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Abstract

Aims Data regarding prognostic events following catheter ablation (CA) for atrial fibrillation (AF) in patients with heart fail-
ure with preserved ejection fraction (HFpEF) are scarce. We conducted this study to compare the incidence of major adverse
clinical events (MACE) following CA for AF between patients with HFpEF and those with systolic heart failure (HF).

Methods and results This single-centre observational study included 142 patients with HF who underwent CA for AF (me-
dian follow-up: 4.0 [2.6, 6.3] years). The patients were grouped based on the presence of HFpEF (n = 84) and systolic HF (left
ventricular ejection fraction <50%, n = 58). We compared the cumulative incidence and incidence rate of MACE, comprising
all-cause death, unplanned cardiovascular hospitalization (CVH), and HF hospitalization (HFH) between both groups and the
number of HFH before and after CA in each group. Multivariate analysis was performed to identify the predictors of MACE
in patients with HFpEF. The incidence of MACE was comparable between the groups (following the first procedure: HFpEF:
23%, 4.7/100 person-years, vs. systolic HF: 28%, 6.6/100 person-years, P = 0.18; last procedure: 20%, 4.8/100 person-years,
vs. 24%, 6.9/100 person-years, P = 0.21). Although the incidence of HFH was lower in patients with HFpEF than in those
with systolic HF (first procedure: 14%, 2.9/100 person-years, vs. 24%, 5.7/100 person-years, P = 0.07; last procedure: 11%,
2.5/100 person-years, vs. 24%, 6.9/100 person-years, P = 0.01), the incidence of CVH was higher (first procedure: 8%, 1.7/
100 person-years, vs. 5%, 1.2/100 person-years, P = 0.74; last procedure: 6%, 1.4/100 person-years, vs. 2%, 0.5/100 person-
years, P = 0.4). The number of HFH significantly decreased in both groups after CA (HFpEF: 1 hospitalization [the first and
third quartiles: 0, 1] in pre-CA, vs. 0 hospitalizations [0, 0] in post-CA, P < 0.0001; systolic HF: 1 hospitalization [0, 1], vs. O
hospitalizations [0, 0], P < 0.005). The proportion of HFH among total clinical events was significantly smaller in patients
with HFpEF than in those with systolic HF (following the first procedure: 56% vs. 88%, P < 0.005; last procedure: 52% vs.
92%, P < 0.005).

Conclusions CA for AF could be beneficial for patients with HFpEF, similar to those with systolic HF. However, clinical events
other than HFH should be considered cautiously in such patients.
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Introduction

With the aging population, heart failure (HF) is becoming a
common cause of death in developed countries. Recently,
HF with preserved ejection fraction (HFpEF) emerged as the
major subtype of HF, rather than HF with reduced ejection
fraction (HFrEF) or mildly reduced ejection fraction
(HFmrEF).>™ Atrial fibrillation (AF), the most common atrial
arrhythmia worldwide, is closely related to both HFpEF and
HFrEF.® Hence, HFpEF and AF share common risk factors such
as obesity, aging, sedentary lifestyle, and hypertension, the
prevalence of AF is higher in patients with HFpEF than in
those with HFrEF.” It is crucial for patients with HFpEF to
manage AF because the negative prognostic impact of the de-
velopment of AF is higher in patients with HFpEF than in
those with HFrEF.®° Recently, catheter ablation (CA) for AF
has been recognized as a beneficial option for patients with
HFrEF owing to the positive results of a randomized con-
trolled trial.®*° Regarding HFpEF, limited information is avail-
able on whether CA for AF could provide clinical benefit for
HF treatment in patients with HFpEF, as it does for patients
with HFrEF.**2 Apart from HFrEF, patients with HFpEF
tended to develop various prognostic events other than HF
such as cardiovascular events and non-cardiovascular death,
which reflect various co-morbidities of such patients.****
One might infer that the aetiologic difference between HFpEF
and HFrEF would impact the long-term prognosis following
CA. To clarify this issue, we first compared the cumulative
major adverse clinical events (MACE) following CA for AF be-
tween patients with HFpEF and those with systolic HF (HFrEF
and HFmrEF). Second, we aimed to evaluate the clinical im-
pact of CA for AF on HF treatment in both groups by compar-
ing the number of HF hospitalizations (HFH) before and after
CA. Third, we aimed to identify predictors of MACE develop-
ment in patients with HFpEF.

Methods
Study design

The datasets analysed in this study are available from the cor-
responding author upon reasonable request. The present
study was categorized as a single-centre, retrospective obser-
vational study. The review board of Yamaguchi University
Hospital approved this study. The requirement for informed
consent was waived via the opt-out system. The tenets of
the Declaration of Helsinki and the ethical standards of the
responsible committee on human experimentation were
followed.

Patients with HF were selected from consecutive patients
who underwent catheter ablation for AF between January
2009 and December 2020. Patients who could not be

achieved for the planned procedure were excluded. The in-
cluded patients were dichotomized into two groups: (i) the
HFpEF group, including patients with a history of symptom-
atic HF with left ventricular ejection fraction (LVEF) > 50%,
and (ii) the systolic HF group (HFrEF/mrEF; patients with
HFrEF [LVEF<40%] or HFmrEF [history of symptomatic HF
with LVEF of 40-49%]). We compared the cumulative inci-
dence of MACE after CA between groups. In each group, we
compared the number of HFH before and after the first CA.
In the HFpEF group, we evaluated predictors of MACE follow-
ing the first procedure using univariate and multivariate
analyses.

Study endpoints

The primary endpoint of this study was a comparison of the
incidence of MACE following the CA procedure between the
HFpEF and systolic HF groups. Secondary endpoints were (i)
to compare the incidence of each clinical event that com-
prised MACE between the groups, (ii) to compare the total
number of HFH pre-initial and post-initial CA in each group,
and (iii) to identify the predictors for developing MACE fol-
lowing the initial CA in the HFpEF group.

Definition of clinical events

MACE was defined as a composite of all-cause death (ACD),
cardiovascular hospitalization (CVH), and HFH. CVH was de-
fined as unplanned hospitalization for spontaneous cardio-
vascular disease without the findings of decompensated HF.
Cardiovascular disease induced by an iatrogenic cause such
as procedure-related stroke was not counted as an event.
HFH was defined as hospitalization that required unplanned
administration of intravenous agents such as diuretics and
inotropes or the use of mechanical devices such as a ventila-
tor for decompensated HF. Events that occurred during the
blanking period (within 3 months following the latest proce-
dure) were excluded.

Diagnosis of heart failure

HF was diagnosed according to the current guidelines of the
Japanese Circulation Society/Japanese Heart Failure
Society.’® Patients who had a history of HF-plausible symp-
toms based on the Framingham criteria (e.g. orthopnoea
and pulmonary congestion on chest X-ray) with elevation of
brain natriuretic peptide (BNP) or who had a history of HFH
were diagnosed with HFpEF. The ejection fraction was classi-
fied according to the latest universal definition.” Briefly, LVEF
<40% was defined as HFrEF. LVEF >40% to <50% was de-
fined as HFmrEF. LVEF >50% was defined as HFpEF.
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Assessment of heart failure hospitalization

We aimed to evaluate the effect of CA on the development of
HFH; the number of HFHs between pre-initial and post-initial
CA were compared in each group. The total number of pre-CA
HFHs was counted by reviewing previous medical records or
inquiring of the primary physician of each patient. The total
number of post-CA HFHs was counted during the entire
follow-up period. In addition, to evaluate the difference in
the weight of HFH between groups, the proportion of HFH
among the total clinical events following the procedure
(first/last) was also compared.

Catheter ablation procedure

Our strategy for CA has been previously described.*® In brief,
all patients underwent pulmonary vein isolation (PVI) using
radiofrequency energy (Navistar Thermocool™; Biosense
Webster, Diamond Bar, CA, USA) or second-generation
cryoballoon energy (Arctic Front Advance, Medtronic, Inc.,
Minneapolis, MN, USA) wusing a three-dimensional
electroanatomical mapping system (CARTO, Biosense
Webster). Patients with paroxysmal AF underwent radiofre-
quency or cryoballoon PVI. Patients with persistent AF since
October 2015 underwent empiric superior vena cava isolation
in addition to PVI. Substrate modification was not performed.
Patients who were clinically confirmed to have common/un-
common atrial flutter or atrial tachycardia also underwent
ablation targeting the arrhythmia.

Patient follow-up

Our post-procedural protocols have been previously
described.'® Ambulatory ECG and/or 24 h Holter ECG record-
ings were obtained at 1, 3, 6, and 12 months after the proce-
dure. Atrial tachyarrhythmia (ATA) recurrence was defined as
the detection of >30 s of ATA after the blanking period. A
redo procedure was recommended for all patients who de-
veloped ATA recurrence. Data regarding clinical events were
collected by contacting the primary care physician of each pa-
tient in October 2021.

Statistical analysis

Normally  distributed variables are expressed as
mean + standard deviation, whereas non-normally distrib-
uted variables are expressed as medians and interquartile
ranges (first and third quartiles). Differences in continuous
variables between groups were evaluated using the
Mann-Whitney U-test. Categorical variables are presented
as frequencies and proportions (%) and were compared

using the ){2 test. The success rate following the procedure
(the rate of freedom from ATA recurrence) was also com-
pared using the y* test. The number of HFHs between
pre-CA and post-CA was compared using the one-paired
Wilcoxon test. The proportion of HFH among the total clin-
ical events between patients with HFpEF and systolic HF
was compared using the XZ test. For the Kaplan—Meier anal-
ysis of the cumulative incidence following the first proce-
dure, time 0 was set as the day of the first procedure.
For the analysis of the incidence following the last proce-
dure, time 0 was set as the day of the latest procedure.
The incidence of each event was expressed in three ways:
the crude incidence rate (event number/total number of
each group*100), the incidence rate (event number/the to-
tal number of person-years in each group*100), and the cu-
mulative incidence with 95% confidence intervals (Cls) at
the period of last follow-up in each group. The log-rank test
was used to compare the differences in the cumulative in-
cidence of MACE and each clinical event. Regarding the
clinical events which had the tendency of different inci-
dence between the groups (P < 0.1 for log-rank test), we
performed the multivariate adjustment of baseline charac-
teristics using Cox proportional hazards model as the sensi-
tivity analysis to precisely evaluate the differences.

Univariate and multivariate analyses were performed for
patients with HFpEF using the Cox proportional hazards
model. Variables previously reported as prognostic factors
for HFpEF were selected.***® Variables with P-values <0.2
in the univariate analysis were selected for subsequent
multivariate analysis. Continuous variables were binarized
using conventional cut-off values. The results are expressed
as hazard ratios and 95% Cls. All analyses were performed
using SPSS version 19 (IBM Corp., Armonk, NY), and results
with a P-value <0.05 were considered statistically
significant.

Results
Study population

A flow diagram of the present study is shown in Figure 1.
Among the 869 patients who underwent CA for AF during
the entire study period, 143 patients were diagnosed with
HF. Of which, a patient with HFpEF was excluded because
the CA procedure had to be terminated prior to the creation
of the ablation lesions owing to cardiac tamponade. Hence,
142 patients were included in the present study. Of these,
84 and 58 patients were categorized as having HFpEF and sys-
tolic HF, respectively. At diagnosis, the median BNP was com-
parable between the groups (HFpEF vs. systolic HF: 276 [197,
453] pg/mL vs. 314 [157, 645], P = 0.62). The patient charac-
teristics are shown in Table 1. Patients with HFpEF were sig-
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Figure 1 Flow diagram of the study. AF, atrial fibrillation; CA, catheter ablation; HF, heart failure; HFmrEF, heart failure with mildly reduced ejection
fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; LVEF, left ventricular ejection frac-

tion; MACE, major adverse clinical events.

Consecutive patients underwent CA for AF
between January 2009 and December 2020
(n=869)
LVEF 250% LVEF 40-49% || LVEF <40%
(N=788) (N=49) (N=32)
Diagnosis of HF
] I I
N=84| | N=26 | | ~N=32 |
| HFmrEF | | HFrEF |
HFpEF Systolic HF
(N = 84) (N = 58)

Evaluation of MACE following CA

nificantly older than those with systolic HF (68 + 9 wvs.
64 + 11 years, P = 0.02). The proportion of patients with
coronary artery disease and diabetes mellitus (DM) was sig-
nificantly lower in the HFpEF group than in the systolic HF
group. In addition, the proportion of patients who took
anti-arrhythmic drugs, including amiodarone, was also signif-
icantly lower in the HFpEF group than in the systolic HF

group.

Efficacy of ablation

All patients, included in the study, successfully underwent the
ablation procedure. In the HFpEF group, one patient devel-
oped a complication. The patient developed a pericardial ef-
fusion, which resolved without pericardiocentesis. In the sys-
tolic HF group, there were no complications. During the
median follow-up period of 4.0 (2.6, 6.3) years (652 person-
years), 54% (45/84 patients) of the HFpEF group and 50%
(29/58 patients) of systolic HF group developed ATA recur-
rence. In patients with ATA recurrence, patients in both

groups (60% [27/45 patients] of the HFpEF group and 72%
[21/29 patients] of the systolic HF group) underwent redo
procedures (the median of 1 [1, 2] procedure in HFpEF group,
and 1 [1, 2] procedure in systolic HF group). In the redo pro-
cedures, no patient developed complications in the HFpEF
group. Two patients developed complications in the systolic
HF group. Of those, one patient had cerebral infarction,
which was treated conservatively. The other patient had
groin arteriovenous fistula, which resolved naturally during
the follow-up period. Following the last procedure, 38%
(32/84 patients) of the HFpEF group and 34% (20/58 patients)
of the systolic HF group developed ATA recurrence. There
was no difference in success rates at 12 months after the first
procedure between the groups (68% in the HFpEF group vs.
61% in the systolic HF group, P = 0.46). The success rates of
off-antiarrhythmic drugs (AADs) also showed no difference
(70% vs. 63%, P = 0.33). Following the last procedure, the suc-
cess rate at 12 months was comparable (79% in the HFpEF
group vs. 78% in the systolic HF group, P = 0.84). The rate
of off-AADs also followed a similar trend (80% vs. 81%,
P=0.92).
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Table 1 Patient characteristics

Total (n = 142) HFpEF (n = 84) Systolic HF (n = 58) P-value
Age (years), mean * SD* 67 =10 68 =9 64 = 11 0.02
Female sex, n (%) 50 (35) 34 (40) 16 (28) 0.1
Persistent AF, n (%) 89 (63) 52 (62) 37 (64) 0.82
History of AF, (months), median (IQR) 9 (4, 35) 9 (4, 38) 7 (4, 23) 0.22
NYHA class, mean = SD 1.8 0.7 1.8 £ 0.6 1.9 +0.7 0.15
BMI (kg/mz), mean = SD 24 = 4 25+ 4 23 x4 0.1
Pacemaker, n (%) 10 (7) 6 (7) 4(7) 0.95
ICD/CRT, n (%)* 14 (10) 0 14 (24) <0.0001
SBP (mmHg), mean + SD* 124 + 21 129 + 22 117 £ 18 <0.001
HR (/min), mean = SD 75 £ 19 73 £ 20 77 £ 18 0.11
History of HFH, n (%) 96 (68) 58 (69) 38 (66) 0.66
CTR, mean = SD 515 52 £5 51«5 0.4
CHADS,, mean + SD 2+1.2 2+1.2 2+1.2 0.56
CHA,DS,-VASc, mean = SD 3+1.7 3+15 29+19 0.31
Hypertension, n (%) 55 (39) 37 (44) 18 (31) 0.11
DM, n (%)* 27 (19) 11(13) 16 (28) 0.03
Aetiology of SHD
CAD, n (%)* 14 (10) 4 (5) 10 (17) 0.01
HCM, n (%) 7 (5) 5 (6) 2 (3) 0.49
VHD, n (%) 6 (4) 4 (5) 2(3) 0.7
Ablation-related parameters
Radiofrequency-PVI, n (%) 124 (87) 74 (88) 50 (86) 0.74
Cryo-PVI, n (%) 18 (13) 10 (12) 8 (14) 0.74
CTl-ablation, n (%) 37 (26) 22 (26) 15 (26) 0.9
Posterior wall isolation, n (%) 0 0 0 >0.99
SVC isolation, n (%) 65 (46) 39 (46) 26 (45) 0.89
Echocardiographic parameters
LVDd (mm), mean = SD* 517 48 £ 5 56 =7 <0.0001
LVEF (%), mean + SD* 51 + 15 62 +9 37 +£8 <0.0001
LAD (mm), mean = SD 44 =7 44 + 6 44 + 8 0.67
LAVI (mL/m?), mean + SD 57 + 18 55 + 17 60 + 19 0.11
Mitral E/e’ ratio, mean = SD 11 =5 11 =4 125 0.32
Therapeutic agents
ACEI/ARB, n (%) 103 (73) 56 (67) 47 (81) 0.06
Beta-blocker, n (%)* 122 (86) 67 (80) 55 (95) 0.01
MRA, n (%) 46 (32) 23 (27) 23 (40) 0.12
Diuretics, n (%) 86 (61) 51 (61) 35 (60) 0.96
AADs, n (%) 30 (21) 11(13) 19 (33) 0.004
Amiodarone, n (%)* 18 (13) 1(1) 17 (29) <0.0001
Laboratory data
eGFR (mL/min/1.73 mz), mean = SD 55 + 20 57 + 22 52 +18 0.11
BNP level (pg/mL), median (IQR) 168 (96, 335) 158 (87, 238) 184 (104, 399) 0.11

AADs, anti-arrhythmic drugs; ACEI, angiotensin converting enzyme inhibitor; AF, atrial fibrillation; ARB, angiotensin Il receptor blocker;
BMI, body mass index; BNP, brain natriuretic peptide; CAD, coronary artery disease; CRT, cardiac resynchronization therapy; CTI,
cavotricuspid isthmus; CTR, cardiothoracic ratio; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; HCM, hypertrophic car-
diomyopathy; HF, heart failure; HFH, heart failure hospitalization; HFpEF, heart failure with preserved ejection fraction; HR, heart rate; ICD,
implantable cardioverter-defibrillator; IQR, interquartile range; LAD, left atrial diameter; LAVI, left atrial volume index; LVDd, left ventric-
ular end-diastolic diameter; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NYHA, New York Heart
association; PVI, pulmonary vein isolation; SBP, systolic blood pressure; SD, standard deviation; SHD, structural heart disease; SVC, supe-
rior vena cava; VHD, valvular heart disease.

Numerical data are expressed as mean = SD or median (interquartile range [IQR]; first quartile, third quartile). Categorical data were
expressed as percentages and numbers.

“Statistical significance (P < 0.05).

Oral anticoagulants following ablation Cumulative incidence of major adverse clinical
events

In the HFpEF group, six patients (7%) discontinued their oral

anticoagulants following the ablation procedure. In the During the entire follow-up period, 32 clinical events in the
systolic HF group, one patient (1.7%) discontinued their oral HFpEF group and 33 events in the systolic HF group were doc-
anticoagulants following the procedure. The proportion of umented. Regarding MACE, 19 patients in the HFpEF group
patients who stopped their anticoagulation therapy was and 16 patients in the systolic HF group experienced at least
comparable between the groups (P = 0.14). one clinical event (Supporting Information, Table SIA: patients
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Figure 2 Cumulative incidence of MACE. (A) Comparison of the cumulative incidence and 95% CI of MACE following the first procedure between pa-
tients with HFpEF and systolic HF (red: patients with HFpEF, blue: systolic HF). (B) Comparison of the cumulative incidence and 95% Cl of MACE fol-
lowing the last procedure between patients with HFpEF and systolic HF (red: patients with HFpEF, blue: systolic HF). AF, atrial fibrillation; CA, catheter
ablation; HF, heart failure; HFmrEF, heart failure with mildly reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF,
heart failure with reduced ejection fraction; LVEF, left ventricular ejection fraction; MACE, major adverse clinical events.
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with HFpEF; Supporting Information, Table S1B: systolic HF).
The most common diagnosis of CVH was stroke (6 patients),
followed by atrioventricular block (2 patients), sick sinus
syndrome (2 patients), and aortic dissection (1 patient). Fig-
ure 2 and Table 2A show a comparison of the crude inci-
dence rate, incidence rate, and cumulative incidence of

MACE between the HFpEF and systolic HF groups. The inci-
dence of MACE following the first procedure was compara-
ble between groups (Figure 2A, crude incidence rate: 23%,
incidence rate: 4.7/100 person-years vs. 28%, 6.6/100 per-
son-years, P = 0.18, Table 2A). The incidence of MACE fol-
lowing the last procedure was also comparable between
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groups (Figure 2B, crude incidence rate: 20%, incidence rate:
4.8/100 person-years vs. 24%, 6.9/100 person-years,
P =0.21, Table 2B).

Cumulative incidence of each clinical event

Figure 3 presents the cumulative incidence of each clinical
event following the procedures. The incidence of ACD was
higher in the HFpEF group than in the systolic HF group, but
not significantly (Figure 3A: following the first procedure:
HFpEF, crude incidence rate: 7%, incidence rate: 1.5/100
person-years vs. systolic HF, 2%, 0.4/100 person-years,
P = 0.33; following the last procedure: 7%, 1.7/100 person-
years vs. 2%, 0.5/100 person-years, P = 0.33). The incidence
of CVH followed the similar trend following the first proce-
dure: 8%, 1.7/100 person-years vs. 5%, 1.2/100 person-years,
P = 0.74; following the last procedure: 6%, 1.4/100 person-
years, vs. 2%, 0.5/100 person-years, P = 0.4 (Figure 3B). In
contrast, the incidence of HFH following the first procedure
was lower in the HFpEF group than in the systolic HF group:
14%, 2.9/100 person-years, vs. 24%, 5.7/100 person-years,
P = 0.07. The rate of HFH following the last procedure was
significantly lower in the HFpEF group than in the systolic
HF group (11%, 2.5/100 person-years, vs. 24%, 6.9/100
person-years, P = 0.01) (Figure 3C). A sensitivity analysis
was performed for the incidence of HFH. After adjustment
for 11 baseline characteristics (age, sex, persistent AF, New
York Heart Association class, systolic blood pressure, hyper-
tension, DM, coronary artery disease, estimated glomerular
filtration rate [eGFR], and use of beta-blocker and amioda-
rone), the tendency of low incidence of HFH in the HFpEF
group, compared with systolic HF persisted (adjusted HR
[95% ClI]: 0.4 [0.12-1.26], P = 0.11 for following the first
procedure, 0.34 [0.09-1.22], P = 0.09 for following the last
procedure).

The total number of heart failure hospitalization
following the first procedure

Figure 4 compares the number of HFHs between pre-CA and
post-CA procedure using a Sankey diagram. In total, the me-
dian follow-up period for pre-CA and post-CA was 2.3 (0.8,
4.4) and 4.0 (2.6, 6.3) years, respectively. In the HFpEF group,
the number was significantly smaller for post-CA than for
pre-CA (Figure 4A, one hospitalization [the first and third
quartile: 0, 1] pre-CA, vs. 0 hospitalizations [0, 0] post CA,
P < 0.0001). The number of patients with systolic HF also
showed a similar tendency (Figure 4B, 1 hospitalization [0, 1],
vs. 0 hospitalizations [0, 0], P < 0.005).

Proportion of heart failure hospitalization among
total clinical events

Figure 5 shows the proportion of each clinical event following
the first and last procedures. Following the first and last pro-
cedures, the proportion of HFH was significantly smaller in
the HFpEF group than in the systolic HF group (first proce-
dure: 56% vs. 88%, P < 0.005, last procedure: 52% vs. 92%,
P < 0.005).

Predictors for developing major adverse clinical
events

Table 3 shows the univariate and multivariate analyses to
explore predictors of MACE following the first procedure in
the HFpEF group. Univariate analysis revealed that age
>75 years, female sex, persistent AF, ATA recurrence, left
atrial diameter (LAD) > 45 mm, DM, and eGFR <45 mL/min/
1.73 m? were potential predictors. Age >75 years, ATA
recurrence, and eGFR <45 mL/min/1.73 m? emerged as
independent predictors of MACE after multivariate
adjustment.

Discussion
Main findings

The important findings of this study are as follows: First,
the incidence of MACE was comparable between the HFpEF
and systolic HF groups (following the first procedure: 23%,
4.7/100 person-years, vs. 28%, 6.6/100 person-years,
P = 0.18; following the last procedure: 20%, 4.8/100 per-
son-years, vs. 24%, 6.9/100 person-years, P = 0.21). How-
ever, the incidence of HFH had a lower tendency in the
HFpEF group than in the systolic HF group (following the
first procedure: 14%, 2.9/100 person-years, vs. 24%, 5.7/
100 person-years, P = 0.07; following the last procedure:
11%, 2.5/100 person-years, vs. 24%, 6.9/100 person-years,
P = 0.01). Second, the total number of HFHs after the first
CA was significantly smaller than the number of HFH before
the CA in both the HFpEF and systolic HF groups. Third, the
proportion of HFH among total MACE following both the
first and last procedures was significantly smaller in the
HFpEF group than in the systolic HF group. Fourth, multivar-
iate analysis showed that age >75 years, ATA recurrence,
and eGFR <45 mlL/min/1.73 m? emerged as independent
predictors of MACE following the first procedure in the
HFpEF group.
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Figure 3 Cumulative incidence of each clinical event following the procedure. (A) Comparison of the cumulative incidence and 95% Cl of ACD following
the first (left)/last (right) procedure between patients with HFpEF and systolic HF (red: patients with HFpEF, blue: systolic HF). (B) Comparison of the
cumulative incidence and 95% Cl of CVH following the first (left)/last (right) procedure between patients with HFpEF and systolic HF (red: patients with
HFpEF, blue: systolic HF). (C) Comparison of the cumulative incidence and 95% Cl of HFH following the first (left)/last (right) procedure between pa-
tients with HFpEF and systolic HF (red: patients with HFpEF, blue: systolic HF). Asterisk indicates statistical significance (¥*P = 0.01). ACD, all-cause death;
CVH, cardiovascular hospitalization; HFH, heart failure hospitalization; AF, atrial fibrillation; CA, catheter ablation; HF, heart failure; HFmrEF, heart fail-
ure with mildly reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction;
LVEF, left ventricular ejection fraction; MACE, major adverse clinical events.
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Figure 4 Comparison of the number of HFH between pre-CA and post-CA. (A) Sankey diagram shows the comparison of the number of HFH between
pre-CA and post-CA in patients with HFpEF. (B) Sankey diagram shows the comparison of the number of HFH between pre-CA and post-CA in patients
with systolic HF. Asterisks indicate statistical significance (*P < 0.0001, **P < 0.005). Each colour indicates the number of HFH: red, >3; pink, 2; yellow,
1; green, 0. ACD, all-cause death; CVH, cardiovascular hospitalization; HFH, heart failure hospitalization; AF, atrial fibrillation; CA, catheter ablation; HF,
heart failure; HFmrEF, heart failure with mildly reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure
with reduced ejection fraction; LVEF, left ventricular ejection fraction; MACE, major adverse clinical events.
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Difference in major adverse clinical events
following the catheter ablation procedure
between the heart failure with preserved ejection
fraction and systolic heart failure groups

To our knowledge, this is the first study to compare both the
long-term prognostic events (all-cause death, unplanned car-
diovascular events, and heart failure hospitalization) and the
efficacy of CA for reducing the number of HFH between
HFpEF and systolic HF (HFrEF with HFmrEF) in patients who
underwent CA for AF. There is a huge aetiologic difference
between HFpEF and HFrEF.”*> Regarding HFpEF, multiple fac-
tors, such as vascular-ventricular stiffness and endothelial mi-
crovascular inflammation, which are derived from various

co-morbidities predispose patients to left ventricular diastolic
dysfunction.® Hence, patients’ prognosis with HFpEF was as
poor as that with HFrEF because patients with HFpEF tended
to develop various cardiovascular events and non-cardiac
death which reflected various co-morbidities.*****° In agree-
ment with this phenomenon, our results also showed that
the long-term prognostic events in patients with HFpEF were
comparable with those with systolic HF, owing to a higher in-
cidence of events of other than HF such as all-cause death
and unplanned cardiovascular hospitalization. On the con-
trary, the incidence of HFH was lower in patients with HFpEF
than in those with systolic HF. We speculated that the
efficacy of CA was comparable between groups because our
results showed that, first, the success rate was comparable

ESC Heart Failure 2022; 9: 3505-3518
DOI: 10.1002/ehf2.14079



Long-term MACE following CA in HFpEF

3515

Figure 5 Proportion of each clinical event following the first and last procedure. (A) The proportion of each clinical event following the first (left) and
last (right) procedure in patients with HFpEF. (B) The proportion of each clinical event following the first (left) and last (right) procedure in patients
with systolic HF. The asterisks indicate statistical significance (**P < 0.005). Each colour indicates each clinical event: red: ACD; yellow, HFH; green,
CVH. ACD, all-cause death; CVH, cardiovascular hospitalization; HFH, heart failure hospitalization; AF, atrial fibrillation; CA, catheter ablation; HF, heart
failure; HFmrEF, heart failure with mildly reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with re-
duced ejection fraction; LVEF, left ventricular ejection fraction; MACE, major adverse clinical events.
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between groups and, second, the number of HFH equally de-
creased between pre-CA and post-CA procedures in both
groups. Our results suggest that CA for AF in patients with
HFpEF could be a feasible option to reduce HF-related events,
similar to patients with systolic HF.

Clinical events following atrial fibrillation in heart
failure with preserved ejection fraction

Several studies have addressed the efficacy of CA for AF in
patients with HFpEF. The majority of the studies evaluated
the efficacy by measuring surrogate markers such as symp-
toms, echocardiographic left ventricular diastolic function,
and biomarkers between pre-procedure and post-
procedure.'*?°72% However, studies focusing on the compari-
son of clinical events after CA between HFpEF and other sub-

type of HF, such as the present study, are limited. Aldaas
et al. evaluated the incidence of all-cause mortality and
all-cause hospitalization following the procedure between
HFpEF and systolic HF (defined as LVEF <50%, the same as
our study).?* Although the results demonstrated no differ-
ences between groups, a comparison of precise clinical
events has not been conducted. In the present study, we
added the information that patients with HFpEF who
underwent CA for AF had a higher incidence of cardiovascular
hospitalization and all-cause death and a lower incidence of
heart failure hospitalization. In addition, our result was in line
with the study in that the incidence of total clinical events fol-
lowing CA for AF was comparable between groups. In con-
trast, regarding another study, Fujimoto reported that the in-
cidence of prognostic events, which comprised all-cause
death, heart failure hospitalization, and stroke/systemic em-
bolism, was higher in patients with HFrEF (LVEF <40%) than
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Table 3 Results of univariate/multivariate analysis to identify predictors for MACE following the first procedure

Univariate analysis

Multivariate analysis

HR 95% CI P-value HR 95% ClI P-value
Age >75 years* 4.1 1.5-10.9 0.004 4.8 1.4-15.7 0.009
Female sex 1.1 0.45-2.8 0.79 0.81 0.23-2.7 0.73
Persistent AF 0.5 0.2-1.2 0.13 0.45 0.17-1.1 0.11
ATA recurrence® 3.2 0.92-11.1 0.07 4.2 1.04-16.8 0.04
Discontinuation of OACs following the procedure 2.2 0.5-9.8 0.29
LAD >45 mm 33 1.3-8.5 0.01 1.9 0.57-6.4 0.29
LVEF >65% 1.3 0.5-3.3 0.59
DM 3.0 0.96-9.7 0.06 2.2 0.50-10.1 0.28
CAD 0.69 0.08-4.7 0.65
eGFR <45 ml/min/1.73 m** 4.8 1.9-12.4 0.001 3.5 1.1-10.6 0.02
BNP level >400 pg/mL 2.9 1.1-7.3 0.03 1.4 0.45-4.7 0.52

AF, atrial fibrillation; ATA, atrial tachyarrhythmia; BNP, brain natriuretic peptide; CAD, coronary artery disease; DM, diabetes mellitus;
eGFR, estimated glomerular filtration rate; HR, hazard ratio; LAD, left atrial diameter; LVEF, left ventricular ejection fraction; MACE, major

adverse clinical events; OACs, oral anticoagulants.

“Statistical significance after adjustment in multivariate analysis (P < 0.05).

in those with HFpEF.?> The disparity between their study and
ours might originate from differences in therapeutic manage-
ment for patients with HFrEF. The prevalence of patients who
received guideline-recommended medications, such as
angiotensin-converting enzyme inhibitors/angiotensin Il re-
ceptor blockers, beta-blockers, or mineralocorticoid receptor
antagonists, was higher in our study than in Fujimoto’s
study.”® In addition, the prevalence of patients who
underwent implantable cardioverter defibrillator/cardiac
resynchronization therapy was also two-fold higher in our
study (24% vs. 12%>°). Hence, the incidence of clinical events
in patients with systolic HF (especially HFrEF) in our popula-
tion might be reduced owing to therapeutic management
other than CA. Although the results of our study and theirs*
implied that the incidence of clinical events in patients with
HFrEF could vary based on therapeutic status, reports investi-
gating clinical events following CA for AF remained scarce.
Further studies that compare the incidence of clinical events
between HFpEF and HFrEF are warranted.

Clinical implications

Our study demonstrated that the number of HFHs compara-
bly decreased in patients with HFpEF and in those with sys-
tolic HF between pre-CA and post-CA procedures. In addition,
patients with HFpEF had a lower incidence of HFH than those
with systolic HF. Our results indicated that CA would be a fea-
sible option for patients with HFpEF, similar to systolic HF. In
the current clinical setting, there are few therapeutic options
for HFpEF coexisting with AF, although previous studies have
described that the prognostic impact of AF was high in pa-
tients with HFpEF.>*®92% Our data suggest that CA for AF
could be beneficial for patients with HFpEF. In particular,
the incidence of HFH was lower in the period following the

last session, in which the success rate was high, than that af-
ter the first session. Hence, redo procedures would be helpful
to reduce HFH for patients who developed arrhythmic recur-
rence following the first session.

On the other hand, our results also showed that the total
clinical events following the CA procedure in patients with
HFpEF were comparable with those in patients with systolic
HF owing to a higher incidence of all-cause death and un-
planned cardiovascular hospitalization. Our data indicate that
clinicians should be cautious about the development of clinical
events other than HFH. Regarding MACE in the present study,
ATA recurrence, older age (>75 years), and renal dysfunction
(eGFR <45 mL/min/1.73 m?) emerged as independent predic-
tors. Our data could be useful for identifying patients at high
risk for developing clinical events following CA procedures.

Limitations

The present study had several limitations. First, the study de-
sign was a single-centre, retrospective, observational study.
We had a relatively small sample size and missed unmea-
sured variables regarding the population. Whether our re-
sults can be extrapolated to other populations remains un-
clear. Hence, further studies in other institutions are
required to validate our findings. Second, our protocol com-
bined HFrEF and HFmrEF as systolic HF, because the two ae-
tiologies had similar characteristics in response to
pharmacotherapy.'®*” However, evidence that CA for AF im-
proved the prognosis was limited in patients with HFrEF.*°
It remains uncertain whether the prognostic impact of CA
for AF in HFmrEF is similar to that of HFrEF. Further studies
comparing clinical events following CA for AF among the
three categories of HF (HFrEF, HFmrEF, and HFpEF) would
clarify this issue. Third, we diagnosed HFpEF based on the
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clinical symptoms. Although our criteria had higher sensitiv-
ity, the specificity was lower than that of echocardiographic
criteria. It remains unclear whether our results could be ap-
plicable to populations in which HFpEF was diagnosed using
echocardiographic criteria.?>** Fourth, our population com-
prised patients in whom attending cardiologists generally ex-
pected good efficacy with CA. This would indicate a discrep-
ancy in patient demographics between our population and
the general population of HF owing to a selection bias. Fifth,
we could not perform a comparison of the incidence of clin-
ical events in patients with HF and those without. Hence, it
remains unclear what the effect of HF is on the development
of clinical events in the whole patients who underwent CA for

AF. Further studies performing the comparison are
warranted.
Conclusions

Our results indicated that CA for AF could also be beneficial
for patients with HFpEF, similar to systolic HF. However, our
data also suggest that clinicians should be cautious about
the development of clinical events other than HF, such as un-
planned cardiovascular events and all-cause mortality, for
such patients.
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