UNIVERSITYOF
BIRMINGHAM

iversit}/]of iIrmingham
esearch at Birmingham

Longer and better lives for patients with atrial
fibrillation

Linz, Dominik; Andrade, Jason G; Arbelo, Elena; Boriani, Giuseppe; Breithardt, Guenter;
Camm, A John; Caso, Valeria; Nielsen, Jens Cosedis; De Melis, Mirko; De Potter, Tom;
Dichtl, Wolfgang; Diederichsen, Sgren Zoega; Dobrev, Dobromir; Doll, Nicolas; Duncker,
David; Dworatzek, Elke; Eckardt, Lars; Eisert, Christoph; Fabritz, Larissa; Farkowski, Michal

DOI:
10.1093/europace/euae070

License:
Creative Commons: Attribution-NonCommercial (CC BY-NC)

Document Version
Publisher's PDF, also known as Version of record

Citation for published version (Harvard):

Linz, D, Andrade, JG, Arbelo, E, Boriani, G, Breithardt, G, Camm, AJ, Caso, V, Nielsen, JC, De Melis, M, De
Potter, T, Dichtl, W, Diederichsen, SZ, Dobrev, D, Doll, N, Duncker, D, Dworatzek, E, Eckardt, L, Eisert, C,
Fabritz, L, Farkowski, M, Filgueiras-Rama, D, Goette, A, Guasch, E, Hack, G, Hatem, S, Haeusler, KG, Healey,
JS, Heidbuechel, H, Hijazi, Z, Hofmeister, LH, Hove-Madsen, L, Huebner, T, Kaab, S, Kotecha, D, Malaczynska-
Rajpold, K, Merino, JL, Metzner, A, Mont, L, Ng, GA, Oeff, M, Parwani, AS, Puererfellner, H, Ravens, U,
Rienstra, M, Sanders, P, Scherr, D, Schnabel, R, Schotten, U, Sohns, C, Steinbeck, G, Steven, D, Toennis, T,
Tzeis, S, van Gelder, IC, van Leerdam, RH, Vernooy, K, Wadhwa, M, Wakili, R, Willems, S, Witt, H, Zeemering,
S & Kirchhof, P 2024, 'Longer and better lives for patients with atrial fibrillation: the 9th AFNET/EHRA consensus
conference', Europace, vol. 26, no. 4, euae070. https://doi.org/10.1093/europace/euae070

Link to publication on Research at Birmingham portal

General rights

Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

*Users may freely distribute the URL that is used to identify this publication.

*Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.

*User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
*Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.

Take down policy . ) o o ) ) .
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 07. May. 2024


https://doi.org/10.1093/europace/euae070
https://doi.org/10.1093/europace/euae070
https://birmingham.elsevierpure.com/en/publications/66a3b0b2-f50e-461b-9d17-78d193ec4ae9

@ ESC Europace (2024) 26, euae070 CLINICAL RESEARCH

European Society https:/doi.org/10.1093/europace/euae070
of Cardiology

Longer and better lives for patients with atrial
fibrillation: the 9th AFNET/EHRA consensus
conference

Dominik Linz 1’2, Jason G. Andrade 3’4, Elena Arbelo 5’6’7’8,
Giuseppe Boriani ® ?, Guenter Breithardt ® '>'", A. John Camm © '?,
Valeria Caso ® 13, Jens Cosedis Nielsen 14 Mirko De Melis ® '3,

Tom De Potter ® '¢, Wolfgang Dichtl ® ', Sgren Zoega Diederichsen ® 2,
Dobromir Dobrev 19, Nicolas DoII2°, David Duncker 21, Elke Dworatzekn,
Lars Eckardt "’23, Christoph Eisert 24, Larissa Fabritz "’25’26’27,

Michal Farkowski ® 28, David Filgueiras-Rama 72930 Andreas Goette ® 1131,
Eduard Guasch ® *7*2, Guido Hack??, Stéphane Hatem © 3¢,

Karl Georg Haeusler 11,35 Jeff S. Healey 36,37 Hein Heidbuechel ® 38,

Ziad Hijazi 38’39’40, Lucas H. Hofmeister‘", Leif Hove-Madsen 7’42’43,
Thomas Huebner?*, Stefan Kiib ® 8***) Dipak Kotecha ® 7%,

Katarzyna Malaczynska-Rajpold ® *7**2, José Luis Merino ® *°,

Andreas Metzner ® *% Lluis Mont ® *%’, Ghulam Andre Ng ® *'2,

Michael Oeff"’53, Abdul Shokor Parwani 54, Helmut Puererfellner 55,

Ursula Ravens"’“, Michiel Rienstra 57, Prashanthan Sanders 58,

Daniel Scherr 59, Renate Schnabel "’26’50, Ulrich Schotten "’6°,
Christian Sohns ® !, Gerhard Steinbeck'''%2, Daniel Steven ® 1143,
Tobias Toennis ® 269, Stylianos Tzeis 64 Isabelle C. van Gelder ® >,
Roderick H. van Leerdam“, Kevin Vernooy 1, Manish Wadhwa“,
Reza Wakili"’67’°8, Stephan Willems "’26’69, Henning Witt 22,

Stef Zeemering © ®°, and Paulus Kirchhof ® 1262750

"Department of Cardiology, Maastricht University Medical Center, Cardiovascular Research Institute Maastricht, Maastricht, The Netherlands; 2Depar‘cment of Biomedical Sciences, Faculty of
Health and Medical Sciences, University of Copenhagen, Copenhagen, Denmark; *Division of Cardiology, Vancouver General Hospital, Vancouver, Canada; *Montreal Heart Institute, Montreal,
Canada; SInstitut Clinic Cardiovascular, Hospital Clinic, Universitat de Barcelona, Barcelona, Catalonia, Spain; SInstitut d'Investigacié August Pi i Sunyer (IDIBAPS), Barcelona, Catalonia, Spain;
“Centro de Investigacion Biomédica en Red de Enfermedades Cardiovasculares (CIBERCV), Madrid, Spain; ®European Reference Network for Rare, Low Prevalence and Complex Diseases of the
Heart—ERN GUARD-Heart; 9Cardiology Division, Department of Biomedical, Metabolic and Neural Sciences, University of Modena and Reggio Emilia, Polyclinic of Modena, Modena, Italy;
10Depar‘tment of Cardiovascular Medicine, University Hospital, Minster, Germany; " Atrial Fibrillation NETwork (AFNET), Muenster, Germany; 12Cardiology Clinical Academic Group, Molecular
and Clinical Sciences Institute, St. George’s University of London, London, UK; BStroke Unit, Santa Maria della Misericordia Hospital, University of Perugia, Perugia, Italy; MDepar‘tment of
Cardiology, Aarhus University Hospital and Department of Clinical Medicine, Aarhus University, Aarhus, Denmark; "*Bakken Research Center, Maastricht, The Netherlands; '®Cardiovascular
Center, OLV Hospital, Aalst, Belgium; 17Department of Internal Medicine lll, Cardiology and Angiology, Medical University Innsbruck, Innsbruck, Austria; 18Depar‘cment of Cardiology, Copenhagen
University Hospita—Rigshospitalet, Copenhagen, Denmark; *Institute of Pharmacology, Faculty of Medicine, University Hospital Essen, University Duisburg-Essen, Essen, Germany; °Department
of Cardiac Surgery, Schiichtermann-Klinik, Bad Rothenfelde, Germany; 2"Hannover Heart Rhythm Center, Department of Cardiology and Angiology, Hannover Medical School, Hannover,
Germany; 2Pfizer Pharma GmbH, Berlin, Germany; >Department of Cardiology Il—Electrophysiology, University Hospital Miinster, Miinster, Germany; >*Preventicus GmbH, Jena, Germany;
25University Center of Cardiovascular Science, UHZ, UKE, Hamburg, Germany; 26German Centre for Cardiovascular Research (DZHK), Partner Site: Hamburg/Kiel/Liibeck, Hamburg, Germany;
nstitute of Cardiovascular Sciences, University of Birmingham, Edgbaston, Birmingham, UK; *Department of Cardiology, Ministry of Interior and Administration, National Medical Institute,
Warsaw, Poland; 2’Centro Nacional de Investigaciones Cardiovasculares (CNIC), Novel Arrhythmogenic Mechanisms Program, Madrid, Spain; *Instituto de Investigacién Sanitaria del Hospital
Clinico San Carlos (IdISSC), Cardiovascular Institute, C/ Profesor Martin Lagos, Madrid, Spain; >'Department of Cardiology and Intensive Care Medicine, St Vincenz-Hospital Paderborn, Paderborn,
Germany; **Clinic Barcelona, University of Barcelona, Barcelona, Spain; >Bristol-Myers Squibb GmbH & Co. KGaA, Munich, Germany; **IHU ICAN, Hospital Pitié-Salpétriere, Paris, France;
*Department of Neurology, Universititsklinikum Wiirzburg (UKW), Wiirzburg, Germany; **Division of Cardiology, McMaster University, Hamilton, Ontario, Canada; *’Population Health
Research Institute, Hamilton, Ontario, Canada; 38Antwer|:> University Hospital, Cardiovascular Sciences, University of Antwerp, Antwerp, Belgium; 39De|:>ar'1:ment of Medical Sciences, Cardiology,
Uppsala University, Uppsala, Sweden; *Uppsala Clinical Research Center, Uppsala University, Uppsala, Sweden; *'Global Medical Affairs Bayer AG, Berlin, Germany; *Biomedical Research Institute
Barcelona (IIBB-CSIC), Barcelona, Spain; “IR Sant Pau, Hospital de Sant Pau, Barcelona, Spain; ““Department of Medicine |, University Hospital, LMU Munich, Munich, Germany; **German Centre
for Cardiovascular Research (DZHK), Partner Site Munich, Munich Heart Alliance, Munich, Germany; **NIHR Birmingham Biomedical Research Centre, University Hospitals Birmingham NHS
Trust, Birmingham, UK; Lister Hospital, East and North Hertfordshire NHS Trust, Stevenage, UK; 45Royal Brompton Hospital, Guy’s and St Thomas’ NHS Foundation Trust, London, UK;

$20z 1dy g1 uo Jasn saipnig Jeoue) Joy aynnsu| D49 Aq 0LE£249/2/0.08eNn8/y/9zZ/3o1ue/a0edoins/woo dno olwapeose//:sdiy Woll papeojumo(]


https://orcid.org/0000-0003-4893-0824
https://orcid.org/0000-0002-8493-5123
https://orcid.org/0000-0003-0424-6393
https://orcid.org/0000-0002-9820-4815
https://orcid.org/0000-0001-7574-8900
https://orcid.org/0000-0002-2536-2871
https://orcid.org/0000-0002-2020-8891
https://orcid.org/0000-0001-9414-1653
https://orcid.org/0000-0002-9223-4183
https://orcid.org/0000-0003-1424-114X
https://orcid.org/0000-0002-0421-2110
https://orcid.org/0000-0002-9687-0857
https://orcid.org/0000-0002-4612-117X
https://orcid.org/0000-0003-2996-6338
https://orcid.org/0000-0002-3735-8503
https://orcid.org/0000-0002-1964-5154
https://orcid.org/0000-0002-9241-1733
https://orcid.org/0000-0003-1673-7712
https://orcid.org/0000-0001-5909-2454
https://orcid.org/0000-0002-8223-7209
https://orcid.org/0000-0003-4238-5319
https://orcid.org/0000-0002-9790-0755
https://orcid.org/0000-0002-6389-5054
https://orcid.org/0000-0003-1216-7580
https://orcid.org/0000-0001-9301-8127
https://orcid.org/0000-0002-7420-743X
https://orcid.org/0000-0001-5493-3998
https://orcid.org/0000-0001-8824-3581
https://orcid.org/0000-0002-2570-9812
https://orcid.org/0000-0002-9049-546X
https://orcid.org/0000-0002-1737-1903
https://orcid.org/0000-0002-6818-6396
https://orcid.org/0000-0002-8115-5906
https://orcid.org/0000-0001-5965-0671
https://orcid.org/0000-0003-2043-7050
https://orcid.org/0000-0002-8965-8495
https://orcid.org/0000-0002-2581-070X
https://orcid.org/0000-0003-3803-8429
https://orcid.org/0000-0001-5868-5493
https://orcid.org/0000-0001-7170-9509
https://orcid.org/0000-0003-1532-3315
https://orcid.org/0000-0003-0490-5862
https://orcid.org/0000-0001-6839-5895
https://orcid.org/0000-0002-7351-0621
https://orcid.org/0000-0002-2007-1928
https://orcid.org/0000-0002-7579-1201
https://orcid.org/0000-0002-8818-5964
https://orcid.org/0000-0002-8890-5749
https://orcid.org/0000-0001-6256-3763
https://orcid.org/0000-0003-3738-7328
https://orcid.org/0000-0002-1881-0197

2 D. Linz et al.

*ILa Paz University Hospital, IdiPaz, Autonomous University of Madrid, Madrid, Spain; *°Department of Cardiology, University Heart & Vascular Center Hamburg, University Medical Center
Hamburg-Eppendorf, Martinistr. 52, Hamburg, Germany; *' Department of Cardiovascular Sciences, University of Leicester, Leicester, UK; *2NIHR Leicester Biomedical Research Centre, Leicester,
UK; **Cardiology Department, Medizinische Hochschule Brandenburg, Brandenburg/Havel, Germany; **Department of Cardiology, Deutsches Herzzentrum der Charité (CVK), Berlin, Germany;
55Cardiological Department, Ordensklinikum Linz Elisabethinen, Linz, Austria; 6|nstitute of Experimental Cardiovascular Medicine, University Clinic Freiburg, Freiburg, Germany; 57University
Medical Center Groningen, University of Groningen, Groningen, The Netherlands; 8Centre for Heart Rhythm Disorders, University of Adelaide and Royal Adelaide Hospital, Adelaide, Australia;
*Division of Cardiology, Medical University of Graz, Graz, Austria; ““Departments of Physiology, Cardiovascular Research Institute Maastricht, Maastricht University, Maastricht, The Netherlands;
®"Herz- und Diabeteszentrum Nordrhein-Westfalen, Universititsklinik der Ruhr-Universitit Bochum, Klinik fiir Elektrophysiologie—Rhythmologie, Bad Oeynhausen, Germany; **Center for
Cardiology at Clinic Starnberg, Starnberg, Germany; **Heart Center, Department of Electrophysiology, University Hospital Cologne, Cologne, Germany; **Cardiology Department, Mitera
Hospital, Athens, Greece; 65Royal Philips, Amsterdam, The Netherlands; %Medical Office, Philips Ambulatory Monitoring and Diagnostics, San Diego, CA, USA; 67Depar‘tment of Medicine and
Cardiology, Goethe University, Frankfurt, Germany; *®German Centre for Cardiovascular Research (DZHK), Partner Site Rhine-Main, Germany; and *°Asklepios Hospital St. Georg, Department of
Cardiology and Internal Care Medicine, Faculty of Medicine, Semmelweis University Campus, Hamburg, Germany

Received 22 December 2023; accepted dfter revision 16 February 2024; online publish-ahead-of-print 9 April 2024

Aims Recent trial data demonstrate beneficial effects of active rhythm management in patients with atrial fibrillation (AF) and sup-
port the concept that a low arrhythmia burden is associated with a low risk of AF-related complications. The aim of this
document is to summarize the key outcomes of the 9th AFNET/EHRA Consensus Conference of the Atrial Fibrillation
NETwork (AFNET) and the European Heart Rhythm Association (EHRA).

Methods Eighty-three international experts met in Munster for 2 days in September 2023. Key findings are as follows: (i) Active rhythm
and results management should be part of the default initial treatment for all suitable patients with AF. (i) Patients with device-detected
AF have a low burden of AF and a low risk of stroke. Anticoagulation prevents some strokes and also increases major but
non-lethal bleeding. (i) More research is needed to improve stroke risk prediction in patients with AF, especially in those
with a low AF burden. Biomolecules, genetics, and imaging can support this. (iv) The presence of AF should trigger systematic
workup and comprehensive treatment of concomitant cardiovascular conditions. (v) Machine learning algorithms have been
used to improve detection or likely development of AF. Cooperation between clinicians and data scientists is needed to leverage

the potential of data science applications for patients with AF.

Conclusions Patients with AF and a low arrhythmia burden have a lower risk of stroke and other cardiovascular events than those with a
high arrhythmia burden. Combining active rhythm control, anticoagulation, rate control, and therapy of concomitant car-
diovascular conditions can improve the lives of patients with AF.
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Longer and better lives for patients with AF
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What’s new?

Recent evidence suggests important improvements to the manage-
ment of patients with one atrial fibrillation (AF).

(1) Active rhythm management should be part of the default initial
treatment for patients with AF.

(2) Patients with device-detected AF have a low burden of AF and a
low risk of stroke. Anticoagulation prevents some strokes and
also increases major but non-lethal bleeding.

(3) More research is needed to improve stroke risk prediction in pa-
tients with AF, especially in those with a low AF burden.
Biomolecules, genetics, and imaging can support this.

In summary, combining active rhythm control, anticoagulation,
rate control, and therapy of concomitant cardiovascular conditions
can improve the lives of patients with AF.

Introduction

The year 2023 is the first year since 2011 in which three hot line
presentations of clinical trials in patients with atrial fibrillation (AF) were
presented at the annual congress of the European Society of Cardiology
(ESC) and simultaneously published in the New England Journal of
Medicine (CASTLE-HTx, ADVENT, and NOAH-AFNET 6)." In
November 2023, ARTESIA was presented and published.* Unlike in
2011, when the focus was on anticoagulation,™ two of the trials pre-
sented at ESC evaluated AF ablation,>* the most effective method for ac-
tive rhythm management. The two other large trials, although primarily
assessing the efficacy and safety of anticoagulation in patients with device-
detected AF, found a low stroke risk in a population with risk factors and a
very low AF burden, highlighting the possible role of arrhythmia burden for
stroke risk."* This shift from evaluating the effect of anticoagulation to-
wards evaluating active rhythm control management in clinical trials high-
lights the recent growth in this clinical area (Figure 7). From 11-13
September 2023, experts from academia and industry met for the 9th
AFNET/EHRA consensus conference of the Atrial Fibrillation NETwork
(AFNET) and the European Heart Rhythm Association (EHRA) to discuss
these recent findings. To acknowledge the 20th anniversary of AFNET, the
9th AFNET/EHRA consensus conference was held in Munster, Germany,
the home of AFNET.

Methods

The 9th AFNET/EHRA consensus conference brought together 83 inter-
national interdisciplinary experts including arrhythmia and heart failure
specialists, pharmacologists, basic and translational scientists, general practi-
tioners, neurologists, nurse practitioners, epidemiologists, clinical trialists,
and health economists in Munster, Germany on 11-13 September 2023.
The conference started with four sessions of expert talks summarizing recent
developments in the field. Thereafter, the participants split into six breakout
groups to discuss specific topics. Each break-out group summarized their
thoughts and statements on posters and presented them to the plenary.
These were discussed and adapted in poster walk-through sessions. The con-
sensus summarized here integrates this iterative, intensive dialogue in each

group and in the plenum, using formal and informal feedback. Refinement
of the consensus and integration of new data*®” was done during the writing
0-13

process. Details of the methodology have been described before."

Active rhythm management: from
symptom control to outcome
reduction

Atrial fibrillation guidelines recommend active rhythm control to im-
prove symptoms in patients with AF. Since the release of the 2020
ESC AF guidelines, new data indicate that patients with recent onset
AF and stroke risk factors'* and those with heart failure with reduced
ejection fraction have better cardiovascular outcomes on rhythm con-
trol therapy.>'>"® This evidence supports the use of early rhythm
control irrespective of symptoms. The trials do not show safety signals
associated with rhythm control. The safety of modern rhythm control
is confirmed in analyses of large electronic health records.'”"”
Furthermore, the risk of stroke is low in patients with risk factors
and a very low burden of device-detected AF (see ‘Atrial fibrillation
burden in patients with electrocardiogram-diagnosed atrial fibrillation
and in patients with device-detected atrial fibrillation’ section). This
suggests that a reduction in arrhythmia burden could explain the
outcome-reducing effect of rhythm control therapy. The concept of
AF burden reduction as a component of treating patients with AF
has been highlighted in the recent 2023 ACC/AHA/ACCP/HRS
Guideline for the Diagnosis and Management of AF.2° Taking this in
context with earlier trials such as ATHENA,?"*? the group sees a
paradigm shift that moves rhythm control from a symptom-improving
‘lifestyle therapy’ to an outcome-reducing treatment to reduce stroke,
heart failure, and, to a lesser extent, acute coronary syndrome and cardio-
vascular death.

Identification of patients suitable for

rhythm control

Currently, only a small minority of patients with AF are treated with
rhythm control therapy. Based on the outcome-reducing effects of
early rhythm control and AF ablation, patients with AF should, by
default, undergo at least one attempt of active rhythm control
(Figure 2). This may include a ‘diagnostic cardioversion’ to unmask
AF-related symptoms and arrhythmia-induced cardiomyopathy.
Left ventricular dysfunction should probably encourage rhythm
control.>'*1¢23 Early rhythm control reduced outcomes in patients
with heart failure.?® Atrial fibrillation ablation reduced cardiovascu-
lar events compared with medical therapy in two randomized trials,
CASTLE-AF and CASTLE-HTx*" and in a pre-specified sub-
analysis of the CABANA trial.** A few patients, who experience a
good symptom control by rate control alone and in whom prevent-
ing cardiovascular events is no longer relevant (for example due to
limited life expectancy or advanced age), may opt to not receive
rhythm control therapy.
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CHAMPION AF

Abelacimab vs. rivaroxaban
AZALEA-TIMI 71

Ongoing

Figure 1 Timeline of landmark trials in atrial fibrillation management on active rhythm management (left) and stroke prevention (right) from 2000
until today. The studies are colour-coded based on their size (from light to dark: <1000, 1000—10 000, and >10 000 participants), and ongoing studies
are shown in orange. AAD, antiarrhythmic drugs; AF, atrial fibrillation; CA, catheter ablation; CV, cardiovascular; ECV, electrical cardioversion; ED,
emergency department; HFrEF, heart failure with reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; Htx, heart transplant-
ation; LAAO, left atrial appendage occlusion; OMT, optimal medical treatment; NOACs, novel oral anticoagulant drugs; PVI, pulmonary vein isolation;

VKA, vitamin K antagonist.

Role of atrial fibrillation ablation for

delivering early rhythm control

The outcome-reducing effect of early rhythm control was achieved
using antiarrhythmic drugs in most patients.”® Attaining sinus rhythm
was the main mediator of outcome reduction in EAST-AFNET 4.2
The EAST-AFNET 4 trial also showed that early and systematic
rhythm control is effective across AF patterns, including paroxysmal
AF, persistent AF, and first-diagnosed AF.>” Antiarrhythmic drugs re-
main a key component of rhythm control therapy. Atrial fibrillation
ablation reduced symptoms,”® psychological distress,* and arrhyth-
mia burden®® more than antiarrhythmic drug therapy. Ongoing and
planned trials are evaluating whether AF ablation can also reduce car-
diovascular events [CABA-HFPEF DZHK27 trial (NCT05508256),
EAST"8"-AFNET 11, and others].

Improving atrial fibrillation ablation

Pulmonary vein isolation (PVI) remains the main target for AF abla-
tion. The STAR-AF II,* CAPLA,*? and DECAAF II** studies showed

that empiric placement of additional ablation lines or magnetic res-
onance—guided ablation of fibrotic areas does not improve AF
rhythm outcome after AF ablation compared with PVI alone.
Several smaller recent trials comparing additional AF ablation tar-
gets to PVI only, including ERASE-AF,** showed a mix of neutral
outcomes and improved prevention of recurrent AF. Additional
studies, such as COAST AF (NCTO03347227) and STAR-AF llI
(NCTO04428944), will further evaluate additional ablation strategies
on top of PVI. Recent randomized trials evaluating hybrid AF abla-
tion combining surgical and endocardial ablation approaches, in-
cluding CEASE-AF?> (71.6% vs. 39.2%) and HARTCAP?® (89% vs.
41%), showed good sinus rhythm maintenance without increased
procedural complications in patients with persistent AF who have
more recurrences of AF after PVI.3738

Pulsed field ablation (PFA), a non-thermal energy source, conceptu-
ally targets cardiomyocytes and may spare other cell types. This con-
ceptual advantage does not translate into better rhythm control in
the ADVENT trial.? So far, there are very few reports of oesophageal
complications or phrenic nerve injuries persisting past hospital dis-
charge, comparable with cryo-balloon-based PVL* and major
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Longer and better lives for patients with AF

Candidates for early rhythm control to improve outcomes
(Reduction in stroke, heart failure, and, to a lesser extent, acute coronary syndrome and cardiovascular death)

Recently ECG-diagnosed AF (<12 months)

l

CHA,DS,-VASC >2

l

HFpEF/HFmIEF

,, l

Antiarrhythmic drugs

l

Heart failure

|

HFrEF
<40% EF, symptomatic AF, no

response to antiarrhythmic drugs

l

Catheter ablation

Figure 2 Candidates for early rhythm control to improve outcome. Colours represent the quality and availability of data (from dark for best quality
and availability of data to light for the worst quality and availability of data). AF, atrial fibrillation; AiCM, arrhythmia induced cardiomyopathy; HFrEF,
heart failure with reduced ejection fraction; HFpEF/HFmrEF, heart failure with preserved or mid-range ejection fraction; RF, risk factors.

complications (pericardial tamponade, stroke, and stroke resulting in
death) appear low at 1.6%.*" More data are collected to define the ef-
ficacy and safety of PFA as an energy source for AF ablation.

New antiarrhythmic drugs

Despite the advances in ablation therapy, there remains an unmet need
for effective and safe antiarrhythmic drugs. Such compounds will need
to demonstrate improvements compared with existing drugs that show
good efficacy and safety when used in appropriate patients.'* The de-
velopment of antiarrhythmic agents has declined over the last dec-
ades,*' but several promising compounds targeting ion channels are
currently in clinical development (Table 1). Small conductance Ca?
*_activated K (SK) channels are up-regulated in patients with AF.*?
In a Phase 2 proof-of-concept study, a relatively selective SK-channel
blocker successfully met efficacy and safety endpoints for pharmaco-
logical cardioversion of patients with recent-onset AF.** A Phase 1
study for a second-generation oral lead compound (AP31969) for sinus
rhythm maintenance is leading to the planning of a Phase 2 study in pa-
tients with implantable loop recorders. HSY244 is a novel antiarrhyth-
mic drug with the undisclosed mechanism of action and has been
evaluated concerning efficacy for cardioversion of AF. The programme
was terminated in 2023 based on business decisions (NCT04582409).
HBI-3000 is a multi-channel blocker, which was well tolerated in the
Phase 1 clinical trial and is currently investigated in a Phase 2 trial for
acute intravenous cardioversion of patients with recent-onset AF
(NCT04680026). An oral multi-channel amiodarone analogue with a
relatively short elimination half-life, known as budiodarone, was suc-
cessfully investigated in PASCAL, a Phase 2 study in patients with recur-
rent AF documented with pacemakers, and awaits further
development. Additional, ongoing work aims to develop inhalable for-
mulations of antiarrhythmic drugs and the repurposing of drugs ap-
proved for other indications (e.g. oral doxapram, colchicine, and
metformin and injection of botulinum toxin type A into epicardial fat
pads) as antiarrhythmic drug therapy in patients with AF (Table 7).
Ranolazine is approved as an antianginal agent in Europe, and in the
USA, it is also approved for the management of long QT3 syndrome.

It is a late sodium current inhibitor with a minor inhibitory effect on
the HERG current. It is being used, often in combination with amiodar-
one, for the suppression of AF recurrences.

Rate control drugs and ablate and pace

Rate control therapy remains an important component of rate and
rhythm management in patients with AF.'® The concept of rate control,
enabling better cardiac function by slowing and regularizing ventricular
rate during episodes of AF, remains unchanged. Almost all rhythm con-
trol trials are conducted against a background therapy of rate control, '
typically using beta-blockers, calcium channel antagonists, and digitalis
glycosides.““‘45 Medical rate control therapy should be part of active
rhythm management in patients with AF, considering the rate-
controlling effects of several antiarrhythmic drugs, including amiodar-
one, dronedarone, propafenone, and sotalol. The recent APAF-CRT
trial showed that there is a role for rate control using a pace-and-ablate
strategy in symptomatic heart failure patients with permanent AF to im-
prove clinical outcome.*® Ablate-and-pace therapy should be consid-
ered when rhythm control therapy is unsuccessful.*’ After AV-node
ablation, patients become pacemaker dependent, which may lead to
pacing-induced cardiomyopathy.*® Technical improvements increased
the interest in conduction system pacing (CSP).** Conduction system
pacing might be the most appropriate pacing mode for avoiding the de-
velopment of pacing-induced cardiomyopathy®° and is already used in
patients treated with ablate-and-pace rate control.>’ Outcome studies
are planned or ongoing (CONDUCT-AF, LBBAP-AFHF, RAFT-P&A,
and others) and reviewed elsewhere.>?

Practical considerations and summary

Most patients with AF should undergo at least one attempt of active
rhythm management during the first year after AF is diagnosed. In pa-
tients with AF and concomitant heart failure with reduced ejection frac-
tion, rhythm management should be introduced as a fifth pillar on top of
the established ‘fantastic 4’ [an angiotensin receptor—neprilysin inhibi-
tor, a beta-blocker, a mineralocorticoid receptor antagonist, and a
sodium-glucose co-transporter (SGLT) 2 inhibitor] for comprehensive
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Longer and better lives for patients with AF

heart failure management strategies.>® In light of the emerging role of
AF therapy in heart failure patients, electrophysiologists with knowl-
edge in rhythm control, AF ablation, and ablate-and-pace therapies
should be an integral part of heart failure teams.

Knowledge gaps and opportunities

(1) Quantification of arrhythmia burden, number, and duration of recur-
rent episodes is needed to better understand the emerging link be-
tween AF burden and cardiovascular events. The outcome-reducing
effects of rhythm control therapy may be mediated by reducing AF
burden and attaining sinus rhythm. This questions the relevance of
the primary outcome of older rhythm control trials and time to the
first AF recurrence.>>'¢

(2) Antiarrhythmic drugs and AF ablation exert synergistic
rhythm-controlling effects.>**> More research is needed evaluating
the effectiveness of antiarrhythmic drugs in the context of AF
ablation.

(3) Most of the clinical trials evaluating rhythm control therapy so
far were conducted in relatively young patients with AF. The
outcome-reducing effect of early rhythm control therapy, in contrast,
was most pronounced in patients with AF and a high comorbidity bur-
den (CHA,DS,-VASc score 4 or more).?* There is a clear unmet need
to evaluate rhythm control, including AF ablation, in patients with AF
and a high comorbidity burden.

(4) More research is needed to define the best methodology to deliver
rhythm control therapy for all, integrating innovations in antiarrhyth-
mic drug therapy and AF ablation.

(5) Future research in the field of rate control should focus on patient se-
lection and timing of ablate-and-pace therapy. Studies that include
multiple arms with AF ablation compared with AV-node ablation
with CSP are necessary to guide clinical practice.

(6) Quantification of AF burden in drug trials, especially in trials of heart
failure and in trials of new antiarrhythmic drugs, is needed to deter-
mine their effect on the association of AF burden reduction and pre-
vention of AF-related outcomes.

Atrial fibrillation burden in patients
with electrocardiogram-diagnosed
atrial fibrillation and in patients
with device-detected atrial
fibrillation

Longer rhythm monitoring durations lead to a higher likelihood of de-
tecting rare and short AF episodes, thereby increasing the number of
patients with AF.>® This has been conceptually described in earlier itera-
tions of the AFNET/EHRA consensus conference.”’ Intermittent elec-
trocardiogram (ECG) recordings or 24-h ambulatory ECG monitors
detect fewer patients with AF than continuous rhythm monitoring,
mainly diagnosing AF in patients with a high arrhythmia burden.>®>8>?
The growing availability of consumer electronics capable of detecting
and quantifying arrhythmia episodes will make such information more
widely available in the near future.%?

Device-detected atrial fibrillation and
electrocardiogram-documented atrial

fibrillation

This group, including investigators from NOAH-AFNET 6 and
ARTESIA, recommends to use the term ‘device-detected AF’ in prefer-
ence to ‘atrial high-rate episodes’ and ‘sub-clinical AF’. This recommen-
dation is based on the following observations: A careful, core-lab—based
analysis of all episodes leading to inclusion into NOAH-AFNET 6 re-
vealed that 97% of these episodes showed all signs of AF.%*> Despite
small differences in sensitivity and specificity, the algorithms for

recognition of device-detected AF are mature and have been validated
and refined over time.** The differences in outcomes, e.g. the lower
rate of stroke, between device-detected AF and ECG-documented
AF is unlikely to be related to differences in the signals recorded during
an episode. The term device-detected AF has been used by others after
the publication of NOAH-AFNET 6 and ARTESIA”> and can simplify
thinking and discussion around this phenomenon.

It remains unclear which patient and what AF burden merits oral an-
ticoagulation to prevent AF-related complications such as death,
stroke, thromboembolism, and other morbidities or mortality. At pre-
sent, the distinction between ECG-documented AF and device-
detected AF draws a boundary that has developed historically.
Electrocardiogram-documented AF selects patients with a high AF bur-
den. In the absence of documented ECG-diagnosed AF, randomized
clinical trials performed so far have failed to demonstrate a benefit of
therapy with oral anticoagulation, including patients with embolic
stroke of undetermined source,®®” patients with heart failure,?®¢°
or patients with atrial cardiomyopathy, but without AF.7° Existing evi-
dence that shows the effectiveness of oral anticoagulation in patients
with paroxysmal and persistent AF is based on trials enrolling patients
with ECG-diagnosed AF (often requiring at least two AF ECG docu-
mentations within 1 year as an inclusion criterion, which likely repre-
sents a high AF burden). The STROKESTOP study randomized (1:1)
> 75-year-olds to be invited to screening for AF by a handheld ECG
2x/day for 2 weeks or to a control group.”’ Treatment with oral antic-
oagulants upon ECG documentation of AF reduced the primary com-
bined endpoint of ischaemic or haemorrhagic stroke, systemic
embolism, bleeding leading to hospitalization, and all-cause death {haz-
ard ratio 0.96 [95% confidence interval (Cl) 0.92—1.00]; P=0.045}.
Studies initiating anticoagulation based on AF detection by continuous
rhythm monitoring by implantable cardiac monitors in the LOOP
study’? or based on device-detected AF found by 24/7 rhythm moni-
toring via implantable cardiac devices in NOAH-AFNET 6' and
ARTESIA* found a low event rate without anticoagulation, including a
rate of stroke of 1%/year.” A sub-analysis from NOAH-AFNET 6 sug-
gests that the low rate of stroke without anticoagulation extends to pa-
tients with long episodes of only device-detected AF>24 h® The
absolute treatment effects were the prevention of three strokes and
an increase of seven to 16 major bleeds per 1000 patient-years.”
These effects are probably not sufficient to recommend anticoagulation
in patients with device-detected AF. Refined classifications of AF pat-
terns’® and ideally AF burden should be incorporated in outcome trials
investigating the efficacy of modern rhythm control strategies.

Continuous (e.g. by implantable loop recorders) or semi-continuous
(e.g. by wearable digital devices) long-term rhythm monitoring can pro-
vide information on AF burden, number of AF episodes, and duration of
longest AF episode.”* The average burden of device-detected AF in the
absence of ECG-documented AF is low in patients with multiple co-
morbidities (0.13% median AF burden in LOOP’®). Recent data from
the RACE V registry suggest that paroxysmal AF has a higher burden
that can be further differentiated into subgroups.”®’” While continuous
rhythm monitoring is the preferred method to evaluate AF burden, ser-
ial longer-term monitor'®”8 or even long-term intermittent monitoring
by recording one to three short-term handheld ECGs per day provides
effective, albeit less precise alternative methods.”® So far, these rhythm
monitoring methods have mainly been used in research settings 2 %>

Practical considerations and summary

This group believes that ECG-diagnosed AF should be differentiated
from device-detected AF in clinical care (Figure 3). The biological ration-
ale is most likely a higher arrhythmia burden in patients with
ECG-documented AF.* Electrocardiogram-documented AF remains
a reason to initiate anticoagulation,10 provide active rhythm manage-
ment (see above), and treat cardiovascular comorbidities. Detection
of device-detected AF by implanted devices should, in contrast, trigger
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Device-detected AF ECG-diagnosed AF

ECG documentation

Time in
Sinus rhythm &

Atrial fibrillation

Y
Several months to years

Risk factor and comorbidity management

Active rhythm and rate control therapy

||]| Possibly anticoagulation Anticoagulation (according to guideline-recommended risk scores)

(Shared decision-making
& considering stroke/bleeding risk)

Figure 3 Device-detected compared with electrocardiogram-diagnosed atrial fibrillation in relation to atrial fibrillation progression (which can take
several months to years) from very low to very high burden. Electrocardiogram documentation can be achieved using single-lead electrocardiograms or
6- to 12-lead electrocardiograms using accepted definitions of atrial fibrillation. Electrocardiogram documentation of atrial fibrillation is a simple, clin-
ically operable method to identify patients with a high arrhythmia burden. AF, atrial fibrillation; ECG, electrocardiogram.

ECG monitoring to diagnose AF. Treatment of concomitant condi- (6) Based on the NOAH-AFNE'g 6 sub-study in patients with device-
tions that can lead to AF can be intensified upon detection of device- detected AF episodes > 24 h,” it remains unclear whether detection
detected AF to prevent AF progression. The outcomes of ofdelvice-de‘telct.ed‘AF episodes > 24-h duration is equivalent to pro-
NOAH-AFNET 6" and ARTESIA* with a small reduction of ischae- gression to ‘clinical AF. ,

. . ) (7) The clinical relevance and utility of AF patterns and AF progression
mic stroke in the context of a low overall rate of stroke and with and regression detected by long-term rhythm monitoring need to
.am expeclted Increase in ma]o.r.but non-fatal bleec.lmgs prO\./lde. solid be better understood to guide personalized treatments for AF.
information for a shared decision process on anticoagulation in se- (8) Finally, more precise methods are needed to identify patients with
lected patients with device-detected AF. device-detected AF at risk of stroke.

Knowledge gaps and hurdles

Improved stroke prevention
(1)  The amount of AF that distinguishes low and high burden of AF, the

interaction of arrhythmia burden with comorbidities, and the best The current clinical assessment of stroke risk using the CHA,DS,-VASc
methods to quantify AF burden require more research. To estimate score® is limited by several factors, including the following:
this, research needs to include quantification of arrhythmia burden
in patients with paroxysmal AF with an assessment of the extent of
AF burden reduction achieved by active rhythm mana%ement and
how this relates to prevention of AF-related outcomes.® : ) 8788
(2) Reducing AF burden is an emerging therapeutic goal in patients with to inaccurate assessment of rlsk/bene-flt)l T
AF based on this consensus document. Similar thoughts can be found (2) the emergence of newer therapeutic interventions, such as earl);
in the recently published ACC/AHA/HRS AF guidelines.?® The best rhythm CO”E';Ol therapy, " left atrial aPPe”dage removal or closure,'
methods to reduce AF burden in patients with different AF patterns and others™ that reduce stroke risk without having systemic
and clinical situations need to be determined. antithrombotic effec‘ts; and L ) )
(3) Uncertainty also remains about the best management of patients (3) the emergence of ‘lower risk’ AF populations not considered by
with arrhythmias detected by wearables and handheld devices. traditional risk prediction schema, illustrated by patients with
These devices semi-continuously monitor rhythm, enable an device-detected AF who show a relatively low stroke risk despite

estimation of arrhythmia burden, and are used by increasing numbers older age and multiple comorbidities.

(1) modest predictive ability of contemporary risk prediction scores with
the gotential for over-/under-treatment due to imprecise risk estima-
tion® and variable stroke rates across different populations (leading

. 10,74,
of !”d""duals- ) - . These recent developments reinforce earlier calls® for improved
(4) This group believes that quantifiable markers for AF-related disease 54 gynamic risk stratification schemes to re-evaluate the decision to
processes are needed to enable this research. Further research is h Rl ) .
: 8 . use anticoagulants. Atrial fibrillation burden, concentrations of circulat-
needed to explore the interaction between the number and severity o ) L .
of stroke risk factors, arrhythmia burden, and individual risk. ing biomolecules, and cardiovascular imaging parameters (e.g. atrial car-
(5) Another important line of research should describe the range of ar- diomyopathy) have shown potential to improve and refine stroke risk
rhythmia progression and regression patterns found in patients and prediction. At the same time, direct evidence is accumulating that AF

factors identifying patients who are unlikely to experience progres- therapy not only reduces stroke but also reduces heart failure events
sion to ECG-documented AF. and cardiovascular death.*'
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(e.g., CHA,DS,-VASc, CHADSVA,
ATRIA, etc)
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Frailty, uncontrolled comorbidities, genetics,
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Figure 4 Refined risk assessment resulting in improved stroke risk prediction compared with traditional risk schemas. A longitudinal re-assessment of
stroke risk may trigger adjustment of therapy (intensified therapies or de-escalation of therapy). AF, atrial fibrillation; ECG, electrocardiogram.

Clinical risk factors

Clinical stroke risk factors, summarized as the CHA,DS,-VASc score,
are clinically used to start oral anticoagulation in patients with AF.
Consideration of additional clinical features such as chronic kidney dis-
ease, tobacco use, ventricular hyper‘trophy,91 hypertrophic cardiomy-
opathy, amyloid, and other inherited cardiac conditions may offer
further discriminative ability.

Genetic risk

Initiated by the pioneering work in the population of Iceland,”” a large
body of data science now provides robust risk scores for AF and stroke
based on genetic information.”®”* These scores allow us to quantify AF
and stroke risk with a five-fold range between the lowest-risk and
highest-risk sub-populations.”®”* Genetic risk alleles have been associated
with recurrent AF on rhythm control therapy,%'% and AF risk scores can
be used to predict the effectiveness of early rhythm control therapy.”
Stroke risk can be refined by using genetic risk scores for stroke’®”?
and especially genetic changes related to both stroke and AF.'® Recent
data suggest that the genetic risk for AF overlaps with the genetic risk
for heart failure, especially when rare variants are considered.

Atrial fibrillation burden

As discussed above, AF burden emerges as a promising modulator of
stroke risk. Early rhythm management reduces cardiovascular events,
including a numerical 30% reduction in ischaemic stroke, in anticoagu-
lated patients."* This effect is of a comparable magnitude to surgical re-
moval of the left atrial appendage during open heart surgery.®’

Biomolecules

Circulating biomolecules play an important role in the diagnosis and man-
agement of patients with cardiovascular disease.'®" Several biomolecules
have shown an independent added value for risk stratification in patients
with AF.2 The biomarker-based ABC-AF stroke and bleeding risk scores
[Age, Biomarkers (N-terminal pro-B-type natriuretic peptide, troponin,
haemoglobin, and GDF-15), Clinical history of stroke/TIA or bleeding in

Atrial Fibrillation] improve prediction of stroke and bleeding.®® Newer
biomolecules that can be accurately quantified include fibroblast growth
factor 23 and bone morphogenetic protein 10 (BMP10)."%? Elevated con-
centrations of these biomolecules are associated with prevalent102 and re-
current AF'91%* and with AF-related outcomes.®

Imaging

Atrial cardiomyopathy summarizes the histologic and anatomical dis-
ease processes that may lead to the development of AF, contribute
to its recurrence and progression, and potentially enhance the risk of
AF-related cardiovascular events. Left atrial size, a simple integral of at-
rial cardiomyopathy, has been variably associated with stroke and sys-
temic embolism. Anticoagulation did not prevent strokes in patients
with atrial cardiomyopathy, but without AF (ARCADIA),”® adding to
the evidence that AF is a required interacting factor for atrial cardiomy-
opathy to create a stroke risk. Atrial fibrosis, which can be visualized
using late gadolinium enhancement cardiac magnetic resonance im-
aging, has been associated with an increased risk for major adverse car-
diovascular and cerebrovascular events in patients with AF, primarily
driven by increased risk for the occurrence of stroke or transient is-
chaemic attack.'® More recently, echocardiographic parameters of
left atrial function, including left atrial strain and left atrial appendage
flow velocity, have been proposed as refined methods to quantify atrial
cardiomyopathy and as risk modulators in patients with AF.

Longitudinal reassessment of risk and

adjustment of therapy

Most patients with ECG-documented AF should be on oral anticoagu-
lation to reduce their risk of stroke. Atrial fibrillation is a dynamic dis-
ease, progressing and regressing from self-terminating to sustained
arrhythmia episodes.'”” Stroke risk increases with age or in the context
of disease progression and new comorbidities. Stroke risk will decrease
with early rhythm control," especially when sinus rhythm is attained,?®
with better treatment of concomitant cardiovascular conditions, or
with spontaneous regression of AF burden.
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Arterial hypertension
<130/80 mmHg (rest)
<210/100 mmHg
(exercise)

Diabetes

Diet changes

HbAlc < 6.5%
Tobacco smoking
Cessation

Obesity

10% weight loss
BMI < 27 kg/m?

Ethanol

< 3 drinks/week

Sleep apnoea
AHI <15 without CPAP;

v’ Food ) arrange follow-up) CPAP for AHI <30 or AHI
v Exercise <20 with hypertension
¥ Weight \_ J J
1w . . Habitual
Motivation Action Maintenance change

Figure 5 A risk factor and comorbidity management clinic according to the ‘Adelaide’ model: the risk factor and comorbidity management clinic is
separated from the atrial fibrillation clinic and has a single healthcare professional who (i) initiates risk factor modification, (i) identifies risk factors ac-
cording to HEAD 2 TOES, (jii) sets achievable goals, and (iv) monitors progress towards habitual change. AF, atrial fibrillation; BMI, body mass index.
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Table 2 Various groups of artificial intelligence

Supervised machine Unsupervised machine

learning learning
Decision trees, support Clustering, anomaly
vector machines, random detection, dimensionality
forest, boosted trees, etc. reduction, principal

component analysis

Feature Input: quantified pre-defined  Input: quantified individual
individual features incl. features
annotation in training set ® Transparent
® Transparent ® Interpretable
® |Interpretable e Classification based on
® Able to handle high pre-defined features
dimensional and e No training
non-linear data sets
® Feature-based training
with annotated data
required
® Unknown features
ignored
Output Classification based on Automatized classification in

pre-defined features in unknown number of not

pre-defined classes pre-defined classes
® Provides information on
underlying structure or

patterns

Supervised deep learning

Input: pre-defined individual

Classification based on

Unsupervised deep learning
Convolutional neural Autoencoders or generative adversarial
networks, recurrent neural networks

networks, transformers, etc.

Input: raw signals or images
features, and/or raw signals or @ Independent of choice of preselected
images, incl. annotation in features
training set ® Able to classify based on unknown
Large training/validation data features
set required ® Large training/validation data set required

Interpretation requires ® Interpretation requires post-processing
(e.g. saliency mapping)

Transparency limited (black box)

post-processing
Transparency limited (black @
box)

Classification based on raw signals or image
pre-defined and/or extracted analysis in which unidentified features
features in pre-defined classes might carry diagnostic or predictive
Classification problems information. Generation of synthetic signal
based on large number of or images.

variables

There is a residual risk of ischaemic stroke despite anticoagulant
therapy (1-2%/year in the pivotal randomized controlled trials), calling
for augmented therapy.®>'°®1%? Patients experiencing a stroke on an-
ticoagulation can potentially benefit from a call to A-C-T-I-O-N to im-
prove outcome.'’® Sub-optimal treatment of comorbidities and
treatment with anticoagulation and low, untested, and non-approved
doses™"" may contribute to stroke and cardioembolism.'% The effects
of LAAOS 11187 and EAST-AFNET 4'* highlight the potential of treating
atrial causes of stroke in patients with AF experiencing a stroke on an-
ticoagulation. Whether novel FXla inhibitors,"'>'"? a distinct new class
of drugs under investigation for thrombosis prevention, improve out-
comes in patients with AF will be evaluated in ongoing registration trials.
Phase 3 trial of asundexian in patients with AF has recently been
stopped early due to lack of efficacy."'* Trials with other compounds
are ongoing.

Practical considerations and summary
Guideline-recommended risk prediction schemes are useful to guide
the initial decision for oral anticoagulation. Genetic risk scores, imaging,
and circulating biomolecules may be able to refine this initial assess-
ment. Longitudinal assessment of dynamic risk modulators integrating
AF burden, atrial myopathy, and circulating biomolecules of cardiovas-
cular and inflammatory origin can improve risk prediction. Such dynam-
ic risk assessment can result in intensified and combination therapies
and in de-escalation of therapy (Figure 4).

Knowledge gaps and research opportunities
(1) Research is needed to evaluate novel quantitative risk predictors, in-
cluding AF-burden, circulating biomolecules, imaging, and genetic mar-
kers and their effect on improving prediction of stroke risk, and

prediction of the risk of other AF-related complications such as heart
failure and cardiovascular death.

Randomized clinical trials to prospectively evaluate biomarker-based
risk scores for therapy selection and proteomic screening to better
understand the pathophysiology of AF complications are ongoing.
Evaluation of organ-specific atrial (e.g. BMP10) and cerebral health
(e.g. neurofilament light chain polypeptide) biomolecules is ongoing
with promising initial results. Biomolecules may also provide quantita-
tive proxies for cardiac and atrial fibrosis.

In addition to new randomized trials, individual participant data
meta-analysis will generate adequate power to assess the risks and
benefits of anticoagulation in patients at different risks.""> This is cur-
rently addressed in a collaborative effort of the AF SCREEN and the
AFFECT-EU consortia as well as in COMBINE-AF.""®

Stroke risk also appears low after AF ablation.""”~"** Randomized
studies such as OCEAN'?® (NCT02168829) will determine whether
the stroke risk after successful AF ablation is sufficiently reduced to
withhold oral anticoagulation. REACT-AF (NCT05836987) will assess
smartwatch-guided anticoagulation.

Risk factor and comorbidity
management for secondary
prevention of atrial fibrillation

A healthy lifestyle and effective treatment of concomitant cardiovascular
conditions, often embedded in integrated care pathways, improve
maintenance of sinus rhythm and quality of life,"**~"3% in addition to
the outcome-reducing effect in larger popula‘cions.m'132 Managing indi-
vidual risk factors in isolation, such as excessive alcohol consumption,
can improve AF outcomes."®®  Similarly, behavioural weight
loss"2¢"%7:130 and bariatric surgery can prevent AF outcomes in severely
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Artificial Intelligence: procedures mimicking human cognitive processes . .
Data sources gence:p g gniver Applications
Classical machi ne learning
C“mca: data/ Logistic regression Classification in AF detection
symptoms isi -defi
ymp Supervised stt%flr%géﬁﬁzs pre-defined classes
etc AF outcome
Research data ' prediction
Clustering (recurrences,
ECGs Unsupervised Principal component Classification in newly Str oke, etc.)
analysis identified classes
Invasive EP Neural networks Identlflcatl_on
of AF ablation
Wearables ) . Classification in targets
Supervised Convolutional neural network pre-defined classes
(pre-defined Recurrent neural networks
Imaging features) Long short-term memory Detection of
other CV
Computer Unsupervised dise_ases (heart
SriEleTS (no pre-defined Sparse autoencoders Classification in failure, etc.)
features = deep plus other types of CNNs pre-defined classes
learning)

Figure 6 Various groups of artificial intelligence techniques using different data sources, their dominant features and outputs, and potential applica-
tions. AF, atrial fibrillation; CV, cardiovascular; CNN, convolutional neural network; ECG, electrocardiogram.

obese individuals.”**""*® Weight loss—inducing glucagon-like peptide
(GLP)-1 receptor antagonists, e.g. orforglipron, semaglutide, and tirzepa-
tide, can reduce cardiovascular events and may reduce AF in obese popu-
lations.”>*~"*2 While regional patterns of care will vary, integrated risk
factor and comorbidity management clinics and specialists can improve
the prevention and treatment of concomitant conditions in patients
with AF."2713% The concept of risk factor and comorbidity management
for secondary prevention of AF can be exemplified by the ‘Adelaide’ mod-
el: In Adelaide, the risk factor and comorbidity management clinic are se-
parated from the AF clinic,143 while both services share a unified
messaging emphasizing the importance of treatment of concomitant car-
diovascular conditions. This risk factor and comorbidity management clin-
ic have a single healthcare professional who uses academic detailing and
structured education visits to build rapport, educate, engage and em-
power individuals to make informed decisions, set achievable goals, and
monitor progress towards habitual behavioural change. Comorbidity
treatment and risk factor modification can follow the ‘HEAD 2 TOES’
acronym (Figure 5),"** enhanced by treatment of coronary artery disease
and valvular disease."* While a single healthcare professional (not a ‘vil-
lage’ of co-located healthcare professionals) primarily manages most as-
pects of risk factor and comorbidity management, appropriate referrals
may be used as required and available. Remote consulting and digital
health approaches incorporated in such referral structures may not re-
place but will support these inter-disciplinary referral structures for the
management of comorbidities in patients treated in established AF
clinics."*¢"*” Importantly, genetic testing may be valuable for identifying
underlying conditions in young patients without apparent identifiable fac-
tors, which may have not yet manifested as cardiomyopathies (see prior

sections).'*® Pharmacological treatment of type-2 diabetes with SGLT2
inhibitors (Odds ratio 0.83,95% Cl 0.68-1.01)"*° or GLP-1 receptor ago-
nists (Relative risk 0.86, 95% C1 0.76-0.97),"*° hypertension, vascular dis-
ease, and importantly of heart failure will have AF-reducing effects in
addition to the outcome-reducing effects of these medications,""'*? in-
cluding treatment with SGLT?2 inhibitors'*>~"*” and with finerenone."®

Practical considerations and summary

The presence of AF, probably including device-detected AF, should trigger
treatment of concomitant cardiovascular conditions. To improve universal
access and adoption of these treatments,"” the participants of the 9th
AFNET/EHRA consensus conference propose to implement integrative
risk management clinics to improve this treatment domain in patients
with AF.

Knowledge gaps and hurdles

(1) Lifestyle improvement interventions and pharmacological treatments
160 .

need to be tested at scale. ”~ A large randomized controlled study
spanning different geographies and healthcare models focusing on
hard endpoints such as mortality, stroke, and hospitalization and
equally cost-effectiveness measures such as quality-adjusted life-year
is needed."®’

(2) Local institutional infrastructures and funding models have been
identified as barriers to implementing risk factor and comorbidity

PRV 159 :

management clinics in a recent survey. >~ The H2020 consortium
EHRA-PATHS (EU grant agreement ID: 945260) aims to develop
new systematic care pathwae)’/s for the management of AF-related co-
morbidities across Europe.'®?
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(3) Little is known about the direct antiarrhythmic properties of novel
heart failure medications: Their antiarrhythmic mechanisms are not
well understood and their effect on AF and AF-related outcomes re-
quires robust quantification. Prospective trials are needed and
ongoing.

(4) A comparative study of GLP-1 receptor therapy and surgical and and
behavioural weight loss is needed to determine their relative antiar-
rhythmic effectiveness, safety, and cost-effectiveness.

(5) Furthermore, whether phenotyping of patients with AF may allow
appropriate characterization of AF and identification of possible
underlying causes that have specific treatment (e.g. hypertrophic
cardiomyopathy—myosin inhibitors) requires further research.

Artificial intelligence in the
detection and management of atrial
fibrillation and stroke

Since the 6th AFNET/EHRA consensus conference, artificial intelli-
gence (Al) and modern data science techniques have been a topic dur-
ing each AFNET/EHRA consensus conference.'®'>'®* There has been
progress in the research implementation of Al and the provision of ex-
plainable Al to improve stroke prevention, rhythm management, and
comorbidity mana1gement.164'165 Artificial intelligence consists of su-
pervised and unsupervised methodologies. In supervised learning, the
output or target is defined (e.g. recognition of a sinus rhythm or AF
on the ECG). The learning process uses labelled data sets to solve clas-
sification and regression or prediction problems. In unsupervised learn-
ing, there is no prediction of any output or need for labelled data.'®®
Data are sub-divided into classes that were not pre-specified and
that are agnostic to the purpose of the investigation. An important do-
main of Al is machine learning, of which deep learning is an important
sub-domain.'®* Deep learning is typically a feedforward artificial neural
network, where each node is an activation function that can produce
an output signal if the sum of the inputs exceeds a certain threshold
level."®> These techniques are often used for classification purposes
based on unspecified features extracted from imaging data or ECGs.
In Table 2 and Figure 6, the various groups of Al techniques, their dom-
inant features and outputs, and potential applications are summarized.

A growing clinical and consumer use of Al is the automated detection
of AF episodes in ECG and sensor recordings (e.g. photoplethysmogra-
phy and gyroscopes)®’7+1¢¢168, Al models can also enhance AF predic-
tion based on ECG during sinus rhythm,'*"7° chest X-ray,'”" or facial
photoplethysmography signals using a digital camera,'’? Deep-learning
models have been used for the prediction of recurrent AF on rhythm
control therapy.>”* In addition, ECG analysis using Al has been ap-
plied to guide the identification of patients with low ejection fraction'”®
and predict ischaemic stroke risk in AF patients.'”®

Explainable artificial intelligence

One of the rate-limiting factors for further implementation of Al in AF re-
search and clinical practice is the black box nature of Al methods. The re-
liance on non-transparent Al algorithms raises concerns regarding
understanding the systems’ output and also about the responsibility and
accountability for these outputs. To overcome this limitation, much effort
has recently been invested in ‘explainable Al' technology. Visualization
techniques like attention maps, saliency maps, or heatmaps can highlight
input variables and their effect direction within a structured data set,
underscoring their importance and their influence on model decisions.
Highlighting significant segments in ECGs or visualizing decision-making
in structured data sets can provide insights that can be interpreted based
on mechanistic understanding.'’®"”~'®% Additionally, the availability of
generic frameworks enables the visualization of decisions from various

deep neural networks, making them applicable to multiple data sources,
including structured data sets. '8!

Knowledge gaps and research opportunities

(1) Artificial intelligence approaches have become essential tools for re-
searchers to integrate data of a distinct nature such as genetics, car-
diac tissue structure including atrial fat, biomolecules, information
on comorbidities, and transcriptome data. This strategy requires shar-
ing of multi-modal data coming from different centres, processing of
data through the complex steps of regulatory, interoperability, anno-
tation, pseudonymization, and then centralizing data in a data hub to
generate and use algorithms.'®? This is the goal of the European
H2020 consortium MAESTRIA (EU grant agreement ID: 965286),
which was created in 2021 bringing together 18 academic and private
partners including AFNET.

(2) For primary prevention strategy to prevent the development of AF
and reduction of AF burden, Al can help to integrate information
from multi-dimensional clinical parameters to create biomarkers
that can inform on AF risk and risk of AF progression.'®

(3) Whether the use of Al-generated risk markers can guide AF
therapy'®*'® requires clinical evaluation, eg. in the EU-funded
MAESTRIA consortium in its prospective AFNET-10 cohort of pa-
tients with different types of AF.

(4) In addition, federated learning techniques offer opportunities for
model development independent from the logistic challenges of
data transfer, which warrants further investigations.

Summary

The conference attendees identified several changes in the manage-
ment of patients with AF supported by good evidence:

(1) Active rhythm control therapy combined with rate control should be
part of the default initial management of most patients with AF.

(2) Biomolecules, genetics, and imaging parameters may help to refine
the risk of stroke and other AF-related complications and to identify
patient groups with likely therapy failure.

(3) The stroke rate in patients with device-detected AF is low. Oral antic-
oagulation can reduce this low rate of stroke and induce major bleed-
ing in patients with device-detected AF. More research is needed to
identify patients with device-detected AF at high risk of stroke.

(4) The presence of AF should trigger treatment of concomitant cardio-
vascular conditions, as already implemented for patients with coron-
ary artery disease. The evidence for such measures drawn from
research in patients with AF data sets supports wide-spread
implementation.

(5) Detection of AF and other chronic cardiovascular diseases is one of
the first applications of unsupervised and supervised data science
techniques. Iterative cooperation between clinicians and data scien-
tists is needed to leverage the potential of data science and artificial
explainable intelligence applications for patients with AF.
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