A European-multicenter network for the implementation of artificial intelligence to manage

complexity and comorbidities of atrial fibrillation patients: the ARISTOTELES consortium
Giuseppe Boriani'! MD PhD, Davide Antonio Mei'* MD, Gregory Y.H. Lip>*> MD

on behalf of the ARISTOTELES consortium#*

!Cardiology Division, Department of Biomedical, Metabolic and Neural Sciences, University of
Modena and Reggio Emilia, Policlinico di Modena, Modena, Italy; 2Clinical and Experimental
Medicine PhD Program, University of Modena and Reggio Emilia, Modena, Italy; *Liverpool
Centre for Cardiovascular Science at University of Liverpool, Liverpool John Moores University
and Liverpool Heart & Chest Hospital, Liverpool “Department of Clinical Medicine, Aalborg
University, Aalborg, Denmark; *Medical University of Bialystok, Bialystok, Poland.

Correspondence: Prof GYH Lip: gregory.lip@liverpool.ac.uk

* ARISTOTELES consortium

Niccolo Bonini, Marco Vitolo, Jacopo Francesco Imberti, Nadja Saendig, University of Modena e
Reggio Emilia (UNIMORE, Italy); Martin Begsted, Charles Vesteghem, Katja Hose, Tomer Sagi,
Soeren Johnsen, Michael Eriksen, Peter Bronnum Nielsen, Rasmus Froberg Brendum, Simon
Christian Dahl, Thomas Stampe Rasmussen, Aalborg Universitet (AAU, Denmark); Francisco
Marin Ortuno, Vanessa Roldan, Jose Miguel Rivera Caravaca, Universidad de Murcia (UMU,
Spain); Laura Vivani, Silvia Anastasia, Veronica Christofidis, Aleksandra Pajic, MOVERIM
Consulting SRL (Moverim, Belgium); Andrea Martinez, Amparo Roca, Antonio Vicente, Jose
Manuel Asensio, Salomé Septlveda, IOTIC Solutions SL (Al Talentum, Spain); Soren Holm, Hilde
Henriksen, Eirik Ivarrud, Elisabeth Authen Sethre, Jorunn Hestenes Larsen, Universitetet i Oslo
(U10, Norway); Anca Dan, Andrei Dan, Universitatea de Medicina si Farmacie Carol Davila din
Bucuresti (UMFCD, Romania); Christos Lionis, George Kochiadakis, Marilena Anastasaki, Maria
Marketou, Gregory Chlouverakis, Myron Galenianos, Irini Vasilaki, Panepistimio Kritis (UoC,
Greece); Martina Ceseri, Marco Gorini, Francesco Orso, Donata Lucci, Aldo Maggioni, Andrea
Lorimer, Fondazione per il Tuo Cuore Onlus (HCEF, Italy); Gilles Paubert, Stephanie Collin,
Costantino De Palma, GERS SAS (Cegedim, France); Lino Manuel Martins Gongalves, Sandra
Gervasio, Ines Costa, Universidade de Coimbra (UC, Portugal); Manuel Marina Breysse, Irene
Sanchez Rodriguez, Raquel Toribio Fernandez, Isabel Sierra Munoz, Francois De guio, Manuel
Lara, IDOVEN 1903 SL (IDOVEN, Spain); Mirko Orsini, Marco Monari, DATARIVER SRL
(Datariver, Italy); Glenn Roberts, Chris Appleton, John Loftus, AIMES Management Services
Limited (AIMES, UK); Iain Buchan, Wahbi El-Bouri, Gary Leeming, Deirdre Lane, Yalin Zheng,
David McVey, Dale Stephens, The University of Liverpool (UoL, UK); John Ainsworth, Liz Fay,
Philip Couch, Edd Tempest, Rhona Stephen, Rebecca White, The University of Manchester
(UNIMAN, UK); Ivan Olier-Caparroso, Sandra Ortega-Martorell, Ryan Bellfield, Brittany Mason,
Liverpool John Moores University (LJMU, UK); Amand Floriaan Schmidt, Rui Bebiano Da
Providencia E Costa, Johanna Ponnuthurai, University College London (UCL, UK).


mailto:gregory.lip@liverpool.ac.uk

Introduction

Atrial fibrillation (AF)is the most common arrhythmia worldwide, contributing significantly to
morbidity, healthcare costs, and resource utilization'. Patients with AF face a higher mortality and
morbidity from stroke, heart failure, dementia, and hospitalisations'. Oral anticoagulants (OAC) are
the cornerstone of AF management, as they substantially reduce the risk of stroke and mortality?.
Neverthelesss, some residual risk still remains despite anticoagulation, with most AF-related

mortality linked to cardiovascular causes and comorbidities rather than stroke alone*>.

AF is not a yes/no homogeneous diagnosis. AF patients are often elderly, multimorbid and frail, with
associated polypharmacy, leasing to ‘clinically complex’ phenotypes or clusters. As comorbidities
often cluster in different patterns, these impact on the risk of adverse outcomes and management. In
the prospective GLORIA-AF registry of AF patients, the presence of clinical complexity was
associated with lower odds of being prescribed with OAC (odds ratio [OR] 0.50, 95% confidence
interval [CI] 0.44-0.57), higher OAC discontinuation and with a higher risk of adverse events [hazard
ratio [HR] 1.63, 95% CI 1.43-1.86)*. Indeed, ‘high clinical complexity’ patients defined using latent
class analysis represented a prevalence of 6.6% among AF patients, and was associated with higher
hazards of experiencing the primary composite outcome of all-cause death and major adverse
cardiovascular events (HR 1.47, 95% 1.24-1.75)°. Comorbidities and polypharmacy have an
important influence on decision making, by conditioning either lack of prescription of OAC in

patients at risk or inappropriate dosing®®.

Recognising that AF management is more than simply OAC alone, and requires a holistic and
integrated care approach, contemporary guidelines globally on AF management have promoted this
concept, based on the Atrial fibrillation Better Care (ABC) pathway, emphasizing Anticoagulation,
Better symptom management with rate or rhythm control, and Comorbidity/lifestyle management’-
' The ABC pathway is well supported by clinical trial and real-world evidence!!, whereby adherence
to the ABC pathway is associated with a reduction in all cause and cardiovascular mortality, stroke
and bleeding'>!3. Despite this, adherence to ABC-based management remains low, whereby a meta-
analysis of 14 studies revealed that only 21% (95% CI 13-34%) of AF patients were managed in
accordance with the ABC pathway!2. This perhaps highlights a critical gap in the implementation of
comprehensive evidence-based care strategies. Of note, the ‘ABC’ acronym has been modified in US
guidelines (as ‘SOS’, e. Stroke, Other Comorbidities, Rate or Rhythm control)!* and the 2024 ESC
guidelines (as ‘CARE’, i.e. Comorbidities, Avoid stroke, Rate or rhythm control, Evaluation)'?,

although these new acronyms are untested in clinical trials'!.



Artificial intelligence in atrial fibrillation

Artificial intelligence (Al) is becoming a promising tool in modern clinical practice, particularly for
managing complex conditions such as AF 67, Different types of Al including machine learning
(ML), deep learning (DL), and neural networks, allow for the analysis of vast datasets, including
structured data like patient demographics, electrocardiograms (ECGs), and lab results, as well as
unstructured data like imaging and clinical notes'®. These systems can rapidly process information
that is beyond human capacity, identifying patterns and correlations that may otherwise go unnoticed.
Such data science approach can even create virtual twins of complex patient phenotypes with AF and

stroke'®.

This is important as with AF, we are dealing with comorbidities that are not static but dynamic in
nature?’, and the rhythm itself is dynamic®!. Also, adherence to the ABC pathway is dynamic over
time, with implications for outcomes??. Thus, for AF management, the use of Al can integrate all
these dynamic changes, as well as detect subtle abnormalities in ECGs, predict arrhythmias, and even
assess future clinical risks®*. As part of a learning health system, Al tools can offer predictive analytics
that help may enhance diagnostic accuracy, and speed up decision-making, allowing clinicians to
provide timely interventions and personalized treatments tailored to the unique needs of each patient

(Figure 1).

Al tools can also provide valuable insights regarding the risk of AF progression, as well as the
potential worsening or development of comorbidities (Figure 1). As is well known, AF progression
is associated with poorer outcomes, worsening symptoms, or deterioration of heart failure, even in
asymptomatic patients >*?°. Similarly, worsening renal function has significant implications for
dosing OAC therapy and affects patient outcomes®¢. Furthermore, incorporating biomarkers into Al
tools could further refine risk stratification and enhance decision-making processes?’. In addition,
Al's ability to continuously learn from new data ensures that treatment approaches evolve with

advances in the medical field, offering ever-more refined risk assessments and therapy optimizations.

However, while Al offers considerable promise, clinical evidence demonstrating its long-term
benefits in daily practice is still limited. Rigorous, large-scale clinical trials are needed to validate
Al’s effectiveness in improving patient outcomes, particularly in AF management, where

comorbidities add layers of complexity.



ARISTOTELES project

To address the challenges of integrating Al into AF care, the European Union, under its Horizon
Europe research programme, has funded the ARISTOTELES project (Grant Agreement no.
101080189). This project aims to develop Al-driven solutions for improving the diagnosis, treatment,
and management of AF and its associated risks. The ARISTOTELES consortium consists of 18
leading academic institutions from 10 countries, forming a diverse network of experts in Al,

cardiovascular medicine, and big data management.

The project’s objective is to create a robust Al-based platform capable of analyzing real-world data
from clinical records, biomarkers, genetic information, and imaging. These datasets will be
harmonized and used to train Al models that can predict disease trajectories, identify early signs of
comorbidities, and guide personalized treatment decisions. The Al models developed through the
ARISTOTELES project will be rigorously tested in a randomized clinical trial (RCT) to assess their

safety and efficacy in real-world clinical settings.

The ARISTOTELES project, launched in November 2023, is structured into eight work packages
(WPs), each addressing different facets of the project (Figure 2). WP1 focuses on project management
and coordination, while WP2, led by the University of Oslo, tackles the ethical, legal, and data
protection issues associated with Al development and implementation. WP3 emphasizes stakeholder
engagement, including collaboration with patients and healthcare providers, to ensure that the Al tools

are practical, user-friendly, and relevant to real-world challenges.

Four key WPs—WP4, WP5, WP6, and WP7—form the research core of ARISTOTELES. WP4 will
develop the data platform that integrates clinical, genetic, and imaging data. This platform will
support WPS5, which focuses on creating Al tools capable of predicting disease progression and
assessing patient risks. WP6 will validate these Al models using in silico trials (simulated clinical
trials), ensuring they are safe and effective before real-world application. WP7 will then test these Al
tools in a large-scale randomized clinical trial, evaluating their impact on AF management and patient
outcomes. The trial will compare an Al-supported intervention group with a usual care group. In the
usual care group, patients will be managed according to AF guidelines, based on the ABC pathway
28 while other conditions will be managed according to their specific guidelines®. In the Al-supported
intervention arm, physicians will similarly rely on clinical judgment, but with Al tools providing
additional support. Throughout the project, WP8 will focus on disseminating the project’s findings to
the broader scientific community and exploring pathways for the commercialization of the Al

solutions developed.



The ARISTOTELES randomized controlled trial

As the ARISTOTELES project reaches its final phase, a cluster-randomized controlled trial (RCT)
will be conducted to assess the effectiveness of Al-informed management for patients with AF. The
RCT is a prospective, multicenter, open-label, cluster-randomized trial that will recruit patients with
AF. ARISTOTELES RCT will include approximately 1200 patients. The key inclusion criteria will
be a diagnosis of AF (qualifying event documented by 12-lead ECG, 24-hour ECG Holter, or other
electrocardiographic methods within 12 months before enrollment) and the presence of at least one
non-sex-related CHA,DS,-VASc score risk factor included (ie. CHA2DS,-VA*). Exclusion criteria
will include the presence of mechanical heart valves or moderate to severe mitral stenosis, serious

diseases with a life expectancy inferior to 12 months.

Patients will be recruited from four participating countries: Italy, Spain, Romania, and Greece.
National Coordinators in each country will identify a total of 30 centers each enrolling about 40
patients. These centres will be randomized in a 1:1 ratio to either the Al-supported intervention group
or the usual care group. This ensures that 15 clusters will implement the Al-supported management
strategy, while the remaining 15 will continue with usual care practices, with no active intervention
needed. The selected centres will primarily be general hospitals with a minimum of 200 new AF

referrals per year, ensuring an adequate patient volume for the study.

Each patient will have a minimum follow-up period of 1 year. Follow-up visits for patients will be
scheduled at 3, 6, 12. During these visits, the following data will be collected: updated clinical status,
any adverse events, clinical outcomes, new interventions, and ongoing or new concomitant

medications.

The primary endpoint of the study will be a composite of all-cause death or hospitalization for any
cause. The secondary objectives of the trial will further explore AI’s impact by examining its ability
to reduce the rates of fatal and non-fatal ischemic strokes, transient ischemic attacks (TIA), major
bleeding events, and cardiovascular or all-cause death. Additionally, the trial will assess
improvements in quality of life, therapy adherence, and the development of new comorbidities over
the follow-up period. By focusing on these secondary endpoints, the trial will provide a broader
understanding of how Al can enhance not only patient outcomes but also the overall quality of AF

management.

Conclusions



The ARISTOTELES project represents a significant step toward integrating Al into the management
of atrial fibrillation and its comorbidities. By leveraging the expertise of a multinational consortium,
the project will develop and test Al tools that can improve the prediction and treatment of AF. Through
a rigorous, large-scale RCT, the project will provide critical data on the effectiveness of Al in real-
world clinical settings. If successful, ARISTOTELES has the potential to revolutionize AF care,
making treatments more personalized, efficient, and effective, while setting the stage for Al-driven

innovations across other areas of cardiovascular medicine.
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FIGURES

Figure 1. Potential application of artificial intelligence among AF patients
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Figure 2. Work Packages (WP) of the ARISTOTELES project
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