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Atrial fibrillation ablation in heart
failure with reduced ejection

fraction

Heart failure with reduced ejection fraction (HFrEF) and atrial fibrillation (AF) are the two epidemics
and present concomitantly with worse prognoses. According to the guidelines, rate control and
rhythm control are the comparable selection, because rhythm control with Antiarrhythmic drugs
(AADs) is not superior to rate control and anticoagulation. The CASTLE-AF trial argues the current
guidelines endorse catheter ablation as first-line therapy for the treatment of AF in patients with
HFrEF regardless of AF type. Late gadolinium enhancement magnetic resonance imaging scans
(LGE-CMR) assessment has also been promising to regard predicting immediate efficacy and late
outcomes after ablation. Selecting adequate AF patients with HFrEF, catheter ablation can result
in significant improvement in LVEF, quality of life and functional status, with a survival benefit.

Keywords: Heart failure with reduced ejection fraction = Atrial fibrillation = Catheter ablation =
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Abbreviations

PABA-CHF: Pulmonary Vein Antrum
Isolation vs. AV Node Ablation with Bi-
Ventricular Pacing for Treatment of Atrial
Fibrillation in Patients with Congestive
Heart Failure study; 6MWT: 6 Minute
Walk Test; CAMTAF: Catheter Ablation
vs. Medical Treatment of Atrial Fibrillation
in Heart Failure; AATAC: Ablation vs.
Amiodarone for Treatment of Persistent
Atrial  Fibrillation in Patients with
Congestive Heart Failure and an Implanted
Device; CAMERA-MRI: Catheter
Ablation vs. Medical Rate Control in Atrial
Fibrillation and Systolic Dysfunction;
CASTLE-AF: Catheter Ablation vs.
Standard Conventional Treatment in
Patients with LV Dysfunction and AF.

Introduction

In the past 20 years, heart failure (HF) and
atrial fibrillation (AF) have emerged as two
new epidemics and both are expected to rise
further with the aging population. AF and
HF are associated with similar risk factors
such as hypertension, diabetes, ischemic heart
disease, valvular heart disease and obesity.
They are often present concomitantly and

their combined presentation confers a worse
prognosis than either condition alone [1].

The concept of AF begets HF and HF
begets AF has been well appreciated [2]. AF
is a potent risk factor for adverse clinical
outcomes in patients with HF with reduced
ejection fraction (HFrEF). Patients with
AF and HFrEF have higher mortality and
hospitalization rates irrespective of which
disease occurs first [3].

AF promotes HF through rapid ventricular
rates, heart rate, and pulse volume irregularity,
and loss of left atrial kick [4]. AF can result in
LV dysfunction due to loss of atrioventricular
synchrony, and as a direct cause of tachycardia-
induced cardiomyopathy [5].

But in fact, HF promotes AF mainly through
raised atrial filling pressures, abnormal
calcium handling, neurohormonal activation,

and adrenergic stimulation.

Given the poor prognosis associated with AF
and HF, it is of importance to perform strict
strategies to prevent or reverse the occurrence
of AF in patients with HF and HFrEE
Andiarrhythmic drugs frequently ineffective,
or not well-tolerated in patients with HFrEF,
catheter ablation of AF provides an increasing
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hopeful option for rhythm control in these patients. In
this review, we will summarize the rationale and current
evidence for catheter ablation in patients with AF and
HFrEE and discusses emerging technologies, selection
of patients for treatment, and future directions.

Experimental

Molecular pathogenesis of AF in HFrEF

Structural, electrophysiological and  mechanical
remodeling of atrial and ventricular myocardium has
been associated with AE The electrophysiological
changes associated with AF include ectopic focal firing,
re-entrant pathways shortening action potentials caused
by atrial fibrosis which is the hallmark of structural
remodeling and the main mechanism perpetuating AF

[6].

New insights into the mechanisms underlying AF in
HFrEF pathogenesis have the potential to identify
new targets that could expand the available therapeutic
options. Abnormal Ca®* dynamics, neurohormonal
dysregulation, inflammation and microRNA markers
of structural or electrical remodeling are deduced to the
most important mechanisms [7].

AF induced cardiomyopathy or cardiomyopathy
superimposed AF?

Arrhythmia induced cardiomyopathy (AIC) is a
common kind of cardiomyopathy. There are two types
of AIC. Type 1 AIC: Arrhythmia induced. This is
when arrhythmia is solely responsible for AIC and LV
function returns to normal upon successful treatment
of arrhythmia. Type 2 AIC: Arrhythmia mediated.
Arrhythmia exacerbates the underlying cardiomyopathy
and treatment of the arrhythmia results only in partial
resolution of the cardiomyopathy [8].

AF is the most common reason for AIC. AF is known
to trigger a reversible dilated cardiomyopathy referred
to as AF-induced cardiomyopathy. In these patients,
restoration of sinus rhythm such as catheter ablation
can cure HF obviously. The reversal of cardiomyopathy
by the elimination of AF confirms AF-induced
cardiomyopathy, and also, its prognosis is improved.

But in other circumstances, AF is not the only reason-
induced HF (such as ischemic, infiltrative, or toxic/
drug-related) should benefit from the restoration of
sinus thythm? In clinical medicine, a frequent challenge
is to identify a superimposed AF worsens known
cardiomyopathy. So, it is of paramount importance to
determine whether or to what extent AF contributes to
HFrEE

Treatment of AF in HFrEF

Antiarrhythmic drugs (AADs) therapy vs. catheter
ablation

The main recommended goals of therapy for patients
with AF in the HFrEF patients continue to focus on
the prevention of thromboembolism and symptom
relief. The initial treatment of AF in HFEF should
include optimization of guideline-directed medical
therapy (beta-blockers, angiotensin-converting enzyme
inhibitors or angiotensin receptor blockers, diuretic
agents and aldosterone blockers) to optimize reverse
remodeling. The aim of antiarrhythmic drug therapy is
to improve AF-related symptoms. The efficacy of AADs
to maintain sinus rhythm is modest, on the otherwise,
AADs induced pro-arrhythmia or extracardiac side
effects are frequent [9]. Dofetilide and amiodarone are
the only guideline-recommended antiarrhythmic drugs
for the treatment of AF patients with HFrEE The current
American and European guidelines for the management
of patients with AF and HFrEF relied heavily on the
DIAMOND-CHF and AF-CHF trials, which found
no difference in mortality between pharmacological
thythm control and rate control. Therefore, according
to the guidelines, rate control and rhythm control are
the comparable selection for both. There are several
possible explanations for this discrepancy. First, AADs
may not be efficacious in maintaining sinus rhythm in
patients with HFtEE Another reason for such a lack
of clinical benefit of pharmacologic rhythm control
may be in part due to the significant toxicity that is
associated with antiarrhythmic drugs. Lastly, Dofetilide
and amiodarone both pose risks and have multiple
drug-drug interactions to affect the whole benefit [10].
Hence, the decision to initiate long-term AADs therapy
needs to balance symptom burden, possible adverse
drug reactions, and patient preferences.

Catheter Ablation

The ablation of AF has evolved from a rare and
complex procedure to a common electrophysiological
technique. AF catheter ablation is highly efficacious
for relieving symptoms and treating drug-refractory
AFE However, the majority of randomized controlled
trials (RCTs) of drug therapy vs. catheter ablation have
enrolled patients with preserved ventricular function
[11]. Previous studies have reported that maintenance
of sinus rhythm by catheter ablation can significantly
improve LV function. Some small-scale RCTs of AF
patients with HFrEF suggested that successful rhythm
control by catheter ablation improved cardiac function
and was associated with significant reduction rates of
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stroke and mortality [12]. But these RCTs to assess
the efficacy of catheter ablation were small, and none
had assessed mortality as a primary endpoint. “Hard
endpoints” require large numbers of patients with
extensive follow-up [13].

Fortunately, to date, two larger RCTs assessing the
efficacy of AF ablation in patients with HFrEF have been
completed, one is AATAC-AF (Ablation vs. Amiodaron
for Treatment of Atrial Fibrillation in Patients with
Congestive Heart Failure and Implanted ICD/CRT-D),
which randomized 203 patients with AF and HFrEF
to either amiodarone or catheter ablation, the primary
endpoint was freedom of AF during follow-up. The
trial proved that ablation is superior to amiodarone in
terms of rhythm control and an improvement in LV
dysfunction [14].

Another RCT published in 2018 was CASTLE-AF
trial (Catheter ablation for atrial fibrillation with Heart
Failure), which enrolled 363 patients with paroxysmal
or persistent AF and HFrEE Subjects were randomly
assigned to cither catheter ablation or pharmacological
rate control with median follow up of 37.8 months.
On the other hand, the authors evaluated the hard
endpoints of death and HF hospitalizations; the results
showed catheter ablation was superior to conventional
medical treatment of either rate or rhythm control [15].

However, the large size in a modest trial, large loss
to follow-up in the ablation arm, highly selective
population recruited, and lack of a blinded intervention
along with lack of data on uptitration of medical therapy
dosing in the two arms over time is a potential source
of bias that may have favored the intervention arm

and remains unresolved. Patients who were randomly
assigned to medical therapy were encouraged to precede
with pharmacologic rhythm control with the use of
class IA, class IC, and class IIT agents, many of which
can increase mortality among patients with systolic HF

[16].

CABANA (Catheter Ablation vs. Anti-arrhythmic
Drug Therapy for Atrial Fibrillation Trial) trial is
another RCTs that has been published. A total of 2204
symptomatic patients with AF were enrolled, and the
median follow-up was 48.5 months. In the intention —
to —treat analysis, catheter ablation was associated with
lower but no significant rate of composite mortality,
disabling stroke, serious bleeding, or cardiac arrest.

But in CABANA trial, there are only 15% of the AF
patients enrolled in the had HF (also HFrEF and
HFpEF) at the time of randomization, and primary
endpoint events were observed in only 49 patients.
Given the smaller number of the patients, the effects
of catheter ablation are the subgroup with HFrEF
have not been analyzed, so the trial is not likely to add
meaningfully evidence [17].

Notably, a recent AF guideline update only provides
class IIB indications for catheter ablation for AF-HE
Given this information, the CASTLE-AF trial argues
the current guidelines endorse catheter ablation as first-
line therapy for the treatment of AF in patients with
HFrEF regardless of AF type. The debate on whether
AAD:s or catheter ablation for rhythm control is the
better strategy for managing AF complicating HFrEF

continues. Further trials are required (Table 1).

Table 1: Gathering
No|Year |Study Patients TR G Primary Secondary  [Follow-up Results
Number outcomes outcomes (months)
PABA- :t\:li:\jentricular— Minnesota PVl was superior to
1 |2008 81 . . Living score and |- 6 Atrioventricualr-node ablation
CHF[18] node ablation with . N . .
- - . 6MWT with biventricular pacing
biventricular pacing
Peak oxygen Catheter ablation was effective
2 12013 CAMATF 52 Catheter ablation vs LVEF consumption in restoring sinus rhythm and
[19] rate control and Minnesota can improve LV function and
living score HF symptoms
AATAC Catheter ablation vs  |Recurrence AII—cau.se Cat.heter was superior to
3 |2016 203 . mortality and |24 amiodarone in primary and
[14] amiodarone of AF A
hospitalization secondary outcomes
Catheter ablation was
. Quality of life, superior to rate control in
4 12017 CAMERA 52 Catheter ablation vs  |Peak oxygfan BNP6MWT 12 exercise performance and HF
MRI [20] rate control consumption
and EF symptoms and neurohormone
status
5 2018 CASTLE- 363 Catheter ablation vs |death and HF 378 Catheter ablation was superior
AF [15] AADs hospitalization ’ to AADs in primary outcomes
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The procedure of catheter ablation

Pulmonary vein isolation (PVI) vs. AV-node ablation
plus bi-ventricular pacing: Choices of catheter ablation
strategy (PVI vs. AV-node ablation) trials in HF have
questioned. The standard-of-care ablation treatment for
AF is PVI, which encircles the pulmonary veins with
lesions, preventing abnormal electric signals generated
in the veins from invading the atria. PABA-CHF trial
compared PVI to AV-node ablation plus bi-ventricular
pacing for the treatment of HF patients with HFrEF,
6-minute walk distance and Minnesota Living with HF
questionnaire. The study showed PVI to be superior to
AV node ablation and bi-ventricular pacing with respect
to the primary endpoint [18-21]. So, atrioventricular
node ablation and subsequent biventricular pacing may
be perceived as an extreme form of rate control in AF
management. Guidelines recommend atrioventricular
nodal ablation with pacing only when rate or rhythm
control is not achievable by pharmacological therapy
(Class IIa, Level of Evidence: B). Catheter ablation is
currently the cornerstone of thythm control approaches
in AF patients with HFrEF [22]. Moreover, in the past 5
years, the technology and modality of catheter ablation
have dramatically changed. New advanced irrigated
catheter tips and new modules, such as contact force
monitoring systems, may have resulted in the relatively
high success rate of catheter ablation for AF in HFrEF,
which likely contributed to improvements in patient-
centered outcomes [23].

The possible harmfulness of catheter ablation:
However, in patients with the persistent form of AF,
who typically develop fibrotic remodeling in the atria,
the mechanisms giving rise to AF shift from electrical
abnormality in the pulmonary veins to re-circulating
electrical waves perpetuated by the fibrotic substrate.
All attempts to target the arrhythmogenic sources
in the fibrotic substrate, such as execution of linear
ablation lesions across the left atrial loof and mitral
valve isthmus, and ablation of complex fractionated
atrial electrograms, have failed to deliver reasonable
outcomes [24]. Therefore, although ablation seeks to
restore atrial contractile function, the ability of the LA
to transport pulmonary venous blood is decreased by
the procedure, especially long-standing AF and pre-
existing LA fibrosis. Efforts to interrupt neural circuits
with catheter ablation can cause further injury to the
LA, as evidenced acutely, by cardiomyocyte necrosis and
tissue edema, and chronically, by the loss of contractile
and reservoir function as a result of replacement
fibrosis. The extent of these changes depends on the
number of ablation lines and ablation procedures.

The quality of the procedure is paramount and should
be a critical appraisal. And given the invasive nature
of the procedure, catheter ablation carries certain
procedure risks, including stroke, pericardial effusion,
atrioesophageal fistula, bleeding, pulmonary stenosis,
pneumonia, and rarely death.

The selection of catheter ablation patients:
Balancing the benefits and harmfulness of catheter
ablation, selecting which AF patients with HFrEF is
of very importance to affect the patients’ prognosis
and safeness. Before the catheter procedure, we
should evaluate the patients’ status seriously.
Procedures should be performed by well-trained
electrophysiologists  in  experienced  centers.
Therapeutic choice depends on the culprit arrhythmia,
patient comorbidities and preferences. And how do
we characterize patients who are optima candidates
for ablation? Clinical markers based on aggregated
risk scores need to be investigated, including other
marker, such as genetic markers and biochemical
markers. Recently, a large sample size study from
Germany which enrolled more than 1400 AF patients
undergoing first AF ablation demonstrated that AF
recurrence post ablation can be predicted using the
APPLE score including ‘Age>65 years’, ‘persistent
AF’, ‘imPaired eGFR (<60 mL/min/1.73 m?), ‘Left
atrial diameter 243 mm’, and ‘Ejection fraction<50%’,
have increased AF recurrence risk [25].

Structural tissue remodeling, including increased
collagen disposition, loss of myocytes and fibrosis, have
been shown to be related to AF with HFrEF patients.
Late gadolinium enhancement magnetic resonance
imaging scans (LGE-CMR) allows to characterize left
atrial anatomy, structural remodeling; and to detect
and quantify myocardial fibrosis, and LGE-CMR has
been extensively validated in histopathologic studies
and potentially helping to better select patients for
this therapy [26]. LGE-CMR assessment has also been
promising to regard predicting immediate efficacy and
late outcomes after ablation.

Results and Discussion

In general, extensive atrial remodeling has been shown
to predict worse outcomes after ablation procedures:
patients with high LA scar burden, increased LA
sphericity, and LA volume, as well as incomplete
ablation lines, have increased AF recurrence risk
[27]. The benefit of AF ablation was most apparent
in patients without ventricular fibrosis as assessed by
LGE-CMR. LGE-CMR has been used to estimate
chronic lesion scarring after radiofrequency ablation in
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the LA [28]. Pre-ablation LGM-CMR might identify
patients with heavy burdens of scar who are unlikely
to respond to ablation. But these techniques must
become reproducible and reliable and must be assessed
in multicentre trials.

According to these clinical circumstance, the ideal
patient with the highest likelihood of procedural success
is one with recent-onset HE, recent-onset AF with fast
ventricular rates, idiopathic CMP, ventricular LGE-
MRI negative, lower LVEF, LA enlargement (less than
55 mm), LA fibrosis less than 10%, and young patients
(less than 65 years), and no or few comorbidities[29].
Meanwhile, theaggressive managementofcardiovascular
risk factors (hypertension, diabetes mellitus, sleep
disorders, obesity, excessive alcohol, smoking) and
cardiac rehabilitation after ablation reduces the odds of
recurrent AF and is an important element in the quality
of care.

Conclusion

In conclusion, the present evidence of clinical trials

suggests that PVI catheter ablation compared to AADs
for AF in patients with HFrEF results in significant
improvement in LVEE, quality of life and functional
status, with a survival benefit. But it also remains
imperative to design large “hard endpoints” RCTs that
reflect shifting global ablation techniques, technologies,
and patient selection.

But questions remain. Do the benefits of catheter
ablation in HFrEF also extend to patients with AF and
HFpEF? Who benefits most from an ablation strategy?
Finally, in those who may benefit from catheter ablation,
when is the optimal time to intervene and when is it too
late? Figure 1 shows our opinions in managing rhythm
in AF patients with HFrEE Currently, some ongoing
RCTs; such as the RAFT-AF, CATCH-AF, AMICA
and AFARC-LVF trials will be completed in 2019,
which will further improve our understanding of
the utility of catheter ablation in AF patients with
HF:rEE
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Figure 1: Proposed rhythm managing in patients with AF in HFrEF.
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