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Introduction

Atrial fibrillation (AF)

CATCH ME

Atrial fibrillation (AF) is the most common cardiac ar-

CATCH ME (Characterising Atrial fibrillation by

rhythmia with 2-3% of the European population and

Translating its Causes into Health Modifiers in the

12-15% of Europe’s octogenarians being affected. By

Elderly) aims to improve the prevention and treat-

being a major cause of stroke, dementia, heart fail-

ment of AF and its complications. The goal is to de-

ure, and premature death, AF is a major threat to

velop and validate better disease management strat-

healthy ageing. It is well known that 25% of strokes,

egies based on the improved understanding of the

often severe strokes resulting in long-term disability,

main health modifiers (such as genes, drugs, and be-

are due to AF. In addition to causing embolic stroke,

haviour) leading to AF in the European population.

AF is a common cause of cardiac death (especially

These management strategies include clinical tools

sudden death and death due to heart failure) and

that will personalise the prevention and manage-

of reduced quality of life in affected patients (e.g.

ment of AF patients in order to guide and streng-

through hospitalisations, cognitive decline, and loss

then future strategies to prevent, diagnose and treat

of autonomy).

AF in Europe.

By 2050, the number of patients with AF is estimated to rise by 250% due to demographic ageing in
Western nations. Prevention and effective therapy
of AF are unmet needs. AF is therefore an increasingly serious healthcare problem. Treatment of AF
involves risk-factor control, use of medications to
slow the heart rate and/or convert the heart to normal rhythm, and prevention of blood clots.
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brought together a consortium of leading academic

The ESC together with the AFNET and the other

institutes and professional societies:

CATCH ME consortium partners have developed and
published seven online modules on the ESC e-learning online platform (ESCel) to disseminate CATCH

University of Birmingham, UK

ME research outcomes to the wider cardiology audience. These modules are presented in this booklet.

Institut d’Investigacions
Biomédiques August Pi i Sunyer,

The booklet guides you through the content availa-

Spain

ble for each of the seven CATCH ME modules on the

Cardiovascular Research

ESCel platform @

Institute Maastricht (CARIM)
of Maastricht University,
Netherlands

https://bit.ly/2gxfERT
Ludwig-Maximilians University
Munich, Germany

You can access these modules
for free with a My ESC account @
University of Oxford, UK

https://learn.escardio.org/login.aspx

University Pierre Marie Curie,
France

The modules consist of several courses. Each course
gives you an overview of the content and learning
outcomes of the course. Key messages of the course

European Society of Cardiology

are presented followed by recommended publica-

(ESC), France

tions and recorded conference sessions on the topic.

Atrial Fibrillation NETwork

The CATCH ME courses on ESCel are accredited by

(AFNET), Germany

UEMS EACCME and you can earn CME (Continuing
Medical Education) credits by taking the multiple

CATCH ME was funded by the European Union’s
Horizon 2020 research and innovation programme
under grant agreement No 633196 from 2015 to 2019.
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www.escardio.org/2016-AF-Guidelines

Module 1:

Author: Paulus Kirchhof - Birmingham, UK

2016 ESC AF Guidelines
Introduction to CATCH ME
In Module 1 you find a video of Professor Kirchhof from the University of Birmingham
emphasizing the importance of new technology in making healthcare more accessible.

AF in ESC Pocket Guidelines App

••https://bit.ly/2fCQpio
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www.escardio.org/Integrated-AF-Care

Module 2:

Author: Jeroen Hendriks - Adelaide, AU

Integrated AF care
At the end of this course you should be able to:
1. Explain the background and principles of Integrated Care in AF,
2. Describe the main elements of the Integrated Care Approach in AF,
3. Explain why patient empowerment and IT technology are important elements of
Integrated AF care, and how this is reflected in the use of the AF Manager and My AF
apps.

Key messages:
Integrated AF care summarises a patient-centred approach to care that aims to
deliver the following

••Knowledgeable, empowered patients who understand their conditions and “own”
their management,

••Access to all types of treatment for all patient who need it,
••Easy access to care, usually close to the patients’ homes,
••Seamless delivery of care across sectors and at all times,
••Multidisciplinary input into management decisions where needed, ranging from simple decision tools to complex multidisciplinary team advice involving patients and all
required experts.
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The development of integrated models for AF care

pathways and importantly will demand close cross-

will take many shapes and forms, making use of

sector cooperation to enable efficient and effective

existing services and provision and considering the

access to specialist advice and (sub)specialist

needs of local and regional populations. Integration

treatment for all patients who need it.

of care will require redesigning or adapting care

IT tools to support integrated AF care –
the example of the AF Manager and my AF apps
To support integrated AF care concepts the CATCH

based on their information. The information can

ME consortium, led by the ESC, has developed

be entered into the system by patients themselves

and published two apps that are linked and share

via the My AF app and by health care professionals

information. The app for health care professionals

via the AF Manager app. The patient controls his /

(AF Manager) provides an overview of the re-

her information and can decide with whom to share

commended treatment options for individual patients

this information. Treatment, symptoms, events and

with AF based on the 2016 ESC AF guidelines.

general well-being can be recorded.

The recommendations are recorded for patients
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2016 ESC Guidelines for the
Management of Atrial
Fibrillation in collaboration
with EACTS

Integrated Care approach in
the management for Atrial
Fibrillation
Jeroen Hendriks, FESC, University of Adelaide, AU

European Heart Journal - doi:10.1093/eurheartj/ehw 210

17

2016 ESC/EACTS Guidelines for the management of atrial fibrillation

Smartphone and tablet apps as part of integrated approach

2016 ESC AF Guidelines
Support health care team
Actively involve patients
Integrate AF care

www.escardio.org/guidelines
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European Heart Journal - doi:10.1093/eurheartj/ehw 210
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2016 ESC/EACTS Guidelines for the management of atrial fibrillation

AF Healthcare Professional App
Integrated treatment manager
o Fill in or access information transferred by patient.
o Receive individual treatment recommendations
covering all five domains of AF treatment,
aligned with 2016 AF guidelines.
o Transfer data safely from and to patient and other
professionals.

www.escardio.org/guidelines

European Heart Journal - doi:10.1093/eurheartj/ehw 210

19

2016 ESC/EACTS Guidelines for the management of atrial fibrillation

My AF Patient App
• Patient education designed for and by patients
• Text and images provided by the British Heart Foundation, AF
patients, ESC GL Task force, EHRA and AFNET patient websites,
closely aligned with 2016 AF guidelines.
• Patient can choose to transfer health data to health care
professional app
• Patient has access to AF information
AF, cardiovascular diagnostics, risks and treatment options.
• Patient enters and stores information
Symptoms, medical history. Patient owns information.

www.escardio.org/guidelines

European Heart Journal - doi:10.1093/eurheartj/ehw 210

11
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2016 ESC/EACTS Guidelines for the management of atrial fibrillation

My AF Patient App: Patient-friendly information

www.escardio.org/guidelines

European Heart Journal - doi:10.1093/eurheartj/ehw 210
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2016 ESC/EACTS Guidelines for the management of atrial fibrillation

Summary
1. Given the increasing AF prevalence and growing AF burden on the health
care system, the conservative AF approach may not be sufficient anymore
and new care pathways may be needed.
2. Integrated Care in AF includes patient involvement, multidisciplinary
teams, use of technology tools, and access to all AF treatment options.
3. Access to all AF treatment options implies a comprehensive approach
focussing on AF management, stroke prevention, risk factor management
and lifestyle changes.
4. Tailored patient education is
recommended in all phases of AF
management, it encourages patients to undertake self-management and
being involved in shared decision making.
5. The AF Health Care professional app and My AF Patient app are technology
tools to improve guideline adherent therapy, provide patient education
and the possibility to share data between the apps.

www.escardio.org/guidelines

12

European Heart Journal - doi:10.1093/eurheartj/ehw 210
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www.escardio.org/AF-Manager-App

Module 3:

Author: Paulus Kirchhof - Birmingham, UK

AF Manager HCP app
In Module 3 you find a tutorial for The AF Manager app
for health care professionals (HCP).

Key messages:

••The AF Manager app is for professionals:

CATCH ME Apps
Data protection

13
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Purpose
• Data capture is necessary to establish the unique link
between the AF Manager and My AF apps, allowing
communication between HCPs and AF patients, which is a
novel feature of the apps.

• The stored data is also a resource to improve and support
the further development of care of patients with AF.

Data storage
• Storage infrastructure architecture is in line with
recommendations of the Data Protection Act (UK).

• Data is transferred, stored and processed fairly, securely, and
ethically.
• Patients are the owner and controller of the data.

Data flow schematic
Step 1. Patient enters and
saves data. Data is
captured in the database.
Step 2. Patient invites HCP
to view data, HCP accepts
and accesses data.

Step 5. Data syncs with
updates from HCP.

Database

Step 3. HCP uses data in
the AFTM / tools OR
HCP enters new data about
patient (e.g. diagnosis).
14

Step 4. HCP saves tools
output / new data
against patient’s profile.
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Infrastructure
• Data stored on disks located inside a physical server
located on the premises of the University of Birmingham.
• Disks are set up in a RAID1 configuration with data written
to two disks.
• In the event of failure, a “hot-spare” disk joins the array.
• Backups run nightly.

Security
• Servers and backup storage kept in different accesscontrolled, climate-controlled locations.
• Network protected by hardware firewall, accessible only
by the app developer and local IT team.
• Data is encrypted on the mobile device, during transfer,
and at rest in the database.

15
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Data owner rights
• Data owners are informed of data being
collected and the purposes of data
processing in the Terms & Conditions of
app usage during installation.
• Data owners explicitly express consent to
share data.
• User accounts are password protected.

16
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www.escardio.org/My-AF-App

Module 4:

Author: Paulus Kirchhof - Birmingham, UK

My AF app
In Module 4 you find a tutorial for the My AF app for patients.

Key messages:

••My AF app is for patients:

17
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www.escardio.org/AF-pathology

Module 5:

Author: Eduard Guasch - Barcelona, ES

Non-invasive characterization of mechanisms
underlying AF pathology
Courses in Module 5
••Course 1: Plasma biomarkers: an evolving tool
••Course 2: Novel tools to assess atrial structural remodeling: role of cardiac MRI
••Course 3: ECG-based parameters to stratify patients with AF
••Course 4: Genomics in AF
Course 1:
Plasma biomarkers: an evolving tool
At the end of this course you should be able to:
1. Identify what a biomarker is, and which type of biomarkers can be quantified
in plasma,
2. Describe the current applications of plasma biomarkers in AF diagnosis, prognosis
and therapy.

Key messages:

••Several plasma biomarkers have been shown to associate with prevalent and incident
AF and their complications. However, they are currently underused in the management
of AF patients.

••Diagnostic accuracy of some plasma biomarkers seems to be increased in specific
population.

••In this course, we will review current knowledge of biomarkers, including microRNAs,
their use in specific populations and future perspectives in this field.

18
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Recommended articles:
Data-driven discovery and validation of circulat-

cation improvement = 0.178; P < 0.001). Both logistic

ing blood-based biomarkers associated with

regression and machine learning predicted AF well

prevalent atrial fibrillation.

during validation [area under the receiver-operator

Chua W, Purmah Y, Cardoso VR, Gkoutos GV, Tull SP,

curve = 0.684 (0.62–0.75) and 0.697 (0.63–0.76), re-

Neculau G, Thomas MR, Kotecha D, Lip GYH, Kirch-

spectively].

hof, Fabritz L

Conclusion: Three simple clinical risk factors

Eur Heart J. 2019 Jan 7.

(age, sex, and BMI) and two biomarkers (elevated

https://doi.org/10.1093/eurheartj/ehy815

BNP and elevated FGF-23) identify patients with AF.
Further research is warranted to elucidate FGF-23

Abstract

dependent mechanisms of AF.

Aims: Undetected atrial fibrillation (AF) is a major
health concern. Blood biomarkers associated with

A biomarker-based risk score to predict death

AF could simplify patient selection for screening and

in patients with atrial fibrillation: the ABC (age,

further inform ongoing research towards stratified

biomarkers, clinical history) death risk score.

prevention and treatment of AF.

Hijazi Z, Oldgren J, Lindbäck J, Alexander JH, Con-

Methods and results: Forty common cardiovas-

nolly SJ, Eikelboom JW, Ezekowitz MD, Held C, Hy-

cular biomarkers were quantified in 638 consecutive

lek EM, Lopes RD, Yusuf S, Granger CB, Siegbahn A,

patients referred to hospital [mean ± standard devi-

Wallentin L; ARISTOTLE and RE-LY Investigators

ation age 70 ± 12 years, 398 (62%) male, 294 (46%)

Eur Heart J. 2018;39(6):477-485.

with AF] with known AF or ≥2 CHA2DS2-VASc risk

https://doi.org/10.1093/eurheartj/ehx584

factors. Paroxysmal or silent AF was ruled out by

ClinicalTrials.gov: NCT00412984 and NCT00262600

7-day ECG monitoring. Logistic regression with forward selection and machine learning algorithms

Abstract

were used to determine clinical risk factors, imaging

Aims: In atrial fibrillation (AF), mortality remains

parameters, and biomarkers associated with AF.

high despite effective anticoagulation. A model pre-

Atrial fibrillation was significantly associated with

dicting the risk of death in these patients is current-

age [bootstrapped odds ratio (OR) per year = 1.060,

ly not available. We developed and validated a risk

95% confidence interval (1.04–1.10); P = 0.001], male

score for death in anticoagulated patients with AF

sex [OR = 2.022 (1.28–3.56); P = 0.008], body mass

including both clinical information and biomarkers.

index [BMI, OR per unit = 1.060 (1.02–1.12); P = 0.003],

Methods and results: The new risk score was

elevated brain natriuretic peptide [BNP, OR per fold

developed and internally validated in 14 611 patients

change = 1.293 (1.11–1.63); P = 0.002], elevated fi-

with AF randomized to apixaban vs. warfarin for a

broblast growth factor-23 [FGF-23, OR = 1.667 (1.36–

median of 1.9 years. External validation was per-

2.34); P = 0.001], and reduced TNF-related apopto-

formed in 8548 patients with AF randomized to dabi-

sis-induced ligand-receptor 2 [TRAIL-R2, OR = 0.242

gatran vs. warfarin for 2.0 years. Biomarker samples

(0.14–0.32); P = 0.001], but not other biomarkers.

were obtained at study entry. Variables significantly

Biomarkers improved the prediction of AF com-

contributing to the prediction of all-cause mortali-

pared with clinical risk factors alone (net reclassifi-

ty were assessed by Cox-regression. Each variable
19
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Course 1

obtained a weight proportional to the model coeffi-

the ARISTOTLE and RE-LY Investigators, A biomarker-based risk

cients. There were 1047 all-cause deaths in the de-

score to predict death in patients with atrial fibrillation: the ABC

rivation and 594 in the validation cohort. The most

(age, biomarkers, clinical history) death risk score, European

important predictors of death were N-terminal pro

Heart Journal, Volume 39, Issue 6, 07 February 2018, Pages

B-type natriuretic peptide, troponin-T, growth differ-

477–485, https://doi.org/10.1093/eurheartj/ehx584

entiation factor-15, age, and heart failure, and these
were included in the ABC (Age, Biomarkers, Clinical

Comparing biomarker profiles of patients with

history)-death risk score. The score was well-calibra-

heart failure: atrial fibrillation vs. sinus rhythm

ted and yielded higher c-indices than a model based

and reduced vs. preserved ejection fraction.

on all clinical variables in both the derivation (0.74

Santema BT, Kloosterman M, Van Gelder IC, Mordi I,

vs. 0.68) and validation cohorts (0.74 vs. 0.67). The

Lang CC, Lam CSP, Anker SD, Cleland JG, Dickstein K,

reduction in mortality with apixaban was most pro-

Filippatos G, Van der Harst P, Hillege HL, Ter Maaten

nounced in patients with a high ABC-death score.

JM, Metra M, Ng LL, Ponikowski P, Samani NJ, Van

Conclusion: A new biomarker-based score for

Veldhuisen DJ, Zwinderman AH, Zannad F, Damman

predicting risk of death in anticoagulated AF pa-

K, Van der Meer P, Rienstra M, Voors AA

tients was developed, internally and externally vali-

Eur Heart J. 2018;39:3867-3875.

dated, and well-calibrated in two large cohorts. The

https://doi.org/10.1093/eurheartj/ehy421

ABC-death risk score performed well and may contribute to overall risk assessment in AF.

Abstract
Aims: The clinical correlates and consequences of
atrial fibrillation (AF) might be different between
heart failure with reduced vs. preserved ejection
fraction (HFrEF vs. HFpEF). Biomarkers may provide insights into underlying pathophysiological
mechanisms of AF in these different heart failure
(HF) phenotypes.
Methods and results: We performed a retrospective analysis of the BIOlogy Study to TAilored
Treatment in Chronic Heart Failure (BIOSTAT-CHF),
which was an observational cohort. We studied 2152
patients with HFrEF [ejection fraction (EF < 40%)],
of which 1419 were in sinus rhythm (SR) and 733 had
AF. Another 524 patients with HFpEF (EF ≥50%)
were studied, of which 286 in SR and 238 with AF.
For the comparison of biomarker profiles, 92 cardi-

Cumulative risk of death by predicted 1-year ABC-death risk group
for the derivation (dashed lines, n = 14 611) and the validation (solid
lines, n = 8548) data. The vertical bar indicates the 1-year risk.

ovascular risk markers were measured (Proseek®
Olink Cardiovascular III panel). The circulating risk
marker pattern observed in HFrEF was different

Taken from:

than the pattern in HFpEF: in HFrEF, AF was associ-

Ziad Hijazi, Jonas Oldgren, Johan Lindbäck, John H Alexander,

ated with higher levels of 77 of 92 (84%) risk mark-

Stuart J Connolly, John W Eikelboom, Michael D Ezekowitz,

ers compared to SR; whereas in HFpEF, many more

Claes Held, Elaine M Hylek, Renato D Lopes, Salim Yusuf,

markers were higher in SR than in AF. Over a medi-

Christopher B Granger, Agneta Siegbahn, Lars Wallentin,

an follow-up of 21 months, AF was associated with

20
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increased mortality risk [multivariable hazard ratio

ed cardiovascular risk marker profile. In contrast, in

(HR) of 1.27; 95% confidence interval (CI) 1.09–1.48,

patients with HFpEF, the presence of AF was associ-

P = 0.002]; there was no significant interaction be-

ated with a more scattered risk marker profile, sug-

tween heart rhythm and EF group on outcome.

gesting differences in underlying pathophysiological

Conclusion: In patients with HFrEF, the presence

mechanisms of AF in these HF phenotypes.

of AF was associated with a homogeneously elevat-

Graphical representation of the risk marker profile in patients with SR vs. AF in HFrEF (left) and HFpEF (right).
A blue bar indicates a higher level of this marker in patients with AF, whereas a red bar reflects a higher level
in patients in SR. The top five biomarkers with the largest difference between SR and AF were highlighted in
blue, with the percentage indicating the magnitude of this difference. AF, atrial fibrillation; HFpEF, heart failure
with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; IGFBP1, insulin-like growth
factor-binding protein-1; MMP2, matrix metalloproteinase-2; NOTCH3, neurogenic locus notch homolog protein-3;
NT-proBNP, N-terminal pro-B-type natriuretic peptide; PDGFSUBUNITA, platelet-derived growth factor subunit-A;
SPON1, spondin-1; ST2, ST-2 protein; SR, sinus rhythm.

Taken from:
Bernadet T Santema, Mariëlle Kloosterman, Isabelle C Van Gelder,

Meer, Michiel Rienstra, Adriaan A Voors, Comparing biomarker

Ify Mordi, Chim C Lang, Carolyn S P Lam, Stefan D Anker, John G

profiles of patients with heart failure: atrial fibrillation vs. sinus

Cleland, Kenneth Dickstein, Gerasimos Filippatos, Pim Van der

rhythm and reduced vs. preserved ejection fraction, European

Harst, Hans L Hillege, Jozine M Ter Maaten, Marco Metra, Leong L

Heart Journal, Volume 39, Issue 43, 14 November 2018, Pages

Ng, Piotr Ponikowski, Nilesh J Samani, Dirk J Van Veldhuisen, Ae-

3867–3875, https://doi.org/10.1093/eurheartj/ehy421

ilko H Zwinderman, Faiez Zannad, Kevin Damman, Peter Van der
21
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The Biomarkers NT-proBNP and CA-125 are

Conclusions: This exploratory study, investi-

Elevated in Patients with Idiopathic Atrial

gating over 90 cardiovascular blood biomarkers in

Fibrillation.

patients without known CVD, identified one estab-

Dudink EAMP, Weijs B, Tull S, Luermans JGLM, Fab-

lished biomarker for paroxysmal AF, NT-proBNP, and

ritz L, Chua W, Rienstra M, Van Gelder IC, Schotten

a novel marker, CA-125. CA-125 - previously unre-

U, Kirchhof P, Crijns HJGM

lated to paroxysmal AF in an otherwise healthy

J Atr Fibrillation 2018;11

population – may thus be a potential indicator of

https://bit.ly/2YZLnAE

remote paroxysms of AF.

Abstract

MicroRNAs and atrial fibrillation:

Background: Blood biomarkers related to AF

new fundamentals.

could be useful to detect silent AF and to develop

Wang Z, Lu Y, Yang B.

stratified strategies for AF prevention. Previous

Cardiovasc Res. 2011;89:710-21.

studies identified markers that predict incident AF.

https://doi.org/10.1093/cvr/cvq350

However, it is difficult to differentiate whether biomarkers relate to underlying cardiovascular diseas-

Abstract

es, are generated by the atria in response to an AF

Atrial fibrillation (AF) is the most commonly en-

episode, or both. We therefore measured a panel

countered clinical arrhythmia associated with pro-

of blood biomarkers in patients without overt CVD

nounced morbidity, mortality, and socio-economic

with and without AF to investigate the association

burden. This pathological entity is associated with

between biomarkers and atrial fibrillation (AF) in pa-

an altered expression profile of genes that are im-

tients without overt cardiovascular disease (CVD).

portant for atrial function. MicroRNAs (miRNAs),

Methods: Blood samples – drawn remote from an

a new class of non-coding mRNAs of around 22

AF episode – of 60 patients with AF but without

nucleotides in length, have rapidly emerged as one

overt forms of CVD (idiopathic AF; iAF) were com-

of the key players in the gene expression regulato-

pared to 120 matched patients with sinus rhythm

ry network. The potential roles of miRNAs in cont-

only. A novel antibody-based method for quantifi-

rolling AF have recently been investigated. The stud-

cation of blood biomarkers (OlinkProseek Multiplex

ies have provided some promising results for our

Cardiovascular) was used to compare 92 biomarkers

better understanding of the molecular mechanisms

between the two groups.

of AF. In this review article, we provide a synopsis

Results: N-terminal pro-B-type natriuretic peptide

of the studies linking miRNAs to cardiac excitability

(NT-proBNP), Cathepsin L1, Endothelial cell-specific

and other processes pertinent to AF. To introduce

molecule 1, Cancer Antigen-125 (CA-125), Heat shock

the main topic, we discuss basic knowledge about

27kDa protein, Galanin peptides, Proteinase-activat-

miRNA biology and our current understanding of

ed receptor 1, Stem cell factor, and CD40-ligand

mechanisms for AF. The most up-to-date research

were all higher in iAF patients than in SR controls.

data on the possible roles of miRNAs in AF initiation

Both NT-proBNP (OR1.55(1.07–2.25);p=0.022) and

and maintenance are presented, and the available

CA-125 (OR1.68(1.07–2.64);p=0.026) were independ-

experimental results on miRNA and AF are dis-

ently associated with iAF.

cussed. Some speculations pertinent to the subject
are made. Finally, perspectives on future directions
of research on miRNAs in AF are provided.
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Recommended conference sessions:
Biomarkers for AF – what is new?

The latter are available from clinical routine and do

Renate Schnabel - Hamburg, DE

not require extra measurement costs.

@ 7th AFNET/EHRA Consensus Conference 2019

In unbiased approaches multi-omics dataset have

https://youtu.be/kDPyBlNNcjY

been interrogated to identify truly novel biomarkers in relation to AF. Permanent AF reveals gene

Abstract

expression and proteomic patterns of mitochondrial

Biomarkers are quantifiable measures of (subclin-

dysfunction and structural and electrical remodeling

ical) disease states. Over the last decades many

whereas acute AF shows a pre-dominance of inflam-

biomarkers including imaging, circulating and tissue

matory pathways activation.

markers have been examined for AF prediction, i.e.

Whereas strong biomarkers that have been consist-

detection of subclinical AF or risk assessment for in-

ently related to AF and its outcomes such as natriu-

cident AF. Biomarkers carry the potential to reveal

retic peptides have been established, novel markers

pathophysiological mechanisms and characterize

for AF prediction, prognosis and sub-differentiation

subtypes of AF.

of AF types are emerging and will be complemented

A major focus of circulating biomarkers determina-

by novel markers resulting from big data analysis in

tion is prediction of AF risk and prognosis. Among

multi-omics datasets.

innumerable, largely protein-based biomarkers that
have been related to AF, natriuretic peptides, in

References

particular B-type natriuretic peptide (BNP) and its

1. Berg DD et al. Performance of the ABC Scores for Assessing

pro-hormone fragment (Nt-proBNP), have consist-

the Risk of Stroke or Systemic Embolism and Bleeding in Pati-

ently been the strongest predictors of AF and its

ents with Atrial Fibrillation in ENGAGE AF-TIMI 48. Circulation.

complications such as stroke, heart failure and bleed-

2018.

ing.1,2 Nt-proBNP dominates AF patients’ marker

2. Hijazi Z et al. The ABC (age, biomarkers, clinical history) stroke

profiles in heart failure with reduced and preserved

risk score: a biomarker-based risk score for predicting stroke

ejection fraction.3 Other biomarkers of recent inter-

in atrial fibrillation. Eur Heart J. 2016;37:1582-1590.

est have been high sensitivity measured troponins

3. Santema BT et al. Comparing biomarker profiles of pati-

and growth differentiation factor-15 (GDF-15). GDF-

ents with heart failure: atrial fibrillation vs. sinus rhythm

15 is strongly associated with bleeding events in

and reduced vs. preserved ejection fraction. Eur Heart J.

AF. In independent studies using machine learning

2018;39:3867-3875.

algorithms, BNP or Nt-proBNP are selected as the

4. Chua W et al. Data-driven discovery and validation of circula-

top variable for AF prediction among more than 200

ting blood-based biomarkers associated with prevalent atrial

predictors and 40 circulating biomarkers4. Fibro-

fibrillation. Eur Heart J. 2019.

blast growth factor 23 has become another promi-

5. Khera AV et al. Genome-wide polygenic scores for common

sing candidate biomarker.

diseases identify individuals with risk equivalent to monogenic

Polygenic, increasingly genome-wide, scores pro-

mutations. Nat Genet. 2018;50:1219-1224.

vide risk information largely independent of environmental and lifestyle factors.5 Their additional discriminatory ability lies in the same range as natriuretic
peptides in comparison with classical risk factors.
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Plasma biomarkers: an evolving tool

https://bit.ly/2QhmTP9
MicroRNAs: biomarker or therapeutic target in

Biomarkers for stroke risk prediction in atrial

atrial fibrillation?

fibrillation

Svetlana Reilly - Oxford, UK

Jonas Oldgren - Uppsala, SE

@ ESC Congress 2017

@ ESC Congress 2017
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Course 2:
Novel tools to assess atrial structural remodeling:
role of cardiac MRI

At the end of this course you should be able to:
1. Explain which parameters assessing the atrial structure can be explored with
cardiac MRI,
2. Understand the current limitations of cardiac MRI,
3. Explain the current and potentially novel applications of cardiac MRI in patients
with AF.

Key messages:

••Cardiac MR provides unprecedented accuracy to non-invasively study the cardiac
structure and provide clinically useful information on left atrial structural remodeling
in patients with, or at risk of, AF.

••Identification of left atrial fibrosis seems particularly interesting. Some methods
have been proposed to quantify atrial fibrosis, but concerns on reproducibility and
validation have hampered their widespread use.

••Papers and conferences in the present course summarize up-to-date cMR techniques
to study atrial remodeling and their potential uses.
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Recommended articles:
Differentiation and quantification of fibrosis,

quantify different LA myocardial components with

fat and fatty fibrosis in human left atrial

high agreement in 2D with histology and moreover

myocardium using ex vivo MRI.

to provide 3D quantification of such components

Bouazizi K, Rahhal A, Kusmia S, Evin M, Defrance C,

whereas in vivo application remains a challenge.

Cluzel P, Berthet M, Atassi F, Leprince P, Lebreton G,
Kachenoura N, Hatem SN, Redheuil A.

Left atrial geometry and outcome of atrial

PLoS One. 2018;13:e0205104.

fibrillation ablation: results from the multi-

https://doi.org/10.1371/journal.pone.0205104

centre LAGO-AF study.
Bisbal F, Alarcón F, Ferrero-de-Loma-Osorio A,

Abstract

González-Ferrer JJ, Alonso C, Pachón M, Tizón H,

Background: Atrial fibrillation is associated with

Cabanas-Grandío P, Sanchez M, Benito E, Teis A, Ru-

an atrial cardiomyopathy composed mainly of fibro-

iz-Granell R, Pérez-Villacastín J, Viñolas X, Arias MA,

sis and adipose tissue accumulation. We hypothesi-

Vallés E, García-Campo E, Fernández-Lozano I, Villu-

zed that MRI, when used in an optimal ex vivo set-

endas R, Mont L

ting allowing high spatial resolution without motion

Eur Heart J Cardiovasc Imaging. 2018;19:1002-1009.

artifacts, can help characterizing the complex 3D

https://doi.org/10.1093/ehjci/jey060

left atrial (LA) wall composition in human myocardi-

ClinicalTrials.gov: NCT02373982

al samples, as compared to histology.
Methods: This prospective case-control study was

Abstract

approved by the institutional review board. 3D MRI

Aims: Left atrial (LA) remodelling is a key determi-

acquisitions including saturation-recovery T1 map-

nant of atrial fibrillation (AF) ablation outcome. Op-

ping and DIXON imaging was performed at 4.0 T on

timal methods to assess this process are scarce. LA

9 human LA samples collected from patients who

sphericity is a shape-based parameter shown to be

underwent cardiac surgery. Histological quantifica-

independently associated to procedural success. In a

tion of fibrosis and fat was obtained. MRI T1 maps

multicentre study, we aimed to test the feasibility of

were clustered based on a Gaussian Mixture Model

assessing LA sphericity and evaluate its capability

allowing quantification of total, interstitial and fatty

to predict procedural outcomes.

fibrosis components. Fat maps were computed from

Methods and results: This study included con-

DIXON images and fat fractions were calculated. MRI

secutive patients undergoing first AF ablation during

measurements were performed on the same loca-

2013. A 3D model of the LA chamber, excluding pul-

tion as the histological analysis (plane) and on the

monary veins and LA appendage, was used to quan-

entire sample volume (3D).

tify LA volume (LAV) and LA sphericity (≥82.1% was

Results: High correlations and levels of agreement

considered spherical LA). In total, 243 patients were

were observed between MRI and histology for total

included across 9 centres (71% men, aged 56 ± 10 ye-

(r = 0.93), interstitial (r = 0.93) and fatty fibrosis (r =

ars, 44% with hypertension and 76% CHA2DS2-

0.98) and fat (r = 0.96). Native T1 correlated with the

VASc ≤ 1). Most patients had paroxysmal AF (66%)

amount of fibrosis from MRI and histology. The 3D

and underwent radiofrequency ablation (60%). Mean

MRI total, interstitial and fatty fibrosis ranges were

LA diameter (LAD), LAV, and LA sphericity were

between 6% and 23%, 4% and 17.3%; and 1.4% and

42 ± 6 mm, 100 ± 33 mL, and 82.6 ± 3.5%, respective-

19.7% respectively.

ly. Adjusted Cox models identified paroxysmal AF

Conclusion: High Field ex vivo MRI was able to

[hazard ratio (HR 0.54, P = 0.032)] and LA spherici-
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ty (HR 1.87, P = 0.035) as independent predictors for

using ADAS-AF software (Galgo Medical), which al-

AF recurrence. A combined clinical-imaging score

lows fibrosis identification in 3D colour-coded shells.

[Left Atrial Geometry and Outcome (LAGO)] includ-

A regional semiautomatic LA parcellation software

ing five items (AF phenotype, structural heart dis-

was used to divide the atrial wall into 12 segments:

ease, CHA2DS2-VASc ≤ 1, LAD, and LA sphericity)

1–4, posterior wall; 5–6, floor; 7, septal wall; 8–11, an-

classified patients at low (≤2 points) and high risk

terior wall; 12, lateral wall. The presence and amount

(≥3 points) of procedural failure (35% vs. 82% re-

of fibrosis in each segment was obtained for analysis.

currence at 3-year follow-up, respectively; HR 3.10,

After exclusions for artefacts and insufficient image

P < 0.001).

quality, 76 LGE-MRI images (68%) were suitable for

Conclusion: In this multicentre, real-life cohort,

fibrosis analysis. Segments 3 and 5, closest to the

LA sphericity and AF phenotype were the strongest

left inferior pulmonary vein, had significantly higher

predictors of AF ablation outcome after adjustment

fibrosis (40.42% ± 23.96 and 25.82% ± 21.24, re-

for covariates. The LAGO score was easy to imple-

spectively; P < 0.001), compared with other segments.

ment, identified high risk of procedural failure, and

Segments 8 and 10 in the anterior wall contained

could help select optimal candidates.

the lowest fibrosis (2.54% ± 5.78 and 3.82% ± 11.59,
respectively; P < 0.001). Age >60 years was signifi-

Preferential regional distribution of atrial fibrosis

cantly associated with increased LA fibrosis [95%

in posterior wall around left inferior pulmonary

confidence interval (CI) 0.19–8.39, P = 0.04] and per-

vein as identified by late gadolinium enhancement

sistent AF approached significance (95% CI −0.19%

cardiac magnetic resonance in patients with atrial

to 7.83%, P = 0.08).

fibrillation.

Conclusion: In patients with AF, the fibrotic area

Benito EM, Cabanelas N, Nuñez-Garcia M, Alarcón

is preferentially located at the posterior wall and

F, Figueras I Ventura RM, Soto-Iglesias D, Guasch E,

floor around the antrum of the left inferior pulmo-

Prat-Gonzalez S, Perea RJ, Borràs R, Butakoff C, Ca-

nary vein. Age >60 years was associated with in-

mara O, Bisbal F, Arbelo E, Tolosana JM, Brugada J,

creased fibrosis.

Berruezo A, Mont L
Europace. 2018;20:1959-1965.

Reproducibility and accuracy of late gadolinium

https://doi.org/10.1093/europace/euy095

enhancement cardiac magnetic resonance
measurements for the detection of left atrial

Abstract

fibrosis in patients undergoing atrial fibrillation

Aims: Left atrial (LA) fibrosis can be identified by

ablation procedures.

late gadolinium enhancement cardiac magnetic re-

Margulescu AD, Nuñez-Garcia M, Alarcón F, Benito

sonance (LGE-CMR) in patients with atrial fibrilla-

EM, Enomoto N, Cozzari J, Chipa F, Fernandez H,

tion (AF). However, there is limited information

Borras R, Guasch E, Butakoff C, Tolosana JM, Arbelo

about anatomical fibrosis distribution in the left

E, Camara O, Mont L

atrium. The aim is to determine whether there is a

Europace. 2019.

preferential spatial distribution of fibrosis in the left

https://doi.org/10.1093/europace/euy314

atrium in patients with AF.
Methods and results: A 3-Tesla LGE-CMR was

Abstract

performed in 113 consecutive patients referred for AF

Aims: Late gadolinium enhancement cardiac mag-

ablation. Images were post-processed and analysed

netic resonance (LGE-CMR) may define left atrial
27
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(LA) anatomy and structural remodelling, and facil-

Left atrial fibrosis quantification by late gadolin-

itate atrial fibrillation (AF) ablation. We aimed to

ium-enhanced magnetic resonance: a new method

assess the intra- and inter-observer reproducibility

to standardize the thresholds for reproducibility.

and agreement of LGE-CMR parameters with direct

Benito EM, Carlosena-Remirez A, Guasch E, Prat-

application to AF ablation techniques.

González S, Perea RJ, Figueras R, Borràs R, Andreu

Methods and results: One experienced and

D, Arbelo E, Tolosana JM, Bisbal F, Brugada J, Ber-

one non-experienced observer performed com-

ruezo A, Mont L

plete LGE-CMR data analysis twice, on different

Europace. 2017;19:1272-1279.

days, in 40 randomly selected LGE-CMR examinations

https://doi.org/10.1093/europace/euw219

[20 performed before ablation (pre-ablation) and
20 performed 3 months after ablation (post-abla-

Abstract

tion)]. Four additional observers (two experienced

Aims: Identification of left atrial (LA) fibrosis

and two non-experienced) performed complete LGE-

through late gadolinium-enhanced cardiac magnetic

CMR data analysis in a subgroup of 30 patients (15

resonance (LGE-CMR) remains controversial due to

pre-ablation and 15 post-ablation). All LGE-CMR were

the heterogeneity and lack of reproducibility of pro-

performed in sinus rhythm. Intra- and inter-observer

posed methods. Our aim is to describe a normalized,

reproducibility of LA volume, LA area, and sphericity

reproducible, standardized method to evaluate LA

index (SI) was high: coefficient of variation <10% and

fibrosis through LGE-CMR.

intraclass correlation coefficient >0.71. Geometric

Methods and results: Electrocardiogram- and

congruency of repeated reconstruction of LA shape

respiratory-gated 3-Tesla LGE-CMR was performed

was high: maximal error <5 mm for intra-observer

in 10 healthy young volunteers and 30 patients with

and <8 mm for inter-observer. The precision of scar

atrial fibrillation (AF): 10 with paroxysmal AF, 10

location increased with extent of scar, and was high

with persistent AF, and 10 with a previous AF abla-

(Dice coefficient >0.75) when the scar area was >5

tion procedure. Local image intensity ratio (IIR) of

cm2 for a single observer and >15 cm2 for multiple

the LA was calculated as the absolute pixel intensity

observers. Non-experienced observers performed

to mean blood pool intensity ratio. The healthy a-

equally well to experienced observers.

trial tissue threshold was defined in young healthy

Conclusion: Late gadolinium enhancement cardi-

volunteers (upper limit of normality set at IIR tissue

ac magnetic resonance measurements of LA area,

mean plus 2 SDs). Dense atrial scarring was charac-

volume, and SI were reproducible, and geometric

terized in patients with previous radiofrequency-in-

congruency of LA shape was high. Location of scar

duced scarring (post-AF ablation patients). Valida-

was precise for scar areas >5 cm2 for single observ-

tion groups consisted of patients with paroxysmal

2

ers and >15 cm for multiple observers, regardless

and persistent AFs. The upper limit of normal IIR was

of the observers’ experience. These results may serve

1.20; IIR values higher than 1.32 (60% of mean max-

as a reference for future studies on the role for

imum pixel intensity in post-ablation patients) were

substrate-based AF ablation procedures.

considered dense scar. Image intensity ratio values
between 1.2 and 1.32 identified interstitial fibrosis.
Patients with paroxysmal and persistent AFs had
less atrial fibrotic tissue compared with post-ablation patients. Endocardial bipolar voltage was correlated to IIR values.
Conclusions: An IIR of 1.2 identifies the upper limit of normality in healthy young individuals. An IIR
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of >1.32 defines dense atrial fibrosis in post-ablation

dicts the success of AF ablation at up to 5 years fol-

patients. Our results provide a consistent, compara-

low-up. In patients with advanced atrial fibrosis, AF

ble, and normalized tool to assess atrial arrhythmo-

ablation is associated with a high procedural failure

genic substrate.

rate.

Atrial Fibrosis by Late Gadolinium Enhancement

Magnetic resonance imaging of atrial fibrosis:

Magnetic Resonance Imaging and Catheter Abla-

redefining atrial fibrillation to a syndrome.

tion of Atrial Fibrillation: 5-Year Follow-Up Data.

Gal P, Marrouche NF

Chelu MG, King JB, Kholmovski EG, Ma J, Gal P, Ma-

Eur Heart J. 2017;38:14-19.

rashly Q, AlJuaid MA, Kaur G, Silver MA, Johnson

https://doi.org/10.1093/eurheartj/ehv514

KA, Suksaranjit P, Wilson BD, Han FT, Elvan A, Marrouche NF

Abstract

J Am Heart Assoc. 2018;7:e006313.

Atrial fibrillation (AF) is the most common sustained

https://doi.org/10.1161/JAHA.117.006313

arrhythmia and its treatment continues to be a challenge. Recently, delayed enhancement (DE)-MRI was

Abstract

introduced in the diagnosis and treatment of AF by

Background: Late gadolinium enhancement mag-

the assessment of atrial fibrosis, which is conside-

netic resonance imaging is an effective tool for as-

red the hallmark of the arrhythmogenic substrate in

sessment of atrial fibrosis. The degree of left atrial

AF. Atrial fibrosis was reported to be an independent

fibrosis is a good predictor of atrial fibrillation (AF)

predictor of arrhythmia recurrences. Post-abla-

ablation success at 1 year, but the association be-

tion DE-MRI allows for assessment of the total scar

tween left atrial fibrosis and long-term ablation suc-

burden, complete encirclement of pulmonary veins,

cess has not been studied.

and the assessment of residual fibrosis, which were

Methods and results: Late gadolinium enhance-

all reported to be strong predictors of arrhythmia

ment magnetic resonance images of sufficient

recurrences post-ablation. Current pathophysiolo-

quality to quantify atrial fibrosis were obtained be-

gical perspectives for AF are heavily based on the

fore the first AF ablation in 308 consecutive patients.

adagium AF begets AF. However, several recent ob-

Left atrial fibrosis was classified in 4 Utah stages (I,

servations, such as atrial fibrosis being present in

0–10%; II, 10–20%; III, 20–30%; and IV, >30%). Pa-

non-AF patients, do introduce a new pathophysiolo-

tients were followed up for up to 5 years until the time

gical perspective for AF. Potentially, atrial fibrosis

of first arrhythmia recurrence or second ablation. A

is a disease process that triggers the initiation and

total of 308 patients were included; the mean age

maintenance of the syndrome AF.

was 64.5±12.1 years, and 63.4% were men. During
follow-up, 157 patients experienced an arrhythmia

Cardiac magnetic resonance and electroana-

recurrence and 106 patients underwent a repeated

tomical mapping of acute and chronic atrial

ablation. A graded effect was observed in which pa-

ablation injury: a histological validation study.

tients with more advanced atrial fibrosis were more

Harrison JL, Jensen HK, Peel SA, Chiribiri A, Grøndal

likely to experience recurrent AF (hazard ratio for

AK, Bloch LØ, Pedersen SF, Bentzon JF, Kolbitsch C,

stage IV versus stage I, 2.73; 95% confidence inter-

Karim R, Williams SE, Linton NW, Rhode KS, Gill J,

val, 1.57–4.75) and undergo a repeated ablation (pro-

Cooklin M, Rinaldi CA, Wright M, Kim WY, Schaeffter

portional odds ratio for stage IV versus stage I, 5.19;

T, Razavi RS, O‘Neill MD

95% confidence interval, 2.12–12.69).

Eur Heart J. 2014;35:1486-95.

Conclusions: The degree of left atrial fibrosis pre-

https://doi.org/10.1093/eurheartj/eht560
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Abstract
Aims: To provide a comprehensive histopathological

ical volumes were 2.3 SD for LGE post-ablation,

validation of cardiac magnetic resonance (CMR) and

14.5 SD for T2W post-ablation and 3.3 SD for LGE

endocardial voltage mapping of acute and chronic

chronically. T2-weighted chronically always under-

atrial ablation injury.

estimated lesion volume. Acute histology showed

Methods and results: 16 pigs underwent pre-

transmural injury with coagulative necrosis. Chronic

ablation T2-weighted (T2W) and late gadolinium

histology showed transmural fibrous scar. The mean

enhancement (LGE) CMR and high-density volt-

voltage at the centre of the ablation line was 3.3 mV

age mapping of the right atrium (RA) and both were

pre-ablation, 0.6 mV immediately post-ablation, and

repeated after intercaval linear radiofrequency ab-

0.3 mV chronically.

lation. Eight pigs were sacrificed following the pro-

Conclusion: This study presents the first histopa-

cedure for pathological examination. A further eight

thological validation of CMR and endocardial voltage

pigs were recovered for 8 weeks, before chronic

mapping to define acute and chronic atrial ablation

CMR, repeat RA voltage mapping and pathological

injury, including SI thresholds that best match his-

examination. Signal intensity (SI) thresholds from 0

tological lesion volumes. An understanding of these

to 15 SD above a reference SI were used to segment

thresholds may allow a more informed assessment

the RA in CMR images and segmentations compared

of the underlying atrial substrate immediately after

with real lesion volumes.

ablation and before repeat catheter ablation for a-

The SI thresholds that best approximated histolog-

trial arrhythmias.

Recommended conference sessions:
Three conference sessions by renowned researchers are listed here. They summarize additional
techniques to estimate atrial fibrosis such as deformation analyses (Dr. Redheuil), and provide current
state-of-the-art and future perspectives (Dr. Marrouche and Dr. Mont).
Novel tools to assess atrial structural remodeling:
role of cardiac MRI

MRI imaging of atrial fibrosis: where are we?
Lluis Mont – Barcelona, ES
@ ESC Congress 2018

https://bit.ly/2Wf7sfT
Does atrial fibrillation fibrosis help in guiding
MRI analysis of atrial deformation

atrial fibrillation ablation?

Alban Redheuil - Paris, FR

Nassir Marrouche - Salt Lake City, US

@ ESC Congress 2018

@ EHRA 2018
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Course 3:
ECG-based parameters to stratify patients with AF

At the end of this course you should be able to:
1. Explain how analysis of the ECG can provide information on the atrial substrate,
2. Know the most commonly used ECG parameters for non-invasive assessment of atrial structural arrhythmogenic substrate,
3. Describe how evolving non-invasive electrical data can help management of patients
with AF.

Key messages:

••ECG is an easy to obtain exploration that provides an estimate of cardiac electrical
activity. Its analysis in patients with AF may potentially serve to obtain data from
atrial remodeling. Several parameters have been defined for this purpose.

••In this course, ECG parameters estimating atrial substrate, and their potential clinical
applicability, will be detailed.
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Recommended articles:
Low atrial fibrillatory rate is associated with

Along with first-ever AF episode and IHD, AFR can

spontaneous conversion of recent-onset atrial

be used in assessing likelihood of spontaneous con-

fibrillation.

version, if proven in prospective studies.

Choudhary MB, Holmqvist F, Carlson J, Nilsson HJ,
Roijer A, Platonov PG

Systematic comparison of non-invasive meas-

Europace. 2013;15:1445-52.

ures for the assessment of atrial fibrillation

https://doi.org/10.1093/europace/eut057

complexity: a step forward towards standardization of atrial fibrillation electrogram analysis.

Abstract

Bonizzi P, Zeemering S, Karel JM, Di Marco LY, Uldry

Aims: Atrial fibrillatory rate (AFR) is considered a

L, Van Zaen J, Vesin JM, Schotten U

non-invasive index of atrial remodelling. Low AFR

Europace. 2015;17:318-25.

has been associated with favourable outcome of in-

https://doi.org/10.1093/europace/euu202

terventions in patients with persistent atrial fibrillation (AF). However, AFR has never been studied in

Abstract

unselected patients with short duration of AF, prone

Aims: To present a comparison of electrocardio-

to regain sinus rhythm (SR) spontaneously. The aim

gram-based non-invasive measures of atrial fibril-

of the study was to assess if AFR can predict spon-

lation (AF) substrate complexity computed on in-

taneous conversion in patients with recent-onset AF.

vasive animal recordings to discriminate between

Methods and results: Files of consecutive pa-

short-term and long-term AF. The final objective is

tients with AF < 48 h seeking emergency room care

the selection of an optimal sub-set of measures for

during a 12-month period were screened (n = 225).

AF complexity assessment.

Patients with thyroid illness, acute ischaemic heart

Methods and results: High-density epicardial

disease (IHD) or acute congestive heart failure, sig-

direct contact mapping recordings (234 leads) were

nificant valvular heart disease, congenital heart

acquired from the right and the left atria of 17 goats

disease, history of cardiac surgery or catheter abla-

in which AF was induced for 3 weeks (short-term AF

tion, or on class I/III antiarrhythmics were excluded.

group, N = 10) and 6 months (long-term AF group,

Atrial fibrillatory rate was obtained by QRST cancel-

N = 7). Several non-invasive measures of AF organi-

lation and time frequency analysis of electrocardio-

zation proposed in the literature in the last decade

gram at admission. The study population comprised

were investigated to assess their power in discrimi-

148 patients (age 64 ± 13 years, 52 men), of whom

nating between the short-term and long-term group.

48 converted to SR within 18 h. Those converting

The best performing measures were identified,

spontaneously comprised more women, had a higher

which when combined attained a correct classifica-

prevalence of first-ever AF episode, IHD, and a lower

tion rate of 100%. Their ability to predict standard

AFR. The multivariate analysis revealed: AFR < 350

invasive AF complexity measures was also tested,

fibrillations per minute [odds ratio (OR) 3.7, 95%

showing an average R2 of 0.73 ± 0.04.

confidence interval (CI) 1.3–10.5, P = 0.016], IHD (OR

Conclusion: An optimal set of measures of the AF

5.7, 95% CI 1.5–22.4, P = 0.012) and first-ever AF

substrate complexity was identified out of the set of

episode (OR 4.1, 95% CI 1.3–13.0, P = 0.015) as inde-

non-invasive measures analysed in this study. These

pendent predictors of spontaneous conversion.

measures may contribute to improve patient-tai-

Conclusion: A low AFR was predictive of sponta-

lored diagnosis and therapy of sustained AF.

neous conversion in patients with recent-onset AF.
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Measures of spatiotemporal organization

Association between PR interval prolongation

differentiate persistent from long-standing

and electro-anatomical substrate in patients

atrial fibrillation.

with atrial fibrillation.

Uldry L, Van Zaen J, Prudat Y, Kappenberger L, Ves-

Schumacher K, Büttner P, Dagres N, Sommer P, Di-

in JM

nov B, Hindricks G, Bollmann A, Kornej J

Europace. 2012;14:1125-31.

PLoS One. 2018;13:e0206933.

https://doi.org/10.1093/europace/eur436

https://doi.org/10.1371/journal.pone.0206933

Abstract

Abstract

Aims: This study presents an automatic diagnostic

Background: Atrial fibrillation (AF) is the most

method for the discrimination between persistent

common sustained arrhythmia in clinical routine.

and long-standing atrial fibrillation (AF) based on

Left atrial (LA) electro-anatomical remodelling in

the surface electrocardiogram (ECG).

AF patients indicates disease progression and is as-

Methods and results: Standard 12-lead ECG

sociated with poor therapeutic success. PR interval

recordings were acquired in 53 patients with either

prolongation is associated with an increased risk for

persistent (N= 20) or long-standing AF (N= 33), the

AF, however, the association between LA remodelling

latter including both long-standing persistent and

measured as low voltage areas (LVA) during catheter

permanent AF. A combined frequency analysis of

ablation and PR interval is unknown. The aim of this

multiple ECG leads followed by the computation of

study was to investigate the association between PR

standard complexity measures provided a method

interval prolongation and LVA in AF patients.

for the quantification of spatiotemporal AF organi-

Methods: We studied 103 patients (62±12 years,

zation. All possible pairs of precordial ECG leads were

59% males, 34% persistent AF) undergoing first AF

analysed by this method and resulting organization

catheter ablation and presenting with sinus rhythm.

measures were used for automatic classification of

PR interval prolongation was defined as PR >200ms

persistent and long-standing AF signals. Correct

and analysed in resting ECG before intervention. LVA

classification rates of 84.9% were obtained, with a

were determined using high-density maps and de-

predictive value for long-standing AF of 93.1%. Spa-

fined as <0.5 mV.

tiotemporal organization as measured in lateral pre-

Results: There were 24 patients (23%) with PR in-

cordial leads V5 and V6 was shown to be significant-

terval prolongation and 18 patients (17%) with LVA.

ly lower during long-standing AF than persistent AF,

There were significant correlations between PR pro-

suggesting that time-related alterations in left atrial

longation with LVA, CHA2DS2-VASc score and eGFR

electrical activity can be detected in the ECG.

(r2 = 0.230, 0.216, and 0.307, all p<0.05). PR inter-

Conclusion: Accurate discrimination between

val prolongation (OR 3.450, p = 0.024), persistent

persistent and long-standing AF based on standard

AF (OR 5.391, p = 0.002), and LA size (OR 1.117, p =

surface recordings was demonstrated. This informa-

0.018) were significant predictors for LVA, while age

tion could contribute to optimize the management

(OR 1.072, p = 0.005), LVA (OR 3.450 p = 0.024) and

of sustained AF, permitting appropriate therapeutic

eGFR (OR 0.962, p = 0.004) were associated with

decisions and thereby providing substantial clinical

PR interval prolongation.

cost savings.

Conclusions: Beside persistent AF and LA size,
PR interval prolongation might be useful for the
prediction of electro-anatomical substrate in AF patients. Larger studies are needed to confirm these
results.
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Interatrial block and reduced global left atrial

ECG (p<120 ms), partial IAB (p-IAB, p=120 ms) and

strain are related to atrial fibrillation onset in

advanced IAB (a-IAB, p=120ms with biphasic mor-

patients with cryptogenic stroke

phology in DII, DIII and aVF). Indexed left atrial vol-

Mendieta Badimon LG, Velasquez F, Aristizabal D,

ume (LAVI) and GLAS analysis were measured with

Weir D, Sanchis L, Llull L, Montserrat M, Guasch E,

TTE. Comparisons between groups were performed

Mont L, Elosua R, Bayes De Luna A, Sitges M

with ANOVA and Kruskal-Wallis tests.

@ EuroEcho-Imaging 2018 - Poster session

Results: An elevated prevalence of IAB was ob-

https://bit.ly/2uXH2zO

served in the 36 patients (age 73±1) included in this
analysis. 39% had a p-IAB and 31% had an a-IAB.

Abstract

While the average GLAS was of 23±5% with non-

Introduction: Ischaemic stroke aetiology re-

significant differences among ECG groups, the aver-

mains undetermined in up to one third of cases.

age left atrial volume index (LAVI) was of 38±9mL/

Atrial fibrillation (AF) is the most frequent under-

m2 showing significant differences among groups

lying origin. Interatrial block (IAB) is an electrocar-

(p=0.015). The average CHA2DS2-VASC score of the

diographic abnormality that results from the delay

cohort was of 3±0.2. Interestingly, neuroimaging

of electrical conduction across Bachmann’s bundle.

analysis revealed chronic brain lesions in 9% of N,

Both IAB and reduced atrial deformation (strain) are

21.4% of p-IAB and 27.3% of a-IAB patients. After

markers of atrial dysfunction and have been related

an average follow-up of 529 days, AF was detect-

to the development of AF.

ed in 7 patients (19.4%) of which 86% (n=6) had

Purpose: To study the prevalence of IAB and glob-

IAB (figure 1). Patients with AF showed a trend to-

al left atrial strain (GLAS) in a cohort of cryptoge-

wards a greater LAVI (p=0.052) and a lower GLAS

nic stroke patients. A secondary objective will be to

(p=0.083). Stroke recurrence during follow-up was

analyse the association of IAB and GLAS with the

of 7% in p-IAB patients and 9% in the a-IAB pa-

incidence of AF during follow-up.

tients, while no events were observed in the N group.

Methods: We screened a cohort of patients admit-

Conclusions: In patients with cryptogenic stroke,

ted at our centre due to cryptogenic stroke. Subjects

the presence of IAB, larger LAVI and lower GLAS

with non-sinus rhythm, suboptimal ECG readings

were related to a higher incidence of AF during fol-

and/or potential confounding echocardiographic fac-

low-up. Abnormalities in these electromechanical

tors of GLAS measurements (ventricular dysfunc-

parameters could be helpful to identify a cardioem-

tion, hypermobile interatrial septum) were excluded.

bolic source in cryptogenic stroke patients.

Demographic data, cardiovascular risk factors and
co-morbidities, CHA2DS2-VASC score, ECG, transthoracic echocardiogram (TTE), and neuroimaging
tests on admission (CT and MRI) were recorded. According to ECG p wave morphology analysis (GeoGebra 5.0), patients were classified in 3 groups: normal

Recommended conference sessions:
Dr. Charlotte Eitel introduces some basic notions of

ECG-based

electrocardiographic imaging and their potential util-

Electrocardiographic ECG imaging, principles,

ity in AF management.

and clinical application
Charlotte Eitel – Lübeck, DE
@ EHRA Congress 2018
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Course 4:
Genomics in AF

At the end of this course you should be able to:
1. Understand how genetic background and variability impacts AF risk,
2. Identify the most well-known polymorphisms associated with AF incidence, and their
potential pathophysiologic mechanisms,
3. Explore how genetic assessment could help in AF prevention and therapy.

Key messages:

••Inheritability accounts for part of AF risk. Genetic variability substantiates such inheritability.

••In this course, different contributions of genetic variability in AF risk will be addressed,
including genome wide association studies (GWAS), and how identified loci could
underlie increased AF risk.
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Recommended articles:
PITX2 Modulates Atrial Membrane

Pitx2c mRNA by electrophysiological study, optical

Potential and the Antiarrhythmic Effects of

mapping, and patch clamp studies. PITX2-dependent

Sodium-Channel Blockers.

mechanisms of antiarrhythmic drug action were stud-

Syeda F, Holmes AP, Yu TY, Tull S, Kuhlmann SM, Pa-

ied in human embryonic kidney (HEK) cells expres-

vlovic D, Betney D, Riley G, Kucera JP, Jousset F, de

sing human Na channels and by modeling human ac-

Groot JR, Rohr S, Brown NA, Fabritz L, Kirchhof P

tion potentials.

J Am Coll Cardiol. 2016;68:1881-1894.

Results: Flecainide 1 μmol/l was more effective in

https://doi.org/10.1016/j.jacc.2016.07.766

suppressing atrial arrhythmias in atria with reduced
Pitx2c mRNA levels (Pitx2c+/–). Resting membrane

Abstract

potential was more depolarized in Pitx2c+/– atria,

Background: Antiarrhythmic drugs are widely

and TWIK-related acid-sensitive K+ channel 2 (TASK-

used to treat patients with atrial fibrillation (AF),

2) gene and protein expression were decreased. This

but the mechanisms conveying their variable ef-

resulted in enhanced post-repolarization refractori-

fectiveness are not known. Recent data suggested

ness and more effective Na-channel inhibition. De-

that paired like homeodomain-2 transcription factor

fined holding potentials eliminated differences in

(PITX2) might play an important role in regulating

flecainide’s effects between wild-type and Pitx2c+/–

gene expression and electrical function of the adult

atrial cardiomyocytes. More positive holding poten-

left atrium (LA).

tials replicated the increased effectiveness of flecai-

Objectives: After determining LA PITX2 expres-

nide in blocking human Nav1.5 channels in HEK293

sion in AF patients requiring rhythm control thera-

cells. Computer modeling reproduced an enhanced

py, the authors assessed the effects of Pitx2c on LA

effectiveness of Na-channel block when resting

electrophysiology and the effect of antiarrhythmic

membrane potential was slightly depolarized.

drugs.

Conclusions: PITX2 mRNA modulates atrial res-

Methods: LA PITX2 messenger ribonucleic acid

ting membrane potential and thereby alters the ef-

(mRNA) levels were measured in 95 patients un-

fectiveness of Na-channel blockers. PITX2 and ion

dergoing thoracoscopic AF ablation. The effects

channels regulating the resting membrane potential

of flecainide, a sodium (Na+)-channel blocker, and

may provide novel targets for antiarrhythmic drug

d,l-sotalol, a potassium channel blocker, were stud-

development and companion therapeutics in AF.

ied in littermate mice with normal and reduced
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Pitx2c increases in atrial myocytes from chronic

Multi-ethnic genome-wide association study

atrial fibrillation patients enhancing IKs and

for atrial fibrillation.

decreasing ICa

Roselli C et al.

Pérez-Hernández M, Matamoros M, Barana A,

Nat Genet. 2018;50:1225-1233.

Amorós I, Gómez R, Núñez M, Sacristán S, Pinto Á,

https://doi.org/10.1038/s41588-018-0133-9
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Fernández-Avilés F, Tamargo J, Delpón E,
Caballero R

Abstract

Cardiovasc Res. 2016;109:431-41.

Atrial fibrillation (AF) affects over 33 million individ-

https://doi.org/10.1093/cvr/cvv280

uals worldwide and has a complex heritability. We
conducted the largest meta-analysis of genome-

Abstract

wide association studies for AF to date, consisting of

Aims: Atrial fibrillation (AF) produces rapid chang-

over half a million individuals including 65,446 with

es in the electrical properties of the atria (electri-

AF. In total, we identified 97 loci significantly asso-

cal remodelling) that promote its own recurrence.

ciated with AF including 67 of which were novel in

In chronic AF (CAF) patients, up-regulation of the

a combined-ancestry analysis, and 3 in a European

slow delayed rectifier K+ current (IKs) and down-re-

specific analysis. We sought to identify AF-associ-

gulation of the voltage-gated Ca2+ current (ICa,L)

ated genes at the GWAS loci by performing RNA-

are hallmarks of electrical remodelling and critical-

sequencing and expression quantitative trait loci

ly contribute to the abbreviation of action potential

(eQTL) analyses in 101 left atrial samples, the most

duration and atrial refractory period. Recent evidenc-

relevant tissue for AF. We also performed transcrip-

es suggested that Pitx2c, a bicoid-related homeo-

tome-wide analyses that identified 57 AF-associ-

domain transcription factor involved in directing

ated genes, 42 of which overlap with GWAS loci. The

cardiac asymmetric morphogenesis, could play a

identified loci implicate genes enriched within cardi-

role in atrial remodelling. However, its effects on IKs

ac developmental, electrophysiological, contractile

and ICa,L are unknown.

and structural pathways. These results extend our

Methods and results: Real-time quantitative

understanding of the biological pathways underlying

polymerase chain reaction analysis showed that

AF and may facilitate the development of thera-

Pitx2c mRNA expression was significantly higher in

peutics for AF.

human atrial myocytes from CAF patients than those
from sinus rhythm patients. The expression of Pitx2c

Common variation in atrial fibrillation: navigating

was positively and negatively correlated with IKs and

the path from genetic association to mechanism.

ICa,L densities, respectively. Expression of Pitx2c in

Tucker NR, Clauss S, Ellinor PT

HL-1 cells increased IKs density and reduced ICa,L

Cardiovasc Res. 2016;109:493-501.

density. Luciferase assays demonstrated that Pitx2c

https://doi.org/10.1093/cvr/cvv283

increased transcriptional activity of KCNQ1 and
KCNE1 genes. Conversely, its effects on ICa,L could

Abstract

be mediated by the atrial natriuretic peptide.

Atrial fibrillation (AF) is the most common cardiac

Conclusion: Our results demonstrated for the

arrhythmia with well-established clinical and genetic

first time that CAF increases Pitx2c expression in

risk components. Genome-wide association studies

isolated human atrial myocytes and suggested that

(GWAS) have identified 17 independent suscepti-

this transcription factor could contribute to the

bility signals for AF at 14 genomic regions, but the

CAF-induced IKs increase and ICa,L reduction ob-

mechanisms through which these loci confer risk

served in humans.

to AF remain largely undefined. This problem is not
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unique to AF, as the field of functional genomics,

replicated in an additional independent sample of

which attempts to bridge this gap from genotype to

the Korean AF Network. The identified loci impli-

phenotype, has only uncovered the mechanisms for

cate candidate genes that encode proteins related

a handful of GWAS loci. Recent functional genomic

to cell-to-cell connection, hypoxic status, or long

studies have made great strides towards translating

non-coding RNA.

genetic discoveries to an underlying mechanism, but

Conclusion: Two novel genetic loci for early-on-

the large-scale application of these techniques to AF

set AF were identified in Korean patients who under-

has remain limited. These advances, as well as the

went catheter ablation. One of the novel suscepti-

continued unresolved challenges for both common

bility loci on chromosome 4 has strong associations

variation in AF and the functional genomics field in

with previously proven gene in a European ancestry

general, will be the subject of the following review.

database.

Korean atrial fibrillation network genome-wide
association study for early-onset atrial
fibrillation identifies novel susceptibility loci.
Lee JY, Kim TH, Yang PS, Lim HE, Choi EK, Shim J,
Shin E, Uhm JS, Kim JS, Joung B, Oh S, Lee MH, Kim
YH, Pak HN
Eur Heart J. 2017;38:2586-2594.
https://doi.org/10.1093/eurheartj/ehx213

Abstract
Aims: Some genetic susceptibility loci for atrial fibrillation (AF) identified by genome-wide association studies (GWAS) in a European database showed
ethnic differences in the Asian population. We explored novel AF susceptibility variants for patients
with early-onset AF (≤60 years old) among Korean
patients who underwent AF catheter ablation.
Methods and results: A genome-wide association study (GWAS) was conducted with 672 cases
(≤60 years old, Yonsei AF Ablation cohort) and
3700 controls (Korea Genome Epidemiology Study).
Association analysis was performed under an
additive model of logistic regression, and replication study was conducted with 200 independent cases of Korean AF Network and 1812 controls. Five
previously proven genetic loci (1q24/PRRX1, 4q25/
PITX2, 10q24/NEURL, 12q24/TBX5, and 16q22/
ZFHX3) were validated. Two novel genetic loci associated with early-onset AF were found on chromosomes 1q32.1/PPFIA4 (rs11579055, P = 6.84 × 10−10)
and 4q34.1/HAND2 (rs8180252, P = 1.49 × 10−11) and
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Recommended conference sessions:
Genomic markers for AF related outcomes:

by 20% individuals of European ancestry. However,

recurrent AF and stroke

results were often not replicated in follow-up stud-

Michiel Rienstra - Groningen, NL

ies. This suggests that the positive predictive re-

@ 7th AFNET/EHRA Consensus Conference 2019

sults may have been either due to a small sample

https://youtu.be/AlNuYSQqEW8

size or highly selective patients, or disparate ethnic
groups. Defining the place of specific genotypes to

Abstract

predict recurrent AF post-intervention needs to be

Large genome-wide association studies, predomi-

determined. A GWAS on AF post-ablation is current-

nantly performed by the AFGen/International AF

ly underway.

GWAS consortium, have identified several genetic
loci associated with AF. The latest and largest
GWAS consisted of >0.5 million individuals including

Genomics in AF

>65,000 with AF. In total, 97 loci were found significantly associated with AF, which explained 42% of
the heritability of AF. The identified genetic variants

https://bit.ly/30zNkEv

implicate genes enriched within cardiac developmental, electrophysiological, contractile and struc-

Genetic risk prediction of atrial fibrillation.

tural pathways.

Elena Arbelo - Barcelona, ES

As a next step, the discovered AF genetic variants

@ EHRA Congress 2017

were utilized to build AF genetic risk scores beyond
established clinical risk factors, but they improved

New genetic hits and mechanisms of atrial

prediction of AF minimally. More importantly, AF

fibrillation.

genetic risk is strongly associated with cardioem-

Christine Albert - Boston, US

bolic stroke, explaining ~20% of the heritability of

@ EHRA Congress 2018

cardioembolic stroke, independent of clinical risk
factors. It was also observed that AF genetic risk

Genetic risk markers for atrial fibrillation.

was only associated with cardioembolic stroke, and

Diane Fatkin - Darlinghurst, AU

lacked association with strokes caused by large ar-

@ ESC Congress 2018

tery atherosclerosis or small artery occlusion. The
fact that cardioembolic stroke and AF have a similar
genetic background extend our understanding of the
AF related outcomes, and opens up further research
to investigate whether AF genetic risk may be of
added value in the management of ischemic stroke
survivors.
So far, no large genome-wide association studies
are available for recurrent AF post-cardioversion,
AF post-ablation, AF post-surgery, or under antiarrhythmic drugs. Most studies observed associations with the most strongly AF-associated locus
at PITX2/4q25, which is carried (at least one copy)
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Module 6:

Author: Eduard Guasch - Barcelona, ES

Tailoring anticoagulation in challenging
situations
Courses in Module 6
••Course 1: Anticoagulation during AF ablation
••Course 2: AF screening, atrial high rate episodes (AHREs) and anticoagulation
••Course 3: Personalization of stroke risk prediction and therapy
Course 1:
Anticoagulation during AF ablation
At the end of this course you should be able to:
1. Understand why and how to refine anticoagulation management in patients undergoing AF ablation,
2. Explain the up-to-date peri-procedural AF ablation anticoagulation protocols,
3. Describe under which circumstances, if any, anticoagulation can be discontinued after
AF ablation.

Key messages:
Anticoagulation and AF ablation

••AF ablation is an invasive procedure that conveys an increased thrombotic risk.
However, the use of peri-procedural anticoagulants associate with a higher bleeding
risk.

••The strategy with the optimal risk-benefit ratio is under discussion.
••Also, whether anticoagulation may be discontinued after a succesful AF ablation
procedure remains unknown.
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Recommended articles:
Apixaban in patients at risk of stroke under-

Montreal Cognitive Assessment (MoCA) at baseline

going atrial fibrillation ablation (AXAFA Trial)

and at end of follow-up. Overall, 674 patients (medi-

Kirchhof P, Haeusler KG, Blank B, De Bono J, Callans,

an age 64 years, 33% female, 42% non-paroxysmal

Elvan A, Fetsch T, Van Gelder IC, Gentlesk P, Grimaldi

atrial fibrillation, 49 sites) were randomized; 633

M, Hansen J, Hindricks G, Al-Khalidi HR, Massaro T,

received study drug and underwent ablation; 335

Mont L, Cosedis Nielsen J, Nölker G, Piccini JP, De

undertook MRI (25 sites, 323 analysable scans). The

Potter T, Scherr D, Schotten U, Themisto-

primary outcome was observed in 22/318 patients

clakis S, Todd D, Vijgen J, Di Biase L

randomized to apixaban, and in 23/315 randomized

https://bit.ly/2G02J7N

to VKA {difference -0.38% [90% confidence interval (CI) -4.0%, 3.3%], non-inferiority P = 0.0002

Abstract

at the pre-specified absolute margin of 0.075}, in-

Aims: It is recommended to perform atrial fibrilla-

cluding 2 (0.3%) deaths, 2 (0.3%) strokes, and 24

tion ablation with continuous anticoagulation. Con-

(3.8%) ISTH major bleeds. Acute small brain le-

tinuous apixaban has not been tested.

sions were found in a similar number of patients in

Methods and results: We compared continuous

each arm [apixaban 44/162 (27.2%); VKA 40/161

apixaban (5 mg b.i.d.) to vitamin K antagonists (VKA,

(24.8%); P = 0.64]. Cognitive function increased at

international normalized ratio 2-3) in atrial fibrilla-

the end of follow-up (median 1 MoCA unit; P = 0.005)

tion patients at risk of stroke a prospective, open,

without differences between study groups.

multi-centre study with blinded outcome assess-

Conclusions: Continuous apixaban is safe and

ment. Primary outcome was a composite of death,

effective in patients undergoing atrial fibrillation

stroke, or bleeding (Bleeding Academic Research

ablation at risk of stroke with respect to bleeding,

Consortium 2-5). A high-resolution brain magnetic

stroke, and cognitive function. Further research is

resonance imaging (MRI) sub-study quantified acute

needed to reduce ablation-related acute brain le-

brain lesions. Cognitive function was assessed by

sions.

Recommended conference sessions:
The conference sessions below focus on anticoagu-

Continuous vs. interrupted anticoagulation for

lation and AF ablation. Dr. Mont discusses the inci-

atrial fibrillation ablation patients – what do the

dence and meaning of silent brain lesions occurring

data tell us?

during AF ablation. Dr. Verma summarizes current

Luigi Di Biase - New York, US @ ESC Congress 2018

evidence to discontinue or maintain anticoagulation
after a successful AF ablation. Dr. Biase updates

Silent brain lesions and clinically relevant bleeds –

current anticoagulation schemas for patients under-

the next frontiers for making atrial fibrillation

going AF ablation.

ablation safer
Lluís Mont – Barcelona, ES @ ESC Congress 2018

Anticoagulation during AF ablation
The key questions: can anticoagulation be abandoned after catheter ablation of atrial fibrillation?
https://bit.ly/2VH2jc2

Atul Verma – Toronto, CA @ ESC Congress 2018
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Course 2:
AF screening, atrial high rate episodes (AHREs) and anticoagulation

At the end of this course you should be able to:
1. Understand the potential clinical benefits of AF screening and AHRE detection,
2. Explain the significance, limitations and thrombotic risk associated with AHREs,
3. Describe their current management and future perspectives.

Key messages:
AF screening and AHRE detection

••Stroke may be the first manifestation of a previously unrecognized AF. Screening
for asymptomatic AF in high risk populations evolves as an interesting tool to
prevent stroke.

••Patients with an implanted pacemaker represent a particular population in which
heart rhythm is continuously monitored. Twenty-four hour monitoring enables detection of very short runs of AF (atrial high rate events, AHREs), but whether these
events should be linked to AF episodes in terms of thromboembolic risk is still under
discussion.

••In this course, we provide an overview of current screening techniques with a focus
on AHREs, and the most appropriate antithrombotic strategy in these patients.
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Recommended articles:
Atrial high-rate episodes and stroke prevention

Duration of device-detected subclinical atrial

Camm AJ, Simantirakis E, Goette A, Lip GY, Vardas P,

fibrillation and occurrence of stroke in ASSERT.

Calvert M, Chlouverakis G, Diener HC,

Van Gelder IC, Healey JS, Crijns HJGM, Wang J,

Kirchhof P

Hohnloser SH, Gold MR, Capucci A, Lau CP, Morillo

Europace. 2017;19:169-179.

CA, Hobbelt AH, Rienstra M, Connolly SJ

https://doi.org/10.1093/europace/euw279

Eur Heart J. 2017;38:1339-1344.
https://doi.org/10.1093/eurheartj/ehx042

Abstract
While the benefit of oral anticoagulants (OACs) for

Abstract

stroke prevention in patients with atrial fibrillation

Background: ASSERT demonstrated that sub-

(AF) is well established, it is not known whether oral

clinical atrial fibrillation (SCAF) is common in pace-

anticoagulation is indicated in patients with atrial

maker patients without prior AF and is associated

high-rate episodes (AHRE) recorded on a cardiac

with increased risk of ischemic stroke or systemic

implantable

also

embolism. SCAF episodes vary in duration and little

electronic

device,

sometimes

called subclinical AF, and lasting for at least 6 min in

is known about the incidence of different durations

the absence of clinically diagnosed AF. Clinical evi-

of SCAF, or their prognosis.

dence has shown that short episodes of rapid atrial

Methods and results: ASSERT followed 2580

tachycarrhythmias are often detected in patients

patients receiving a pacemaker or ICD, aged >65

presenting with stroke and transient ischaemic at-

years with hypertension, without prior AF. The effect

tack. Patients with AHRE have a higher likelihood of

of SCAF duration on subsequent risk of ischemic

suffering from subsequent strokes, but their stroke

stroke or embolism was evaluated with time-

rate seems lower than in patients with diagnosed

dependent covariate Cox models. Patients in whom

AF, and not all AHRE episodes correspond to AF. The

the longest SCAF was ≤6 min were excluded from

prognostic and pathological significance of AHRE is

the analysis (n=125). Among 2455 patients during

not yet fully understood. Clinical trials of OAC ther-

mean follow-up of 2.5 years, the longest single epi-

apy are being conducted to determine whether ther-

sode of SCAF lasted >6 min to 6 h in 462 patients

apeutic intervention would be beneficial to patients

(18.8%), >6–24 h in 169 (6.9%), and >24 h in 262

experiencing AHRE in terms of reducing the risk of

(10.7%). SCAF duration >24 h was associated with

stroke.

a significant increased risk of subsequent stroke or
systemic embolism (adjusted hazard ratio [HR] 3.24,
95% confidence interval [CI] 1.51–6.95, P=0.003).
The risk of ischemic stroke or systemic embolism in
patients with SCAF between 6 min and 24 h was not
significantly different from patients without SCAF.
Conclusions: SCAF >24 h is associated with an increased risk of ischemic stroke or systemic embolism.
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Recommended conference sessions:
AHRE vs AF – implications for stroke prevention

patients with such extremely low AF burden were

Lluís Mont - Barcelona, ES

excluded from pivotal AF antithrombotic trials. Two

@ 7th AFNET/EHRA Consensus Conference 2019

ongoing clinical trials (NOAH – AFNET 6 and ARTE-

https://youtu.be/UMOYN4_OFz8

SiA) are testing the efficacy and safety of edoxaban/
apixaban in patients presenting with AHREs lasting

Abstract

>6 minutes. Reflecting current lack of data, current

The wide use of atrial leads in cardiac implantable

ESC guidelines emphasize the need of an ECG record-

devices (CIED; i.e., pacemakers, defibrillators) have

ing and do not support empiric antithrombotic ther-

enabled the detection of rapid atrial rhythms which

apy in all patients with AHREs.

would have remained otherwise undetected. These

In conclusion, even if AHREs are frequently detec-

episodes have been termed atrial high rate events

ted in CIED carriers, their diagnostic and therapeutic

(AHRE) and are found in up to 40% of CIED carri-

approach is, in many ways, controversial and not evi-

ers, depending on baseline cardiovascular risk factor

dence-based.

burden, follow-up duration, and rate detection and
event duration thresholds.
Although it is tempting to liken the pathology, pro-

AF screening for stroke prevention

gnosis and therapeutic approach of AHREs to atrial

Emma Svennberg - Stockholm, SE

fibrillation (AF), several factors are specific to these

@ 7th AFNET/EHRA Consensus Conference 2019

events and hamper such direct association. It is pos-

https://youtu.be/qsl2pvHIXmQ

sible that AHREs do not represent true AF events,
but rather atrial tachycardia, electromagnetic inter-

Abstract

ferences or other artefacts. Continuous recording in

Rational for screening

CIEDs enables detection of very short (few minutes)

Atrial fibrillation (AF) is asymptomatic in ~30 % of

and infrequent events that may not be clinically sig-

patients. Lack of symptoms does not equate a better

nificant or relevant. It is currently unknown whether

prognosis. In patients with incidentally diagnosed

event duration is the only difference between AH-

AF oral anticoagulant (OAC) therapy reduced stroke

REs and clinical AF. Finally, it is worth noting that

risk and mortality, suggesting that screening-

one fourth or less of patients with AHREs will even-

detected AF might respond similarly. Although se-

tually receive a clinical AF diagnosis. Why some AH-

veral studies will assess the hypothesis that early AF

REs remain short and infrequent and will never pro-

identification might reduce risk AF related morbidity

gress to clinical AF?

and mortality, the relative risk of stroke in screening-

Clinical importance of AHREs rely on their potential

detected AF compared to clinically discovered AF is

thromboembolic risk. Current evidence shows that

not known.

patients with AHRE are at an intermediate stroke

How to screen

risk between the general population and patients

ECG remain the gold standard for AF diagnosis. New-

with paroxysmal AF. Although it has been suggested

er non-invasive technologies have been developed

that AHRE duration positively correlates with stroke

that aid in the detection of paroxysmal AF. These

risk, the minimum AHRE duration increasing risk

can be divided into devices that provide an ECG:

cannot be established with current data. Whether

handheld 1-lead devices, smartphone/watch-based

thromboembolic risk may be safely lowered with

ECG and wearable patches, with high sensitivity and

antithrombotic drugs remains controversial. Indeed,

specificity for AF detection. Technologies such as
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smartphone photoplethysmography (ppg) apps and

In recent years several AF screening studies have

modified blood pressure monitors require a confirm-

been performed. The yield from screening increases

atory ECG.

with the prevalence of the population screened, and

The duration of ECG screening is important for AF

the methodology applied is of importance, Figure 1.

detection Invasive methods, using implantable loop
recorders (ILR), have

Let’s not forget

the

Screening

longest

moni-

for

AF

tor periods and will

might be of value in

detect most AF. AF

patients with an in-

detected in a patient

dication for OAC ther-

using short duration,

apy. When detecting

non-invasive metho-

AF, a chain of treat-

dology likely repres-

ment should assure

ents a high burden or

that the patient gets

favourable density of

OAC therapy.

AF. Using prolonged
monitoring

identi-

fication of patients

Figure 1 Detection of AF depending on inclusion criteria,
each dot represents a screening study.

with very low AF
burden is possible. Whether short episodes detected

Atrial fibrillation screening, atrial high rate

by prolonged monitoring has the same response to

episodes (AHREs) and anticoagulation.

OAC therapy as clinically discovered AF remains
to be seen in ongoing studies (NCT01938248,
NCT02618577, NCT02036450).

https://bit.ly/2EmIjG6

With emerging technologies in smartphones and
smartwatches, cardiologists will encounter more

Detection of atrial arrhythmias in pacemakers,

consumer-driven arrhythmia detections. Combining

ICDs and CRT devices.

the facts that AF is rare in patients below age 50,

Taya Glotzer - Tenafly, US

and that AF screening tools have low specificity;

@ ESC Congress 2018

one might be concerned that health care resources
might be drained by false positive results in a low-

Stroke prevention in subclinical atrial tachyar

risk group. Currently, the large Apple heart study is

rhythmias

underway, and will shed light in this matter.

Irene Savelieva – London, UK

Whom to screen:

@ ESC Congress 2018

AF prevalence increases disproportionately with
age. The current ESC 1B recommendation for

Controversy: Device AF burden does (not)

opportunistic screening for AF using pulse taking or

influence the decision to anticoagulated

ECG rhythm strip is based on age ≥65 year alone.

Jeff Healey - Hamilton, CA

A meta-analysis of AF detection in those ≥ 65 show

@ EHRA Congress 2018

a detection of 1.4 % using a single-time point
ECG.
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Course 3:
Personalization of stroke risk prediction and therapy

At the end of this course you should be able to:
1. Explain recent advances into new tools to stratify stroke risk in AF patients.
2. Identify those patients who may benefit from non-pharmacological antithrombotic
therapies.

Key messages:

••Stroke is a devastating complication of AF. Although oral anticoagulation effectively
prevents ischemic stroke, current stratification scores and anticoagulation regimes
yield uncomplete protection and increase bleeding risk.

••This course gives an update on novel stratification schemes for stroke and evolving
therapeutic approaches such as left atrial appendage occlusion.
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Recommended articles:
The ABC (age, biomarkers, clinical history)

baseline, median follow-up of 1.9 years. Biomarkers

stroke risk score: a biomarker-based risk score

and clinical variables significantly contributing to

for predicting stroke in atrial fibrillation.

predicting stroke or systemic embolism were asses-

Hijazi Z, Lindbäck J, Alexander JH, Hanna M, Held C,

sed by Cox-regression and each variable obtained a

Hylek EM, Lopes RD, Oldgren J, Siegbahn A, Stewart

weight proportional to the model coefficients. Ex-

RA, White HD, Granger CB, Wallentin L; ARISTOTLE

ternal validation was performed in 1400 patients

and STABILITY Investigators

with AF, median follow-up of 3.4 years. The most

Eur Heart J. 2016;37:1582-90.

important predictors were prior stroke/transient is-

https://doi.org/10.1093/eurheartj/ehw054

chaemic attack, NT-proBNP, cTn-hs, and age, which

ClinicalTrials.gov: NCT00412984 and NCT00799903

were included in the ABC (A ge, B iomarkers, C linical history) stroke risk score. The ABC-stroke score
was well calibrated and yielded higher c-indices than

Abstract

the widely used CHA2DS2-VASc score in both the

Aims: Atrial fibrillation (AF) is associated with an

derivation cohort (0.68 vs. 0.62, P < 0.001) and the

increased risk of stroke, which is currently estimat-

external validation cohort (0.66 vs. 0.58, P < 0.001).

ed by clinical characteristics. The cardiac biomark-

Moreover, the ABC-stroke score consistently provid-

ers N-terminal fragment B-type natriuretic peptide

ed higher c-indices in several important subgroups.

(NT-proBNP) and cardiac troponin high-sensitivity

Conclusion: A novel biomarker-based risk score

(cTn-hs) are independently associated with risk of

for predicting stroke in AF was successfully de-

stroke in AF. Our objective was to develop and va-

veloped and internally validated in a large cohort

lidate a new biomarker-based risk score to improve

of patients with AF and further externally validated

prognostication of stroke in patients with AF.

in an independent AF cohort. The ABC-stroke score

Methods and results: A new risk score was

performed better than the presently used clinically

developed and internally validated in 14 701 pa-

based risk score and may provide improved decision

tients with AF and biomarkers levels determined at

support in AF.

Recommended conference sessions:
Refining risk estimation in patients with atrial

were identified in the 2016 ESC AF Guidelines. Un-

fibrillation in the digital era

deruse of effective evidence-based preventive ther-

Jonas Oldgren - Uppsala, SE

apies including oral anticoagulants is still common,

@ 7th AFNET/EHRA Consensus Conference 2019

in part due to lack of proper prediction of benefits

https://youtu.be/MGSLadlTkuY

and risks.
Appropriate use of preventive medication would in-

Abstract

crease costs moderately, while reducing deaths and

Several knowledge gaps in management of AF pa-

strokes with substantial cost reductions for disa-

tients including need for better characterisation of

bling stroke care – all highly warranted from patient,

risk for stroke and other AF-related complications

health care and societal perspectives. To achieve
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these gains there is an urgent need for precision

lute or relative contraindications towards the use of

medicine selecting the optimal treatment for the in-

long-term oral anticoagulation. In such patients who

dividual patient with AF.

are predominantly patients at an elevated bleeding

The 2016 ESC AF Guidelines recommend the use of

risk we have non-randomised registry data, for the

CHA2DS2-VASc score, but suggest that biomarkers

use of LAA occluders; some of those data sets were

such as high-sensitivity troponins and natriuretic

matched to control group indicating that the occlud-

peptide may be considered to further refine stroke

er seems to be the superior strategy against long-

and bleeding risk in AF patients and also mention

term anticoagulation.

anaemia (low haemoglobin) and GDF-15 as bleeding

There are currently three randomized and prospec-

risk factors to be considered in patient manage-

tive trials recruiting patients who are at an elevated

ment. These biomarkers are included in the ABC –

bleeding risk (CLOSURE-AF, ASAP-TOO and STROKE-

Age, Biomarkers, and Clinical history of prior stroke

CLOSE). CLOSURE-AF is recruiting more than 1400

or bleeding, respectively – risk scores for stroke and

pts. with atrial fibrillation, CHA2DS2-Vasc≥2 and at

bleeding, which have been repeatedly validated and

least one of the following conditions: chronic kidney

shown better performance than risk scores based on

disease, HASBLED ≥ 3or a history of major bleeding.

clinical variables only. The digital era greatly facili-

After being randomized to either best medical care

tates the use of continuous instead of categorized

(also including NOAC therapy, no therapy or alter-

variables in risk scores to improve their performance,

native ways e.g. atrial fibrillation suppression) or

and also the development of on-line decision sup-

LAA occluder implantation, a 24 months follow-up

port tools, e.g risk score based treatment recom-

period will assess the primary composite endpoint

mendations.

of stroke, systemic embolism, cardiovascular or un-

Notably, there have so far been no prospective stud-

explained death and major bleeding. ASAP-TOO is

ies of the utility of any of the available clinical or bio-

clearly targeting for the warfarin contraindicated

marker-based risk scores for improving outcomes in

patients, thus randomizing the occluder vs a con-

AF. The ongoing prospective randomized ABC AF

trol group with antiplatelet therapy or no therapy

study (NCT03753490) evaluates if ABC-risk score

whereas STROKECLOSE is exclusively randomizing

guided treatment improves stroke free survival

atrial fibrillation patients post intracranial bleeding.

compared to standard care.

The needed scientific evidence for the use of LAA
occluders in risk patients will be available with the
completion of the currently recruiting three random-

Interventional stroke prevention (LAA occluders) –

ized trials.

when will we have the evidence that is
needed?
Thorsten Lewalter - Munich, DE

Personalization of stroke risk prediction and

@ 7th AFNET/EHRA Consensus Conference 2019

therapy

https://youtu.be/VJdNWAJ4Ksw
The use of left atrial appendage (LAA) occluders for

https://bit.ly/2HNz7LQ

stroke prevention in warfarin-eligible atrial fibrillation patients has been prospectively studied in two

Biomarkers for stroke risk prediction in atrial

randomized trials (Protect-AF and Prevail). However,

fibrillation

the current clinical indication and use of such occlud-

Jonas Oldgren - Uppsala, SE

ers is mainly limited to patients who exhibit abso-

@ ESC Congress 2017
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www.escardio.org/AF-care-tools

Module 7:

Author: Eduard Guasch - Barcelona, ES

New tools to improve AF care
Courses in Module 7
••Course 1: New classification schemes
••Course 2: mHealth technologies: from education to guidelines adherence

Course 1:
New classification schemes
At the end of this course you should be able to:
1. Understand the pitfalls of current pattern-based AF classification and understand why
better classifications for AF are needed,
2. Describe which factors could be considered in these classifications.

Key messages:
New classification schemes

••Current classification of AF does only take into account its clinical pattern (paroxysmal, persistent, long-standing persistent, permanent), yielding limited information in
the selection of the most appropriate therapeutic approach.

••This contrasts with large research efforts on AF mechanisms, which conclusions are
only scarcely applied to the clinical practice.

••The present course provides the rationale and potential approaches to build a new
classification for AF based on underlying mechanisms.
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Recommended articles:
Expert consensus document: Defining the major

A roadmap to improve the quality of atrial fibrilla-

health modifiers causing atrial fibrillation:

tion management: proceedings from the fifth Atrial

a roadmap to underpin personalized prevention

Fibrillation Network/European Heart Rhythm Asso-

and treatment.

ciation consensus conference.

Fabritz L, Guasch E, Antoniades C, Bardinet I, Ben-

Kirchhof P, et al.

ninger G, Betts TR, Brand E, Breithardt G, Buck-

Europace. 2016;18:37-50.

lar-Suchankova G, Camm AJ, Cartlidge D, Casadei B,

https://doi.org/10.1093/europace/euv304

Chua WW, Crijns HJ, Deeks J, Hatem S, Hidden-Lucet
F, Kääb S, Maniadakis N, Martin S, Mont L, Reinecke

Abstract

H, Sinner MF, Schotten U, Southwood T, Stoll M,

At least 30 million people worldwide carry a diagno-

Vardas P, Wakili R, West A, Ziegler A,

sis of atrial fibrillation (AF), and many more suffer

Kirchhof P

from undiagnosed, subclinical, or ‘silent’ AF. Atrial fi-

Nat Rev Cardiol. 2016;13:230-7.

brillation-related cardiovascular mortality and mor-

https://doi.org/10.1038/nrcardio.2015.194

bidity, including cardiovascular deaths, heart failure,
stroke, and hospitalizations, remain unacceptably

Abstract

high, even when evidence-based therapies such as

Despite remarkable advances in antiarrhythmic

anticoagulation and rate control are used. Further-

drugs, ablation procedures, and stroke-prevention

more, it is still necessary to define how best to pre-

strategies, atrial fibrillation (AF) remains an import-

vent AF, largely due to a lack of clinical measures

ant cause of death and disability in middle-aged and

that would allow identification of treatable causes of

elderly individuals. Unstructured management of

AF in any given patient. Hence, there are important

patients with AF sharply contrasts with our detailed,

unmet clinical and research needs in the evaluation

although incomplete, knowledge of the mechanisms

and management of AF patients. The ensuing needs

that cause AF and its complications. Altered calcium

and opportunities for improving the quality of AF

homeostasis, atrial fibrosis and ageing, ion-channel

care were discussed during the fifth Atrial Fibrilla-

dysfunction, autonomic imbalance, fat-cell infiltra-

tion Network/European Heart Rhythm Association

tion, and oxidative stress, in addition to a suscep-

consensus conference in Nice, France, on 22 and

tible genetic background, contribute to the promo-

23 January 2015. Here, we report the outcome of

tion, maintenance, and progression of AF. However,

this conference, with a focus on (i) learning from our

clinical management of patients with AF is currently

‘neighbours’ to improve AF care, (ii) patient-centred

guided by stroke risk parameters, AF pattern, and

approaches to AF management, (iii) structured care

symptoms. In response to this apparent disconnect

of AF patients, (iv) improving the quality of AF treat-

between the known pathophysiology of AF and clini-

ment, and (v) personalization of AF management.

cal management, we propose a roadmap to develop

This report ends with a list of priorities for research

a set of clinical markers that reflect the major caus-

in AF patients.

es of AF in patients. Thereby, the insights into the
mechanisms causing AF will be transformed into a
format that can underpin future personalized strategies to prevent and treat AF, ultimately informing
better patient care.
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Recommended conference sessions:
Determinants of gene expression patterns in

tance (i.e. endomysial fibrosis), and myocyte diame-

human atria – insights for stratification

ter were quantified.

Schotten U, Isaacs A, Zeemering S, Winters J, Ver-

Results: Patients with PAF or persAF differed sig-

heule S, Chua W and the CATCH ME Consortium

nificantly from noAF patients in age (noAF/PAF/

@ 7th AFNET/EHRA Consensus Conference 2019

persAF: 61+/-12 years / 67+/-10 / 66+/-2, p<0.001)

https://youtu.be/9t8AG9mxp3A

and gender (81% male/61%/67%, p<0.02), but were
otherwise comparable (diabetes, hypertension, type

Background: Little is known about genome-wide

of surgery). AF history was associated with 221 DE

changes in the atrial transcriptome associated with

genes, mostly driven by differences between noAF

atrial fibrillation (AF) and the effect of its common

and persAF patients. Principal component analysis

comorbidity, heart failure (HF). Also, human left (LA)

of clinical characteristics revealed that HF patients

and right atria (RA) differ substantially in terms of

(n=93) formed a clinically distinct subset (younger,

development, structure and function. These differ-

less hypertension, different type of surgery) that

ences have implications for atrial pathophysiology;

was associated with a large number of DE genes

however, on the molecular level, they are poorly un-

(1861). Comparing persAF with noAF, stratified by

derstood.

HF status, 54 genes were DE in both groups with a

Objective: In a European cohort from 5 participat-

concordant direction of effect, consisting mostly of

ing CATCH ME centres we investigated differentially

novel gene associations, antisense and non-coding

expressed (DE) genes in right and left atrial tissue

RNAs. While many of these genes had no clear link

samples from well-characterized patients with and

with cardiac rhythm, others showed involvement in

without AF and their relation to HF. In addition, we

known pathways linking AF to inflammation, cardiac

developed a system for standardized, automated

hypertrophy, fibrosis, and conduction disturbance.

quantification of atrial cell structure and size, total,

There was little evidence for an additional effect of

and endomysial fibrosis to quantify atrial morpholo-

the combination of AF and HF on gene expression

gical changes associated with HF and AF.

and limited overlap between DE genes associated

Methods: Left and/or right atrial appendage tissue

with AF and HF. Right/left analyses identified 714

samples were collected from 227 patients during

DE transcripts, which were enriched for genes invol-

cardiac surgery from 5 participating centres. Direc-

ved in smooth muscle cell proliferation, BMP signal-

tional, paired-end RNA sequencing was performed

ling, membrane depolarization, response to laminar

in all biopsies. For right/left differences, a two-stage

fluid shear stress, SMAD protein phosphorylation

discovery (n = 32 RA/LA pairs) and replication (n =

and trabecular formation. At a false discovery rate

98 LA and 69 RA) study design was implemented to

≤0.05, three of these transcripts showed evidence of

identify differentially expressed (DE) transcripts. We

interaction with AF (PRCP, SLC9C1, and SLC52A2),

investigated the association of the data with rhythm

and seven with heart failure diagnosis (BMP10, ADI-

history: no history of AF (noAF; n=100), paroxysmal

POQ, ATP5S, ADIPOQ-AS1, PITX2, SLN, and SYN2).

AF (PAF; n=64) and persistent AF (persAF; n=63)

Histological appearance of right and left atria was

and adjusted for age, gender, and atrial side. In a

similar (n=12 pairs). In LA, median inter-myocyte dis-

subset of 85 biopsies atrial histology was visualised

tance was increased in persistent AF (p=0.02) and

applying a combination of WGA and CD31 staining

HF (p=0.01). Median myocyte diameter was increased

and using an ImageJ-macro for automated analysis.

in HF (p=0.04). No differences were observed in

Percentage of overall fibrosis, inter-myocyte dis-

RA. Multivariate analysis confirmed persistent AF
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as main determinant of inter-myocyte distance in

process identified relevant predictors based on clini-

LA (p=0.004).

cal knowledge. The predictors were further reduced

Conclusion: RNA sequencing of human atrial

using statistical selection (backward elimination)

tissue samples identified novel genes associated

and a Cox regression model was fitted. We calcula-

with persistent AF. Gene expression changes asso-

ted hazard ratios for each of the selected predictors

ciated with AF were mostly similar in patients with

and the model was internally validated by bootstrap-

and without heart failure, indicating that AF and HF

ping. External validation will be done by assessing

independently alter gene expression in the human

the C-statistic, confidence intervals, and calibration

atria. In addition, numerous right/left differentially

plot when the model is fitted with an external vali-

expressed gene were identified, a number of which

dation data set. The added predictive value of eight

were modulated by AF and HF. Automated assess-

centrally quantified blood biomarker concentrations

ment of structural histological features uncover-

(NT-proBNP, D-dimer, C-reactive protein, Troponin T,

ed differences in endomysial fibrosis and myocyte

Cancer antigen 125, Creatinine, Growth differentia-

diameter associated with AF and HF. Multivariate

tion factor 15, Interleukin-6; Roche Diagnostics) will

analysis identified rhythm status as a significant de-

be evaluated singularly and in combination.

terminant of histological differences of human atrial

Results: Overall, 2465 patients (mean age [stand-

tissue specimens.

ard deviation] 59 [12] years, 30% female, 59%
chronic AF, median follow-up [IQR] = 7.8 [3.6-17.2]

What drives recurrent AF in patients?

months) were included in the analysis. Eleven predic-

Development of a prognostic model for recurrent

tors identified from the Delphi process (AF pattern,

atrial fibrillation using individual patient data

heart failure status, left atrial diameter, antiarrhyth-

Chua W, Easter C, Guasch E, Sitch A, Casadei B, Haa-

mic medication, weight, height, body mass index, hy-

se D, Hatem D, Kääb S, Mont L, Schotten U, Sinner M,

pertension, diabetes, mitral valve disease, catheter

Hemming K, Deeks J, Kirchhof K, Fabritz L

ablation), two fix terms (age, sex) and an established

@ 7th AFNET/EHRA Consensus Conference 2019

interaction term (age:sex), which had sufficient data

https://youtu.be/aLbFAIpvVrE

across all datasets were included. 1406 patients
(57%) had a recurrence. Patients with a higher risk

Background/Introduction: As atrial fibrilla-

of recurrence were older (bootstrapped hazard ratio,

tion (AF) has different causes in individual patients,

HR [per 10 years] 1.05; 95% confidence interval [CI]

stratified therapy based on mechanistic drivers of

0.99-1.13), male (HR 0.44, reference category male;

AF instead of AF pattern may improve prevention

95%CI 0.21-0.91), had a chronic form of AF (HR 1.38;

and management. Using prognostic modelling, we

95%CI 1.21-1.57), larger left atrial diameter (HR 1.02

identified and quantified predictors associated with

per mm; 95%CI = 1.01-1.03), and have not undergone

recurrent AF in a heterogeneous dataset.

catheter ablation (HR 0.66, reference category no

Objective: To 1) identify the main predictors of recur-

ablation; 95%CI 0.42-1.04). The interaction between

rent AF in a heterogeneous dataset of patients with

age and sex was also statistically significant, im-

AF, 2) develop and internally validate prognostic mo-

plying that female patients have an additional 17%

del for recurrent AF, 3) validate the model using the

increase in hazard for every 10 year increase in age.

AXAFA dataset, and 4) quantify the contribution of

Conclusions: Our preliminary analysis identified

cardiac biomarkers to the model.

5 prognostic factors and an interaction term that

Methods: Data of 120 potential predictors were

predicts time to first recurrence of AF. External va-

harmonised in individual patient data from 6 inde-

lidation of this model and quantification of added

pendent European studies (2689 patients). A Delphi

value of biomarkers is currently ongoing.
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Course 2:
mHealth technologies: from education to guidelines adherence

At the end of this course you should be able to:
1. Identify new tools for patient education and guideline adherence,
2. Explain their potential benefits and describe how they could be implemented in the
daily practice.

Key messages:

••The advent of mobile Health (mHealth) technologies, wearables and apps represent
unprecedented opportunities to improve care to AF patients at different levels: from
promoting patient empowerment and facilitating shared decision making, to improve
their monitoring and enhance guideline-based diagnostic and therapeutic approaches.

••This course will provide an overview of these technologies and how they could revolutionize integrated care for AF patients.
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Recommended articles:
European Society of Cardiology smartphone

Telemonitoring-based feedback improves adher-

and tablet applications for patients with atrial

ence to non-vitamin K antagonist oral anticoagu-

fibrillation and their health care providers.

lants intake in patients with atrial fibrillation.

Kotecha D, Chua WWL, Fabritz L, Hendriks J, Ca-

Desteghe L, Vijgen J, Koopman P, Dilling-Boer D,

sadei B, Schotten U, Vardas P, Heidbuchel H, Dean

Schurmans J, Dendale P, Heidbuchel H.

V, Kirchhof P; European Society of Cardiology (ESC)

Eur Heart J. 2018;39:1394-1403.

Atrial Fibrillation Guidelines Taskforce, the CATCH

https://doi.org/10.1093/eurheartj/ehx762

ME consortium and the European Heart Rhythm Association (EHRA)

Abstract

Europace. 2018 Feb 1;20(2):225-233.

Aims: To evaluate the effect of telemonitoring on

https://doi.org/10.1093/europace/eux299

adherence to non-vitamin K antagonist oral anticoagulants (NOACs) in atrial fibrillation (AF) patients.

Abstract

Methods and results: A randomized, single-

We are in the midst of a digital revolution in health

blind, crossover, controlled trial in 48 AF patients

care, although the application of new and useful

on once or twice daily (OD or BID) NOAC. The Me-

technology in routine clinical practice is variable.

dication Event Monitoring System tracked NOAC

The Characterizing Atrial fibrillation by Translat-

intake during three phases of 3 months each: daily

ing its Causes into Health Modifiers in the Elderly

telemonitoring, telemonitoring with immediate tele-

(CATCH ME) Consortium, in collaboration with the

phone feedback in case of intake errors, and an ob-

European Society of Cardiology (ESC), has funded

servation phase without daily transmissions. Unpro-

the creation of two applications (apps) in atrial fibril-

tected days were defined as ≥ 3 or ≥ 1 consecutively

lation (AF) for use in smartphones and tablets. The

missed doses for a BID or OD NOAC, respectively,

patient app aims to enhance patient education, im-

or excess dose intake. Cost-effectiveness was cal-

prove communication between patients and health

culated based on anticipated stroke reduction deri-

care professionals, and encourage active patient

ved from patients’ risk profile and measured intake.

involvement in the management of their condition.

Persistence over the entire study was 98%. Tele-

The health care professional app is designed as an

monitoring-only already led to very high taking and

interactive management tool incorporating the new

regimen adherence (97.4% respectively 93.8%).

ESC Practice Guidelines on AF and supported by the

Nevertheless, direct feedback further improved

European Heart Rhythm Association (EHRA), with

both to 99.0% and 96.8%, respectively (P < 0.001

the aim of improving best practice approaches for

respectively P = 0.002). Observation without daily

the care of patients with AF. Both stand-alone apps

monitoring resulted in a significant waning of ta-

are now freely available for Android and iOS devices

king adherence (94.3%; P = 0.049). Taking adhe-

though the Google Play, Amazon, and Apple stores.

rence was significantly higher for OD compared to

In this article, we outline the rationale for the design

BID NOAC, although unprotected days were similar.

and implementation of these apps. Our objective is

Feedback intervention had an incremental cost of

to demonstrate the value of integrating novel digital

€ 344 289 to prevent one stroke, but this could be

technology into clinical practice, with the potential

as low as € 15 488 in high-risk patients with low ad-

for patient engagement, optimization of pharma-

herence and optimized technology.

cological and interventional therapy in AF, and ultimately to improve patient outcomes.
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Conclusion: Telemonitoring resulted in high

strategies with self-care protocols and structured

NOAC adherence due to the notion of being watched,

follow-up. Patients with atrial fibrillation were ran-

as evidenced by the rapid decline during the obser-

domized into 2 groups (mAF App vs usual care) in

vation period. Feedback further optimized adher-

a cluster randomized design pilot study. Patients‘

ence. Telemonitoring with or without feedback may

knowledge, quality of life, drug adherence, and an-

be a cost-effective approach in high-risk patients

ticoagulation satisfaction were evaluated at base-

deemed poorly adherent.

line, 1 month, and 3 months. Usability, feasibility,
and acceptability of the mAF App were assessed at

Mobile Health Technology for Atrial Fibrillation

1 month.

Management Integrating Decision Support,

Results: A total of 113 patients were randomized to

Education, and Patient Involvement: mAF App Trial.

mAF App intervention (mean age, 67.4 years; 57.5%

Guo YT, Chen YD, Lane DA, Liu LH,

were male; mean follow-up, 69 days), and 96 pa-

Wang YT, Lip GYH

tients were randomized to usual care (mean age, 70.9

Am J Med 2017;130:1388–1396

years; 55.2% were male; mean follow-up, 95 days).

https://bit.ly/2GeYQNv

More than 90% of patients reported that the mAF
App was easy, user-friendly, helpful, and associated

Abstract

with significant improvements in knowledge com-

Background: Mobile Health technology for the

pared with the usual care arm (P values for trend <.05).

management of patients with atrial fibrillation is

Drug adherence and anticoagulant satisfaction

unknown.

were significantly better with the mAF App versus

Methods: The simple mobile AF (mAF) App was

usual care (all P < .05). Quality of life scores were

designed to incorporate clinical decision-support

significantly increased in the mAF App arm versus

tools (CHA2DS2-VASc [Congestive heart failure, Hy-

usual care, with anxiety and depression reduced (all

pertension, Age ≥75 years, Diabetes Mellitus, Prior

P <.05).

Stroke or TIA, Vascular disease, Age 65–74 years,

Conclusions: The pilot mAFA Trial is the first pro-

Sex category], HAS-BLED [Hypertension, Abnor-

spective randomized trial of Mobile Health technolo-

mal renal/liver function, Stroke, Bleeding history

gy in patients with atrial fibrillation, demonstrating

or predisposition, Labile INR, Elderly, Drugs/alcohol

that the mAF App, integrating clinical decision sup-

concomitantly], SAMe-TT2R2 [Sex, Age <60 years,

port, education, and patient-involvement strategies,

Medical history, Treatment, Tobacco use, Race] scores),

significantly improved knowledge, drug adherence,

educational materials, and patient involvement

quality of life, and anticoagulation satisfaction.

Recommended conference sessions:
Integrated care and educational interventions

applied partially, or even incorrectly. Education and

Isabelle van Gelder - Groningen, NL

training of healthcare workers have been identified

@ 7th AFNET/EHRA Consensus Conference 2019

as major barriers for guideline implementation.

https://youtu.be/ZupADVnvJLU
The two domains of AF therapy that most determine

Abstract

patient outcomes are stroke prevention and appro-

Guideline-adherent treatment has been shown to

priate use of rhythm control. Recently, the ESC per-

improve outcomes of patients with atrial fibrilla-

formed a multi-national educational needs assess-

tion (AF). However, guidelines are often not applied,

ment study in cardiologists, general practitioners
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and neurologists, in order to evaluate the knowledge

and economic challenge to Western societies. Phar-

and skills of physicians caring for AF patients. Many

macological and non-pharmacological therapies

physicians reported insufficient skills to use stroke

have reduced AF impact, but complications still re-

risk assessment for management decisions, only

main high. In this setting, mHealth (“mobile Health”)

about 60% systematically calculated risk scores for

evolves as a novel approach to improve outcomes,

their patients, and there was considerable uncer-

not without some limitations that still need to be ad-

tainty on how to deal with anticoagulant therapy in

dressed.

complex patients. There was also a high disparity in

Rationale & opportunities: mHealth techno-

the use of rate and rhythm control strategies, with

logies evolve as a powerful tool to improve AF care

33% of cardiologists admitting insufficient know-

in several domains. In patients, they may facilitate

ledge to assess the indication for rhythm control,

education beyond time-limited medical consulta-

and 61% reporting inadequate skills to appropriately

tions, and enhance patient empowerment leading to

select patients for AF ablation.

a more effective informed- and shared-decision making. Cell phones may serve as affordable, portable

Thus, gaps in knowledge and skills of physicians

screening devices. Health care professionals (HCP)

are a major factor in poor adherence to guidelines.

may take advantage of an easy access to evidence

Targeted educational programmes are therefore an

based therapeutic recommendations. Connectivity

attractive approach to close knowledge gaps, fa-

between both apps may have additional benefits

cilitate the correct implementation of trial-based

such as improving therapy adherence [1], enhance

treatments, and they could contribute to improved

therapy individualization through data provided or

outcomes in AF patients. This requires education of

collected by patients, and emphasize patient active

clinicians with guideline-related training and sup-

involvement. Finally, mHealth technologies faci-

port. Considering the time and expense required to

litates collecting large amount of data, which may

train healthcare providers and keep them updated,

serve for screening, health monitoring or research

an evaluation of the effectiveness of AF education

purposes.

is warranted. The STEEER-AF trial (Stroke preven-

Risks, challenges and barriers to imple-

tion and rhythm control Treatment: Evaluation of

mentation: Reaching the full potential of mHealth

an Educational programme of the European society

tools warrant considering content, design and

of cardiology in a cluster-Randomised trial in pa-

technical issues that could lead them to be inaccura-

tients with Atrial Fibrillation) is a cluster-randomised

te, unreliable, remain underused or reach low adher-

evaluation of a blended learning educational inter-

ence [2]. Information provided to both the patients

vention designed to address the unmet educational

and HCP needs to be scientifically valid, accurate

needs for healthcare professionals, with the aim of

and adherent to up-to-date guidelines. Moreover,

improving guideline-adherent therapy of patients

educational material needs to be patient-tailored

with AF.

and suited for a large range of socio-economical and
educational status.

mHealth and AF apps – an update

Accessibility and readability are barriers for their

Eduard Guasch - Barcelona, ES

implementation, particularly in the aged individuals

@ 7th AFNET/EHRA Consensus Conference 2019

typically diagnosed with AF, as well as those with

https://youtu.be/LChei2Cno4k

visual impairment. Designing novel tools for AF patients may require different approaches than those

Abstract

for commonly used in apps intended for young indi-

The increasing prevalence of AF represents a health

viduals or non-medical uses.
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Health-related data is particularly sensitive. Data

still required to assess whether an integrated care

protection and privacy should be ensured and main-

including online tools improve hard outcomes, such

tained by mean of the highest technical standards,

as AF recurrence or mortality. mHealth are invalua-

fulfilling current national and international regula-

ble tools for research but will require major efforts in

tory framework.

integrating patient-recorded, physiologic and other

Present state: The number of apps dealing with

device-recorded data. In the future, such data may

diverse aspects of AF has been steadily increasing in

serve for patient-tailored therapeutic recommenda-

recent years. Apps focusing in very specific aspects

tions.

(e.g., score calculators, apps providing AF information, camera-based screening) are widely available.

Conclusions: mHealth technologies are a novel

To date, there is evolving evidence of the benefits of

tool to enhance patient empowerment, guideline ad-

these specifically-dedicated apps in AF patients. In a

herence and, potentially, improve AF outcomes. Col-

randomized trial [3], online education in AF patients

laboration between researchers, scientific societies

undergoing AF ablation or cardioversion improved

and app developers is warranted.

their knowledge on their condition. The small randomized mAFA trial showed improved medication adherence and quality of life in those patients allocated
to use the mAF app app [4]. Interest in screening
AF without additional hardware has been increasing
in recent years. Mechanocardiography [5] and photopletysmography [6] have been shown to be useful for this purpose, and their use will likely expand.

mHealth technologies: from education to guidelines

Conversely, a physician-oriented online support tool

adherence

could not increase antithrombotic adherence therapy Ina randomized cluster trial [7].
Nevertheless, digital solutions facilitating an inte-

https://bit.ly/2YHylql

grated care for AF patients are yet scarce. To fill this
gap, the CATCHME consortium developed and laun-

Apps in health care and presentation of the Afib

ched in 2016 a set of two apps addressed to patients

Catch me App of the ESC

and HCPs. The HCP app facilitates a diagnostic and

Dipak Kotecha – Birmingham, UK

therapeutic approach based on 2016 AF ESC guide-

@ ESC Congress 2017

lines through specific, patient-centered algorithms.
The patient app, developed in collaboration with

Demonstration of the practical use of the App

patient representatives, provide accurate informa-

Eduard Guasch – Barcelona, ES

tion and serves as a notebook to record AF-related

@ ESC Congress 2017

symptoms; it is currently being translated into 7
European languages. Moreover, habilitation of the

e- and mHealth for the arrhythmia patient

communication between patients and health care

Federico Lombardi – Milan, IT

professionals, evolving as a digital platform to im-

@ EHRA Congress 2018

prove AF care.
Future: The approach to individuals with very

ESC/CATCH-ME apps for Atrial fibrillation

infrequent, self-detected pulse irregularity (presu-

Winnie Chua – Birmingham, UK

mably AF) has not yet been established. Studies are

@ ESC Congress 2018
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