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Aims Patients with heart failure with preserved ejection fraction (HFpEF) and atrial fibrillation (AF) have worse clinical outcomes
than those with sinus rhythm (SR). We aim to investigate whether maintaining SR in patients with HFpEF through a strategy
such as AF ablation would improve outcomes.

Methods This is a cohort study that analysed 1034 patients (median age 69 [63—76] years, 46.2% [478/1034] female) with HFpEF and

and results AF. Of these, 392 patients who underwent first-time AF ablation were assigned to the ablation group, and the remaining 642
patients, who received only medical therapy, were assigned to the no ablation group. The primary endpoint was a composite
of all-cause death or rehospitalization for worsening heart failure. After a median follow-up of 39 months, the cumulative
incidence of the primary endpoint was significantly lower in the ablation group compared to the no ablation group (adjusted
hazard ratio [HR], 0.55 [95% CI, 0.37-0.82], P = 0.003) in the propensity score-matched model. Secondary endpoint analysis
showed that the benefit of AF ablation was mainly driven by a reduction in rehospitalization for worsening heart failure
(adjusted HR, 0.52 [95% ClI, 0.34-0.80], P = 0.003). Patients in the ablation group showed a 33% relative decrease in atrial
tachycardia/AF recurrence compared to the no ablation group (adjusted HR, 0.67 [95% Cl, 0.54-0.84], P < 0.001).

Conclusion Among patients with HFpEF and AF, the strategy of AF ablation to maintain SR was associated with a lower risk of the com-
posite outcome of all-cause death or rehospitalization for worsening heart failure.
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AF, atrial fibrillation; HFpEF, heart failure with preserved ejection fraction.
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Keywords

What’s new?

® The strategy of atrial fibrillation (AF) ablation significantly reduced
the primary composite endpoint of all-cause mortality or rehospita-
lization for worsening heart failure in patients with heart failure with
preserved ejection fraction (HFpEF) and AF.

® The clinical benefit of ablation was primarily attributed to a notable
decrease in rehospitalization for worsening heart failure in patients
with HFpEF and AF.

® Heart failure with preserved ejection fraction patients in the ablation
group showed a 33% relative decrease in atrial tachycardia/AF recur-
rence compared to the no ablation group.

® The treatment effects of AF ablation were more significant in HFpEF
patients with New York Heart Association class | to Il symptoms or
hypertension.

® The clinical benefit of AF ablation in HFpEF patients was only ob-
served in patients receiving catheter ablation but not for surgical
ablation.

Introduction

Heart failure with preserved ejection fraction (HFpEF) is a major epi-
demic with a poor prognosis.’ Screening for and treating underlying
causes and comorbidities has been recommended to manage HFpEF
patients.p* Atrial fibrillation (AF) often coexists with HFpEF due to
shared risk factors and complex pathophysiological interactions.®
Epidemiological studies show that AF occurs in two-thirds of HFpEF

patients throughout the disease, and when coexists with HFpEF, AF
leads to more significant physical limitations, symptom burden, and
poorer prognosis than those in sinus rhythm (SR).éf10 Scilicet, AF is
an independent risk factor, rather than a marker, in patients comorbid
with AF and HFpEF."" The optimal therapy strategy for AF in HFpEF pa-
tients has recently become a topic of interest.

Catheter ablation is a well-established therapy option for AF. The lat-
est guidelines for AF recommend it to improve survival and decrease
heart failure (HF) hospitalization in selected AF patients with heart fail-
ure with reduced ejection fraction (HFrEF)."*'® Several studies com-
paring catheter ablation in AF patients with HFrEF and HFpEF have
shown equivalent efficacy and safety in maintaining SR.'*®
Single-arm studies of catheter ablation in patients with HFpEF have sug-
gested potential improvements in left ventricular function and haemo-
dynamic parameters for patients who maintain SR."*">? However, it is
not yet clear whether catheter ablation is superior to medical therapy
alone in terms of clinical outcomes in these populations. No rando-
mized controlled trials have compared ablation vs. drug therapy in
HFpEF, and post hoc analyses have produced inconsistent results. >4
The HF subgroup of the CABANA trial showed a 43% relative reduc-
tion in all-cause mortality with AF ablation compared to medical ther-
apy within a median follow-up of 48.5 months, but the enrolled patients
were HFrEF and HFpEF.> The pre-specified subset of HFpEF in the re-
cent RAFT-AF trial showed no significant difference for the primary
endpoint of all-cause mortality and HF events.”* Real-world data
from the Swedish Heart Failure Registry (SwedeHF) showed that cath-
eter ablation was associated with a lower risk of both first and recur-
rent HF hospitalization in HFpEF patients within a median follow-up
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of 2.6 years, but HFpEF was less representive in the registry.”> The
other real-word data from the Keio Interhospital Cardiovascular
Studies—Atrial Fibrillation registry (KiCS-AF) showed that catheter
ablation was significantly associated with a clinically meaningful im-
provements in the Atrial Fibrillation Effect on QualiTy-of-life Overall
Summary score in HF patients with left ventricular ejection fraction
(LVEF) > 50%.2¢ Regrettably, this study had insufficient power for the
analysis of hard endpoint in the HFpEF subgroup due to the limited
cardiovascular events.?® Other small retrospective studies have also
reported similar results.”’?® However, these findings are not yet
conclusive.

The present study, based on a large and dedicated cohort of HFpEF
patients, aims to investigate whether the strategy of AF ablation to
maintain SR, compared to no ablation, is associated with improved all-
cause death and rehospitalization for worsening HF in patients with
HFpEF and AF.

Methods

Study design and participants

Consecutive patients with HFpEF and AF referred to Zhongshan Hospital
between January 2015 and December 2019 were retrospectively enrolled
in the cohort. The criteria used for diagnosing patients with HFpEF were as
follows: (1) a history of hospitalization for HF with symptoms classified as
New York Heart Association (NYHA) class II, Ill, or IV; (2) LVEF > 50%;
(3) at least one of the following cardiac structural abnormalities identified
by echocardiography: left ventricular hypertrophy, left atrial enlargement,
or diastolic dysfunction; and (4) elevated levels of N-terminal pro-brain
natriuretic peptide (NT-proBNP), with a threshold of >400 pg/mL for pa-
tients with SR at admission and >600 pg/mL for patients with AF at admis-
sion.”” The attending physicians confirmed the diagnosis of AF based on the
patient’s prior history of AF episodes and/or the 12-lead electrocardiogram
(ECG) performed at the time of admission. Patients who sought treatment
for HFpEF or AF were both included in this study. However, regardless of
the reason for the patient’s visit, in accordance with the standard treatment
procedure in our centre, all patients admitted to the hospital first received
symptomatic treatment as needed. The cardiologist then further evaluated
the comprehensive treatment strategy for HFpEF and AF, including the
evaluation of ablation therapy. In general, the decision to offer ablation or
medical therapy alone to a patient was made jointly by the physicians, the
patients, and the patient’s family. Patients who have indications and consent
to undergo AF ablation were offered AF ablation; while the remaining pa-
tients, including those who have indications but are concerned about poten-
tial benefits, risks and cost, were treated with medical therapy alone
(rhythm control and/or rate control drug). Different therapy strategies
were performed during the index hospitalization.

Patients with a history of left ventricular systolic dysfunction as evidenced
by any prior measurement of LVEF < 50% on echocardiogram, including
those with AF-mediated cardiomyopathy (LVEF < 50%) were not included
in this study. The other major exclusion criteria included patients with (1) a
prior history of left atrium radiofrequency ablation, cryoablation, or surgical
ablation for AF; (2) a prior history of ablation for supraventricular tachycar-
dia or ventricular tachycardia; (3) metastatic cancer; and (4) a requirement
for haemodialysis due to terminal renal failure. The investigation conforms
with the principles outlined in the Declaration of Helsinki. Prior to the com-
mencement of the study, the ethics committee at Zhongshan Hospital,
Fudan University provided approval and written informed consent was ob-
tained from all patients who participated.

Ablation procedure

Patients who underwent catheter ablation or surgical ablation procedures
(thoracoscopy-assisted minimally invasive radiofrequency ablation of AF)
were included in the cohort. Before ablation, transoesophageal echocardi-
ography was performed on all patients to evaluate whether there was a left
atrial thrombus present. If a thrombus was detected, the patient was trea-
ted with anticoagulant therapy, and the ablation was postponed until the
thrombus was dissolved as confirmed by repeated transoesophageal echo-
cardiography. The operators in the centre were experienced, and the

ablation procedures were performed in a relatively stable manner. The
cornerstone of AF ablation was on circumferential electrical isolation of
the bilateral pulmonary veins (PVI), while additional procedures such as lin-
ear ablation, complex fractionated atrial electrogram ablation, superior
vena cava isolation, and ablation for other intraoperative atrial arrhythmias
were performed based on the discretion of the operator. Intravenous injec-
tion of amiodarone and external direct current cardioversion may also be
administered to restore SR. The most common cause of recurrence is
the recovery of pulmonary vein conduction and the recovery of pulmonary
vein conduction was more common at 30 and 60 min after the completion
of PVI, but rarely occurred at 90 min.° Our centre usually observed for at
least 30 min after the actual ablation. If the SR is maintained continuously,
the ablation is considered successful. As for surgical ablation, bilateral pul-
monary vein isolation with a bipolar radiofrequency clamp and left atrial ap-
pendage resection was performed for all patients, and additional
procedures and atrial ablation lines for the left atrium ablation, including,
a cut-off of the Marshall ligament, creation of a left atrial roof and bottom
connecting lesion, and establishment of a linear lesion connecting the roof-
line to the root of the aorta (the junction of the left coronary and non-
coronary cusEs), were carried out at the operator’s discretion as described
previously.>"*? Furthermore, if deemed indicated by the surgeon, the abla-
tion of the right atrium was also performed with four specific lesions cre-
ated on the superior vena cava, the inferior vena cava, the appendix of
the right atrium, and the tricuspid valve annulus.

If there were no bleeding events or other contraindications, anticoagu-
lants were administered beginning on the night following ablation and
were continued for a minimum of three months. Thereafter, the continu-
ation of anticoagulants was based on the CHA,DS,-VASc scores.
Antiarrhythmic drugs (AADs) were continued for three months post-
ablation. In-hospital adverse events related to the ablation procedures, in-
cluding cardiac tamponade, an acute HF attack, access-site complications
(such as groin haematoma, access site bleeding, groin arteriovenous fistula,
and groin pseudoaneurysm), and severe respiratory depression caused by
narcotic drugs, were treated appropriately. Repeated ablation was recom-
mended for patients with AF recurrence unless there was a contraindica-
tion or unwillingness.

Medical therapy of atrial fibrillation and

management of heart failure

In patients without ablation, medications for AF were prescribed in accord-
ance with the published clinical practice guidelines at the time, and there
were no restrictions on rate control or rhythm control strategies.>>**
The management and therapies of HF are in accordance with the latest
Chinese HF guideline recommendations at that time (Chinese HF guideline
2014 and Chinese HF guideline 2018) and mainly include the use of diuretic
therapy for patients with fluid storage and the treatment of underlying dis-
eases/complications,®>** which was generally consistent with the contem-
poraneous European HF guideline recommendation.®*3* Use of
pharmacological treatments at baseline was defined as prior drug therapy
documented at admission, in-hospital therapy, and prescriptions at dis-
charge of the index hospitalization. The optimal ventricular rate control tar-
get is recommended to be <80 bpm at rest and <110 bpm at moderate
exercise according to the Chinese HF guideline 2014; while it was updated
to control of ventricular rate at 60—100 bpm and not more than 110 bpmin
patients with HF and AF to reduce the symptoms during exercise and rest-
ing according to the Chinese HF guideline 2018.333*

Outcome and follow-up

The primary endpoint was a composite of all-cause death or rehospitalization
for worsening HF. The secondary endpoints were comprised of all-cause re-
hospitalization, rehospitalization for cardiovascular disease, rehospitalization
for worsening HF, all-cause death, cardiovascular disease-related death, and
incident stroke events. Heart failure hospitalization was defined as an admis-
sion to a health care facility for >24 h for worsening of HF, which was
deemed as requiring intravenous medication for HF (including diuretics, va-
sodilators, or inotropic agents) or a substantial increase in oral diuretic ther-
apy for HF (i.e. an increase of furosemide >40 mg or equivalent, or the
addition of a thiazide to a loop diuretic).?**” Cardiovascular death was de-
fined as death due to HF, sudden cardiac death, myocardial infarction, stroke,
or perioperative complications. The recurrence of atrial tachycardia/AF
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(AT/AF) was also recorded, which was defined as any documented case of
AT, atrial flutter, or AF lasting >30 s on a 12-lead ECG or Holter monitoring
following the ablation procedure. There was a three-month blanking period
post-ablation for AT/AF recurrence. In the primary analysis of the hard end-
point, all cardiovascular events after discharge were included and the poten-
tial influence of the blanking period on the assessment of outcomes was
evaluated as a sensitivity analysis.

All patients were recommended to have scheduled outpatient visits at 1,
3, 6,and 12 months after discharge, and then every 12 months. A cardiovas-
cular specialist performs physical examinations, laboratory tests, and exam-
inations including ECGs and echocardiography during the scheduled visit. A
professionally trained follow-up researcher who had access to the admis-
sion number and time of the index hospitalization but was blinded to the
ablation status inquired about all the follow-up medical records of partici-
pating patients. If the patients did not finish the clinic in time after enrol-
ment, they were followed up by telephone according to the registered
telephone. Subjects were censored at the last follow-up visit. Time zero
was defined as the admission time of the index hospitalization, and the
follow-up duration (in months) was measured from time zero to the first
episode of events or the last visit. Drop-out was defined as patients who
did not return to the hospital outpatient clinic after discharge and could
not be contacted by telephone interviews. The other independent follow-
up investigator who was also blinded to the ablation status checked and
confirmed all endpoint events.

Statistical analysis

For continuous variables, means with standard deviations were reported
for normally distributed data, while medians with interquartile ranges
were reported for non-normally distributed data. Comparisons between
groups were performed using t-tests or Mann—Whitney U tests, depending
on the distribution of the data. Categorical variables were presented as
counts with percentages and compared using x” tests or Fisher’s exact tests
when appropriate.

Differences in pre-treatment variables were balanced in three ways. First,
imbalanced baseline variables were adjusted in a multivariable-adjusted
model. Secondly, propensity score matching (PSM) was adopted to balance
differences in pre-treatment variables.*® The propensity score model was
generated by fitting a logistic regression with potential covariates that could
affect the attending physician’s decision to perform treatment, including
demographic characteristics [age, sex, body mass index (BMI)], vital signs
(systolic blood pressure, diastolic blood pressure, rest heart rate), AF
type, CHA,DS,-VASc score, functional classification of NYHA, pre-existing
comorbidities, laboratory markers, echocardiography parameters, and
drugs. The primary analysis was performed using complete-case analysis.
The PS-matched cohort was formed through a 1:1 pairing of individuals
using a nearest-neighbour matching method with a calliper of 0.20.
Covariate balance was evaluated using P-values (<0.05) and standardized
mean differences (>0.10). Further, an inverse probability of treatment
weighting (IPTW) analysis was conducted by weighting patients who re-
ceived AF ablation with 1/PS and those who did not receive AF ablation
with 1/(1 — PS). Patients with PS below 0.1 in the ablation group and PS
over 0.9 in the non-ablation group were truncated to overcome the pos-
sible influence of large weights.>? The weighted sample mimicked the po-
tential population in a randomized controlled trial drawn from the same
target population, which would include all cohort patients.

The absolute difference in incidence rate between groups was expressed as
incidence rate differences (IRDs). The median duration of follow-up was esti-
mated by using the reverse Kaplan—-Meier method. Cumulative event-free sur-
vival was estimated by means of the Kaplan—Meier method, and differences in
time-to-event distributions were compared by using the log-rank test.
Adjusted hazard ratios (HRs) with 95% confidence intervals [Cls] were calcu-
lated by means of a Cox proportional hazards model, and the proportional
hazards assumptions were assessed by using the Schoenfeld residuals test.
Independent variables were analysed in a further stratified model as a stratifi-
cation factor if they did not meet the equivalence requirement. An adjusted
sub-distribution hazard model (Fine and Gray model), accounting for death
as a competing risk factor, was used to estimate the incidence rate of AT/
AF recurrence while controlling for imbalanced variables.*

Pre-specified subgroup analyses were also conducted to explore poten-
tial differences in the risk of the primary outcome among treatment groups
based on factors such as age, sex, BMI, LVEF, functional classification of

NYHA, CHA;DS,-VASc score, chronic kidney disease, NT-proBNP, AF
type, hypertension, and diabetes mellitus. Interactions between AF ablation
status and these pre-specified grouping factors were examined by adding an
interaction term (subgroup variable X treatment variable) to the Cox mod-
el. The heterogeneity (interaction P-values) across subgroup strata was as-
sessed using likelihood ratio tests. The possible relationship between the
operation strategy and outcome was also explored by separating the AF ab-
lation group into two subsets based on catheter or surgical ablation.

The robustness of the results about primary and secondary endpoints was
also explored in several sensitivity analyses. First, cardiovascular hospitaliza-
tion events were confined to those after the three-month blanking period.
Secondly, patients undergoing the atrioventricular node ablation were also
included in the cohort. Thirdly, secondary endpoints were analysed using
the sub-distribution hazard model (Fine and Gray model), with all-cause
death treated as a competing risk factor. Fourthly, missing variables were im-
puted using the multivariate imputation method with chained equations.”’
Other sensitivity analyses applied for adjustment models, including different
variables, calliper, and adjustment of possibly still imbalanced variables (stan-
dardized mean differences > 0.05) in the PS-matched cohort and trimming
individuals with the most extreme 5% PS values to avoid bias from extreme
weights in the IPTW model. The E-value, a novel sensitivity analysis algorithm,
was also calculated to assess how robust the association between ablation
and the primary outcome is to residual and unmeasured confounding.*?

Statistical significance was defined as a two-tailed alpha level of <0.05.
Since no adjustments for multiple comparisons were conducted, the results
for secondary endpoints, subgroups, and sensitivity analyses should be re-
garded as exploratory and susceptible to type 1 error. R software version
3.6.0 (R Foundation for Statistical Computing, Vienna, Austria) was used for
all statistical analyses.

Results

Patient characteristics and demographics

The process of patient enrolment is illustrated in Figure 1. A total of 1138
patients comorbid with HFpEF and AF were identified in our centre be-
tween 2015 and 2019. After the exclusion of 70 patients according to pre-
specified exclusion criteria, 33 patients who dropped out after the index
hospitalization (3.0% of patients [12/405] in the ablation group; 3.2% of
patients [21/663] in the non-ablation group) and one patient undergoing
the atrioventricular node ablation, a total of 1034 patients were included
in subsequent analyses, with 392 in the ablation group and 642 in the no
ablation group (Figure 1). Table 1 shows the demographics and baseline
characteristics of the patients in both groups. Among the entire study
population, the median age was 69 [63-76] years, and 46.2% (478/
1034) were female. The median BMI was 24.5 [22.2-27.0] kg/m>
About 55.6% were treated with diuretics. Treatment of underlying dis-
eases/complications of HF included the use of angiotensin-converting en-
zyme inhibitor/angiotensin Il receptor blockade/angiotensin receptor
neprilysin inhibitor in 57.2% patients, the use of aldosterone antagonist
in 40.3% patients, the use of B-blocker in 67.5% patients, and the use of
digoxin in 21.5% patients. Patients in the no ablation group were older
and had higher CHA,DS,-VASc scores. While the BMI, diastolic blood
pressure and resting heart rate at admission were slightly higher in the ab-
lation group. Comorbidities including stroke, chronic obstructive pulmon-
ary disease, and chronic kidney disease were more prevalent in the no
ablation group. Laboratory tests showed the no ablation group had higher
levels of serum creatinine, NT-proBNP, and left atrial diameter. As for the
drug therapy, aldosterone antagonist, diuretic and digoxin were more like-
ly to be prescribed for patients in no ablation group and the usage of oral
anticoagulant was slightly higher in the ablation group. After rigorous PSM
procedure, above baseline characteristics between the two groups were
well balanced (Table 1; see Supplementary material online, Figures $1-S3).

Ablation procedure and complications

Details of the ablation procedure and complications are presented in
Supplementary material online, Table S3. Of the 392 patients in the
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Consecutive patients with concomitant HFpEF and AF
(admitted to Zhongshan hospital from Jan 1, 2015 to Dec 31, 2019)

n=1138
Exclusions (not mutually exclusive):
1) Prior history of left atrium radiofrequency ablation,
cryoablation, or surgical procedure for AF n=57;
P 2) Prior history of ablation for supraventricular tachycardia
or ventricular tachycardia n=5;
3) Metastatic cancer n=5;
4) Hemodialysis n =4
A
Patients with an ablation procedure (ablation group) Patients without an ablation procedure (no ablation group)
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v
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Figure 1 The diagram illustrates the flow of patient inclusion in this cohort. The weighted sample size is presented for the IPTW model. AF, atrial
fibrillation; HFpEF, heart failure with preserved ejection fraction; IPTWV, inverse probability of treatment weighting; PSM, propensity score matching.

ablation group, 339 underwent catheter ablation and 53 underwent
surgical ablation. PVI was successfully performed in all patients, and an-
cillary procedures were performed in 264 (77.9%) of patients who
underwent catheter ablation, compared to 32 (60.4%) of patients
who underwent surgical ablation. Bradycardia occurred in seven pa-
tients, and four of them required pacemaker implantation. Five patients
experienced an acute episode of heart failure after the procedure, and
all were treated according to guidelines. Four patients required emer-
gency pericardiocentesis due to echocardiography-evidenced pericar-
dial effusion. Nine patients experienced access-site complications, and
two patients with pseudoaneurysm received surgical repair. A total
of 41 patients underwent 42 repeat ablation procedures in the ablation
group, including one patient who underwent two repeat ablation pro-
cedures at the 14th month and 42nd respectively, and the remaining 40
patients underwent one repeat operation procedure within the time
frame of 3 months to 49 months after the index procedure (see
Supplementary material online, Table S4). Other patients with AT/AF
recurrence were prescribed with medication by their physicians.

Primary endpoint

Over a median follow-up period of 39 months, 201 patients with HFpEF
and AF reached the primary endpoint in the overall cohort. The Kaplan—
Meier curve showed that a significantly higher proportion of patients in
the ablation group were free from the primary endpoint (43 out of 392
patients [11.0%] in the ablation group, 158 out of 642 patients [24.6%] in
the no ablation group, P < 0.001 by log-rank). Even after adjusting for
imbalanced variables, the difference remained statistically significant (ad-
justed HR, 0.62 [95% Cl, 0.43-0.89], P = 0.01; IRD, —0.39 [95% Cl, —0.54

to —0.25]) (Table 2). The E-value for the primary endpoint was 2.14, with
an upper limit of the Cl at 1.38 (see Supplementary material online,
Table $6), indicating that a relatively strong unmeasured confounder as-
sociated with the treatment strategy and outcome would be needed to
explain away the result.

To account for the possibility of an unbalanced distribution of risk
factors that could influence the protective association, we conducted
PSM and IPTW analyses. In the PS-matched cohort, we successfully
matched 586 individuals at a 1:1 ratio with similar baseline characteris-
tics. The protective association of AF ablation was still observed in the
PS-matched cohort, with significantly greater freedom from the pri-
mary endpoint in the ablation group (adjusted HR, 0.55 [95% CI,
0.37-0.82], P = 0.003) compared to the no ablation group, and an esti-
mated IRD of —0.32 (95% Cl, —0.52 to —0.11) (Table 2; Figure 2). The
IPTW analysis using the PS as weight also confirmed the protective role
of AF ablation, with an adjusted HR of 0.66 (95% Cl, 0.44-0.98, P =
0.04) and an IRD of —0.31 (95% CI, —0.46 to —0.15) (Table 2).

Figure 3 and Supplementary material online, Figure S7 show the pri-
mary endpoint in pre-specified subgroups. Significant interactions were
found between the primary endpoint and NYHA (P=0.02 for inter-
action in the unmatched model; P=0.01 for interaction in
PSM-adjusted model; P =0.11 for interaction in IPTW-adjusted model)
and hypertension (P = 0.01 for interaction in the unmatched model; P =
0.003 for interaction in PSM-adjusted model; P = 0.002 for interaction in
IPTW-adjusted model). These results suggest that patients with NYHA
I or hypertension are more likely to benefit from AF ablation.

We also performed subset analyses for patients receiving catheter or
surgical ablation. Demographics and baseline characteristics of the pa-
tients were shown in Supplementary material online, Tables S7 and S2,
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Ablation for atrial fibrillation in HFpEF 7

respectively. Findings from the multivariable-adjusted model in the

8ias3s 2 é%’ overall cohort (adjusted HR, 0.63 [95% Cl, 0.43-0.92], P =0.02), the
E i o o < ° 35 g‘ 2 PS-matched model (adjusted HR, 0.58 [95% Cl, 0.38-0.88], P = 0.01),
: § E 5 ¥ and the IPTW model (adjusted HR, 0.65 [95% Cl, 0.43-0.96], P=
- 0.03) all supported that receiving catheter ablation was associated
3 G ° - % § é § with a lower probability of the primary endpoint compared to the no
§:2 2 < S g8 2 pr ablation group (see Supplementary material online, Table S5).
Dod z dgzEs However, the superiority of surgical ablation in the primary endpoint
2. 6% gf compared to no ablation was not observed in all the multivariable-
£ : SE3 ¢ adjusted models in the overall cohort (adjusted HR, 0.46 [95% CI,
‘g el o~ & £ £EQ 0.17-1.29], P=0.14), the PS-matched model (adjusted HR, 0.50 [95%
ci8iZ2gs8nR 8557 Cl, 0.13-1.94], P=0.32), or the IPTW model (adjusted HR, 0.67
«: 8- o C £9 <8 [95% CI, 0.23—-1.94], P=0.46) (see Supplementary material online,
Q238X | 258, Table $5).
g £ivs
r g358 .
: 28 Secondary endpoints
5 5 E; E g Secondary endpoints were analysed in the overall, PS-matched, and
i § © s & 3289 IPTW model, and almost similar results were obtained (Table 2;
9: 7 E; % % o 5— § E Figure 2). In the PS-matched cohort, there was no significant difference
0: 2 v o ~ 55 - 8 in all-cause rehospitalization between the ablation group (37.9%; 111
z : 2 g*ﬂé = out of 293 patients) and the no ablation group (46.4%; 136 out of
: §vs g 293 patients) (adjusted HR, 0.86 [95% Cl, 0.67-1.10], P =0.23), with
a é E £ an estimated IRD of —0.20 (95% Cl, —0.58 to 0.19). Similarly, no signifi-
T Reg o 8ag» cant difference was found in rehospitalization for cardiovascular disease
w:S S S S 83 £ between the ablation group (32.4%; 95 out of 293 patients) and the no
e N § g ablation group (39.2%; 115 out of 293 patients) (adjusted HR, 0.88
9 _ o - z‘f 2 3 > [95% Cl, 0.67-1.16], P=0.38), with an estimated IRD of —0.11 (95%
E 83 8 8 £¥ 5 S o g Cl, —0.45 to 0.22). However, the incidence of rehospitalization for wor-
g9 °ege° 2 %E g E E sening HF was significantly lower in the ablation group (10.6%; 31 out of
: s % i} -‘cz‘ €5 293 patients) compared to the no ablation group (21.5%; 63 out of 293
-3 : g 15 & 8 é 3 patients) (adjusted HR, 0.52 [95% Cl, 0.34-0.80], P = 0.003), with an es-
£: S o 8555 o timated IRD of —0.29 (95% Cl, —0.48 to —0.10). There was no signifi-
® § N S | ¢ § 58 £ cant difference in all-cause death between the ablation group (3.1%; 9
g © 8 NS 223 %Y g > EE out of 293 patients) and the no ablation group (6.5%; 19 out of 293 pa-
§ 2 : § ~ § * _*:éo % § z g kS tients) (adjusted HR, 0.57 [95% Cl, 0.26—1.27], P =0.17), with an esti-
Q : : gef 2 §° mated IRD of —0.07 (95% Cl, —0.17 to 0.02). The incidence of
@ : z E& % % g E cardiovascular disease-related death was also not significantly different
: < E 58 & p between the ablation group (1.4%; 4 out of 293 patients) and the med-
c g 83< 3¢ ical therapy group (3.1%; 9 out of 293 patients) (adjusted HR, 0.54 [95%
Lo aTa 885 5 > 8 Cl, 0.17-1.77], P=0.31), with an estimated IRD of —0.04 (95% Cl,
£:832¢ < 3 E fé s 3 —0.10to 0.03). The incidence of stroke events was also not significantly
S &8 n TR 2550 3 g different between the ablation group (2.7%; 8 out of 293 patients) and
z: " - T g §83 <& the medical therapy group (4.4%; 13 out of 293 patients) (adjusted HR,
: 3’:% 3 gi = a 0.69 [95% Cl, 0.28-1.66], P =0.40), with an estimated IRD of —0.03
- % z % s :E g (95% Cl, —0.11 to 0.05).
2wgoZ S
8 Y~ _ | BE3sEy £%
g 22nc|Bgnss 82 Sensitivity analyses
8 E E g o ;\3; 5 ipg g $£s After the inclusion of one patient who underwent rate control by atrio-
3 w2 N :% 255 s % ventricular node ablation, the results were generally consistent with the
62 % ey E 3 primary analysis (PSM-adjusted model: adjusted HR, 0.49 [95% ClI,
‘g’%’ S 5 == § 0.32-0.75], P=0.001 for primary endpoint; adjusted HR, 0.52 [95%
2| By ¢ %‘ 2 g E % Cl, 0.33-0.81], P=10.003 for HF rehospitalization). Analyses confining
Sloée é = _B_g, % E cardiovascular hospitalizations after the three-month blanking period
=| e % ‘gg % = 8 also provided similar results (PSM-adjusted model: adjusted HR, 0.53
2 " %o § gaﬁ £8 6 £ 2 [95% ClI, 0.35-0.81], P=0.003 for primary endpoint; adjusted HR,
2 g 2 E £ % % z g g b 0.49 [95% Cl, 0.31-0.78], P = 0.003 for heart failure rehospitalization).
B s M ?z = g § s § i 5 The robustness of the results was also evaluated in other sensitivity ana-
S 2 s %0 £ §L5% % - 3 5 lyses, including the imputation of missing baseline variables, the Fine and
(.Jk_i b *;': E\ g2 g g 'fé 5 g Gray model for second endpoints, different variables and calliper for
‘; % o F ° kS 2 8 3 ZL 7 g 2 the PSM model, and trimming extreme PS values for the IPTW model.
= ~§ 8386 5| 2 Lru% % - é §40% Al of those analyses confirmed the main findings for the primary end-
l‘_‘ > 9588 §§ point and secondary endpoints (see Supplementary material online,

Table S8).
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Ablation for atrial fibrillation in HFpEF

A Primary endpoint in PSM-adjusted model
1.0
0.9 +
0.8 +
0.7 H
0.6 H
0.5 +
0.4 +

0.3 - Adjusted hazard ratio, 0.55(95%CI, 0.37-0.82) ~No at_)lation
P =0.003 by log-rank test + Ablation
0.2+ P =0.003 by Cox regression

0.1

Probability of survival free of events

0.0

0O 6 12 18 24 30 36 42 48 54 60 66 72 78 84
Number at risk Follow—up (months)
No ablation 293 261 245 226 195 164 145 115 85 62 44 34 19 9 4

Ablation 293 255 239 224 190 160 129 99 81 51 32 19 11 7 2
B HF rehospitalization in PSM-adjusted model

1.0
0.9 +
0.8 +
0.7 H
0.6
0.5 4
0.4 +

0.3 4  Adjusted hazard ratio, 0.52(95%CI, 0.34-0.80) “No ablation
02 4 P = 0.003 by log-rank test + Ablation
’ P =0.003 by Cox regression

Probability of survival free of events

0.1 A
0.0

T T T T T T T T T T T T T T T
0O 6 12 18 24 30 36 42 48 54 60 66 72 78 84
Number at risk Follow —up (months)

No ablation 293 261 245 226 195 164 145 115 85 62 44 34 19 9 4
Ablation 293 255 239 224 190 160 129 99 81 51 32 19 11 7 2

C All-cause death in PSM-adjusted model

1.0 { e

0.8 4

0.7 4
0.6
0.5
0.4

0.3
Adjusted hazard ratio, 0.57(95%Cl, 0.26-1.27) + No ak_)lation
0.2 4 P =0.16 by log-rank test + Ablation
01 P =0.17 by Cox regression

Probability of survival free of events

0.0

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84
Number at risk Follow —up (months)

No ablation 293 274 268 251 224 192 171 138 109 82 61 43 25 12 6
Ablation 293 263 245 234 202 172 136 107 90 60 38 22 13 8 3

Figure 2 Kaplan—Meier curves stratified by ablation or not for the probability of freedom from (A) primary endpoint (all-cause death or rehospita-
lization for worsening heart failure), (B) rehospitalization for worsening heart failure, and (C) all-cause death in the PSM-adjusted model. All P-values for
the Schoenfeld residuals test were >0.05, indicating that the proportional hazards assumption was not violated for the analyses of all endpoints. Cl,
confidence interval; HF, heart failure; PSM, propensity score matching.



10 Z. Xie et dl.
Subgroup Ablation No Ablation Adj.Hazard ratio P Value for
(95% ClI) Interaction
All patients 293 293 Ve 0.55 (0.37-0.82) 0.003
Age 0.43
<65 yr 84 (28.7) 103 (35.2) — 0.70 (0.30-1.63)
>65yr 209 (71.3) 190 (64.8) - 0.48 (0.31-0.75)
Sex 0.98
Female 145 (49.5) 134 (45.7) —-— 0.54 (0.32-0.94)
Male 148 (50.5) 159 (54.3) — 0.56 (0.32-0.98)
BMI 0.29
<28 (not obese) 235 (80.2) 239 (81.6) —— 0.62 (0.39-0.98)
>28 (obese) 58 (19.8) 54 (18.4) S 0.39 (0.18-0.85)
LVEF 0.62
<63% 141 (48.1) 139 (47.4) - 0.52 (0.31-0.90)
>63% 152 (51.9) 154 (52.6) —-— 0.59 (0.33-1.05)
NYHA 0.01
(]| 232 (79.2) 230 (78.5) - 0.41 (0.25-0.67)
=1V 61 (20.8) 63 (21.5) — - 1.10 (0.54-2.24)
CHA,DS,-VASc 0.06
<2 88 (30.0) 95 (32.4) ——— 1.09 (0.48-2.48)
>2 205 (70.0) 198 (67.6) - 0.45 (0.28-0.70)
CKD 0.43
Yes 46 (15.7) 46 (15.7) - 0.43 (0.20-0.95)
No 247 (84.3) 247 (84.3) - 0.60 (0.38-0.95)
NT-proBNP 0.99
<1427 pg/ml 155 (52.9) 138 (47.1) —a— 0.56 (0.29-1.09)
> 1427 pg/ml 138 (47.1) 155 (52.9) —-— 0.58 (0.35-0.94)
AF type 0.38
Paroxymal AF 107 (36.5) 112 (38.2) - 0.44 (0.24-0.83)
Persistent AF 186 (63.5) 181 (61.8) —— 0.64 (0.39-1.06)
Hypertension : 0.003
No 114 (38.9) 117 (39.9) 1 S e — 1.26 (0.63-2.50)
Yes 179 (61.1) 176 (60.1) e 0.36 (0.22-0.59)
Diabetes : 0.65
No 243 (82.9) 242 (82.6) ¢ e : 0.52 (0.32-0.82)
Yes 50 (17.1) 51 (17.4) e : 0.61 (0.30-1.28)
[

0

35

Ablation better No ablation better

Figure 3 Forest plot of pre-specified subgroup analyses of the primary endpoint in the propensity score matching-adjusted model. The grouping
boundary point for LVEF and NT-proBNP is the median. The boundary point of >28 kg/m? for BMI was the definition of obesity for Chinese adults.
AF, atrial fibrillation; BMI, body mass index; CHA,DS,-VASc, congestive heart failure, hypertension, age > 75years, diabetes, stroke/transient ischaemic
attack, vascular disease, age 65 to 74years, sex category; Cl, confidence interval; CKD, chronic kidney disease; LVEF, left ventricular ejection fraction;
NT-proBNP, N-terminal pro-brain natriuretic peptide; NYHA, New York Heart Association.

Atrial tachycardia/atrial fibrillation

recurrence

During the follow-up period, 43.5% of patients in the ablation group and
62.0% of patients in the no ablation group had AT/AF recurrence. The
adjusted HR for AT/AF recurrence in the multivariable-adjusted Fine
and Gray model showed that patients who received AF ablation had a
34% relative decrease in AT/AF recurrence compared to those who
did not receive ablation (adjusted HR, 0.66 [95% Cl, 0.54-0.81], P <
0.001) (see Supplementary material online, Figure S8; Supplementary
material online, Table $9). Analyses from the PSM-adjusted model and
IPTW-adjusted model yield similar results (adjusted HR, 0.67 [95% ClI,
0.54-0.84], P < 0.001 in PSM-adjusted model; adjusted HR, 0.65 [95%
Cl, 0.54-0.78], P < 0.001 in IPTW-adjusted model) (Figure 4).

Additionally, all patients were further categorized based on
whether they experienced AT/AF recurrence during the follow-up.
Those who maintained SR, either through ablation or no ablation,
had a lower incidence of the primary endpoint event compared to
those who experienced AT/AF recurrence (9.1% vs. 28.5%, P <
0.001 by y” test).

Discussion

The main findings of this study showed that the strategy of AF ablation in
patients with HFpEF and AF significantly reduced the primary composite
endpoint of all-cause death or rehospitalization for worsening HF. The
clinical benefit was primarily attributed to a notable decrease in rehospi-
talization for worsening HF. Patients with NYHA class | to || symptoms or
hypertension were more likely to benefit from AF ablation. These findings
support the idea that AF ablation may be a superior aetiological treatment
strategy to alleviate the disease burden in patients with HFpEF.

Patients with HFrEF and AF had approximately three times higher risk
for a composite of all-cause death, HF hospitalization, and stroke or sys-
temic embolism after AF ablation compared with patients with HFpEF."®
Since previous studies have shown the superiority of catheter ablation
over pharmacological rhythm or rate control in reducing all-cause mortal-
ity in HFrEF,”* whether clinical benefit of AF ablation compared to med-
ical therapy alone could also apply to patients with HFpEF of whom had
significantly lower event rate after AF ablation warrants further study.
Subgroup analysis from KiCS-AF and SwedeHF provides evidences that
catheter ablation was significantly associated with clinically meaningful
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Recurrence of atrial arrhythmias

1.0 1
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0.8 +
0.7 +
0.6 :
0.5 A .

0.4

0.3 1

3-month blanking period

0.2

Probability of survival free of recurrence

0.1

0.0 A

Adjusted hazard ratio, 0.67(95%CI, 0.54-0.84)
P <0.001 by adjusted fine & gray model
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No ablation 285
Ablation 282
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Figure 4 Kaplan—Meier curve stratified by ablation or not for the probability of freedom from atrial tachyarrhythmia/atrial fibrillation recurrence
after a three-month blanking period post-ablation in the propensity score matching-adjusted model. Recurrence analysis only included participants

with available data. Cl, confidence interval.

improvements in quality of life and lower risk of both first and recurrent
HF hospitalization compared to drug therapy alone among HFpEF pa-
tients with AF.2>2¢ However, it should be noted that both those regis-
tered studies were conducted across a broader range of patients with
concomitant AF and HF and HFpEF patients was therefore less represen-
tative by dozens of pa‘cients.zs'26 Limited sample sizes could lead to in-
accurate evaluation, especially for hard endpoints. By contrast, the
major strength of the present study was investigated in a large and dedi-
cated cohort of HFpEF patients with AF. The high volume of AF ablation
operations and acceptance of referrals from all over the country in our
centre ensures that enough patients can be included to support this study.
In addition, considering the significant technological advances in surgical
ablation procedures, we also included patients who underwent
thoracoscopy-assisted minimally invasive radiofrequency ablation of AF
that had been less frequently covered in previous studies. More import-
antly, the cohort in our study was more representative of the current clin-
ical practice of AF ablation and optimized drug therapy in HFpEF patients,
since patients in the KiCS-AF registry were included from 2012 to 2017
and SwedeHF was included from 2005 to 2019.7%

Options of therapy in atrial fibrillation
patients with heart failure with preserved

ejection fraction in real-world settings

In line with previous real-world data, we found notable differences in
baseline characteristics between patients who underwent AF ablation

and those who did not.>>% It suggests that it is a common feature of
clinical practice in different regions that relatively healthier HFpEF pa-
tients are more likely to undergo AF ablation in real-world settings.
This reflects the caution of physicians and patients towards ablation
therapy for HFpEF patients in the absence of definite guidelines recom-
mendations. Electrophysiologists often judge the expected success rate
and risk of AF ablation by the combinations of age, AF type, tolerance to
AF symptoms, history of AADs usage, left atrial diameter, comorbid-
ities, history of HF, and so on. In AF patients comorbid with HF, the se-
verity of HF as evaluated by signs and/or symptoms, functional
classification of NYHA and NT-proBNP are the additional key factors
affecting the physician’s treatment decision. Patients with poorly con-
trolled or more advanced HF are less tolerant to AF ablation and
have a higher risk of post-operative adverse events such as acute epi-
sodes of HF.** Therefore, the physicians may be more confident
about the tolerability of the procedure and the effectiveness in well-
controlled and earlier HFpEF patients. From the patient’s perspective,
the degree of distress of symptoms, acceptance of adherence to med-
ications, risk, the expected success rate of AF ablation, and cost are im-
portant factors affecting whether to accept AF ablation.

Theoretically, all of these factors affecting treatment decisions should
be merged into the adjustment model. In practice, under the standar-
dized operating procedure, most of the clinical indicators that affect
doctors’ treatment decisions are relatively objective, so they could be
easily included in the model. However, those factors affecting patients’
decisions are commonly subjective and cannot be inserted in a
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mathematical model, which also lacks previous experiences to deal
with. So the balanced cohort that we get through the matching method
actually represents a group of patients who are good candidates for AF
ablation or drug therapy based on the criteria that doctors judge in clin-
ical practice. It could also be proven by the comparable age, sex distri-
butions, and other variables of the matched cohort in our study to
those in previously published trials.?® Admittedly, there may be still re-
sidual defects that the final treatment grouping was influenced by un-
measured confounding factors, namely patients’ willingness to treat.
Previous studies have also suggested that patients with a more aggres-
sive choice of treatment may have a higher life expectancy, which can be
influenced by better adherence to subsequent management of dis-
ease.*’*® While this is common to real-world studies, given possible
bias, we assessed the impact of those potential unmeasured confoun-
ders by introducing an E-value as a sensitivity analysis. The E-value of
the primary endpoint was over 2, which means that the HR of 0.55
for the primary outcome in the PSM model could only be explained
by an unmeasured confounder that is associated with both receipt of
AF ablation and risk of the primary outcome by a risk ratio of more
than 2, an intensity that is difficult to achieve in clinical variables (see
Supplementary material online, Table S7). That is, unmeasured con-
founders, including patients’ subjective willingness to receive treatment,
are less likely to confound the results of this study. Therefore, in the
context that blindness of treatment strategies cannot be reached for
patients in ablation-related trials, our real-world study also has certain
suggestive significance that the clinical advantage of ablation, as demon-
strated in current research, may be predominantly applicable to those
healthier HFpEF patients.”

Clinical benefit of atrial fibrillation ablation
in heart failure with preserved ejection

fraction patients

The rate of primary endpoint of all-cause death and rehospitalization of
worsening HF for all patients in the ablation group during follow-up
was consistent with previous studies with similar follow-up times.'®
Major finding of our study was the confirmation of the association be-
tween AF ablation and a lower risk of HF hospitalization rather than all-
cause death in HF patients.”® The exploratory analyses also provides fur-
ther hints of new findings that the clinical benefit was limited to patients
undergoing catheter ablation rather surgical ablation. The reasons why
benefit from surgical ablation was not observed in our study were unclear.
While the relatively high recurrence rate may partly explain, it needs to be
verified by studies with larger sample sizes receiving surgical ablation. The
finding that the benefit of AF ablation was driving by rehospitalization for
worsening HF rather than all-cause death may be explained by the stage of
HF in selected patients. As demonstrated in the post hoc analysis of
TOPCAT Americas Trial, AF could accelerate a downhill course for
‘AF—HFpEF’ subjects with a selective and novel impact on symptomatic
HF status, viz, HF worsening in earlier HF and pump failure mortality in
advanced HF."" In this study, the proportion of patients with NYHA I-II
and moderated elevated level of NT-proBNP in the matched cohort sug-
gested an early symptomatic HFpEF population, which was also proven by
the relatively moderate all-cause mortality. Thus, our finding that the abil-
ity of ablation to reduce HF rehospitalization relative to drug therapy in
those patients serves as a mutual confirmation of the results in
TOPCAT Americas Trial and adding new evidences in this area.

The selection of heart failure with
preserved ejection fraction patients for

atrial fibrillation ablation

Another unreported finding previously is that we assessed AF ablation
in different NYHA subgroups of HFpEF patients for the first time, and

the results suggested that only NYHA class | to Il patients could benefit
from the ablation. Proper patient selection is a critical issue in the clin-
ical practice of AF ablation in HFpEF patients. The subgroup analysis in-
dicated that not all patients with HFpEF and AF will benefit from AF
ablation, a similar finding to the CASTLE-AF trial, which showed that
HFrEF patients with NYHA class lll symptoms did not benefit from
catheter ablation.’” From a pathophysiological perspective, the vicious
cycle of HFpEF and AF exacerbates AF burden, left atrial/ventricular
haemodynamics, and left atrial/ventricular remodelling. In advanced
stages of HF, the worsening of left atrial fibrosis makes it less likely
for patients to experience long-term restoration of SR and for cardiac
remodelling to be reversed.*” It has been shown that rhythm control
therapy initiated within one year of diagnosing AF may provide additive
prognostic benefits.>® Similarly, the results indicate that the timing of AF
ablation relative to the progression of HF could also affect outcomes.
Such results have not been reported and will provide more evidence
for the treatment choice of HFpEF patients with AF and population
screening in future trials.

Interestingly, our study demonstrated that AF ablation was beneficial
for HFpEF patients with hypertension. Hypertension is known to cause
pathological left ventricular hypertrophy and diastolic dysfunction.>® In
HFpEF patients with comorbid hypertension, severe impairment of left
ventricular diastolic function can significantly increase dependence on
left ventricular filling from the left atrium. Thus, the restoration of atrial
booster pump function and increased ventricular filling after successful
ablation could markedly improve HF symptoms in these HFpEF patients
with hypertension.

Possible underlying mechanisms

The 3-year recurrence rate of atrial arrhythmias in our cohort was gen-
erally consistent with the previous reports.'® An exploratory analysis
was conducted to group patients based on whether or not there was
arecurrence of AT/AF during the follow-up period. Patients who main-
tained SR, regardless of whether they underwent ablation or not, had a
lower risk of the primary composite endpoint compared to those with
recurrent atrial arrhythmias. In combination with previous studies that
restoration of SR by PVI in HFpEF patients with concomitant AF in-
duces reverse remodelling, improvement of symptoms, resolution of
HFpEF, and subsequently decrease of hospitalizations,? the relatively
lower recurrence rate by AF ablation compared to medical therapy
may be an important reason for the endpoint benefit.

The mechanisms by which SR maintenance improves outcomes are a
combination of several immediate haemodynamic changes caused by
arrhythmias being reversed and the reversal of continuous
AF-induced structural changes. Successful cardioversion can restore
the atrial booster pump function, enhancing ventricular filling, with
the atrial contribution to ventricular filling increasing from 30% to
47% one month after SR restoration.” Moreover, studies have reported
the reversal of structural remodelling of the left atrium and left ventricle
three months or more after successful ablation in AF patients with pre-
served LVEF."®*>*3 These structural changes can contribute to signifi-
cant improvements in both systolic and diastolic indices of the left
ventricle in patients who maintain SR after AF ablation, ultimately lead-
ing to the recovery of HFpEF."”?%%37° As evidenced by the STALL
HFpEF and AF trial, HFpEF patients who maintain SR after AF ablation
show significant improvements in peak exercise pulmonary capillary
wedge pressure, and almost 45% of patients no longer meet criteria
for HFpEF 12 months post-ablation.”' Chieng et al.> further confirmed
above findings in the STALL HFpEF and AF trial by designing a compara-
tive study and found that the improvement of invasive exercise haemo-
dynamic parameters at 6 months was observed in the AF ablation group
but not in the optimal medical therapy group in patients with concomi-
tant AF and HFpEF. In addition, 50% of patients following ablation no
longer met exercise right heart catheterization-based criteria for
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HFpEF vs. 7% in the medical arm (P = 0.02). This finding, taken together,
provides crucial haemodynamic support for the results of the primary
endpoint of our study.

Limitations

Several limitations should be acknowledged in this study. First, the diag-
nosis of HFpEF in this study relied on a comprehensive clinical assess-
ment that took into account various factors such as signs and/or
symptoms of HF, preserved LVEF, elevated filling pressure as determined
by echocardiography, and elevated levels of natriuretic peptides. There is
a risk of including atypical HFpEF cohorts without a direct invasive
haemodynamics test. Secondly, the data for the analysis of AF recurrence
are primarily based on symptom-driven visits rather than continuous
heart rhythm monitoring, so analyses related to AF recurrence should
be interpreted with caution. Thirdly, the decision to undergo ablation
was not randomly assigned, and known and residually unmeasured con-
founding factors may influence the results. In particular, the patient’s will-
ingness to treat was challenging to insert into a mathematical model. To
address this, we used various covariate-adjustment models and sensitiv-
ity analyses in several scenarios to assess the robustness of our findings.
E-value was also introduced to evaluate the unmeasured confounders,
which provides some reassurance that there is no substantial unmeas-
ured confounder that can entirely eliminate the association between
catheter ablation and the primary outcome observed in this study.
However, it must be admitted that, although we have adopted various
methods, the inherent limitations of observational studies make it diffi-
cult to entirely rule out the possibility that selection bias may have inter-
fered with the results. Fourthly, the other issue that must be highlighted
is that assessing the outcome mainly relies on the clinician’s judgment;
hence, although the design in the verification of all endpoint events by
two independent, professionally trained follow-up researchers initially
unaware of the treatment status, the nature of the non-blinded and
the subject to variation may lead to a potential ascertainment bias.
Finally, this was a single-centre study. In this cohort of HFpEF patients
with AF, the proportion of patients undergoing ablation was higher
than those reported in other national registries.”>*® This may be related
to the fact that our centre is one of the largest EP centres that treats pa-
tients seeking AF ablation from all over the country and increasing con-
fidence in the ablation procedures of both patients and physicians.
Electrophysiologists are experienced and of course, this may to some ex-
tent affect the generalization of the results.

Conclusion

Based on a large-scale cohort, we found that AF ablation significantly
reduced rehospitalization for worsening HF and AF recurrence com-
pared to no ablation in patients with HFpEF. This real-world study pro-
vides important supplementary and expanded evidence on the clinical
benefits of ablation when HFpEF and AF coexist. Although AF ablation
may be effective in alleviating the disease burden in all HF patients, fur-
ther confirmation is needed through multicentre randomized studies.

Supplementary material

Supplementary material is available at Europace online.
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