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Introduction

Atrial fibrillation (AF) complicates the assess-
ment and treatment of heart failure (HF) across 
the spectrum of left ventricular ejection fraction 
[1, 2]. While common and challenging in HF with 
reduced ejection fraction (HFrEF), management of 
AF in HF with preserved ejection fraction (HFpEF) 
is particularly difficult because of the overlap in 
symptoms [1–4]. Symptoms such as dyspnea, 
exercise intolerance, and fatigue in the presence 
of multiple comorbid conditions make assessment 
of AF and its impact on prognosis more difficult. 

While each disease state on its own is inexplica-
bly complex from pathophysiology to treatment, 
when presenting in tandem the complexity mounts 
exponentially.

The aim of this article is to present a concise 
review of the literature and current understanding 
of the underlying mechanisms of and management 
strategies for AF in patients with HF.

Mechanisms

The HF syndrome is characterized by elevated left 
ventricular end-diastolic pressures and left atrial 
pressures. Long-standing increase in left atrial pres-
sure leads to chamber dilatation and stretching of 
atrial tissue and pulmonary arteries, which in turn 
leads to local inflammation [5–7]. Particularly in 
patients with HFpEF, accumulation and inflamma-
tion of epicardial adipose tissue may play a key role 
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Abstract

Heart Failure (HF) and Atrial Fibrillation (AF) are common diseases which lead to significant morbidity and mortality. 
Each disease can be a challenge to treat clinically, especially when they present together. We performed a review of 
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in the abnormal cell signaling and electrical con-
duction in the atria [5, 8, 9].

AF is known to lead to increases in left atrial vol-
ume, abnormal left ventricular filling, and a proin-
flammatory state leading to atrial fibrosis [10, 11]. 
Abnormal ventricular filling and abnormal atrial 
function can ultimately lead to elevated left ven-
tricular filling pressures, thus leading to an HF syn-
drome [12, 13].

Tachycardia from AF with rapid ventricular 
response is known to at times lead to development 
of a cardiomyopathy [14]. Tachycardia-mediated 
cardiomyopathy is often induced by rapid pacing as 
a mechanism of developing an animal model of HF 
[15]. This leads to both a decrease in the  number 
of myocytes and intracellular disorganization. In 
animal models the intracardiac pressures and car-
diac output seem to be reversible approximately 
48 hours after cessation of rapid pacing; however, 
even after 4 weeks of cessation of rapid pacing, 
myocyte dysfunction and diastolic dysfunction can 
persist. At times it may be difficult to know which 
disease developed first when both AF and HF are 
both present at the time of initial diagnosis.

Prognosis

Of all patients with AF, those with HF have 
decreased quality of life, higher risk of admission 
to the hospital, and higher risk of death than those 
who do not have HF [4]. In patients with HF, AF is 
associated with increased risk of poorer outcomes 
(stroke, HF hospitalization, and death) when com-
pared with those in sinus rhythm [2]. This associa-
tion persists across the spectrum of HF when it is 
stratified by ejection fraction.

In patients with HFrEF, those with paroxysmal 
AF and new-onset AF appear to be at the highest 
risk of stroke, HF hospitalization, and death when 
compared with patients with persistent or perma-
nent AF [1].

epidemiology

AF and HF represent a confluence of two common 
disease states. AF has a prevalence of approximately 
3% in the general population and approximately 
16.8% in patients aged 75 years or older [16]. 

The lifetime risk of developing AF is estimated at 
approximately 20% [17]. Similarly, approximately 
20% of people will develop HF over their lifetime 
[18]. In one study, AF was diagnosed in 35–40% 
of patients with HF and reduced ejection fraction 
[1]. AF is estimated to be present in 60% of patients 
with HFpEF [2]. In one population study of patients 
with AF, the incidence of developing HF was 24% 
over a follow-up period of 6.1 years on average 
[19]. In patients with a pacemaker or defibrillator, 
the presence of subclinical AF is associated with an 
increased rate of HF hospitalization when compared 
with patients without subclinical AF even when 
patients with a history of HF are excluded [20].

Prevention of Atrial Fibrillation 
in Heart Failure

Multiple risk factors have been identified as poten-
tial targets for prevention of the development of AF. 
Diabetes, hypertension, smoking, HF, and myo-
cardial infarction (in men) have been identified as 
independent risk factors for the development of AF 
[21].

Considering the worse prognosis associated 
with AF, preventing AF seems to be a reasonable 
goal when one is treating patients with HF. There 
appears to be a reduction in the development of 
new-onset AF in In patients with HFrEF who are 
treated with beta-blockers and agents targeting the 
 renin-angiotensin-aldosterone pathway [22–24]. 
This reduction in development of AF is likely due 
to inhibition of pathologic neurohormonal signaling 
that occurs in HF. Additionally, increases in left ven-
tricular end-diastolic pressures leading to increase in 
left atrial pressure and thus stretching may lead to 
reduced abnormal pulmonary vein electrical activity 
that leads to AF [25]. Thus far, treatment with aldos-
terone antagonism has not been demonstrated to 
reduce the development of new-onset AF in HFpEF 
[26]. In patients with reduced ejection fraction, there 
are multiple reasons, supported by guidelines, to 
aggressively titrate neurohormonal blockers.

Obstructive sleep apnea has been proposed as a 
possible contributing risk factor for development 
of AF, and treating obstructive sleep apnea has 
been hypothesized as preventative therapy for AF 
[27, 28]. Given other benefits from treatment of 
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obstructive sleep apnea in patients with HF, screen-
ing and treating patients with HF for obstructive 
sleep apnea is likely beneficial [29]. Whereas treat-
ment of obstructive sleep apnea appears to be ben-
eficial in HF, treatment of central sleep apnea in HF 
with adaptive servo ventilation may be harmful and 
should be avoided [30].

Medical Therapy

The initial decision that must be made in a patient 
with HF who develops AF is whether to perform 
cardioversion to restore sinus rhythm or maintain a 
controlled ventricular rate in AF. The AFFIRM trial 
from 2002 found no difference in overall mortal-
ity for rate control versus rhythm control in patients 
with nonvalvular AF [31]. Of note, most patients in 
the study had normal left ventricular systolic func-
tion. The AF-CHF trial was designed to answer 
whether a rate control stagey or a rhythm control 
strategy is superior in patients with HF [32]. This 
trial randomized 1376 patients with left ventricular 
ejection fraction of 35% or less and nonvalvular AF 
to a rate control strategy with a beta-blocker and 
digitalis with a targeted heart rate of less than 80 
beats per minute, or a rhythm control strategy using 
electrical cardioversion and antiarrhythmic agents 
(with amiodarone being the first-line agent). While 
this trial did not identify a difference in all-cause 
mortality, there was a significant degree of cross-
over as 21% of patients crossed from the rhythm 
control arm to rate control arm because of inabil-
ity to maintain sinus rhythm. Approximately 10% 
of patients assigned to the rate control arm crossed 
over to the rhythm control arm. As in many other 
trials evaluating the effectiveness of rhythm control, 
amiodarone was used frequently. At the 12 month 
follow-up, 82% of the patients in the rhythm control 
group were being treated with amiodarone.

Of note, the AFFIRM trial (while not a trial of 
patients specifically with HF) found that those 
assigned to a rhythm control strategy had fewer 
symptoms of HF [33]. Indices of right ventricular 
function, which itself is a powerful prognostic marker 
in HFpEF, are significantly better in HFpEF patients 
in sinus rhythm compared with those with AF [34, 
35]. This suggests that maintenance of sinus rhythm 
may be appropriate in carefully selected patients.

There are other antiarrhythmics that should be 
avoided in HF for the purposes of maintaining 
sinus rhythm. Flecainide and propafenone are con-
traindicated in HF because of negative inotropic 
 properties, increased risk of death, and increased 
risk of ventricular arrhythmia [36, 37]. Likewise, 
dronedarone is associated with increased risk of HF 
symptoms and death in patients with permanent AF 
or HF with reduced systolic function [38, 39].

The DIAMOND-CHF trial showed evidence that 
dofetilide is effective in cardioverting AF and main-
taining sinus rhythm in patients with HFrEF [40]. 
There was no difference in the primary end point of 
all-cause mortality. However, although there was no 
difference in overall mortality, there were 25 cases 
of torsade de pointes in the dofetilide arm of the 
trial, 15 patients required direct current cardiover-
sion, and two patients died. There were no patients 
in the placebo group with torsade de pointes. This 
demonstrates the importance of vigilance in start-
ing dofetilide therapy in a safe monitored environ-
ment, using creatinine clearance–adjusted dosing, 
and monitoring the patient for evidence of corrected 
QT prolongation. In HF patients with high diuretic 
requirements who have significant fluctuations of 
their creatinine clearance over short periods, the 
risks associated with dofetilide as a rhythm control 
agent may be prohibitive. Dofetilide does appear 
to be effective in converting AF and preventing its 
recurrence even in patients with HF when compared 
with placebo (12% vs. 1%). Therefore, in carefully 
selected patients with adequate renal function, load-
ing with dofetilide in a carefully monitored setting 
may be an acceptable method of treating symptoms 
of AF in HF patients.

There are limited data to guide the decision as to 
when to start treatment with an oral antiarrhythmic 
for AF in HF patients. A recent retrospective analysis 
of patients who underwent electrical cardioversion 
did not identify a statistically significant  difference 
among antiarrhythmic agents, although there was 
a trend toward improved maintenance of sinus 
rhythm with amiodarone [41]. At this point there is 
insufficient evidence to recommend that all patients 
undergoing electrical cardioversion be treated 
with an antiarrhythmic for initial cardioversion. 
In general, prior American College of Cardiology/
American Heart Association/European Society of 
Cardiology guidelines for the management of AF 
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have recommended careful consideration of pro-
phylactic drug therapy before electrical cardiover-
sion [42]. In patients that are at lower risk of recur-
rence, it may be reasonable to not use prophylactic 
antiarrhythmic medications with an initial cardio-
version attempt. There is a significant absence of 
data to suggest if this strategy is valid in patients 
with HF.

Catheter Ablation

Given the potential for adverse effects and drug-
drug interactions of antiarrhythmic therapies, cath-
eter ablation of AF offers an appealing option for 
patients who wish to reduce exposure to these drugs. 
Catheter ablation of AF typically involves delivery 
of radiofrequency current or freezing temperatures 
to the ostia of the pulmonary veins [43]. These two 
technologies appear to be comparable in terms of 
efficacy and safety, although in one trial there were 
a higher incidence of phrenic nerve palsies with 
cryoablation [43, 44].

Randomized trials such as CASTLE-AF aimed to 
answer whether catheter ablation of AF is superior 
to medical therapy for patients with HF and AF. In 
CASTLE-AF, 398 patients with AF and New York 
Heart Association class II or higher HF with left 
ventricular ejection fraction of 35% or less were 
randomized to receive catheter ablation of AF or 
medical therapy [45]. Medical therapy consisted 
of rate or rhythm control, with aggressive attempts 
to maintain sinus rhythm. The investigators iden-
tified significantly better outcomes in the primary 
end point (combined death or HF hospitalization) 
in patients who were assigned to undergo catheter 
ablation. In this trial, patients in both arms received 
aggressive guideline-directed medical therapy, 
with more than 90% receiving renin-angiotensin- 
aldosterone system inhibition and more than 90% 
receiving beta-blockers. In both arms, approxi-
mately 30% of patients received an antiarrhythmic 
drug, which was primarily amiodarone.

A recent meta-analysis by AlTurki et al. [46] eval-
uated available randomized controlled trials evalu-
ating the efficacy and safety of catheter ablation in 
AF with HFrEF. Their analysis of the seven trials 
that met the criteria for evaluation suggests better 
outcomes with catheter ablation compared with 

medical therapy in terms of all-cause mortality, HF 
hospitalization, changes in left ventricular ejec-
tion fraction, and functional parameters such as the 
6 minute walk time and changes in the Minnesota 
Living with Heart Failure Questionnaire score.

In patients with refractory AF or when rhythm 
control is not effective, catheter ablation of the atri-
oventricular node is an option for patients in whom 
rate control is difficult or who do not have optimal 
biventricular pacing after placement of a coronary 
sinus lead [47]. This method of rate control leads to 
a pacemaker-dependent state by induced complete 
heart block. For patients without a pacemaker, this 
treatment option requires the simultaneous inser-
tion of a permanent pacemaker.

Figure 1 shows a proposed algorithm for the 
appropriate treatment of AF in HF patients. It 
shows the importance of guideline-directed medi-
cal therapy and anticoagulation as the key first step 
for treating symptoms and preventing long-term 
consequences of AF. This is followed by a patient-
specific decision tree leading to options for rhythm 
control.

Stroke Prevention

Stroke is perhaps the most dreaded complication of 
AF, and therefore anticoagulation should be con-
sidered in appropriately selected patients with AF 
[48]. Stroke risk reduction must also be balanced by 
the increased risk of bleeding associated with sys-
temic anticoagulation and must be approached on 
an individual basis. Risk models to predict the risk 
of stroke and benefit of systemic anticoagulation 
include the CHADS

2
 and CHA

2
DS

2
-VASc tools 

[49]. The principle of these tools is that systemic 
anticoagulation is recommended for patients with 
a score of 2 or greater in men and 3 or greater in 
women and should be considered if the score is 1 in 
men or 2 in women [50]. Patients with HF (either 
with symptoms or with left ventricular ejection 
fraction of 40% or less) have at least a score of 1; 
therefore,  anticoagulation should at least be consid-
ered when AF is present.

For many years the only available oral anticoagu-
lant with demonstrated efficacy in reducing stroke 
in AF was warfarin. When titrated to an interna-
tional normalized ratio of 2.0–3.0 warfarin reduced 
stroke rate by nearly two-thirds [51]. Over the past 
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decade, novel oral anticoagulants (namely, the 
direct thrombin inhibitor dabigatran and the factor 
Xa inhibitors apixaban, rivaroxaban, and edoxaban) 
have been developed that in randomized controlled 
trials have been demonstrated to be noninferior to 
warfarin for prevention of stroke in AF [52–54]. 
These agents have an advantage over warfarin in 
the decreased need for laboratory monitoring, no 
need for bridging, and decreased food-drug inter-
actions. Meta-analysis of the clinical trials study-
ing these novel anticoagulants suggests that overall 
these agents have similar efficacy in reducing stroke 
and systemic embolic events and reduced rates of 
major bleeding [55]. Despite the benefit seen in 
patients with AF and HF, patients with HF, coro-
nary artery disease, and no AF did not seem to ben-
efit from low-dose anticoagulation with rivaroxa-
ban at 2.5 mg twice per day in the COMMANDER 
HF trial, with no significantly lower rate of death, 

myocardial infarction, or stroke when compared 
with placebo [56].

Summary

Patients with HF and AF suffer from two common 
but very complex illnesses that when present lead to 
increased morbidity and mortality. Treatment of AF 
requires careful thought and expert opinion, even 
more so in patients with HF. Emerging therapies 
such as novel anticoagulants and catheter ablation 
offer new and exciting ways of treating AF and pre-
venting strokes.
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Heart failure and
atrial fibrillation 

Rate control

Catheter ablation of
atrial fibrillation

Amiodarone Dofetilide

Consider attempt at
cardioversion without
antiarrythmic therapy

Anticoagulation and
guideline-directed medical

therapy

Failed attempts to convert
to sinus rhythm or chronic
long-standing permanent
atrial fibrillation

Lower risk of recurrence (first episode
of atrial fibrillation, short duration of
atrial fibrillation, absence of severe left 
atrial enlargement, NYHA class I–II
symptoms) 

First line for rhythm control for
heart failure and atrial fibrillation,
failed antiarrhythmic therapy, and/or
wish to avoid long-term
antiarrhythmic therapy

NYHA class I–II symptoms
and no contraindications
to dofetilide* 

NYHA class III–IV symptoms or
contraindications to
dofetilide* 

*

There is an absence of data in favor of or against this strategy. 

Contraindications to dofetilide use include presence of congenital or acquired long QT syndrome, baseline QT interval >440 ms (or 500 ms in patients
with ventricular conduction abnormalities), calculated creatinine clearance <20 mL/min, and concomitant use of verapamil, cimetidine, trimethoprim,
ketoconazole, hydrochorothiazide, dolutegravir, megestrol, or prochlorperazine.

Figure 1 Proposed Algorithm for Atrial Fibrillation in patients with Heart Failure. Catheter ablation is superior to medical 
therapy with improved quality of life, and mortality benefit in patients refractory to initial therapies.
NYHA, New York Heart Association.
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