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Abstract

Introduction: Catheter ablation of atrial fibrillation (AF) is frequently studied in

randomized trials, observational and registry studies. The aim of this expert

opinion is to provide guidance for clinicians and industry regarding the devel-

opment of future clinical studies on catheter ablation of AF, implement lessons

learned from previous studies, and promote a higher degree of consistency

across studies.

Background: Studies on catheter ablation of AF may benefit from well‐described defi-

nitions of endpoints and consistent methodology and documentation of outcomes related

to efficacy, safety and cost‐effectiveness. The availably of new, innovative technologies

warrants further consideration about their application and impact on study design and the

choice of endpoints. Moreover, recent insights gained from AF ablation studies suggest a

reconsideration of some methodological aspects.

Methods: A panel of clinical experts on catheter ablation of AF and designing and

conducting clinical studies developed an expert opinion on the design and endpoints

for studies on catheter ablation of AF. Discussions within the expert panel with the

aim to reach consensus on predefined topics were based on outcomes reported in

the literature and experiences from recent clinical trials.

Results: A comprehensive set of recommendations is presented. Key elements

include the documentation of clinical AF, medication during the study, repeated

ablations and their effect on endpoint assessments, postablation blanking and the

choice of rhythm‐related and other endpoints.
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Conclusion: This expert opinion provides guidance and promotes consistency re-

garding design of AF catheter ablation studies and identified aspects requiring fur-

ther research to optimize study design and methodology.

CONDENSED ABSTRACT: Recent insights from studies on catheter ablation of

atrial fibrillation (AF) and the availability of new innovative technologies warrant

reconsideration of methodological aspects related to study design and the choice

and assessment of endpoints. This expert opinion, developed by clinical experts on

catheter ablation of AF provides a comprehensive set of recommendations related to

these methodological aspects. The aim of this expert opinion is to provide guidance

for clinicians and industry regarding the development of clinical studies, implement

lessons learned from previous studies, and promote a higher degree of consistency

across studies.

K E YWORD S

atrial fibrillation, catheter ablation, clinical studies, endpoints, postablation blanking, study
design

1 | INTRODUCTION

Catheter ablation of atrial fibrillation (AF) has rapidly evolved, and

clinical studies have provided extensive evidence regarding the effi-

cacy and safety of the treatment, as well as information about

Quality‐of‐life (QoL), long‐term outcomes, Patient‐Reported Out-

come Measures (PROMs) and health economic aspects across a large

variety of regional reimbursement systems. While new energy sour-

ces, ablation and mapping technologies enter the clinical arena,

comparative research has an increasing importance. Innovative

mobile technologies and technology‐derived endpoints appear to

provide more complete information, and an increased and more

diverse participation of patients in clinical trials is needed. Updated

and more consistent methodologies in study design, definitions of

endpoints, data collection points, and innovative ways in patient

follow up potentially improve quality, efficiency and comparability in

performing clinical trials and the generation of meta‐analyses.

Adequate study design processes reduce the need of study re‐

design, resubmissions of protocol amendments to Ethic Committees

or changes of data fields in trial documentation. In addition, new

insights and outcomes reported in the literature warrant a revision of

certain aspects related to studies on catheter ablation of AF. This

expert opinion is aimed at incorporating these new insights into a

comprehensive guidance for the design and choice of endpoints of

AF ablation studies. Moreover, it incorporates lessons learned from

previous studies and promotes consistency in methodology and

definition and assessment of endpoints for AF ablation studies.

2 | METHODS

This manuscript reflects the opinion of a group of subject matter experts

with regard to catheter ablation of AF. Experts were selected based on

their clinical experience, participation in clinical trials and scientific
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publications with regard to AF ablation. Topics were identified during

online meetings involving all experts. Four working groups were created

to discuss separate sub‐areas, including (1) study design, (2) acute and

long‐term safety and complications, (3) acute efficacy and (4) long‐term

efficacy. In each working group, topics related to the subarea were dis-

cussed and when possible, initial opinions were discussed and proposed.

Opinions were based on the experts' interpretation of the most recent

data reported in the literature and, where meaningful, their experience

from clinical practice. Consensus was reached during a face‐to‐face

meeting and subsequent review and revision of this manuscript. The final

manuscript was approved by all experts.

3 | STUDY DESIGN

General topics of trial design as well as specific aspects of AF ablation

studies are well‐addressed in the literature and textbooks. The 2017

expert consensus statement on catheter and surgical ablation of AF,1

endorsed by several cardiac societies, provides guidance regarding as-

pects related to the design of AF ablation trials. The US Food and Drug

Administration has issued several guidances related to the design of

clinical trials2 and further overall guidance can be obtained from the

guideline for good clinical practice issued by the European Medicines

Agency3 and the ISO 14155 standard.4 Moreover, the designs of several

AF ablation studies, published in the literature, provide relevant examples

of study design and underlying considerations.5–9

3.1 | Study type

Randomized controlled trials remain the cornerstone of clinical evidence.

Particularly, the assessment of new technologies or treatment approaches

in comparison to the state of the art is preferably conducted using a

randomized treatment allocation. Nevertheless, randomization is not

always possible or ethical and the most optimal study approach may

depend on the topic being addressed. Nonrandomized comparative

studies may be the next best alternative, although the potential for

selection bias should be acknowledged. In that respect, consecutive en-

rollment is strongly recommended to mitigate the risk of bias. Other

alternatives include prospective cohort studies, observational studies and

retrospective analyses. Options to compare outcomes include the use of

an historical control, propensity score matched analysis, or the use of

objective performance levels. Obviously, the overall design of a study is

an important aspect determining the strength of the provided evidence,

and may range from pivotal evidence obtained from a randomized con-

trolled trial to secondary, supporting evidence or data for hypothesis

formulation.

3.2 | Patient selection

3.2.1 | AF profile

Throughout the study, consistent methodology should be applied to

document the cardiac rhythm by an electrocardiogram (ECG)

allowing for AF classification according to the definitions provide by

current guidelines.10–13 Specifically, ECG documentation of AF at

baseline is a key criterion for study inclusion. Study inclusion should

be justified by an ECG recording of the qualifying cardiac rhythm,

obtained by validated equipment able to provide at least an ECG

rhythm strip in line with the definitions of clinical AF provided by

guidelines (i.e., a rhythm characteristic of AF, lasting ≥30 s).12 In this

regard, FDA has cleared several smartwatches for detection and

recording of AF. Several studies have reported appropriate AF

detection of these devices, albeit with variable reliability.14–16

Requirements for documentation of AF depend on the AF sub-

type. While persistent AF is defined as an arrhythmia ongoing for at

least 7 days, it should be recognized that in current clinical practice,

patients may undergo cardioversion within 7 days of arrhythmia

onset or first detection. Recommendations with regard to docu-

mentation of AF throughout the study are provided in Table 1.

3.2.2 | Patient profile

Patient characteristics, social determinants, medical history, co-

morbidities and concomitant treatments should be comprehen-

sively documented to justify patient selection. Study design

should account for differences in treatment responses related to

patient characteristics (e.g., age, Body Mass Index, sex, race and

ethnicity) and social determinants (e.g., education, income sta-

tus).17,18 Therefore, patient recruitment should support diversity,

and patients should not, a priori, be excluded on the basis of

social determinants. Nevertheless, specific patient groups may be

excluded as justified by an analysis of study‐related risks and

expected benefits.19 Site selection and geographical distribution

of participating sites may influence diversity within the overall

study population, due to regional or national patterns of social

determinants. Selected patients should reflect the target popu-

lation and indication for treatment under study.

While patient recruitment may not be balanced for all aspects

that potentially influence treatment responses, comprehensive

documentation of these aspects is recommended. This will allow

analysis of homogeneity of treatment effects among subpopula-

tions. Aspects to be documented for evaluation of homogeneity of

treatment effects are part of data collection at enrollment, listed in

Table 2.

3.2.3 | Screening, enrollment and baseline data

Typically, patients are screened for eligibility and enrolled after pro-

viding informed consent. To allow evaluation of the degree of patient

selection, it is important to document the number of patients

screened, the number of screening failures, and the number of eli-

gible patients who did not sign an informed consent and therefore

were not enrolled.

From patients actually enrolled, comprehensive baseline and

demographic data should be collected to allow characterization of the

study population. A comprehensive overview of data to be collected at
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enrollment is provided in Table 2. Data collection during follow‐up,

beyond endpoint‐related data, is usually a subset of the data listed in

Table 2, and should be assessed and documented using identical

methods throughout the study.

3.3 | Medication during the study

3.3.1 | Antiarrhythmic drug (AAD) therapy

Evidence from randomized trials suggests that short‐term AAD use after

RF catheter ablation significantly reduces the risk of early recurrences, but

has no effect on the risk of late recurrences.20–23 Variable approaches

regarding AAD use after AF catheter ablation are followed, in daily clinical

routine as well as in AF ablation studies. Among five randomized con-

trolled trials included in a meta‐analysis comparing catheter ablation

versus AAD therapy, three studies allowed the use of class I/III AADs for

up to 3 months after ablation, while two studies excluded AADs post-

ablation.24 Several aspects regarding the use of AADs and beta‐blockers

for antiarrhythmic treatment within a study context should be considered.

First, the peri‐ablation use of AADs may conceal non‐PV triggers and

thereby affect procedural outcomes.25 Second, the use of AADs post-

ablation may interfere with rhythm‐related endpoints of the trial (e.g.,

freedom from recurrences off‐AAD). Dosing of AAD therapy that is

continued postablation should adhere to evidence‐based guidelines,

avoiding either over‐ or under‐dosing.10–12 Last, patient conditions may

prohibit discontinuation of AAD therapy, e.g. in severe HF with reduced

ejection fraction. Application of the recommendations provided inTable 3

should account for these aspects.

3.3.2 | Anticoagulation therapy

Randomized controlled AF ablation studies reported in the literature

typically allow the use of anticoagulants after ablation for several months

or during the entire study period.24 Clinical practice may show substantial

heterogeneity and insufficient adherence to guidelines26 regarding post-

ablation anticoagulation therapy. To promote consistency in antic-

oagulation therapy across studies, maximal adherence to guidelines is

recommended. For patients on therapeutic anticoagulation therapy,

evidence‐based guidelines10–12 recommend to perform the ablation

procedure without interruption of anticoagulation therapy. Heparin

bridging may increase the bleeding risk and is not supported by the

guidelines.10,12 Heparin is routinely used during the ablation procedure.

The study protocol should provide a detailed description of the antic-

oagulation regimen before, during and after the procedure. Recommen-

dations with regard to anticoagulation therapy within a study context are

provided in Table 4.

3.4 | Site selection, investigator qualifications

Clinical centers and individual physicians considered for partici-

pation in an AF ablation trial should have documented qualifica-

tion and sufficient experience in the treatment(s) under study, as

well as in conducting clinical studies according to international

guidelines and regulations. Requirements with regard to clinical

competence related to diagnosis, catheter ablation and follow‐up

care are provided by several guidance documents.1,27,28 If phy-

sicians have limited experience with a specific device or if a novel

technology is studied, a “run‐in study phase” should be con-

sidered to reduce the learning curve effects in the primary study

outcome. The run‐in phase duration should mirror the length of

the learning curve, when known. Moreover, an investigator

training on the study protocol and the clinical procedures

involved should be considered.

An important aspect to be considered for selection of investiga-

tors is clinical equipoise. A therapeutic bias in favor of a treatment

under study, either in a randomized or nonrandomized trial, may hinder

an objective evaluation of the treatment, although specific measures

can be in place to mitigate bias (e.g., blinded endpoint evaluation).

3.5 | Study oversight

Establishing study committees according to study design needs

should be considered. Based on their roles and responsibilities these

committees need to be either independent (i.e., composed of

TABLE 1 Recommendations on documentation of defined AF
profiles/types.

1. Requirements depend on AF‐subtype:
‐ Paroxysmal AF: Documentation of an AF episode and sinus
rhythm achieved by spontaneous cardioversion in a single or in
separate recordings.

‐ Persistent AF:

○ Classical persistent AF:
▪ Continuous ECG monitoring showing uninterrupted AF for

at least 7 days (most optimal).

▪ Two ECG recordings with ongoing AF separated by at least
7 days.

○ Cardioversion dependent AF:
▪ In case of cardioversion within 7 days after arrhythmia

onset and without documentation of spontaneous

conversion to sinus rhythm: ECG recording of AF prior to
cardioversion.

2. Technology: Any available ECG technology capable of providing
the required documentation. This includes clinical (12‐lead or
single‐lead) surface ECG, ambulatory Holter monitoring, triggered

event recording, external loop recording, insertable cardiac
monitor, etc. Recordings or other arrhythmia detection means
provided by cardiac implantable electronic devices equipped with
an atrial lead (pacemaker, implantable cardioverter‐defibrillator)
may also be used, but ECG recordings should be inspected to

verify and confirm the rhythm classification. Novel technology
including smartwatches and other wearable devices may be
considered, provided they are equipped with an ECG recording
feature, while acknowledging potential issues regarding patient's

adherence and detection reliability.

Abbreviation: ECG, electrocardiogram

LEWALTER ET AL. | 2185
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individuals not directly involved in the conduct of the study) or will

include some or more investigators. Randomized studies typically

have independent committees to monitor patient safety (Data Safety

Monitoring Board, DSMB) and to adjudicate clinical events relevant

for the study endpoints (Clinical Events Committee, CEC). An

TABLE 2 Information to be documented at enrollment.

– AF profile:

○ First year of AF diagnosis
○ AF subtype at first diagnosis
○ AF evaluation:

▪ AF subtype
▪ Method of AF diagnosis at baseline

○ In case of continuous AF at enrollment: Duration of
continuous AF

– Patient profile:

○ Demographic data:
▪ Age
▪ Sex
▪ Ethnicity

▪ Height and weight/BMI
▪ Smoking status
▪ Alcohol intake

○ Social determinants:
▪ Dietary habits (vegetarian, vegan)

▪ Educational level (academic/nonacademic)
▪ Income status
▪ Marital status, living alone/not alone

○ Comorbidities:
▪ Concomitant cardiac arrhythmias:

• Atrial Flutter ‐ typical/atypical
• Ventricular extrasystoles
• VT sustained/nonsustained
• Micro/macro‐reentrant tachycardia
• Focal tachycardia

• AVRT
• AVNRT
• Supraventricular extrasystoles
• Other (specify)

▪ Concomitant cardiac diseases (e.g., valvular disease,
cardiomyopathy, HF with preserved ejection fraction, HF
with reduced ejection fraction)

▪ Prior stroke, TIA, major bleeding
▪ Other concomitant diseases (e.g., OSAS, CKD, COPD, PAD,

diabetes, rheumatoid disease, thyroid disease, chronic liver
disease)

▪ COVID‐19 related hospitalizations
○ Risk assessments:

▪ Risk factors for AF recurrence

▪ CHA2DS2‐VASc, HAS‐BLED
– Symptoms:

○ Symptom score
○ EHRA arrhythmia symptoms classification
○ Current NYHA functional class

○ QoL assessment (generic and disease specific)
○ Exercise capacity
○ Cognitive function

– AF treatment history:

○ Cardioversions
○ Antiarrhythmic drugs
○ Oral anticoagulation
○ Ablation (with details as far as available):

▪ PVI

• Number of previous ablations
• Energy:

○ Radiofrequency (point‐by‐point)
○ Cryoablation
○ Pulsed field ablation

○ Endoscopic laser balloon
○ Other (specify)

• Bidirectional block achieved?
• Other non‐PVI ablations

○ CTI ablation

○ Other linear lesions
○ Posterior wall isolation
○ Nonpulmonary vein triggers
○ LAA isolation

○ CFAE ablation
○ Ablation of fibrosis identified by voltage mapping/MRI
○ Ablation of rotational activity
○ Ablation of left atrial ganglionated plexi
○ Renal denervation

○ Surgical ablation
▪ Vein of Marshall ethanol infusion
▪ Hybrid/thorascopic surgical ablation

○ In case of prior AF ablation: information on AF recurrences after
ablation:

▪ Timing
▪ Duration/AF burden
▪ Symptomatic/asymptomatic

– Non‐AF‐related treatment history:

○ Cardiovascular/non‐AF related:

▪ Cardiac Implantable Electronic Devices (e.g. pacemaker, ICD,
CRT, ICM)

▪ Other cardiac devices (e.g., valves, clips, occlusion devices)
▪ Cardiac surgery (e.g., CABG, valve replacement or repair, LAA

ligation, closure of septal defects)
▪ PCI

○ Other:
▪ Surgery and other significant noncardiovascular treatments

– Medication:

○ Antiarrhythmic drugs
○ Oral anticoagulation/antithrombotic therapy
○ Other non‐AF related medication

– Preprocedural investigations:

○ Systolic and diastolic blood pressure

○ 12‐lead ECG at enrollment
▪ Heart rate
▪ Heart rhythm

○ Lab values
▪ Hb

▪ Creatinine
▪ Thyroid function

○ Echocardiography (to be specified if performed in AF or sinus
rhythm)
▪ LVEF

▪ LA size: diameter and volume (indexed value)
▪ Valve function

○ Other imaging if performed

Abbreviations: AF, Atrial fibrillation; CABG, coronary artery bypass
grafting, CFAE, complex fractionated atrial electrogram; CKD, chronic
kidney disease; COPD, chronic obstructive pulmonary disease,
CTI, cavotricuspid isthmus; HF, heart failure; LA, left atrium; LAA, left
atrial appendage; LVEF, left ventricular ejection fraction; OSAS,

obstructive sleep apnea syndrome; PCI, percutaneous coronary
intervention; PVI, pulmonary vein isolation.
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overview of committees assuming specific roles in study oversight

consistent with Good Clinical Practice rules is provided in Supporting

Information S1: Table S1.

3.6 | Procedural data

Procedural parameters to be recorded in an AF ablation study may

depend on the study topic and the applied ablation strategy. Never-

theless, it is recommended to record a comprehensive set of procedural

data, some of which may not necessarily be directly related to the study

endpoints, to document how individual procedures were performed.

Availability of this information may facilitate interpretation of outcomes

and can help to identify outcome patterns or unforeseen relationships. A

comprehensive overview of recommended procedural parameters and

their definitions and/or assessments is provided inTable 5. Other data to

be collected are discussed specifically related to study endpoints.

3.7 | Recurrences, repeat ablation procedures and
treatment failure

After the index procedure, a repeated ablation may be required to

maintain sinus rhythm. Such procedures are often referred to as

“redo procedures” in a general sense. However, a distinction must be

made between repeat ablation procedures to treat recurrences of, or

related to, the index AF, versus those targeting other arrhythmias

(Table 6). The study protocol should provide criteria to distinguish

these different types of repeat ablation procedures. The term “redo

procedure” should be used only for true recurrences of the index AF.

Such a recurrence is considered a treatment failure. Repeat ablation

procedures to treat arrhythmias unrelated to the index AF are not

considered redo procedures and do not indicate a treatment failure.

As a third category, repeat ablation may be performed to treat iat-

rogenic left atrial flutter secondary to extensive lesions created

during the index procedure. Such procedures are not considered redo

procedures, but do indicate a treatment failure because the

arrhythmia is strongly related to the treatment. It is recognized that

after ablation, arrhythmias may present as a combination of several

types of arrhythmias. Nevertheless, any arrhythmia meeting the

respective criteria in Table 6 indicates a failure of the index proce-

dure, regardless of whether it presents as an isolated arrhythmia or in

combination with other types of arrhythmias.

If the primary outcome of the study is related to the first AF

recurrence, a patient undergoing repeat ablation for a true AF

recurrence has reached the study endpoint. Nevertheless, other

endpoints not related to AF recurrence should be assessed at the

scheduled follow‐up intervals from the index procedure, and the

number of AF ablation procedures per patient should be reported.

3.8 | Health economic studies

Healthcare systems have limited budgets for both funding healthcare

technologies for patient care and investments in clinical trials. The

methods used in health economics should facilitate resource alloca-

tion decisions by evaluating the health gains for the resources spent.

Payers and Health Technology Assessment (HTA) agencies are

important stakeholders in data from clinical trials; without reim-

bursement, patients will have very limited access to new treatments.

The initial cost of catheter ablation is higher than antiarrhythmic

medication, so cost‐effectiveness analysis can provide a more complete

assessment of costs and clinical benefits over a longer time horizon.

Analyses related to health economics of AF ablation should be considered

in the statistical analysis plan, particularly if formal hypothesis testing is to

be performed.29 When the decision is made to conduct an economic

evaluation alongside a clinical trial, it is important that a health economic

investigator contributes to the design of the study to ensure that the trial

will provide the data necessary for a high‐quality economic evaluation.

Key considerations are noted below. An overview of procedural infor-

mation that may be recorded for health economic assessments is pro-

vided in Supporting Information S1: Table S2. Health‐related quality of life

TABLE 3 Recommendations on AAD therapy.

Depending on AF‐subtype and ablation strategy:

‐ Paroxysmal AF or Persistent AF treated by PVI alone:

Short‐acting AAD therapy should be stopped immediately after
ablation.

Long‐acting AAD therapy should be stopped 2 months before
ablation.

‐ (Long‐standing) Persistent AF treated by substrate modification:

Pre‐ and post‐ablation long‐acting AAD treatment may be

considered.

Beta‐blockers:

‐ Recommended to stop immediately after ablation if prescribed
for antiarrhythmic treatment only. To be continued if prescribed
for other, non‐antiarrhythmic indications. If discontinued, blood
pressure monitoring is recommended, as uncontrolled

hypertension may promote AF recurrences.

Data collection:

‐ Throughout the study, the type, dose and duration of AAD

therapy and reason(s) for changes in therapy should be
documented.

Abbreviations: AAD, antiarrhythmic drug; AF, Atrial fibrillation;

PVI, pulmonary vein isolation

TABLE 4 Recommendations on anticoagulation therapy.

Anticoagulation therapy:
‐ Follow evidence‐based guidelines with regard to the use of
anticoagulation therapy throughout the study (i.e., pre‐ablation,
during the procedure, and post‐ablation).

Data collection:
‐ Throughout the study, the type, dose and duration of
anticoagulation therapy and reason(s) for therapy changes should
be documented.
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TABLE 5 Recommended procedural parameters to be recorded in a study environment.

Category Parameter Definition/assessment

Cardiac rhythm Cardiac rhythm at start of ablation

procedure

Electrocardiographic assessment of rhythm

(12‐lead preferred)

Cardiac rhythm after PVI

Cardiac rhythm at procedure

completion or leaving procedure room

Procedural timing Room entry to exit time (room
occupancy)

Time from patient entry to exit to/from the procedure room/
EP suite (minutes).

Procedure time Total time from first vascular puncture to removal of last
catheter sheath (minutes).

Left atrial dwell time Total time from first transseptal puncture to removal of last
sheath from left atrium (minutes or seconds).

Electroanatomic mapping time Time from start of EAM map creation to completion of EAM
map, not including post‐processing time (minutes or seconds).

Post ablation observation time Time from the last ablation lesion until last reassessment of
acute procedural endpoint, e.g., venous isolation or
bidirectional conduction block (minutes or seconds).

Patient management/monitoring Light sedation/deep sedation/general
anesthesia

Capnography

Catheterization and transseptal access Number of venous access sites

Presence of patent foramen ovale

Number of independent LA accesses

Needle used for LA access RF, mechanical

Imaging/other information used to

guide transseptal access

Fluoroscopy, TEE, ICE, LA pressure curve

Visualization of pulmonary veins Contrast injection, preprocedural CT

Radiation exposure Fluoroscopy time Total fluoroscopy exposure duration (minutes or seconds).
May be stratified based on procedural endpoints.

Fluoroscopy dosage Total fluoroscopy exposure (dose area product: DAP;
μGray.m2, DAP indexed to BMI: μGray.m2/kg/m2). May be

stratified based on procedural endpoints.

Nonfluoroscopic procedure Procedural methods to facilitate (near)‐zero‐fluoroscopic
ablation.

Contrast medium Total volume of contrast

Anticoagulation Pre‐procedure anticoagulation Agent, INR within 24 h before the procedure (if applicable)

Interrupted anticoagulation doses None, 1 dose, 2 doses

Use of peri‐procedural bridging

Intraprocedural anticoagulation ACT target

Electroanatomical mapping System employed Brand/manufacturer

Mapping catheter employed Brand/manufacturer

Total number of mapping points
obtained

Imaging (preprocedural or
intra‐procedural, except specifically
used for transseptal access)

Fluoroscopy Describe purpose (e.g., assessment of PV/LA anatomy,
intraprocedural guidance, etc.)

Transesophageal
echocardiography (TEE)
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TABLE 5 (Continued)

Category Parameter Definition/assessment

Intracardiac echocardiography (ICE)

CT scan

Late gadolinium enhancement MRI

Other

Ablation catheter(s) Brand, model

Technology Radiofrequency, irrigated/nonirrigated, contact force sensing

Cryo‐balloon, cryo‐catheter

Pulsed field ablation

Hot balloon

Laser balloon

Other

Ablation parameters Radiofrequency ablation PVI Point‐by‐point/dragging

Total number of ablation lesions

Ablation energy duration (seconds)

Total energy delivered (J)

Maximum and minimum power output used, by LA region

Mode of energy delivery and associated parameters
(temperature controlled, power controlled, high power short

duration, maximum power settings, max. temperature, if
applicable)

Contact force, target range, average CF per RF ablation

Ablation energy target, if applicable (FTI, LSI, AI)

Ablation lesions and cumulative energy per PV, and for each

non‐PV ablation performed.

First pass isolation rate

Cryoablation PVI Total number of ablation lesions

Cryoablation lesion duration (seconds)

Use of real‐time PV signal monitoring

Time to isolation (TTI) in each PV, if applicable

Cryoballoon temperature of each application, at 30 s, 60 s,
and nadir temperature

Rewarming time: time from cessation of cryoballoon
application to balloon deflation (seconds).

Bonus applications: additional cryo‐applications after
achievement of PV isolation (yes/no)

Touch‐up ablation required (yes/no)

Pulsed field ablation PVI Total number of ablation lesions

Energy type: Bipolar, unipolar, both

Number of pulses per application

Number of applications per PV

Neuromuscular blockade used (yes/no)

(Continues)
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should be assessed using validated QoL instruments, including disease‐

specific and generic questionnaires,29,30 accepted in a health technology

assessment context. Detailed coverage of health economics aspects is

beyond the scope of this expert opinion. These aspects are addressed

comprehensively in the literature.

A selection of methodological and practical issues to consider for

ablation studies is provided below.

Patient‐relevant outcomes are preferred for economic analyses, pri-

marily mortality and quality of life and hard clinical endpoints such as

stroke. Intermediate or surrogate measures such as AF recurrence or left

ventricular ejection fraction are used only to the degree that a causal

relationship has been established with patient‐relevant outcomes.

Quality Adjusted Life Years (QALYs) combine mortality and

quality of life into one measure, which is most often used for cost‐

effectiveness analysis. However, QALYs are not universally accepted

on methodological grounds and may not be applicable in some

countries, so it is advisable to consult local health economists.

A health‐related quality of life instrument with utility weights—

for example EQ‐5D—is needed to estimate QALYs, and patients must

complete it at multiple time points.

Hospitalization is grouped amongst other costs and not generally

considered as a health outcome when calculating an incremental cost

effectiveness ratio. A composite endpoint including hospitalization

will need to be disaggregated for economic analysis.

TABLE 5 (Continued)

Category Parameter Definition/assessment

Observed microbubbles, per application and assessment
method

Other ablation technologies for PVI
(e.g. Hot balloon, laser balloon, RF
balloon)

Ablation parameters captured depend on the technology
employed, and are consistent with the parameters outlined
above.

Prematurely terminated lesions Number, reason(s)

Confirmation of PV isolation Demonstration of bidirectional block (preferred) or entry
block (minimal requirements). Circular mapping catheter,

EAM, waiting time Postablation, etc.

Non‐PVI ablation Targets (LA roof, LA anterior, LA posterior, LA septal, LAA,

CS, CTI, etc.).

Technology used and associated ablation parameters.

Intraprocedural monitoring of
complications

Phrenic nerve Monitoring technique (e.g., phrenic nerve pacing, fluoroscopic
visualization, CMAP, DMS, other)

Number of prematurely terminated lesions

Occurrence of intraprocedural/acute phrenic nerve injury

Persistent or resolved when leaving procedure room

Esophagus Mechanical deviation employed

Device used for temperature measurement

Temperature limit to terminate the ablation lesion, in degrees
celsius

Procedural alteration, e.g. limiting energy application

Postprocedure, pharmacological prophylaxis

Procedure termination Reason for termination As planned, with achievement of pre‐defined ablation
endpoints

As planned, but without achievement of (all) pre‐defined
ablation endpoints

Unplanned, due to complication

Electrical cardioversion(s) performed

during or after the AF ablation procedure

Reason, number and results

Post procedure Anticoagulation Timing of restart (if discontinued)

AAD Usage timing of discontinuation

Abbreviations: AAD, antiarrhythmic drug; AF, Atrial fibrillation; CS, coronary sinus; CTI, cavotricuspid isthmus; EAM, electroanatomical map;
EP, electrophysiology; LA, left atrium; LAA, left atrial appendage; PVI, pulmonary vein isolation; RF, radiofrequency.
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Healthcare resource use can normally be recorded on trial case

report forms with little extra burden, but sometimes additional informa-

tion will be required from medical records, patient questionnaires, and

secondary data sources such as insurance claims data. Timely access to

secondary data can be problematic and should be verified upfront.

Some economic analyses of AF ablation studies had to incorpo-

rate high numbers of cross‐overs after the primary endpoint of

arrhythmia recurrence occurred. Too high rates of cross‐over

between treatment groups will confound an economic analysis, and

likely cannot be adjusted for with statistical analyses. Every effort

should be made to minimize cross‐overs. This includes both early

cross‐over before primary endpoint occurrence, or afterwards if the

primary endpoint is not a patient‐relevant outcome.

3.9 | Statistics, analysis and reporting

All statistical analyses should be pre‐defined in a statistical analysis

plan.31,32 Any analyses outside of this plan should be explicitly re-

ported as exploratory or ad‐hoc. Sample size calculations should be

based on realistic assumptions supported by literature‐reported

event rates. Expectations about patient recruitment should be

achievable and sample size estimations should account for realistic

patient attrition rates. In studies assessing composite endpoints, a

separate statistical analysis for each individual component should be

presented. Time‐to‐event analyses should consider the impact of

competing risks,33 especially in relatively old patient populations,

typically enrolled for AF studies. Blinded assessment of primary

endpoints, preferably by an independent core laboratory, is

recommended.

Reports from studies with multiple study arms should present

point estimates of event rates per study arm in addition to estimates

for differences in treatment effects between the study arms. Such

outcomes should be reported at all time‐points specified in the

protocol. Randomized controlled trials should report event rates per

study arm as well as for the pooled population.

Inclusion of dedicated analyses to evaluate homogeneity of treat-

ment effects among groups representing various social determinants

(race, gender, etc.) should be considered. Underrepresented groups

should be identified and consequences with regard to conclusions drawn

from the study results should be discussed.

Additional analysis to better understand the true treatment ef-

fects and interference by other aspects may be considered. In case of

frequent cross over in a randomized study, treatment effects may be

compared between patients randomized to a treatment and those

who crossed over to that treatment. If applicable, ablation outcomes

in patients undergoing concomitant procedures during the ablation

procedure may be compared with those in patients undergoing

ablation only.

4 | ACUTE EFFICACY OUTCOMES

4.1 | Acute success: Overview and definitions

Studies on ablation efficacy usually apply a variety of definitions for

success of the acute treatment, including device or technical success,

ablation success and procedural success. Clear definitions and con-

sistent use will help to compare outcomes of studies, e.g., to compare

outcomes of the same device or strategy in different populations or

to compare various strategies in similar cohorts.

Device success is related to the intended performance metrics of

an (investigational) medical device (e.g., successful vascular access

and navigation to the target site(s), successful registration and map-

ping, successful delivery of ablation energy, etc.). A device/technical

failure is defined as the inability for the medical device to attain its

intended performance metrics or an adverse event directly related to

the use of the device. This includes events resulting from insufficient

or inadequate instructions for use, deployment, implantation, instal-

lation, or operation, or any malfunction of the device, and events

resulting from use errors or intentional misuse of the device. Ablation

success is defined as the achievement of the primary procedural

electrophysiological (EP) endpoint of the ablation procedure, with

TABLE 6 Recommendations regarding recurrences and repeat
ablation procedures: nomenclature and endpoint assessment.

1. Arrhythmias treated by repeated ablation after the index
procedure:
‐ Repeated ablation procedure for unrelated arrhythmias:

An arrhythmia that is definitely unrelated to the original AF

treated during the index procedure: ablation is NOT considered
a redo procedure within the context of an AF ablation study, but
an isolated treatment of an unrelated arrhythmia. This
arrhythmia is not considered a recurrence and does not indicate

a failure of the index treatment.
‐ Repeated ablation procedure for related arrhythmias:

A left atrial tachycardia not present prior to but appearing after
the AF ablation index procedure, consistent with iatrogenic left
atrial flutters secondary to extensive lesions or an organized AF

related tachycardia. This arrhythmia is not considered a
recurrence but does indicate a failure of the index treatment.

‐ Redo procedure for related arrhythmias not due to the above

mechanisms:

An arrhythmia that may possibly be related to the original AF or

with an unclear relationship with the original AF: ablation is
considered a redo procedure. The arrhythmia is considered a
recurrence and indicates a failure of the index treatment.

2. Data to be recorded for a repeated ablation procedure:
‐ Reason for repeat ablation (consistent with the categories in

point 1)
‐ AF burden since index ablation (if possible)
‐ AF progression
‐ AAD use before repeated ablation, including agent(s) and

duration
‐ Variation, frequency and duration of arrhythmia‐related symptoms
pre‐ and post‐index ablation during sinus rhythm and AF

‐ Evidence of PV stenosis
‐ Ablation strategy on chronically isolated pulmonary veins

Abbreviations: AAD, antiarrhythmic drug; AF, Atrial fibrillation;
PV, pulmonary vein
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ablation failure being defined as the inability to achieve this primary

procedural EP endpoint for any reason.

Procedural success is typically defined as successful ablation with no

major procedure‐related complications. While procedural success is a

combination of efficacy and safety, safety is typically also reported sep-

arately. It is questionable whether procedural success should account for

intra‐procedural complications only, or also for major procedure‐related

complications that become apparent after completion of the procedure.

Following the provided definition, device or ablation success may be

achieved while experiencing a procedural failure. Also, procedural success

can be achieved despite a device failure. Therefore, the use of procedural

success is of limited explanatory value with regard to ablation efficacy, if

not confusing. Consequently, it is recommended not to use this param-

eter. Recommended definitions to be used in an AF ablation study are

provided in Table 7.

4.2 | EP endpoints for AF ablation

As noted, the achievement of ablation success depends on the EP end-

point of an AF ablation procedure. Various EP endpoints and assessment

methods may be defined, depending on the specific ablation strategy. An

overview of EP endpoints and their assessment is provided in Table 8.

The primary EP endpoint for all AF catheter ablation procedures is

complete electrical isolation of the pulmonary veins (pulmonary vein

isolation, PVI). This endpoint applies to any type of AF (i.e., paroxysmal,

persistent or long‐standing persistent), and to index procedures as well as

redo ablation procedures. Other endpoints may be added depending on

ablation strategies employed in addition to PVI or to ablation of specific

AF subtypes. While these endpoints may be assessed for additional

evaluation purposes, not all have been shown to predict long‐term suc-

cess. Recent findings suggest that a waiting period for assessment of PV

reconnection might be redundant with the advent of improved ablation

technologies.34 Others have questioned the value of intraprocedural

assessment of PV reconnection to predict long‐term success.35 There-

fore, demonstration of the primary endpoint of PVI may be sufficient to

achieve acute ablation success and procedural success.

5 | LONG‐TERM EFFICACY OUTCOMES

5.1 | Follow‐up

The optimal duration of follow‐up after catheter ablation depends on

many aspects, such as the endpoints to be assessed, the expected

rate of endpoint‐indicating events, the expected treatment effect,

the characteristics of enrolled patients and the planned number of

patients to be enrolled. By default, assessing the outcomes of AF

ablation requires relatively long follow‐up periods. Especially the

evaluation of hard clinical endpoints such as mortality or stroke

should be based on long follow‐up durations, for example, 3 years or

more. For the assessment of rhythm‐related endpoints or a com-

parative analysis of new ablation technologies, shorter follow‐up

duration (e.g., 1 year) may be sufficient. The study protocol should

provide justification of the follow‐up duration, based on the number

of endpoint‐related events expected to occur during follow‐up.

5.2 | Ablation efficacy endpoints: Overview

Obviously, the preferred primary endpoint in an AF ablation study

strongly depends on the main objective of the trial (Table 9). Further

details on these endpoints are discussed in the following sections. A

mechanistic trial includes a primary endpoint related to arrhythmia

characteristics, such as a recurrence metric or arrhythmic burden. At

least as a secondary objective, such an outcome may be evaluated in

a subgroup of patients not receiving antiarrhythmic medication dur-

ing the follow‐up period. For a clinical efficacy study, the primary

endpoint reflects the indication or clinical condition that is targeted

by the treatment under study, such as AF‐related symptoms, mor-

bidity or mortality. Other aspects relevant for the choice of the pri-

mary endpoint include the specific characteristics of the study pop-

ulation in terms of the AF subtype and etiology, co‐morbidities, risk

factors, and symptom status.36 Also, additional criteria may be con-

sidered when designing a trial for regulatory purposes.

5.3 | Endpoint assessment: Blanking period

The evaluation of rhythm‐related endpoints is based on arrhythmia

recurrences after catheter ablation. Historically, a 2–3 months

blanking period is used, and recurrences within the blanking period

are not accounted for in the endpoint assessment. Application of

postablation blanking is based on the consideration that early

recurrences are due to acute processes resulting from ablation, rather

than being associated with long‐term treatment failure. Therefore,

study protocols strictly adhering to blanking do not permit additional

therapies such as repeat ablations during the blanking period.

However, mounting evidence suggesting that early recurrences

may be less benign and predictive of late recurrences warrants

TABLE 7 Definitions for success.
Device success Correct, failure‐free functioning of the device.

Ablation success The achievement of the primary procedural electrophysiological endpoint of
the ablation procedure, assessed during the index ablation procedure. This
endpoint is a pre‐defined demonstration of successful ablation, using a

methodology depending on the ablation strategy.
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TABLE 8 Definitions of electrophysiological endpoints for ablation of AF.

Ablation strategy/target Endpoints and associated definitions

Primary procedural endpoint: Pulmonary vein isolation

Circumferential PVI Electrical isolation of all PVs, defined as

bidirectional conduction block in each PV.
Optimally, bidirectional block should be
demonstrated, while the minimum requirement is
demonstration of entry block.

Demonstration of entrance block:

should be assessed using a multielectrode mapping catheter
positioned at the PV antrum, and with the assistance of
pacing maneuvers to distinguish far‐field atrial potentials
from PV potentials (e.g. during distal coronary sinus or left
atrial appendage pacing when assessing the left PVs).

Demonstration of exit block:

Should be demonstrated through the observation of

dissociated spontaneous discharges within the PV or through
the use of pacing maneuvers within the pulmonary vein.
Local PV capture without conduction to the LA must be
demonstrated when PV pacing is performed.

Adenosine challenge:

Provocative testing with adenosine may be considered

following a 20min observation period. If adenosine testing is
performed the endpoint is the elimination of dormant
conduction in each PV, as assessed by injections of 12mg or
more of adenosine to obtain at least one blocked P wave or a
pause ≥3 s.

Note: not recommended as there is no clear evidence for this
assessment with modern ablation tools currently used.

Endpoints for adjunctive ablation strategies beyond PVI

Ablation of non‐PV triggers Ablation of triggers until inability to provoke a non‐PV trigger that reproducibly initiates AF with high‐dose
isoproterenol infusion (starting at 3 μg/min and incrementing every 2–3min to 6, 12, and 20 μg/min) or progressive
rapid atrial burst pacing.

Linear left atrial ablation Endpoints include demonstration of bidirectional conduction block, using differential pacing maneuvers in sinus

rhythm (with or without electroanatomic activation mapping), arrhythmia termination and loss of signal amplitude,
demonstration of double potentials, and nonexcitability during high‐output pacing (at least 8.0 V/1.0 ms) along the
complete ablation line.

Ablation of low‐voltage areas Elimination of local electrograms with confirmation of nonexcitability during high‐output pacing (at least 8.0 V/
1.0 ms) from the ablation catheter's distal bipole within the low voltage area targeted for ablation.

CFAE ablation Complete elimination of the areas identified with CFAEs. Endpoints of CFAE ablation include AF termination to sinus
rhythm, conversion of AF to an organized atrial tachycardia or flutter, and/or noninducibility. Lesion endpoints
include elimination of local electrograms with confirmation of nonexcitability during high‐output pacing (at least
8.0 V/1.0 ms).

Substrate isolation (posterior
wall, LAA, SVC)

Demonstration of bidirectional conduction block (both entrance and exit block) using differential pacing maneuvers in
sinus rhythm.

Ganglionated plexi ablation This strategy is currently not well established with no clear definitions for endpoints. Typical endpoints include local
ablation until the elimination of the positive response to high frequency stimulation.

Rotational activity or dominant

frequency ablation

This strategy is currently not well established with no clear definitions for endpoints. Typical endpoints include

complete elimination of the areas identified with focal rotational activity or on dominant frequency mapping. Lesion
endpoints include elimination of local electrograms with confirmation of nonexcitability during high‐output pacing
(at least 8.0 V/1.0 ms).

Vein of Marshall ethanol
infusion

Voltage map to quantify ethanol‐induced scar.

Additional procedural responses to ablation of persistent AF

Procedural termination of
persistent AF

AF termination to sinus rhythm or conversion of AF to an organized atrial tachycardia or flutter may be considered a
secondary endpoint of persistent AF ablation, however there is no clear evidence that AF termination predicts
improved long‐term outcomes. While AF termination may be associated with a favorable prognosis, it is not clear that
AF termination is responsible for the improved outcome or is merely a marker of patients with less severe substrate
(e.g., a subgroup with a limited and ablation sensitive set of driver mechanism).

AF noninducibility Noninducibility of AF with high‐dose isoproterenol infusion or progressive rapid atrial burst pacing may be considered

a secondary endpoint of persistent AF ablation, however there is no clear evidence that noninducibility predicts
improved long‐term outcomes. While noninducibility may better predict procedural outcome compared to AF

(Continues)
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reconsideration of the postablation blanking concept. An overview of

meta‐analyses and systematic reviews pertaining to postablation

blanking and early recurrences is provided in the supplemental

information. Overall, these analyses37–41 indicate that blanking may

be shortened substantially and that early recurrences, particularly

those at more than 4 weeks after the index procedure, predict late

recurrences and therapy failure. Specific recommendations regarding

postablation blanking are provided in Table 10.

5.4 | Rhythm‐related endpoints for ablation
efficacy

5.4.1 | Choice of rhythm‐related endpoint

Long‐term endpoints related to cardiac rhythm include binary end-

points (present or absent) and quantitative endpoints. An overview of

rhythm‐related endpoints is presented in Table 11.

A major objective of AF ablation for patients as well as physicians

is to improve health‐related or disease‐specific quality of life (QoL).

Consequently, AF ablation efficacy may be evaluated using a rhythm‐

related endpoint that correlates with these QoL improvements. Sev-

eral studies have indicated that patients may experience improved

QoL after AF ablation despite occasional recurrences of AF.42–45

Therefore, endpoints related to the number, frequency or timing of

individual AF recurrences, particularly recurrences of short duration,

may not be optimal to assess ablation efficacy. In contrast, a decrease

in AF burden following AF ablation has been reported to correlate with

QoL improvements.6,43–47 Moreover, AF burden after ablation is

associated with hard clinical endpoints (e.g., the composite of all‐cause

death and hospitalization for worsening heart failure in the CASTLE‐AF

study48) and with increased healthcare utilization in the CIRCA‐DOSE

study.43 AF burden incorporates symptomatic and asymptomatic AF

episodes and thereby provides a clinically more relevant assessment of

ablation efficacy, compared to methods based on symptomatic epi-

sodes only.36 Therefore, a meaningful efficacy‐related objective of AF

ablation appears to be the reduction of AF burden over a longer

period, rather than the complete elimination of AF recurrences. Con-

sequently, AF burden is strongly recommended as the primary rhythm‐

related endpoint for AF ablation efficacy studies.

Within this context, AF burden represents the percentage of the

entire monitoring duration during which the patient is in AF. As for

any rhythm‐related endpoint, detection of AF is based on a

(somewhat arbitrary) cut‐off value for the duration of an individual

arrhythmia episode. Most studies using intermittent monitoring

(ambulatory Holter monitoring, triggered event recording, etc.) apply

a 30 s threshold for recurrent arrhythmia episodes, while most al-

gorithms incorporated in an ICM require a 2min episode for auto-

mated detection of AF. While this cut‐off value may strongly influ-

ence the assessment of endpoints related to a single recurrence (e.g.,

time to first recurrence), it has limited effects on AF burden.49

5.4.2 | Assessment of rhythm‐related endpoints

For any rhythm‐related endpoint, the reliable and consistent detec-

tion of individual arrhythmia recurrences is crucial. Several technol-

ogies for recurrence detection are available, including intermittent

ECG recording, ambulatory Holter monitoring, event recording,

wearable ECG recording technologies, mobile device‐based record-

ings and insertable cardiac monitoring (ICM). Several studies have

shown underreporting of AF episodes using intermittent monitoring,

resulting in an overestimation of ablation efficacy. Using computa-

tional simulation, Aguilar et al.50 estimated the yield of arrhythmia

detections from various monitoring techniques. These simulations

were based on ICM‐detected arrhythmias in 346 patients monitored

for 12 months after catheter ablation of paroxysmal AF. While ICM

monitoring indicated an overall arrhythmia‐free survival of 52.6%,

other intermittent monitoring modalities consistently provided

overestimated survival rates, ranging from 66.2% to 92.5%. Using

ICM monitoring as the gold standard, the sensitivity of other mon-

itoring approaches for detection of atrial tachycardia recurrences

ranged from 15.8% to 71.3% with negative predictive values

between 56.9% and 79.5%. Similarly, a meta‐analysis of AF ablation

trials51 showed lower recurrence rates when using intermittent

monitoring compared to continuous monitoring, specifically in par-

oxysmal AF populations. When using intermittent monitoring, the

monitoring duration was not significantly associated with the yield of

arrhythmia detection.

5.4.3 | Recommendations for rhythm‐related
endpoints

Considering all available technologies, continuous cardiac rhythm

monitoring using an ICM is considered the gold standard for AF

ablation studies and recommended as the preferred assessment

method for rhythm‐related endpoints in mechanistic trials (Table 12).

TABLE 8 (Continued)

Ablation strategy/target Endpoints and associated definitions

termination, the value of AF noninducibility as a procedural endpoint is likely to be dependent on the induction
protocol and on the cut‐off duration used to define sustained AF.

Abbreviations: AF, atrial fibrillation; CFAE, complex fractionated atrial electrogram; LA, left atrium; LAA, left atrial appendage; PV, pulmonary vein;
PVI, pulmonary vein isolation; SVC, superior vena cava.
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5.4.4 | Additional aspects

Irrespective of the type of rhythm‐related endpoint and the applied

detection technology, the following aspects should be considered

with regard to the assessment of the endpoint.

‐ When using a rhythm‐related endpoint directly related to individual

arrhythmia episodes, the study protocol needs to define the minimal

duration of an episode to be accounted for in the endpoint assess-

ment. When using an ICM, a cut‐off of 6min appears to be appro-

priate, as shorter episodes hardly contribute to the total AF burden.49

‐ For the assessment of rhythm‐related endpoints, recurrences and their

effect on endpoint assessment should be clearly defined, aligned with

the recommendations on recurrences and repeat ablation procedures.

‐ If the study includes a comparison of AF ablation outcomes versus

preprocedural AF characteristics, a duration of preprocedural

cardiac rhythm monitoring should be defined depending on the AF

subtype (paroxysmal vs. persistent).

5.5 | Patient‐reported outcome measures

A wide variety of patient‐reported outcome measures (PROMs) is

available to evaluate the effect of AF ablation experienced by the

patient. An overview of these measures is provided in Supporting

Information S1: Table S3. It is recommended to include at least one

generic health‐related QoL (HRQoL) outcome, for instance using the

SF‐36, SF‐12, EQ‐5D or PROMIS assessment. The use of such a

generic assessment allows a HRQoL comparison with other diseases.

HRQoL has been shown to correlate with AF burden, but less with AF

recurrences.6,46,47 In addition, a variety of AF‐specific PROMs are

available.52 The AFEQT and AFSS assessments seem to perform best,

although the need for further research on reliability and validity of

AF‐specific QoL assessments is emphasized in the literature.53,54

PROMs may be complemented with daily activity levels measured by

implantable or wearable devices, which have been reported to show

a strong association with the occurrence of AF.55,56

Several aspects need to be accounted for when reporting and

interpreting PROMs. The patient's perception as assessed by the

PROM instrument may be influenced by the open‐label nature of AF

TABLE 9 Recommended primary and secondary endpoints for
evaluation of long‐term AF ablation efficacy.

Treatment/
indication Primary endpointa

Secondary
endpoint(s)

Mechanistic AF ablation trials

− Reduction of
AF burden

− AF regression
− Prevention of

AF progression

ICM‐detected AF
burden (% of time
in AF)

Rhythm‐related
endpoints:

‐ Time to first
recurrence

‐ Freedom from

recurrences
‐ Freedom from

any atrial
arrhythmia

‐ Freedom from

any atrial
arrhythmia
off‐AAD

‐ Number of AF
episodes

‐ AF density

Clinical efficacy trial

Symptom reduction
HRQoL
improvement

PROM ‐ ICM‐detected
AF burden

‐ Intermittent
7‐days
ambulatory

Holter
monitoring

‐ ICM‐detected
activity of daily
living

Survival
improvement

Mortality ‐ PROM
‐ ICM‐detected

AF burden

Stroke reduction Ischemic stroke
TIA

Peripheral embolism

‐ Mortality
‐ Hospitalization

‐ PROM
‐ ICM‐detected

AF burden

Reduction of

composite hard AF‐
related outcomes

Composite endpoint:

Mortality, stroke,
worsening HF, ACS

‐ ICM‐detected
AF burden

‐ PROM
‐ Hospitalization

Heart failure‐related
endpoints

HF‐related
hospitalization

‐ ICM‐detected
AF burden

‐ PROM
‐ LVEF
‐ Walking

distance

Reduction of health

care use

Composite endpoint:

CV hospitalization,
emergency
department visits,
outpatient visits

‐ ICM‐detected
AF burden

‐ PROM
‐ AF‐related

hospitalization

Effect on cognitive
function

Cognitive function
tests

‐ ICM‐detected
AF burden

‐ PROM

TABLE 9 (Continued)

Treatment/
indication Primary endpointa

Secondary
endpoint(s)

Effect on depression Depression tests ‐ ICM‐detected
AF burden

‐ PROM

aFurther details on these endpoints are presented in the following

sections.

Abbreviations: AAD, antiarrhythmic drug; AF, atrial fibrillation; HF, heart
failure; HRQoL, health‐related quality of life; ICM, insertable cardiac

monitor; PROM, patient reported outcome measurement.
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ablation studies, the rhythm status during the assessment and the

patient's awareness of the actual rhythm, for example, as indicated by

a smartwatch. The recall period covered by the assessment varies

across PROM instruments and should be explicitly reported. Of note,

not all PROM assessments are validated for use with a smartphone.

5.6 | Clinician‐reported outcome measures

Clinician‐reported outcome measures (CROMs) include the Canadian

Cardiovascular Society Severity of Atrial Fibrillation (CCS‐SAF) Scale,

the European Heart Rhythm Association (EHRA) score and the Spe-

cific Activity Scale (SAS). Overall, CROMs have not shown to be

related to hard clinical outcomes.

5.7 | AF characteristics

AF characteristics may be assessed as a primary or secondary end-

point in a clinical efficacy trial (Table 13).

The preferred assessment to evaluate AF progression or

regression is ICM‐detected AF burden. However, it is difficult to state

which increase in AF burden would represent a clinically relevant

progression of AF. Such an increase may be related to the decision

when to re‐ablate after the index procedure, or to the degree of AF

burden that would indicate an increased risk of mortality.

5.8 | Hard clinical endpoints

Hard clinical endpoints are frequently used in AF ablation studies.36

An overview of these endpoints and their individual components is

provided in Table 14.

5.9 | Cognitive function/mental disorders

AF ablation studies may assess cognitive function and mental status,

using generally available and accepted tests, for example, Trail mak-

ing tests, Mini‐mental test, depression tests. A correlation has been

shown between cognitive function and the detection of new silent

lesions after AF ablation. Therefore, the presence of new silent

cerebral lesions detected by postablation MRI may be included as an

endpoint.

5.10 | Treatment burden, health economics

Several endpoints relevant for treatment burden and/or health eco-

nomics can be assessed in an AF ablation trial. An overview of these

endpoints is provided in Table 15.

TABLE 10 Recommendations on postablation blanking.

1. The duration of a postablation blanking period should be limited as
much as possible, for instance to a 1 month or maximally a 45 days
period.
2. Arrhythmia recurrences within the blanking period are not

considered a treatment failure.
3. Treatment of arrhythmias occurring during the blanking period
should be defined in the study protocol with differentiation between
arrhythmias unrelated to the original AF, arrhythmias with unclear or

possible relationship and true recurrences of the original AF.
4. Postablation blanking should not be applied in the assessment of
primary study endpoints that are not directly related to individual
arrhythmia recurrences (e.g., cumulative AF burden, quality of life, hard
clinical endpoints).

5. Blanking may be applied (with duration as short as possible) in the
assessment of time to AF recurrence or after ablations of persistent AF
by complex, more extensive procedures beyond PVI, where a
postablation inflammatory process may be expected.
6. Studies applying postablation blanking should report on recurrences

within the blanking period and provide separate analyses investigating
their effect on the endpoint assessment.
7. Irrespective of the duration of the postablation blanking period,
safety‐related events occurring during the blanking period should be
accounted for in the assessment of safety.

Abbreviation: AF, atrial fibrillation.

TABLE 11 Rhythm‐related endpoints for assessment of long‐
term ablation efficacy.

Binary endpoint Freedom from any AF/ATa

Freedom from any AF/ATa off
antiarrhythmic drugs

Quantitative endpoints Time to first/second/third AF/AT
recurrencea

Number of recurrent AF/AT episodes

AF/AT burden (percentage of time)

AF progression/regression

AF density

Abbreviation: AF, atrial fibrillation.
aTraditionally, the cut‐off for an AF episode has been 30 s.

TABLE 12 Recommendations on rhythm‐related endpoints.

1. AF burden measured by continuous cardiac rhythm monitoring is
strongly recommended as the preferred rhythm‐related endpoint for
the evaluation of clinical efficacy of catheter ablation.
2. Currently, the technology and assessment methods implemented in

an insertable cardiac monitor (ICM) provide the most reliable
measurement of AF burden.
3. Acknowledging device costs and reimbursement issues, the most
optimal rhythm assessment method may be selected, according to the

type of the study (RCT or cohort study) and the novelty of the tested
technology (new technology tested vs. confirmation vs. 'real world
validation').
4. Novel technologies such as AF burden measurement by
smartwatches and other wearable devices may be considered as

alternatives to an ICM, provided an ECG recording feature is included.
However, issues with regard to patient's adherence and artifacts due to
movements should be acknowledged.

Abbreviations: AF, atrial fibrillation; ECG, electrocardiogram.
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5.11 | Composite endpoints

Composite endpoints may combine various outcomes such as mor-

tality, stroke, worsening heart failure, acute coronary syndrome, etc.

However, it should be acknowledged that individual components of a

composite endpoint may have different importance, clinical relevance

and consequences for the patient. It is recommended to avoid a

combination of rhythm‐related endpoints (e.g., arrhythmia recur-

rences) and hard clinical endpoints (e.g., mortality, worsening heart

failure) into a single composed endpoint. Also, it is recommended

that, besides reporting the composite endpoint, all individual com-

ponents of a composite endpoint should be reported separately.

6 | SAFETY

6.1 | Definitions and adverse event
characterization

Safety of AF ablation is characterized by the occurrence or absence of

adverse events, related to the devices and/or the ablation procedure.

Within a study context, characterization of an adverse event should

include timing of the event, relatedness to the procedure and/or the

device, treatment and outcome, and the severity of the event (see

Table 16). Investigators are encouraged to report in more detail on

unanticipated adverse events. In this regard, an event may be unexpected

by its nature and/or incidence rate (i.e., a known event that occurs at a

rate higher than expected for the specific treatment or population).

Any adverse event with a (likely or causal) relationship with the

procedure is considered a procedure‐related complication, irrespec-

tive of the timing of the event. An adverse event related to a device,

used during the procedure is by definition also a procedure‐related

adverse event, but should be reported as a separate category. In

addition to device‐related adverse events, it is recommended to

report all device failures or malfunctions, irrespective of their

TABLE 13 AF characteristics.

Characteristic Description

AF progression/regression Change in AF temporal profile

AF burden

AF cardiomyopathy LA volume index

LA function, echo strain

LA fibrosis, MRI

AF biomarkers NT‐proBNP

Troponin

4S scheme score Sum of scores

Abbreviations: AF, atrial fibrillation; LA, left atrium; MRI, magnetic
resonance imaging; NT‐proBNP, N‐terminal pro–B‐type natriuretic
peptide.

TABLE 14 Hard clinical endpoints.

Endpoint Components

Mortality Cardiovascular mortality
All‐cause mortality
Definitions according to VARC‐3
recommendations57

Stroke Ischemic stroke
All strokes
Transient ischemic attacks (TIA)

Definitions according to VARC‐3
recommendations57

Bleeding/hemorrhages Intracranial bleeding
Major bleeding
Fatal bleeding

Heart failure HF‐related in‐patient hospitalization
HF‐related out‐patient hospitalization
Progression/worsening of HF
Change in LVEF
Changes in diuretic medication
NYHA functional class
Minnesota Living with Heart Failure

Questionnaire
Kansas City Cardiomyopathy
Questionnaire
6min walking distance

Exercise capacity 6min walking distance

Cognitive function

Depression

Hospitalization

Abbreviations: HF, heart failure; LVEF, left ventricular ejection fraction

TABLE 15 Endpoints related to treatment burden and health
economics.

Health care use Composite of all hospitalizations

AF‐related hospitalization

HF‐related hospitalizations

Emergency department visits

Outpatient visits

Psychological counseling

Treatments used Cardioversion

Repeat ablations

Antiarrhythmic drugs

Health economics Cost‐effectiveness:
‐ Natural units
‐ Life years gained
‐ Recurrences prevented

Cost‐utility (Quality Adjusted Life Years:

QUALY)

Cost‐benefit (monetary unit)

Abbreviations: AF, atrial fibrillation; HF, heart failure.
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involvement in, and/or causal relationship with a procedure‐related

adverse event. Components of procedural safety may be presented

separately depending on their timing, including intra‐procedural

complications (occurring during the ablation procedure), peri‐

procedural complications (within 30 days after completion of the

procedure), and late complications (more than 30 days of the pro-

cedure). Treatment of adverse events, or refraining from treatment,

should be described for each event, irrespective its timing and

relatedness. The outcome of each event is to be classified with

respect to resolution or relevant consequences. In this regard, an

event is considered to be resolved if treatment can be concluded with

no long‐standing significant consequences for the patient. Depending

on the study reporting procedures, the outcome of an adverse event

may need to be reported at various follow‐up visits and may change

during the course of the study.

Independent of the above aspects, adverse events should be

classified as minor or major. The study protocol should provide a

precise definition of major adverse events, either by a qualitive

description or by a list of specific events. Nevertheless, major adverse

events should minimally include events that result in a life threa-

tening illness or injury, a permanent impairment of a body structure

or function, prolonged hospitalization, medical or surgical interven-

tion to prevent permanent impairment, fetal distress, death or con-

genital abnormalities or birth defects, or a patient's death.58

6.2 | Overview of complications

Complications should be reported individually, rather than as a group or

category (e.g., groin hematoma, fistula, pseudoaneurysm, reported sepa-

rately, rather than reporting access site complications as a whole). An

overview of common procedure‐related complications that should at

least be recorded is provided in Supporting Information S1: Table S4. The

list provided in this table may be used to develop a case report form

listing potential procedure‐related complications to be checked by the

investigator at completion of each individual procedure.

TABLE 16 Characterization of adverse events within a study context.

Timing

Intra‐procedural Any adverse event, regardless of the cause, occurring or first observed inside the EP room.

Peri‐procedural Any adverse event, regardless of the cause, occurring or first observed inside the EP room or within 30 days after the
procedure.

Late Any adverse event, regardless of the cause, occurring or first observed more than 30 days after the procedure.

Relatedness

Device‐related Any adverse event, regardless of its timing, which is related
to the use of the device, either intended or unintended, or
to a failure of the device to achieve its intended
performance. By definition, a device‐related adverse event

is a special type of procedure‐related adverse event.

Classifications of relatedness:
‐ Definitely related
‐ Potentially related
‐ Definitely unrelated

Procedure‐related Any adverse event, regardless of its timing, which has a
causal relationship with the procedure.

Unrelated An adverse event of which a relationship with the device
and/or a failure of the device, and with the procedure can
be excluded.

Treatment Description of the treatment Treatment description may include an indication of no
treatment, or details of actual treatment, e.g.
pericardiocentesis, surgery, etc. The description should include

a clear indication of the level of invasiveness of the treatment.

Outcome Description of the outcome of the adverse event, both

when treated or untreated.

Classifications of outcome:
‐ Resolved
‐ Unresolved with no further action or investigation
planned

‐ Unresolved with further action or investigation planned
or ongoing

Severity: Major
adverse event

An event resulting in a life threatening illness or injury, a permanent impairment of a body structure or function, prolonged
hospitalization, medical or surgical intervention to prevent permanent impairment, fetal distress, death or congenital

abnormalities or birth defects, or in a patient's death. In addition, an event with significant, persistent impact on a patient's
quality of life should also be classified as a major adverse event.

Anticipated event An event that may be expected to occur during an AF ablation procedure, depending on the applied technology and ablation
strategy. The event may be expected based on complications reported in the literature and/or when included as a potential
complication in the device labeling.
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6.3 | Evaluation of procedural safety

If safety is a primary endpoint, adjudication of adverse events by an

independent clinical events committee (see Supporting Information

S1: Table S1) is strongly recommended, specifically for evaluation of

the safety of a novel device or treatment strategy.

When the purpose of a study is to demonstrate safety of AF

ablation, event rates observed during the study should be compared

with pre‐defined quantitative acceptance criteria, that is, maximum

allowable complication rates. These acceptance criteria should be

based on the state of the art, and be as specific as possible for the

AF ablation strategy under study, the intended patient population

and other conditions specifically addressed by the study. The

development of acceptance criteria for procedural safety should

also account for a benefit‐risk evaluation for the specific ablation

strategy and patient population. A justification for safety‐related

acceptance criteria based on these considerations should be pro-

vided in the study protocol, with reference to sources in the liter-

ature or other clinical experience. Depending on the purpose and

topic of the study, the primary evaluation of procedural safety may

address overall safety (e.g., a total complication rate, accounting for

all procedural complications) or focus on specific complications (e.g.,

for evaluation of a novel ablation technology with specific

procedure‐related risks).

7 | DISCUSSION

This expert opinion provides comprehensive guidance for the design

and choice of endpoints for AF ablation studies, while accounting for

outcomes and new insights recently reported in the literature.

Besides recommendations that may alter approaches used in the

past, the consistent use of definitions, documentation requirements,

choice of endpoints and their assessment may facilitate a higher level

of consistency in studies included in meta‐analyses and improve the

reliability of conclusions drawn from big‐data approaches.

A key recommendation of this expert opinion is the strong

reduction of postablation blanking to 1 month or maximally 45 days.

Obviously, this represents a change compared to the traditional

3‐month blanking period that is currently used in many AF ablation

studies. Nevertheless, as early arrhythmia recurrences are reported

to predict late treatment failure,37–42 a strongly reduced postablation

blanking period appears to be justified. Accounting for early post‐

blanking recurrences in the assessment of rhythm‐related endpoints

may lead to reduced efficacy rates. To further evaluate this aspect,

researchers are encouraged to provide separate analyses exploring

how rhythm‐related outcomes are affected by incorporating recur-

rences within the blanking period, or to disclose sufficiently detailed

time‐to‐event data allowing these analyses by others. An additional

topic for analysis may be the extent to which early recurrences

predict late recurrences indicating therapy failure, depending on the

time to the first early recurrence.

Another important recommendation of this expert opinion is to

differentiate between repeated ablation procedures for treatment of

different types of arrhythmias, and the way they are accounted for in

the study endpoint. Incorporation of recurrences in mechanistic

study endpoints depends on their relationship with the original AF or

with lesions created during the index procedure. Besides promoting

consistent and well‐defined nomenclature, the recommended cate-

gorization of repeated ablation procedures aims at achieving out-

comes from mechanistic AF ablation trials that optimally reflect the

true efficacy of the ablation procedure.

The use of ICM‐measured AF burden is strongly recommended

as the preferred rhythm‐related endpoint for evaluation of ablation

efficacy. This recommendation is based on the clinical relevance of

AF burden, representing symptomatic and asymptomatic recur-

rences,36 and its association with QoL and hard clinical

endpoints.6,43–48 AF burden is a robust parameter for the evaluation

of catheter ablation as it is rather insensitive to the precise definition

of the minimum duration of a recurrent arrhythmia.49 Moreover,

while this expert opinion strongly recommends the reduction of

postablation blanking, the actual duration of the blanking period is

expected to have only limited effect on an evaluation based on AF

burden assessed over a relatively long period. As to the documen-

tation of AF recurrences and measurement of AF burden, the supe-

riority of an ICM over other technologies has been clearly demon-

strated.50,51 However, budgetary limitations may hinder the

application of this technology. ICMs are relatively expensive, and

processing the large amount of data provided by these devices may

be time consuming. Researchers should carefully weigh the benefits

and disadvantages of ICMs in relation to the objective of their study.

Less expensive alternatives, such as smartwatches and other

wearable devices, may be considered, but issues related to the

reliability of arrhythmia detection and patient adherence should be

acknowledged.
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