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KEYWORDS Abstract

Atrial fibrillation; Introduction and Aims: Catheter ablation has been shown to improve left ventricular (LV) ejec-

Catheter ablation; tion fraction (LVEF) in patients with atrial fibrillation (AF) and heart failure (HF). Our aim was to

Heart failure; assess the impact of AF ablation on the outcome of patients with HF and LV systolic dysfunction.

Left ventricular Methods: We performed a retrospective observational cohort study of all patients with HF and

systolic dysfunction LVEF <50% and with no apparent cause for systolic dysfunction other than AF who underwent
catheter ablation in a tertiary referral center between July 2016 and November 2018. The
primary endpoint was a >5% improvement in LVEF. Secondary endpoints included improvement
in New York Heart Association (NYHA) class and reduction in LV end-diastolic diameter (LVEDD)
and left atrial diameter (LAD).
Results: Of 153 patients who underwent AF ablation in this period, 22 (77% male, median age
61 [IQR 54-64] years) fulfilled the inclusion criteria. Median follow-up was 11.1 months (IQR 6.1-
19.0). After ablation, median LVEF increased from 40% (IQR 33-41) to 58% (IQR 55-62) (p<0.01),
mean NYHA class improved from 2.35+0.49 to 1.3+0.47 (p<0.001), and median LAD and LVEDD
decreased from 48.0 (IQR 43.5-51.5) mm to 44 (IQR 40-49) mm (p<0.01) and from 61.0 (IQR
54.0-64.8) mm to 55.0 (52.2-58.0) mm (p<0.01), respectively.
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PALAVRAS-CHAVE
Fibrilhacao auricular;
Ablacao por cateter;
Insuficiéncia
cardiaca;

Disfuncao sistolica do
ventriculo esquerdo

Introduction

Conclusion: In patients with HF and LV systolic dysfunction, AF ablation is associated not
only with improved functional status but also with favorable structural remodeling, including
improvement in LVEF and decreases in LAD and LVEDD.

© 2021 Sociedade Portuguesa de Cardiologia. Published by Elsevier Espana, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Impacto da ablacdo por cateter de fibrilhacdo auricular em doentes com insuficiéncia
cardiaca e disfuncao sistolica do ventriculo esquerdo

Resumo

Introdugdo e objetivo: A ablacdo por cateter esta associada a uma melhoria da fracdo de ejecao
ventricular esquerda (FEVE) em doentes com insuficiéncia cardiaca (IC) e fibrilhacao auricu-
lar(FA). O objetivo deste trabalho foi avaliar o impacto da ablacao de FA em doentes com IC e
disfuncao sistolica do ventriculo esquerdo.

Métodos: Estudo observacional retrospetivo dos doentes com IC e FEVE < 50% sem causa
aparente para a disfuncdo ventricular para além da FA, submetidos a ablacdo num centro de
referéncia entre julho/2016-novembro/2018. O endpoint primario foi uma melhoria da FEVE
> 5%. Os endpoints secundarios foram a melhoria na classe funcional da New York Heart Asso-
ciation (NYHA) e a reducao do diametro auricular esquerdo (DAE) e do diametro telediastolico
do ventriculo esquerdo (DTDVE).

Resultados: Dos 153 doentes submetidos a ablacao de FA neste periodo, 22 foram incluidos (77%
do género masculino, idade mediada de 61 anos [IQR 54-64]). O tempo de seguimento mediano
foi de 11, 1meses (IQR 6,1-19,0). Apds a ablacdo, a mediana da FEVE passou de 40% (IQR 33-41)
para 58% (55-62), P < 0,01, enganto a classe de NYHA passou de 2,35 + 0,49 para 1,3 + 0,47,
P < 0,001, o DAE de 48,0 (IQR 43,5-51,5) mm para 44 (IQR 40-49)mm (P < 0,01) e o DTDVE de
61,0 (IQR 54,0-64,8)mm para 55,0 (52,2-58,0, P < 0,01).

Conclusdo: Em doentes com IC e disfuncdo sistdlica do ventriculo esquerdo, a ablacdo de FA
associa-se a uma melhoria da classe funcional e a uma remodelagem estrutural favoravel,
incluindo melhoria da FEVE e diminuicao do DAE e DTDVE.

© 2021 Sociedade Portuguesa de Cardiologia. Publicado por Elsevier Espana, S.L.U. Este € um
artigo Open Access sob uma licenca CC BY-NC-ND (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

level of recommendation for AF ablation in patients with
HF with reduced ejection fraction (HFrEF) (class IIb rec-

Atrial fibrillation (AF) and heart failure (HF) are two major
public health issues that often coexist. AF is responsible for
a large number of cases of HF with reduced left ventricu-
lar (LV) ejection fraction (LVEF)," and HF is associated with
increased risk of AF. Several studies have demonstrated that
HF symptoms may occur secondary to AF, and improve after
restoration of normal sinus rhythm.'-3> However, studies on
antiarrhythmic drug (AAD) therapy have failed to show a
clear benefit for a rhythm control strategy, owing to the
limited efficacy and potentially deleterious effects of such
drugs.” Importantly, in the context of HF, many AADs pose a
significant proarrhythmic risk.’

Catheter ablation for AF has become a treatment option
for patients with drug-refractory symptoms.®~° Recent data
have shown a favorable impact of catheter ablation in
patients with AF and HF, reducing all-cause death and
hospitalization.'-%7:10-14

However, despite these encouraging data, the most
recent European guidelines for HF management, as well
as the 2019 clinical practice update, still attribute a weak

ommendation, level of evidence B).>' By contrast, the
guidelines for AF management state that AF ablation should
be considered for symptomatic patients with HFrEF when
tachycardia-induced cardiomyopathy is suspected (class lla,
level of evidence C).°

Given the differing levels of recommendation in the
aforementioned guidelines, further studies are warranted.
The aim of this study was to assess the impact of AF abla-
tion on the outcome of patients with HF and LV systolic
dysfunction.

Methods
Study design and setting
We performed a retrospective observational cohort study

of consecutive patients with HF symptoms and LVEF <50%
who underwent AF catheter ablation between July 2016

438



Revista Portuguesa de Cardiologia 40 (2021) 437-444

and November 2018 in a tertiary referral center. Procedural
endpoints and mid-term follow-up results were assessed.

Patient eligibility criteria

Patients were eligible for inclusion in the study if they met
the following criteria: drug-refractory AF or intolerance to
AAD therapy; LVEF <50%; and symptoms of HF (New York
Heart Association [NYHA] functional class >2). All patients
provided written informed consent prior to the procedure.

Paroxysmal AF was defined as AF lasting less than seven
days, persistent AF as AF lasting between seven days and
one year, and long-standing persistent AF as lasting for more
than one year before a decision to attempt rhythm control
was made.’

All patients underwent assessment for any underlying
structural heart disease, and significant coronary artery dis-
ease had to be ruled out by cardiac angiography or stress
testing.

Exclusion criteria were the following: age <18 years;
severe valvular disease; ischemic cardiomyopathy (defined
as a history of documented >75% left main or proximal
left anterior descending artery stenosis, >75% two-vessel
stenosis or a previous history of myocardial infarction
and/or revascularization'® or a documented area of ischemia
>10% of the left ventricle);>'” hypertrophic cardiomy-
opathy; neuromuscular disease; congenital heart disease;
other apparent cause for systolic dysfunction (apart
from tachycardia-induced cardiomyopathy); and left atrial
thrombus.

Data required for cohort characterization were col-
lected from patients’ clinical records. Echocardiographic
data including LVEF, left atrial (LA) diameter (LAD) and LV
end-diastolic diameter (LVEDD) were also collected. These
measurements were performed by specialized operators
blinded to the study endpoints. LA anteroposterior diam-
eter and LVEDD were measured at end-systole in M-mode
images in parasternal long-axis views. LVEF was calculated
according to current recommendations. '

Ablation procedure

In order to reduce time in AF, electrical cardioversion was
performed in all patients with persistent AF before inter-
vention. For this reason, a large number of patients were
in sinus rhythm at the time of ablation. All procedures were
conducted under general anesthesia and patients suspended
AAD therapy at least five half-lives before the procedure,
except for amiodarone.

All patients were under oral anticoagulation (OAC) for at
least two months prior to the procedure. In patients tak-
ing vitamin K antagonists (VKAs), OAC was continued in the
periprocedural period with an international normalized ratio
within the 2.0-3.0 range. In patients taking non-VKA OAC
(NOAC), the last NOAC dose before the procedure was omit-
ted. The presence of intracardiac thrombus was excluded
prior to the procedure by transesophageal echocardiogra-
phy or cardiac computed tomography (CT). During catheter
ablation, unfractionated heparin was administered immedi-
ately after transseptal puncture and adjusted as needed for
a target activated clotting time >300 s.

Anatomical mapping data were collected using a three-
dimensional mapping system - CARTO 3 (Biosense-Webster,
Irvine, CA, USA) or NavX (Abbott, Chicago, IL, USA) - and
integrated with a CT imaging reconstruction of the left
atrium, when available.

Each patient underwent a tailored approach, according
to our institutional protocol, irrespective of AF type (persis-
tent or paroxysmal) and duration. Briefly, if patients were
in sinus rhythm, bipolar voltage mapping was performed.
LA mapping was considered to be adequate when >500 volt-
age points were acquired. Voltage criteria for healthy and
scarred tissue were >0.5 mV and <0.2 mV, respectively. After
LA mapping, point-by-point pulmonary vein isolation (PVI)
was carried out.

If the patient was in AF at the beginning of the procedure,
PVI was performed first. Electrical cardioversion was subse-
quently performed if patients remained in AF after PVI, and
a voltage map was obtained in sinus rhythm.

In the presence of low voltage areas, if the patient
remained in AF or AF remained inducible with atrial burst
pacing, these areas were ablated to achieve tissue homog-
enization, and if necessary lines were created connecting
areas of scar to previous ablation lines (with the aim of
achieving bidirectional block). In the absence of low volt-
age areas but persisting AF inducibility, ablation of complex
fractionated atrial electrograms (CFAEs) was performed.’®
If AF was converted to a regular atrial arrhythmia, this was
mapped and ablated. Likewise, in the presence of typical
flutter, ablation of the cavotricuspid isthmus was also per-
formed. When AF persisted or was inducible at the end of
the procedure, electrical cardioversion was performed.

Study endpoints

The primary endpoint was improvement in LVEF, of at least
5% in order to reduce inter-operator variability.?°

Secondary endpoints included improvement in NYHA class
and reductions in LVEDD and maximum anteroposterior LAD.
AF recurrence after catheter ablation was also analyzed in
this population subset.

Safety endpoints included any major procedure-related
complications (death, cardiac tamponade, stroke or sys-
temic embolism, or vascular injury requiring transfusion or
intervention).

Follow-up

Patients were assessed before discharge and at three,
six and 12 months after the procedure. Transthoracic
echocardiography (TTE) and 24-hour Holter monitoring were
performed before discharge. Information collected during
follow-up included clinical data, 24-hour or seven-day Holter
monitoring at each visit, and TTE at six or 12 months.
Recurrence of AF was defined as the documentation of
at least 30 s of AF, atrial tachycardia or atrial flutter,
irrespective of symptoms, in accordance with the Expert
Consensus Statement on Catheter and Surgical Ablation of
Atrial Fibrillation.?’

No AADs were prescribed after ablation in paroxysmal AF
patients. In those with persistent AF, AADs were prescribed
on discharge at the discretion of the operator (particularly
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in patients with low voltage areas or persistence of AF at the
end of the procedure requiring electrical cardioversion). The
first three months after the procedure were considered
the blanking period. The anticoagulation strategy after the
first three months was based on the CHA,DS,-VASc and HAS-
BLED scores.’

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics
version 20 (IBM, Armonk, NY, USA). Categorical variables are
expressed as frequencies and percentages and continuous
variables as median and interquartile range (IQR), for varia-
bles with or without a normal distribution, respectively. The
chi-square test was used to assess differences between cate-
gorical variables and the Student’s t test or the Wilcoxon test
were used to compare continuous variables with or without a
normal distribution, respectively. The Kolmogorov-Smirnov
test was used to test for normality of distribution of con-
tinuous variables. Statistical significance was accepted for
p-values <0.05.

Results

During the enrollment period, a total of 153 patients under-
went AF ablation. Of these, 22 (14.4%) patients fulfilled the
inclusion criteria and were included in the study (77% male,
median age 61 [IQR 54-64] years).

The main baseline population characteristics are detailed
in Table 1. The majority of patients (82%) presented with
persistent AF (including 27% with long-standing persistent
AF), while 18% had paroxysmal AF (all patients with parox-
ysmal AF underwent electrical cardioversion in the first
seven days of hospitalization, when the diagnosis was ini-
tially made). The median heart rate was 93 (IQR 84-102)
bpm. Regarding NYHA class, 32% of patients were in class
Ill, while the remainder were in NYHA class Il. At baseline,
medical treatment was reasonably optimized. Importantly,
all patients with LVEF <40% were under renin-angiotensin
system inhibitors plus beta-blocker therapy, and 56% were
also taking an aldosterone antagonist, while 77% of patients
(17) were under antiarrhythmic therapy at baseline, mostly
(82%, 14 patients) amiodarone.

Baseline echocardiographic data

Median LVEF was 40% (IQR 34.5-40.2); 41% of the patients
had HFrEF (i.e. LVEF <40%) and the remainder had HF with
mid-range ejection fraction (HFmrEF), as defined by the
2016 European guidelines.® Median LAD was 48.0 (IQR 43.5-
51.5) mm and median LVEDD was 51.0 mm (IQR 54.0-64.8).
Data regarding baseline echocardiographic parameters are
presented in Table 2.

Procedural details and immediate results

Details of the technical aspects of the procedures are
presented in Table 3. A significant proportion of patients
(54%) were in sinus rhythm at the beginning of the proce-
dure, reflecting the high percentage of patients who had

Table 1 Baseline characteristics of the study population
(n=22).
Male 17 (77%)
Age, vears 61 (54-64)2
BMI, kg/m? 28 (25.2-30.8)2
Type of AF

Paroxysmal 4 (18%)

Persistent 12 (55%)

Long-standing persistent 6 (27%)
Time since AF diagnosis, years 4 (2-8)2
Hypertension 9 (41%)
Diabetes 4 (18%)
Dyslipidemia 8 (36%)
Obstructive sleep apnea 1 (4%)
Chronic kidney disease 4 (18%)
Previous stroke 1 (4%)
CHA;DS;-VASc score 2.0 (1.8-3.0)2

0 0 (0%)

1 5 (23%)

2 9 (41%)

3 6 (27%)

>3 2 (9%)
NYHA class 2.35+0.49°

Il 15 (68%)

1] 7 (32%)

v 0 (0%)
Previous electrical cardioversion 18 (82%)
Time since last cardioversion, months 11.0 (6.5-13.2)2
Success of last cardioversion 15 (83%)

@ Median and interquartile range.

b Mean + standard deviation.

AF: atrial fibrillation; BMI: body mass index; IQR: interquartile
range; LVEF: left ventricle ejection fraction; NYHA: New York
Heart Association.

Table 2 Baseline echocardiographic parameters (n=22).

LVEF, % 40.0 (IQR 34.5-40.2)
LVEF <35% 7 (32%)

LAD, mm 48.0 (IQR 43.5-51.5)
LVEDD, mm 61 (IQR 54.0-64.8)

IQR: interquartile range; LAD: left atrial diameter; LVEDD: left
ventricular end-diastolic diameter, LVEF: left ventricular ejec-
tion fraction.

undergone electrical cardioversion in the preceding months.
All patients underwent a single procedure. A voltage map
was acquired in sinus rhythm in all patients, and low-
voltage areas outside the pulmonary veins were detected
in seven (32%) and CFAEs in five (23%). Antral PVI was
performed successfully in all patients, with bidirectional
block being obtained at first passage in 73% of cases. Low-
voltage homogenization and lines were performed in six
(27%) patients, CFAE ablation in five (23%) and cavotricus-
pid isthmus line ablation in eight (36%). At the end of the
procedure, AF was still inducible in four patients (18%), and
these underwent successful electrical cardioversion.

There were no immediate procedural or in-hospital
complications.
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Table 3  Procedural details.

SR at beginning of procedure 12 (55%)
AF at beginning of procedure 10 (45%)
Procedural time, min 116+33
Ablation time, min 40+14
Fluoroscopy time, min 5.3+3.0
Voltage map 22 (100%)
Low voltage area (outside PVI lines) 7 (32%)
CFAE ablation 5 (23%)
PVI at first passage 18 (82%)
Low voltage/empirical lines 6 (27%)
CTl line 8 (36%)

AF: atrial fibrillation; CFAE: complex fractionated atrial electro-
gram; CTI: cavotricuspid isthmus; PVI: pulmonary vein isolation;
SR: sinus rhythm.

Continuous variables are expressed as mean + standard devia-
tion.

Study endpoints

Median follow-up was 11.1 (IQR 6.1-19.0) months.

LVEF assessment after catheter ablation was available
in all cases. Improvement was observed from 40% (IQR 33-
41) to 58% (IQR 55-62) (median 20% [IQR 15-26], p<0.01).
Changes in LVEF before and after the procedure are shown
in Figure 1A. Importantly, in 21 cases (95%), LVEF after
catheter ablation was >50%. In fact, improvement in LVEF
was observed even in patients with AF recurrence. Of
the four patients with AF recurrence documented during
follow-up, only one still had LVEF <50% (this patient had a
considerable improvement from 16% to 43%), while in the
remainder LVEF improved to >50%.

LAD and LVEDD measurements were available in 21 (95%)
and 20 (91%) patients, respectively. LAD decreased from
48.0 (IQR 43.5-51.5) mm to 44 (IQR 40-49) mm (p<0.01),
while LVEDD decreased from 61.0 (IQR 54.0-64.8) mm to
55.0 (52.2-58.0) mm (p<0.01). Changes in LAD and LVEDD
are shown in Figure 1B and C.

Mean NYHA class improved from 2.35+0.49 to 1.3+0.47
(p<0.01) after catheter ablation. Figure 2 shows improve-
ments in NYHA class pre- and post-ablation. At last
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Figure 2 Improvement in New York Heart Association (NYHA)
functional class after catheter ablation. Red and blue arrows
represent patients with and without recurrence of atrial fibril-
lation after the blanking period, respectively.

follow-up, diuretic doses were reduced or discontinued in
55% of the patients.

Recurrence after the blanking period was documented in
18% of patients, four in total - three in AF (two of whom
were in paroxysmal AF) and one in paroxysmal atrial tachy-
cardia; one patient was under AAD therapy at the time of
recurrence.

All recurrences were in patients with a history of persis-
tent AF (three with long-standing persistent AF), meaning
that freedom from symptomatic and/or documented AF at
last follow-up was 78% for patients with persistent AF and
100% for those with paroxysmal AF with a single ablation
procedure. Only two patients remained under amiodarone
at follow-up.

There were no major procedure-related complications.
No patients died during follow-up and there were no hospital
admissions due to cardiovascular causes.

Discussion

The main findings of this study are that AF catheter ablation
is associated with significant improvements in both LVEF and
NYHA functional class in patients with HF and LV systolic
dysfunction, and that AF catheter ablation induces favor-
able atrial and ventricular reverse remodeling in this patient
subset.

Although there have been several randomized clinical
trials assessing the role of AF catheter ablation in patients

with LV systolic dysfunction,

65.00
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55.00

50.00

45.00
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B

C
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Error bars: 95% CI

end-diastolic diameter (C). Cl: confidence interval; LVEF: left ventricular ejection fraction.
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improvement of LVEF post-ablation is scarce, with some
studies even reporting a lack of improvement,”?2-2* which
may have been the result of less selective inclusion criteria,
with sicker patients and less favorable HF etiologies. By
contrast, in our study we observed significant improve-
ments in LVEF (from a median of 40% [IQR 33-41] to 58%
[IQR 55-62], p<0.01) and all patients showed at least
partial LVEF improvement. We further observed signif-
icant reverse remodeling after catheter ablation, with
reductions in LA diameter and LVEDD. These results are in
line with studies which included patients with idiopathic
cardiomyopathy.’?425-27 Qverall, the reductions in cardiac
chamber dimensions and recovery of LV systolic function
after ablation support the theory that, in the absence of
additional underlying cardiac disease, reverse remodeling
takes place once the primary insult (AF) is resolved. Also,
these data suggest that patient selection plays a major
role in defining the benefit driven by ablation and that
patients with truly idiopathic cardiomyopathy or suspected
tachycardia-induced cardiomyopathy benefit the most from
a catheter ablation-based rhythm control approach.?®?° We
should, however, acknowledge that there are other mecha-
nisms by which AF may lead to systolic impairment, including
irregular ventricular activity, loss of atrial contraction and
even neurohormonal aspects,? and the benefit of ablation
may also result from the correction of these mechanisms.

Our study showed improvement in NYHA functional class
after ablation in patients with HF and LV systolic dysfunc-
tion, with reduction or discontinuation of diuretics possible
in over half of the patients. It is also noteworthy that
even patients with AF recurrence still saw improvements
in functional class and LVEF, which may be explained by
the significant reduction in AF burden."® These encourag-
ing results were observed on top of appropriate medical
therapy. Importantly, as in the recent Catheter Ablation
versus Standard Conventional Therapy in Patients with
Left Ventricular Dysfunction and Atrial Fibrillation (CASTLE-
AF) trial,"® most of our patients were in NYHA class II,
and these results should therefore not be extrapolated
to patients with more severe forms of HF. Neverthe-
less, it would seem reasonable to expect improvement in
these patients as well, even if of lesser magnitude, pro-
vided that other underlying heart conditions have been
excluded.

In our study, 18% of patients had AF recurrence after
the blanking period, all with persistent AF and 75% off
AAD therapy, which is in line with some reports.” 426,30
However, 52% of patients continued AAD therapy during
follow-up (despite a reduction in amiodarone from 64% at
baseline to 9% in follow-up). This high percentage of patients
on AADs after almost a year of follow-up derives mainly
from concern that potential AF recurrence could lead to
recurrent HF symptoms and deterioration of LV systolic func-
tion. Nevertheless, our study suggests that AF ablation can
be carried out with high efficacy in HF patients with sig-
nificant LV systolic dysfunction. Therefore, since catheter
ablation is the most effective treatment for maintenance
of sinus rhythm and reduction of AF burden, it is log-
ical that a strategy of ablation may provide substantial
benefit in HF patients compared with medical treatment
alone. This had already been suggested by important tri-
als such as CASTLE-AF, AATAC and a sub-group analysis of

CABANA, and is further corroborated by the results of our
analysis.” %3

According to the most recent guidelines,” 32% of our
patients would qualify for a device for primary prevention
of sudden cardiac death. However, catheter ablation was
followed by significant atrial and ventricular remodeling,
which led to LVEF improvement in most cases. At one-year
follow-up, no patient still fulfilled criteria for ICD implan-
tation, irrespective of AF recurrence. This is of particular
importance if we consider that these patients are usually
relatively young' (median age 6048 years in our study) and
would therefore have a high likelihood of device-related
complications during their lifetime.??-3* Catheter ablation
has been shown to be superior to atrioventricular node abla-
tion with biventricular pacing in patients with HF.2 For
patients with HF symptoms and baseline left bundle branch
block, who would otherwise be potential candidates for car-
diac resynchronization therapy (CRT), AF ablation may in
fact lead to recovery of LV function to the point that CRT
may no longer be indicated. Care should be taken, how-
ever, to ensure that these patients do recover post-ablation,
considering the unequivocal benefit of CRT in those in whom
significant LV systolic dysfunction persists. Still, the present
findings, together with data from CASTLE-AF'® and the
AATAC trial,” suggest that catheter ablation in AF patients
with suspected tachycardia-induced cardiomyopathy may
obviate the need for implantable cardioverter-defibrillators
and/or CRT devices and should perhaps be considered as
first-line therapy for patients with AF and HF with sys-
tolic impairment that is seen as being directly caused by
AF.

Study limitations

We acknowledge several limitation of our work. First, this
was a retrospective study involving a small number of
patients treated in a single center without a control group,
which precludes an objective assessment of the impact
of ablation compared with medical treatment alone. Sec-
ond, since our patients did not undergo cardiac magnetic
resonance imaging prior to AF ablation, we could not
differentiate between patients with tachycardia-induced
cardiomyopathy and those with dilated cardiomyopathy due
to other causes. However, it may still be possible to reverse
LV dysfunction to some extent in the latter group. Third,
our follow-up duration was relatively limited and we are
thus unable to comment on the benefit of ablation in the
mid to long term. Fourth, systematic monitoring using an
implantable loop recorder could have documented a higher
rate of asymptomatic AF recurrence and provided more
objective information regarding AF burden in follow-up.
Lastly, electrical cardioversion performed pre-ablation may
have contributed to the improvements in functional class
and LVEF, as well as atrial and ventricular remodeling. How-
ever, even on AADs, almost half of our patients had AF
recurrence and were in AF at the beginning of the proce-
dure, which strengthened the indication for it and clearly
demonstrates that a similar level of benefit would not have
been achieved with electrical cardioversion plus AAD ther-
apy alone.
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Conclusion

In carefully selected patients with AF and HF with LV systolic
dysfunction, catheter ablation results in significant improve-
ment in LV ejection fraction and decreases in LV and atrial
diameters, as well as improvement in functional status. Con-
sideration should be given to performing ablation at earlier
stages in these patients, rather than adopting a more con-
servative strategy with antiarrhythmic drug therapy.

Ethical statement

All patients provided written informed consent and the study
was approved by the local institutional ethics committee.

Funding

The authors received no funding for this work.

Conflicts of interest

The authors have no conflicts of interest to declare.

References

1. Calvo N, Bisbal F, Guiu E, et al. Impact of atrial fibrillation-
induced tachycardiomyopathy in patients undergoing pul-
monary vein isolation. Int J Cardiol. 2013;168:4093-7.

2. Prabhu S, Taylor AJ, Costello BT, et al. Catheter ablation
versus medical rate control in atrial fibrillation and sys-
tolic dysfunction: the CAMERA-MRI study. J Am Coll Cardiol.
2017;70:1949-61.

3. Sairaku A, Nakano Y, Oda N, et al. Incomplete cure of
tachycardia-induced cardiomyopathy secondary to rapid atrial
fibrillation by heart rate control without sinus conversion. J
Cardiovasc Electrophysiol. 2014;25:1037-43.

4. Roy D, Talajic M, Nattel S, et al. Rhythm control versus rate
control for atrial fibrillation and heart failure. N Engl J Med.
2008;358:2667-77.

5. Ponikowski P, Voors AA, Anker SD, et al. 2016 ESC Guidelines for
the diagnosis and treatment of acute and chronic heart failure:
the Task Force for the diagnosis and treatment of acute and
chronic heart failure of the European Society of Cardiology (ESC)
developed with the special contribution of the Heart Failure
Association (HFA) of the ESC. Eur Heart J. 2016;37:2129-200.

6. Nielsen JC, Johannessen A, Raatikainen P, et al. Long-term effi-
cacy of catheter ablation as first-line therapy for paroxysmal
atrial fibrillation: 5-year outcome in a randomised clinical trial.
Heart. 2017;103:368-76.

7. Di Biase L, Mohanty P, Mohanty S, et al. Ablation versus amio-
darone for treatment of persistent atrial fibrillation in patients
with congestive heart failure and an implanted device: results
from the AATAC multicenter randomized trial. Circulation.
2016;133:1637-44.

8. Piccini JP, Lopes RD, Kong MH, et al. Pulmonary vein isolation for
the maintenance of sinus rhythm in patients with atrial fibril-
lation: a meta-analysis of randomized, controlled trials. Circ
Arrhythm Electrophysiol. 2009;2:626-33.

9. Kirchhof P, Benussi S, Kotecha D, et al. 2016 ESC Guidelines for
the management of atrial fibrillation developed in collaboration
with EACTS. Eur Heart J. 2016;37:2893-962.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

443

Marrouche NF, Brachmann J, Andresen D, et al. Catheter abla-
tion for atrial fibrillation with heart failure. N Engl J Med.
2018;378:417-27.

Nedios S, Sommer P, Dagres N, et al. Long-term follow-up after
atrial fibrillation ablation in patients with impaired left ven-
tricular systolic function: the importance of rhythm and rate
control. Heart Rhythm. 2014;11:344-51.

Geng J, Zhang Y, Wang Y, et al. Catheter ablation versus rate
control in patients with atrial fibrillation and heart failure: a
multicenter study. Medicine (Baltimore). 2017;96:€9179.

Zhu M, Zhou X, Cai H, et al. Catheter ablation versus medi-
cal rate control for persistent atrial fibrillation in patients with
heart failure: a PRISMA-compliant systematic review and meta-
analysis of randomized controlled trials. Medicine (Baltimore).
2016;95:e4377.

AlTurki A, Proietti R, Dawas A, et al. Catheter ablation for atrial
fibrillation in heart failure with reduced ejection fraction: a
systematic review and meta-analysis of randomized controlled
trials. BMC Cardiovasc Disord. 2019;19:18.

Seferovic PM, Ponikowski P, Anker SD, et al. Clinical practice
update on heart failure 2019: pharmacotherapy, procedures,
devices and patient management. An expert consensus meeting
report of the Heart Failure Association of the European Society
of Cardiology. Eur J Heart Fail. 2019;21:1169-86.

Felker GM, Shaw LK, O’Connor CM. A standardized definition of
ischemic cardiomyopathy for use in clinical research. J Am Coll
Cardiol. 2002;39:210-8.

Neumann FJ, Sousa-Uva M, Ahlsson A, et al. 2018 ESC/EACTS
guidelines on myocardial revascularization. Eur Heart J.
2019;40:87-165.

Lang RM, Badano LP, Mor-Avi V, et al. Recommendations for car-
diac chamber quantification by echocardiography in adults: an
update from the American Society of Echocardiography and the
European Association of Cardiovascular Imaging. Eur Heart J
Cardiovasc Imaging. 2015;16:233-70.

Verma A, Novak P, Macle L, et al. A prospective, multicen-
ter evaluation of ablating complex fractionated electrograms
during atrial fibrillation (AF) identified by an automated map-
ping algorithm: acute effects on AF and efficacy as an adjuvant
strategy. Heart Rhythm. 2008;5:198-205.

Cole GD, Dhutia NM, Shun-Shin MJ, et al. Defining the real-world
reproducibility of visual grading of left ventricular function and
visual estimation of left ventricular ejection fraction: impact of
image quality, experience and accreditation. Int J Cardiovasc
Imaging. 2015;31:1303-14.

Calkins H, Hindricks G, Cappato R, et al. 2017
HRS/EHRA/ECAS/APHRS/SOLAECE expert consensus state-
ment on catheter and surgical ablation of atrial fibrillation.
Europace. 2018;20:e1-160.

Jones DG, Haldar SK, Hussain W, et al. A randomized trial to
assess catheter ablation versus rate control in the management
of persistent atrial fibrillation in heart failure. J Am Coll Cardiol.
2013;61:1894-903.

Khan MN, Jais P, Cummings J, et al. Pulmonary-vein isolation for
atrial fibrillation in patients with heart failure. N Engl J Med.
2008;359:1778-85.

MacDonald MR, Connelly DT, Hawkins NM, et al. Radiofre-
quency ablation for persistent atrial fibrillation in patients
with advanced heart failure and severe left ventricular sys-
tolic dysfunction: a randomised controlled trial. Heart. 2011;97:
740-7.

Virk SA, Bennett RG, Chow C, et al. Catheter ablation versus
medical therapy for atrial fibrillation in patients with heart fail-
ure: a meta-analysis of randomised controlled trials. Heart Lung
Circ. 2019;28:707-18.

Hsu LF, Jais P, Sanders P, et al. Catheter ablation for
atrial fibrillation in congestive heart failure. N Engl J Med.
2004;351:2373-83.



J.M. Ribeiro, P.A. Sousa, N. Antonio et al.

27.

28.

29.

30.

31.

Gentlesk PJ, Sauer WH, Gerstenfeld EP, et al. Reversal of left
ventricular dysfunction following ablation of atrial fibrillation.
J Cardiovasc Electrophysiol. 2007;18:9-14.

Prabhu S, Ling LH, Ullah W, et al. The impact of known heart
disease on long-term outcomes of catheter ablation in patients
with atrial fibrillation and left ventricular systolic dysfunction:
a multicenter international study. J Cardiovasc Electrophysiol.
2016;27:281-9.

Rillig A, Makimoto H, Wegner J, et al. Six-year clinical outcomes
after catheter ablation of atrial fibrillation in patients with
impaired left ventricular function. J Cardiovasc Electrophysiol.
2015;26:1169-79.

Chen MS, Marrouche NF, Khaykin Y, et al. Pulmonary vein iso-
lation for the treatment of atrial fibrillation in patients with
impaired systolic function. J Am Coll Cardiol. 2004;43:1004-9.
Packer DL, Mark DB, Robb RA, et al. Effect of catheter ablation
vs antiarrhythmic drug therapy on mortality, stroke, bleeding,

32.

33.

34.

444

and cardiac arrest among patients with atrial fibrillation: the
CABANA randomized clinical trial. JAMA. 2019;321:1261-74.
Tarakji KG, Wazni OM, Harb S, et al. Risk factors for 1-year
mortality among patients with cardiac implantable electronic
device infection undergoing transvenous lead extraction: the
impact of the infection type and the presence of vegetation on
survival. Europace. 2014;16:1490-5.

Olde Nordkamp LR, Postema PG, Knops RE, et al. Implantable
cardioverter-defibrillator harm in young patients with inherited
arrhythmia syndromes: a systematic review and meta-analysis
of inappropriate shocks and complications. Heart Rhythm.
2016;13:443-54.

Moss AJ, Schuger C, Beck C, et al. Reduction in inappropriate
therapy and mortality through ICD programming. N Engl J Med.
2012;367:2275-8.



	Impact

