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ABSTRACT

Background The Heart Failure Association Pretest
assessment, echocardiography and natriuretic peptide,
functional testing and final aetiology (HFA-PEFF) score has
been developed for diagnosing heart failure with preserved
ejection fraction (HFpEF), which is frequently associated
with atrial fibrillation (AF). We aimed to investigate whether
preprocedural HFA-PEFF score could be used to predict
clinical outcomes in patients with AF who underwent
catheter ablation (CA).

Methods Overall, 1679 patients with AF who underwent
primary CA (71+10 years, 1218 males (72.5%), median
follow-up duration 3.3 years) from July 2011 to December
2019 were included in this retrospective study. HFpEF
was defined as an HFA-PEFF score >5. The primary study
outcome was 5-year major adverse cardiovascular and
cerebrovascular events (MACCE), which is a composite of
all-cause death, hospitalisation for heart failure (HF) and
hospitalisation for stroke.

Results The prevalence of HFpEF was 32.3%, but only
7.7% were diagnosed with HF at the time of CHADS,
scoring. Five-year MACCE occurred in 77 patients

(4.6%). The cumulative 5-year incidence of MACCE was
significantly higher in the HFpEF group than in the non-
HFpEF group (11.2% vs 4.8% at 5 years, p<0.001). In the
multivariable analysis, HFpEF by the HFA-PEFF score was
associated with MACCE (adjusted HR 1.65, 95% CI 1.02 to
2.65, p=0.041).

Conclusions Early detection of HFpEF using the HFA-PEFF
score may have clinical applications in guiding therapeutic
decision-making and improving prognosis by preventing
HF and stroke in patients with AF undergoing CA.

INTRODUCTION

Atrial fibrillation (AF) and heart failure
with preserved ejection fraction (HFpEF)
are common conditions with increasing
prevalence and are associated with
increased morbidity and mortality.' *
However, the diagnosis of HFpEF remains
challenging.” HFpEF is defined as symp-
tomatic heart failure (HF) with a left
ventricular ejection fraction (LVEF)
>50% according to a universal defini-
tion, and two other scores have been

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Atrial fibrillation (AF) and heart failure (HF) with pre-
served ejection fraction (HFpEF) are common condi-
tions with increasing prevalence and are associated
with increased morbidity and mortality.

= The diagnosis of HFpEF remains challenging, and
differences in clinical events after catheter ablation
(CA) between HFpEF and non-HFpEF have been var-
iously reported.

WHAT THIS STUDY ADDS

= In patients with AF undergoing CA, using the Heart
Failure Association Pretest assessment, echocardi-
ography and natriuretic peptide, functional testing
and final aetiology (HFA-PEFF) score could help
identify more patients with HFpEF, which were ini-
tially identified as having HF.

= In addition, HFpEF diagnosed by the HFA-PEFF score
is associated with a higher risk of hospitalisation for
HF, hospitalisation for stroke and death (major ad-
verse cardiovascular and cerebrovascular events)
after CA.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= In patients undergoing CA for AF, using the HFA-
PEFF score may help to identify patients with un-
derdiagnosed HFpEF, which could, in turn, improve
their prognosis.

= Future studies using the HFA-PEFF and the H,FPEF
scores could detect ‘early HFpEF’ and may repre-
sent a potential target for CA, which may contribute
to improved prognosis through the prevention of HF
and stroke.

proposed.’® The Heart Failure Association
Pretest assessment, echocardiography and
natriuretic peptide, functional testingand
final aetiology (HFA-PEFF) score is one of
the steps in the algorithm developed by
the Heart Failure Association of the Euro-
pean Society of Cardiology, based on echo-
cardiographic and laboratory findings,’
and the H,FPEF score includes six demo-
graphic, clinical and echocardiographic
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variables.” These scores have shown different diag-
nostic performance7 ¥ and outcome prediction9 "%in
different cohorts.

Catheter ablation (CA) is a therapeutic strategy
for patients with AF in the rhythm control strategy.
CA is a reasonable treatment for patients with AF,
particularly when the symptoms are not adequately
controlled or tolerated with pharmacological therapy.
Some studies have shown that the restoration of sinus
rhythm by CA for treating HFpEF can reduce clin-
ical events."' ' However, a large retrospective cohort
study'” and the Catheter Ablation versus Antiar-
rhythmic Drug Therapy for Atrial Fibrillation trial,"
in which most participants had preserved LVEF, did
not demonstrate a beneficial effect on the primary
outcome. One reason for this may be that HFpEF
was variously defined as LVEF alone. Therefore, we
hypothesised that using the HFA-PEFF score could
help identify patients with AF at high risk of death
and hospitalisation for HF and stroke.

In this study, we performed a retrospective analysis
of patients with AF undergoing CA to assess whether
the diagnosis of HFpEF using preprocedural HFA-
PEFF score is associated with clinical outcomes.

METHODS

Study population

From July 2011 to December 2019, 2123 consecutive
patients with AF who underwent primary CA were
screened. We excluded patients with prior cardiac

Consecutive patients with AF

who underwent primary ablation
(July 2011 to December 2019)

surgery, prior catheter interventions for valve disease,
haemodialysis, significant left-side valvular disease
(defined as moderate or severe mitral stenosis,
moderate or severe mitral regurgitation, moderate
or severe aortic regurgitation and moderate or severe
aortic stenosis),15 atrial septal defects, LVEF <50%
and hypertrophic cardiomyopathy. Finally, 1679
patients were analysed retrospectively in this study
(figure 1).

Echocardiographic measurements

Two-dimensional echocardiography was performed
before CA using the Aplio Artida (Canon Medical
Systems, Otawara, Japan) or Epic 7, iE 33 (Philips
Healthcare, Eindhoven, The Netherlands) ultra-
sound systems, and data were obtained following the
recommendations of the American Society of Echo-
cardiography and the European Association of Cardi-
ovascular Imaging.'® '7 All measurements were quan-
tified as an average of three consecutive heartbeats
for patients with sinus rhythm and as an index beat
for patients with AF.'®

HFA-PEFF and H,FPEF scores

The HFA-PEFF score was calculated as the sum of
(i) the functional domain (e’, E/e¢’ and tricuspid
regurgitation peak velocity (TRV) excluding global
longitudinal strain), (ii) the morphological domain
(left atrial volume index, left ventricular mass index,
relative wall thickness or LV end-diastolic wall thick-
ness) and (iii) the laboratory domain (N-terminal
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Flow chart illustrating the study population. Overall, 2123 patients with AF who underwent primary ablation were

screened, and finally, 1679 patients were analysed retrospectively in this study. The circles in the diagram represent the
percentage of heart failure with preserved left ventricular ejection fraction at each score. AF, atrial fibrillation; HFA-PEFF, Heart
Failure Association Pretest assessment, echocardiography and natriuretic peptide, functional testing and final aetiology; HFpEF,
heart failure preserved left ventricular ejection fraction; LVEF, left ventricular ejection fraction.
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Table 1 Characteristics and outcome of the study population divided by HFpEF or non-HFpEF in the HFA-PEFF score

All HFpEF Non-HFpEF
(n=1679) (n=542) (n=1137) P value*
Demographic data
Age, years 7110 767 68+11 <0.001
Sex, male 1218 (72.5) 325 (60.0) 893 (78.5) <0.001
Height, m 1.66+0.09 1.62+0.09 1.67+0.09 <0.001
Weight, kg 65.6+12.4 62.5+12.4 671121 <0.001
Body mass index, kg/m? 23.8+3.5 23.7+3.6 23.9+3.5 0.128
Body surface area, m’ 1.72+0.19 1.66+0.19 1.75+0.18 <0.001
CHADS, score 1(1-2) 2(1-2) 1(0-2) <0.001
Congestive heart failure 130 (7.7) 72 (13.3) 58 (5.1) <0.001
Hypertension 925 (55.1) 345 (63.7) 580 (51.0) <0.001
Age >75 years 664 (39.5) 310(57.2) 354 (31.1) <0.001
Diabetes mellitus 245 (14.6) 85 (15.7) 160 (14.1) 0.382
Prior stroke 147 (8.8) 66 (12.2) 81(7.1) 0.001
Coronary artery disease 142 (8.5) 53(9.9) 89 (7.9) 0.178
Chronic kidney disease >grade 3 587 (45.7) 247 (45.7) 340 (30.1) <0.001
Paroxysmal AF 1085 (64.6) 343 (63.3) 742 (65.3) 0.429
2D echocardiographic data
LV end-diastolic dimension, mm 45.6+4.5 45.6+4.8 45.7+4.4 0.703
LVEF, % 62.4+4.0 62.5+4.2 62.3+3.9 0.301
LV mass index, g/m? 82.4+17.0 87.8+18.3 79.8+15.7 <0.001
LA diameter, mm 38.2+6.4 40.4+6.0 37.2+6.3 <0.001
LA volume index, mL/m? 43.2+14.4 50.2+13.2 40.0+14.6 <0.001
LA emptying fraction, % 32.6+14.7 29.6+14.6 34.0+£14.6 <0.001
E velocity, cm/s 75.4+20.8 80.9+21.4 72.8+18.4 <0.001
Septal e/, cm/s 7.9+2.3 6.8+1.7 8.4+2.4 <0.001
Lateral e’, cm/s 10.1+3.0 8.7+2.2 10.7+3.0 <0.001
Mean E/e’ 9.0+3.0 10.9+3.2 8.0+2.4 <0.001
TRV, m/s (n=1547) 2.3+0.3 2.5+0.3 2.3+0.3 <0.001
Moderate or severe TR 161 (9.6) 83(15.3) 78 (6.9) <0.001
Laboratory data
BNP, pg/mL (n=826) 50.0 (23.4-101.5) 88.8 (53.0-154.7) 32.6 (16.7-73.0) <0.001
NT pro-BNP, pg/mL (n=942) 192.7 (71.3-622.8) 602.5 (240.8-1035.8)  100.5 (44.7-347.8) <0.001
Estimated GFR, mL/min/1.73 m? 2.4+0.3 61.9+14.7 67.4+14.3 <0.001
HFA-PEFF score 4 (3-5) 5 (5-6) 3 (2-4) <0.001
Outcome
5-year MACCE 77 (4.6) 42 (7.7) 35(3.1) <0.001
5-year death 38 (2.3) 20 (3.7) 18 (1.6) 0.007
5-year hospitalisation for heart failure 11 (0.7) 9(1.7) 2(0.2) <0.001
5-year hospitalisation for stroke 34 (2.0) 18(3.3) 16 (1.4) 0.009
5-year AF recurrence 495 (29.5) 189 (34.9) 306 (26.9) 0.001

Data are expressed as mean+SD or median (IQR) or number (%).

*P values refer to the difference between HFpEF and non-HFpEF.

AF, atrial fibrillation; BNP, B-type natriuretic peptide; 2D, two-dimensional; GFR, glomerular filtration rate; HFA-PEFF, Heart Failure
Association Pretest assessment, echocardiography and natriuretic peptide, functional testing and final aetiology; HFpEF, heart failure
preserved left ventricular ejection fraction; LA, left atrial; LV, left ventricular; LVEF, left ventricular ejection fraction; MACCE, major
adverse cardiovascular and cerebrovascular events; NT pro-BNP, N-terminal prohormone brain natriuretic peptide; TR, tricuspid
regurgitation; TRV, tricuspid regurgitation peak velocity.
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Table 2 Difference in factors of the HFA-PEFF score

All HFpEF Non-HFpEF
(n=1679) (n=542) (n=1137) P value*
HFA-PEFF score 4 (3-5) 5 (5-6) 3 (2-4) <0.001
Functional
Mean E/e” 9-14, 1 pt. 650 (39.2) 330 (60.9) 320 (28.7) <0.001
Mean E/e” >15, 2 pts. 89 (5.4) 70 (12.9) 19 (1.7) <0.001
Septal e’ <7 or Lateral " <10, 2 pts. 960 (57.8) 475 (87.6) 485 (43.4) <0.001
TRV >2.8 m/s (n=1547), 2 pts. 89 (5.8) 64 (12.4) 25 (2.4) <0.001
Morphological
LAVI 29-34 mL/m? 1 pt. 233 (13.3) 12 (2.2) 211 (18.6) <0.001
LAVI >34 mL/m?, 2 pts. 1203 (71.7) 519 (95.8) 684 (60.2) <0.001
LVMI >115/95 g/m? (M/F), 1 pt. 127 (7.6) 80 (14.8) 47 (4.1) <0.001
RWT >0.42, 1 pt. 624 (37.2) 237 (43.7) 387 (34.0) <0.001
LVMI >149/122 g/m? (M/F) and RWT >0.42, 2 pts. 3(0.2) 3(0.2) 0(0.0) 0.012
LV wall thickness >12 mm, 1 pt. 68 (4.1) 42 (7.7) 26 (2.3) <0.001
Biomarker
BNP 35-80 or NT-pro BNP 125-220 at sinus rhythm, BNP 105-240 466 (27.8) 217 (40.0) 249 (21.9) <0.001
or NT-pro BNP 365-660 at AF, 1 pt.
BNP >80 or NT-pro BNP >220 at sinus rhythm, BNP >240 or NT-pro 446 (26.6) 325 (60.0) 121 (10.6) <0.001

BNP >660 at AF, 2 pts.

Data are expressed as mean+SD or median (IQR) or number (%).
*P values refer to the difference between HFpEF and non-HFpEF.

AF, atrial fibrillation; BMI, body mass index; BNP, B-type natriuretic peptide; F, female; HFA-PEFF, Heart Failure Association Pretest
assessment, echocardiography and natriuretic peptide, functional testing and final aetiology; HFpEF, heart failure preserved left ventricular
ejection fraction; LA, left atrial; LAVI, left atrial volume index; LV, left ventricular; LVEF, left ventricular ejection fraction; LVMI, left ventricular
mass index; M, male; NT pro-BNP, N-terminal prohormone brain natriuretic peptide; pt., patient; RWT, relative wall thickness; TRV, tricuspid

regurgitation peak velocity.

prohormone brain natriuretic peptide (BNP) or
BNP). A major criterion scores 2 points and a minor
criterion scores 1 point within each domain (online
supplemental figure S1A).

The H,FPEF score is used with some modifica-
tions and calculated as the sum of (i) AF, 3 points;
(ii) obesity defined as body mass index >30 kg/m?,
2 points; (iii) age >60 years, 1 point; (iv) hyperten-
sion diagnosis or treatment with two or more antihy-
pertensive drugs, 1 point; (v) E/e” ratio >9, 1 point
and (vi) TRV >2.8 m/s, 1 point (online supplemental
figure S2A).

In this study, HFpEF was defined as an HFA-PEFF score
>5.

Study outcomes

The primary study outcome was b-year major adverse
cardiovascular and cerebrovascular events (MACCE),
which was a composite of all-cause death, hospital-
isation for HF and hospitalisation for stroke. The
secondary study outcomes were b-year all-cause
death, 5-year hospitalisation for HF and 5-year hospi-
talisation for stroke. All adverse events were collected
during follow-up using electronic records, laboratory
findings and echocardiographic reports.

Statistical analysis

Categorical data are expressed as numbers and
percentages, while quantitative data are described
as the mean+SD or median and IQR. The compar-
ison between patients with HFpEF and those without
HFpEF was performed using the unpaired t-test or
Mann-Whitney U test, according to the normality
of the data. The XQ test, or Fisher’s exact test, was
performed to compare categorical data. For four-
group comparisons of baseline characteristics, we
used analysis of variance with Dunnett’s test as a post
hoc analysis. Survival curves were obtained using the
Kaplan-Meier method and compared using the log-
rank test. The unadjusted and adjusted HRs and 95%
CIs for the associations of the clinical and echocar-
diographic variables and HFpEF with the primary
end point were obtained from univariate and multi-
variate Cox regression analysis. In the multivariate
Cox regression, model 1 included HFpEF, age and
sex, and model 2 included model 1, hypertension,
diabetes mellitus, prior stroke, chronic kidney disease
>grade 3 and moderate or severe tricuspid regurgita-
tion (TR).
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A composite of all-cause death,
hospitalisation for heart failure,
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Figure 2 Kaplan-Meier analyses show the cumulative rate of the primary composite end point (A), all-cause death (B),
hospitalisation for HF (C) and hospitalisation for stroke (D) stratified by the Heart Failure Association Pretest assessment,
echocardiography and natriuretic peptide, functional testing and final aetiology score. HFpEF, heart failure preserved left

ventricular ejection fraction.

Subgroup analysis for MACCE was repeated in
patients with paroxysmal AF, persistent AF and
AF recurrence, defined as any documented atrial
arrhythmia of >30 s after CA, and without AF recur-
rence using the Kaplan-Meier method and compared
using the log-rank test. The sensitivity analysis for
MACCE was performed using a multivariate Cox
regression analysis including all predictors of MACCE
with p values <0.10 in the univariate analysis, with

stepwise backward regression using a probability to
leave of 0.10. In addition, multivariate Cox regres-
sion analysis performed by replacing HFpEF by HFA-
PEFF score with HFpEF by H,FPEF score, which was
defined as an H,FPEF score 26.

P values <0.05 were considered statistically signif-
icant. The statistical analysis was performed using
SPSS Statistics V.23.0 (IBM, Armonk, New York,
USA).
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Table 3 Univariable and multivariable analyses for MACCE for the HFA-PEFF score

Univariate analysis

Multivariate analysis 1 Multivariate analysis 2

HR (95% CI) Pvalue HR (95% CI) P value HR (95% CI) P value
HFpEF by the HFA-PEFF score 2.56 (1.63 t0 4.01) <0.001 1.75(1.09102.80)  0.021 1.65 (1.02 to 2.65) 0.041
Age 1.09 (1.05t0 1.12) <0.001 1.08 (1.04t01.11)  0.843 1.07 (1.03 t0 1.10) <0.001
Male 0.73(0.46 10 1.18) 0.199 1.08 (0.66 to 1.76) 0.762 1.13 (0.69 to 1.85) 0.630
Hypertension 1.39 (0.87 to 2.21) 0.165 1.01 (0.63 to 1.62) 0.970
Diabetes mellitus 0.97 (0.51 10 1.83) 0.922 0.95 (0.50 to 1.79) 0.862
Prior stroke 1.57 (0.81 to0 3.04) 0.186 1.30 (0.66 to 2.55) 0.444
Chronic kidney disease >grade 3 1.95 (1.25 t0 3.04) 0.003 1.35(0.85t0 2.14) 0.202
Moderate or severe TR 2.80 (1.65 10 4.75) <0.001 1.87 (1.09 t0 3.22) 0.024

Multivariate analysis model 1 includes HFpEF, age and sex. Multivariate analysis model 2 includes model 1, hypertension, diabetes mellitus,
prior stroke, chronic kidney disease defined as estimated GFR <60 mL/min/1.73 m? and moderate or severe TR.

GFR, glomerular filtration rate; HFA-PEFF, Heart Failure Association Pretest assessment, echocardiography and natriuretic peptide, functional
testing and final aetiology; HFpEF, heart failure with preserved left ventricular ejection fraction; MACCE, major adverse cardiovascular and

cerebrovascular events; TR, tricuspid regurgitation.

RESULTS

Patient characteristics

The study population included 1679 patients, with a
mean age of 7110 years, including 1218 males (72.5%);
the median HFA-PEFF score was 4 (IQR 3-5, online
supplemental figure S1B) and HFpEF was diagnosed in
542 patients (32.3%). The baseline characteristics are
presented in table 1. HFpEF had older patients, more
female, lower body surface area, more hypertension,
prior stroke, chronic kidney disease, diastolic dysfunc-
tion, a higher estimated LV filling pressure by echocardio-
graphic findings and no differences in AF type compared
with the non-HFpEF group. The difference in the factors
of the HFA-PEFF score is shown in table 2.

Prognostic value of the HFA-PEFF score

Five-year MACCE occurred in 77 patients (4.6%) (median
follow-up duration: 3.3 years (IQR 3.0-5.0)). All-cause
death occurred in 38 patients (2.3%), hospitalisation for
HF occurred in 11 patients (0.7%) and hospitalisation for
stroke occurred in 34 patients (2.0%) within 5 years after
CA (table 1). The cumulative 5-year incidence of MACCE
was significantly higher in the HFpEF group than in the
non-HFpEF group (11.2% vs 4.8% at 5 years, p<0.001,
figure 2A) and the cumulative 5-year incidence of all-
cause death, hospitalisation for HF and hospitalisation
for stroke were also significantly higher in the HFpEF
group than in the non-HFpEF group (figure 2B-D).

The results of the univariable and multivariable Cox
regression analyses are presented in table 3. HFpEF was
associated with MACCE in the univariate analysis (HR
2.56, 95% CI 1.63 to 4.01, p<0.001). Even after adjusting
for model 1, which included age and sex, and model 2,
which included age, sex, hypertension, diabetes mellitus,
prior stroke, chronic kidney disease and moderate or
severe TR, HFpEF was associated with MACCE (HR 1.75,
95% CI 1.09 to 2.80, p=0.021, and HR 1.65, 95% CI 1.02
to 2.65, p=0.041, respectively).

Subgroup and sensitivity analysis for MACCE

The results of the subgroup analysis were similar to those
of the primary analysis, regardless of prior AF type or
5-year AF recurrences (figure 3). In the univariate anal-
ysis, HFpEF, age, body mass index, body surface area,
chronic kidney disease >grade 3, LV end-diastolic dimen-
sion and moderate or severe TR were p<0.10. In the
multivariable Cox regression analysis that included these
factors, HFpEF, age and moderate or severe TR were
independent predictors for MACCE (HR 1.65, 95% CI
1.03 to 2.64; HR 1.07, 95% CI 1.04 to 1.10 and HR 1.83,
95% CI 1.07 to 3.16, respectively) (online supplemental
table S1).

Prognostic value of the H,FPEF score

HFpEF by the H,FPEF score was observed in 560 patients
(33.3%, online supplemental figure S2B). These patients
exhibited similar characteristics to those diagnosed
with HFpEF by HFA-PEFF score: older patients, more
female, lower body surface area, more hypertension,
prior stroke, chronic kidney disease, diastolic dysfunc-
tion, a higher estimated LV filling pressure by echo-
cardiographic findings and no significant differences
in AF type compared with the non-HFpEF group. The
features only in HFpEF by the H,FPEF score were addi-
tional features: higher prevalence of diabetes mellitus,
coronary artery disease, larger LV dimension and lower
LVEF compared with the non-HFpEF group (online
supplemental table S2). However, by the H,FPEF score,
the cumulative 5-year incidence of MACCE did not
differ significantly between the HFpEF and non-HFpEF
groups (8.9% vs 5.9% at 5 years, p=0.065, online supple-
mental figure S3A), and the cumulative 5-year incidence
of hospitalisation for HF and hospitalisation for stroke
were also not different between the HFpEF and non-
HFpEF groups, although only the cumulative 5-year
incidence of all-cause death was significantly higher in
the HFpEF group than the non-HFpEF group (5.8% vs
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A Paroxysmal AF

A composite of all-cause death,
hospitalisation for heart failure,
and hospitalisation for stroke
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C 5-year AF recurrence

A composite of all-cause death,
hospitalisation for heart failure,
and hospitalisation for stroke
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B Persistent AF

A composite of all-cause death,
hospitalisation for heart failure,
and hospitalisation for stroke
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D 5-year AF no recurrence

A composite of all-cause death,
hospitalisation for heart failure,
and hospitalisation for stroke
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Figure 3 Kaplan-Meier analyses show the cumulative rate of the primary composite end point stratified by the HFA-PEFF
score in the subgroup of patients with paroxysmal AF (A), persistent AF (B), AF recurrence (C) and AF no recurrence (D). AF,
atrial fibrillation; HFA-PEFF, Heart Failure Association Pretest assessment, echocardiography and natriuretic peptide, functional
testing and final aetiology; HFpEF, heart failure preserved left ventricular ejection fraction.

2.7% at 5 years, p=0.026) (online supplemental figure
S3B-D). Furthermore, HFpEF by the H,FPEF score was
not associated with MACCE in the multivariate analyses

(online supplemental table S3).

DISCUSSION

We evaluated the prognostic impact of the HFA-PEFF
score in a large retrospective cohort of 1679 patients who
underwent CA to treat AF. The main findings were: (i)
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while only 7.7% of patients were initially identified as
having heart failure, 32.3% were diagnosed with HFpEF
based on the HFA-PEFF score and (ii) at the 5-year assess-
ment, HFpEF by HFA-PEFF score was an independent
predictor of MACCE.

In the present study, HFpEF by HFA-PEFF score was
presentin 32.3% of patients. HFpEF is estimated to affect
approximately 50% of patients with HF and is associated
with age, sex and many comorbidities, including hyper-
tension, diabetes mellitus, chronic kidney disease, AF and
multimorbidity.'” The HFA-PEFF score was proposed as
a second step based on echocardiographic parameters
and biomarkers. High scores are useful in diagnosing
HFpEF’; however, the HFA-PEFF score alone provides
insufficient information on the risk factors for HFpEF
and exercise intolerance. On the other hand, the H,FPEF
score was established based on simple clinical character-
istics and echocardiographic parameters, and high scores
are useful for discriminating HFpEF from non-cardiac
dyspnoea regardless of biomarker.” HFpEF met only the
H,FPEF score was considered early HFpEF with obesity,
hypertension, a low biomarker and a few findings indi-
cating elevated left atrial pressure. HFpEF, according
to both scores, may be distinguished between HFpEF
phenotypes with different backgrounds. The results of
the present study might suggest that HFA-PEFF score has
a potentially superior sensitivity to identify progressive
stages of HFpEF compared with the H,FPEF score.

AF was associated with an increased risk of all-cause
mortality and hospitalisation for HF and stroke, regard-
less of EE* In patients with HFpEF according to LVEF
and history of HF, a retrospective, multicentre study has
shown that the 3-year cumulative risk for the clinical
event was 11.6%, which was lower than that of patients
with reduced LVEE*' In the present study, the MACCE
in patients with HFpEF according to HFA-PEFF score was
11.2% at 5 years, which was lower than that of previous
studies,' '**! as there were fewer hospitalisations for HF.
Nevertheless, HFpEF by the HFA-PEFF score was useful
in predicting all-cause death, hospitalisation for HF and
hospitalisation for stroke. Several studies have reported
that the HFA-PEFF score is significantly inferior to the
H,FPEF score for diagnostic accuracy’ *; however, both
scores have been associated with clinical events in patients
with HFpEE.**® There have been few studies on CA and
clinical events in HFpEF using the HFA-PEFF score. CA
reduces hospitalisations for HF and HF symptoms and
improves diastolic function compared with medical
therapy in patients with HFpEF as measured by the
HFA-PEFF score." ' In the present study, the HFA-PEFF
score independently predicted MACCE in patients with
HFpEF undergoing CA. Importantly, HFpEF by the HFA-
PEFF score showed an independent prognostic value of
MACCE, while HFpEF by the H,FPEF score was not inde-
pendently associated with HF and ischaemic stroke, in
contrast with the previous study.”® The significant differ-
ence between the two scores is the use of biomarkers,
which can be the most objective indicators of the factors

and influence prognostic evaluation.”” Thus, the HFA-
PEFF score may exhibit a propensity towards identifying
HFpEF in more advanced stages, whereas the H,FPEF
score could potentially identify HFpEF at an earlier stage,
particularly in patients without elevated BNP levels.”®
These findings suggest that CA for ‘early HFpEF’, which is
characterised as non-HFpEF by the HFA-PEFF score and
HFpEF by the H,FPEF score, might contribute to a better
prognosis through the prevention of HF and stroke.

Study limitations

This study has several limitations. First, itis a single-centre
retrospective study. The results of this study may not be
generalised because these patients represent a population
of patients who have undergone CA. Second, the lack of
information on the severity of HF symptoms and medica-
tions might have influenced the clinical events. However,
the study population was not taking the sodium-glucose
co-transporter-2 inhibitors, which have been reported to
improve prognosis in patients with HFpEF,29 %0 at the start
of study observation. Third, the HFA-PEFF score might
have been inaccurate because it did not use global longi-
tudinal strain, which might have led to underestimation.
Conversely, other factors in the HFA-PEFF score were
considered accurate as echocardiographic examinations
were performed by expert echocardiographers and physi-
cians.

CONCLUSION

The results of our study suggest that the early detection
of HFpEF using the HFA-PEFF score may contribute to
cardiovascular and cerebrovascular risk prediction in
patients with AF undergoing CA. This finding may have
clinical applications for therapeutic decision-making for
CA by detecting ‘early HFpEF’ regardless of HF symp-
toms. There is a need for further studies to test our find-
ings in a larger population or multicentre, prospective
study in the future.

Acknowledgements We would like to acknowledge the Department of
Cardiovascular Medicine and the Department of Clinical Laboratory for their
cooperation in obtaining the data for this study. Moreover, we thank Editage (www.
editage.com) for the English-language editing of this manuscript.

Contributors TO structured and drafted the manuscript. The other authors drafted,
reviewed and edited the manuscript.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.
Patient consent for publication Consent obtained directly from patient(s).

Ethics approval The study protocol conformed to the ethical principles outlined
in the Declaration of Helsinki and was approved by the Medical Research Ethics
Committee at Kobe City Medical Center General Hospital (k230307). Moreover, an
opt-out system was used to obtain patients’ consent for the use of their clinical
data for research purposes.

Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available on reasonable request.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

8

OkadaT, et al. Open Heart 2024;11:¢002526. doi:10.1136/openhrt-2023-002526

"JybuAdoo Agq paroslold 1sanb Aq #7202 ‘8z |idy uo jwoofwgesyuadoy/:dny woll papeojumoq 20z Arenuer 8T U0 925200-£202-Myuado/oeTT 0T Se paysignd isii :ueaH uado


http://openheart.bmj.com/

Arrhythmias and sudden death

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Taiji Okada http://orcid.org/0000-0002-8878-3446
Toshiaki Toyota http://orcid.org/0000-0002-7214-2265
Tomohiko Taniguchi http://orcid.org/0000-0002-4999-3432

REFERENCES

1 Vermond RA, Geelhoed B, Verweij N, et al. Incidence of atrial
fibrillation and relationship with cardiovascular events, heart failure,
and mortality: A community-based study from the Netherlands. J Am
Coll Cardiol 2015;66:1000-7.

2 Zafrir B, Lund LH, Laroche C, et al. Prognostic implications of atrial
fibrillation in heart failure with reduced, mid-range, and preserved
ejection fraction: a report from 14 964 patients in the European
society of cardiology heart failure long-term Registry. Eur Heart J
2018;39:4277-84.

3 McDonagh TA, Metra M, Adamo M, et al. 2021 ESC guidelines
for the diagnosis and treatment of acute and chronic heart failure:
developed by the task force for the diagnosis and treatment of acute
and chronic heart failure of the European society of cardiology (ESC)
with the special contribution of the heart failure Association (Hfa) of
the ESC. Rev Esp Cardiol (Engl Ed) 2022;75:523.

4 Bozkurt B, Coats AJ, Tsutsui H, et al. Universal definition and
classification of heart failure: A report of the heart failure society
of America, heart failure Association of the European society of
cardiology, Japanese heart failure society and writing committee of
the universal definition of heart failure. J Card Fail 2021:00050-6.

5 Reddy YNV, Carter RE, Obokata M, et al. A simple, evidence-based
approach to help guide diagnosis of heart failure with preserved
ejection fraction. Circulation 2018;138:861-70.

6 Barandiaran Aizpurua A, Sanders-van Wijk S, Brunner-La Rocca
H-P, et al. Validation of the HFA-PEFF score for the diagnosis
of heart failure with preserved ejection fraction. Eur J Heart Fail
2020;22:413-21.

7 Tada A, Nagai T, Omote K, et al. Performance of .he H2Fpef and the
HFA-PEFF scores for the diagnosis of heart failure with preserved
ejection fraction in Japanese patients: A report from the Japanese
multicenter Registry. Int J Cardiol 2021;342:43-8.

8 Sanders-van Wijk S, Barandiaran Aizpurua A, Brunner-La Rocca
H-P, et al. The HFA-PEFF and H2 FPEF scores largely disagree in
classifying patients with suspected heart failure with preserved
ejection fraction. Eur J Heart Fail 2021;23:838-40.

9 Verbrugge FH, Reddy YNV, Sorimachi H, et al. Diagnostic
scores predict morbidity and mortality in patients hospitalized
for heart failure with preserved ejection fraction. Eur J Heart Fail
2021;23:954-63.

10 Selvaraj S, Myhre PL, Vaduganathan M, et al. Application of
diagnostic Algorithms for heart failure with preserved ejection
fraction to the community. JACC Heart Fail 2020;8:640-53.

11 Rattka M, Kiihberger A, Pott A, et al. Catheter ablation for atrial
fibrillation in Hfpef patients-A propensity-score-matched analysis. J
Cardiovasc Electrophysiol 2021;32:2357-67.

12

18

20

21

22

23

24

25

26

27

28

29

30

Rattka M, Pott A, Kiihberger A, et al. Restoration of sinus

rhythm by pulmonary vein isolation improves heart failure with
preserved ejection fraction in atrial fibrillation patients. Europace
2020;22:1328-36.

Arora S, Jaswaney R, Jani C, et al. Catheter ablation for atrial
fibrillation in patients with concurrent heart failure. Am J Cardiol
2020;137:45-54.

Packer DL, Piccini JP, Monahan KH, et al. Ablation versus drug
therapy for atrial fibrillation in heart failure: results from the CABANA
trial. Circulation 2021;143:1377-90.

Otto CM, Nishimura RA, Bonow RO, et al. ACC/AHA guideline for
the management of patients with valvular heart disease: A report

of the American college of cardiology/American heart Association
joint committee on clinical practice guidelines. Circulation
2021;143:e72-227.

Lang RM, Badano LP, Mor-Avi V, et al. Recommendations for cardiac
chamber Quantification by echocardiography in adults: an update
from the American society of echocardiography and the European
Association of cardiovascular imaging. J Am Soc Echocardiogr
2015;28:1-39.

Nagueh SF, Smiseth OA, Appleton CP, et al. Recommendations

for the evaluation of left ventricular diastolic function by
echocardiography: an update from the American society of
echocardiography and the European Association of cardiovascular
imaging. J Am Soc Echocardiogr 2016;29:277-314.

Sumida T, Tanabe K, Yagi T, et al. Single-beat determination of
Doppler-derived aortic flow measurement in patients with atrial
fibrillation. J Am Soc Echocardiogr 2003;16:712-5.

Gevaert AB, Kataria R, Zannad F, et al. Heart failure with preserved
ejection fraction: recent concepts in diagnosis, mechanisms and
management. Heart 2022;108:1342-50.

Son MK, Park JJ, Lim N-K, et al. Impact of atrial fibrillation in
patients with heart failure and reduced, mid-range or preserved
ejection fraction. Heart 2020;106:1160-8.

Fujimoto H, Doi N, Okayama S, et al. Long-term prognosis of
patients undergoing radiofrequency catheter ablation for atrial
fibrillation: comparison between heart failure subtypes based on left
ventricular ejection fraction. Europace 2022;24:576-86.

Reddy YNV, Kaye DM, Handoko ML, et al. Diagnosis of heart failure
with preserved ejection fraction among patients with unexplained
Dyspnea. JAMA Cardiol 2022;7:891-9.

Parcha V, Malla G, Kalra R, et al. Diagnostic and Prognostic
implications of heart failure with preserved ejection fraction scoring
systems. ESC Heart Fail 2021;8:2089-102.

Hashemi D, Mende M, Trippel TD, et al. Evaluation of the HFA-PEFF
score: results from the prospective DIAST-CHF cohort. ESC Heart
Fail 2022;9:4120-8.

Przewlocka-Kosmala M, Butler J, Donal E, et al. ProGnostic value
of the MAGGIC score, H2Fpef score, and HFA-PEFF algorithm in
patients with Exertional Dyspnea and the incremental. Journal of the
American Society of Echocardiography 2022;35:966-75.

Kim M, Yu HT, Kim T-H, et al. Ischemic stRoKe in non-gender-
related Cha2Ds2-VA score 0~1 is associated with H2Fpef score
among the patients with atrial fibrillation. Front Cardiovasc Med
2022;8:791112.

Hendricks S, Dykun |, Balcer B, et al. Higher BNP/NT-Pro BNP levels
stratify prognosis equally well in patients with and without heart
failure: a Meta-Analysis. ESC Heart Fail 2022;9:3198-209.

Shah Z, Wiley M, Sridhar AM, et al. Inverse correlation of venous
brain natriuretic peptide levels with body mass index is due to
decreased production. Cardiology 2017;137:159-66.

Anker SD, Butler J, Filippatos G, et al. Empagliflozin in heart failure
with a preserved ejection fraction. N Engl J Med 2021;385:1451-61.
Solomon SD, McMurray JJV, Claggett B, et al. Dapagliflozin in heart
failure with mildly reduced or preserved ejection fraction. N Engl J
Med 2022;387:1089-98.

OkadaT, et al. Open Heart 2024;11:6002526. doi:10.1136/0penhrt-2023-002526

"JybuAdoo Agq paroslold 1sanb Aq #7202 ‘8z |idy uo jwoofwgesyuadoy/:dny woll papeojumoq 20z Arenuer 8T U0 925200-£202-Myuado/oeTT 0T Se paysignd isii :ueaH uado


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-8878-3446
http://orcid.org/0000-0002-7214-2265
http://orcid.org/0000-0002-4999-3432
http://dx.doi.org/10.1016/j.jacc.2015.06.1314
http://dx.doi.org/10.1016/j.jacc.2015.06.1314
http://dx.doi.org/10.1093/eurheartj/ehy626
http://dx.doi.org/10.1016/j.rec.2022.05.005
http://dx.doi.org/10.1016/j.cardfail.2021.01.022
http://dx.doi.org/10.1161/CIRCULATIONAHA.118.034646
http://dx.doi.org/10.1002/ejhf.1614
http://dx.doi.org/10.1016/j.ijcard.2021.08.001
http://dx.doi.org/10.1002/ejhf.2019
http://dx.doi.org/10.1002/ejhf.2142
http://dx.doi.org/10.1016/j.jchf.2020.03.013
http://dx.doi.org/10.1111/jce.15200
http://dx.doi.org/10.1111/jce.15200
http://dx.doi.org/10.1093/europace/euaa101
http://dx.doi.org/10.1016/j.amjcard.2020.09.035
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.050991
http://dx.doi.org/10.1161/CIR.0000000000000923
http://dx.doi.org/10.1016/j.echo.2014.10.003
http://dx.doi.org/10.1016/j.echo.2016.01.011
http://dx.doi.org/10.1016/S0894-7317(03)00275-X
http://dx.doi.org/10.1136/heartjnl-2021-319605
http://dx.doi.org/10.1136/heartjnl-2019-316219
http://dx.doi.org/10.1093/europace/euab201
http://dx.doi.org/10.1001/jamacardio.2022.1916
http://dx.doi.org/10.1002/ehf2.13288
http://dx.doi.org/10.1002/ehf2.14131
http://dx.doi.org/10.1002/ehf2.14131
http://dx.doi.org/10.1016/j.echo.2022.05.006
http://dx.doi.org/10.1016/j.echo.2022.05.006
http://dx.doi.org/10.3389/fcvm.2021.791112
http://dx.doi.org/10.1002/ehf2.14019
http://dx.doi.org/10.1159/000464111
http://dx.doi.org/10.1056/NEJMoa2107038
http://dx.doi.org/10.1056/NEJMoa2206286
http://dx.doi.org/10.1056/NEJMoa2206286
http://openheart.bmj.com/

	Association of HFA-­PEFF score with clinical outcomes after catheter ablation for atrial fibrillation
	Abstract
	Introduction﻿﻿
	Methods
	Study population
	Echocardiographic measurements
	HFA-PEFF and H﻿2﻿FPEF scores
	Study outcomes
	Statistical analysis

	Results
	Patient characteristics
	Prognostic value of the HFA-PEFF score
	Subgroup and sensitivity analysis for MACCE
	Prognostic value of the H﻿2﻿FPEF score

	Discussion
	Study limitations

	Conclusion
	References


