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ABSTRACT

Introduction Data are lacking on the extent to which
patients with non-valvular atrial fibrillation (AF) who are
aged >80 years benefit from ablation treatment. The
question pertains especially to patients’ postablation
quality of life (QoL) and long-term clinical outcomes.
Methods and analysis We are initiating a prospective,
registry-based, multicentre observational study that will
include patients aged >80 years with non-valvular AF who
choose to undergo treatment by catheter ablation and, for
comparison, such patients who do not choose to undergo
ablation (either according to their physician’s advice or
their own preference). Study subjects are to be enrolled
from 52 participant hospitals and three clinics located
throughout Japan from 1 June 2022 to 31 December
2023, and each will be followed up for 1year. The planned
sample size is 660, comprising 220 ablation group patients
and 440 non-ablation group patients. The primary endpoint
will be the composite incidence of stroke/transient
ischaemic attack (TIA) or systemic embolism (SE), another

56

cardiovascular event, major bleeding and/or death from
any cause. Other clinical events such as postablation

AF recurrence, a fall or bone fracture will be recorded.
We will collect standard clinical background information
plus each patient’s Clinical Frailty Scale score, AF-related
symptoms, QoL (Five-Level Version of EQ-5D) scores, Mini-
Mental State Examination (optional) score and laboratory
test results, including measures of nutritional status, on
entry into the study and 1year later, and serial changes
in symptoms and QoL will also be secondary endpoints.
Propensity score matching will be performed to account
for covariates that could affect study results.

Ethics and dissemination The study conforms to the
Declaration of Helsinki and the Ethical Guidelines for
Clinical Studies issued by the Ministry of Health, Labour
and Welfare, Japan. Results of the study will be published
in one or more peer-reviewed journals.

Trial registration number UMINO00047023.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= This registry-based study is a multicentre observational study de-
signed to compare the quality of life, physical status and long-term
clinical outcomes between patients aged 80 years or more who
elect to undergo ablation for atrial fibrillation (AF) (ablation group)
and those who do not (non-ablation group).

= Propensity score matching will substantially alleviate any selection
bias within the two groups of patients whose characteristics will be
similar because the investigators will include only relatively healthy
patients in the non-ablation group.

= Selection bias and potential confounding factors cannot be com-
pletely eliminated.

= Because patients’ AF-related symptoms and quality of life will be
assessed by means of simple self-report questionnaires, and phys-
ical status will be judged simply according to the Clinical Frailty
Scale, patients’ status may not be fully reflected.

= Patients to be included in the study are of a single race/ethnicity.

INTRODUCTION

Atrial fibrillation (AF) increases the risk of stroke, heart
failure and mortality.' * Early intervention such as cath-
eter ablation for maintenance of sinus rhythm has been
reported to yield favourable clinical outcomes.”” With
new developments in ablation technology over the past
two decades, indications for AF ablation have gradually
been expanded to include not only young patients but
also middle-aged and elderly patients. Because of Japan’s
now ‘super-aged’ society, AF ablation is being applied
increasingly in patients aged 80 years or more. In 2009,
researchers estimated the overall prevalence of AF among
persons in Japan aged 40 years or more to be approxi-
mately 0.56% (716 000 persons) and projected that the
overall prevalence will increase by decade, starting at
0.65% in 2010 and reaching 1.09% by 2050.° Among
persons aged 80 years or more (ie, very elderly persons),
in particular, they documented a prevalence of 4.4%
for men but 2.2% for women. In light of these trends,
electrophysiologists ask a simple question: what can be
improved by catheter ablation in very elderly patients
with AF? Numerous studies related to catheter ablation
in elderly patients have defined this patient population
as being of age 275 years, and, although each was carried
out as a retrospective single-centre or multicentre obser-
vational study, all have focused on recurrence of AF and
ablation-related Complications.%9 These studies showed a
similar AF recurrence rate between elderly patients and
those who are younger but a modestly increased risk of
complications in the elderly.7’9 The database analysis’
included over 100000 patients, but there were several crit-
ical limitations; for example, heart failure was not clearly
defined, details regarding patients’ status such as symp-
toms, quality of life (QoL), frailty or falls, and type of AF
were unavailable, and serial changes in biomarkers and
physical or mental functioning were not assessed. Only
a few studies have investigated both the effects of cath-
eter ablation on QoL and long-term clinical outcomes in
patients aged >65 or >75 years.'"'* Thus far, no study has

focused on patients aged >80 years because adequate data
collection is challenging, with only a small number of
such patients undergoing AF ablation worldwide. Because
Japan has become a ‘super-aged society’, we consider it
urgent to determine the clinical significance of catheter
ablation for AF in patients aged >80 years. To resolve
clinical questions that cannot be addressed by database
and retrospective studies, we aim to explore the multiple
effects of catheter ablation on clinical outcomes, focusing
especially on long-term AF-related events and healthy
life expectancy, by collecting real-world data regarding
patients aged >80 years with AF who undergo catheter
ablation and those who do not.

METHODS

Study design and setting

The study will be based on Registry for Evaluating
Healthy life Expectancy And Long-Term outcomes after
CatHeter ablation of Atrial Fibrillation in the very elderly
(REHEALTH AF), a large-scale, multicentre prospective
registry of patients with AF in Japan. Enrolment began
on 1 June 2022; the inclusion is scheduled to end on 31
December 2023, and all patients enrolled will be followed
up for at least 1year (with final follow-up occurring on or
before 31 December 2024). Fifty-five institutions in Japan
are registry participants (as shown in online supplemental
figure 1), and these include 42 hospitals where ablation
is performed and 10 hospitals and three private clinics
where ablation is not performed. A flow diagram of the
REHEALTH AF study, showing the overall patient pool,
criteria for inclusion in and exclusion from the study,
follow-up time and data analysis is shown in figure 1.

Eligibility and non-eligibility

All patients included the study will be aged >80 years and
diagnosed with non-valvular AF. All will have been visiting
an outpatient clinic and have elected either to undergo or
not undergo ablation for treatment of the AF. A patient’s
decision to undergo ablation will have been based on
their physician’s recommendation, whereas a patient’s
decision to not undergo ablation will have been based
on their physician’s recommendation or on their own
personal preference. Therefore, the patients who have
decided not to undergo ablation will be of two types, that
is, those advised by their physician not to undergo abla-
tion and those who simply choose not to undergo abla-
tion. The study will include patients with any type of AF,
that is, paroxysmal AF (recovery of sinus rhythm within
7days of onset), persistent AF (AF lasting more than
7 days after onset), long-lasting persistent AF (persistent
AF lasting for more than lyear after onset) or persistent
AF of unknown duration. All those included in the study
will provide written informed consent for their inclusion.
None of the patients considered for inclusion in the
study will have undergone ablation within the previous 12
months, will have a Clinical Frailty Scale score of >7 Pwill
have severe dementia, will have severe valvular disease or
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Figure 1
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Analysis and data dissemination
Analyze the data and publish the main findings in
peer-reviewed journals

Flow diagram of the REHEALTH AF study. AF, atrial fibrillation; REHEALTH AF, Registry for Evaluating Healthy life

Expectancy And Long-Term outcomes after catHeter ablation of Atrial Fibrillation in the very elderly.

an active tumour, will be on haemodialysis, or will have
been judged by the research director or research coordi-
nator not to be suitable for the study.

Study schedule

A website was created for the REHEALTH AF study and
will be used to store all pseudonymised patient data,
collected through a web-based registration system. Each
patient’s name and hospital ID number will be replaced
with a code but linked to the original record through the
use of a key code. The coded data and key code will be
stored separately. All participating investigators and/or
research coordinators have been trained in how to use
the study website, and for security purposes, each received
his or her own ID for access to it. The study schedule is
summarised in table 1.

In brief, after being screened for eligibility and
providing written informed consent, study patients will
undergo assessment of their physical status according to
the Clinical Frailty Scale,"” of their QoL by means of the
Five-Level Version of EQ-5D (EQ-5D-5L) questionnaire16
a two-part generic measure of health status, and of their
AF-related symptoms by means of a patientreported
outcome measure (PROM). AF-related symptoms assessed
by means of the PROM include palpitations, dizziness/
lightheadedness, rapid heartbeat, dyspnoea/shortness
of breath, general fatigue and/or fainting/syncope.'” '®
The PROM, including the response alternatives, is shown
in online supplemental figure 2. The first part of the
EQ-5D-5L questionnaire is designed to assess health in
five dimensions (mobility, self-care, usual activities, pain/
discomfort and anxiety/depression), each of which has
five response levels. A summary index score based on the
five dimensions ranges from 0 (meaning worst health) to
1 (meaning full health). The second part of the EQ-5D-5L
questionnaire consists of a Visual Analogue Scale by
which the patient rates his or her perceived health from
0 (‘worst health you can imagine’) to 100 (‘best health
you can imagine’).'® If a patient desires assessment of
dementia, that patient will be given the Mini-Mental
State Examination (MMSE) at Nihon University Itabashi

Hospital, Nihon University Hospital, or another partici-
pating facility.'” All patients’ clinical characteristics, labo-
ratory values (haemoglobin concentration, creatinine
concentration, N-terminal probrain natriuretic peptide
(NT-proBNP) or brain natriuretic peptide, and nutritional
status (Controlling Nutritional Status score,”’ Glasgow
Prognostic Score,”’ Prognostic Nutritional Index® and
Geriatric Nutritional Risk Index®), electrocardiographic
findings (sinus rhythm, AF/atrial tachycardia or other),
transthoracic echocardiographic measures (left atrial
diameter and left ventricular ejection fraction) and
current medications will be determined at the time of
registry enrolment but before ablation for patients who
choose to undergo ablation (ablation group) or at the
time of registry enrolment for patients who choose not to
undergo ablation (non-ablation group). Because of the
effect of changes in a patient’s medical status, the time
between registration and ablation will be no longer than
4 weeks. Ablation details will be obtained for patients in
the ablation group. One year after entry into the study,
each patient’s symptoms, Clinical Frailty Scale score, QoL,
MMSE score (if applicable), ECG, echocardiogram result
and summary follow-up data will be obtained. If patients
are followed up for more than 1.5 years, their symptoms,
Clinical Frailty Scale score, QoL and ECG will be assessed
and recorded 1.5 years after entry into the study if possible
(table 1). Items obtained from each patient’s record at
the time of enrolment and those obtained at the 1-year
follow-up are shown in online supplemental table 1). Each
patient’s pseudonymised baseline clinical information
and follow-up data will be entered into an Excel spread-
sheet at the participating hospital/clinic and saved to the
website. For all study patients, the continuation, termi-
nation or initiation of oral anticoagulants, antiplatelet
drugs and antiarrhythmic drugs will be investigated
routinely and recorded. Onset and details of the occur-
rence of the primary and secondary study endpoints (see
further) and invasive treatments (eg, catheter ablation
and left atrial appendage closure) during the follow-up
period will be also recorded. Any episode of AF occurring
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Table 1

Study schedule (including items recorded) for ablation group and non-ablation group patients

At 12 months

after ablationtor Final follow-

Item(s) recorded Registration* Ablation registrationt upt
Patient information Age, sex, height, weight, lifestyle @ @ (Weight, blood

habits, comorbidities, etc pressure, pulse)

Symptoms (palpitations, () () o

dizziness/lightheadedness, rapid

heartbeat, dyspnoea/shortness

of breath, general fatigue and/or

fainting/syncope)

Laboratory test results () )
ECG o ([ o
Echocardiogram o [
Clinical Frailty Scale score o (] [
MMSE score§ o o
EQ-5D-5L (summary index score and Visual Analogue () () ()
Scale score)
Ablation procedure details o
Drug types Antihypertensive drug(s), ()

gastrointestinal drug(s), etc

Antiarrhythmic drug(s)

v

Oral anticoagulant(s)

v

Antiplatelet drug(s)

Adverse clinical events

vy

*Within 3 months before ablation (ablation group) or within 3 months before or after registration (non-ablation group).

TAllowable range: within 3 months for both groups.

FAllowable range: within 3 months from the final follow-up only for patients who are followed up for more than 1.5 years.
§lf the patient desires to take the MMSE at Nihon University Itabashi Hospital, Nihon University Hospital or another participating facility.

1

*k

EQ-5D-5L, Five-Level Version of EQ-5D; MMSE, Mini-Mental State Examination.

after ablation, lasting >30s and documented on a stan-
dard ECG, event recorder or 24-hour Holter monitor,
will be considered recurrent AF. If a patient is transferred
to another hospital and discontinues or remains on the
prescribed medication(s) during the follow-up period,
this information will be collected, if possible, at least until
the end of the l-year follow-up period. All patient data
including follow-up data will generally be updated every
3-6 months from each patient’s respective hospital/
clinic. The general registry office will monitor and review
the updated data in an independent manner every 6
months, and a patient’s hospital/clinic will be queried if
some information entered into the database is unclear.
Clinical events/endpoints will be judged by a clinical
event committee.

Primary and secondary endpoints

The primary study endpoint will be the composite inci-
dence of stroke/TIA, SE, another cardiovascular event
(other than stroke/TIA, SE or cardiovascular death),
major bleeding® and/or all-cause death. Secondary
endpoints are listed in box 1. In particular, we will focus

on AF recurrence and changes in patients’ symptoms,
Clinical Frailty Scale score and QoL from the time of
enrolment to 1year after ablation.

Sample size and calculation data

A previous study (published in 2019), derived from a
multicentre AF registry in Japan and covering mostly
non-ablation patients, revealed a 17.8% incidence of the
composite endpoint (stroke, all-cause mortality, major
bleeding and cardiovascular events) among patients
aged >75 years,” and the Edoxaban Low-Dose for Elder
Care Atrial Fibrillation Patients (ELDERCARE-AF) trial
(published in 2020) revealed a 22.4% incidence of cardio-
vascular hospitalisation of frail patients aged >80 years.*
Accordingly, we set the I-year incidence of the primary
endpoint in non-ablation group at 20%. Furthermore, to
estimate the therapeutic effect in the ablation group with
respect to that in the non-ablation group, we set the HR
as follows: in a multivariate analysis of Japan’s ANAFIE
registry consisting of 30000 patients aged 275 years, most
of whom have been treated by anticoagulants,?” the HR
when ablation was performed was 0.58 (95% CI 0.42 to
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Box 1 Primary and secondary endpoints

= Primary endpoint: composite incidence of stroke/TIA or SE, another
cardiovascular event (a cardiovascular event other than stroke/TIA,
SE or cardiovascular death), major bleeding and/or all-cause death.
= Secondary endpoints.
Occurrence of any of the following:
= Stroke/TIA or SE.
=  Cardiovascular event (stroke/TIA or SE, myocardial infarction/un-
stable angina, cardiovascular death, sudden death or hospitalisation
for heart failure).
Major bleeding (ISTH criteria*).
Death from any cause.
Clinically significant bleeding.
Myocardial infarction, unstable angina.
Heart failure requiring hospitalisation or other cardiovascular
event requiring hospitalisation.
Cardiovascular death.
Recurrence of atrial fibrillation after ablation.
Pacemaker implantation.
Fall.
Bone fracture.
Change in the following from the time of enrolment to 1 year:
Body weight.
Symptoms.
Blood pressure and pulse.
Clinical Frailty Scale score.
QoL (EQ-5D-5L: summary index score and visual analogue scale
score).
MMSE score (optional item).
Electrocardiographic findings.
Echocardiographic measures.
Haemoglobin and creatinine.
NT-proBNP or BNP.
Nutritional status markers.
Use of antiarrhythmic drugs, anticoagulants or antiplatelet drugs.

L T

L [ A

*The ISTH defines major bleeding as follows: fatal bleeding, bleeding into

a major organ or critical area (eg, intracranial, retroperitoneal, pericardial,
intraspinal, intra-articular and intraocular bleeding), a decrease in the
haemoglobin concentration of 20 g/L or more, or transfusion of at least 2 units
of blood.*

BNP, brain natriuretic peptide; EQ-5D-5L, Five-Level Version of EQ-5D; ISTH,
International Society for Thrombosis and Haemostasis; MMSE, Mini-Mental
State Examination; NT-proBNP, N-terminal probrain natriuretic peptide; SE,
systemic embolism; TIA, transient ischaemic attack.

0.79) for stroke, 0.66 (95% CI 0.47 to 0.94) for major
bleeding and 0.55 (95% CI 0.44 to 0.69) for death from
any cause. On the basis of these data, we set an HR of
0.6 as the expected therapeutic effect of ablation. Thus,
the l-year primary event rate in our non-ablation group
will be 20%; the therapeutic effect of ablation will be an
HR of 0.6, as necessary to detect a difference at 0=0.05
(two-sided) and 1-B of >0.8. In calculating the number
of patients needed by means of the Lakatos method,
we found a need for 183 per group. We used PROC
POWER (SAS V.9.4) to calculate the required number
of cases and set the required number at 200 for each
group. We realise that clinical characteristics of the non-
ablation group patients are likely to differ from those of

the ablation group patients. However, when 1:1 nearest
neighbour matching was performed at a calliper width
of 0.5 for the 2930 patients from SAKURA AF who did
not undergo ablation and the 3451 AF Frontier Ablation
Registry patients who underwent ablation, 48% (n=1414)
of patients who did not undergo ablation were matched
to patients in the ablation group.'’ Thus, it appears that
about twice as many patients who do not undergo abla-
tion are needed for analysis, so we set that number to
400. The target numbers are 220 and 440, respectively,
totalling 660, under the expectation that about 10% of
patients will drop out or be censored.

Statistical analysis

Continuous variables will be presented as mean+SD or
median (25th, 75th percentile) values and categorical
variables as the number (%) of patients. Between-group
differences in continuous variables will be analysed by
t-test or Mann-Whitney U test; and between-group differ-
ences in categorical variables will be analysed by y* or
Fisher’s exact test. Groups will be balanced by means of
1:1 nearest neighbour propensity score matching at a
calliper width of 0.5 or by the inverse probability of treat-
ment weighting method. Variables in the propensity score
model will be selected in a data-driven manner, with the
number of events taken into account. Variables that are
unrelated to the exposure but related to the outcome will
be preferentially included in the model.*® If overlap in
the propensity scores is small, weighting estimation will
be performed. Results obtained for all cohorts (including
patients who were excluded by propensity score matching)
will be shown as supplemental material. Cumulative event
rates will be calculated by the Kaplan-Meier method
and compared between the two main study groups and
between the propensity score-matched groups by log-rank
test. Event rates will be calculated as the total number
(%) of events and the number per 100 person-years.
The same method will be used for occurrence of each
secondary endpoint. For serial changes in haemoglobin,
creatinine, NT-proBNP, EQ-5D-5L. and all other clinical
variables from the time of enrolment to 1year thereafter,
difference in the change (%) between the ablation group
and non-ablation group will be analysed. Factors related
to occurrence of the primary endpoint will be subjected
to multivariate Cox proportional hazards analysis, and
HRs (with 95% ClIs) for the ablation group in relation
to the non-ablation group will be calculated, allowing for
identification of any risk-lowering effect of ablation. The
Cox proportional hazards model will also be adjusted for
factors such as age, sex, weight and comorbidities to test
for any interactions.

Ethics and dissemination

The study is registered with the UMIN Clinical Trials
Registry. It conforms to the Declaration of Helsinki®
and the Ethical Guidelines for Clinical Studies issued by
the Ministry of Health, Labour and Welfare, Japan. All
study participants will provide written informed consent
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and may withdraw their consent at any time. This study
protocol has been approved by the institutional review
board (IRB) of Nihon University Itabashi Hospital, Clin-
ical Research Judging Committee, and the participating
hospitals’ IRBs. Results of the study will be published in
one or more peer-reviewed journals.

Patient and public involvement statement

Neither patients nor members of the public have been or
will be involved in the design of the study, its planning or
the data collection or data analysis.

DISCUSSION

This registry-based study is a prospective multicentre
cohort study designed to examine the differences in
symptoms, QoL, physical status and long-term clinical
outcomes in patients aged 80 years or older who choose
to undergo ablation therapy (ablation group) and those
who do not (non-ablation group). The benefits of abla-
tion may not be fully realised among elderly patients. A
subanalysis of our previously reported registry data showed
no beneficial effect on the composite mid-term clinical
outcome—stroke, death, cardiovascular events and major
bleeding—among patients aged >75 years,'" in keeping
with results reported for patients aged =65 years from a
subanalysis of the Catheter Ablation vs Antiarrhythmic
Drug Therapy for Atrial Fibrillation (CABANA)' and
Catheter Ablation for Atrial Fibrillation with Heart
Failure (CHASTLE-AF) trials.””> However, subanalysis of
the CABANA data revealed QoL in the ablation group
to be significantly improved even in patients aged 275
years,'* as reported out of a prospective multicentre Japa-
nese registry of patients aged >70 years.”’ In particular,
whether the benefit of AF ablation, with respect to symp-
toms, QoL and clinical outcomes, holds true for patients
aged >80 years has not been determined.

The REHEALTH AF study has several strengths in
terms of its design. Being conducted as a multicentre
observational study, it overcomes the obstacles that would
be posed by a randomised controlled trial. Such a trial
aimed at comparing outcomes among patients who do
and do not undergo AF ablation can be ethically chal-
lenging in Japan. In addition, there are few patients aged
>80 years who undergo ablation at any one hospital, so
the study was designed in such a way that enrolling the
necessary number of patients would be clinically feasible.
Second, we chose a simple symptom questionnaire, a
general QoL questionnaire (EQ-5D-5L) and the Clinical
Frailty Scale (for assessment of patients’ physical status)
because these instruments are not complex and thus are
easy to administer in the context of the large number
of busy hospitals/clinics that treat outpatients in Japan.
Although the Atrial Fibrillation Effect on Quality-of-Life
is a well-established instrument,14 304t may be challenging
for patients aged >80 years to complete; it has been used
in only a few Japan-based registry-enrolled patients aged
>80 years so far.”’ Third, patients who undergo ablation

are generally healthier than those who do not, so we
plan to use propensity score matching to balance our
two study groups. Propensity score matching is generally
performed in retrospective studies, but unmeasured vari-
ables and potential selection bias remain problematic.
To avoid these problems as much as possible, we plan to
document important variables specific to elderly patients
(body weight, frailty, history of falls, nutrition status, etc),
and we asked the participating investigators to enrol
healthy (Clinical Frailty Scale score of 1-4 and absence of
dementia) patients who choose not to undergo AF abla-
tion according either to their physician’s advice or their
own preference. Prospectively collecting data on well-
matched patients who do and do not undergo AF ablation
will allow comparison of the multiple effects of ablation
on symptoms, QoL and clinical outcomes between the
two patient groups.

Regardless of its strengths, the study has its limitations.
First, although it is an observational study that incorpo-
rates patient matching, selection bias and confounding
factors cannot be completely controlled for. Second,
because of the use of a simple PROM for AF-related symp-
toms, the EQ-5D-5L and the Clinical Frailty Scale, patient
status specific to AF may not be fully captured. In partic-
ular, the PROM we are using for AF-related symptoms has
not been methodically validated. However, two published
registry-based studies addressing outcomes ablation for
AF, one of the Japanese patients with AF'® and the other
of patients with AF from 26 countries'’ assessed, at 1year
after ablation, change in the same AF-related symptoms
covered by our PROM, and significant improvement
in these AF-related symptoms was documented in both
studies. Third, the study’s patient population is of a single
racial/ethnic background.

The REHEALTH AF study will stand as a prospective
multicentre registry-based study designed specifically to
investigate the effects of ablation as treatment for non-
valvular AF in patients aged >80 years.
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