements in all of the aforementioned indices.  In-
terestingly, improvements in ejection fraction were seen even in pa-
tients with adequate rate control prior to the procedure. After a mean 
follow-up of 12 months, 69 and 71% of the HF and non-HF patients, 
respectively, were in sinus rhythm without concomitant antiarrhyth-
mic therapy.  With the addition of previously ineffective AADs, the 
success rates improved to 78 and 84 %, respectively.

Another large cohort study compared outcomes in 94 patients 
with reduced ejection fraction undergoing catheter ablation for AF 
with a “control” group of 283 patients with preserved EF.64 The mean 
ejection fraction in the reduced EF group was 36%, and the primary 
ablation procedure was PVI with elimination of all PV potentials as 
detected by a circular mapping catheter placed in each pulmonary 
vein (linear ablation was rarely done).  Success rates were 73 and 87% 
in the reduced and normal EF groups, respectively.  There was no 

option to achieve long-term rhythm control.60-62 Data from multiple 
studies suggest AF ablation is as effective in those with HF as without, 
and catheter ablation with maintenance of sinus rhythm has been 
shown to result in improvements in left ventricular ejection fraction, 
NYHA class, and quality of life.63-75 
Data From Nonrandomized Studies

Much of the early data on AF ablation in HF patients come from 
nonrandomized prospective or observational studies (table 1).  One 
of the first reports of AF ablation in HF patients was a case control tri-
al that examined AF ablation in 58 patients with EF <45% and NYHA 
class II or greater compared with 58 matched patients with normal 
EF.63 The ablation procedure primarily consisted of pulmonary vein 
isolation as well as additional linear ablation in most, and endpoints 
included maintenance of sinus rhythm, ejection fraction, ventricular 
dimensions, exercise capacity, and quality of life.  Patients with HF 

Table 1: Clinical characteristics and outcome of catheter ablation in patients with reduced systolic function.

Hsu et al. 
(2004)

Chen 
et al. 
(2004)

Tondo, et al. 
(2006)

Gentlesk 
et al. 
(2007)

Lutomsky et 
al. (2008)

Nademanee, 
et al. (2008)

Khan et al. 
(2008)

De 
Potter et 
al.(2010)

MacDonald 
et al. (2011)

Cha et al. 
(2011)

Jones et 
al. (2013)

Nedios et 
al. (2014)

Hunter et 
al. (2014)

Location France USA Italy USA Germany USA Multi-center Spain UK               
(2 centers)

USA UK Germany, 
Greece

UK

Study 
design

Consec 
case 
control

Retro 
case 
series

Case control Retro 
observ

Prospective, 
nonrandom

Observ RCT: RFA 
vs AV nodal 
abl + CRT 
(PABA-CHF)

Case-
control

RCT (Abl vs 
rate control)

Prosp, cohort RCT (Abl 
vs rate 
control)

Retro, 
case-
control

RCT (Abl vs 
rate control)

No. Ablated 58 94 40 67 18 674 41 36 22 111 26 69 26

Pt profile

- Age

- LVEF

- NYHA 
Class

-Etiology

- AF 
duration

- PAF, %

56

35%

2.3 
(mean)

CHD 21%

80 mos

9

57

36%

3 (68%)

CHD 
86%

72 mos

43

57

33%

2.8

CHD 25%

36 mos

25

54

42%

CHD 
18%

72 mos

47

56

41%

NR

CHD 17%

NR

100

45

NR

NR

CHD 21%

40 mos

0

60

27%

2 or 3

CHD 73%

48 mos

49

51

41%

NR

CHD 9%

78 mos

42

62.3

36%

3 (91%)

CHD 50%

44 mos

0

55

35%

NR

CHD 13%

65 mos

31

64

22%

2.4

CHD 38%

51 mos

0

60

31%

2.4

CHD 38%

NR

33

55

32%

2.6

CHD 23%

24 mos 
continuous
0

Abl strategy PVI + roof 
+ mitral 
isthmus

PVI PVI, mitral 
isthmus 
(85%) + CTI 
(98%)

PVI PVI CFAE PVI + (lines, 
CFAEs)

PVI + box 
isolation 
of post 
wall + 
mitral 
isthmus

PVI + roof + 
CFAE + CS 
± CTI

PVI (WACA); 
roof line 
(59%); mitral 
isthmus 
line (68%); 
Non-PV foci 
(25%)

PVI + roof 
and mitral 
lines; 
CFAE; CTI 
line

PVI (roof, 
mitral 
and “box” 
isolation 
of post 
wall in 
64%)

PVI (WACA); 
CFAE (RA 
+ LA); roof 
and mitral 
lines; CTI 
line

Repeat Abl 50% 22% 13% 31% NR 48% 20% 30% 30% 20% 27% 28% 54%

Adverse 
events

4% 4% 13% NR NR 4.7% 12% 2.7% 14.8% 3.6% 7.7% 1.4% 4.7%

Follow-up 12 mos 14 mos 14 mos 20 mos 6 mos 28 mos 6 mos 14 mos 6 mos 12 mos 12 mos 28 mos 12 mos

Abl success
(≥ 1 Abl ± 
AAD)

69%
(78%)

73% 
(96%)

50%
(87%)

63%
(86%)

50% (81%) 71%
(88%)

53% 
(69%)

40%
(50%)

62%
(76%)

69%
(88%)

44%
(65%)

38%
(73%)

EF 
improved

+ 21% + 5% 
(NS)

+ 14% + 14% +10% NR + 8% + 8% + 8% + 21% + 11% + 15%† + 8%

6 minute 
walk

Better 
with Abl

NR NR NR NR NR Better with 
Abl

NR Not 
improved 
with Abl

NR Better 
with Abl 
(NS)

NR NR

QOL* Better 
with Abl

Better 
with Abl

Better with 
Abl

NR NR NR Better with 
Abl

NR Not 
improved 
with Abl

Better with 
Abl

Better 
with Abl

NR Better with 
Abl

AAD = antiarrhythmic drug; Abl = ablation; AF = atrial fibrillation; CFAEs = complex fractionated atrial electrograms; CHD = coronary heart disease; Consec = consecutive; mos = months; CS = coronary 
sinus; CTI = cavotricuspid isthmus; EF = ejection fraction; LA = left atrium; NR = not reported; LVEF = left ventricular ejection fraction; No. = number; NS = not significant; NYHA = New York Heart 
Association; Observ = observational; PAF = paroxysmal atrial fibrillation; Post = posterior; Prosp = prospective; Pt = patient; PVI = pulmonary vein isolation; QOL = quality of life; RA = right atrium; RCT = 
randomized controlled trial; Retro = retrospective; WACA = wide area circumferential ablation; † = EF improved among patients with sustained sinus rhythm; * = quality of life among catheter ablation 
patients compared with control; 
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proved quality of life and functional capacity although the recurrence 
rate was higher (1.7-fold) compared with patients with normal LV 
function.  An improvement in diastolic dysfunction grade as assessed 
by echocardiography was observed in 30% post-ablation.

An additional cohort study assessed outcomes of catheter ablation 
for AF in 74 patients with HFPEF.76 Over 34-month follow-up, 
AF-free rates were 27% after a single procedure, 45% after multiple 
procedures, and 73% after multiple procedures with the assistance of 
antiarrhythmic therapy.  Shorter duration of AF and absence of hy-
pertension were associated with better ablation outcomes.  A higher 
recurrence rate post-ablation was also found in a smaller cohort study 
comparing ablation outcomes among 29 patients with HFPEF and 
51 patients without heart failure.77

Importantly, worsening of left ventricular diastolic dysfunction has 
been reported after catheter ablation for atrial fibrillation.78 A report 
of 70 consecutive patients undergoing pulmonary vein isolation for 
AF, 27 of whom had HFPEF at baseline, identified worse diastolic 
dysfunction post-ablation in 27%. Worsening of diastolic dysfunc-
tion directly correlated with increased ablation time.
Conclusion:

Atrial fibrillation occurs commonly among heart failure patients 
including those with reduced and preserved systolic function. The 
primary tenets of management include control of the ventricular rate, 
systemic anticoagulation as guided by the CHADS-VASc score, and 
determination of the need for restoration and maintenance of sinus 
rhythm. There is a general lack of evidence from randomized, con-
trolled trials demonstrating a survival advantage with maintenance 
of sinus rhythm in HF patients.  Consequently, the decision to adopt 
a rhythm control approach is driven largely by symptoms.  Patients 
who tolerate AF poorly or have persistent symptoms despite ade-
quate rate control should be considered for rhythm control strategies. 

Options for rhythm control in HF patients are limited due to 
the potential pro-arrhythmia associated with certain antiarrhyth-
mic drugs. Outcomes of catheter ablation for AF in HF patients are 
mixed, although several common themes may be derived from the 
data. First, there have been very few randomized, controlled trials 
evaluating catheter ablation of AF in heart failure patients. The num-
ber of patients enrolled is small which limits the conclusions that can 
be drawn.  Among randomized and nonrandomized trials of AF ab-
lation in heart failure, most patients had persistent AF with AF dura-
tions of 24 to 48 months prior to ablation. Catheter ablation consisted 
of pulmonary vein isolation alone in some studies whereas additional 
ablation (e.g., CFAE, linear ablation) was performed in others.  From 
the available data, additional ablation beyond PVI does not appear 
to affect recurrence or long-term success rates (table 1). Earlier stud-
ies reported success rates similar to patients without structural heart 
disease, but recent studies report lower success rates and more re-
peat ablation procedures (13 – 54%) in heart failure patients with 
and without LV systolic dysfunction.  Among patients who maintain 
sinus rhythm long-term after ablation, there appears to be general 
improvement in quality of life, exercise capacity, and left ventricular 
function compared with patients treated medically or with AV-node 
ablation and biventricular pacing.

Unresolved questions regarding catheter ablation of AF in heart 
failure patients include:  Which patients with HF and AF are the best 
candidates for catheter ablation?  Presumably patients with AF who 
subsequently develop HF, particularly those with a tachycardia-re-

statistically significant improvement in EF, but there was an improve-
ment in quality of life scores among HF patients who maintained si-
nus rhythm. 

Additional case-control and observational studies have evaluated 
outcomes of AF ablation in patients with heart failure.65-68,72,74 Most 
are small studies that included patients with non-paroxysmal AF 
with mean AF durations ranging from 40 – 80 months.  The studies 
are quite heterogeneous with regard to ablation method (PVI vs PVI 
with linear lesions vs CFAE); duration of post-ablation follow-up (6 
to 28 months); methods for detecting AF recurrences; and primary 
endpoints. However, there are several common themes among the 
studies comparing outcomes among patients with and without LV 
systolic dysfunction. The two groups have similar outcomes with re-
gard to maintenance of sinus rhythm post-ablation, although patients 
with systolic dysfunction tend to require more procedures to achieve 
this endpoint. The studies have also generally reported improvements 
in ejection fraction, quality of life, and exercise capacity in patients 
who undergo catheter ablation for AF and maintain sinus rhythm.
Data From Randomized Studies

There is limited data from randomized, controlled trials regarding 
the role of catheter ablation for maintenance of sinus rhythm in pa-
tients with HF.  Only 115 total patients have been randomly assigned 
to catheter ablation in 4 recent studies comparing catheter ablation 
to either AV-node ablation with biventricular pacing (1 study) or rate 
control (3 studies).44,71,73,75  PABA-CHF randomly assigned 41 patients 
with drug-refractory AF and heart failure to pulmonary vein isola-
tion and 40 to AV-node ablation with biventricular pacing.44 Over a 
6-month follow-up period, 71% of patients who underwent catheter 
ablation were free of AF without antiarrhythmic drugs and 88% were 
AF-free with a combination of catheter ablation and antiarrhythmic 
therapy. Patients assigned to catheter ablation had improvements in 
quality of life, exercise capacity, and ejection fraction (35 vs 28%, p 
< 0.001).  The study suggests catheter ablation is superior to a strat-
egy of AV-node ablation with biventricular pacing in patients with 
drug-refractory AF and HF.

Several randomized trials have compared catheter ablation versus 
rate-control in patients with HF and drug-refractory AF. 71,73,75 Opti-
mal rate control has been defined as a HR < 80 bpm at rest and < 110 
bpm with exertion.  Two of the studies demonstrated improvements 
in ejection fraction, functional capacity, and heart failure symptoms 
in patients treated with catheter ablation.  A study by MacDonald et 
al. randomly comparing catheter ablation (22 patients) to rate-con-
trol (19 patients) failed to demonstrate improvements in the same 
endpoints among patients assigned to catheter ablation. 
Catheter Ablation In Patients With Heart Failure With Pre-
served Ejection Function (HFPEF)

There are limited data regarding the efficacy and outcome of cath-
eter ablation of AF in patients with heart failure with preserved ejec-
tion fraction (i.e., diastolic dysfunction).  There are no published data 
from randomized trials in this patient population.  The largest study 
of catheter ablation in patients with HFPEF was a prospective co-
hort study comparing outcomes among 157 patients with HFPEF, 
111 patients with systolic dysfunction, and 100 patients with nor-
mal LV function.72 Among patients with HFPEF, 76% maintained 
sinus rhythm 1 year post-ablation with or without antiarrhythmic 
therapy (62% maintained sinus rhythm post-ablation without an an-
tiarrhythmic drug).  Patients who maintained sinus rhythm had im-
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lated myopathy, would have favorable outcomes post-ablation with 
maintenance of sinus rhythm.  Would catheter ablation earlier in the 
course of disease improve long-term outcomes?  How much ablation 
should be performed (i.e., PVI alone PVI plus non-pulmonary vein 
triggers PVI + linear ablation + CFAE)?  In an era of increasing ac-
countability for expenditures, is catheter ablation the most cost ef-
fective approach, particularly if more than one procedure may be 
necessary?  Several prospective randomized trials have been initiated 
which will hopefully address some of these questions (CASTLE-AF, 
AMICA, and RAFT-AF).79 When catheter ablation is performed, 
careful consideration should be given to the extent of ablation due 
to the potential for worsening of LV diastolic function and LA trans-
port function  which can have potentially serious complications in 
patients with baseline heart failure. 78,80
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