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1 | Introduction

Guidelines have been introduced to provide “systematically
developed statements to assist practitioner and patient decisions
about appropriate health care for specific clinical circum-
stances” [1]. Since their introduction, they have been a valuable
tool for a large population of stakeholders, including physicians,
patients, hospitals, educational bodies, manufacturers, health
providers and insurers in medicine.

While guidelines are meant to help professionals in taking
routine clinical decisions, there are very few studies possessing
the quality required to generate solid recommendations.
Despite limited high-quality evidence, guidelines typically
consist of full-bodied texts and tables reporting extensive lists of
recommendation [2-4].

To compensate for lack of evidence-based documentation,
studies of incomplete quality and condensed judgment among

authors are used to generate recommendations of intermediate
class enriched with sub-categorization based on multiple arbi-
trarily generated “levels of evidence”.

Frequent updating produced by different scientific bodies adds
to the model complexity. In addition, guidelines are increas-
ingly perceived as creating unjustified legal liability for practi-
tioners despite the limited evidence on which they are based. To
address this, processes have been proposed to impose rigor and
transparency with which guideline documents are developed
[5, 6] to assess the quality of guidelines, provide a methodo-
logical strategy for their development, and clarify what infor-
mation and how this information should be reported in
guideline documents [7, 8]. As a result, guidelines should
contract in volume and re-direct focus on recommendations
based on clinical indications supported by more solid evidence.
Criteria adopted to substantiate the need for high-quality in our
guidelines are described in paragraphs “Criteria for Class I,
Class II and Class IIT recommendations” of Chapter 5.

Abbreviations: AAD, anti-arrhythmic drugs; ACT, activated clotting time; AF, atrial fibrillation; CB, cryo-balloon; CFAE, complex fragmented atrial electrograms; CHF, congestive heart failure;
CT, computerized tomography; CV, cardioversion; DC, direct current; ECAS, European Cardiac Arrhythmia Society; GPA, ganglionated plexi ablation; HFmrEF, heart failure with mildly reduced
ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; ICD-9-CM, International Classification of Diseases-Ninth Revision-Clinical
Modification; ICE, intracardiac echocardiography; LA, left atrium; LAA, left atrial appendage; LPW, left posterior wall; LSVC, left superior vena cava; LVEF, left ventricular ejection fraction;
NIS, Nationwide In-hospital Sample; NOAC, novel oral anticoagulants; PF, pulsed field; PV, pulmonary vein; RCT, randomized clinical trial; RF, radiofrequency; SVC, superior vena cava; TIA,
transient ischemic attack; USP, United States Pharmacopeia; VKA, vitamin K antagonist; WACA, wide area circumferential ablation.
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Catheter ablation of AF represents a situation in which
high-quality studies are rather limited. Yet, guidelines and
consensus documents have resulted in the production of
copious documents [2-4, 9].

With the intent of producing a guideline that serves its intended
purpose and reconciling with the art of medicine, the European
Cardiac Arrhythmia Society (ECAS) proposes a concise and coor-
dinate document to assist practitioner and patient decisions in this
field. ECAS is an independent society founded in 2004 in Paris with
the mission to promote the discipline of better care in diagnosing
and treating cardiac arrhythmias. The criteria used in this docu-
ment to define recommendation classes are summarized in the
paragraph “criteria for recommendations” below.

1.1 | Notes About Manuscript Production

This Guideline document was registered on PREPARE (Practice
guideline Registration for transparency; registration number:
PREPARE-2024CN005) in February 2024.

Multiple searches for randomized controlled trials to inform
this document were performed. These were done as part of
purpose-built systematic reviews which have meanwhile been
published as separate manuscripts and present information on
the detailed search strategy, PICO approach and questions ad-
dressed by the Guideline and each of the Reviews. Randomized
controlled trials meeting the inclusion criteria for our system-
atic reviews were included. Additionally, randomized con-
trolled trials not addressing other aspects of the guideline not
covered by the systematic reviews, but that were identified
through the search process were also considered eligible [10].

An update of the guidelines is planned, with the definition of
guideline questions and search starting, up to 5 years following the
publication date of the present document. An earlier update may
occur, if justified, driven by novel technology or publication of
impactful evidence on a field not covered by this document. In such
circumstances, the decision may be for updating only that section of
the guideline, rather than the whole document.

2 | Truth in Medicine and Revisitation of the
Term “Recommendation”

“The logic of science is hypothetical. To be powerful,
science required to turn its back to the incontrovertible
thruth. No matter how strong their degree of confirma-
tion, scientific hypotheses can be ‘falsifiable’ at any
time” [11].

Emanuele Severino, philosopher - Truth in medicine

Definition of truth in science has been subjected to considerable
modifications over time [12]. In the 2nd century A.C., Ptolemy
proposed a cosmologic model according to which the earth
would stand motionless at the center of universe. It took
13 centuries before Copernicus proposed a new, revolutionary
model supporting the concept that the earth would rotate
around the sun and one more century before Copernicus theory

became widely accepted [13]. In the present era, technological
development accelerates progress in science and communica-
tion. As a result, even when created using high-quality science,
guidelines become out of date quickly. Therefore, it is inevitable
that current methods for producing guidelines will be reviewed
and changed in the future.

The universal adoption of evidence-based medicine has recast
medical knowledge in such a way that experimental studies
designed to validate single isolated interventions take on the highest
status and, by so doing, undermine clinical judgment and lock in
place a reductive model of health and disease [10, 13].

In the present document, evidence-based medicine will be used
solely as a reference point for management of AF. This is
consistent with the methods used by other societies in guide-
lines preparation and is taken under the assumption that new
paradigms may surface in the future that offer different base
theories, methods of investigation and validation that may
subvert the current guideline's structure.

2.1 | Revisitation of the Term Recommendation
First introduced in old French speaking as a derivation of the
Medieval Latin recommendationem (nominative recommendatio),
the word recommendation is intended as the “act of representing
(something) in a favorable manner, the act of recommending
(someone or something) as worthy” [14]. While consistent with this
definition in the early days, guideline recommendations have lost
their original meaning as they have escalated to a level close to
imperative statements.

At present, practitioners tend to refer to recommendations in
guidelines as persuasive obligations in response to which they
feel bound to behave irrespective of the robustness of the source
data. Accordingly, legal controversies over practitioners'
behavior tend to be resolved by resorting to guidelines as to the
ultimate form of judgment.

We argue that recommendations in medicine should continue to
reflect the “act of representing selected indications in a favorable
manner” rather than persuasive obligations. We also argue that
favorable representation should apply only to conditions that are
substantiated by evidence-based documentation rather than arbi-
trary criteria reflected in further sub-categorization classes of rec-
ommendation or consensus among experts. In keeping with these
aims, we propose a linear concise scheme of guideline creation. The
criteria which guided this approach scheme have been described
previously and are also reported in Chapter 5 of the present doc-
ument [10]. We believe that the present model best suits the pur-
pose of serving the medical community while preserving the
original significance of the term recommendations.

2.2 | Use of Guidelines in Legal Trials to Resolve
Medical Disputes

Guidelines are currently used as standard reference to resolve
medical disputes in legal trials. We advocate for the elimination
of this attitude based on the following statements:
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- guidelines are meant to assist, not to impose practitioner
decisions about appropriate health care;

- the proportion of high-quality studies possessing the con-
sistency required to generate solid guideline recommen-
dations is rather limited in most medical disciplines;

- documentation from studies of incomplete quality represents
the dominant source of information in guideline documents;

- most guideline recommendations are based on expert
consensus at multiple unstudied, sub-categorization levels,
introducing arbitrariness to final decisions;

- limitations above are further amplified by incomplete
information about methods and criteria with which rec-
ommendations are obtained in gray areas of knowledge;

- to compensate for such limitations, dedicated instruments
are being proposed to favor more rigor and transparency in
guidelines production.

3 | Electrophysiological Rationale of Current AF
Ablation Techniques

3.1 | PV Electrical Isolation

The technique of PVs electrical isolation, first introduced by
Haissaguerre et al. [15, 16], serves four fundamental purposes:
(1) it does not require ongoing AF to be successfully accomplished
[16]; (2) it segregates all arrhythmogenic foci and local circuits
within the PV muscular layers possibly precipitating sustained AF
episodes [16] (3) it reduces the overall mass of electrically active
atrial tissue [16]; (4) it provides a highly reproducible and
consistently verifiable technique in the setting of an EP procedure
[15]. Since its introduction in 2000, this technique has been
adopted on global scale and represents a qualifying mandatory
strategy for catheter ablation of AF of any type (i.e., paroxysmal,
persistent and long-standing persistent). PV electrical isolation can
be achieved with different energy forms (RF [16, 17], CB [18, 19],
Laser [20-22], PF [23, 24]) and catheter designs (single tip [17],
balloon [20, 21], basket-flower [24]).

While segregation of arrhythmogenic foci within the PV mus-
cular layers is effective in variable proportions of patients with
AF, outcomes cannot be predicted in the individual patient.
Two factors likely contribute to this observation: (1) recurrent
PV-to-left atrium electrical conduction across the PV isolating
line in the days/months after the nominal procedure [25]
(2) location of the arrhythmogenic foci precipitating AF outside
the segregated area [25].

In selected cases, stability of isolating lesions over time can be
accomplished by means of multiple procedures [26]. The effi-
cacy in establishing stable PV isolation does not appear to be
dependent on energy and catheter design forms [24, 27, 28].

3.2 | Ablation of Extra-PV Triggers

Evidence in favor of recurrent arrhythmia in patients with
stable PV electrical isolation over time indicates that triggers for

AF precipitation must originate from non-segregated areas of
atrial tissue [29]. Complimentary designs have been introduced
to ablate these areas, including ablation of ganglionated plexi
[30] and ablation of spontaneous or catecholamine-elicited foci
[29, 31, 32], ethanol infusion within the ligament of Marshall
[33] and LAA isolation (LAA) [34, 35]. In the case of
catecholamine-elicited foci, ablation of atrial foci also repre-
sents an opportunity when patients present with reproducible
spontaneous atrial ectopic beats in the course of the EP pro-
cedure [32]. The efficacy of these techniques awaits evidence-
based documentation, especially in light of: (1) the inability to
accurately identify and effectively ablate all ganglionated plexi
in the individual patient [30]; (2) the sporadic prevalence of
spontaneously occurring atrial ectopic beats or AF precipitation
in the course of the EP procedure [31]; (3) the non-clinical
nature of drug-induced arrhythmias [32]; and, 4) the lack of a
standardized technique enabling accurate evaluation of the
acute efficacy of spontaneous or catecholamine-elicited extra-
PV foci ablation [31].

3.3 | Linear Lesion Ablation

The rationale of linear lesion ablation is based on the intention
to replicate the compartmentalization technique (MAZE pro-
cedure) successfully introduced in cardiac surgery in the late
90 s [36]. This technique consists in point-by-point deployment
of ablation pulses until a continuous (transmural) ablation
lesion is constructed between two separate anatomical bound-
aries [36]. This technique offers three potential advantages: (1)
it may be deployed in sinus rhythm as well as during AF; (2) it
enables compartmentalization without the need of open-heart
surgery; (3) it provides the option of “customizing” the intended
design to the special need of the individual patient. The ability
to deploy linear lesions during the ongoing arrhythmia makes
this technique appealing in patients with persistent and long-
standing persistent AF. In spite of its potential benefit, linear
lesion ablation has failed to prove effective in several random-
ized studies [37]. Conversely, linear lesion ablation is associated
with an increased propensity to favor macro-reentrant atrial
tachycardias during follow-up [38]. This circumstance repre-
sents an undesired effect of the ablation technique and is
commonly related to conduction recurrence possibly occurring
during follow-up across one or multiple gaps along the ablation
line deployed at time of the acute procedure [38].

3.4 | CFAE Ablation

The rationale of CFAE ablation stems on the hypothesis that
localized areas within the atrial tissue are critical to enable
maintenance of paroxysmal or persistent AF by means of a
“functional” re-entry-dependent mechanism [39]. EP recording
at those same sites during sinus rhythm typically fails to show
CFAE or other abnormal potentials. The functional character of
the re-entrant circuit is also outlined by the fluctuations, albeit
limited, in recording position and morphology of CFAE [40].
Ablation is delivered in areas where CFAEs show a reproduc-
ible time and electrogram reproducibility beyond 5-8 s during
continuous recording [41]. According to this model, one or
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more circuits may be responsible for maintenance of clinical AF
[39]. Ablation of these areas would at some point lead not only
to termination of ongoing AF episodes, but would also preclude
maintenance of new sustained AF episodes [39].

CFAE ablation is severely limited by several factors. Among
them are: (1) variable definitions of CFAE among investigators
[40, 41]; (2) variable durations of analysis time (i.e., the time
during which CFAE is tested to show re-iteration and repro-
ducibility of the qualifying signal) depending on the manual or
computer-assisted algorithm used; and, (3) variable automatic
detection algorithms incorporated in the various computer-
assisting tools available in the catheter lab [40, 41] More subs-
tantially, the hypothesis of a geographically limited re-entrant
circuit that enables maintenance of AF episodes conflicts with
the solid model of the multi-wavelet and multi-layer activity
shown during continuous electrogram monitoring in human
beating hearts.

Clinical experience with CFAE ablation has been rather
inconsistent. The promising data reported in the first study [39]
have not been replicated elsewhere [40, 41] and the use of this
technique awaits more solid evidence before it can be proposed
on large scale.

3.5 | Rotor Ablation

Rotors were introduced in 1990 [42] as phase singularities oc-
curring in anatomically identifiable areas in the atria and
responsible for maintenance of AF episodes. According to the
proposed theory, these are regions of extreme wave curvature as
the center of functional stable reentry where conduction
velocity approximates zero and can be detected by phase map-
ping [43]. Multiple rotors may be present simultaneously lead-
ing to distal wavefront collision, thus contributing to the
appearance of global disorganization. Phase singularities are
sites about which all phases of the depolarization/repolarization
cycle exist simultaneously and are important because they
identify tissue capable of supporting rotors steadily. With the
introduction of computational modeling [44], 3D mapping
allowed identification of the linear structure of phase singu-
larities, termed filament, spanning endocardium to epicardium
with various configurations (I, U and O).

Clinically, the most tangible feature of a rotor is repetitive,
cyclic activation around a core [45, 46]. While this is the sim-
plest visual criterion for identifying rotors in phase maps
(FIRM) or isochronal images, it does not capture the essence of
detecting or defining a rotor. Ablation of sites where rotors are
identified may result in termination AF episodes.

4 | Classification of AF Type Related to Catheter
Ablation

Given the impact that the clinical presentation of AF plays on
the outcomes and, therefore, the techniques used for catheter
ablation, it is important to have a valid classification of AF type.
Of the many models proposed, the most appropriate for the

purposes of catheter ablation appears to be the one based on
temporal duration of single AF episodes [47]. While classifica-
tion into paroxysmal (i.e., AF that terminates spontaneously,
with or without AADs, within 7 days from onset), persistent
(i.e., continuous AF that is sustained beyond 7 days and for no
longer than 1 year in spite of AADs, or that is susceptible to
successful cardioversion) and long-standing persistent AF (i.e.,
continuous AF that is sustained beyond 1 year in spite of AADs)
is simple and intuitive, it should be noted that accurate cate-
gorization within these groups is not always easy, as episode
duration may vary in the individual patient and are not always
symptomatic. In the same individual, AF may fall into one
category from a clinical point of view but may fall into another
category when based on continuous monitoring [48]. Similarly,
dissociation between AF-type and pathophysiologic background
(i.e., substrate fibrosis) has been documented [49].

While we recognize the value of categorization into paroxys-
mal, persistent and long-standing persistent AF, ideally
guideline recommendations should use the episode duration
characteristics by the referenced studies. Because definitions
differ even within the same sub-category of AF (paroxysmal,
persistent or long-standing persistent), the present document
will provide a detailed list of references indicating those
studies that contributed to generate our recommendation
scheme. In these studies, readers will find the AF type
definition provided by the authors. It will be the reader's
decision whether to apply these recommendations based
strictly on the AF definitions reported in the original sources,
or whether they are applicable to patients with similar if not
identical clinical presentations.

5 | Recommendations on Efficacy

Classes I-III recommendations are reported in Tables 1-3,
respectively. Flowcharts showing clinical conditions for which
catheter ablation of AF is indicated based on the proposed
recommendation scheme are reported below in Figures 1, 2a,
2b, 3a, and 3b. Supporting Information: Figures S1-S3 provide
complimentary information on clinical data including number
of patients enrolled, randomization ratio and follow-up
duration in reference studies. Supporting Information:
Figures S4, S5a, and S5b provide an alternative scheme of
Supporting Information: Figures S1, S2a, S2b, S3a, and S3b,
focusing primarily on techniques and technologies used to
obtain designated outcomes. Supporting Information material
provides the list of literature contributions representing the
basis of our research (pages 24-54). Criteria for selection of
recommendation classes in the present document are reported
below.

Compilation of the present recommendation scheme is made
under the assumption that future studies showing evidence
against the current indications or new evidence from previously
unaddressed indications will lead to appropriate changes in the
new programmed edition of ECAS guidelines. This will apply
especially for studies reporting outcome results from single
high-quality studies and for follow-up extended beyond
12-month duration, where applicable.
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5.1 | Criteria for Class I Recommendations

The criteria guiding selection of recommendation classes in the
present document have been discussed elsewhere [10]. In brief,
Class I indicates a recommendation in favor of the practice of
catheter ablation or of any specific ablation strategy or technique,
where:

a. evidence of greater benefit than risk or

b. similar efficacy and safety profiles between comparative
technologies or techniques

is provided by high-quality randomized multicenter controlled
trials of sufficient sample sizes. High-quality controlled trials
guiding selection were defined as having:

a. low Risk of Bias for all crucial domains [71]

b. high precision of effect expressed by a narrow 95% con-
fidence interval [72]

c. absence of other contradicting similar high-quality
evidence [72]

d. compliance with the principle of directness, comparability
between the population investigated in the reference trial and
the population to which the recommendation is directed [72].

Finally, multi-center trials were required to ensure representa-
tiveness of proposed recommendations on large scale.

Failure to comply with these criteria resulted in a down-grading
of the ablation practice, strategy or technique to a recommen-
dation Class II level (Table 1).

TABLE 1 | Class I recommendations for catheter ablation.

5.2 | Criteria for Class II Recommendations

Class II indicates a recommendation in favor of the practice of
catheter ablation or of any specific ablation strategy or tech-
nique, where

a. evidence of greater benefit than risk or
b. similar efficacy and safety profiles between comparative
technologies or techniques
is provided by

1. randomized clinical trials with one or more of:

a. no pre-determined working hypothesis;
b. insufficient sample size;

c. well-designed randomized clinical trials that were pre-
maturely terminated because of futility or failure to enroll
the anticipated population;

d. targeted meta-analyses on qualifying endpoints for which
high-quality information is still not available.

Supporting Information: Table S2 provides the justifications
adopted to qualify selected clinical or technical/technological
conditions as Class II recommendations for efficacy in the
present document.

Supporting Information: Tables S3-S5 indicate the character-
istics and outcomes of clinical trials selected for custom-made
meta-analyses relative to the specific indication addressed in
these recommendations (Table 2).

Evidence for superiority of catheter ablation versus control therapy

Recommendation Class Ref

- In drug-refractory paroxysmal AF, RF and CB PV isolation are superior to AADs in reducing or I [50-52]
suppressing atrial arrhythmia recurrences

- In drug-refractory persistent AF, RF PV isolation is superior to AADs in reducing or suppressing 1 [53]
atrial arrhythmia recurrences

- In paroxysmal AF of first onset, CB PV isolation is superior to AADs" in reducing or suppressing I [54, 55]
sustained atrial arrhythmia recurrences

- In paroxysmal AF, early (i.e. within 24 months from first documentation) CB PV isolation is superior to I [56]
AADs" in preventing progression to persistent AF

- In paroxysmal and persistent AF and CHF with reduced EF, RF PV isolation is superior to AADs* I [57]
in reducing long-term mortality and re-hospitalization

- In paroxysmal and persistent AF, PV isolation is superior to AADs® in improving Quality of Life I [58]

Evidence for similarity of efficacy and safety profiles between comparative technologies or techniques

Recommendation Class Ref

- In drug-refractory paroxysmal AF, RF and CB PV isolation are similarly effective in preventing atrial I [27]
arrhythmia recurrences

- In drug-refractory paroxysmal AF, RF and 2-min or 4-min Cryo-ballon PV isolation are similarly 1 [59]

effective in reducing atrial arrhythmia recurrences and AF burden

#AADs include Classes I and III Vaughan-Williams channel blockers.
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TABLE 2 |

Class II recommendations for catheter ablation.

Evidence for superiority of catheter ablation versus control therapies or technologies/techniques

Recommendation Class Ref

- In paroxysmal AF, early (i.e., within 24 months from onset) RF PV isolation is superior to AADs® in II [60]

preventing progression to persistent AF

- In paroxysmal AF of first onset, RF PV isolation is superior to AADs" in reducing or suppressing atrial II [61]

arrhythmia recurrences
- In RF ablation of drug-refractory persistent AF, adding vein of Marshall ethanol infusion is superior to II [62]
PV isolation only in reducing atrial arrhythmia recurrences

- In symptomatic paroxysmal and persistent AF and end-stage heart failure with reduced EF, RF II [63]
PV isolation is superior to guideline-directed medical therapy in reducing all-cause death, implantation of a
left ventricular assist device or urgent heart transplantation

- In drug-refractory paroxysmal and persistent AF, PV isolation is superior to AADs® in improving II [64]

psychological symptoms of anxiety and depression

- In drug-refractory persistent AF with documented low-voltage atrial areas, adding ablation of low II [65]

voltage areas is superior to PV isolation only in reducing or suppressing atrial arrhythmia recurrences

- In drug-refractory paroxysmal and persistent AF, PV isolation is superior to AADs" in reducing the risk II [66]

of future stroke§

- In paroxysmal and persistent AF with or without previously failed AADs, PV isolation is superior to II [67]

AADs" to

o reduce AF burden

o reduce all-cause hospitalization

o improve LVEE"

- In drug-refractory paroxysmal AF, CB ablation is superior to RF ablation in reducing re-hospitalization II [68]
Evidence for similarity of efficacy and safety profiles between comparative technologies or techniques
Recommendation Class Ref

- In drug-refractory paroxysmal AF, RF, CB and PF PV isolation are similarly effective in preventing atrial II [69]

arrhythmia recurrences

- In drug-refractory persistent AF, RF and dual-energy PF and RF PV isolation are similarly effective in II [70]

reducing acute procedural failure, atrial arrhythmia recurrences, drug initiation or escalation or

cardioversion

#AADs include Classes I and IIT Vaughan-Williams channel blockers.

Use of LVEF may be misleading in patients with AF, as the fast rate and the irregularity of the heart beat may lead to an arrhythmia-dependent decompensation
(“secondary CHF”); a better way to assess the benefit of AF ablation in this condition would include the following: (1) assessment of cardiac index; (2) assessment of LVEF
after CV and a sufficient time interval in sinus rhythm allowing restoration of normal LVEF in patients with secondary CHF; these measures would allow to separate out
patients with primary from patients with secondary CHF; randomized comparisons between AF ablation and group treatment in these two groups would be greatly

welcome.

5.3 | Criteria for Class III Recommendations

Class IIT indicates recommendations for which the practice of
catheter ablation or of any specific ablation strategy or tech-
nique has shown evidence of harm overweighting benefit or has
failed to show benefit (Table 3), as derived from high-quality
multicenter randomized clinical trials adopting pre-determined
working hypotheses and sufficient sample sizes (Figures 3a,b).

A comparative scheme of recently published recommenda-
tion schemes on catheter ablation of AF from the ESC, and
the ACC/AHA/ACCP/HRS guidelines, and from the EHRA/
HRS/APHRS/LAHRS consensus document with the present
ECAS guidelines is reported in Supporting Information:
Table S6.

6 | Linear Lesion, CFAE and Ganglionated Plexi,
Extra-PV Trigger, Rotors and LAA Isolation in
Ongoing Clinical Trials

There is a large body of studies investigating the role
of supplementary linear lesion, CFAE or ganglionated
plexi ablation. In patients with persistent AF, adding
linear lesions [74], ablating fractionated atrial electrograms
[39], adding posterior left atrial wall isolation [75] and
ligation of the left atrial appendix [76] do not reduce atrial
arrhythmia recurrences. Thus, at present, the available
evidence does not fulfill our current Classes I and II
recommendation requirements for using these supplemen-
tary ablation strategies in a generic, one size fits all
approaches.
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TABLE 3 | Class III recommendations for catheter ablation.

Evidence for harm

Recommendation Class Ref

- In persistent AF, ablation of MRI- 111 [73]
guided fibrosis is associated with a
higher risk of death

Evidence against benefit from complimentary ablation strategies

Recommendation Class Ref

- In RF ablation of persistent AF, adding linear lesions or ablating fractionated EGs to PV isolation does not 111 [74]
reduce sustained atrial arrhythmia recurrences®

- In RF ablation of persistent AF, adding posterior left atrial wall isolationto PV isolation does not reduce 111 [75]
sustained atrial arrhythmia recurrences®

- In RF ablation of persistent AF, adding ligation of the left atrial appendix to PV isolation by means of an 111 [76]

epicardial clip system does not reduce sustained atrial arrhythmia recurrences

#Empiric deployment at various sites in the left (and right heart) (see Chapter 3 for rationale and outcomes) and isolation of LAA are common; based on the lack of
evidence at present, such practices are strongly discouraged as they may cause harm; the setting of randomized studies investigating a reasonable new working hypothesis
is encouraged (see paragraph “Linear lesion, CFAE and ganglionated plexi, extra-PV trigger and LAA isolation in ongoing clinical trials” below).
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Flowchart highlighting clinical conditions and catheter techniques for which catheter ablation of AF is a Class I recommendation.

AF, atrial fibrillation; CB, cryoballoon ablation; RF, radiofrequency ablation.

The therapeutic rationale behind these strategies and the pos-
sible reasons for their inability to improve clinical outcome in
addition to PV isolation have been discussed in Chapter 3.

6.1 | Linear Lesion Ablation

Overall, 10 RCTs published between 2005 and 2017 were
selected (Supporting Information: Table S3) [74, 77-85]. Five of
them [77-81] enrolling an aggregate of 643 patients with par-
oxysmal and non-paroxysmal AF in the years between 2005 and

2008, compared supplementary left atrial linear ablation,
including roof line and/or mitral isthmus line ablation, with PV
isolation using ostial or segmental ablation (early technique)
only. In these trials, supplementary linear lesion ablation
showed superior clinical benefit as compared to PV ostial or
segmental ablation.

Conversely, in the remaining 5 trials [74, 82-85] conducted
between 2011 and 2017 and enrolling an aggregate of more than
1000 patients, of whom the majority with non-paroxysmal AF,
supplementary linear lesion ablation failed to show superior
clinical benefit as compared to PV ablation only. Of note, PV
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effective in reducing atrial reducing a composite of acute
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recurrences, drug initiation or
escalation and cardioversion
FIGURE 2 | (a) Flowchart highlighting clinical conditions and catheter techniques for which catheter ablation of AF is a Class II recommen-

dation (evidence for superiority of catheter ablation versus control therapy). (b) Flowchart highlighting clinical conditions and catheter techniques

for which catheter ablation of AF is a Class II recommendation (evidence for similarity of action between comparative technologies or techniques).

AF, atrial fibrillation; CB, cryoballoon ablation; LVEF, left ventricle ejection fraction; PF, pulse field ablation; RF, radiofrequency ablation.

ablation in these latter trials was performed using WACA. All
studies failed to report accurate data on linear lesion-induced
compartmentalization or integrity. Procedure duration and
radiation exposure were significantly longer in patients receiv-
ing supplementary lesion ablation, whereas complication rates
did not differ between the two groups. A custom-made meta-
analysis performed by a selected group of authors to assure the
quality of the guidelines has further confirmed the lack of
clinical benefit by supplementary (but generic or non-selective)
linear lesion ablation as compared to PV isolation strategy only
(Supporting Information: Figure S6).

6.2 | CFAE Ablation

Overall, 8 RCTs published between 2004 and 2015 and en-
rolling 1312 patients with non-paroxysmal AF in aggregate
were selected [74, 86-92] (Supporting Information:
Table S8). Of them, 3 trials reported a favorable outcome in
patients receiving supplementary CFAE ablation versus
patients receiving PV isolation only, whereas the other trials
did not. In another trial [91], a higher incidence of recurrent
atrial tachycardia or flutter was reported in the patient
group receiving supplementary CFAE ablation whereas no
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FIGURE 3 |

(a) Flowchart highlighting clinical conditions and catheter techniques for which catheter ablation of AF is a Class III recom-

mendation based on evidence-based documentation of harm. (b) Flowchart highlighting clinical conditions and catheter techniques in which

catheter ablation of AF is a Class III recommendation based on evidence-based documentation of lack of benefit with relevant numbers from
reference studies. AF, atrial fibrillation; EGs, electrograms; MRI, magnetic resonance imaging.

differences between the two groups were found with respect
to other complications. Most trials reported the use of
automated software-guided identification of target site for
ablation (i.e., dv/dt based intrinsic deflection mean cycle
length criterion of <120 ms over 105s), to replace the origi-
nal manual process. These approaches fail to integrate other
less well defined electrogram attributes such as visual
averaging over time and relationships with surrounding
electrograms. Other poorly defined parameters included EG
source, type of catheter, electrode orientation and contact
force. A meta-analysis in 1415 patients with paroxysmal and
persistent AF confirms the absence of benefit from supple-
mental (generic or non-selective and variably defined)
CFAE ablation as compared to PV isolation strategy
only [93].

6.3 | GP Ablation

Overall, 4 studies enrolling almost 1000 pts published between
2009 and 2022 have been selected out of a large body of liter-
ature in the field [94-97] (Supporting Information: Table S5.

In a seminal RCT including 242 patients with paroxysmal AF,
freedom from atrial arrhythmia recurrences in the PVI group
was found to be significantly lower than the PVI + GPA group
[94]. The same authors conducted a RCT in 264 patients with
persistent/long-lasting AF undergoing PVI who were random-
ized to additional linear LA ablation or GPA, all implanted with
ILR. During the 3-year follow-up, freedom from atrial ar-
rhythmias was lower in the linear ablation group with more
atrial flutter recurrences [95].

However, the role of additional GPA has not been replicated by
other centers, though some observational retrospective studies
suggested beneficial effects in paroxysmal AF patients [98].

In another study selective ablation of the triggering-GP was not
superior to PVI alone, but the occurrence of pericarditis
symptoms requiring hospitalization was higher following GPA
than PV isolation [96].

Surgical GPA showed no benefit of additional GPA while
increasing the associated risks of major bleeding and pacemaker
implantation due to sinus node dysfunction [97, 99].
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Several limitations of GPA and the interpretation of its results
should be addressed. There are no uniform criteria for localiz-
ing ganglionated plexi (GPs), and their anatomical variability
can lead to less effective ablation targets when using high-
frequency stimulation. The intraprocedural endpoint for GPA is
less robust and standardized compared to PVI. GPs within
epicardial fat pads are less susceptible to RF ablation, and some
GPs located in the transverse sinus and between the superior
vena cava and aortic root are inaccessible for the endocardium.

Endocardial GPA often overlaps with other AF targets like
CFAE, rotors, and PV connections, confounding the assessment
of its “pure” effects on clinical outcomes [42, 74, 94, 100]. Re-
innervation over time may reduce long-term efficacy [100], and
there are concerns about the safety of modulating autonomic
cardiac function. Additionally, evidence comparing endocardial
GPA (alone or with PV isolation) to standard AF ablation is
limited and outdated, with most RCTs conducted by the same
researchers about a decade ago, raising questions about the
reproducibility and relevance of these findings [42, 74, 94, 100].

6.4 | Extra-PV Triggers Ablation

At present, there are no data from randomized controlled studies
supporting the possible benefit of supplementary extra-PV trigger
ablation for the treatment of AF [29, 31]. The rationale for this
strategy and its potential for improving clinical outcome when ad-
ded to PV isolation have been discussed in Chapter 3.

6.5 | Rotor Ablation

In 2011, the CONFIRM trial showed that rotors and focal sources
were present in nearly all patients with paroxysmal and persistent
AF, and that ablation of these areas nearly doubled the single-
ablation freedom from AF at 1 year [101]. More recently, it was
shown that such benefit persisted at 3-year follow-up [102]. While
some studies have confirmed these outcomes [103], others have not
[104, 105]. Conclusive evidence supporting the ultimate benefit of
this ablation strategy strongly awaits RCTs.

6.6 | Implications for Guideline
Recommendations

Based on evidence for no benefit, we elected to provide Class III
recommendations for any of the strategies above in our current
scheme. This consideration also applies to left posterior wall abla-
tion and LAA isolation. Ongoing clinical trials (Supporting Infor-
mation: S2) conducted with new technologies and innovative,
personalized ablation strategies will help to refine our knowledge
and possibly integrate these ablation techniques in more conclusive
recommendation schemes in the next guidelines.

7 | Efficacy Outcomes of Catheter Ablation of AF

Despite the large number of studies conducted, the true efficacy
of AF ablation is difficult to estimate. An important limitation

in this respect is represented by the definition used to assess
post-procedural recurrences, as several confounders may con-
siderably affect reliable assessment of outcome measures. They
include the definition of recurrent AF, duration of single epi-
sodes, presence of asymptomatic episodes, AF burden and
methods used for documenting recurrent episodes. The variable
combination of criteria used to assess efficacy is well reflected in
literature and precludes rigorous comparability of outcomes
among studies. A further confounder in efficacy assessment is
represented by the presence of new arrhythmias whose sub-
strate is determined by the scar lesions generated during cath-
eter ablation. Finally, post-procedural efficacy can be obtained
with no need for AADs in some patients while others require
chronic administration of previously ineffective AADs. Con-
sistent with these limitations, efficacy rates of AF ablation have
been reported to range between 52% and 83% in patient with
paroxysmal AF, and between 37% and 77% in patients with
persistent AF (Supporting Information: Table S10).

Growing awareness about the limitations of assessing the effi-
cacy of catheter ablation of AF has prompted scientific societies
to introduce specific recommendations on the methods and
tools that best recognize and quantify post-procedural atrial
arrhythmia recurrences. Adoption of these recommendations
has contributed to improving accuracy of outcome measures in
recent years.

A method to obviate the current limitations is providing com-
parative assessment of post-ablation outcomes between differ-
ent strategies, such as in the case of catheter ablation versus
AADs or control [50, 51] or one catheter ablation energy form
versus another one [68, 69]. In such cases, adoption of pro-
spective models combined with pre-determined definitions of
outcome obtained with rigorous diagnostic tools provides reli-
able estimate of comparative outcomes which, in turn, can be
effectively transferred to clinical practice.

Given the limitations above, we present a tabulation on out-
come efficacy data on paroxysmal AF (Supporting Information:
Table S10a), persistent AF (Supporting Information: Table S10b
and combined paroxysmal and persistent AF (Supporting
Information: Table S10c) published in prospective studies en-
rolling at least 100 patients together with type of AF, role of
AADs and methods used to assess atrial arrhythmia recur-
rences. Similarly, outcome safety data reported in these same
studies on paroxysmal AF, persistent AF and combined par-
oxysmal and persistent AF are presented in Supporting Infor-
mation: Tables S11a, S11b, and S11c, respectively. Data in these
tables offer a comprehensive view on the range of efficacy and
safety of catheter ablation of AF in different series and gives
information on the conditions and limitations that might be
expected when patients are referred for this procedure. They
will also help investigators when introducing or assessing
ablation programs in their institutions.

8 | Periprocedural Anticoagulation

Periprocedural anticoagulation is meant to limit the risk of
periprocedural thromboembolism [106] and comprises three
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management phases: (1) antithrombotic treatment before the
ablation session; (2) intraprocedural anticoagulation; and (3)
post-procedural anticoagulation. Anticoagulation strategies and
regimens need to be selected considering that even within
therapeutic range, they may cause or worsen periprocedural
bleeding. Bleeding is mostly observed at the site of vascular
access, within the cardiovascular system (because of catheter-
induced cardiac or vessel perforation) and at peripheral sites,
including intracranial, ocular, retroperitoneal [107].

8.1 | Pre-Ablation Anticoagulation

Most data relative to peri-procedural anticoagulation is derived
from studies of intermediate- to low-quality. This is reflected in
the recommendation scheme of the present guidelines, where
the available evidence does not support anything more than a
Class II indication.

Aside from patients with a low CHADS2, CHA2DS2-VASc or
CHA2DS2VA score and no pre-existing antithrombotic treat-
ment, most patients undergo catheter ablation under chronic
anticoagulation. In comparison with an elevated risk of bleed-
ing while bridging interrupted warfarin with subcutaneous
heparin, use of uninterrupted warfarin was shown to provide a
better safety profile [109]. Subsequent studies showed that
uninterrupted or minimally interrupted (i.e., dose reduction or
discontinuation on the procedure day for once-daily prescrip-
tions, or pre-procedural discontinuation on the day of ablation)
NOACs were as effective as VKAs, and safer with respect to
major bleeding [108-110]. Therefore, uninterrupted or mini-
mally interrupted NOAC treatment represents the currently
preferred option. Table 5 shows details and a class of recom-
mendation for peri-procedural hemostasis and vascular access.

8.2 | Intraprocedural Anticoagulation

Irrespective of the strategy used, intravenous heparin should be
administered before or immediately following transseptal
puncture [120]. Heparin dosing should be adjusted to achieve
and maintain an ACT of at least 300 s throughout the ablation
procedure duration (Table 4).

8.3 | Post-Procedural Anticoagulation

8.3.1 | Immediate Post-Ablation Period

Patients under minimally interrupted NOACs should receive
their next drug dose after procedure termination while
uninterrupted dosing should continue as per prescription.
Conversely, patients under uninterrupted VKAs should con-
tinue therapy under INR-guided drug dose administration.

8.3.2 | Mid-Long Term Post-Ablation Period

Patients with low CHADS2, CHA2DS2-VASc or CHA2D2VA
score and with no mandatory indication for long-term oral

anticoagulation should discontinue anticoagulation therapy
2-3 months after ablation irrespective of clinical outcome as
the risk of major bleeding due to therapy continuation in
these patients outweighs the risk reduction of thrombo-
embolism [121].

In patients with a CHADS2, CHA2DS2-VASc or CHA2D2VA
score of 2-3 and no documented atrial arrhythmia recurrences
during 6-month follow-up, permanent discontinuation of oral
anticoagulants post-ablation may be safe [122].

To summarize the clinically most relevant situations of patients
undergoing AF catheter ablation with a NOAC pre-treatment or
no pre-treatment but initiation of a post-ablation oral antic-
oagulation Figure 4 depicts a clinical pathway for antic-
oagulation handling depending on adoption of CHADS2 (a),
CHA2DS2VASc (b), and CHA2DS2VA (c) individual risk score
(Table 4 and 5).

9 | Complications of AF Ablation

The acceptability of an interventional or surgical procedure
depends on the balance between efficacy and safety and cath-
eter ablation of AF is no exception to this rule.

The overall complication rate of catheter ablation of AF is es-
timated to be around between 5.1% and 7.5% [133-137] with the
commonest complications being those related to vascular
access, followed by manifestations of volume overload, the
occurrence of pericardial effusion and tamponade, and cere-
brovascular accidents or TIAs.

Other less frequent complications include lesions of the vagus
or phrenic nerve and pulmonary vein stenosis, inflammation or
infection.

Esophageal fistulas, including atrio-esophageal fistulas are by
far the most lethal complication but fortunately the rarest as
well in current practice.

Recent retrospective data on large collective indicate
that complications with PF ablation may be less frequent
than with former energy ablation techniques [138].
This observation contrasts with the data obtained in the first
randomized study prospectively reporting comparative
safety outcomes in patients assigned to PF ablation versus
RF or cryo-ablation [69] and awaits confirmative evidence
from more objective data as those generated for RF
and cryo-ablation [133-137] as well as from further
studies comparing PF ablation with these former
techniques.

Incidences for each complication in the following list refer to
NIS data sets [133] and literature searches from RCTs on AF
ablation [137].

The following description provides information that may be
helpful to prevent, recognize and efficiently treat peri-
procedural complications of AF ablation.
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(a) Flowchart highlighting peri-procedural anticoagulation based on CHADS2 score in patients undergoing AF ablation. (b)

Flowchart highlighting peri-procedural anticoagulation based on CH2ADS2-VASc score in patients undergoing AF ablation. (c) Flowchart high-
lighting peri-procedural anticoagulation based on CHA2DS2VA score in patients undergoing AF ablation. ACT, activated clotting time; Hep, heparin;
1V, intravenous; OAC, oral anticoagulants; SQ, subcutaneous. Question marks indicate unsolved issues with respect to the possibility of dis-
continuing anticoagulation therapy post-ablation in patients with no documented recurrences of sustained atrial arrhythmias.

TABLE 4 |

Recommendations on peri-procedural anticoagulation.

Evidence for superiority of one anticoagulation versus another anticoagulation strategy of technique

Recommendation Class Ref
— Uninterrupted NOACs are associated with a lower risk of major bleeding when compared I [111-117]
with uninterrupted VKAs while leading to a comparably low rate of clinical stroke
— Minimally interrupted (suspension of 1 or 2 administration doses) dabigatran is associated I [118]
with lower rate of bleeding compared to uninterrupted VKAs, while leading to a comparably
low rate of clinical stroke
— Uninterrupted VKAs may be associated with a lower rate of stroke and bleeding compared to I [107]
interrupted VKA with heparin bridging
— Intraprocedural target ACT levels > 300 sec are associated with very low rates of bleeding 1I [107, 111-118]
and thromboembolicc events
— Minimal interruption of NOACsS (i.e, skipping on dose of drug) may be associated with an I [119]
increased rate of silent stroke post-ablation
Evidence for similarity of action between comparative anticoagulation therapies or strategies
Recommendation Class Ref
— Minimally interrupted (suspension of 1 or 2 administration doses) NOACs and 1I [123-128]
uninterrupted NOACs are associated with comparable rates of bleeding and clinical stroke
— Interruption of NOAC for > 24h with heparin bridging is associated with similar risks of II [118, 126]
bleeding and clinical stroke as uninterrupted VKAs or uninterrupted NOACs
— Permanent discontinuation of oral anticoagulants in patients with a CHA2DS2VASc I [122]
score of 2 to 3and no documented atrial arrhythmia recurrences during 6-month post
ablation follow-up is associated whith comparable risk of cerebral embolic events as compared
with continued OAC
— Figure-of-eight and vascular closure systems are associated with comparable rates of major I [129, 130]

bleeding
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TABLE 5 |

. Recommendations for peri-procedural hemostasis and vascular access.

Evidence for superiority of one versus another strategy of technique for hemostasis or vascular access in ablation

procedures

Recommendation Class Ref

— Figure-of-eight or vascular closure systems are superior to manual pressure for achieving II [129, 130]
haemostasis at femoral access site

— Using manual pressure vascular haemostasis, intravenous protamine administration reduces time II [131]
to haemostasis and deambulation

— Ultrasound-guided venous access is associated with faster access time, higher rate of first pass II [132]

success and less inadvertent arterial puncture compared to an anatomical approach

9.1 | Complications of Vascular Access

The multiple and/or large bore venous access(es) necessary for
this ablation procedure combined with anatomic variability of
the femoral arterial tree and venous trunks and strong antic-
oagulation all favor the occurrence of complications such as
local hematomas, arterio-venous fistulas, and even retro-
peritoneal bleeding/hematoma.

Incidence: 0.7%-1.3%

Mitigation. Ultrasound guided venipuncture, micro punc-
ture technique. Uninterrupted OACs may be associated with
lower risk of bleeding at site of vascular access.

9.2 | Volume Overload

Routine use of open-tip irrigated RF catheters combined with
prolonged procedures under general anesthesia results in large
quantities of perfused IV fluids. Underlying heart failure or
ventricular dysfunction, recurrent or resistant or new ar-
rhythmias as well as the effects of large area atrial ablation
(edema, reduced natriuretic peptide secretion) lead to mani-
festations of volume overload in the first 48-72h after the
ablation procedure.

Incidence: Not available

Mitigation. New generation irrigated tip catheters, short
duration higher RF power irrigated tip ablation; monitoring
cardiac filling pressures and body weight with appropriate
diuretic use.

Management. use diuretics and other anti-heart failure
agents in case volume overload leads to intra- or post-
procedural decompensation.

9.3 | Pericardial Effusion or Tamponade

Intra-procedural or same day detection of pericardial effusion
likely represents a hemorrhagic rather than inflammatory
etiology although secondary conversion of inflammatory to
hemorrhagic effusion is also possible. Hemorrhagic effusion is

likely the result of traumatic transmural atrial wall damage due
to mechanical puncture from transseptal needles or in locations
weakened by RF lesions, steam pops or underlying disease.
Tamponade is a hemodynamic sequel of an effusion large en-
ough to compromise ventricular filling and forward cardiac
output.

Hemorrhagic effusion is likely the result of traumatic trans-
mural atrial wall damage—due to mechanical force particularly
locations weakened by RF lesions, steam pops or underlying
disease. Extensive manipulation, particularly with rigid cathe-
ters or in association with long sheaths, long left atrial dwell
times, long ablation times, high contact forces and high RF
powers with or without audible pops are all thought to increase
the risk of this complication. Stronger anticoagulation in the
form of higher ACTs (350-450 s) and uninterrupted OAC do not
appear to increase the risk nor make management more
difficult.

Incidence: 0.6%-2.2%

Mitigation. Optical monitoring of left heart contour and
contraction as delineated in the left anterior oblique fluoroscopy
projection may serve as baseline reference. Significant increase
of left heart contour and/or reduced contraction during repeat
(every 10-15min) fluoroscopy control using the same fluoros-
copy projection may raise the suspicion of ongoing pericardial
effusion. Confirmation of pericardial effusion by means of
transthoracic echo provides the opportunity to start peri-
cardiocentesis under stable hemodynamic conditions before
deterioration secondary to cardia tamponade occurs. In centers
using ICE, continuous monitoring allows real-time identifica-
tion of pericardial effusion well before evolution to pericardial
tamponade with higher sensitivity than using fluoroscopy.

Guiding transeptal puncture with ultrasound and using RF
needles and micro guide wires may be of value. Minimizing/
optimizing contact force and RF power, avoiding pops, ma-
nipulating cautiously and where possible while monitoring
contact force may also be of value to minimize the risk of
tamponade.

Management. Immediate neutralization of heparin-induced
anticoagulation by intravenous protamine sulfate infusion at
recommended dose (i.e., 1.0-1.5mg per 100 USP units of hep-
arin). Pericardiocentesis can be rapidly effective once
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tamponade is recognized. Early detection by routine post-
procedural echo evaluation or monitoring with intracardiac
echo during the procedure is, therefore, critical for optimal
management with favorable outcomes. While rarely required,
on-site heart surgery or arrangements for expedite patient
transfer to an institute able to treat large cardiac perforation or
vascular tears that are not rapidly resolved by pericardiocentesis
is mandatory.

9.4 |
Events

Cerebrovascular or Other Systemic Embolic

Systemic embolic complications are likely the result of for-
eign material (catheters, guide wires, long sheaths etc.)
resulting in activation of the coagulation cascade, stasis
related clot formation and tissue overheating related coag-
ulum and even char formation. Air and gas emboli may also
play a role. Gaseous emboli manifest typically only transient
effects.

Incidence: 0.5%-1.8%

Mitigation. Open tip irrigation with optimal low contact
force and RF powers to avoid overheating, optimal in-
traprocedural anticoagulation (ACT >300s) as well as peri-
procedural oral anticoagulation, routine transesophageal pre-
procedural screening, careful de-airing and procedural hygiene
with long sheaths and catheter exchanges. Pre-flushing all
sheaths with high concentration heparin [139] and running
heparin infusions to maintain the ACT through the sheaths
spending time in the left atrium may further help to reduce the
peri-procedural thrombo-embolic risk.

Management. Mechanical thrombectomy represents an
effective catheter-based therapy to rapidly remove a clot from a
brain artery [140]. Following CT scan or X-ray identification of
the blood-clot location and intravenous alteplase administra-
tion, advancement of the catheter to the culprit site allows clot
capture and removal via the stent retriever. When a facility for
thrombectomy is not available, intravenous alteplase should be
administered as the only therapy to dissolve the clot [141].

9.5 | Phrenic Nerve Injury

The right phrenic nerve, coursing down to the right hemi-
diaphragm on the parietal pericardium is vulnerable to thermal
(cryo-energy or rarely RF) damage by a proximity effect during
RSPV (or right sided SVC) ablation [142]. Balloon based single
shot devices because of their distending effects are the com-
monest offenders but other single shot devices such as loop or
basket catheters are also known to be implicated. Point RF
ablation catheters have also rarely been implicated during RSPV
isolation and perhaps more commonly during SVC isolation or
ablation. Ablation in the right atrium may also damage the right
phrenic nerve lower down in its trajectory towards the right
hemi-diaphragm.

The left phrenic nerve is usually well removed from the left
superior PV and closer to the left atrial appendage, and there-
fore, not known to be vulnerable during PV isolation although
LAA ablation as well as ablation within a persistent LSVC may
endanger this nerve.

Most phrenic nerve injuries are transient and resolve with time,
which may take up to several months in selected cases.

Incidence: 4.2%

Mitigation. Avoiding sites in proximity to the phrenic
nerve as indicated by pace capture or ablating with
lower energy intensities while monitoring right hemi-
diaphragmatic capture by stimulating the nerve upstream in
the high SVC. Weakening contraction or loss of capture
should prompt cessation of energy delivery. Pacing from a
different catheter during RF energy delivery may help to
monitor phrenic nerve reaction. If the phrenic nerve is
stimulated, the diaphragm will be observed to contract and
RF can be stopped immediately.

Management. No therapy is currently available to resolve
chronic phrenic nerve injury.

9.6 | ‘Vagal’ Nerve Lesions

This complication refers to lesions damaging nerve segments
or components of a vagal plexus (rather than the vagal nerve
trunk) responsible for innervating the stomach and the
pyloric sphincter in the posterior mediastinum between the
esophagus and the posterior left atrium. As a result of this
lesion, typically gastric hypomotility and pyloric spasm are
known to occur with both cryo-balloon as well as RF abla-
tion, and typically in proximity to the right inferior pulmo-
nary vein ostium.

Mitigation. Because of the highly variable anatomy and
lack of functional monitoring, no currently known specific
mitigation or therapeutic measures apart from minimizing
posterior LA wall ablations in terms of both extent and en-
ergy delivery.

9.7 | Atrio-Esophageal Fistula

Atrio-esophageal fistula occurs a s a result of extra-cardiac
thermal injury to the esophagus and neighbouring mediastinum
and represents one rarest, albeit most lethal, complications of
catheter ablation of atrial fibrillation. An additional and sub-
sequent inflammatory and/or ischemic phenomenon appears
necessary for the typically delayed development of full-fledged
fistulous communication with the left atrium. The lethality of
this complication is due to repeat air embolism to the brain
occurring once the fistula has been formed. It is known to occur
more frequently with RF ablation compared to cryo-ablation
but has not been reported yet with PF ablation which has a
significantly higher sensitivity for myocardial versus esophageal
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tissue. A very high mortality rate of 60%-80% has been reported,
attributable to both late diagnosis as well as the difficulty of
repairing the breach, thus emphasizing the importance of pre-
vention and early diagnosis [143-145].

Incidence: 0.01%-0.04%

Mitigation. Avoiding extra-cardiac thermal injury to the
posterior mediastinum in relation to the esophagus by reducing
delivered RF energy and contact force. Of note, there is no
reliable evidence of the benefit of esophageal temperature
monitoring, cooling or retraction nor of administration of
proton-pump inhibitors. The rarity of this complication and our
lack of understanding of the evolution of extra-cardiac ther-
mally mediated esophageal injury to fistula formation are both
significant barriers to developing effective mitigation or avoid-
ance measures. Awareness of this complication should orient
when sign of its presence such as fever, neurological or gas-
trointestinal symptoms occur. Early diagnosis may be critical to
provide early therapy.

Management. Early surgery is thought to be the only inter-
vention that reduces mortality although the evidence is neces-
sarily only anecdotal.

9.8 | Peri-Procedural Death

Peri-procedural death occurs in 1 every 1000, and in 1 every 200
patients undergoing AF ablation depending on whether its
incidence is assessed retrospectively [146] or prospectively
[147, 148]. These figures reflect estimates on large scale and
there is consistent evidence that death rates are dependent on
volume of performed procedures and operator experience, with
lower rates being reported in centers with higher volume and by
operators with greater experience [133].

Death may occur during hospitalization (early death) or after
discharge as a consequence related to the ablation procedure
(late death). Death cases related to the ablation procedure have
been reported well beyond 30 days from the procedure.

Among causes precipitating peri-procedural death, the com-
monest is represented by cardiac tamponade (about 25%), with
one in eight events being reported later than 30 days after
procedure. Peri-procedural stroke and atrio-esophageal fistulae
account for about 15% of fatal events each. Half of stroke-related
deaths occur after 30 days from procedure because of the seri-
ous consequences associated with the primary neurologic
damage. Atrio-esophageal fistulae typically manifest weeks after
procedure and are fatal in more than 60% of cases. Other less
common causes of peri-procedural death include massive
pneumonia, myocardial infarction, intractable torsade de
pointes, septicemia, sudden respiratory arrest, extra pericardial
PV perforation, occlusion of both PVs from lateral or septal
region and anaphylaxis. Knowledge of possible precipitating
causes is key to operators and needs to be considered during
decision making with patients.

Supporting Information: Tables S11a, S11b, and S11c are pro-
viding a tabulation of safety data published in prospective
studies enrolling at least 100 patients undergoing catheter
ablation of paroxysmal and/or persistent AF. Data in this table
offer a comprehensive view on the range of complications of
catheter ablation of AF in different series. Similar to what ad-
dressed in Supporting Information: Tables S10a, S10b, and S10c
for efficacy outcomes, review of safety data as proposed in this
table may help to anticipate the challenges to be expected when
referring patients for AF ablation and mitigate or treat their
occurrence. This will also help investigators when introducing
or reviewing ablation programs in their institutions.

10 | Ongoing Trials

While the present document is published, dozens of RCTs are
being conducted addressing clinically and technologically rele-
vant items in the field of AF ablation. The results of these trials
will contribute to improve our knowledge and guide future
clinical activities.

With the aim of providing readers with detailed information
about the ongoing research, we have incorporated a dedicated
table reporting the list of ongoing RCTs currently registered on
the clinicaltrials.gov (date of access) platform in Supporting
Information S2. Overall, 233 RCTs are presently underway of
which 21 will investigate the impact of catheter ablation on
clinically relevant outcomes, 55 will investigate the impact of
novel ablation catheters/technologies, 69 will investigate the
efficacy of new catheter approaches or targets on clinical out-
comes, 14 will investigate the benefit of complimentary drugs or
other interventions to improve catheter ablation outcomes, 12
will investigate the role of novel mapping strategies on catheter
ablation outcomes, 10 will investigate the benefit of novel
anticoagulation strategies on peri-procedural protection from
thromboembolism and bleeding, 6 will investigate interventions
aimed at reducing peri-procedural complications, 4 will com-
pare the benefit of catheter ablation versus sham control, and
2 will investigate prediction models for favorable outcome.
There will be 16 more RCTs investigating the benefit of
surgical ablation versus various comparative treatments, and
21 investigating other aspects of peri-procedural care (i.e.,
sedation, etc).

Supporting Information: Tables S7-S9 is meant to provide
readers with a comprehensive picture of current research and
which pending clinical and technique/technology questions will
likely be answered in the months and years to come.

11 | Emerging Role of PF Energy for AF Ablation
As we write the present document, a large bulk of studies are
being published or underway to investigate the role of pulsed
field energy delivery, a new emerging technology for lesion
deployment in the heart, for catheter ablation of AF. This en-
ergy form consists in the transmission of pulsed energy to the
heart that determines electroporation of the cell membrane
leading to irreversible tissue damage.
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The claimed selectivity for cardiac tissue associated with the rapid
effect (within second) after onset of energy release, has boosted
great enthusiasm about the efficacy and safety potential of this
technology for treating AF [149]. While we recognize the potential,
the available data should still be considered preliminary and cer-
tainly not comparable in size with the multi-decade experience of
RF and Cryo-ablation. In the first RCT of RF versus PF ablation, the
two techniques showed similar efficacy in patients with paroxysmal
AF and one fatality case was observed in the PF study group [69].
More recently, unexpected complications such as coronary artery
spasm, renal insufficiency, hemolysis and cerebral thrombo-
embolism have been documented during and after PF ablation of
AF patients [150-153]. Meanwhile, experimental studies have
shown that early disappearance of electrical activity is transient
unless obtained with high contact pressure at target ablation sites, a
factor possibly affecting long-term efficacy and peri-procedural
safety [154]. Most studies using this technique, conducted pro-
spectively in patients with persistent AF are observational [155] and
require rigorous comparison with control techniques before supe-
riority of PF ablation can be established.

For these reasons, we have elected to adopt a prudent approach
when including PF ablation in our recommendation scheme.
Ongoing trials will contribute to refining the present scheme
based on study results.

12 | Heart Failure and AF Ablation

The clinical findings of heart failure or imaging evidence of
impaired cardiac function occurring with AF can be a man-
agement dilemma. If the AF is assumed to be secondary to the
heart failure, the initial practice would be the commencement
of heart failure drugs and screening for secondary causes of
heart failure. This will be followed by a determination of the
need for device prophylaxis with an implantable defibrillator.
However, AF-induced cardiomyopathy (AFICM) is now well-
described, and the restoration of sinus rhythm may result in
complete resolution of cardiac impairment. This form of car-
diomyopathy may arise secondary to the tachycardia but is also
seen in the presence of rate-controlled AF. Functional mitral
regurgitation of varying severity may also be part of a vicious
cycle that exacerbates this type of cardiomyopathy. Failing to
identify those patients with AFICM can compromise the opti-
mal management of this important group of patients with heart
failure.

The diagnostic and therapeutic challenge for the clinician is
determining whether to focus treatment on the heart failure or
the AF. If the clinical history is suspicious for AFICM, then
restoration of sinus rhythm using a combination of AADs, DC-
cardioversion or AF ablation may help the need for heart failure
treatment. In some patients, the restoration of sinus rhythm will
not fully resolve the impairment of cardiac function but will
markedly improve the symptoms and cardiac function. These
patients will not be diagnosed as having AFICM, but cardio-
myopathy that has been exacerbated by AF.

Several trials may help determine the optimal approach to
managing this group patients. Early restoration of sinus rhythm
also resulted in improved cardiovascular outcomes in the EAST-

AFNET study, but only a minority of these patients had con-
comitant heart failure [156]. Some of them have directly ad-
dressed the question of whether AF ablation to restore sinus
rhythm in patients with heart failure is beneficial compared to
optimal medical therapy alone. The CAMTAF trial [157] and
the CAMERA-MRI [158] trial both showed catheter ablation
was superior to rate control for improving LV ejection fraction.
The AATAC trial was able to show reduced mortality and
hospitalization in the ablation group as a secondary outcome
[159]. Further, confirmation of this finding came from the
CASTLE-AF trial which showed superiority of catheter ablation
to medical therapy as the primary objective [57]. The more
recent RAFT-AF trial used the same composite endpoint of
death and heart failure hospitalization and showed a trend fa-
voring catheter ablation, but this did not reach significance
[160]. The CASTLE-AF trial patients had a median ejection
fraction of 32% and all had a defibrillator in-situ, whereas only
about 25% of patients had a defibrillator in RAFT-AF and 40%
of patients had an ejection fraction >45%. The left atrial
diameters and proportion of patients with persistent AF were
similar in both studies, implying that restoration of sinus
rhythm is even more important in those with more severe LV
dysfunction. This suggests that there are subgroups, within the
AF with heart failure population, who may have greater benefit
and the current trial data may not help identify these patients.
For example, it is not known if a trial of DC cardioversion to
identify patients whose LV function improves is a beneficial
strategy or whether the mortality and hospitalization benefits
are independent of such findings. Aggressive rate control with
AV node ablation should also be considered as the APAF-CRT
trial suggested a resynchronization pacemaker followed by rate
control by AV-node ablation was more effective at reducing
mortality than medical therapy alone [161]. It is not known if
such a strategy is comparable to achieving sinus rhythm or
should only be applied in those patients in whom sinus rhythm
cannot be maintained.

While consistent evidence has been reported about the role of
AF ablation in patients with CHF, we acknowledge missing
evidence about the benefit that AF ablation may provide
depending on CHF sub-categories, such as for example primary
CHF, CHF secondary to AF and intermediate groups, or HFTrEF,
HFmrEF and HFpEF [162]. With the aim of fulfilling this gap,
we encourage research that will accurately distinguish sub-
categories of CHF and AF at the time of screening. To this
purpose, indicators of heart performance such as cardiac index
or LVEF assessment after pharmacological or electrical resto-
ration of sinus rhythm would help to distinguish between CHF
sub-categories. Randomized comparison between AF ablation
and drug treatment within each sub-category would help filling
a relevant knowledge gap in this discipline and identify sub-
groups of CHF patients obtaining better prognostic benefit from
ablation.

13 | Peri-Procedural Mortality

Among procedure-related complications, early mortality ac-
counts for up of 0.5% of patients [133]. Accurate estimates of the
true incidence of peri-procedural mortality are difficult to
obtain. The earliest documentation of its occurrence was

1091 of 1194



reported about one decade after the introduction of this tech-
nique in clinical practice [163], and was based on a rather
approximate, voluntary-based contribution by centers con-
tributing to a worldwide survey. At that time, the reported
incidence of this complication was 0.5%. Since then, various
studies have addressed this issue giving the perception that the
incidence of peri-procedural mortality was decreasing as
investigator experience was growing. This is of great importance
because of the increasing volume of procedures treating
increasingly sicker patients with more complex substrates.
However, the question remained whether the accuracy of data
reported from single studies or multi-center registries and sur-
veys are representative of the true incidence of this complica-
tion in the real world.

A robust method for accurate assessment of peri-procedural
mortality was first introduced in 2013, when Deshmukh et al.
[133] reported on a large survey of in-hospital complications
associated with 93801 AF ablation procedures in the United
States between 2000 and 2010. Data was obtained from NIS data
set representing a nation-based survey conducted by the
Healthcare Cost and Utilization Project in collaboration with
the participating states. ICD-9-CM codes were used to identify
each of the study diagnoses investigated. Trends in complica-
tions showed that in-hospitalization death occurred at a rate of
0.42% and that this figure tended to be stable throughout the
investigated period [133]. Mortality rates were found to be
higher in centers with lower patient volumes and less operator
experience. Using a similar method (i.e., the United States
Agency for Healthcare Research and Quality—AHRQ), Cheng
et al. [147] reported an early mortality rate of 0.46% in 60 203
patients during the years 2000-2015 with 54% of deaths oc-
curring during 30-day readmission.

These figures reliably indicate the true incidence of peri-
procedural mortality of AF ablation and indicate that death may
occur in 1:200 patients undergoing this procedure.

We, therefore, strongly advocate that:

— clear, honest and comprehensive information is given to
patients about mortality risks at the time of therapy
prescription;

— regular education and simulations/rehearsal (i.e., every 2
or 3 months) programs for all staff-members enabling
them to recognize early and treat acute clinical deterio-
ration resulting from life-threatening procedure-related
complications;

— when not available, arrangements should be in place for
patient transfer to an institute able to treat rare compli-
cations like cardiac perforation or vascular tears.

14 | Mortality Benefit of Catheter Ablation

Historical studies examining the mortality benefit for rhythm
control of AF (vs. rate control) have primarily focused on the
use of antiarrhythmic drugs [164, 165]. These studies have been
relatively small and have either been neutral or have suggested
that rhythm control is associated with greater mortality. The

obvious ease of prescribing drug therapy is countered by the
limited success, lack of precision of antiarrhythmic drugs, and
their potential side effects, pro-arrhythmia being the most
concerning. Catheter ablation by contrast has been shown to be
superior to drugs in achieving rhythm control but has a front-
loaded risk [166]. Several case cohort and population studies
have sought to examine the impact of catheter ablation on
mortality and have shown benefit. These studies however are
limited by their size or design. To date only two large ran-
domized controlled trials have been performed. CABANA
compared catheter ablation to standard medical therapy in a
large patient cohort [51]. The results were neutral if one ex-
amined the data as the trial was designed, intention to treat.
The study outcomes were significantly limited by the one-third
of patients who crossed from the medical arm and received
catheter ablation and only when performing a per treatment
analysis was a statistically significant mortality benefit seen.
The EAST trial examined the impact of early rhythm control
(within 1 year of AF diagnosis) in patients with concomitant
cardiovascular risk factors [156]. The study compared usual
care (which limited rhythm control only for AF related symp-
toms) to early rhythm control. Rhythm control was initially
predominantly antiarrhythmic drug therapy with -catheter
ablation performed in about one-fifth of patients at the 2-year
follow up point. In this study early rhythm control did have
mortality benefit but the study did not have sufficient data to
examine the impact of catheter ablation which contributed to
only 20% of adopted strategies to achieve rhythm control.

The impact of catheter ablation of AF associated with heart
failure has been examined and several studies have shown that
AF ablation is associated with a mortality benefit. CASTLE- AF
is the largest randomized trial and showed a significant mor-
tality benefit [57]. Although the results of this trial have been
challenged because of the very high success rates for the AF
ablation, the methodology was sound, and the results have been
echoed in other studies and reviews [157-159, 166].

It is reasonable to conclude that while there are signals in the
literature that catheter ablation may be associated with a
reduced mortality, there are insufficient data to conclude that
this should be recommended in the absence of AF symptoms
other than in patients who have associated heart failure, in
which case one might argue they do have symptoms, the
symptoms from the heart failure if not directly from the AF.

One challenge in this area is that the patients who may be most
likely to gain from successful catheter ablation, namely young
patients with lone paroxysmal AF who are likely to have a good
outcome from ablation and be exposed to many years of AF or
antiarrhythmic drugs in its absence. These patients very
unlikely to be included in mortality trials because of the very
low event rate and long follow up period in large numbers of
patients that will be required to have a chance of showing a
significant difference. This problem was, until this decade,
somewhat academic because patients with symptoms would
have ablation for this reason and patients without symptoms
would be unlikely to be diagnosed. However, the increasing use
of wearable technologies that diagnose AF [167], mean that
there is a growing population of patients who are faced with the
dilemma of having highly treatable AF without symptoms and
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have to make a decision whether to have catheter ablation in
the hope that this will have a prognostic impact without the
support of robust data.

We would, therefore, encourage that:

— AF ablation is offered to patients with heart failure, par-
ticularly when there are no other causes for the heart
failure and/or there is a temporal associated between the
heart failure and the AF.

— AF ablation should be offered to patients with symptoms
associated with AF, particularly if they are at high risk of
other cardiovascular disease.

— Asymptomatic patients should be offered information
about the possible mortality benefit of AF ablation but
must be told about the absence any robust data supporting
this conclusively.

If patients do decide to undergo an ablation, a full discussion
should be given allowing them to understand the risks and
success rates of the procedure in their specific case. Asympto-
matic AF patients with a low probability of successful ablation,
for example patients with persistent AF with severely dilated
atria and no evidence of sinus rhythm in the last 1-3 years
should probably be dissuaded from ablation given the lack of
evidence supporting this approach.

15 | Main Differences Between ECAS GLs and
Equivalent Recently Published Documents on AF
Ablation

The main differences between ECAS GLs and the most recently
published documents in the field, including the 2024 ESC GLs
[3], the 2023 ACC/AHA/HRS GLs [2] and the EHRA/HRS/
APHRS/LAHRS consensus document [4], are reported in Sup-
porting Information: Table S6. In brief, the classification
scheme in the present GLs appears simpler than the one
adopted by the other documents. This is justified by complete
elimination of level or type of evidence for each recommenda-
tion class. With respect to specific indications, the more rigor-
ous inclusion criteria adopted in the present GLs is reflected in
the lower number of recommendations addressed as compared
with the number of recommendations in the other documents.
The difference within specific indications across the four GL
and consensus documents is reflected by the statement “Cannot
be classified” in the ECAS pertinent row of Supporting Infor-
mation: Table S6. Adoption of more rigorous inclusion criteria
and rejection of level or type of evidence sub-classification
within single classes in the ECAS GLs is also reflected in Sup-
porting Information: Table S6 by the less populated justifica-
tions for most indications.

16 | Summary and Future Directions

Adopting the growing request for rigor and transparency, the
present document provides a concise scheme on Classes I-11I
recommendations relative to beneficial effects of catheter
ablation of AF and of specific ablation strategies or techniques

for which high-quality evidence of greater benefit than risk is
demonstrated. Consistent with the rigorous methods adopted,
subclassifications and levels of evidence have been deleted with
the aim of mitigating arbitrariness in document production. The
copious ongoing research in the field, of which we have pro-
vided a custom-built list for readers reference, will enrich our
recommendation list in future guidelines, with the awareness
that new paradigms may surface offering different base the-
ories, methods of investigation and validation may subvert
current guidelines' structure. The model used here is meant to
preserve the original mission of guidelines to assist, not to
impose practitioner decisions about appropriate health care and
reconcile them with the true art of medicine. The rigor, sim-
plicity and transparency of the present document may serve
other societies in preparation guideline documents.
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