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1 Epidemiology

1.1 Prevalence and incidence of atrial
fibrillation

The estimated prevalence of atrial fibrillation (AF) in adults currently
ranges between 2% and 4% (globally, 46.3 million individuals had
prevalent AF/atrial flutter in 2016)." A 2.3-fold rise” is expected in the
coming decades,> largely owing to extended longevity of the general
population and intensifying search for undiagnosed AF.> Although
increasing age is a prominent risk factor for AF development, a con-
gruent increase in the burden of other comorbidities including hyper-
tension, diabetes mellitus (DM), heart failure (HF), coronary artery
disease (CAD), chronic kidney disease (CKD),® obesity, and obstruc-
tive sleep apnoea (OSA) plays an important role.” ="' Modifiable risk
factors including excessive alcohol consumption, smoking, sedentary
lifestyles, and extreme exercise have also been proposed as potential
contributors to the development and progression of AF
(Supplementary Table 1).**"3

The age-adjusted incidence, prevalence, and lifetime risk of AF are
lower in women compared with men and in non-white (i.e. Asian,
African American, and Hispanic) ethnic cohorts compared with white
populations.>'*~1? The 2019 Update of the Heart Disease and
Stroke Statistics also reported age- and sex-adjusted variations in the
incidence, prevalence, and lifetime risk of AF in different ethnic
groups.’

1.2 Risk factors for atrial fibrillation

The lifetime risk of AF has been previously estimated to be approxi-
mately 1 in 4 individuals,”®*" whereas more recent studies reported
an increase to 1 in 3 individuals of European ancestry at an index age
of 55 years.?>>

The lifetime risk of AF depends on age, and is influenced by genetic
and (sub)clinical factors (Supplementary Table 1).1‘24'25 The observed
impact of clinical risk factor burden and multiple comorbidity on the
lifetime risk of AF (significantly increasing from 23.4% among individu-
als with an optimal clinical risk factor profile to 33.4% and 38.4% in
those with borderline and elevated clinical risk factors)®* suggests
that an early intervention and control of modifiable risk factors could
reduce the incidence of AF.



ESC Guidelines

Supplementary Table |

Risk factors for incident AF

Demographic
factors

Health
behaviours

Health factors
and other risk
factors

Age! 2.2
Male sex' 22

Caucasian ethnicity"

Lower socioeconomic status
Smoking/tobacco use" %
Alcohol intake"

Physical inactivity" **

Vigorous exercise®-*

Competitive or athlete-level endurance sports

Caffeine**-#

Hypertension" 2%

Systolic blood pressure**

Diastolic blood pressure?®

Total cholesterol" 2

Low-density lipoprotein cholesterol*¢
High-density lipoprotein cholesterol*
Triglycerides®

Diabetes mellitus" 7 42

Pre-diabetes’

Renal dysfunction/CKD" 26 5.5¢
Obesity1.24, 26, 59, 60

Body mass index" 2

Height?* 26

Weight?*

Sleep apnoea' 2 ¢1:¢2

Chronic obstructive pulmonary disease®®

Risk factors for incident AF

Cardiovascular
conditions /
diseases

Subclinical
atherosclerosis

Disorders of
heart rhythm

Genetic
factors

Inflammation

Other

HF" 24,2629

Valvular disease26:2%:30.31
CAD!26.2.32

Congenital heart disease™*
Coronary artery calcification' 23
Carotid IMT and carotid plaque” 3
PR interval prolongation 23

Sick sinus syndrome"
Wolff-Parkinson White" 4

Family history of AF?2647-50

AF susceptible loci identified by GWAS" 2"
Short QT syndrome'

C-reactive protein %

Fibrinogen

Thyroid dysfunction' 2252
Autoimmunity?*

Other biomarkers' %

Air pollution™*3

Sepsis" >4

Psychological factors: in men®’, in women®®

AF = atrial fibrillation; CAD = coronary artery disease; CKD = chronic kidney disease; GWAS = genome-wide association studies;
HF = heart failure; IMT = intima-media thickness.
?For every 10 -22 mmHg increase in systolic blood pressure or systolic blood pressure >160 mmHg.

®For every 10- 11 mmHg increase in diastolic blood pressure or diastolic blood pressure >95 - 100 mmHg.
For every 10-50 mg/dL (0.2 - 1.3 mmol/L) increase in total cholesterol or total cholesterol >220 - 280 mg/dL (5.7 - 7.2 mmol/L).

9For every 10-40 mg/dL (0.2 - 1.0 mmol/L) increase in low-density lipoprotein cholesterol or low-density lipoprotein cholesterol >150 mg/dL (>3.9 mmol/L).
For every 1-10 cm increase in height or height >173 cm.
For every 1.0 mU/L decrease in thyroid-stimulating hormone or thyroid-stimulating hormone >0.10 - 0.45 mU/L.

©ESC 2020
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Atrial fibrillation Stroke/SE

Cognitive
impairment /
Dementia

Pathophysiological «—> Structural
i delling

N/

Rapid ventricular rate
Irregular heart rhythm
Loss of atrial systole

Depression

Impaired QoL

AF and HF Hospitalization
(HFrEF, HFpEF)

Mortality

(AF RISK FACTORS)

Heart failure
(HFrEF, HFpEF)
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Supplementary Figure | Pathophysiology of AF. Various factors cause complex atrial alterations, including stretch-induced fibrosis, hypocontrac-
tility, fatty infiltration, inflammation, vascular remodelling, ischaemia, ion-channel dysfunction, and calcium instability. All enhance ectopy and conduction
disturbances, increase atrial propensity to develop/maintain AF, and facilitate the AF-associated hypercoagulable state. Hypocontractility reduces local
endothelial shear stress, which increases expression of plasminogen activator inhibitor, and ischaemia-induced inflammation enhances the expression of
endothelial adhesion molecules or promotes shedding of endothelial cells, resulting in tissue factor exposure to the blood stream. AF in itself aggravates
many of these mechanisms, which may explain its progressive nature. AF = atrial fibrillation; HFrEF = heart failure with reduced ejection fraction; HFpEF =
heart failure with preserved ejection fraction; SE = systemic embolism; QoL = quality of life.

2. Clinical presentation of atrial fibrillation

Supplementary Box 1. Clinical presentation of AF

Clinical presentation and symptoms

e Palpitations, dyspnoea, and fatigue are the most frequent AF-related symptoms, but patients may also complain of chest tightness/pain, diz-
ziness, syncope, disordered sleep, etc.”””’® Patients with paroxysmal AF report more symptoms (80%) than those with permanent AF
(51%), the latter more frequently reporting dyspnoea, fatigue, and effort intolerance.”” Importantly, symptoms may be related to under-
treated concomitant conditions (e.g. hypertension or HF).”®

e Palpitations independently correlate with a lower risk of cardiovascular events and mortality compared with other symptoms,”® whereas
asymptomatic AF has been associated with a less favourable prognosis.

Stroke and systemic embolism

e Of all patients with an ischaemic stroke, 20—30% would have AF2°~5* In a pooled analysis of AF RCTs, the incidence of systemic embo-
lism was lower than that of cerebral embolism (0.24 vs. 1.92/100 person-years), comprising 12% of all clinical thromboembolic events, but
portending a comparable risk of death as ischaemic stroke (around 60% of systemic embolism involved the lower extremities, 30% the vis-
ceral-mesenteric system, and only 11% the upper extremities).®*

LV dysfunction and HF

e Prevalent HF was reported in 33%, 44%, and 56% of patients with paroxysmal, persistent, and permanent AF, respectively;86 the incidence
of HFrEF or HFpEF LVEF was twofold higher in AF than non-AF patients.”® AF has been more often related to HFpEF than to HFrEF,”®
but the elevated levels of natriuretic peptide frequently encountered in AF may actually reflect the coexistence of HFpEF.®” In all recently
published HF registries, the epidemiological data about AF in HFmEF suggest that HFmEF is between HFrEF and HFPEF.S&89

Hospitalization, QoL, and functional status

e A significant increase in rates of AF-related hospitalization has been reported worldwide.”*”"

e Reportedly, age was not associated with daily activity scores.” Factors associated with worse QoL were new-onset AF, higher heart rate,
OSA, symptomatic HF,”®> hypertension, COPD,”* overweight,” and CAD.”> Reduced QoL was associated with higher risks for
hospitalization”>.
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e Validation studies showed moderate correlations of the EHRA symptom scale with various AF-specific

739 o generalized QoL scales.”’

The well-validated Medical Outcomes Study 36-item Short-Form health survey (SF-36) and EuroQoL-5D (EQ-5D) generalized QoL scales
enable comparisons among different conditions and conversion of QoL changes to cost-effectiveness measured by quality-adjusted life
years. The true advantage of AF-specific scales requires validation in more RCTs.

Cognitive impairment and dementia

e Observational data suggest that OAC could lower the risk of dementia. NOACs were associated with a reduced risk compared with war-

farin in some,98_101 but not all, studies.’® It is unclear whether NOACs would reduce the incidence of AF-related cognitive decline, but

ongoing RCTs (BRAIN-AF [NCT02387229] and CAF'®), should provide further insight into this important question. The protective effect

of statins'®* and rhythm control therapies also requires confirmation.'®>%

Mortality

e Comorbidity-adjusted mortality risk was lower in African-American and Hispanic patients compared with white patients with AR but
the difference in all-cause death in AF versus non-AF patients was higher in these ethnic groups.108 In a Swedish cohort, low educational
level or unmarried/divorced men had a higher risk of all-cause death than their more educated or married counterparts.'” Thirty-day

death after first-diagnosed AF was higher than in the following months in another observational study.

110

AF = atrial fibrillation; BRAIN-AF = Blinded Randomized Trial of Anticoagulation to Prevent Ischemic Stroke and Neurocognitive Impairment
in Atrial Fibrillation; CAF = Cognitive Decline and Dementia in Patients with Nonvalvular Atrial Fibrillation; COPD = chronic obstructive pul-
monary disease; CAD = coronary artery disease; EHRA = European Heart Rhythm Association; EQ-5D-5L = 5-level EQ5D version; HF =
heart failure; HFmEF = heart failure with mid-range ejection fraction; HFrEF = heart failure with reduced ejection fraction; HFpEF = heart fail-
ure with preserved ejection fraction; LV = left ventricular; LVEF = left ventricular ejection fraction; NOAC = non-Vitamin K antagonist oral
anticoagulant; OAC = oral anticoagulant; OSA = obstructive sleep apnoea; QoL = quality of life; RCT = randomized controlled trial.

3. Classification of atrial fibrillation

Supplementary Table 3 Clinical types of AF.'""

AF type

AF secondary to
structural heart
disease

Focal AF

Polygenic AF

Post-operative AF

AF in patients with
mitral stenosis or
prosthetic heart
valves

AF in athletes

Monogenic AF

Clinical presentation

AF in patients with LV systolic or diastolic dysfunction, long-standing
hypertension with LVH, and/or other structural heart disease.

The onset of AF in these patients is a common cause of
hospitalization and a predictor of poor outcome.

Patients with repetitive atrial runs and frequent, short episodes of
paroxysmal atrial fibrillation. Often highly symptomatic, younger
patients with distinguishable atrial waves (coarse AF), atrial ectopy,
and/or atrial tachycardia deteriorating in AF.

AF in carriers of common gene variants that have been associated
with early onset AR,

New onset of AF (usually self-terminating) after major (typically
cardiac) surgery in patients who were in sinus rhythm before surgery
and had no prior history of AF.

AF in patients with mitral stenosis, after mitral valve surgery and in
some cases other valvular disease.

Usually paroxysmal, related to duration and intensity of training.

AF in patients with inherited cardiomyopathies, including
channelopathies.

Possible pathophysiology

Increased atrial pressure and atrial structural remodelling,
together with activation of the sympathetic and renin-
angiotensin system.

Localized triggers, in most cases originating from the
pulmonary veins, initiate AF.

AF due to one or a few re-entrant drivers is also considered to
be part of this type of AF.

Currently under study. The presence of selected gene variants
may also influence treatment outcomes.

Acute factors: inflammation, atrial oxidative stress, high
sympathetic tone, electrolyte changes, and volume overload,
possibly interacting with a pre-existing substrate.

Left atrial pressure (stenosis) and volume (regurgitation) load
are the main drivers of atrial enlargement and structural atrial
remodelling in these patients.

Increased vagal tone and atrial volume.

The arrhythmogenic mechanisms responsible for sudden
death are likely to contribute to the occurrence of AF in these
patients.

©ESC 2020
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Medical screening definition
An organized, systematic program using > 1 test in presumptively healthy/assymptomatic individuals to detect a putatively prognostic entity

(e.g., risk factor), promptly followed by efficacious intervention to alter natural history and improve the screened individual's outcome
relative to not having been screened.

SCREENING TYPES SCREENING STRATEGIES SCREENING SETTINGS

Mass screening Systematic screening Community-based or specific healthcare setting-related
Involves whole population or

major demographic subgroups
(e.g., all adults)

Continuously conducted (e.g., primary care, pharmacy)
screening program

Specific occasion-related
(e.g., vaccination, health campaigns)

Selective or targeted Ad-hoc screening
screening Clinical case-finding qualifies Domiciliary setting
Involves individuals fulfilling for screening when uniformly
pre-defined eligibility criteria applied by all relevant . L.
besed o dhe @endhiter healthcare practitioners Medical screening is NOT:
of interest (eg. in primary practice)
and when a standardized Case-finding by sporadically used test(s) or regular
evaluation, management and opportunistic testing that is not uniformly adopted
Opportunistic screening follow-up of screened positive across a healthcare system.
Organized program individuals is included
systematically performed as Surveillance i.e., programs used to "keep an eye" on
part of a clinical evaluation specific conditions such as disease outbreaks, changes in
for some other health One-time (single) or incidence, high-risk groups, or to monitor communicable §
condition repeated screening diseases. o]
]
©
Supplementary Figure 2 Medical screening: definition, screening types, strategies, and setting.'"?
4 Diagnostic assessment in atrial fibrillation
Supplementary Table4 QoL and symptom questionnaires
Questionnaire DescriptionQoL/Symptoms —  Used in RCT ablation Advantages Disadvantages
evaluated in registries and AAD trials
SF-36 (Short Form Health ~ QoL. Physical and mental Forleo,"" DiBiase'"® Validated in several dis-  Value for cost benefit trials
Sur'vey)”3'114 components: Wilber,""” Jais118 ease states unknown

8 equally weighted scores (0-100);  Wazni,'"” Walfridsson'°
vitality, physical functioning, bod-  Singh,'*' AFFIRM'??

ily pain, general health percep- Carlsson,'”® Grénefeldt'*
tions, physical role functioning, Hagens,125 Kochhiuser'
emotional role functioning, social Blomstrom—Lundqvist,127
role functioning, mental health l"Ialmbor‘g1 2
EQ-5D (EuroQol Five Qol. Five health-state measures: Morillo,"° Validated in several dis-
Dimensions Questionnaire) mobility, self-care, usual activities, Walfridsson,'*° eases, quality-adjusted
pain/discomfort, anxiety/depres- Mortsel'®! life-years for cost-utility
sion. Replies in 3 or 5 level scales. analysis

Overall health status evaluated by a
visual analogue scale (EQ-VAS).

EuroHeart Survey'?’

Continued
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Supplementary Table 4 Continued

Questionnaire

AF specific questionnaire
AFEQT (AF effect on

Quality of Life Survey)'*?

AF-Qo (Quality of Life
Questionnaire for Patients
with AF)"3*

SCL/AF-SC (Arrhythmia-
Related Symptom
Checklist)

ASTA (Arrhythmia Specific
Questionnaire in
Tachycardia and
Arrhythmia)'>¢

CCS SAF (Canadian
Cardiovascular Society
Severity of Atrial

Fibrillation Scale)'’

AFSS (University of
Toronto Atrial Fibrillation
Severity Scale)138

MAFSI (Mayo AF Specific

Symptom Inventory) '

EHRA (European Heart
Rhythm Association)”®

SAS (Specific Activity
Scale)

SSQ, Symptom Severity
Score

AFS/B (Atrial Fibrillation

Symp‘com/Burden)144

AF6 (Atrial fibrillation

questionnaire)'*>14¢

DescriptionQoL/Symptoms —
evaluated in registries

20 items: 4 on AF-related symp-
toms, 8 on daily function, 6 on AF
treatment. 7-point Likert scale.
ORBIT-AF,”> ORBIT-AF'*?

18 items on psychological, physical,
sexual activity. 5-point Likert scale.

16 items; AF symptom frequency -
severity

Number of AF episodes, average
episode duration over past 3
months. 8 symptoms, 2 disabling
symptoms scored 1—4 each
Like EHRA scale. O = asympto-
matic, | = AF symptoms minimal
effect on patient’s QoL, Il = AF
symptoms minor effect on patient
Qol, Il = symptoms moderate
effect on patient QoL, IV = AF
symptoms severe effect on patient
QoL
10 items on frequency, duration,
severity. 7-point Likert scale.
RECORD-AF"*’
10 items on AF symptoms fre-
quency - severity. 5- point - 3-point
Likert scale
EHRA 4 scale: | = no symptoms; Il
= mild symptoms not affecting
daily activity; Ill = severe symp-
toms affecting daily activity; and
IV = disabling symptoms termi-
nating daily activities.
ORBIT-AF,"** EORP-AF pilot sur-
vey,"" PREFER in AF registry'*>
20 items - measures subjective
functional capacity, score 0-80
SSQ 5 AF-related symptoms scored
1-5 points
8 questions on symptoms on daily
life. AFS score from 0-40. SIX
questions relating to AF burden,
disease, and healthcare utilization
6 disease-specific questions, scored
by a Likert scale 0- 10 points

Used in RCT ablation
and AAD trials

Mont'3®

Wilber,""” Jais,118
Singh,'?" AFFIRM, 22
Kochhiuser'

Walfridsson'?°

Singh,121
Vermond,”®
De With""*

Blomstrom—Lundqvist,127
Mortsell,"’
l"lalmborg128

Singh'?’

Oral,"*® Mortsell,"*

Malm borg1 B

Bjorkenheim147

Advantages

Simple, correlates with
EHRA class, compared
with AFSS

Simple, validated vs. SF-
36

Extensively validated,
compared with SF-36

Simple, validated with
symptom checklist, EQ-
5D, SF-36

Simple, validated with
SF-36 and AFSS

Validated, compared
with CCS SAF, and
AFEQT

Validated in AF ablation

trials

Simple

Simple

Simple

Simple

Disadvantages

Limited validation

Limited validation

Time consuming,
applicability?

1 validation study

Poor correlation, subjective
AF burden; not so specific

Time consuming,
applicability?

Limited external validation;
SF-36

Limited validation; moderate
correlations with
AFEQT,”*?® EQ-5D-5L,
PACT-Q”’

Limited validation

Reproducible, correlates
with standard QoL

measures

Correlates with SF-36 and
AFSS

AAD = antiarrhythmic drug; AE = adverse effects; AF = atrial fibrillation; EORP-AF = EURObservational Research Programme Atrial Fibrillation; ORBIT-AF = Outcomes
Registry for Better Informed Treatment of Atrial Fibrillation; QoL = quality of life; RCT = randomized controlled trial; RECORD-AF = Registry on Cardiac Rhythm Disorders
Assessing the Control of Atrial Fibrillation; NYHA = New York Heart Association; PREFER in AF = PREvention oF thromboembolic events — European Registry in Atrial

Fibrillation.

©ESC 2020
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Supplementary Table 6 Decision tools and applications available for healthcare professionals
Target Decision tools or Apps
Information on AF ESC/CATCH-ME Healthcare Professional App,'®> mAFA'>*
Evaluation of AF symptoms ESC/CATCH-ME Healthcare Professional App,'®> mAFA'>* °
Clinical decision support ESC/CATCH-ME Healthcare Professional App,'>> DARTS II,"*® IMPACT-AF, "> mAFA'®* §
Evaluation of stroke risk AKENATON,"* AFSDM,"*%'3" CDS-AF, "> mAFA">* @

Monitoring of therapy adherence and effectiveness

AFSDM,"*%151 CDS-AF,"*2 mAFA'>*

AF = atrial fibrillation; AFSDM = Atrial Fibrillation Shared Decision Making; App = application; CATCH-ME = Characterising AF by Translating its Causes into Health Modifiers
in the Elderly; CDS-AF = Clinical Decision Support for Atrial Fibrillation; DARTS = Decision Analysis in Routine Treatment Study; ESC = European Society of Cardiology;
IMPACT-AF = Integrated Management Program Advancing Community Treatment of Atrial Fibrillation; mAFA = mobile AF App.

6 Advantages of integrated management of atrial fibrillation patients

Supplementary Table 7 Studies investigating integrated management of AF compared with usual care

Author, year, country

Cox et al,, 2020,"° Canada
IMPACT-AF

Wijtvliet et al, 2019,"7
The Netherlands

Vinereanu et al,, 2017,"®

Argentina, Brazil, China,
India, Romania
IMPACT-AF

Carter et al, 2016’
Canada

Study design, popula-

tion, and setting

RCT: 1133 patients, mean
age 72 years; 432 (39.1%)
women

Primary care stratified by
urban vs. rural practice
setting

12-month follow-up

RCT: 1375 patients, mean
age 64 years; 460 (34%)
women

Nurse-led care vs. usual-

care

Cluster RCT: 2281 patients,
mean age 70 years; 1079
(47.3%) women

Follow-up 12 months

Research institutes or uni-
versity hospitals

Before-and-after study: 433
patients, newly diagnosed
AF, mean age 64 years;
44% women

Follow-up minimum 12-
months

Emergency department
(before-phase)

Tertiary hospital (after-
phase)

Intervention

CDSS, incorporating guide-
line-based physician moni-

toring system and optional
patient self-monitoring sys-
tem (n=590)

Specialized nurses using a
CDSS, in consultation with
the cardiologist (n=671)

Patient and HCP education,
with regular monitoring and
feedback to HCPs (n=1184)

“After” phase (November
2011-September 2013):
nurse-run, physician-super-
vised AF clinic (n=185);
group education session on
symptoms, investigations,
and AF treatments

Comparator

Usual care (n=543)

Usual care (n=683)

Usual care (n=1092)

“Before” phase
(January
2009-October
2011): usual-care
pathway for AF
management
(n=228)

Outcomes measured and
results

Efficacy: composite of
unplanned emergency depart-
ment visit or cardiovascular
hospitalization 20.0% vs.
23.9% (CDSS vs. usual care)

HR 1.06 (95% Cl1 0.77 - 1.47);
P=0.71

Safety: ISTH major bleeding
1.3% vs. 1.3% (CDSS vs. usual
care)

HR 1.04 (95% Cl 0.38 - 2.88);
P=0.94

Primary endpoint: composite of
cardiovascular death and car-
diovascular hospital admis-
sions 9.7% per year vs. 11.6%
per year (nurse-led vs. usual
care)

HR 0.85 (95% Cl 0.69—1.04);
P=0.12

Change in proportion of
patients on OAC at 1-year

Intervention: 68% to 80%

Usual care: 64% to 67%

OR 3.28 (95% Cl 1.67—6.44)
for OAC use between groups

Composite of death, cardiovas-
cular hospitalization, and AF-
related emergency depart-
ment visits: 17.3% vs. 26.2%
(intervention vs. usual care)

OR 0.71 (95% CI 0.59 - 1.00);
P=0.049

Continued
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Supplementary Table 7 Continued

Author, year, country

Stewart et al. 2015,'¢°
Australia
SAFETY

Hendriks et al. 2012,"®"
The Netherlands

Study design, popula-

tion, and setting

RCT: 335 patients, mean
age 72 years, 161 (48.1%)
women

Mean follow-up: 30 months

Hospitalized with AF

RCT: 712 patients, mean
age 67 years, 294 (41.3%)
women

Mean follow-up: 22 months

Outpatient clinic at 1
hospital

Intervention

Home visit, Holter monitor-
ing (7—14 days post-dis-
charge) by cardiac nurse,
prolonged follow-up, MDT
support as needed (n=168)

Nurse-led AF (n=356)
including decision support
software based on clinical
guidelines and supervised by
a cardiologist

Comparator

Usual care (n=167)

Usual care (n=356)
Cardiologist only

Outcomes measured and
results

Coprimary outcomes: death or
unplanned readmission

76% vs. 82% (intervention vs.
usual care)

HR 0.97 (95% Cl1 0.76 - 1.23);
P=0.85

Primary endpoint: Composite
of cardiovascular hospitaliza-
tion or cardiovascular death
14.3% vs. 20.8% (nurse-led vs.
usual care)

HR 0.65 (95% ClI 0.45—0.93);
P=0.017

Adjusted HR 0.63 (95% ClI

0.44—0.90)

©ESC 2020

AF = atrial fibrillation; CDSS = Clinical Decision Support System; Cl = confidence interval; HCP = healthcare professional; HR = hazard ratio; IMPACT-AF = Integrated
Management Program Advancing Community Treatment of Atrial Fibrillation; ISTH = International Society on Thrombosis and Haemostasis; MDT = multidisciplinary team; n =
number of patients with available data; OAC = oral anticoagulant; OR = odds ratio; RCT = randomized controlled trial; SAFETY = Standard versus Atrial Fibrillation-specific

Management Strategy

7 Measures (or approaches) for implementation of integrated

management

CAPABILITY

OPPORTUNITY

MOTIVATION

/ \ -
/ \\ //
Personalised v Monitor
LLCCUCTLEUE  STAFF: Dose-titration/ and support

side effects

Initiate
treatment

STAFF: Decision
support tools

Identify AF A

STAFF: Persistence/
adherence monitoring

Components of behaviour change and examples

Knowlegde, skills, memory, behavioural regulation of staff and patients
Social influences, environmental contexts, and resources for staff and patients

Identity, optimism, goals, beliefs about capabilities/consequences for staff and patients

STAFF: Outcome
monitoring and
evaluation

Long-term
management

©ESC 2020

Supplementary Figure 3 Capability Opportunity Motivation and Behaviour (COM-B) model applied to the development of a comprehensive,
integrated, intervention strategy for the management of AF patients. To design comprehensive, integrated, intervention strategies for AF management,
Michie et al's Behaviour Change Wheel'®? and associated theory could be used to facilitate structured identification of behaviour-change approaches
required to implement the current evidence. In tailoring and implementing AF-management pathways, consideration should be given to contextual issues

of capability, opportunity, and motivation for both staff and patients. AF = atrial fibrillation.
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8 Patient-reported outcomes
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Ongoing

Complications
of treatment

Patient-
reported
outcomes

PROMS
Baseline factors

MoCA

AF diagnosis

PROMS

Medication side effects
(PRO)

Anticoagulation
management

Every 6 months
Post-diagnosis

PROMS

Medication side effects
(PRO)

MoCA

Anticoagulation
management

Every 12 months
Post-diagnosis

Mortality, ischaemic stroke, systemic embolism, unclassified stroke, heart failure, cardiovascular hospitalisation
freedom from fast atrial fibrillation post-treatment, life-threatening/major bleeding, serious adverse events post-intervention

Mortalit; Ischaemic
(all causeI a);md stroke/embolism,
cardiovascular) unclassified
stroke
Life-
Haemorrhagic threatening/
stroke major
bleeding
Health- .
related quality ; Physical
of life unctioning

Heart Cardiovascular
failure hospitalisation
Serious Medication
adverse events side effects
post- (patient & physician
intervention reported)
Physical Emotional
functioning functioning

Cognitive
functioning severity

Freedom from
fast atrial
fibrillation post-
treatment

Anticoagulation
management

Symptom

Exercise
tolerance

Ability
to work

©ESC 2020

Supplementary Figure 4 AF minimum core set of outcomes and timeline for collection.*®* AF = atrial fibrillation; MoCA = Montreal Cognitive

Assessment; PRO = patient-reported outcome; PROMS = patient-reported outcome measures. (See full text, Seligman WH et al., 2020; Eur. Heart ).)
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Mechanism

P-gp substrate
CYP3A4 substrate

Metabolism

Bioavailability (%)

Prodrug
Time to peak levels (h)
Elimination half-life (h)

Plasma protein binding

(%)

Clearance non-renal/
renal of absorbed dose

(%)
Dialysability (%)

Clearance non-renal/
renal of absorbed dose

(%)

Liver metabolism:
CYP3A4 involved

Absorption with food

Absorption with H2B/
PPI/Al-Mg hydroxide

Asian ethnicity
>95 mL/min
50-94 mL/min
eGFR
Category  39.49 mlimin

Dabigatran'¢>1¢7.168

Oral direct reversible
competitive thrombin
antagonist

Yes

No

Glucuronic acid
conjugation

3-7%

Yes
3
12-17

35%

50-60%
(in part dialysable)

20%/80%

No

No effect

Decreased AUC
(-12 to 30%) not clinically
relevant

Plus 25%

2x 150 mg/2 x 110 mg
(high bleeding risk)

Supplementary Table 9 Clinical pharmacology of NOAC:s.

Rivaroxaban'¢#1-171

Oral direct reversible
competitive factor Xa
antagonist

Yes

Yes (~25%)

CYP3A4, CYP2)2

15 mg/20 mg: 66% without food,

80-100% with food
No
2-4

5-9 (young)

11-13 (elderly)

95%

N.A.
(in part dialysable)

65%135%

Yes
(hepatic elimination 18%)

Plus 39% more

No effect

No effect

15-29 mL/min - 15 mg (use with caution)

Dialysis
A
Child-
Pugh B
category
@

Apixaban'®’

Oral direct reversible
competitive factor Xa
antagonist

Yes
Yes (~25%)
CYP3A4/5, CYP1A2,

CYP2C8, CYP2C9,
CYP2C19, CYP2)2

50%

No
3
12

87%

14%
(in part dialysable)

73%127%

Yes [elimination, moderate
contribution (25%)]

No effect

No effect

No effect

2 x 2.5 mg (use with
caution)

Edoxaban166,169,172-174

Oral direct reversible
competitive factor Xa
antagonist

Yes

No (<4%)

CYP3A4/5

62%

No

10-14

55%

N.A.
(in part dialysable)

50%/50%
Minimal
(<4% of elimination)
6-22% more; minimal
effect on exposure

No effect

No effect

60 mg (use with caution in

'supranormal'
renal functlon)

30 mg (use with caution)
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Supplementary Table 9 Continued

Dabigatran163,167.168 Rivaroxaban'6416%-171 Apixaban169 Edoxaban'66169:172-174

Edoxaban 60 mg reduced
to 30 mg once daily, and

Apixaban 2.5 mg twice edoxaban 30 mg reduced
daily. if at least 2 of age to 15 mg once daily, if any
er . . >80 years, of the following: creatinine
Dose reduction in Rivaroxaban 15 mg once daily '
. Age 280 years . ) body weight <60 kg clearance of
selected patients if CrCl 30-49 mL/min . )
or serum creatinine 30-50 mL/min,
level 1.5 mg/dL body weight <60 kg,
(133 pmol/L) concomitant use of
verapamil or quinidine or
dronedarone

Expected plasma levels of NOACs in patients treated for AF (based on dTT/ECA for dabigatran and anti-FXa activity
for Xa inhibitors)*

Expected range of
plasma levels at peak

for standard dose e 184-343 69-321 91-321
(ng/mL)

Expected range of

plasma levels at trough 312225 o 34930 930

for standard dose
(ng/mL)

Expected impact of NOACs on routine coagulation tests?

PT 1 (H10) M 10
aPTT 0} 1 M 1
I
ACT (M 1 1 1 8
b
TT "1 - - - &

ACT = activated clotting time; aPTT = activated thromboplastin time; AUC = area under the curve; CrCl = creatinine clearance; eGFR = estimated glomerular filtration rate;
NOAC = non-vitamin K antagonist oral anticoagulant; PT = prothrombin time; TT = thrombin time.
“Ranges indicate the P5/95 percentiles for dabigatran, rivaroxaban, and apixaban, and the interquartile ranges for edoxaban.
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10 Procedure-related complications in catheter ablation of atrial

fibrillation

Supplementary Table 10 Procedure-related complications in catheter ablation of AF

Complication

Procedure-related death
Life-threatening
Cardiovascular

Cardiac perforation/
tamponade

Coronary artery stenosis/

occlusion

Pericarditis

Stiff left atrial syndrome

Significant bradycardia

Mitral valve damage

Coronary air embolism

Neurological

Asymptomatic cerebral

embolism

Radiation injury

Stroke

Transient ischemic attack

Permanent phrenic nerve
injury

Gastrointestinal
Oesophageal injury
Gastric hypomotility/
pyloric spam disorders
Oesophageal fistula or

perforation

Vascular/peripheral
Hematoma or bleeding
requiring evacuation or

transfusion

Arteriovenous fistula

Incidence

<0.1-0.4%

0.5-1.3%

0-0.07%

0-3.1%

<1.5%

0.1-0.4%

<0.1%

<1%0.1-0.2%

2-10.5%

<0.1%

0.1-0.6%

0.2-0.4%

0-0.4%

0.1-20%

0-23.8%

0-0.15%

0.4-3.9%

0.4-1.1%

Time of
presentation

Early/late

Early

Early

Early

Early

Early

Early

Both

Both

Early

Both

Early

Early

Late

Early

Early

Symptoms and signs

Chest pain, dizziness, syn-
cope, hypotension

Chest pain, shortness of
breath

Chest pain, fever

Dyspnoea, congestive heart
failure

Dyspnoea, exercise intoler-
ance, dizziness, syncope
Acute dyspnoea, tachyp-
noea; none

Chest pain, hypotension

None

Skin injury, malignancy,
genetic abnormalities

Neurological symptoms

Neurological symptoms

Shortness of breath

Dysphagia

Early satiety, nausea,
bloating

Fever, chest pain, dysphagia,
neurological symptoms,

haematemesis

Groin pain at site of vascular

access, local swelling

Groin pain and swelling at

site of vascular access

Diagnostic testing

Echocardiography

Coronary angiography

Anamnesis, ECG, sedimen-
tation rate,
echocardiography

Echocardiography, cardiac

catheterisation

Anamnesis, ECG

Echocardiography

Nothing or coronary

angiography

Brain MRI

None

Brain CT/MRI; cerebral
angiography

Brain CT/MRI; cerebral
angiography

Chest X-ray, sniff test

Endoscopy

Endoscopy, barium swallow,
gastric emptying study
Chest CT/MRI; avoid endos-

copy with air insufflation

Vascular ultrasound, CT

scan

Vascular ultrasound, CT

scan

Management options

Pericardiocentesis; surgical
drainage

Percutaneous transluminal
coronary angioplasty
Non-steroid anti-inflamma-

tory, colchicine, steroids

Diuretics

Pacemaker implantation

Gentle catheter manipula-
tion; surgical extraction
Supportive care (fluid, oxy-
gen, head down tilt, hyper-

baric oxygen)

None

Supportive care (rarely skin
graft)

Thrombolytic therapy,
angioplasty

Anticoagulation

Supportive care

Proton-pump inhibitors
Metoclopramide; possibly,
i.v. erythromycin

Surgical repair, covered
stents, clinical support
(enteral nutrition,

antibiotics)

Conservative treatment,
transfusion, percutaneous
repair, surgical repair
Conservative treatment,
transfusion, percutaneous
repair, surgical repair

Continued
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Supplementary Table 10 Continued

Complication Incidence Time of Symptoms and signs Diagnostic testing Management options
presentation
Pseudoaneurysm 02-1% Early Groin pain and swelling at Vascular ultrasound, CT Conservative treatment,
site of vascular access scan transfusion, percutaneous

repair, surgical repair

Pulmonary
Pulmonary vein stenosis/ 0-1.1% Both Persistent cough, atypical Chest CT/MRI, ventilation/  Angioplasty, stent; surgery
occlusion chest pain, haemoptysis, perfusion lung scan

shortness of breath

CT = computed tomomgraphy; ECG = electrocardiogram; i.v. = intravenous; MRI = magnetic resonance imaging;

Supplementary Table 11 Risk scores for prediction of recurrence after AF ablation®%3

Age Sex LA AF eGFR EF CAD HT Diabetess ERAF Smoking BMI Drugs Prolonged

size type metabolic failed QRS
syndrome duration
CHA,DS,-VASC'® X X X X X X
Apple'”® X X X X X
DR-FLASH""” X X X X X X X
MB-LATER'’® X X X X X
ATLAS'”? X X X X X
CAAP-AF'® X X X X X X
BASE-AF2'®! X X X X X
ALARMEC'®? X X X X X

AF = atrial fibrillation; ALARMEc = Atrial fibrillation type, Left Atrium size, Renal insufficiency, Metabolic syndrome, cardiomyopathy (risk score); BASE-AF = Body mass index
> 28 kg/m? (1), Atrial dilatation > 40 mm (1), current Smoking (1), Early recurrence (E), duration of AF history > 6 years (1) and non-paroxysmal type (1) of AF; BMI = body
mass index; CAAP-AF = Presence or absence of CAD, left Atrial diameter, Age, the presence of Persistent or long-standing AF, the number of Antiarrhythmic drugs failed and
Female sex (score); CAD = coronary artery disease; CHA;DS,-VASc = Congestive heart failure, Hypertension, Age >75 years, Diabetes mellitus, Stroke, Vascular disease, Age
65-74 years, Sex category (female); DR-FLASH = Diabetes mellitus, Renal dysfunction, persistent form of AF, LA diameter >45 mm, Age >65 years, female Sex and
Hypertension (score); EF = ejection fraction; eGFR = estimated glomerular filtration rate; ERAF = early recurrent atrial fibrillation; HT = hypertension; LA = left atrium; MB-
LATER = Male gender, Bundle branch block, Left Atrium dilatation >47 mm, Type of AF (paroxysmal, persistent or long-standing persistent) and Early recurrent AF (score).

11 Risk assessment for recurrence of atrial fibrillation post catheter
ablation

Supplementary Box 2. Modifiable risk factors and impact on AF ablation outcome

d."837"87 Spall trials using renal

188—193

Hypertension is a strong, independent predictor of AF recurrence after ablation, particularly if uncontrolle
sympathetic denervation suggest that this technique may be useful for sustained BP reduction and reducing recurrences after ablation.
However, aggressive BP control with pharmacological treatment failed to reduce recurrences after catheter ablation,'”* but the treatment
duration in this study was short (0- 6 months before and <3 months after the procedure). Longer periods may be needed for reverse remod-
elling and outcome improvement.'?>%¢

Obesity is increasingly recognised as a risk factor for AF recurrence after ablation.'®*"*” 2% A meta-analysis of 16 observational studies (n =
5864) revealed a 13% greater post-ablation AF recurrence for every 5-unit increase in body mass index (odds ratio 1.13; 95% confidence
interval 1.06 - 1.22).2% These findings were later supported by large international cohorts.>*>?%*?% There is less information on the effect of
weight control on improving the results of AF catheter ablation, but observational data suggest that weight and other risk-factor management
improve symptoms and arrhythmia-free survival after AF ablation.”*®

OSA s associated with lower arrhythmia-free survival after AF ablation, independently of obesity and LA size."””?%’ =2 Patients with OSA
have a higher prevalence of non-pulmonary vein triggers and show a more complex substrate.”'*'” However, the effect on ablation out-
comes of treating OSA has not been well established, with observational studies reporting conflicting results.'?”20711:212214215.218 RCTy i
the context of AF catheter ablation are needed; in electrical cardioversion, no significant benefit was found in patients randomized to positive
airway pressure treatment.”"”

AF = atrial fibrillation; BP = blood pressure; LA = left atrial; OSA = obstructive sleep apnoea; RCT = randomized controlled trial.

©ESC 2020

©ESC 2020
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12 Long-term antiarrhythmic drug therapy for rhythm control

Supplementary Box 3. New investigational AADs

AAD = antiarrhythmic drug; AF = atrial fibrillation; APD = action potential duration; HF = heart failure; TASK 1 = member of two-pore
domain potassium current; RNA = ribonucleic acid.

Classic AADs are imperfect, as they mainly affect pure electrophysiological properties and not the arrhythmia-vulnerable parameters.
New drugs are continuously developing in parallel with increasing knowledge, but a huge gap exists between currently available AADs
and contemporary practical expectations.”>° Some atrial-specific targeted molecules can directly interfere with vulnerable components of
AF with increased safety as they are deprived of proarrhythmic ventricular effects.

Drugs blocking the potassium ultra-rapid current (lxur) gave disappointing results because of paradoxical shortening of APD and downregula-
tion in AF patients.”*"***> TASK-1, a member of the two-pore-domain potassium current, is abundant in human atria but not in the ventricles,
and is up-regulated in AF.*>**** Several classic AADs (amiodarone, dronedarone, carvedilol) are non-selective TASK-1 blockers, but TASK-1
currents are reduced (and not increased) in AF patients with HF,” thus limiting this approach for AF patients with structurally remodelled atria.
Unlike sinus rhythm, there is a receptor-independent ‘constitutive’ acetylcholine (I acn) current component, causing a re-entry-promoting
atrial refractoriness shortening in AF 22025227 However, targeting this current is still of unproven clinical efficacy.

Calcium handling is importantly perturbed in AF patients.zzs*no Among other effects, the small-conductance calcium-dependent potas-
sium channels (SK channels) are activated, contributing to AF-related APD shorteningz31 and triggered activity in AF. Several molecules
were synthetized to modulate the calcium sensor of SK channels or to block the pore of the SK channels.”**> Other molecules interfere
with intracellular calcium dynamics targeting Ca”—calmodulin—dependent protein kinase activity233 or ryanodine recep‘cors.221

Some specific non-coding microRNAs are involved in atrial fibrosis and electrical remodelling in AF and represent attractive targets for
new AAD therapies.234 New mechanistic discoveries are expected to drive the development of antiarrhythmic approaches traditionally
not considered effective in arrhythmias. Recent work identified the contribution of the inflammatory signalling (NLRP3 inflammasome) sys-

tem to electrical and structural atrial remodelling which promotes AF induction, maintenance, and progression.”*>

13 ‘C’ — Cardiovascular risk factors and concomitant diseases —
detection and management

AF risk factors LA remodeling
Modifiable Partially mot!ifiable Reversible
or non-modifiable
* Electrical
Reducti £ i 3 . * Biochemical
eduction of mortality Hypertension HF, CAD, VHD, o i
and morbidity COPD >
Primary prevention of AF Diabetes mellitus Non-reversible
Obesi Agin; « Fibrosis
+ Life-style modification esity Genetics + Scaring
* AF risk factors modification OSA + Dilatation
« Treatment of underlying conditions
Alcohol
Dyslipidaemia AF development and

progression
Physical activity

: Paroxysmal — Persistent — Permanent
Reduction of mortality and morbidity™ Smoking
Symptomatic improvement.
Secondary prevention of AF

+ Life-style modification AF outcomes
+ AF risk factors modification

+ Treatment of underlying conditions * Mortality

* Stroke/systemic TE
+ Symptoms and quality of life
* Heart failure

« Stroke modification  + Cardioversion . Dementl.a : .
+ Myocardial infarction

* Rate control + Catheter ablation + Hospitalization and
+ AAD therapy * Surgery health care costs

©ESC 2020

Supplementary Figure 5 Role of risk factors and underlying conditions in the management of AF. AAD = antiarrhythmic drug; AF = atrial fibrilla-
tion; CAD = coronary artery disease; COPD = chronic obstructive pulmonary disease; LA = left atrium; OSA = obstructive sleep apnoea; TE =

thromboembolism.
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14 Cryptogenic stroke/embolic stroke with undetermined source

Supplementary Box 4. Cryptogenic stroke and ESUS

About one in four ischaemic strokes remains of undetermined source (i.e. cannot be attributed to definite cardiac embolism, large-artery atheroscler-
otic disease, or small-artery disease) and are termed cryptogenic strokes.?*®

ESUS is a subcategory of cryptogenic stroke. Approximately one in six ischaemic strokes may qualify as ESUS, after a standardized diagnostic pathway
(including brain imaging, echocardiography, cardiac rhythm monitoring for >24 h, and imaging of the arteries supplying the affected brain area) shows
that the stroke is not lacunar, there is no significant (>50%) stenosis in the arteries supplying the area of ischaemia or a major-risk cardioembolic
source such as AF, sustained AFL, intra-cardiac thrombus, prosthetic cardiac valve, cardiac tumours, mitral stenosis, recent (<4 weeks) myocardial
infarction, LVEF <30%, valvular vegetations or infective endocarditis, and no other specific cause of stroke is identified (e.g. arteritis, dissection,
migraine, vasospasm, drug misuse).?3">3®

Clinical characteristics of ischaemic strokes of uncertain aetiology often resemble embolic strokes, and trials such as EMBRACE?*®, CRYSTAL AF°
and FIND-AF** showed that AF can be detected in many cases of cryptogenic stroke, depending on the duration of monitoring. These findings have
important treatment implications, as stroke patients diagnosed with AF should be offered stroke prevention using OAC therapy.

Many patients have paroxysmal, often asymptomatic, AF that may not be captured during routine post-stroke assessment. Indeed, AF detection rates
depend on the mode and duration of post-stroke monitoring (i.e. look harder, look longer, and use more sophisticated monitoring tools’). For exam-
ple, sequential, multiphase, post-stroke cardiac monitoring starting from admission 12-lead ECG in the emergency room, over in-hospital monitoring
to post-discharge ambulatory monitoring, yielded 23.7% newly diagnosed cases of AF.**!

The NAVIGATE ESUS** and RE-SPECT ESUS**? RCTs investigated the use of a NOAC (rivaroxaban 15 mg o.d and dabigatran 150 mg or 110 mg
b.i.d., respectively) vs. aspirin 100 mg daily in ESUS patients without documented AF between 7 days and 6 months post stroke (NAVIGATE ESUS)
or <3 months after acute presentation (RE-SPECT ESUS). Neither NOAC was superior to aspirin in the reduction of recurrent ischaemic stroke,
but rivaroxaban was associated with significantly higher rates of major bleeding (1.8% vs. 0.7%, HR 2.72, 95% Cl 1.68 - 4.39; P<0.001), and dabigatran
use was associated with higher rates of clinically relevant non-major bleeding (1.6% vs. 0.9%). These RCTs showed that the use of NOAC:s for pre-
vention of recurrent ischaemic stroke in patients with ESUS without documented AF is not justified.

Subgroup analyses of those two RCTs suggested that certain subgroups (i.e. >75 years’ old or with impaired renal function”* or with enlarged LA***)
could benefit from OAC, but more data are needed to inform optimal use of NOACs among patients with a cryptogenic stroke. Two ongoing trials
will study the use of apixaban in this setting (the ATTICUS*** and ARCADIA [NCT03192215] trials).

AF = atrial fibrillation; AFL = atrial flutter; ARCADIA = AtRial Cardiopathy and Antithrombotic Drugs in Prevention After Cryptogenic
Stroke; ATTICUS = Apixaban for Treatment of Embolic Stroke of Undetermined Source; b.i.d. = bis in die (twice a day); Cl = confidence inter-
val; CRYSTAL AF = CRYptogenic STroke And underlying Atrial Fibrillation; ECG = electrocardiogram; EMBRACE = 30-Day Cardiac Event
Monitor Belt for Recording Atrial Fibrillation After a Cerebral Ischemic Event; ESUS = embolic stroke of undetermined source; ESUS =
embolic stroke of undetermined source; FIND-AF = Finding Atrial Fibrillation in Stroke; HR = hazard ratio; LA = left atrium; NAVIGATE
ESUS = New Approach Rivaroxaban Inhibition of Factor Xa in a Global Trial vs. ASA to Prevent Embolism in Embolic Stroke of
Undetermined Source; NOAC = non-vitamin K antagonist oral anticoagulant; OAC = oral anticoagulant; o.d = omni die (once daily); RCT =
randomized controlled trial; RE-SPECT ESUS = Dabigatran Etexilate for Secondary Stroke Prevention in Patients With Embolic Stroke of
Undetermined Source; RCT = randomized controlled trial.
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15 Management of patients with atrial fibrillation post-intracranial
haemorrhage

Supplementary Box 5. Management of patients with AF after ICH

AF

intraCerebral HaEmorrhage in patients with Atrial Fibrillation; CHA,DS, VASc = Congestive heart failure, Hypertension, Age >75 years,
Diabetes mellitus, Stroke, Vascular disease, Age 65 - 74 years, Sex category (female); Cl = confidence interval; CT = computed tomography;
ICH = intracranial haemorrhage; MRI = magnetic resonance imaging; OAC = oral anticoagulant; PRESTIGE-AF = PREvention of Stroke in
Intracerebral haemorrhage survivors with Atrial Fibrillation; RCT = randomized controlled trial; RESTART = Restart or Stop Antithrombotics
Randomized Trial; TIA = transient ischaemic attack; VKA = vitamin K antagonist.

Spontaneous ICH is responsible for 1 in 10 strokes. However, about 50% of patients were taking an antithrombotic drug at the time of
ICH.>*

ICH survivors with AF are at risk of ischaemic stroke, but also of recurrent ICH. Whereas the risk of ischaemic stroke depends on the
presence of associated clinical stroke risk factors and can be assessed using the CHA,;DS,-VASc score, the risk of recurrent ICH is highly
variable (1.3 - 7.4% in observational studies**) and multifactorial.

Observational studies show that in selected AF patients who survived ICH, ischaemic stroke and mortality rates were significantly lower
on OAC use®*?* not necessarily increasing the risk of haemorrhagic events including recurrent ICH.>*°

Notably, in patients with a traumatic ICH, OAC (re)initiation was associated with a reduction in subsequent ischaemic stroke and mortal-
ity without an increase in recurrent ICH.*" In contrast, OAC use in AF patients with a non-traumatic ICH can be associated with
increased ICH recurrence rates, especially if cerebral imaging shows evidence of cerebral microbleeds.**>

A meta-analysis of seven observational studies of AF patients who survived an ICH (n = 2452) showed that in those subsequently not tak-

ing any antithrombotic treatment, the rates of ischaemic stroke were higher than the rates of recurrent ICH,?>* as shown below.

Follow-up 6 weeks to 1 year after index ICH Ischaemic stroke Recurrent ICH
Event rate 95% ClI Event rate 95% ClI
No antithrombotic therapy 6.1 49-7.6 4.2 32-55
Antiplatelet therapy 9.5 7.3-12.0 3.7 25-54
VKA 32 20-49 4.6 3.1-6.6
No VKA (antiplatelets or no antithrombotic therapy) 7.3 6.2-85 4.0 32-50
Rate ratio 95% CI Rate ratio 95% ClI
VKA versus no antithrombotic therapy 0.47 0.29-0.77 0.93 0.45-1.90
Antiplatelet versus no antithrombotic therapy 1.06 0.72-1.54 0.77 0.47-1.25
VKA versus antiplatelet therapy — — 1.34 0.79-2.30

Another systematic review and meta-analysis also showed that restarting OAC was associated with a significantly reduced risk of stroke/
systemic embolism (pooled rate ratio 0.34, 95% ClI 0.25-0.45) with no increase in the risk of recurrent ICH (pooled rate ratio 1.01,
95% Cl 0.58-1.77).>*

There are no high-quality RCT data to inform optimal timing of OAC (re)start after ICH. Haematoma expansion, common in acute ICH,
is aggravated by anticoagulation, which should be reversed and avoided in acute ICH (<24 - 48 h). A modelling analysis estimated that the
overall risk of stroke and ICH was the lowest when OAC was (re)started 10 weeks after acute ICH, and a period of >4 weeks was
suggested.255

Notably, there are no large-scale RCTs providing information on whether long-term OAC is beneficial in ICH survivors with AF. Several
ongoing RCTs will investigate the use of antithrombotic therapies after ICH in patients with AF: APACHE-AF,>® RESTART>*” PRESTIGE-
AF  (NCT03996772), NASPAF-ICH (NCT02998905), STATICH (NCT03186729), SoSTART (NCT03153150), and A3ICH
(NCT03243175).

= atrial fibrillation; APACHE-AF = Apixaban versus antiPlatelet drugs or no antithrombotic drugs after Anticoagulation-associated
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17 Active bleeding on anticoagulant therapy — management and

reversal drugs

Supplementary Table 13 Antidotes for NOACs

Antidote Description

Idarucizumab Monoclonal antibody frag-
ment that binds dabigatran,
resulting in a rapid reversal

of its anticoagulant effect

Andexanet alfa Catalytically inactive
recombinant modified
human factor Xa protein
that can bind to factor Xa
inhibitors®®*

Synthetic drug that binds

and inhibits the direct factor

Ciraparantag

Xa inhibitors, dabigatran and

heparin

Landmark Inclusion criteria
study

REVERSE-AD? Uncontrolled bleeding
(n=1503) (mostly Gl or ICH)

Urgent surgery

ANNEXA-4%6°
(n=352)

Acute major bleeding
(mostly ICH [64%] or GI)
within 18 h after intake of a
factor Xa inhibitor

Investigational

Main results

Idarucizumab stopped bleeding in a median
time of 2.5 h and haemostasis was
achieved in median time 1.6 h in 93.4% of
patients.

In a post-hoc analysis of Gl bleeding (137
patients), complete reversal of dabigatran
occurred in 97.5%, and bleeding cessation
within 24 h in 68.7% of patients.”*3

Anti-factor Xa activity was reduced by 92%

in patients on rivaroxaban or apixaban.

Effective haemostasis at 12 h was achieved

in 82% of patients.

A double-blind, placebo-controlled phase 1 trial in 80 healthy volunteers

revealed full reversal of anticoagulation within 10 - 30 min after a single

dose (100 - 300 mg) of ciraparantag with minor non dose-limiting

adverse events.2®

If proven to be effective ciraparantag would potentially

anticoagulation than either idarucizumab or andexanet.

provide broader reversal of

ANNEXA = A Novel Antidote to the Anticoagulation Effects of Factor Xa Inhibitors; bpm = beats per minute; Gl = gastrointestinal; ICH = intracranial haemorrhage; REVERSE-

AD = REVERSal Effects of Idarucizumab on Active Dabigatran.

Idarucozumab (reversal of dabigatran)

5 giv. divided in two 2.5 g-doses

given within up to 15 minutes apart

Suppression of dTT

»

0 min; 15 min

24 h

Andexanet Alfa (reversal of rivaroxaban,
apixaban, edoxaban or enoxaparin)

* Apixaban
* Rivaroxaban (last intake >7 h before)

400 mg i.v. bolus over 15 min,
4 followed by 480 mg i.v. infusion
(8 mg/min) over 2 h.

* Rivaroxaban (last intake >7 h before or unknown)
+ Edoxaban, enoxaparin

%2, 800 mg i.v. bolus over 30 min,

followed by 960 mg i.v. infusion
(8 mg/min) over 2 h.

Suppression of FXa level

»

0 min 2h

24 h

Supplementary Figure 6 Application of antidotes for reversal of anticoagulant effect of NOACs.26>2%>2¢” dTT = diluted thrombin time; FXa =

Factor Xa; i.v. = intravenous; NOAC = non-vitamin K antagonist oral anticoagulant.

©ESC 2020
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18 Atrial fibrillation and chronic kidney disease

Prohaemorrhagic state

Alterations in platelet function | | Alterations in platelet-vessel-wall interactions
v v
Reduced platelet activity Reduced binding of platelets to the vessel wall
Disturbed composition of 1 Function of GPIIb/GPllla
a-granules | PAF synthesis
* Increased ATP: ADP ratio \\.“ VG@EPIIIa
' Redt;ceq Sl Gl T i PR 1 Proteolysis of GPIb
serotonin ’ o 1 e | & )
\\ stress and A / Functional
S inflammation defect in th
(o) / efect in the
O/ 1 VWF—platelet
\ o2 / 1 Ca¥ content P interaction
) — )
Altered arachidonic ; ol and disturbed u(‘ )
acid and prostaglandin . - Int;?cellular ERdsthea il i bl e AP
metabolism with Ca™ flux cell ] Py [
impaired synthesis T - o
and/or release of TxA | 1 Production of prostacyclin and NO I VWF ECM

Alterations in platelet function | L’ | Prohaemorrhagic state| %

Reduced platelet adhesion and aggregation Anaemia R Therapy
g
£ Drugs
5 * B-Lactam antibiotics
* Aspirin
) + NSAIDs
o i * Anticoagulants
< ) + | Erythrocytes + | Interactions with
- + | NO scavenging the vessel wall Invasive procedures
owing to reduced + | ADP release » Central venous access
haemoglobin levels + 1 Activation of PGl * Haemodialysis

Prothrombotic state

Prothrombotic state in coexistent AF and CKD

Virchow's triad

Vessel wall and/or atrial Blood flow Blood constituents
tissue abnormalities abnormalities

Atrial fibrosis * Atrial dilatation Hypercoagulability
* Myocyte hypertrophy * Loss of atrial systole + 1 Thrombin-antithrombin complex
* Fibroelastosis * LAA characteristics « 1 D-dimer
* Endocardial fibrosis and infiltration « 1 Prothrombin 1 and 2
* Extracellular matrix abnormalities W « TVWF
Ventricular hypertrophy : } Tissue factor
+ Extensive myocardial fibrosis — + TPAIT

misb;it;vgf:nl S Platelet dysfunction

+ 1 D-dimer * Increased aggregability

* Increased reactivity
Vascular factors + PAI1 _ )
+ Accelerated atherosclerosis e Microparticles )
« Arteriosclerosis 16 py * Increased platelet Eroductlon
(fibrosis and thickening of the media) < TIL-1B \j / * Increased surface tissue factor

« Arterial wall calcification .1 CRP 11 0 Ilncreased release of soluble
* Increased arterial stiffness « 1 WF « Vitamin D tissue factor

« 1 TNF * Phosphorus

« Calcium

Endothelial dysfunction
* Impaired arterial vasodilatation due
to reduced NO availability

Supplementary Figure 7 Pathophysiology of prohaemorrhagic and prothrombotic state in CKD.**®® ADP = adenosine diphosphate; AF = atrial
fibrillation; ATP = adenosine triphosphate; CKD = chronic kidney disease; CRP = C-reactive protein; ECM = extracellular matrix; GP = glycoprotein; IL =
interleukin; NO = nitric oxide; NSAID = non-steroidal anti-inflammatory drug; PAF = platelet activating factor; PAl = plasminogen activator inhibitor; PGl,
= prostaglandin |,; RAAS = renin-angiotensin-aldosterone system; TNF = tumour necrosis factor; TxA, = thromboxane A,; VWF = von Willebrand
factor.
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19 Atrial fibrillation in inherited cardiomyopathies and primary
arrhythmia syndromes

Supplementary Table 14 Main clinical features of AF in inherited cardiac diseases

Condition Prevalence of AF  Contraindicated  Special considerations for treatment
drugs
Anticoagulation Rate control Rhythm control
AADs Ablation
Long QT syndrome 2-29%%9270 QT-prolonging According to Beta-blockers LQTS1: No data
drugs (amiodarone,  cardioembolic risk Mexiletine?”"
sotalol) LQTS3:
Flecainide”
Short QT syndrome 18-70%%~2"7 According to Propafenone?’® No data
cardioembolic risk Quinidine279'280
Brugada syndrome 6-53%81-28¢ Class IC drugs According to Quinidine 267290
cardioembolic risk Bepridil
Catecholaminergic 11-37%212%2 According to Beta- Flecainide,??~2%? ik
polymorphic VT cardioembolic risk blockers®?~2%° propafenone®®
Hypertrophic 17-30%39 3% Class | drugs Always®'%*"" (ifno  Beta-blockers Rhythm control is SO
cardiomyopathy contraindication) preferred;
Amiodarone®'%312
Sotalol
Arrhythmogenic 9-30%%' 3¢ According to Beta-blockers®*’ No data
cardiomyopathy cardioembolic risk
Familial dilated 25 -49%328 According to
cardiomyopathy LMNA-related®* ~332 cardioembolic risk
Familial ventricular 1-29%333-3% Always (if no 337
non-compaction contraindication)336
Wolff-Parkinson-White  Variable (7-50%, a Digoxin, verapamil, ~ According to Procainamide, prop-  Accessory path- As needed

syndrome presenting arrhythmia diltiazem, beta- cardioembolic risk afenone, or flecai- way(s) catheter abla-
in 20%) 3% blockers, nide for acute rate tion first, then AADs
amiodarone control; for AF as needed

AAD = antiarrhythmic drug; AF = atrial fibrillation; i.v. = intravenous; LMNA = LMNA gene; LQTS = long QT syndrome; VT = ventricular tachycardia.

20 Epidemiology, clinical implications, and management of atrial high-
rate episodes/subclinical atrial fibrillation

Supplementary Box 6. AHRE/subclinical AF

e The incidence of AHRE/subclinical AF in patients with a CIED depends on clinical profile of the studied population and device-specific
detection algorithm.***** Many CIED-implanted patients have sinus node disease and/or ventricular pacing (both are associated with a
higher incidence of AF).**" In patients with cryptogenic stroke, a 21-day mobile cardiac output telemetry revealed AHRE/subclinical AF in
23% of cases.**?

e Longer AHRE/subclinical AF (>5-6 min) is associated with an increased risk of clinical AF (HR 5.66, 95% Cl 4.02-7.97; P<0.001),3%33%
ischaemic stroke/systemic embolism (HR 2.41, 95% Cl 1.78-3.26; P = 0.007),>**** and cardiovascular mortality (HR 2.80, 95% Cl
1.24-6.31),>* compared with no AHRE/subclinical AF. In a recent study, developing AHRE/subclinical AF of >5 min was associated with
a significant risk of MACE, including acute HF, myocardial infarction, cardiac revascularization, cardiovascular death, hospitalization, or ven-
tricular tachycardiaffibrillation (HR 1.79, 95% CI 1.25-2.56; P = 0.002), and the association was even stronger for AHRE/subclinical AF of
>24 h (HR 2.39, 95% Cl 1.48- 3.86; P<0.001).>* In another study, duration >24 h was associated with a significantly increased risk of sub-
sequent stroke/systemic embolism, whereas the risk associated with a duration of <24h was similar to that without AHRE/subclinical

344

AF3%® Additionally, AHRE/subclinical AF-related thromboembolic risk is influenced by the presence of clinical stroke risk factors,”™" which

in turn could be significantly associated with increased risk of new-onset clinical AF among patients with AHRE/subclinical AF.**?

©ESC 2020
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e Whereas thromboembolic risk in patients with CIED is mainly driven by comorbidity burden (ie. CHA,DS,-VASc score),”” adding
AHRE/subclinical AF to clinical risk scores significantly improved discrimination for thromboembolism or death.**°

e Noteworthy, the observed low rates of stroke in patients with AHRE/subclinical AF (but no clinical AF) could have been at least partly
influenced by discretionary use of OAC during the trials.>** However, a strategy of early initiation and interruption of OAC using VKAs
based on remotely detected AHRE/subclinical AF in patients with pacemakers/implantable cardioverter-defibrillators did not prevent
thromboembolism and bleeding in an interventional therapy trial**" Two randomized trials>*>*>® are currently investigating the potential
benefits of NOACs over aspirin or no antithrombotic therapy in the specific setting of AHRE/subclinical AF.

AF = atrial fibrillation; AHRE = atrial high-rate episode; CHA,DS,-VASc = Congestive heart failure, Hypertension, Age >75 years, Diabetes
mellitus, Stroke, Vascular disease, Age 65 -74 years, Sex category (female); Cl = confidence interval, MACE = major adverse cardiac event;
CIED = cardiac implantable electronic device; HF = heart failure; HR = hazard ratio; HR = hazard ratio; MACE = major adverse cardiovascu-
lar events; NOAC = non-vitamin K antagonist oral anticoagulant; OAC = oral anticoagulation; VKA = vitamin K antagonist.

21 Atrial fibrillation and other atrial tachyarrhythmias (atrial flutter and
atrial tachycardias)

Supplementary Box 7. AFL (also see the 2019 ESC Supraventricular Tachycardia
Guidelines.***)

AFL is most commonly based on atrial macro re-entrant, but micro re-entry is also possible. It is classified as CTl-dependent AFL, which
includes typical AFL (common-anticlockwise/reverse-clockwise) and other CTl-dependent AFLs, and non-CTl-dependent AFL (or MRAT; also
includes RA and LA AFL).**

Typical AFL

F*%¢=38 and is associated with increased risk of HF, stroke,

Although less common than AF, AFL shares many common risk factors with Al
and all-cause death.**” 3¢’

Compared with matched controls, AF and AFL patients had a significantly higher prevalence of comorbidities, ischaemic stroke, hospitalization
for HF, and all-cause death.>* Event rates in AFL patients were lower than in AF, but higher than in matched controls - e.g. the incidence den-
sities of ischaemic stroke in the AF, AFL, and control cohort were 3.08 (95% CI 3.03-3.13), 1.45 (95% CI 1.28-1.62), and 0.97 (95% ClI
0.92-1.03), respectively,’*® consistently increasing with increasing CHA,DS,-VASc score value. The ‘tipping point’ for NOAC use (>0.9%
annual stroke rate)*®" was reached at the score of 2 in the AFL cohort and 1 in the AF cohort.

There may be prognostic differences between solitary AFL and AFL with the subsequent development of AF. Reportedly, the latter had an inci-
dence of stroke similar to AF patients.****** In contrast, stroke rates were significantly lower with solitary AFL,*** whereby OAC use was asso-
ciated with a significant reduction in stroke rates with CHA;DS,-VASc score values >3, with the best net clinical outcome with scores >439
Stroke rates in non-anticoagulated patients with solitary AFL increase in parallel with increasing CHA,;DS,-VASc score, and 22-45% of
patients with solitary AFL will develop AF within 2- 3 years after CTI ablation.***~3*" Hence, stroke prevention in patients with AFL should
follow the same principles as in AF patients.

Compared with AF, electrical cardioversion is more effective in AFL and less energy is required.**”**® When atrial electrodes are in place,
AFL can be converted using high-rate stimulation.**” Amiodarone may not be effective for rapid restoration of sinus rhythm, but it helps in
rate control and long-term rhythm control.*”® However, CTI catheter ablation is the most effective rhythm control treatment for AFL,%""
resulting in <10% recurrence.’”? Notably, nearly 50% of patients will develop AF over the long-term. When ablation is not considered in AFL
patients, AADs (e.g. dofetilide, amiodarone)*”°
effects (amiodarone).

Atypical AFL IMRAT

may be used, but caution is needed for potential proarrhythmia (dofetilide) or serious side-

RA atypical AFL/MRAT most commonly originates around surgical or ablation scars in the RA, but may occur in patients without a history of
such interventions. These AFLs are less amenable to pharmacological therapies and are best treated using catheter ablation.>”>*"*

LA atypical AFL/MRAT originates around electrically silent areas of abnormal myocardial tissue caused by surgery, catheter ablation, or pro-
gressive atrial fibrosis. Pre-existing LA disease,”> LA catheter ablation for AF,*”¢~3"? or mitral valve®®® or AF surgery®®' may create substrate
for macro re-entry AFL/MRAT. Local segmental pulmonary vein disconnection may cause focal tachycardias, and gaps in the lines for circum-
ferential antral ablation may also create MRAT.

Ablation to treat atypical AFL/MRAT occurring post ablation or surgery for AF should not be performed immediately after the index proce-

dure (thus allowing maturation of index lesions) and should preferably be performed by experienced operators and centres.>>*

AAD = antiarrhythmic drug; AF= atrial fibrillation; AFL = atrial flutter; CHA,DS,-VASc = Congestive heart failure, Hypertension, Age >75
years, Diabetes mellitus, Stroke, Vascular disease, Age 65 - 74 years, Sex category (female); CTl = cavotricuspid isthmus; ECV = electrical car-
dioversion; ESC = European Society of Cardiology; HF = heart failure; i.v. = intravenous; LA = left atrium/atria; MRAT = macro re-entrant
atrial tachycardia; RA = right atrium/atrial; SVT = supraventricular tachycardia.
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