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Abstract

Aims We sought to investigate the time course of cardiac disorders after catheter ablation for atrial fibrillation (AF) in
patients with coexisting heart failure (HF) during long-term follow-up.
Methods and results We analysed consecutive 280 patients undergoing first-time catheter ablation for AF who had
coexisting HF, which was defined as prior HF hospitalization, estimated right ventricular systolic pressure ≥45 mmHg, or
B-type natriuretic peptide (BNP) ≥200 pg/dL before the procedure. The primary endpoints were improvements in left ventric-
ular ejection fraction (LVEF), E/e′, BNP, left atrial dimension (LAD), and mitral regurgitation (MR) at 1 year. The secondary
endpoints were serial changes of LVEF, E/e′, BNP, LAD, and MR at 6 months, 1 year, and 5 years and cumulative incidence
of HF hospitalization. During the mean follow-up of 5.1 ± 3.0 years, 70.7% of patients were free from recurrent AF. Among
patients with LVEF < 50%, E/e′ ≥ 15, BNP ≥ 200 pg/dL, LAD ≥ 40 mm, and moderate-to-severe MR, changes in those
parameters from baseline to 1 year were 34.5 ± 9.9% to 43.2 ± 14.4% (P < 0.001), 19.7 ± 3.9 to 12.5 ± 6.6 (P < 0.001),
290 to 85 pg/dL (P < 0.001), and 100% to 37.8% (P < 0.001), respectively. The improvements in the cardiac disorders were
maintained up to 5 years except for E/e′. In patients with LVEF < 40%, significant delayed improvement of LVEF beyond 1 year
was observed (ΔLVEF = 10.5 ± 18.5, P = 0.001), but not in patients with LVEF of 40–49%. The cumulative incidence of HF
hospitalization was 12.6% at 5 years. Baseline diastolic dysfunction was the only independent predictor for subsequent HF
hospitalization.
Conclusions In patients undergoing AF ablation with coexisting HF, all cardiac disorders significantly improved after the pro-
cedure, which was mostly maintained during 5 year follow-up.
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Introduction

Both atrial fibrillation (AF) and heart failure (HF) are common
disease increasing with age and each disease predisposing to
the other.1 Atrial kick during a diastolic phase and atrioven-
tricular synchronization disappear during AF rhythm. In
addition, high-rate ventricular contraction induces systolic
and diastolic dysfunction. Furthermore, high-rate atrial
contraction leads to left atrial (LA) dilation, which causes

secondary mitral regurgitation (MR). Conversely, HF also
increases the incidence of AF, especially at the time of acute
exacerbation and dehydration. Thus, AF begets HF and vice
versa, leading to increased mortality and morbidities.1–3

Catheter ablation for AF has become increasingly popular
as non-pharmacological rhythm control therapy.4,5 In AF
patients with coexisting HF and systolic dysfunction, several
studies have reported the superiority of catheter ablation
to conventional therapy in improvement of systolic
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dysfunction.6–9 Recently, a randomized controlled trial in AF
patients with coexisting HF (CASTLE-AF study) firstly demon-
strated significantly lower rate of death or worsening HF
and higher rate of improvement in systolic dysfunction after
catheter ablation for AF as compared with medical therapy.10

However, long-term change in cardiac disorders after cathe-
ter ablation for AF in patients with coexisting HF has not been
fully evaluated. In addition, predictors of the improvement in
cardiac function have been rarely evaluated. Therefore, the
recommendation level of catheter ablation for AF in HF
patients is still Class IIb even in recent guidelines.4,5 The aim
of the current study is to investigate long-term impact of
catheter ablation for AF on cardiac disorders in patients with
coexisting HF.

Methods

Study population

Among 1206 consecutive patients undergoing radiofrequency
catheter ablation for AF in Kyoto University Hospital between
February 2004 and March 2015, 280 patients with coexisting
HF were included in the current study. HF was defined as prior
HF hospitalization, lung congestion on echocardiography
(estimated right ventricular systolic pressure ≥45 mmHg), or
biological cardiac overload [B-type natriuretic peptide (BNP)
≥200 pg/dL] at the time of the procedure.11 Written informed
consent was obtained from all patients. A 12-lead electrocar-
diogram was routinely measured at each clinical visit, and
24 h Holter monitoring was recommended at 3, 6, and
12 months and yearly thereafter. Follow-up information was
obtained by review of hospital chart and/or contact with the
patient, relatives, and/or referring physicians. The study
protocol was approved by the institutional review board of
Kyoto University Hospital.

Ablation procedure and post-procedural
management

Extensive encircling pulmonary vein isolation and tricuspid
valve isthmus ablation were routinely performed. Superior
vena cava isolation, LA linear ablations, and additional com-
plex fractionated atrial electrogram ablation were performed
if necessary. The detail of ablation procedure was described
in our previous report.12 After the first procedure, oral
anticoagulant was continued for at least 3 months. Thereaf-
ter, discontinuation of oral anticoagulant in patients without
arrhythmia recurrence was left to the discretion of the
attending physician. Antiarrhythmic drugs were discontinued
before the ablation procedure and were restarted only when
recurrent atrial tachyarrhythmias were detected. The second

procedure was recommended to the patients with recurrent
atrial tachyarrhythmias after the blanking period of 3months.

Definitions and outcome measures

Atrial fibrillation was classified into paroxysmal (lasting
<7 days) and persistent (lasting ≥7 days) AF. ‘C’ as a compo-
nent of CHADS2 and CHA2DS2-VASC scores included hospital-
ization for exacerbation of HF within 100 days before the
index ablation procedure and/or left ventricular (LV) ejection
fraction (LVEF) of <40%. Other components of the scores
were described elsewhere.13,14 Stroke was defined as neuro-
logical deficit requiring hospitalization with symptoms lasting
for >24 h. Recurrent AF after procedure was defined as
documented AF and/or atrial tachycardia lasting for >30 s
or those requiring repeat ablation procedures with a blanking
period of 90 days after procedure.15 Maintained sinus
rhythm was defined as free from recurrent AF without
antiarrhythmic drugs.

Systolic dysfunction was defined as LVEF < 50% and was
further subclassified into two groups [HF with reduced LVEF
(HFrEF): LVEF < 40%; HF with mid-range LVEF (HFmrEF): LVEF
40–49%].16 HF with LVEF ≥ 50% was considered as HF with
preserved LVEF (HFpEF). Diastolic dysfunction, LA dilation,
and significant MR were defined as E/e′ ≥ 15, LA dimension
(LAD) ≥40 mm, and moderate-to-severe MR, respectively.

The primary outcome measures were improvements of
cardiac functions at 1 year, including LV systolic function
(ΔLVEF ≥ 10% or normalization of LVEF to ≥50%), LV diastolic
function (normalization of E/e′ to <15), BNP level (reduction
to half of the baseline level or normalization to <200 pg/dL),
LAD (ΔLAD ≥ 10% or normalization to <40 mm), and MR
(reduction to none or mild grade).9 The secondary outcome
measures were serial changes of all those parameters at
6 months, 1 year, and 5 years, as well as the cumulative
incidence rates of all-cause death and HF hospitalization
during follow-up.

Statistical analysis

Categorical variables were presented as number and percent-
age and were compared with χ2 test or Fisher’s exact test.
Continuous variables were presented as mean with standard
deviation or median with inter-quartile range and were
compared using Student’s t-test or the Wilcoxon rank-sum
test based on their distributions. The cumulative incidence
and the event-free rates were estimated by the Kaplan–
Meier method, and the differences were assessed by the
log-rank test.

Logistic regression or Cox proportional hazard analysis with
clinically relevant variables was conducted to identify
independent risk factors for recurrent atrial tachyarrhythmia,
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the improvement of cardiac disorders, all-cause death, and
HF hospitalization after the ablation procedure. Because of
the limited number of events, only variables with P < 0.10
or <0.30 on univariate analysis were included in the multivar-
iable model. Statistical analyses were performed using JMP
Pro 14 (SAS Institute Inc., Cary, NC) software. All analyses
were two-tailed, and P value of <0.05 was considered statis-
tically significant.

Results

Baseline characteristics

The baseline characteristics of the 280 study patients were
summarized in Table 1. Mean age was 66.8 ± 8.5 years, and
34.6% were female. Mean CHADS2 and CHA2DS2-VASc scores
were 1.6 ± 1.1 and 2.7 ± 1.5, respectively. Majority of patients
had a previous history of hospitalization for HF exacerbation
before the ablation procedure. Median BNP level was 232
(132–349) pg/dL, and 64.1% of patients had BNP level of
≥200 pg/dL. Regarding baseline echocardiographic parame-
ters before the index procedure, LV diastolic dimension
(LVDd), LVEF, LAD, and E/e′ were 58.0 ± 8.1 mm,
53.3 ± 17.7%, 44.3 ± 6.5 mm, and 13.4 ± 6.2, respectively.
The prevalence of baseline systolic dysfunction, diastolic dys-
function, LA dilation, and moderate-to-severe MR was 40.4%,
30.0%, 78.9%, and 19.3%, respectively. About half of patients
received angiotensin-converting enzyme inhibitor or angio-
tensin receptor blocker, and beta-blockers. Most baseline
characteristics were comparable between patients with and
without diastolic dysfunction, except for higher age, higher
CHADS2 score, larger LAD, and higher prevalence of
paroxysmal AF in patients with diastolic dysfunction
(Supporting Information, Table S1).

Recurrent atrial fibrillation after ablation
procedure

Mean follow-up duration was 5.1 ± 3.0 years. The event-free
survival from recurrent atrial tachyarrhythmias after the first
procedure was 42.1% at 5 years (Supporting Information,
Figure S1). During follow-up period, the prevalence of multi-
ple procedures was 42.2% (Supporting Information,
Figure S2). The event-free survival from recurrent atrial
tachyarrhythmias after multiple procedures was 91.3% at
6 months, 87.0% at 1 year, 77.0% at 3 years, and 70.7% at
5 years, respectively. In the multivariable analysis, the inde-
pendent predictors for arrhythmia recurrence were
LVDd ≥ 55 mm [hazard ratio (HR) 2.10, 95% confidence inter-
val (CI) 1.19–3.55, P = 0.01] and LAD ≥ 40 mm (HR 2.50, 95%
CI 1.25–5.72, P = 0.008) (Supporting Information, Table S2).

Improvements in cardiac disorders at 1 year

The primary outcome measures of the current study were im-
provements in cardiac disorders at 1 year after ablation.
Among patients with systolic dysfunction (LVEF < 50%), dia-
stolic dysfunction (E/e′ ≥ 15), high BNP level
(BNP ≥ 200 pg/dL), dilated LA (LAD ≥ 40 mm), and moder-
ate-to-severe MR, changes in those parameters from baseline
to 1 year were 34.5 ± 9.9% to 43.2 ± 14.4% (P < 0.001),
19.7 ± 3.9 to 12.5 ± 6.6 (P < 0.001), 290 to 85 pg/dL
(P < 0.001), and 100% to 37.8% (P < 0.001), respectively
(Figure 1A). The prevalence of significant improvements in
those parameters at 1 year was 64.4%, 50.0%, 81.1%,

Table 1 Baseline characteristics

Baseline characteristics

Age (years) 66.8 ± 8.5
≥75 years 52 (18.6%)

AF duration (years) 1.8 [0.5–5.5]
Paroxysmal AF 147 (52.5%)
Female 97 (34.6%)
Previous heart failure hospitalization 152 (54.3%)
NYHA class 1.8 [0.5–5.5]
≥II 60 (21.4%)

Hypertension 185 (66.1%)
Diabetes 61 (21.8%)
Ischaemic stroke 30 (10.7%)
CHADS2 score 1.6 ± 1.1
CHA2DS2-VASc score 2.7 ± 1.5
≥2 216 (77.1%)

Echocardiography data
Left ventricular diastolic dimension (mm) 58.0 ± 8.1
≥55 mm 41 (14.6%)

Left ventricular ejection fraction (%) 53.3 ± 17.7
40–49% 28 (10.0%)
<40% 85 (30.4%)

Left atrial diameter (mm) 44.3 ± 6.5
≥40 mm 221 (78.9%)

E/e′ 13.4 ± 6.2
≥15 51 (30.0%)

Moderate-to-severe mitral regurgitation 54 (19.3%)
Laboratory data
Cre (mg/dL) 0.9 (0.8–1.1)
eGFR (mL/min/1.73 m2) 57.4 ± 20.3
BNP (pg/dL) 232 (132–349)
≥200 pg/dL 177 (64.1%)

Medications at discharge
Oral anticoagulant 280 (100%)
Antiplatelet 81 (28.9%)
Statin 73 (26.1%)
ACE-I/ARB 141 (50.4%)
Beta-blockers 143 (51.1%)
Verapamil/diltiazem 44 (15.7%)
Other Ca channel blockers 52 (18.6%)
Digitalis 46 (16.4%)
Furosemide 50 (17.9%)
Mineralocorticoid receptor antagonist 46 (16.4%)

ACE-I, angiotensin-converting enzyme inhibitor; AF, atrial fibrilla-
tion; ARB, angiotensin receptor blocker; BNP, B-type natriuretic
peptide; Ca, calcium; eGFR, estimated glomerular filtration rate;
NYHA, New York Heart Association.
Categorical variables are presented as number (percentage). Con-
tinuous variables are presented as mean ± standard deviation or
median and inter-quartile range.
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51.2%, and 68.9%, respectively (Figure 1B). In the multivari-
able analysis, LV dilation (LVDd ≥ 55mm) was an independent
negative predictor for the improvement of LVEF at 1 year (HR
0.18, 95% CI 0.05–0.59, P = 0.004). Other independent pre-
dictors of improved LVEF were persistent AF (HR 4.20, 95%
CI 1.52–12.8, P = 0.005) and moderate-to-severe MR (HR
5.52, 95% CI 1.49–25.3, P = 0.009) (Table 2A). The indepen-
dent negative predictors for reduction in BNP level were
baseline dilated LV (HR 0.27, 95% CI 0.09–0.88, P = 0.03)
and diastolic dysfunction (HR 0.33, 95% CI 0.12–0.88,
P = 0.03) (Table 2B). The independent predictors for reverse
remodelling of the LA were baseline moderate-to-severe
MR and maintained sinus rhythm (Table 2C). There were no
independent predictors for improvements in LV diastolic
function and MR (Supporting Information, Tables S3 and S4).

Time course of changes in cardiac disorders

The improvements in most cardiac disorders were main-
tained up to 5 years after ablation, although E/e′ at 5 years
was not significantly different from E/e′ at baseline
(P = 0.08) (Figure 2). In both HFmrEF and HFrEF patients, LVEF
significantly increased at 6 months. Delayed improvement in
LVEF beyond 1 year after procedure was observed in HFrEF
patients (ΔLVEF = 10.5 ± 18.5, P = 0.001), but not in HFmrEF
patients (ΔLVEF = 1.0 ± 8.9, P = 0.64) (Supporting Informa-
tion, Figure S3). The prevalence of significant improvements
in patients with systolic dysfunction, diastolic dysfunction,
high BNP level, dilated LA, and moderate-to-severe MR at
5 years was 86.2%, 66.7%, 85.4%, 62.0%, and 73.7%, respec-
tively (Supporting Information, Figure S4).

Figure 1 Improvements in cardiac disorders at 1 year after procedure. (A) Serial changes of cardiac parameters in patients with cardiac disorder. (B)
The prevalence of significant improvements in cardiac disorders at 1 year. BNP, B-type natriuretic peptide; LAD, left atrial dimension; LVEF, left ven-
tricular ejection fraction; MR, mitral regurgitation.
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Impact of cardiac disorders and co-morbidities on
clinical outcomes after atrial fibrillation ablation

The cumulative all-cause mortality was 2.1% at 1 year and
11.7% at 5 years (Supporting Information, Figures S5 and
S6). The cumulative incidence of HF hospitalization was
3.6% at 1 year and 12.6% at 5 years. Both risks were much
higher in patients with baseline diastolic dysfunction than
those without (40.4% vs. 4.0%, P < 0.001 for all-cause death,
and 20.3% vs. 8.1%, P = 0.03, for HF hospitalization) (Figure 3),
whereas there were modest or no significant differences be-
tween patients with and without other cardiac disorders
(Supporting Information, Figures S5 and S6). After adjustment
of baseline differences by the multivariable Cox regression
model, diastolic dysfunction remained independent risk fac-
tor for both all-cause death (HR 6.81, 95% CI 2.47–21.8,
P < 0.001) and HF hospitalization (HR 2.95, 95% CI 1.03–
8.46, P = 0.04) (Table 3).

Discussion

The main findings of the current study enrolling patients
undergoing AF ablation who had coexisting HF were as
follows: (i) all cardiac disorders including LV systolic and
diastolic dysfunctions, high BNP level, dilated LA, and
moderate-to-severe MR were significantly improved at
1 year after the procedure; (ii) most of those improve-
ments were maintained up to 5 years after the procedure,
except diastolic dysfunction; (iii) significant delayed
improvement in LVEF beyond 1 year was observed in HFrEF
patients with LVEF of <40%, but not in patients with
HFmrEF patients with LVEF of 40–49%; (iv) normal LVDd,
persistent AF, and moderate-to-severe MR were indepen-
dent predictors for the improvement of LVEF; and (v)
baseline diastolic dysfunction was an independent predictor
for all-cause death and HF hospitalization.

Table 2 Independent predictors of improvements in cardiac disorders at 1 year

Variables

Univariate Multivariable

OR 95% CI P value OR 95% CI P value

(A) Improvement in systolic dysfunction (ΔLVEF ≥ 10% or normalization to LVEF ≥ 50%)
Age ≥75 years 0.81 0.21–3.40 0.76
Female 0.78 0.28–2.25 0.64
Persistent AF 3.25 1.31–8.45 0.01 4.20 1.52–12.8 0.005
Diabetes 2.04 0.64–7.83 0.23
LVDd ≥ 55 mm 0.38 0.15–0.93 0.03 0.18 0.05–0.59 0.004
LVEF < 40% (HFrEF) 1.19 0.45–3.06 0.72
E/e′ ≥ 15 0.39 0.10–1.47 0.16
BNP ≥ 200 pg/dL 0.78 0.31–1.92 0.58
LAD ≥ 40 mm 0.98 0.31–2.91 0.97
Moderate-to-severe MR 2.67 0.94–8.87 0.07 5.52 1.49–25.3 0.009
Recurrent AF after procedure 0.44 0.17–1.12 0.08 0.63 0.21–1.88 0.40

(B) Reduction in BNP level (reduction to half of the baseline level or normalization to <200 pg/mL)
Age ≥75 years 0.78 0.34–1.91 0.57
Female 0.71 0.33–1.53 0.38
Persistent AF 0.88 0.41–1.88 0.75
Diabetes 0.60 0.25–1.49 0.26
LVDd ≥ 55 mm 0.18 0.07–0.47 <0.001 0.27 0.09–0.88 0.03
LVEF < 50% 0.53 0.24–1.21 0.13
E/e′ ≥ 15 0.31 0.12–0.79 0.01 0.33 0.12–0.88 0.03
LAD ≥ 40 mm 0.59 0.16–1.65 0.33
Moderate-to-severe MR 0.99 0.41–2.68 0.99
Recurrent AF after procedure 0.42 0.19–0.93 0.03 0.71 0.25–2.16 0.53

(C) Improvement of left atrial dilation (ΔLAD ≥ 10% or normalization to LAD < 40 mm)
Age ≥75 years 0.75 0.34–1.63 0.46
Female 1.42 0.75–2.69 0.28
Persistent AF 0.82 0.45–1.50 0.53
Diabetes 0.66 0.31–1.38 0.27
LVDd ≥ 55 mm 0.94 0.45–1.97 0.88
LVEF < 50% 1.12 0.61–2.07 0.71
E/e′ ≥ 15 0.87 0.41–1.87 0.72
BNP ≥ 200 pg/dL 1.20 0.62–2.31 0.59
LAD ≥ 50 mm 0.63 0.32–1.22 0.17
Moderate-to-severe MR 2.94 1.38–6.63 0.005 2.14 1.06–4.51 0.03
Recurrent AF after procedure 0.33 0.17–0.64 <0.001 0.35 0.19–0.65 <0.001

AF, atrial fibrillation; BNP, B-type natriuretic peptide; CI, confidence interval; HFrEF, heart failure with reduced left ventricular ejection frac-
tion; LAD, left atrial dimension; LVDd, left ventricular diastolic dimension; LVEF, left ventricular ejection fraction; MR, mitral regurgitation;
OR, odds ratio.
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The development of AF has harmful effect on HF patients
regardless of the presence of systolic dysfunction.1,2 In
2004, two studies reported that restoration of sinus rhythm
by catheter ablation for AF improved LVEF in HFrEF
patients.6,7 Thereafter, several randomized clinical studies
demonstrated the superiority of AF ablation over medical
therapy in HFrEF patients.8–10 Recently reported CASTLE-AF
trial investigated whether catheter ablation for AF decreases
the risks for HF hospitalization and mortality as compared

with medical therapy in HFrEF patients.10 Catheter ablation
was associated with significantly lower rates of all-cause
death and HF hospitalization by reducing AF burden.
However, there have been few data regarding the time
course of improvement in LVEF as well as that in E/e, BNP,
LAD, and MR during long-term follow-up. In the current
study, all those parameters of cardiac function significantly
improved at 1 year and were maintained throughout the
follow-up period of 5 years except for diastolic function.

Figure 2 (A–E) Long-term time course of cardiac parameters in patients with cardiac disorder. BNP, B-type natriuretic peptide; LAD, left atrial dimen-
sion; LVEF, left ventricular ejection fraction; MR, mitral regurgitation.
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In the current study, ΔLVEF at 5 years after ablation in pa-
tients with LVEF < 40% was 18.4%, which was much higher
than ΔLVEF of 7.3% at 5 years in the CASTLE-AF study. This
is mainly due to the difference in patient selection between
the current study and CASTLE-AF trial. In the current study,

the population was consecutive patients undergoing AF abla-
tion who had coexisting HF, and AF was considered the main
cause of reduced LVEF in majority of patients. On the other
hand, in the CASTLE-AF trial, the study population consisted
of patients with New York Heart Association (NYHA) Class

Figure 3 Cumulative incidence of all-cause death and heart failure hospitalization according to diastolic dysfunction. (A) All-cause death. (B) Heart
failure hospitalization.

Table 3 Independent predictors for clinical outcomes after AF ablation

Variables

Univariate Multivariable

HR 95% CI P value HR 95% CI P value

(A) All-cause death
Age ≥75 years 1.01 0.34–2.42 0.99
Female 0.68 0.29–1.45 0.33
Persistent AF 0.95 0.46–1.93 0.89
Diabetes 2.96 1.45–5.94 0.004 3.10 1.09–8.30 0.03
LVDd ≥ 55 mm 3.65 1.68–7.49 0.002 1.64 0.49–4.78 0.40
LVEF < 50% 1.52 0.73–3.21 0.26
E/e′ ≥ 15 7.27 2.68–23.0 <0.001 6.81 2.47–21.8 <0.001
BNP ≥ 200 pg/dL 2.05 0.96–4.78 0.06 2.65 0.67–17.6 0.18
LAD ≥ 40 mm 2.33 0.91–7.88 0.08 2.31 0.49–18.3 0.31
Moderate-to-severe MR 2.12 0.96–4.36 0.06 1.68 0.49–5.00 0.39
Recurrent AF after procedure 1.46 0.69–2.96 0.31

(B) Heart failure hospitalization
Age ≥75 years 2.65 1.22–5.43 0.02 0.74 0.16–2.43 0.65
Female 0.80 0.35–1.69 0.58
Persistent AF 1.28 0.63–2.63 0.49
Diabetes 2.56 1.21–5.21 0.02 2.55 0.85–7.02 0.09
LVDd ≥ 55 mm 4.29 2.02–8.76 <0.001 2.44 0.80–6.91 0.11
LVEF < 50% 1.27 0.62–2.59 0.51
E/e′ ≥ 15 2.85 1.05–7.78 0.04 2.95 1.03–8.46 0.04
BNP ≥ 200 pg/dL 2.25 1.02–5.66 0.04 2.00 0.61–9.17 0.27
LAD ≥ 40 mm 2.78 0.99–11.7 0.054 1.80 0.33–33.3 0.55
Moderate-to-severe MR 1.83 0.80–3.85 0.15
Recurrent AF after procedure 3.11 1.53–6.42 0.002 1.93 0.66–5.38 0.22

AF, atrial fibrillation; BNP, B-type natriuretic peptide; CI, confidence interval; HR, hazard ratio; LAD, left atrial dimension; LVDd, left ven-
tricular diastolic dimension; LVEF, left ventricular ejection fraction; MR, mitral regurgitation.
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II–IV HF, LVEF ≤ 35%, and prior implantation of a cardioverter
defibrillator or a cardiac resynchronization therapy defibrilla-
tor, suggesting that underlying cardiomyopathy rather than
AF was the main cause of reduced LVEF in most patients.
Notably, in the current study, significant delayed improve-
ment in LVEF was observed beyond 1 year after the ablation
procedure. The delayed improvement was significant only in
HFrEF patients with LVEF of <40%, but not in HFmrEF pa-
tients with LVEF of 40–49%. Normal LV size, persistent AF,
and moderate-to-severe MR were the independent predic-
tors for the improvement in LVEF at 1 year. Thus, patients
with those baseline parameters are considered good candi-
dates for AF ablation with coexisting HF.

Diastolic dysfunction is considered the most important
cause of HF in HFpEF patients,17,18 and no medical treat-
ment has been reported to improve their prognosis.19,20

Regarding AF ablation for HFpEF patients, few studies
focused on the improvement of diastolic dysfunction.
Machino-Ohtsuka et al. reported that sinus rhythm restora-
tion by AF ablation improved diastolic dysfunction in 74
patients with HFpEF during 34 month follow-up period.21

In the current study, diastolic dysfunction significantly
improved at 1 year after procedure in 50% of patients,
and mean E/e′ decreased from 19.7 at baseline to 12.5 at
1 year (P < 0.001). However, E/e′ at 5 years was not
significantly different from E/e′ at baseline, although
delayed increase in E/e′ from 1 to 5 years was not signifi-
cant. Given the fact that diastolic dysfunction was the
strong independent predictor for both all-cause death and
HF hospitalization in the current study, whether diastolic
dysfunction is likely to relapse beyond 1 year after AF
ablation should be evaluated in future larger studies.

B-type natriuretic peptide level markedly and promptly
reduced after AF ablation, which was maintained throughout
the follow-up period. Regarding negative remodelling of the
LA, reduction of LAD was modest but significant, which was
in accordance with previous studies,22,23 and was maintained
up to 5 years after the ablation procedure. Sinus rhythm
maintenance was an independent predictor for negative
remodelling of the LA.

The current study has several limitations. First, the current
study was a retrospective observational study with inherent
biases. Second, complete serial echocardiographic data up
to 5 years after procedure were available only in relatively
small number of patients, precluding us from drawing any de-
finitive conclusions. Third, we had no control group of AF pa-
tients with coexisting HF not undergoing AF ablation and
could not assess the relative utility of ablation on cardiac
function and clinical outcomes. Fourth, we had no informa-
tion regarding NYHA class during follow-up and could not as-
sess the impact of AF ablation on NYHA class. Also, data
regarding 6 min walk test and quality-of-life scores were not
available. Finally, the multivariable analyses might have not
adequately eliminated the influence of unmeasured

confounders on determining the independent predictors of
improvements in cardiac disorders and clinical outcomes.

In conclusion, among patients undergoing AF ablation
who had coexisting HF, LV systolic and diastolic dysfunctions
as well as high BNP level, dilated LA, and moderate-
to-severe MR improved in majority of cases at 1 year, which
was maintained up to 5 years after the procedure except for
LV diastolic function. Significant delayed improvement in
LVEF beyond 1 year after the procedure was observed in
patients with reduced LVEF of <40%. Normal LV size, persis-
tent AF, and moderate-to-severe MR were the independent
predictors for improvement in LVEF. Therefore, patients with
those baseline parameters are considered good candidates
for AF ablation with coexisting HF. Although LV diastolic
dysfunction was the strong independent predictor of
all-cause death and HF hospitalization, the impact of AF
ablation on long-term diastolic function should be evaluated
in future larger studies.
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