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General Introduction

BACKGROUND

Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia, with almost 9 million
individuals affected in the European Union. In the Netherlands, there are more than 250.000
patients with AF.(1) The incidence of AF increases with age and the presence of
comorbidities like hypertension, obesity, coronary artery disease, type |l diabetes, and heart
failure.(2-4) With the increase of these comorbidities due to the Western lifestyle and an
increased life expectancy, the prevalence of AF is estimated to more than double to 550.000
patients in the Netherlands by 2050.(1)

In addition to this widespread occurrence of AF, the arrhythmia is associated with an
increased risk of ischemic stroke, making it a major public health problem.(5) This risk is
dependent on the presence of risk factors included in the CHA;DS,-VASc score, i.e.
Congestive heart failure, Hypertension, Age =75 years (doubled), Diabetes Mellitus, prior
Stroke/transient ischemic attack (doubled), Vascular disease, Age 65-74 years and female
Sex.(5) In order to reduce this risk, anticoagulation treatment is recommended in patients
with a CHA2DS>-VASc score of =1, with the exception of female patients without any

additional stroke risk factor.(6)

In the past, vitamin K antagonists (VKA) were the only oral anticoagulants that could be
prescribed for this indication. In order to correctly dose VKA, periodic assessments of
international normalized ratio (INR) are needed, determining continuously the degree of
anticoagulation in an individual by assessing the prothrombin time and standardizing this
value. Since 2008, non vitamin K oral anticoagulants (NOACS), i.e. dabigatran, rivaroxaban,
apixaban, and edoxaban, are registered for use in AF patients to reduce the risk of ischemic
stroke. For these drugs, only a once yearly assessment of kidney function is sufficient. In the
current guidelines for the management of AF, NOACs are preferred above VKA in patients
with non-valvular AF, because they are at least as effective as VKA in reducing ischemic

stroke and in addition cause less major (intracranial) bleedings.(6)

Progression of AF

AF is classically divided into three categories, i.e. paroxysmal, persistent, and permanent
AF.(6) Paroxysmal AF is characterized by self-terminating and short-lasting episodes,
typically <48 hours, by definition maximally lasting 7 days, whereas persistent AF lasts >7
days and is not self-terminating. Permanent AF is used when persistent AF is accepted by
patient and physician.
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AF progression is defined as paroxysmal AF becoming persistent or permanent AF - in other
words, self-terminating AF becoming non-self-terminating AF. For the remainder of this
thesis, this definition will be used. Some articles have also included persistent AF “becoming”
permanent AF in the definition of AF progression.(7-10) However, since this is a choice made
by the patient and the treating physician, and not based on a biological process, we will
refrain from including these patients in the definition of AF progression.

The rate of AF progression varies widely, from 0.8-24.1% per year (11, 12), depending on
the studied population, the presence of underlying comorbidities, and the detection method of
AF progression. A recent meta-analysis has shown a pooled AF progression incidence of
7.1% per year (95% Confidence Interval [Cl] 6.2-8.0, p<0.0001) across 42 studies in ~18,500
patients.(13) Several factors increase the risk of AF progression. These are compiled in the
HATCH-score (Heart failure, Age, previous Transient ischemic attack or stroke, Chronic

obstructive pulmonary disease, and Hypertension; Figure 1).(14)
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Figure 1. The incidence of AF progression for the different HATCH scores. Blue bars
represent the number of patients in each HATCH score category, green line represents the
percentage of AF progression after 1 year for these different scores. Adapted with
permission from de Vos et al. Progression From Paroxysmal to Persistent Atrial Fibrillation:
Clinical Correlates and Prognosis. J Am Coll Cardiol. 2010;55(8):725-31.(14)

AF progression is not merely an arrhythmic phenomenon, it is also associated with patient
outcomes. The rate of ischemic stroke is higher for patients with persistent AF compared to
those with paroxysmal AF, i.e. 3.0% vs. 2.1%, Hazard Ratio [HR] 1.43 (95% CI 1.04-1.96,
p=0.03).(15) In addition, AF progression itself is also associated with more ischemic strokes
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and heart failure hospitalizations.(16) Remarkably, these risks are elevated around the
period of progression (HR 4.10, 95% CI 1.95-8.24, p<0.001, for thrombo-embolism compared
to paroxysmal AF), even when compared to patients with persistent or permanent AF (HR
2.20, 95% CI 1.11-4.00, p=0.025). A year after the progression, these risks have decreased
and are comparable to the risk in patients with persistent/permanent AF (Figure 2).(16)
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Figure 2. The study outcomes for the different stages of AF. Adapted with permission from
Ogawa et al. Progression From Paroxysmal to Sustained Atrial Fibrillation Is Associated With
Increased Adverse Events. Stroke. 2018;49(10):2301-8.(16) HF=Heart Failure; NA=Not
applicable.

AIMS AND OUTLINE OF THIS THESIS

This thesis aims to elucidate the role of factors influencing the progression of AF and the
consequences of AF progression. In addition, it questions how AF progression is defined and
shows the shortcoming of this definition. Furthermore, we investigate the role of
anticoagulant treatment in patients without AF and in patients with progressed AF. In the first
group, we investigate whether anticoagulants can delay the incidence of AF and whether
these drugs can play a role in patients with device detected atrial high rate events (AHRE,
also called subclinical AF). In the latter group with persistent AF, we investigate the safety of

anticoagulants in patients undergoing electrical cardioversions.
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PART | provides an overview of the characteristics of AF patients in the Netherlands and
Belgium, focusing on guideline adherence regarding anticoagulation therapy, AF
progression, and the differences observed between the two countries in treatment choices in

general (Chapter 1).

PART Il concerns the risk factors influencing AF progression (Chapter 2 & 4) and the effect
of AF progression on the quality of life (Chapter 3). Chapter 5 shows that the classical
definition of AF progression, which is based on intermittent rhythm monitoring, may not be

appropriate in patients with continuous rhythm monitoring.

PART Ill focuses on anticoagulant treatment in AF. Firstly, the question whether the
development of AF can be delayed with daily use of NOACs is investigated (Chapter 6).
Secondly, the stroke risk in patients with device detected AHRE is discussed, providing
guidance on when to start anticoagulants in these patients (Chapter 7). Chapter 8 shows that
in patients with persistent/progressed AF using VKA, subtherapeutic INR values often occur,
causing a delay in elective cardioversion and, more importantly, leading to an increased risk
of cardiovascular death, ischemic stroke and the need of blood transfusion.
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Contemporary management of atrial fibrillation patients in the
Netherlands and Belgium: a report from the
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Philippe Evrard, Etienne Hoffer, Joan Meeder, Muriel Srynger, Jurren van Opstal,
Joris de Groot, Ronald Gevers, Gregory Lip, Justin Luermans,
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ABSTRACT
Background
Contemporary data regarding the characteristics, treatment and outcomes of atrial fibrillation
(AF) patients are needed. We aimed to asses these and guideline adherence in the EORP-

AF Long-Term General Registry.

Methods
We analyzed 967 patients from the EORP-AF Long-Term General Registry included in the
Netherlands and Belgium from 2013 to 2016. Baseline and 1 year follow-up data were

gathered.

Results

At baseline, 887 patients (92%) received anticoagulant treatment. In 88 (10%) of these
patients, no indication for chronic anticoagulant treatment was present. A rhythm intervention
was performed or planned in 52 of these patients, meaning that the remaining 36 (41%) were
anticoagulated without an indication. Forty patients were not anticoagulated, even though
they had an indication for chronic anticoagulation. Additionally, 63 of the 371 patients (17%)
treated with a Non-vitamin K Oral AntiCoagulant (NOAC) were incorrectly dosed. In total, 50
patients (5%) were overtreated and 89 patients (9%) were undertreated. However, the
occurrence of major adverse cardiac and cerebrovascular events (MACCE) was still low with
4.2% (37 patients).

Conclusions

Overtreatment and undertreatment with anticoagulants are still observable in 14% of this
contemporary, West-European AF population. Still, MACCE occurred in only 4% of the
patients after 1 year of follow-up.

15
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INTRODUCTION

Atrial fibrillation (AF) is the most common cardiac arrhythmia worldwide. In 2010, the
prevalence of AF in the European Union was estimated at 8.8 million individuals. By 2060,
this number is likely to more than double to 17.9 million individuals.(1) In addition to this
widespread occurrence of AF, the arrhythmia is associated with morbidities as well as with
complications, the most important being ischemic stroke, making it a major public health

problem with inherent large economic burden.(2)

Registries like the one described in this paper, the EURObservational Research Programme
on Atrial Fibrillation Long-Term General (EORP-AF LTG) registry, are important means to
assess the characteristics, treatment, and outcomes of contemporary AF patients. Therefore,
we aimed to analyze these aspects in the patients from the EORP-AF LTG registry included
in the Netherlands and Belgium, focusing on comorbidities at baseline, guideline-adherence
in the treatment of AF, consumption of care, and the occurrence of major adverse cardiac
and cerebrovascular events (MACCE) after 1 year in these patients.

METHODS

The EORP-AF LTG registry is a European Society of Cardiology initiated registry, conducted
in 27 countries, including a total of 11,096 patients from 2013 to 2016 across 250 centers
and is the successor of the EORP-AF Pilot General Registry.(3, 4) For this analysis, all
patients from the Netherlands and Belgium were included. The study was approved by the
Institutional Review Board of each including center. All patients provided written informed
consent. Baseline data were obtained of the patients and they were followed for two
consecutive years. The exact methods have previously been published.(3) We describe the
baseline characteristics and one-year follow-up data of the patients from the Netherlands and

Belgium.

MACCE was defined as a composite of cardiovascular death, ischemic stroke/transient
ischemic attack (TIA), systemic thromboembolism, myocardial infarction, and major bleeding
(intracranial bleeding, bleeding requiring [lengthening of] hospitalization, causing a
hemoglobin level drop of >2 g/l, or requiring blood transfusion). AF progression was defined
as paroxysmal AF at baseline becoming persistent/permanent AF at follow-up, whereas AF
regression was defined as persistent/permanent AF at baseline becoming paroxysmal AF at
follow-up. For this definition of AF progression, patients classified as first diagnosed AF at
baseline were reclassified if possible, i.e. if patients had spontaneous or pharmacological

16



Contemporary management of AF in the Netherlands & Belgium

conversion at baseline, they were reclassified as paroxysmal AF. Failed attempt of
cardioversion was classified as persistent AF. All others were classified as unknown,
including those with successful electrical cardioversion. The estimated Glomerular Filtration
Rate (eGFR) was calculated with the CKD-EPI (Chronic Kidney Disease Epidemiology)

formula, using serum creatinine concentration, gender, age, and race.(5)

Statistical analysis

Data were analyzed with SPSS statistical software (version 23.0, SPSS Inc., IBM Corp.,
Armonk, NY, USA). Continuous variables are reported as mean * standard deviation if
normally distributed and as median and inter quartile range if not. Normally distributed
continuous variables were compared between groups using the independent samples t-test,
whereas not normally distributed continuous variables were compared using the Mann-
Whitney U test. Categorical variables are reported as observed number of patients and
percentage. Among-group comparisons were made using a X? test. Fisher's exact test was
used in case of any expected cell count <5.

RESULTS

In total, 967 consecutive patients were included across 23 centers, 648 (67%) from the
Netherlands and 319 (33%) from Belgium. The majority of the patients were included at the
outpatient department (57.1%). A little over one-third of the patients was female (n=345,
35.7%). Hypertension was the most frequently documented comorbidity with a prevalence of
49%. “Lone AF”, defined as the absence of any comorbidity in patients aged <65 years, was
present in 117 patients (12.1%).

Baseline characteristics of the total study population, with a comparison between the
countries, are shown in Table 1. Noteworthy differences between the countries, among
others, are the higher prevalence of heart failure (21.4% vs. 15.0%, p=0.013), obstructive
sleep apnea (14.1% vs. 4.1%, p<0.001), type 2 diabetes mellitus (22.6% vs. 15.5%,
p=0.007), and hyperlipidemia (58.5% vs. 36.8%, p<0.001) in Belgian patients. Belgian
patients also had a higher body mass index on average (2916 vs. 285, p<0.001). In
Belgium, more hospitalized patients were included in the registry (55.2% vs. 36.9%,
p<0.001).

17
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Table 1. Baseline characteristics of the study population with a comparison between the

Netherlands and Belgium.

NL & BE the Netherlands Belgium
N=967 N=648 N=319 NL vs.
mis- mis- mis- | BE p-
Variable N (%) sing N (%) sing N (%) sing | value
Female sex 345 (35.7) - 231 (35.6) - 114 (35.7) - 0.978
Age 69.1 - | 68.7(x109) | - 70.0 - 0.072
(£10.8) (£10.6)
BMI 28.3(x5.3) | 45 | 279(+4.9) | 40 | 29.2(¥59)| 5 <0.001
Inpatient 415 (42.9) - 239 (36.9) - 176 (55.2) - <0.001
Outpatient 552 (57.1) 409 (63.1) 143 (44.8)
Type of AF 6 3 3 0.001
First classified 92 (9.6) 65 (10.1) 27 (8.5)
Paroxysmal 341 (35.5) 256 (39.7) 85 (26.9)
Persistent 324 (33.7) 196 (30.4) 128 (40.5)
Long-standing pers. 23 (2.4) 2(1.9) 11 (3.5)
Permanent 181 (18.8) 116 (18.0) 65 (20.6)

EHRA mean 1.8 (£0.8) 1 1.7 (£0.8) - 1.8 (£0.8) 1 0.167
EHRA 1 448 (46.4) 308 (47.5) 140 (44.0) 0.365
2 329 (34.1) 219 (33.8) 210 (34.6)

3 171 (17.7) 112 (17.3) 59 (18.6)

4 18 (1.9) 9(1.4) 9(2.8)
Previous PVI 107 (11.1) - 67 (10.3) - 40 (12.5) - 0.305
LVEF on echocardiogram 54.4 367 | 53.8 (£11.6) | 285 55.4 82 0.098
(£12.0) (z12.5)

LA diameter on 47.6 414 | 46.7 (£10.6) | 283 | 49.4 (¥9.5) | 131 0.003
echocardiogram (£10.3)
Lone AF 117 (12.1) - 75 (11.6) - 42 (13.2) - 0.475
Hypertension 470 (49.0) 8 311 (48.6) 8 159 (49.8) - 0.715
Coronary artery disease 218 (22.8) | 12 152 (23.8) 9 66 (20.9) 3 0.315
Heart failure 165 (17.1) 1 97 (15.0) - 68 (21.4) 1 0.013

NYHA | 1(30.9) 33 (34) 18 (26.5)

NYHA I 2 (43.6) 50 (51.5) 22 (32.4)

NYHA Il 7 (22.4) 12 (12.4) 25 (36.8)

NYHA IV 5(3.0) 2(2.1) 3(4.4)
Valvular heart disease 382 (40.5) | 24 258 (41.3) 24 | 124 (38.9) - 0.464
Dilated CMP 43 (4.5) 11 17 (2.7) 11 26 (8.2) - <0.001
Congenital heart disease 16 (1.7) 9 2(1.9) 9 4 (1.3) - 0.478
Hypertrophic CMP 33 (3.5) 11 10 (1.6) 10 23 (7.2) 1 <0.001
Pulmonary art. hypertension 41 (4.3) 13 3 (0.5) 9 38 (12.1) 4 <0.001
OSAS 67 (7.3) 44 26 (4.1) 16 | 41(14.1) | 28 | <0.001
Peripheral vascular disease 77 (8.0) 5 47 (7.3) 3 30 (9.5) 2 0.242
T2DM 172 (17.9) 4 100 (15.5) 4 72 (22.6) - 0.007
Lipid disorder 416 (44.1) | 24 231 (36.8) 21 1 185(58.5) | 3 <0.001
Hypothyroidism 29 (3.2) 8 7(1.1) 4 22 (7.5) 4 <0.001
Hyperthyroidism 11(1.2) 8 6 (1.0) 4 5(1.6) 4 0.548
Prior thromboembolic event 155 (16.0) - 99 (15.3) - 56 (17.6) - 0.364
Prior hemorrhagic event 52 (5.4) 1 30 (4.6) 1 22 (6.9) - 0.143
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LAA-occlusion 11(1.2) 34 10 (1.6) 3 1(0.3) 31 0.188
CHA2DS2-VASc mean 2.7 (x1.7) 3 2.6 (£1.7) - 2.9 (x1.7) 3 0.010
CHA2DS2-VASc 0 95 (9.9) 70 (10.8) 25 (7.9) 0.265

1 153 (15.9) 109 (16.8) 44 (13.9)

2 199 (20.6) 135 (20.8) 64 (20.3)

3 210 (21.8) 139 (21.5) 71 (22.5)

4 177 (18.4) 117 (18.1) 60 (19.0)

5 70 (7.3) 5(6.9) 25 (7.9)

6 41 (4.3) 2(3.4) 19 (6.0)

7 13(1.3) 9( 4) 4 (1.3)

8 6 (0.6) 2(0.3) 4 (1.3)

HAS-BLED mean 1.5 (£1.0) - 1.4 (£1.0) - 1.6 (£1.0) - 0.003
HAS-BLED 0 162 (16.8) 119 (18.4) 43 (13.5) 0.011
1 357 (36.9) 252 (38.8) 105 (32.6)

2 300 (31.0) 187 (28.9) 113 (35.4)

3 123 (12.7) 76 (11.7) 47 (14.7)

4 18 (1.9) 8(1.2) 10 (3.1)

5 7(0.7) 6 (0.9) 1(0.3)
Alcohol use 296 240 56 0.686
None 250 (37.3) 143 (35.0) 107 (40.7)
< 1 U/day 196 (29.2) 124 (30.4) 72 (27.4)
1 U/day 93 (13.9) 59 (14.5) 34 (12.9)
2-3 U/day 99 (14.8) 62 (15.2) 37 (14.1)
4 or more 33 (4.9 20 (4.9) 13 (4.9)
Smoking 150 143 7 0.237
No smoker 423 (51.8) 250 (49.5) 173 (55.4)
Currently 103 (12.6) 65 (12.9) 38 (12.2)
Former 291 (35.6) 190 (37.6) 101 (32.4)

AF=Atrial Fibrillation; BE=Belgium; BMI=Body Mass Index; CMP=Cardiomyopathy;
EHRA=European Heart Rhythm Association; LA=Left Atrial; LAA=Left Atrial Appendage;
LVEF=Left Ventricular Ejection Fraction; NL=Netherlands; NYHA=New York Heart
Association; OSAS=0Obstructive Sleep Apnea Syndrome; T2DM=Type 2 Diabetes Mellitus.

Baseline laboratory measurements are shown in Table 2. Belgian patients had on average a
lower total cholesterol level (4.3+1.2 vs. 4.7+1.2, p=0.002), corresponding with the higher
prescription rate of statins (46.9% vs. 40.2%, p=0.049, Table 3). Furthermore, NT-proBNP
levels were higher in Belgian patients (1714 [IQR 636-2803] vs. 448 [IQR 228-1081],
p=0.018), in line with the higher amount of patients with heart failure (21.4% vs. 15.0%,
p=0.013, Table 1), even though the number of NT-proBNP measurements were low in

Belgium and disproportionate between the countries, 10 (3%) vs. 119 (18%) patients.
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Rate versus rhythm control therapy

At baseline, the majority of the patients were on a rhythm control strategy according to the
treating physician (n=565, 58.6%), whereas 326 patients (33.8%) were on a rate control
strategy. For the remainder of the patients (n=73, 7.6%), no decision regarding the treatment

strategy was made yet.

In total, 354 patients (36.7%) were prescribed an anti-arrhythmic drug (AAD) for daily use
and 653 (67.7%) a rate control drug (Table 3). Belgian patients were more frequently on AAD
therapy (47.5% vs. 31.4%, p<0.001) with significantly more amiodarone users compared to
their Dutch counterparts (28.3% vs. 5.9%, p<0.001), whereas Dutch patients more often
received sotalol (17.2% vs. 9.4%, p=0.001). The prescription rates for the other AADs were
comparable (Table 3). For rate control drugs, only digoxin use was significantly different
between countries, with more frequent prescription in the Netherlands (19.5% vs. 4.7%,
p<0.001).

Of the 565 patients with rhythm control as treatment strategy, 313 patients (55.4%) were on
daily AAD treatment. In the remainder of the patients, 14 (5.6%) were planned for electrical
cardioversion and 1 (0.4%) for surgical AF ablation, meaning that 237 patients (41.9%) were

on a rhythm control strategy without daily AAD use or a planned rhythm intervention.

Of the 326 patients with rate control as treatment strategy, 280 patients (86.2%) were on rate
control drugs, whereas 45 (13.8%) were not (for 1 patient medication was missing). Notably,
34 of the 326 patients with rate control as treatment strategy (10.4%) were on daily AAD
treatment. In the remainder of the patients, 4 (1.4%) were planned for electrical
cardioversion, meaning that 38 patients (11.8%) were wrongfully classified as rate control
and should in fact have been classified as rhythm control regarding the treatment strategy.
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Table 3. Baseline medication of the study population with a comparison between the

Netherlands and Belgium.

NL & BE the Netherlands Belgium
N=967 N=648 N=319
: : 0 NL vs. BE

Medication N | gng | N | ang | N | ging | p-value
VKA 453 (46.9) 2 344 (53.2) 1 109 (34.3) 1 <0.001
Rivaroxaban 188 (19.5) 2 124 (19.1) 1 64 (20.1) 1 0.723
Dabigatran 99 (10.3) 2 63 (9.7) 1 36 (11.3) 1 0.446
Apixaban 130 (13.5) 2 57 (8.8) 1 73 (23.0) 1 <0.001
Edoxaban 5(0.5) 2 5(0.8) 1 - 1 0.178
LMWH 13 (1.3) 2 1(0.2) 1 12 (3.8) 1 <0.001
Any anticoagulation drug 887 (91.9) 2 593 (91.7) 1 294 (92.5) 1 0.669
ASA 101 (10.5) 2 40 (6.2) 1 61 (19.2) 1 <0.001
Clopidogrel 29 (3.0) 2 19 (2.9) 1 10 (3.1) 1 0.859
Ticagrelor 4 (0.4) 2 4 (0.6) 1 - 1 0.309
Dipyridamol 2(0.2) 2 1(0.2) 1 1(0.3) 1 0.551
Sotalol 141 (14.6) 2 111 (17.2) 1 30 (9.4) 1 0.001

Mean+SD dose per day, mg 15574 14973 17675 0.056
Amiodarone 128 (13.3) 3 38 (5.9) 2 90 (28.3) 1 <0.001

Mean+SD dose per day, mg 232+105 208+78 241+115 0.052
Flecainide 80 (8.3) 2 53 (8.2) 1 27 (8.5) 1 0.874

Mean+SD dose per day, mg 151157 142454 169161 0.078
Propafenone 4(0.4) 2 - 1 4(1.3) 1 0.012
Disopyramide 3(0.3) 2 2(0.3) 1 1(0.3) 1 0.999
Any anti-arrhythmic drug 354 (36.7) 2 203 (31.4) 1 151 (47.5) 1 <0.001
Betablocker 541 (56.1) 3 367 (56.8) 2 174 (54.7) 1 0.538
Calcium channel blocker 171 (17.7) 2 117 (18.1) 1 54 (17.0) 1 0.673
Digoxin 141 (14.6) 2 126 (19.5) 1 15 (4.7) 1 <0.001
Any rate control drug 653 (67.7) 2 448 (69.2) 1 205 (64.5) 1 0.136
ACE-inhibitor 307 (31.8) 2 185 (28.6) 1 122 (38.4) 1 0.002
Angiotensin receptor blocker 196 (20.3) 2 132 (20.4) 1 64 (20.1) 1 0.920
Aliskiren 6 (0.6%) 2 - 1 6 (1.9) 1 0.001
Aldosterone blockers 65 (6.7) 2 35 (5.4) 1 30 (9.4) 1 0.019
Any RAAS inhibiting drug 529 (54.8) 2 327 (50.5) 1 202 (63.5) 1 <0.001
Diuretics 335 (34.7) 2 221 (34.2) 1 114 (35.8) 1 0.604
Non-DHP CCB 58 (6.0) 2 46 (7.1) 1 12 (3.8) 1 0.040
Statin 409 (42.4) 2 260 (40.2) 1 149 (46.9) 1 0.049
Oral anti-diabetics 133 (13.8) 2 73 (11.3) 1 60 (18.9) 1 0.001
Insulin 35 (3.6) 2 24 (3.7) 1 11 (3.5) 1 0.845
Thyroid hormones 64 (6.6) 2 19 (2.9) 1 45 (14.2) 1 <0.001
Thyroid-suppressing drugs 10 (1.0) 2 7(1.1) 1 3(0.9 1 0.842
Proton-pump inhibitors 275 (28.5) 2 201 (31.1) 1 74 (23.3) 1 0.012

ACE=Angiotensin Converting Enzyme; ASA =Acetyl Salicylic Acid; CCB=Calcium Channel

Blocker;

Deviation; VKA= Vitamin K Antagonists.
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Anticoagulant therapy

At baseline, 887 patients (91.9%) received anticoagulant treatment, with a larger proportion
of patients using a Non-vitamin K Oral AntiCoagulant (NOAC) in Belgium than in the
Netherlands (54.4% vs. 38.4%). Figure 1 depicts the percentage of patients with and without
anticoagulation for the different CHA2DS2-VASc scores, also specifying the type of
anticoagulant. For men with CHA;DS,-VASc 0 and for women with CHA;DS,-VASc 1, the
anticoagulation rates were 71.6% (68/95 patients) and 66.7% (20/30 patients), respectively.
In these patients with anticoagulation, a rhythm intervention was performed during the
baseline assessment or planned for the near future in 45 men (66.2%) and 7 women (35%).
The remaining 23 men (33.8%) and 13 women (65%) were on anticoagulant treatment

without a clear indication (Figure 2).

100+
_ No OAC
80 VKA
@ - I NOAC
& 07 m LMWH
E L
2 40
Y
o .
X 20-
0
0 1-W1 M 2
CHAZDSZ-VASC

Figure 1. Stacked bar chart showing the percentages of patients with and without
anticoagulation per CHA2DS2-VASc score, also specifying the type of anticoagulant.
CHA2DS,-VASc 1 is further subdivided by sex. LMWH=Low Molecular Weight Heparins;
M=men; NOAC=Non-vitamin K Oral AntiCoagulants, OAC=0Oral AntiCoagulation; VKA=
Vitamin K Antagonists; W=women.

For patients with NOACs, over- and underdosing of NOACs were checked according to the
dose reduction criteria for the respective drug.(6) In total, 14 patients were prescribed the full
dose for a NOAC whereas they should have received the reduced dose according to the
Summary of Product Characteristics (SmPC). This was the case for 12/148 patients with
rivaroxaban and 2/57 with dabigatran (“Overdosed NOAC” in Figure 2). No overdosing was

present for both apixaban (n=70) and edoxaban (n=5). Underdosing occurred in 49 patients
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(“Underdosed NOAC” in Figure 2), i.e. 38/50 patients with apixaban, 8/24 with rivaroxaban,
and 3/30 with dabigatran. Reduced dose of edoxaban was not prescribed. In total, 63

(16.7%) of 372 patients were not correctly dosed.

No anticoagulation
N=37 (29.6%)

Y

No indication for Intervention
anticoagulation performed >
N=125 (12.9%) N=52 (59.1%)

Correct treatment
N=810 (83.8%)

Anticoagulation

A\

= 0
N=88 (70.4%) No intervention
performed
N=36 (40.9%) ¢
No anticoagulation
] N=40(4.8%) Overtreatment
N=50 (5.2%)
VKA/LMWH

N=412 (51.7%)

| | Correct dose NOAC ||

N=309 (38.8%)
|n<:j|catlor for Anticoagulation Overdosed NOAC
anticoagulation N=797 (95.0%) N=14 (1.8%) Undertreatment
N=839 (86.8%) —™ N=89 (9.2%)
| | Underdosed NOAC |
N=49 (6.1%) o
L Missing info
N=13 (1.6%)
|| Missing coagulation
N=2 (0.2%)
Y
Missing
Unknown
CHA,DS,-VASc > N=18 (1.9%)
N=3 (0.3%) '

Figure 2. Flowchart for the appropriateness of anticoagulant treatment for the whole
population. LMWH=Low Molecular Weight Heparins; NOAC=Non-vitamin K Oral
AntiCoagulants, VKA= Vitamin K Antagonists.

Undertreatment of diseases

At baseline, 217 patients had coronary artery disease. Of these patients, 181 (83.4%) were
on statin therapy and 36 (16.6%) were not. Unfortunately, prescription of other lipid lowering
agents were not assessed. In 34 of 165 (20.6%) heart failure patients, no angiotensin
converting enzyme inhibitor (ACEi), angiotensin receptor blocker (ARB), or aldosterone
receptor antagonist (ARA) was prescribed. Similarly, in 10 of 79 (12.7%) heart failure
patients with a left ventricular ejection fraction (LVEF) <45%, no ACEi, ARB, or ARA was

prescribed.
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Follow-up

One year follow-up data was available in 882 (91.2%) of 967 patients. MACCE occurred in
37 (4.2%) of these patients. In total, 27 (3.1%) patients died within a year, 8 of which from a
cardiovascular cause (0.9%). Ischemic stroke occurred in 7 patients (0.8%) and TIA in 3
(0.3%). Two patients (0.2%) had an intracranial hemorrhage, one of whom died as a
consequence, whereas 14 patients (1.6%) had a major extracranial bleeding. Myocardial

infarction occurred in 5 patients (0.6%), one of these patients also had an ischemic stroke.

Of the patients with ischemic stroke/TIA, 7 out of 10 were on anticoagulant therapy at
baseline. The remaining 3 patients were not, despite a CHA,DS,-VASc score of 2, 3, and 5,
respectively. However at follow-up, all 3 patients were on anticoagulant therapy, but, 1 of the
other 7 patients with an ischemic event had ceased anticoagulant therapy. As for the 16
patients with a major bleeding event during follow-up, all had anticoagulant therapy at
baseline. At follow-up, 1 patient had ceased therapy (6.3%), 14 patients were still on
anticoagulant therapy, and 1 had passed away as a consequence of the intracranial
hemorrhage. Of the 37 patients with MACCE during follow-up, only 1 was underdosed (major
extracranial bleeding event), totaling to 4 patients (10.8%) with undertreatment. No
overtreatment was seen in these patients.

During follow-up, the most frequently established new diagnosis was heart failure (40
patients, 4.5%), followed by CKD, defined as initiation of chronic dialysis, renal
transplantation, or serum creatinine 2200 ymol/l (2.26 mg/dL), in 23 patients (2.6%), and
hypertension in 16 patients (1.8%). In addition, new-onset overt coronary artery disease was
diagnosed in 15 patients (1.5%), diabetes mellitus in 8 (0.9%), and peripheral artery disease
in 4 (0.5%) patients.

Rhythm follow-up and interventions

Rhythm follow-up was available in 839 patients (86.8%). AF progression and AF regression
occurred at a similar rate, with 57 (17.3%) of 329 patients with paroxysmal AF at baseline
progressing into persistent or permanent AF after one year of follow-up and 87 (17.6%) of
494 patients with persistent or permanent AF regressing into PAF. Of the regressors, 38
patients (43.7%) were already on AAD treatment at baseline. A rhythm intervention was
performed during follow-up in 20 (23.0%) of 87 patients showing regression, i.e. in 12
patients (13.8%) an AAD was initiated, in 9 patients (10.3%) a catheter ablation for AF was
performed (1 of whom also started AAD therapy), and in 2 patients (2.3%) surgery for atrial
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fibrillation was performed (both of them started AAD therapy as well). The remaining 67

patients (77%) showed regression in type of AF without rhythm intervention.

In total, 233 (26.4%) of 882 patients had at least 1 rhythm intervention during follow-up, i.e.
155 patients (17.6%) underwent electrical cardioversion, 33 patients (3.7%) pharmacological
cardioversion, and 77 patients (8.7%) catheter ablation for AF. Of the latter, 72 patients
underwent a pulmonary vein isolation and 7 atrioventricular node ablation with pacemaker
implantation. Furthermore, 14 patients (1.6%) underwent surgery for AF, 9 of which as stand-
alone procedure and 5 concomitantly with another intervention, and 19 patients (2.2%)
underwent an ablation for atrial flutter, 6 of which as stand-alone and 13 concomitantly with
AF ablation.

Figure 3 shows the changes in treatment strategy for AF from baseline to follow-up.
Relatively more patients changed from rate to rhythm control therapy than vice versa (24%
vs. 20%), although absolute numbers show the opposite (66 vs. 99 patients). The majority of
the patients were on the same treatment strategy at baseline and at one year follow-up, i.e.
610 of 775 patients (79%).

Baseline N % N % Follow-up
Rate 208 76% 208 68% Rate
control control
(n=274) (n=307)

66 24% 99 32%
99 20% 66 16%

Rhythm Rhythm

control 402 80% 402 84% control
(n=501) (n=468)

Figure 3. Sankey plot showing the treatment strategy for AF at baseline and follow-up and
the changes occurred during follow-up.
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Consumption of care

During the one year follow-up period, 723 of 881 (82.1%) patients visited the cardiology
outpatient department, with a median of 2 (IQR 1-4) visits. Less patients visited the
emergency room, 230 of 873 (26.3%) with a median of 1 (IQR 1-2) visit. In total, 32 patients
(3.6%) underwent implantation of a cardiac implantable electronic device: 18 (2.0%)
pacemakers, 8 (0.9%) cardiac resynchronization therapy (CRT) devices, 3 CRT-P
(pacemaker) and 5 CRT-D (defibrillator), and an additional 6 implantable cardioverter
defibrillators (ICD). Thus, 11 (1.2%) defibrillators were implanted in total, 10 of which as
secondary prevention and 1 as primary prevention. Furthermore, 8 patients (0.9%)
underwent percutaneous coronary intervention, 7 (0.8%) coronary artery bypass grafting, 8
(0.9%) left atrial appendage occlusion, 9 (1.0%) valvular surgery, and 3 (0.3%) transcatheter

valve implantation.

DISCUSSION

In this analysis of the EORP AF LTG registry, we provide a contemporary representation of
the characteristics, treatment, and outcomes of AF patients in the Netherlands and Belgium,
both inpatient and outpatient. Overall, hypertension was the most frequently documented
comorbidity and present in almost half of all patients. “Lone AF” was present in 12% of the

patients, which is comparable to the 10% seen in the Euro Heart Survey 15 years ago.(7)

Strikingly, a large proportion of patients without an indication for chronic anticoagulant
treatment, i.e. men with a CHA2DS>-VASc score of 0 and women with a score of 1, are in fact
anticoagulated at baseline (70%). A slim majority (59%) of these patients underwent a
rhythm intervention at or shortly after baseline, resulting in overtreatment of patients with
anticoagulant therapy in the remainder, which translates into 5% of the whole population
being overtreated (Figure 2). Undertreatment of patients was even more prevalent, with 9%
of the patients either receiving no anticoagulation at all in the presence of an indication
based on the CHA;DS»-VASc score, or receiving the reduced dose of a NOAC without a
reason for dose reduction. In total, 17% of the patients using a NOAC are incorrectly dosed.
Previous reports have shown higher rates, with a Belgian single center study showing 25%

(8) and a Turkish single center study showing 37% of inappropriate dosing.(9)

MACCE occurred in 37 patients (4.2%) after 1 year of follow-up, which is relatively low. To
put it into perspective, 208 (5.3%) of 3890 patients in the EHS died of cardiovascular cause
or developed an ischemic stroke/TIA after one year, not taking into account major bleedings
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and myocardial infarction, which comprise half of the MACCE in this registry.(10) Given the
rather low rate of ischemic complications and major bleedings after one year in this
population, it is hard to draw any conclusions regarding the relationship between these
endpoints and undertreatment and overtreatment. All patients with a major bleeding event
were anticoagulated with correct dosing, whereas in the 10 patients with ischemic stroke/TIA,
7 were correctly treated and 3 were incorrectly not anticoagulated. The rates of ischemic
stroke/TIA in patients with and without anticoagulants are in line with previous reports, i.e.
3.75% (3 of 80) in those without and 0.79% (7 of 887) in those with anticoagulants.(11)

Rhythm control was the preferred treatment strategy at baseline in 59% of the patients,
whereas one third of the patients were on a rate control strategy. The majority of the patients
(80%) were on the same treatment strategy at baseline and at follow-up. Misclassification
regarding treatment strategy was observed in 12% of the patients. In these cases, rate
control was the appointed treatment strategy, but patients were either receiving AAD
treatment on a daily basis or were planned for an electrical cardioversion. Therefore, more

awareness regarding definitions and the correct use of terminology is warranted.(6)

Both AF progression and regression occurred at a similar rate of 17% per year. In a quarter
of the regressors, AAD treatment was initiated or a rhythm intervention was performed during
follow-up. The remainder of the patients regressed without a change in rhythm therapy,
arising the question whether misclassification also plays a role in this high rate of regression

after 1 year.

Some differences are present at baseline between the 2 countries, e.g. the higher
prevalence of heart failure, type 2 diabetes, and sleep apnea in Belgium. This is most likely
caused by the higher proportion of hospitalized patients included in Belgium when compared
to the Netherlands (55% vs. 37%). In addition to these differences in patient characteristics,
distinct drug prescription patterns are discernible between the countries, i.e. amiodarone is
more frequently used in Belgium and sotalol more frequently in the Netherlands. No
differences are seen in the use of flecainide, whereas propafenone is only prescribed in
Belgium. In addition, digoxin use is more prevalent in the Netherlands for rate control.
Regarding anticoagulant therapy, Belgian patients were more frequently on NOACs
compared to their Dutch counterparts (54% vs. 38%), showing the faster implementation and
uptake of NOACs in Belgium.

Undertreatment was not only observed with regard to anticoagulant therapy, but also in
patients with coronary artery disease, with 17% not using a statin, and heart failure with

reduced left ventricular ejection fraction, with 13% not using an ACEi, ARB, or ARA.
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Adequate therapy in patients with these comorbidities is important in reducing the occurrence
of MACCE on one hand, and optimizing the treatment of AF on the other hand.(12, 13)

Hospital visits are common in patients with AF. In this registry, 80% of the patients visited the
cardiology outpatient department with a median of 2 visits per patient, a quarter of the
patients underwent at least 1 rhythm intervention during follow-up, and another quarter of the
patients visited the emergency department. A new diagnosis of heart failure was established

in 4.5% of the patients and a CIED was implanted in 3.6% of the patients.
Strengths and limitations

As in all registries, the strength of this registry is dependent upon the completeness of the
data obtained by all participating centers, so clinical factors can be both over- and
underrepresented. Furthermore, the reported data are observational. In order to reduce
selection bias, participating centers were asked to include consecutive AF patients.
Nonetheless, we believe the data presented in this article are comprehensive and provide a
representative overview of AF patients in the Netherlands and Belgium and the treatment

they receive.

Of note, patients were deemed underdosed for dabigatran only if both the regular and the
lenient dose reduction criteria, i.e. age 75-80 years and eGFR 30-50 ml/min for which dose
reduction can be considered, were not met. In addition, verapamil/diltiazem were checked
together in the case report file (CRF), so it is unclear which of the two drugs the patient is
using, therefore we cannot be sure whether the dose reduction is adequate. For apixaban,
the rate of underdosing is most likely to be overestimated, since in some patients not the
daily dose of apixaban was filled in the CRF as requested, but rather the dose for a single
gift. In patients with 10 mg and 2.5 mg of apixaban, it is clear whether the patient receives
the reduced or full dose, for 5 mg however, this is not clear. These patients were assessed
as having the reduced dose of apixaban, meaning that the rate of underdosing might be

overestimated as these patients could in fact be on twice daily 5 mg of apixaban.

CONCLUSION

Overtreatment and undertreatment with anticoagulants are still observable in 14% of this
contemporary, West-European AF population. Still, MACCE occurred in only 4% of the

patients after 1 year of follow-up.
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ABSTRACT

Hypertension is a risk factor for both progression of atrial fibrillation (AF) and development of
AF-related complications, i.e. major adverse cardiac and cerebrovascular events (MACCE).
It is unknown whether left ventricular hypertrophy (LVH) as a consequence of hypertension is
also a risk factor for both these endpoints. We aimed to assess this in low-risk AF patients,
also assessing sex related differences. We included 799 patients from the Euro Heart Survey
with non-valvular AF and a baseline echocardiogram. Patients with and without hypertension
were included. Endpoints after 1 year were occurrence of AF progression, i.e. paroxysmal AF
becoming persistent/permanent AF, and MACCE. Echocardiographic LVH was present in
33% of 379 hypertensive patients. AF progression after 1 year occurred in 10.2% of 373
patients with rhythm follow-up. In hypertensive patients with LVH, AF progression occurred
more frequently as compared to hypertensive patients without LVH (23.3% vs. 8.8%,
p=0.011). Amongst hypertensive AF patients, LVH was the most important multi-variably
adjusted determinant of AF progression on multivariable logistic regression (Odds Ratio 4.84,
95% Confidence Interval 1.70-13.78, p=0.003). This effect was only seen in male patients
(27.5% vs. 5.8%, p=0.002), while in female hypertensive patients, no differences were found
in AF progression rates regarding the presence or absence of LVH (15.2% vs. 15.0%,
p=0.999). No differences were seen in MACCE for hypertensive patients with and without
LVH. In conclusion, in men with hypertension, LVH is associated with AF progression. This

association seems to be absent in hypertensive women.

35



Chapter 2

INTRODUCTION

Atrial fibrillation (AF) is associated with several comorbidities, the most prevalent being
hypertension, affecting 49% to 90% of AF patients.(1) Hypertension is a risk factor for both
the development(2) and the progression of AF.(3, 4) Moreover, hypertension is a risk factor
for the development of AF-related complications, e.g. major adverse cardiac and
cerebrovascular events (MACCE).(5) Paroxysmal AF progresses to persistent or permanent
AF in 8.6-22% of patients after 1 year, depending on the underlying comorbidities.(6, 7) AF
progression is not merely an arrhythmic phenomenon, but it is also associated with a higher
rate of ischemic stroke, i.e. 2, 3, and 4% per year for paroxysmal, persistent and permanent
AF, respectively.(8) Furthermore, AF progression has been associated with hospitalization
and all-cause mortality in a primary care study.(9) Even though the relationship of
hypertension with AF progression and MACCE is clearly established, it is unknown whether
hypertensive end organ damage, i.e. left ventricular hypertrophy (LVH), is also associated
with these endpoints and whether this differs across sex. We hypothesized that patients with
LVH as a result of hypertension show more AF progression and subsequent occurrence of
MACCE compared to hypertensive AF patients without LVH and non-hypertensive patients.
Furthermore, we aimed to investigate whether this differs across sex.

METHODS

A detailed description of the methods and results of the Euro Heart Survey (EHS) on AF has
previously been published.(10, 11) In summary, the EHS is a prospective registry conducted
between 2003 and 2005 in 182 hospitals across 35 member countries of the European
Society of Cardiology. All centers obtained approval from their Institutional Committee on
Human Research. Consecutive in- and outpatients with (Holter) electrocardiogram proven AF
were included after providing written informed consent. One-year follow-up was completed in
3,978 of the included 5,333 patients.

We included 799 patients from the EHS with non-valvular, paroxysmal AF and a baseline
echocardiogram. Patients with and without hypertension were selected. Since we aimed to
assess the relationship of hypertension and LVH with the endpoints of AF progression and
MACCE, we tried to diminish the influence of other factors related to these endpoints as
much as possible. This was done by excluding patients with other stroke risk factors, i.e.
congestive heart failure, age 265 years, diabetes mellitus, previous stroke/transient ischemic

attack, and vascular disease.
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The occurrence of AF progression and MACCE after 1 year were assessed separately for
the groups with and without hypertension, subdivided by the presence of echocardiographic
LVH. Sex differences were also evaluated. Hypertension was defined as the presence of
resting systolic blood pressure (BP) of >140 mmHg or diastolic BP of >90 mmHg on 22
occasions or current antihypertensive drug treatment. The presence or absence of
echocardiographic LVH was assessed by the treating physician. AF progression was defined
as paroxysmal AF at baseline becoming persistent or permanent AF after 1-year of follow-up,
like previously defined by de Vos et al.(4) and MACCE was defined as cardiovascular death,
stroke, transient ischemic attack, systemic thromboembolism, myocardial infarction, or major
bleeding (hemorrhagic stroke or bleeding requiring hospitalization, causing a hemoglobin
level drop of 2 g/l or requiring blood transfusion). Patients with missing data were excluded
and a complete-case analysis was performed.

Data were analyzed with SPSS statistical software (version 22.0, SPSS Inc., Chicago, IL,
USA). Continuous variables are reported as meanzstandard deviation if normally distributed
and as median and inter quartile range if not. Normally distributed continuous variables were
compared between groups using the independent samples t-test, whereas not normally
distributed continuous variables were compared using the Mann-Whitney U test. Categorical
variables are reported as observed number of patients and percentage. Among-group
comparisons were made using a X2 test. Fisher's exact test was used in case of any
expected cell count <5. All baseline characteristics with a significant univariate association
(p<0.10) with one of the endpoints were incorporated into a multivariable logistic regression
model with stepwise reduction of the model by excluding variables with p>0.10. All variables
in the final model were tested for interactions. Remaining variables with p<0.05 were
considered significant independent determinants for the endpoints of AF progression and the

occurrence of MACCE.

RESULTS

Of the 799 included patients, rhythm follow-up was available in 47% and information on the
occurrence of MACCE in 76%. The majority of the patients was male (73%), mean age was
52+10 years. AF progression occurred in 38 (10.2%) of 373 patients, whereas MACCE
occurred in 21 (3.4%) of 610 patients. Hypertension was present in 47%. In general,
hypertensive AF patients showed more AF progression (14.2% vs. 7.1%, p=0.025) as well as
MACCE (5.3% vs. 1.8%, p=0.018), compared to the normotensives (Figure 1).
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LVH was present in 124 (33%) of 379 hypertensive patients and in 51 (12%) of 420
normotensive AF patients. The baseline characteristics of the included patients, subdivided
by the presence of hypertension and LVH, are presented in Table 1, together with the
occurrence of the endpoints for all groups. In patients without hypertension, no differences in
AF progression nor in the development of MACCE could be ascertained when comparing

patients with LVH to those without (Figure 2).
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Figure 1. Differences in AF progression and MACCE rates after 1 year of follow-up for
patients with and without hypertension. AF=atrial fibrillation; MACCE=major adverse cardiac
and cerebrovascular events. *=statistical significance.
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Figure 2. Differences in AF progression and MACCE rates after 1 year for patients with and
without hypertension, subdivided by presence of LVH. AF=atrial fibrillation; LVH=left
ventricular hypertrophy; MACCE=major adverse cardiac and cerebrovascular events.

*=statistical significance.
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Effect of hypertension and LVH on AF progression

Hypertensive patients with echocardiographic LVH at baseline (124 of 379) had on average a
higher body mass index and were more frequently on calcium channel blockers and
angiotensin converting enzyme inhibitors, compared to hypertensive patients without LVH
(Table 1). AF progression at 1 year was significantly more prevalent in patients with LVH
(23.3% vs. 8.8%, p=0.011), whereas no differences were found in the development of
MACCE (4.5% vs. 5.7%, p=0.782; Figure 2).

Several determinants of AF progression were identified using multivariable analysis in the
patients with hypertension, the most important being LVH on echocardiography (Table 2).
Other independent determinants of AF progression were the use of vitamin K antagonists,
age, and diastolic blood pressure. No interactions were present. In hypertensive men, AF
progression rates were 27.5% and 5.8% per year in those with and without LVH,
respectively, similar to the rates seen in the studied overall cohort. In hypertensive women
however, AF progression rates in patients with and without LVH did not differ, i.e. 15.2% vs.
15.0%, p=0.999 (Figure 3). Development of MACCE after 1 year did not differ between men
with LVH vs. without (3.2% vs. 6.1%, p=0.507), nor in women (7.4% vs. 5.0%, p=0.644).

Table 2. Univariable and multivariable regression for progression of atrial fibrillation in
hypertensive patients.

Univariable regression Multivariable regression
Variable Odds ratio (95% Cl) p-value Odds ratio (95% Cl) p-value
Left ventricular hypertrophy 3.15 (1.27-7.80) 0.013 4.84 (1.70-13.78) 0.003
Vitamin K antagonist 2.71 (1.04-7.08) 0.041 3.72 (1.28-10.83) 0.016
Age 1.11 (1.02-1.20) 0.016 1.13 (1.04-1.24) 0.007
Diastolic blood pressure, 0.96 (0.93-1.00) 0.058 0.95 (0.91-0.99) 0.017
per mmHg increase
Left atrial diameter, 1.12 (0.99-1.27) 0.076

corrected for body surface area

In male patients with hypertension, the only independent determinant of AF progression was
LVH (OR 6.16, 95% CI 1.81-20.99, p=0.004). For female patients, independent determinants
were age (OR 1.28 for increments of 1 year, 95% CI 1.02-1.61, p=0.036), and diastolic BP
(OR 0.93 for increments of 1 mmHg, 95% CI 0.87-0.99, p=0.029). In both hypertensive men
and women, the use of VKA was not a determinant for AF progression, in contrast to the
overall population. The difference between men and women who were prescribed vitamin K
antagonists was statistically significant in the hypertensive patients (66% vs. 53%, p=0.017),

but not in the normotensives (61% vs. 53%, p=0.178).
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Figure 3. AF progression rates after 1 year of male and female hypertensive AF patients in
absence and presence of LVH. AF=atrial fibrillation; LVH=left ventricular hypertrophy.
*=statistical significance.

DISCUSSION

Almost half of the patients in our cohort had a history of hypertension. These patients
showed more often AF progression and MACCE after 1 year compared to patients without
hypertension (Figure 1), in accordance with previous data.(3, 5, 12) LVH at baseline was
present in a third of the patients with hypertension. As hypothesized, a significantly larger
proportion of these patients showed AF progression after 1 year when compared to
hypertensive patients without LVH on echocardiographic assessment (Figure 2). Recently,
Padfield et al. have also shown that LVH is one of the determinants of AF progression after a
median follow-up of 6 years.(13) Moreover, the higher progression rate seen in patients with
hypertension, could be mainly driven by LVH, since AF progression rates in hypertensive
patients without LVH and non-hypertensive patients were comparable (Figure 2). Even after
correcting for other factors, LVH remained the most important independent determinant of AF
progression in the hypertensive group. Thus, LVH seems to be a key marker for AF
progression in hypertensive patients with low-risk AF. However, a difference in the
occurrence of MACCE could not be ascertained in these patients, possibly due to the overall
low MACCE-rate in this relatively low-risk AF population and follow-up duration of 1 year. In
addition, 60% of the patients were on vitamin K antagonists, probably reducing MACCE
rates.(14)

It is unknown whether this effect of LVH on AF progression is reversible. Hennersdorf et

al.(15) have shown that the prevalence of paroxysmal AF can be diminished in patients with
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regression of LVH by treating hypertension, compared to patients with a progression in LVH
despite treatment. In that post-hoc analysis, 24-hour Holter electrocardiograms were
performed at baseline and after a mean of 2 years of antihypertensive treatment. The short
time-span covered by these Holter electrocardiograms and the absence of a predefined
scheme for rhythm follow-up, makes cautious interpretation of these data necessary.
However, a similar reduction in AF progression rates could possibly be achieved by
adequate treatment of hypertension leading to regression of LVH. Of course, this should be

studied in a prospective and randomized manner in order to draw definite conclusions.

Other independent determinants of AF progression in hypertensive AF patients were use of
vitamin K antagonists, age, and diastolic BP. Age is a known risk factor for AF progression
and is incorporated in the HATCH-score (Heart failure, Age, previous Transient ischemic
attack or stroke, Chronic obstructive pulmonary disease, and Hypertension).(3, 4) The use of
VKA however is not a known risk factor for AF progression and the effect we observed may
be due to confounding. Since stroke risk scores were not in use during the conduct of this
registry, the decision to start antithrombotic therapy was made at the discretion of the
treating physician. It is possible that this decision was based on clinical parameters, e.g. left
atrial diameter, left atrial volume, and general health of the patient. An alternative explanation
may be that VKA are known to cause vascular calcification in animal models.(16) Since
coronary artery calcification in humans is associated with an increased risk of the

development of AF, this process may also be associated with AF progression.(17)

The last independent determinant was diastolic BP. This effect has not been reported in
literature before. Although it may be a chance finding, the protective effect of diastolic BP
might in part be explained by the relatively higher pulse pressure in patients with a lower
diastolic BP. Since a higher pulse pressure is indicative of stiffness of the aorta or major
arteries and is related to vascular disease, it might play a role in the progression of AF. Pulse
pressure is a known risk factor for new-onset AF, whereas in the same study mean arterial
pressure was not related to incident AF.(18) Furthermore, pulse pressure, and not mean
arterial pressure, was proven to be related to cardiovascular events in older hypertensive

patients.(19) However, pulse pressure was not a significant determinant in our analysis.

In patients without hypertension, LVH was present in a smaller proportion and was not
associated with AF progression and MACCE (Figure 2). These patients can be seen as truly
low-risk AF, with an overall AF progression rate of 7.1% and a MACCE rate of 1.8% per year,
both representing a fairly low risk. However, this could be partially caused by the small group

of patients with LVH in the non-hypertensive patients. Perhaps in a larger population, LVH
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might lead to a higher AF progression rate via diastolic dysfunction and an increase in left

atrial diameter, even in patients without hypertension.

With respect to progression of AF in male and female patients with hypertension, distinct
differences were ascertained regarding the effect of LVH (Figure 3). For male patients with
hypertension, the AF progression rates different significantly for those with and without LVH,
with LVH being the only independent determinant of AF progression. However, in female
patients, the progression rates in patients with and without LVH were similar. So the
difference in AF progression seen in the overall group with hypertension is only attributable
to the male patients, whereas LVH does not seem to play a role in the progression of AF in

female hypertensive patients.

The dissimilar effect of LVH on AF progression in men and women could possibly be
explained by the type of LVH. A cardiovascular magnetic resonance imaging study in 741
patients by Rider et al. has shown that male patients predominantly show concentric LVH,
whereas female patients show both concentric and eccentric LVH.(20) In another study of 64
middle-aged women with at least 10 years of treated hypertension, eccentric hypertrophy
was more prevalent than concentric hypertrophy on echocardiography (42% vs. 5%,
p<0.001, mean age 54 years).(21) In a post-hoc analysis of the AFFIRM (Atrial Fibrillation
Follow-up Investigation of Rhythm Management) trial, concentric LVH was found to be
associated with AF recurrences in the rhythm control arm, whereas eccentric LVH was not
associated with recurrences.(22) This could be a consequence of diastolic dysfunction in
concentric LVH, leading to elevation of filling pressures and left atrial dilatation. It has been
shown that concentric LVH has a more profound negative effect on left atrial function and
association with LA enlargement compared to eccentric LVH,(23) which could explain the
effect seen on AF recurrences in the AFFIRM trial. One could argue that concentric LVH
might therefore also be associated with AF progression, explaining the dissimilar effect of
LVH on AF progression rates between sexes in our population. Unfortunately, we were not
able to assess the type of LVH in our population.

For female patients with hypertension, diastolic BP had a protective effect on AF
progression. No prior studies have elaborated on this finding. However, Conen et al.(24)
report a higher incidence of new-onset AF in middle-aged women with a diastolic BP <65
mmHg and suggest a U-shaped association of diastolic BP and new-onset AF. Unfortunately,
no male control group was present in this study.(24) It is possible that a low diastolic BP
could also be associated with AF progression, like explained above. In conclusion, more

research is needed regarding sex differences in LVH and the progression of AF.
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There are some limitations to the present study. Firstly, we performed a post-hoc subgroup
analysis of the EHS. Therefore, the data presented in this article should be interpreted with
care. This study was conducted in 2003-2004, yet the described outcomes are still relevant.
Rhythm follow-up was performed in 47% of the included patients and the duration of follow-
up was 1 year, limiting the number of AF progression events. In addition, LVH was a
dichotomous parameter in the EHS, i.e. type of LVH was unknown and wall thicknesses were
not reported in mm. Furthermore, some patients in the non-hypertensive group used
medication like an angiotensin converting enzyme inhibitor, angiotensin receptor blocker,
dihydropyridine calcium channel blocker or a diuretic. We were not able to assess whether
these drugs were prescribed for hypertension or for another indication. Since in these
patients hypertension was not checked as concomitant condition at time of conduct of the
registry, they were classified as non-hypertensive in the present study. Lastly, women were

underrepresented in this study.

In conclusion, in men with hypertension, LVH is associated with AF progression. This

association seems to be absent in hypertensive women.
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ABSTRACT
Background
Progression of atrial fibrillation (AF) from paroxysmal to persistent forms is an active field of
research. The influence of AF progression on health related quality of life (HRQoL) is
currently unknown. We aimed to assess the influence of AF progression on HRQoL, and
whether this association is mediated through symptoms, treatment and major adverse

events.

Methods
In the Euro Heart Survey, 967 patients were included with paroxysmal AF who filled out

EuroQoL-5D at baseline and at 1 year follow-up.

Results

Those who progressed (n=132, 13.6%) developed more problems during follow-up than
those who did not, on all EuroQoL-5D domains (increase in problems on Mobility 20.5% vs.
11.4%; Self-care 12.9% vs. 6.2%; Usual activities 23.5% vs. 14.0%; Pain / discomfort 20.5%
vs. 13.7%; and Anxiety / depression 22.7% vs. 15.7%; all p<0.05), leading to a decrease in
utility (baseline 0.744+0.26, follow-up 0.674+0.36; difference -0.07 (95%Cl [-0.126,-0.013],
p=0.02). Multivariate analysis showed that the effect of progression on utility is mediated by a
large effect of adverse events (stroke (-0.27 (95%CI [-0.43,-0.11]); p=0.001), heart failure (-
0.12 (95%CI [-0.20,-0.05]); p=0.001), malignancy (-0.31 (95%CI [-0.56,-0.05]); p=0.02) or
implantation of an implantable cardiac defibrillator (-0.12 (95%CI [-0.23,-0.02]); p=0.03)), as
well as symptomatic AF (-0.04 (95%CI [-0.08,-0.01]); p=0.008).

Conclusions

AF progression is associated with a decrease in HRQoL. However, multivariate analysis
revealed that AF progression itself does not have a negative effect on HRQoL, but that this
effect can be attributed to a minor effect of the associated symptoms and a major effect of

associated adverse events.
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INTRODUCTION

Atrial fibrillation (AF), the most common cardiac arrhythmia, has been demonstrated to lead
to a considerable reduction in health-related quality of life (HRQoL).(1) While rarely life-
threatening in itself, AF is associated with several arrhythmia-associated symptoms, such as
palpitations, exercise intolerance, dizziness and dyspnea, which can have substantial
influence on the possibility to undertake daily activities.(2) In addition, AF is associated with
an increased incidence of major adverse events, such as stroke and heart failure, which are
associated with increased mortality, but also have detrimental effects on daily functioning
and HRQoL.(3) The consequences of AF treatment, such as side effects of drugs,
interventions, and especially hospitalization, may also have a negative impact on HRQoL.

Lastly, the diagnosis of AF may be associated with considerable psychological distress.

AF is a progressive disease that clinically may progress from short-lasting self-terminating
paroxysms towards more non-self-terminating sustained forms, such as persistent and
permanent AF.(4) This progression is usually accompanied by electrical and structural
changes of the left atrium.(5) Recent reports suggest that predictors of AF progression lie in
factors that represent an impaired vascular status, leading to the observation that patients
who progress from paroxysmal to more sustained forms of AF are those who will have
adverse events.(6) As AF progression appears to correlate with adverse events, one may
hypothesize that AF progression has a detrimental effect on HRQoL.

Current treatment of AF has HRQoL as a major focus, and aims to preserve or improve
HRQoL by two strategies(4): on one hand, to prevent serious adverse events through life
style changes, anticoagulation upon indication and adequate vascular protective therapy,
and on the other hand to alleviate symptoms associated with AF if necessary. In addition to
this, prevention of AF progression has recently been proposed as a treatment goal in
itself.(7) The influence of AF progression on HRQoL, and whether this is mediated by

adverse events and symptoms, is however currently unknown.

In this report, we used the data from the Euro Heart Survey (EHS) on Atrial Fibrillation to
assess the influence of AF progression on HRQoL, and whether this association is mediated

through symptoms or concomitant vascular disease and major cardiac events.

METHODS

A description of the methods and data collection of the EHS on AF has been given in detail
earlier.(8) In 2003 and 2004, 5,333 consecutive patients with AF on an ECG or Holter
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recording in the previous 12 months were included in the Euro Heart Survey, a large-scale
registry, at cardiology departments of 182 hospitals in 35 countries. The study protocol was
submitted to the institutional review board or ethical committee of all participating centers and

approved or waived for the requirement of formal approval being an observational survey.

Only patients with paroxysmal AF at baseline were included: patients with known paroxysmal
AF (spontaneous conversion to sinus rhythm <7 days; 1,517 patients) and patients with first
detected AF that converted to sinus rhythm spontaneously or through pharmacological
cardioversion during the index visit (238 patients). Out of these, rhythm status at follow-up
was available in 1,219 patients, and amongst these, complete EuroQoL-5D data at both
baseline and follow-up was available for 967 patients. The definition of AF-progression by de
Vos et al(6) was used: paroxysmal AF at baseline becoming persistent or permanent AF at
1-year follow-up, or first detected AF at baseline with spontaneous or pharmacological
cardioversion to sinus rhythm during admission becoming persistent or permanent AF at 1-

year follow-up.
Quality of life measurements

The EuroQol-5D consists of five domains (mobility, self-care, usual activities, pain /
discomfort, and anxiety / depression) with three possible answers for each domain (no
problems, moderate problems, or severe problems), generating 3°=243 possible health
states. These health states, at baseline and follow-up, were translated into a single index —
the utility score— using the United Kingdom time trade-off value set.(9) No problems on each
of the EuroQol-5D domains corresponds to a utility of 1.0 (best possible health), with
deductions for reporting problems on any of the EuroQol-5D. A utility score of 0 is equivalent

to death, while negative values are possible (indicating a health status worse than death).
Statistical analysis

Data analysis was performed with IBM SPSS for Windows statistical software (version 23.0,
IBM Corp., Armonk, NY, USA) and regression analysis using Stata Statistical Software
Release 10.0 (StataCorp LP, College Station, TX, USA). Baseline characteristics for the
groups with and without AF progression are presented as mean+SD for continuous variables,
or number (percentage) for categorical variables. Baseline characteristics of the groups were
compared using an independent t-test for continuous variables and a yx?—test for categorical
variables. Increase in problems experienced at each of the EuroQoL-5D domains was
defined as ‘no problems’ at baseline and ‘some problems’ or ‘severe problems’ at 1-year

follow-up, or ‘some problems’ at baseline and ‘severe problems’ at follow-up. The fractions
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showing an increase were compared for the group with and without AF progression using x>-

tests. Utility scores at baseline and follow-up were compared using paired-samples t-testing.
Regression analyses

Apart from AF progression, the following parameters were tested for a significant relation
with the change in utility over 1 year (p<0.1) in univariate ordinary least squares regression
using robust standard errors: age at inclusion, sex, domestic status, body mass index, level
of physical activity, medical history (hypertension, diabetes, coronary artery disease,
myocardial infarction, valvular heart disease, congestive heart failure, hyperthyroidism or
hypothyroidism, chronic obstructive pulmonary disease, malignancy, peripheral vascular
disease, renal failure, transient ischemic attack (TIA), stroke), AF symptoms (palpitations,
chest pain, dyspnea, syncope, dizziness, fatigue), events during follow-up (stable angina,
acute coronary syndrome, TIA, ischemic or hemorrhagic stroke, peripheral embolism,
pulmonary embolism, syncope, asystole, malignancy, heart failure), AF related parameters
(AF recurrence, number of pharmacological cardioversions, number of electrical
cardioversions, use of beta-blockers, calcium channel blocker, anti-arrhythmic drugs
(Vaughan-Williams class 1a, 1c, 3)) and cardiac treatment during follow-up (catheter
ablation, AF surgery, pacemaker or ICD implantation, percutaneous coronary intervention,
coronary artery bypass surgery, valvular surgery). All parameters that showed a significant
relation were included in multivariate linear regression using robust standard errors. No
significant correlations between predictors were found. Backward variable elimination
(p>0.05) was applied, not forcing any specific variable to be retained. All tests were
performed 2-sided. Overall, a p value of <0.05 was considered statistically significant.

RESULTS

The baseline characteristics of the patients with complete EuroQolL-5D at baseline and
follow-up (n=967) were comparable to those with incomplete EuroQoL-5D (n=252), with only
differences in regular physical activity (36.8% vs. 27.6%; p=0.008) and history of stroke
(2.4% vs. 6.5%; p=0.001).

In the 967 patients included, progression of AF occurred in 132 patients (13.7%). Baseline
characteristics of patients with and without AF progression are shown in Table 1. Patients
with AF progression were on average older (66.1£11.2 vs. 62.8+13.1 years; p=0.007) and
had larger left atria (LA diameter 45.9+8.8 vs. 42.9+7.6 mm; p<0.001). Hypertension (71.2%
vs. 59.8%), left ventricular hypertrophy (50.4% vs. 29.8%) coronary artery disease (36.0%

vs. 23.2%), heart failure (31.5% vs. 15.5%), chronic obstructive pulmonary disease (18.3%
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vs. 9.6%) and history of TIA (10.7% vs. 5.2%; all p<0.01) were more prevalent in the AF
progression group, leading to a higher mean CHA:DS;VASc-score of 3.2+1.9 vs. 2.4+1.7
(p<0.01) and HATCH-score of 2.2+1.5 vs. 1.3+1.3 (p<0.01). Medication use, further medical

history and event rates in both groups were reported previously. (6)

Table 1. Baseline characteristics, grouped by the presence of AF progression.

All patients  No AF progression  AF Progression

n=967 n=835 n=132 p-value
Age (years) 63.3+12.9 62.8+13.1 66.1+11.2 0.007
Female 417 (43.1) 353 (42.3) 64 (48.5) 0.18
Body Mass Index (kg/m?) 27.4+4.2 27.4+4 1 27.944.9 0.18
Regular physical activity 356 (36.8) 320 (40.7) 36 (30.0) 0.13
Echocardiogram
Left atrial diameter (mm) 43.31£7.8 42.917.6 45.948.8 <0.001
Left ventricular hypertrophy | 262 (32.7) 205 (29.8) 57 (50.4) <0.001
Type of AF
First detected 149 (15.3) 127 (15.1) 22 (16.7) 0.64
Paroxysmal 825 (84.7) 715 (84.9) 110 (83.3)
Underlying disease
Hypertension 593 (61.3) 499 (59.8) 94 (71.2) 0.01
Coronary artery disease 205 (25.0) 164 (23.2) 41 (36.0) 0.003
Diabetes mellitus 127 (13.1) 102 (12.2) 25 (18.9) 0.06
Valvular disease 180 (18.8) 149 (18.0) 31(24.2) 0.09
Heart failure 169 (17.7) 128 (15.5) 41 (31.5) <0.001
COPD 103 (10.8) 79 (9.6) 24 (18.3) 0.003
Hyperthyroidism 0 (5.4) 42 (5.3) 8(6.2) 0.67
History of stroke 3(2.4) 17 (2.1) 6 (4.6) 0.08
History of TIA 7 (5.9) 43 (5.2) 14 (10.7) 0.01
Malignancy (4 4) 38 (4.7) 3(24) 0.24
Peripheral vascular disease 57 (6.0) 46 (5.6) 11 (8.5) 0.19
Renal failure 41 (4.2) 33 (4.0) 8 (6.1) 0.26
CHA2DS,-VASCc score 2.5+1.8 2.4+1.7 3.241.9 <0.001
HATCH score 1.5¢1.4 1.3+1.3 2.2+15 <0.001

AF = atrial fibrillation; TIA = transient ischemic attack; CHA2DS»>-VASc-score = Congestive
heart failure (1 point), Hypertension (1 point), Age >75 years (2 points), Diabetes mellitus (1
point), Prior Stroke or TIA (2 points), Vascular disease (1 point), Age 65 - 74 years (1 point),
Sex category (female = 1 point); HATCH-score = Hypertension (1 point), Age >75 years (1
point), Stroke or transient ischemic attack (2 points), Chronic obstructive pulmonary disease
(1 point), and Heart failure (2 points); COPD = Chronic obstructive pulmonary disease.

At baseline, patients that will progress experienced more problems (some problems or
severe problems) on each domain of the EuroQoL-5D than those who did not progress
(Table 2). Furthermore, in the patients that progressed, the percentage of patients that
experienced more problems on each of the domains at 1-year follow-up than at baseline was
significantly higher than in the patients that did not progress (Figure 1; Mobility 20.5% vs.
11.4%; Self-care 12.9% vs. 6.2%; Usual activities 23.5% vs. 14.0%; Pain / discomfort 20.5%
vs. 13.7%; and Anxiety / depression 22.7% vs. 15.7%; all p<0.05).
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Table 2. Percentage of progressors (n=835) versus non-progressors (n=132), that report no,
some and severe problems on the five domains of EuroQoL-5D at baseline and after 1 year.
P-values are derived from the comparison between non-progressors and progressors, a p-

value <0.05 is considered significant.

20

No change in problems

Baseline Follow-up
Non-progressors Progressors Non-progressors Progressors
Problems: No | Some | Severe No Some | Severe p No Some |Severe| No | Some | Severe p
Mobility 67.2 | 32.1 0.7 57.6 | 40.9 1.5 0.09 J 68.9 30.5 06 |515| 424 6.1 <0.001
Self-care 89.3 | 10.3 0.4 80.3 | 19.7 0.0 0.006 § 88.5 11.3 02 | 788 | 159 5.3 <0.001
Usual 729 | 259 1.2 56.8 | 42.4 0.8 <0.001} 70.4 28.0 16 | 500 | 417 8.3 <0.001
activities
Pain/ 61.7 | 35.9 24 53.8 | 43.9 2.3 0.21 65.7 323 19 | 53.8 | 40.2 6.1 0.002
discomfort
Anxiety/ 62.9 | 325 4.7 50.0 | 43.9 6.1 0.02 | 64.1 325 35 |47.7 | 432 9.1 <0.001
depression
* * * * *
= = = = =
100 ]
sodl 1B B = = = AF Progressors
@ = E £ = H| @ Increase in problems
S ool |E £ 5 £ 5| [ No change in problems
g g = = = E| B Decrease in problems
s olE [[H |IB [IE ||E :
B = = = = H B3 Increase in problems
| g = = = =
=

Figure 1. Percentage of patients reporting an increase, no change and a decrease problems
on the EuroQoL-5D domain at 1 year than at baseline, for the groups without and with AF-
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EuroQoL-5D domain

progression. * indicates p<0.05.

While the calculated utility for the group without AF progression increases during 1 year
(baseline 0.796+0.23, 1 year 0.814+0.23; p=0.04; difference +0.018 (95% CI [0.008,0.033])),
the utility decreased significantly in the group with AF progression (baseline 0.744+0.26,

Anxiety / depression

Decrease in problems

follow-up 0.674+0.36; p=0.02; difference -0.07 (95% CI [-0.126,-0.013])) (Figure 2).
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Figure 2. In patients without progression of atrial fibrillation (AF), the utility increases from
0.796+0.23 at baseline to 0.814+0.23 at 1 year (p=0.04), while in patients with AF
progression it decreases from 0.744+0.26 to 0.674+0.36 (p=0.02). Utility scores range from 0
(health state equivalent to death) to 1.0 (best possible health), negative values are possible.
* indicates p<0.05.

Multivariate analysis showed that stroke (-0.27 (95% CI [-0.43,-0.11]); p=0.001), heart failure
(-0.12 (95% CI [-0.20,-0.05]); p=0.001), malignancy (-0.31 (95% CI [-0.56,-0.05]); p=0.017) or
implantation of an implantable cardiac defibrillator (-0.12 (95% CI [-0.23,-0.02]); p=0.03)
during follow-up had the largest negative effect on the change in utility during this year.
Patients with symptomatic AF had a reduction in utility of -0.04 (95% CI [-0.08,-0.01];
p=0.008), except when this symptom was dizziness (+0.06 (95% CI [0.02,0.10]); p=0.004).
Patients with diabetes mellitus experienced an increase of utility during follow-up of 0.04
(95% CI [0.01,0.07]; p=0.006) (Table 3). Notably, in multivariate regression analysis,

progression of AF is not a determinant of change in utility.

Table 3. Determinants of the change in utility during one year of follow-up. Notably,
progression of atrial fibrillation (AF) is not a determinant of change in utility.

Coefficient p
Diabetes mellitus 0.04 [0.01,0.07] 0.006
Symptomatic AF -0.04 [-0.08,-0.01] 0.008
Dizziness 0.06 [0.02,0.10] 0.004
Stroke during FU -0.27 [-0.43,-0.11] 0.001
Heart failure during FU -0.12[-0.20,-0.05] 0.001
Malignancy during FU -0.31 [-0.56,-0.05] 0.017
ICD during FU -0.12 [-0.23,-0.02] 0.030

Shown are the coefficient [95% CI] and p-value of multivariate ordinary least squares
regression. Cl=Confidence Interval; FU=Follow-up; ICD=Implantable Cardiac Defibrillator.
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DISCUSSION

This report is the first to show the association between AF progression and HRQoL. From
this report, it can be concluded that AF progression is associated with a decrease in quality
of life (HRQoL) during the year in which progression occurs, indicated by an increase in
problems reported on each of the EuroQoL-5D domains, leading to a change in utility of
-0.07 (95% CI [-0.126,-0.013]) which appears clinically significant.(10) Upon correcting for
major adverse events and symptoms during follow-up, this association disappears. This
suggests that the decrease of HRQoL associated with AF progression is mediated by
adverse events and symptoms: there is a significant relationship between AF progression
and adverse events and symptoms,(6) a significant relation between utility and both adverse
events and symptoms and progression, and the relationship between progression and utility

becomes non-significant upon correction for adverse events and symptoms.

The main determinants of a reduction in utility in this population of patients with paroxysmal
AF were the occurrence of stroke, heart failure, malignancy and ICD implantation during
follow-up, which was already known for AF patients in general(3). Already, one of the
cornerstones of current treatment is focusing on the reduction of the incidence of cardiac
adverse events,(4) but the fact that these events still occur indicates that our current
treatment strategies are not sufficient yet. Although the percentage of patients that will
experience such an event is low, the effect on HRQoL is large. This report emphasizes that
strategies focused on the prevention of adverse events may ultimately have a major

influence on HRQoL, irrespective of their influence on AF progression.

Next to adverse events, symptomatic AF is a determinant of the change in utility during one
year. The utility of patients that remain symptomatic is reduced modestly (-0.04 (95% CI
[-0.08,-0.01]; p=0.008)). This effect is cancelled out if the symptom is dizziness, as this
symptom is usually readily treatable by reducing the dose of negative chronotropic drugs or
implanting a pacemaker in case of sinus arrest. If patients remain symptomatic, despite the
efforts of patient and physician, it is only to be expected that this has a detrimental effect on
the quality of life. (3) Furthermore, this underlines the need to continue focusing on reducing
AF symptoms through more modern rhythm control strategies, with pharmacological as well

as interventional measures.

Patients in this cohort who suffered from diabetes experienced an increase in quality of life
during one year. This may be explained by the correction for events in the multivariate
analysis, as diabetes without complications may have little influence on the perceived

HRQoL. The increase in HRQoL may be explained by the fact that these patients visit a
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doctor more frequently than patients without diabetes, which may have a beneficial effect, or

they get more comfortable living with their diabetes as time passes since their diagnosis.

On one hand, one may hypothesize that AF progression in itself is a cause for adverse
events. Based on this hypothesis, preventing AF progression may be instrumental in
preventing the associated events and the associated decrease in HRQoL. Although trials
have never shown benefit of rhythm over rate control in the long term on clinical
endpoints,(11, 12) more recent reports have shown signals that there is an association
between the duration of AF episodes and stroke risk,(13, 14) and that rhythm control may
reduce the number of strokes(15) and mortality.(16) Furthermore, our current strategy of
rhythm control has not been shown to improve HRQoL to a clinically significant extent.(17,
18) This led to the design of the EAST trial, that aims to inhibit AF progression through
modern and early rhythm control, in which HRQoL will be a key secondary outcome.(7)
Results from this trial should show whether early rhythm control could limit progression — and
thereby retain HRQoL more effectively than a rate control strategy. Our current study
suggests that preventing AF progression may only influence HRQoL if indeed this focus on
inhibition of rhythm deterioration prevents major adverse cardiac and cerebrovascular
events. As rhythm control generally encompasses intensive treatment, including potentially
hazardous anti-arrhythmic drug use and invasive therapy, the net effect of inhibition of

progression of AF on the quality of life remains to be determined.

On the other hand, based on the association between the occurrence of major adverse
events and AF progression, it may be hypothesized that both AF progression and adverse
events are the result of an underlying common mechanism. One of the proposed underlying
mechanisms is an early state of hypercoagulability leading to both an atrial substrate for
more persistent forms of AF and adverse events.(19) Early intervention in this
hypercoagulable state may thus improve both progression rates and incidence of adverse
events. Furthermore, this hypothesis implicates a less stringent need for rhythm control, as
events do not relate to the rhythm status, such that side effects of intensive treatment

associated with aggressive rhythm control can be averted.(20)

Lastly, the results reported here support the notion that — also from the perspective of
HRQoL - the current daily practice of classifying AF by the duration of the episodes — i.e.
paroxysmal and persistent AF - rather than the underlying pathology may need
reconsideration,(21) as the results indicate that HRQoL is not so much determined by the
duration of the episodes of the arrhythmia, but more by the associated events and

symptoms.
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Strengths and Limitations

The major strength of this report lies in the fact that the Euro Heart Survey provided
longitudinal data on a large group of real life patients across Europe, which represent the

daily clinical population better than results acquired in clinical trials.

For this report, only those patients who filled out the HRQoL questionnaires both at baseline
and follow-up were used, which may have led to excluding those patients that were too sick
or frail to fill out the questionnaires, or who died during follow-up. This may have influenced
HRQoL measures, especially since from a previous report on the study population from
which this cohort is selected, it is known that responders differed from non-responders on
both demographic and disease-related characteristics.(3) Furthermore, HRQoL was
measured using EuroQolL-5D as disease specific HRQoL questionnaires were not yet
available. We corrected for treatments chosen, but were not able to assess the effectiveness
of these treatments. The data from this study were acquired in 2003-2004, yet the outcomes
we describe have remained relevant over the past decade, as AF progression is still a
clinically identifiable problem, as well as the importance of stroke, heart failure, malignancy,
ICD implantation and symptomatic AF with respect to HRQoL remain relevant. We were not
able to determine whether AF progression preceded events. Lastly, assessment of
personality was not included in the EHS, which did not allow us to correct the user reported

QoL for differences in personality and thus coping strategies to deal with adverse events.

CONCLUSION

To conclude, quality of life in patients with AF progression decreases, which is largely
caused by adverse events and to a smaller extent by AF symptoms. An effect of inhibition of
AF progression on HRQoL is thus mainly to be expected if future studies show that inhibiting

AF progression leads to fewer adverse events.
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ABSTRACT

Background

Pulmonary vein isolation (PVI) is a successful treatment option for atrial fibrillation (AF).
Several predictors for AF recurrence after PVI have been identified. We hypothesized that
cardiac computed tomography (CCT) detected pericardial adipose tissue (PAT) and coronary
artery disease (CAD) predicts AF recurrence after PVI.

Methods

We analyzed 299 patients who underwent a CCT prior to PVI between 2010 and 2015. PAT
volume was assessed with semi-automated Siemens software. The rhythm outcome after
ablation was assessed after 1 year and at maximum follow-up. Success after PVI was
defined as freedom from AF, atrial flutter and atrial tachycardia in the absence of
antiarrhythmic drugs. Stepwise multivariable logistic regression was performed to assess
independent associations with rhythm outcome after PVI.

Results

Median follow-up was 766 (377-1496) days. The mean PAT volume was significantly lower in
patients with successful PVI at maximum follow-up compared to those without (17677 vs.
203+90 ml, p=0.017). The presence or the extent of CAD did not differ between the groups.
Stepwise multivariable logistic regression only ascertained left atrial volume indexed to body
surface area (LAVI) as independent predictor for PVI outcome at maximum follow-up.

Conclusions

Patients with successful PVI showed less PAT on CCT at baseline, compared to patients
with AF recurrences after a median follow-up of 2 years. However, multivariable logistic
regression only ascertained LAVI as a predictor of unfavorable PVI outcome.
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INTRODUCTION

Pulmonary vein isolation (PVI) is a widely performed procedure for the treatment of atrial
fibrillation (AF). Several predictors for the recurrence of AF after PVI have been identified, i.e.
AF type (paroxysmal vs. persistent or longstanding persistent AF), age, left atrial size,
hypertension, obesity, obstructive sleep apnea, concomitant cardiac disease and left atrial
fibrosis detected on cardiac magnetic resonance imaging.(1, 2) However, the evidence
regarding some of these predictors is conflicting and cannot be ascertained in all
populations.(1) In addition, the predictive power of these variables is weak.(3)

Cardiac computed tomography angiography (CCTA) is currently a well-implemented
diagnostic imaging modality both in the work up for AF ablation and to diagnose coronary
artery disease (CAD) in patients with stable chest pain. Conventional CCTA reading includes
assessment of the coronary calcium score, luminal stenosis severity, and extent of CAD.
Subclinical CAD, i.e. CAD detected on CCTA in the absence of clinically overt CAD, is
associated with AF.(4) In addition to CAD assessment, CCTA is also capable to measure
pericardial adipose tissue (PAT) volume, based upon an adequate resolution and high
reproducibility. Since PAT also takes the localization of fatty depositions into account, it can
be important in predicting AF recurrences over regular obesity indices as body mass index
(BMI). Thus, we hypothesized that both PAT and CAD as assessed on CCTA prior to PVI are
predictors of rhythm outcome after PVI.

METHODS
Study population

We identified 299 patients who underwent a cardiac computed tomography (CCT) as part of
the work-up for PVI between 2010 and 2015 at the Maastricht University Medical Center+, a
tertiary hospital in the Netherlands. Both PVI and CCT were performed as part of routine
clinical care. Baseline characteristics and follow-up data were collected retrospectively.
Written informed consent was waived because data were retrospectively analyzed
anonymously in accordance with the IRB guidelines. This study complies with the ethical

principles of the Declaration of Helsinki.

One year outcome after PVI was assessed using the definitions as described in the 2017
expert consensus statement on catheter and surgical ablation of AF.(2) Success was defined
as freedom from AF, atrial flutter and atrial tachycardia on Holter monitoring and
electrocardiograms in the absence of antiarrhythmic drugs, from the end of the 3 months
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blanking period to 12 months after the index PVI.(2) If Holter monitoring was lacking during
the first year of follow-up, patients could not be classified as having successful PVI. The
outcome after ablation at maximum follow-up was assessed in a similar way, but without the
requisite of Holter monitoring. Partially successful PVl was defined as having a >75%
reduction of AF burden with or without regular antiarrhythmic drug use or after redo-ablation.
Not successful PVI was defined as having a <75% reduction of AF burden based on Holter

monitoring and review of patient records.
Cardiac computed tomography assessment

All scans were performed using a second generation dual-source CT-scanner (Somatom
Definition Flash, Siemens Medical Solutions, Forchheim, Germany). Data acquisition
parameters were: pitch 3.4, slice collimation 2 x 128 x 0.6 mm, gantry rotation time 280ms,
tube voltage 120kV, tube current 100-150 reference mAs and slice thickness of 3 mm;
reconstruction was performed with a B35f kernel. The coronary calcium score was calculated
according to the Agatston method using dedicated software according (Syngo.Via Calcium
scoring, Siemens Healthcare, Forchheim, Germany). A radiologist together with an imaging
cardiologist quantified the extent of CAD using the 16-segments American Heart Association
model, blinded to the rhythm outcome after PVI.(5) An involvement score and a segment
score was calculated based on these assessments. The involvement score is the number of
segments with at least a mild plaque present, leading to a maximum score of 16. The
segment score is a measure of the extent of CAD in the 16 segments, with a score from 0 to
3 for the severity of plaques in each segment (no plaque=0, mild plaque=1, moderate

plaque=2, severe plaque=3), leading to a maximum score of 48.

Dedicated volumetric software (Volume, Leonardo, Siemens Healthcare, Forchheim,
Germany) was used to quantify total pericardial adipose tissue in ml (Figure 1). Total PAT
was chosen since it was not possible to reliably and reproducibly delineate the pericardium
or the atrioventricular border in an automated manner and quantify left atrial epicardial tissue
selectively. The quantification of total PAT was performed on both contrast and non-contrast
CT scans. Different Hounsfield Units (HU) upper thresholds were used, i.e. -15 HU, -30 HU
and -45 HU, in both systolic and diastolic cardiac phase separately. It has previously been
shown that the quantification of PAT correlates excellently between the different
thresholds.(6) As an internal control, we compared the PAT values for the different HU

thresholds, in and between both cardiac phase scans.
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Figure 1. Automated pericardial adipose tissue assessment on a cardiac computed
tomography scan with contrast, panel A: short axis view of left and right ventricle, panel B:

five chamber view, panel C: two chamber view with distal pulmonary veins.
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Statistical analysis

Data were analyzed with SPSS statistical software version 22.0 (IBM Corp., Armonk, NY,
USA). Continuous variables are reported as mean + standard deviation for normally
distributed variables. For not normally distributed variables, median and inter quartile range
is given. Normally distributed continuous variables were compared between groups using the
independent samples t-test. Not normally distributed continuous variables were compared
using the Mann-Whitney U test. Categorical variables are reported as observed numbers and
percentages with among-group comparisons using a X2 test. Fisher's exact test was used in
case of any expected cell count <5. The correlation between the PAT quantifications with the
different HU thresholds was assessed using the Pearson correlation coefficient.

All clinically relevant baseline characteristics with a significant univariable association
(p<0.10) with the endpoint were incorporated into a multivariable logistic regression model
with stepwise reduction of the model by excluding variables with p>0.05. All variables in the
final model were tested for interactions. Remaining variables with p<0.05 were considered
independently associated with the endpoint.

RESULTS

Rhythm follow-up was available in 292 (97.7%) of the 299 patients with a CCT within the
work-up for PVI. Median follow-up duration was 766 (377-1496) days. Ninety (30.8%) of 292
patients had no AF recurrences after ablation and were classified as having a successful
PVI. The remainder of the patients were classified as having a not successful or partially
successful PVI, with 89 (30.5%) of 292 patients having a >75% reduction of AF burden with
or without regular antiarrhythmic drug use, 59 patients (20.2%) having >75% reduction of AF
burden after redo-ablation, and 54 patients (18.5%) having no or <75% reduction in AF
burden. Baseline characteristics of the population are shown in Table 1, comparing patients

with successful PVI at maximum follow-up to those with partial or no success.

Patients with successful PVI tended to have a shorter history of AF (median 30 vs. 48
months, p=0.055). Additionally, these patients were less frequently prescribed AADs (37.8%
vs. 53.0%, p=0.016) and were less frequently cardioverted electrically or pharmacologically
(51.1% vs. 65.9%, p=0.017) prior to the baseline assessment. Furthermore, left atrial volume
indexed to body surface area (LAVI) was also lower in patients with successful PVI (39110
mi/kg2 vs. 4311, p=0.031).
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Table 1. Baseline characteristics for the whole population divided by success of PVI at

maximum follow-up.

Not or partially ~ Successful
successful PVI PVI p-
(n=202) (n=90) value
Age, mean+SD 60 +10 58 +8 0.134
Female sex, n (%) 63 (31.2) 24 (26.7) 0.435
CHA:2DS,-VASc, mean 14+14 1.2+1.3 0.145
Body Mass Index, kg/m?, mean+SD 27641 27.0+3.6 0.226
Medical history, n (%)
Atrial flutter 42 (20.8) 20 (22.2) 0.783
Cavotricuspid isthmus ablation 21(10.4) 12 (13.3) 0.464
Hypertension 78 (38.6) 36 (40.0) 0.823
Ischemic stroke/TIA 13 (6.4) 9 (10.0) 0.287
Type Il diabetes mellitus 18 (8.9) 2(2.2) 0.037
Percutaneous coronary intervention 12 (5.9) 4 (4.4) 0.783
Congestive heart failure 4 (2.0) 0 0.315
Atrial fibrillation characteristics
Paroxysmal AF, n (%) 151 (74.8) 74 (82.2) 0.161
Persistent AF, n (%) 51 (25.2) 16 (17.8)  0.161
Total AF history in months, median (IQR) 48 (21-84) 30 (12-72) 0.055
Previous treatment of AF, n (%)
Pulmonary vein isolation 26 (12.9) 8 (8.9) 0.327
Previous AAD tried None 95 (47.0) 56 (62.2) 0.016
(apart from current 1 72 (35.6) 26 (28.9)
treatment) 2 or more 35 (17.4) 8(8.9)
Previous electrical or None 69 (34.2) 44 (48.9) 0.017
pharmacological 1 29 (14.4) 10 (11.1)
cardioversion 2 or more 104 (51.5) 36 (40.0)
Previous or current rhythm control (AAD, PVI or 185 (91.6) 76 (84.4) 0.067
cardioversion)
Current medication, n (%)
Anti-thrombotic therapy VKA 176 (87.1) 74 (82.3) 0.718
NOAC 25 (12.3) 15 (16.7)
DAPT 1(0.5) 1(1.1)
Anti-arrhythmic treatment Any AAD 141 (69.8) 59 (65.6) 0.471
Flecainide 65 (32.2) 24 (26.7) 0478
Sotalol 50 (24.8) 25(27.8) 0.271
Amiodarone 25(12.4) 9(10.0) 0.559
Disopyramide 2(1.0) 1(1.1) 0.999
Propafenone 2(1.0) 1(1.1) 0.999
Beta blocker 86 (42.6) 36 (40.0) 0.680
Statin 61 (30.2) 11 (12.2)  0.001
Verapamil/Diltiazem 28 (13.9) 12 (13.3)  0.904
Digoxin 28 (13.9) 9 (10.0) 0.360
Any RAAS inhibitor (ACEi/ARB/ARA) 84 (41.6) 31(34.4) 0.249
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PVI characteristics, n (%)

Type of PVI Cryoballoon 136 (67.3) 62 (68.9) 0.195

Laser 4 (2.0) 5 (5.6)

RF/WACA 34 (16.8) 9(10.0)

Surgical 28 (13.9) 14 (15.6)
Complete PV isolation 199 (98.5) 89(98.9) 0.999
CTI ablation in same session 30 (14.9) 10 (11.1)  0.391
Any complication 18 (8.9) 12 (13.3)  0.250
Echocardiography
LVEF in %, mean+SD (n=282) 58 +7 607 0.019
LA diameter in mm, mean+SD (n=238) 43+6 415 0.015
LA volume in ml, meantSD (n=225) 88 +25 8020 0.024
LA volume indexed to BSA, ml/kg? mean+SD (n=197) 43 £ 11 39+10 0.031
RA volume in ml, mean+SD (n=190) 67 +23 68 + 27 0.787
Coronary computed tomography
Calcium mass score, median (IQR) (n=282) 4.4 (0-29.7) 2.2 (0-15.7) 0.442
Agatston score, median (IQR) (n=286) 22 (0-165) 14 (0-83) 0.373
Agatston score 0-10 85 (43.4) 44 (48.9) 0.555
categorized, n (%) 10-100 56 (28.6) 26 (28.9)

100-400 26 (13.3) 12 (13.3)

>400 29 (14.8) 8(8.9)
No plaque present, (n=280) 82 (41.6) 33(39.8) 0.772
Any plaque present, (n=280) 115 (58.4) 50 (60.2)
Involvement score, median (IQR) (n=280) 1(0-4) 1(0-3) 0.953
Involvement score, n (%) O 82 (41.6) 33(39.8) 0.848

1-2 51 (25.9) 24 (28.9)

3-4 29 (14.7) 14 (16.8)

>5 35 (17.8) 12 (11.0)
Segment score, median (IQR) (n=280) 1(0-4) 1(0-4) 0.946
Segment score, n (%) 0 82 (41.6) 33(39.8) 0.841

1-2 48 (24.2) 23 (27.7)

3-4 25(12.7) 8(9.6)

>5 42 (21.3) 19 (22.9)
Pericardial adipose tissue in ml, mean+SD (n=282) 203 £ 90 176 £ 77  0.017
Pericardial adipose tissue indexed to BMI, mean+SD (n=281) 7327 6.5+2.6 0.024

AAD=Anti-Arrhythmic Drugs; BMI=Body mass index; BSA=Body Surface Area;
COPD=Chronic Obstructive Pulmonary Disease; DAPT=Dual Anti-Platelet Therapy; LA=Left
Atrial; LVEF=Left Ventricular Ejection Fraction; NOAC=Non vitamin K antagonist Oral
AntiCoagulation; IQR=Inter-Quartile Range; PVI=Pulmonary Vein Isolation; RA=Right Atrial;
RF=Radio Frequency; SD=Standard Deviation; TIA=Transient Ischemic Attack; VKA=Vitamin
K Antagonist; WACA=Wide Antral Circumferential Ablation.
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PAT could be quantified in 97% (282/292) of the CCTs within the diastolic phase and in 93%
(272/292) within the systolic phase. There was a strong positive correlation between the
diastolic and systolic phase measured PAT for a certain HU threshold, as well as across the
assessments with different HU thresholds in both cardiac phases (Table 2). For the
remainder of the analysis, the -30 HU threshold was used since this is the most widely used
threshold in available literature. There was a moderate positive correlation between PAT and
BMI, r=0.51, n=288, p<0.001, and a weak positive correlation between PAT and left atrial
volume (LAV), r=0.29, n=218, p<0.001.

Table 2. Pearson’s correlations for the different pericardial adipose tissue assessments, r-
values are depicted with p<0.001 for all correlations.

Diastolic phase Systolic phase

-15HU -30HU -45HU | -15HU -30HU -45HU

Diastolic phase -15 HU - 0.997 0.991 0.949 0.950 0.949
-30HU | 0.997 - 0.998 0.951 0.954 0.955
-45HU | 0.991 0.998 - 0.946 0.952 0.954
Systolic phase  -15HU | 0.949 0.951 0.946 - 0.998 0.995
-30HU | 0.950 0.954 0.952 0.998 - 0.999

-45 HU | 0.949 0.955 0.954 0.995 0.999 -

HU=Hounsfields Units.

Mean PAT volume was statistically significantly lower in the patients with successful PVI at
maximum follow-up compared to those with AF recurrence (176+77 vs. 203+90 ml, p=0.017;
Figure 2). Correction for body mass index yielded comparable results (6.5+2.6 vs. 7.3+2.7
ml, p=0.024; Figure 3). At 1-year follow-up, the difference was not statistically significant
(190494 vs. 203+89 ml, p=0.269). Furthermore, no differences were observed between
patients with successful and not/partially successful PVI regarding the presence or the extent
of CAD on CCTA, i.e. Agatston, calcium mass, segment score, or involvement score (Table

1). This was also the case for the 1-year follow-up.
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Figure 2. Pericardial adipose tissue volumes in ml for all patients, grouped by success of
pulmonary vein isolation at maximum follow-up, with mean and standard deviation.
PAT=Pericardial Adipose Tissue; PVI=Pulmonary Vein Isolation.
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Figure 3. Pericardial adipose tissue volumes in ml corrected for BMI for all patients, grouped
by success of pulmonary vein isolation at maximum follow-up, with mean and standard
deviation. BMI=Body Mass Index; PAT=Pericardial Adipose Tissue; PVI=Pulmonary Vein
Isolation.
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After multivariable logistic regression, LAVI was the only variable independently associated
with PVI outcome at maximum follow-up (Table 3). With increasing LAVI, the chance of
having a successful PVI decreased (Odds Ratio [OR] per ml/kg2 increase: 0.987; 95%
Confidence Interval [Cl] 0.974-0.999; p=0.039).

Table 3. Univariable and multivariable regression for success of PVI at maximum follow-up.

Univariable Regression

Multivariable Regression

Odds Ratio p-value Odds Ratio p-value
Left atrial volume indexed to 0.967 (0.939-0.996) 0.033  0.967 (0.939-0.996)  0.033
BSA, ml/kg?
Type Il diabetes mellitus 0.23 (0.05-1.02) 0.054
Pericardial adipose tissue 0.90 (0.83-0.97) 0.009
indexed to BMI
Total duration of atrial fibrillation ~ 0.998 (0.994-1.001) 0.206
Previous/current rhythm control 0.50 (0.23-1.06) 0.071
Left ventricular ejection fraction 1.05 (1.10-1.09) 0.021
on echocardiogram, in %
A wave on echocardiogram 1.010 (1.001-1.020) 0.029

BMI=Body mass index; BSA=Body Surface Area;

DISCUSSION

This study demonstrates that patients with maintenance of sinus rhythm after PVI show less
pericardial adipose tissue on CCT prior to ablation, compared to patients with AF
recurrences during follow-up. However, levels of PAT at baseline were not predictive of
rhythm outcome after PVI in this cohort. In fact, LAVI was the only independent predictor of
rhythm outcome after ablation, which is in accordance with several previous reports showing
that left atrial volume is one of the strongest predictors of outcome after PVI.(7-11)

The relationship between PAT and prevalent AF is already established, i.e. patients with AF
are characterized by higher volumes of PAT compared to those without.(12) Similarly,
patients with persistent AF show higher volumes of PAT than patients with paroxysmal
AF.(12) Regarding rhythm outcome after AF ablation, Wong et al. have shown that higher
volumes of cardiac magnetic resonance imaging detected PAT are associated with poorer
outcome after PVI.(13)

As for semi-automatically detected PAT on CCT, the evidence is conflicting. In a study with
40 AF patients, both left atrial pericardial adipose tissue (LA-PAT) and total PAT predicted
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AF recurrences after ablation.(14) In a different study with 274 patients, LA-PAT indexed to
body surface area predicted AF recurrences after PVI.(15) No comparison was made with
total PAT. Kim et al. (16) have performed the largest study regarding the association
between PAT assessments on CCT and rhythm outcome after PVI. In 665 patients, PAT
volumes at baseline could only predict AF recurrences in patients with persistent AF and not
in patients with paroxysmal AF.

Stojanovska et al. (17) conducted a study comparing epicardial adipose tissue (EAT) with
extrapericardial AT, showing that only EAT could predict AF recurrences after ablation. The
pericardium was manually traced in all patients and formed the border between what was
considered EAT and extrapericardial AT. Extrapericardial AT alone as well as combined with
EAT were not predictive of rhythm outcome after PVI, contrary to the conclusion of the
studies mentioned above. Those and the present study combined EAT and extrapericardial
AT volumes, since delineation of pericardium is hard to perform reliably and reproducibly in a

semi-automatic manner.

PAT interacts with AF and the atria in various ways. Firstly, PAT is believed to stimulate a
pro-inflammatory response in the atria through paracrine effects.(18) In addition, PAT
contains ganglionated plexi, which also stimulate inflammation through an increase in cardiac
autonomic nerve activity.(19) Moreover, PAT can lead to fibrotic remodeling of the atrial
myocardium through secretion of inflammatory cytokines, growth factors, and matrix
metalloproteinases.(20) All these processes combined lead to increased atrial remodeling

and can possibly give cause for AF recurrences post ablation.

In addition to the paracrine effects, adipose tissue also exerts systemic effects, e.g.
hypercoagulability, through thrombocyte activation, inhibiting fibrinolysis, and stimulating the
synthesis of coagulation factors.(21) Hypercoagulability is known to cause atrial fibrosis in a
mouse model, and as a consequence leading to an increased incidence of AF in these mice
compared to wild-type mice.(22) The same pathophysiological mechanisms might partly

explain the association between PAT and AF in man.

Contrary to our hypothesis, neither the presence nor the extent of CAD as detected by CCT
differed between the patients with and without favorable rhythm outcome after PVI, similar to
previous findings of a lack of association between clinically overt CAD and outcome after AF
ablation.(23-25)
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Limitations

Firstly, the lack of continuous monitoring can lead to a possible underestimation of AF
recurrences due to asymptomatic AF episodes after PVI. Secondly, we assessed total PAT
as a surrogate marker for LA-PAT, since it was not possible to reliably and reproducibly
quantify LA-PAT selectively. However, as described above, Nagashima et al. (14) have
shown that both total PAT and LA-PAT predict AF recurrences after ablation in a relatively

small population, suggesting that LA-PAT could be a derivative of total PAT.

CONCLUSION

Patients with successful pulmonary vein isolation after a median follow-up of 2 years showed
less pericardial adipose tissue on cardiac CT at baseline, compared to patients with AF
recurrences during follow-up. However, multivariable logistic regression only ascertained

LAVI as a predictor of unfavorable PVI outcome.
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ABSTRACT
Background
Atrial fibrillation (AF) often starts as a paroxysmal selfterminating arrhythmia. Limited
information is available on AF patterns and episode duration of paroxysmal AF. In
paroxysmal AF patients we longitudinally studied the temporal AF patterns, the association

with clinical characteristics, and prevalence of AF progression.

Methods and results

In the Reappraisal of AF: Interaction Between HyperCoagulability, Electrical Remodelling,
and Vascular Destabilisation in the Progression of AF (RACE V) registry 202 patients with
paroxysmal AF were followed with continuous rhythm monitoring (implantable loop recorder
or pacemaker) for 6 months. Mean age was 64+9 years, 42% were women. AF history was
2.1 (0.5-4.4) years, CHA2DS2-VASc 1.9+1.3, 101 (50%) had hypertension, 69 (34%) heart
failure. One third did not show any AF during follow-up. Patients with long episodes (>12
hours) were often men with more comorbidities (heart failure, coronary artery disease, higher
left ventricular mass). Patients with higher AF burden (>2.5%) were older with more
comorbidities (worse renal function, higher calcium score, thicker intima media thickness). In
179(89%) patients 1-year rhythm follow-up was available. On a quarterly basis, average daily
AF burden increased from 3.2% to 3.8%, 5.2% and 6.1%. Compared to the first 6 months,
111 (62%) patients remained stable during the second 6 months, 39 (22%) showed
progression to longer AF episodes, 8 (3%) developed persistent AF, 29 (16%) patients

showed AF regression.

Conclusions
In paroxysmal AF, temporal patterns differ suggesting that paroxysmal AF is not one entity.
AF burden is low and determined by number of comorbidities. Modest AF progression occurs

in a substantial number.
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INTRODUCTION

Traditionally, atrial fibrillation (AF) is clinically categorized into paroxysmal, persistent,
longstanding persistent and permanent AF.(1) Often starting as short-lasting, paroxysmal
episodes, AF commonly progresses over time to persistent and permanent, non-
selfterminating AF.(2) Progression of AF is associated with a higher incidence of major
adverse cardiovascular and cerebrovascular events.(3,4) However, most data on AF and AF
progression is obtained with intermittent rhythm monitoring, providing limited information on
the total burden and the temporal pattern of AF.(5-7) In the era of implantable loop recorders,
it is now possible to assess progression of AF more precisely.(8) These devices also provide
information on the exact temporal AF pattern and number and duration of AF episodes,
which may help explaining differences in underlying pathophysiological AF mechanisms and
related clinical outcomes. Ultimately this could aid to personalize AF therapy and may have

clinical utility for the assessment of AF treatment response.

Recently, the first initiatives for an improved classification for paroxysmal AF have been
proposed, based on single-lead electrocardiogram (ECG) monitoring.(9) The Reappraisal of
Atrial Fibrillation: Interaction Between HyperCoagulability, Electrical Remodelling, and
Vascular Destabilisation in the Progression of Atrial Fibrillation (RACE V) registry aims to
elucidate the factors associated with AF progression. At baseline, deep phenotyping of
patients with paroxysmal selfterminating AF is performed. Exact longitudinal assessment of
episode number and duration and AF burden is provided by continuous rhythm monitoring
through an implantable loop recorder or pacemaker with the same AF detection algorithm. In
the present interim analysis, we aim to study paroxysmal AF temporal patterns, burden and

short-term progression, and their association with clinical characteristics.

METHODS
Patient population

The RACE V is an investigator-initiated, prospective, multicenter registry aiming to include
750 patients in multiple centers in The Netherlands. A total of 202 patients were included in 5
centers for the current interim analysis between June 2016 and December 2017. Inclusion
criteria included patients aged >18 years with paroxysmal AF; a maximum history of 10 years
since diagnosis at the moment of inclusion; a maximum CHA2DS»-VASc score of 5; and no
other indication for anticoagulation drugs (e.g. mechanical valve prosthesis). Patients had to
have at least two documented episodes of paroxysmal AF in the past year or one

documented episode combined with at least two symptomatic episodes in the past year
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suspected to be AF. In patients with a Medtronic pacemaker, atrial high rate episodes
(AHRE) >190 beats per minute lasting >6 minutes were qualified as AF episodes. Patients
with other types of pacemakers, defibrillators or cardiac resynchronization therapy could not
participate due to differences in AHRE algorithm or incompatibility with the type of home
monitoring. Patients with a history of persistent AF, currently treated with amiodarone,
current pregnancy or a life expectancy <2.5 years were not eligible to participate. Patients
with AF caused exclusively by transient triggers (e.g. postoperative, due to infection) could
also not participate, as well as patients with a previous pulmonary vein isolation (PVI), or
intention to undergo PVI. The study was performed in concordance with the Declaration of
Helsinki. The Institutional Review Board approved the protocol and the study was registered
at Clinicaltrials.gov (identifier NCT02726698). All centers approved the protocol and all

patients gave written informed consent. Intended median total follow-up duration is 2.5 years.
Study procedures

All patients received causal therapy for AF, as well as rate and rhythm control according to
the European Society of Cardiology AF guidelines.(1) At baseline, information on clinical
characteristics, medical history, AF characteristics, symptomatology and current medication
were collected. Additionally, all patients underwent physical examination, a 12-lead ECG,
echocardiography, cardiac computed tomography (CT), vascular assessment and blood
sampling. After baseline, additional follow-up visits were planned at 1 and 2.5 years.

The cardiac CT was performed as a non-contrast ECG-gated scan with slice collimation of
0.6 mm and a tube voltage of 120 kV. Cranial demarcation was placed at the aortic arch or
higher and caudal demarcation was placed to include the whole heart. Automated coronary

calcium scores (Agatston) were collected.

Vascular assessment included pulse wave velocity (PWV) and intima media thickness (IMT)
measurements. PWV velocity was measured by SphygmoCor (Atcor Medical Blood Pressure
Analysis System, Australia) or Complior (Alam Medical, France) at the carotid and femoral
arteries. To determine aortic PWV, 220 consecutive pressure waveforms were collected at
the carotid artery and the femoral artery. The system software calculated the wave transit
time, using the R wave of the simultaneously recorded ECG. Distance between both
measure points was determined and corrected by multiplying the distance by 0.8. The PWV
was calculated by dividing the corrected distance by the wave transit time. IMT
measurements were performed by ultrasound (Siemens Acuson S2000) with the Syncho US
Workplace 3.5, Arterial Health Package for automated IMT measurement. IMT was bilaterally

assessed in the common carotid artery, the carotid bifurcation and internal carotid artery.
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Rhythm follow-up

All patients had continuous rhythm monitoring to detect the exact AF burden (time spent in
AF) and temporal AF pattern (the number and duration of AF episodes). Patients either
received a Medtronic Reveal LINQ® implantable loop recorder subcutaneously or had a
Medtronic pacemaker implanted prior to inclusion. All patients received a home monitoring
device (Medtronic Carelink®) in order to collect all data regarding cardiac arrhythmias on the
Carelink Network®. Patients were instructed to perform at least weekly manual data
transmissions to prevent potential data loss. AT/AF detection setting was set to AF detection
only. Additional settings included a tachy-pause-brady data storage priority and balanced
sensitivity for AF detection with nominal ectopy rejection for all patients. All episodes of AF
=2 minutes were automatically detected. Episodes =182 beats per minute with a duration of
=224 beats were automatically classified as tachycardia and if applicable, corrected to AF
episodes. First, a dedicated service (Fysiologic, Amsterdam, The Netherlands) adjudicated
all episodes. As a second assessment all episodes were independently adjudicated by 2
physicians (R.R.D.W.; O.E.) and corrected if needed. Information on changes in anti-
arrhythmic drug (AAD) therapy, electrical cardioversion (ECV) and PVI were collected during

follow-up.
Atrial fibrillation patterns

AF patterns during 6 months (183 days) were visualized by custom-made software using
Microsoft Visual Basic. First day of monitoring started at midnight the day after loop recorder
implantation or at midnight the day after inclusion in patients with a pacemaker. AF patterns
were independently adjudicated by 4 physicians (R.R.D.W.; O.E.; HJ.G.M.C.; .C.V.G.). At
first, all patients were divided into having no recurrence of AF or =21 episode of AF during
follow-up. Secondly, patients with AF episodes were divided by into short AF episodes
duration (<6 hours), intermediate (6-12 hours), and long AF episodes (>12 hours) by their
longest AF episode during the first 6 months. Third, AF burden was calculated by the
cumulative time in AF divided by the total follow-up time, expressed as a percentage. In
addition, patients were divided according to degree of AF burden: low AF burden (>0-0.5%),
intermediate (>0.5-2.5%), and high AF burden (>2.5%). The aforementioned cut-offs for AF
burden were used to create equally-sized groups.

AF progression was assessed in 179 patients in whom 1 year (366 days) of rhythm follow-up
was available. These patients were also divided into no AF, short, intermediate and long
episodes according to the second 6 months of rhythm follow-up. AF progression was defined

as deterioration of episode duration category (e.g. short to intermediate episodes) in the
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second 6 months, as compared to the first 6 months. Regression was defined as episode
category improvement (e.g. intermediate to short episodes). Daily averaged AF burden was
calculated by the sum of the daily AF burden from all patients and divided by the number of
patients. Patients with episodes >7 days were considered to have persistent AF.

Statistical analysis

Data was presented as means + standard deviation or median with interquartile range,
depending on normality of the data. Categorical data was presented as numbers with
percentages. Differences between patients with and without AF recurrence were tested by
Student’s T-test, Man-Whitney U test or Fisher’s exact (2 categories) or x2 (>2 categories).
Differences between different AF patterns were analyzed by one-way ANOVA in normally
distributed data, Kruskall-Wallis test in non-normally distributed data or x2 in categorical
data. Additional sensitivity analyses were performed excluding the following groups: (1)
patients that underwent PVI or ECV during follow-up; (2) patients that underwent PVI, ECV
or had changes in AAD therapy during follow-up; and (3) patients that underwent PVI, ECV
or any AAD therapy during follow-up. Spearman’s correlation coefficient, including 95%
confidence interval (Cl), was calculated to assess the relation of AF burden and the duration
of the longest AF episode. Changes in the duration of longest AF episode category in the first
6 months and second 6 months were visualized using a Sankey diagram. All analyses were
performed by IBM SPSS Statistics for Windows version 23.0 (Armonk, New York, USA) and
GraphPad Prism version 7.02 (GraphPad Software, La Jolla, USA). A P-value <0.05 was
considered statistically significant.

RESULTS
Patient characteristics

Baseline characteristics are shown in Table 1. Mean age was 6419 years, 85 (42%) were
women and median history of AF at baseline was 2.1 (0.5-4.4) years. The majority had an
implantable loop recorder (185 [92%]); 17 (8%) had a pacemaker. Patients with a pacemaker
were older (7219 versus 6419 years, P<0.001) and had more comorbidities (2.9+1.5 versus
2.3+1.3, p=0.049).
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Table 1. Baseline characteristics of the total population, and split on recurrence of AF during

6-months follow-up.

No Recurrence | Recurrence
Total of AF of AF p-
(N=202) (N=63) (N=139) value
Age (years) 6419 64+10 6419 0.900
Male sex 117 (58%) 36 (57%) 81 (58%) | 0.880
Total history AF (years) 2.1(0.5-44)| 1.9(0.5-53) |22(0.6-4.5)| 0.574
Heart failure 69 (34%) 21 (33%) 48 (35%) | 0.868
Hypertension 101 (50%) 40 (64%) 61 (44%) | 0.010
Diabetes mellitus 19 (9%) 8 (13%) 11 (8%) 0.304
Coronary artery disease 23 (11%) 5 (8%) 18 (13%) 0.299
Thromboembolic events 22 (11%) 9 (14%) 13 (9%) 0.297
Chronic obstructive pulmonary disease 11 (5%) 3 (5%) 8 (6%) 0.773
Number of Comorbidities* 2.3x1.3 2.5%1.3 2.3+1.3 0.199
CHA2DS,-VASc 1.941.3 22413 1.8+1.3 0.030
0 25 (12%) 4 (6%) 21 (15%)
1 56 (28%) 14 (22%) 42 (30%)
2 60 (30%) 25 (39%) 35 (25%)
3 35 (17%) 8 (12%) 27 (19%)
4 18 (9%) 7 (11%) 11 (8%)
5 8 (4%) 5 (8%) 3 (2%)
EHRA class 0.143
I 22 (11%) 9 (14%) 13 (9%)
Il 84 (42%) 24 (38%) 60 (43%)
1] 78 (39%) 28 (44%) 50 (36%)
Y 18 (9%) 2 (3%) 16 (12%)
Height (cm) 176+10 176+10 176111 0.873
Weight (kg) 86117 85+15 86118 0.747
BMI (kg/m?) 2845 2845 2845 0.956
Obesity (BMI>30) 50 (25%) 17 (27%) 33 (24%) | 0.621
Waist circumference (cm) 102+13 103+14 102+13 0.692
Blood pressure (mmHg)
Systolic 136+18 135+17 13719 0.458
Diastolic 81+10 80111 8119 0.649
NT-proBNP (pg/ml) 50 (22-144) | 54 (27-123) | 48 (19-159) | 0.540
Creatinine (umol/L) 82 (70-92) 82 (70-92) 82 (71-92) | 0.476
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eGFR (mL/min) 80 (68-88) 82 (68-91) 79 (68-88) | 0.491
Medications
B-blocker 104 (52%) 33 (52%) 71 (51%)) | 0.864
Verapamil/Diltiazem 31 (15%) 9 (14%) 22 (16%) 0.778
Class | antiarrhythmic drugs 41 (20%) 6 (10%) 35 (25%) 0.013
Class Il antiarrhythmic drugs 11 (5%) 3 (5%) 8 (6%) 1.000
Digoxin 2 (1%) - 2 (1.4%) 0.339
ACE-inhibitor 43 (21%) 18 (29%) 25 (18%) | 0.089
Angiotensin Receptor Blocker 44 (22%) 22 (35%) 22 (16%) 0.002
Mineralocorticoid Receptor Antagonist 3 (2%) - 3 (2%) 0.240
Statin 80 (40%) 27 (43%) 53 (38%) | 0.524
Diuretic 33 (16%) 17 (26%) 16 (12%) | 0.006
Anticoagulant 0.079
Vitamin K antagonist 33 (16%) 11 (17%) 22 (16%)
NOAC 114 (56%) 40 (63%) 74 (53%)
Echocardiographic variables
Left atrial volume (mL) 69+23 62+20 72124 0.013
Left atrial volume index (mL/m?) 35+12 31+10 37+12 0.002
Left ventricular ejection fraction (%) 58 (55-60) 58 (55-60) 58 (565-60) | 0.661
Left ventricular ejection fraction <45% 4 (2%) 2 (3%) 2 (1%) 0.412
Left ventricular mass (g) 162147 156145 164147 0.417
Left ventricular mass index (g/m?) 79+18 7717 80+19 0.468
Left ventricular hypertrophy 8 (4%) 2 (3%) 6 (4%) 0.700
CT Calcium score (Agatston) 31 (0-227) 41 (0-262) 26 (0-216) | 0.733
Vascular assessment
0.72 0.71 0.73 0.418
IMT=CCA (mm) (0.63-0.87) | (0.62-0.88) | (0.64-0.87)
73 0.7 0.74 .8
IMT—all segments (mm) (0.602-0.90) (0.60-(?.94) (0.63-0.87) o
Pulse wave velocity (m/s) 8.3(7.3-9.7) | 8.6(7.2-9.7) |8.1(7.3-9.7) | 0.382

Data are presented as meantstandard deviation, number of patients (%), or median
(interquartile range). Abbreviations: ACE=angiotensin-converting enzyme; AF=atrial
fibrillation; BMI=body mass index; CCA=common carotid artery; eGFR=estimated glomerular
filtration rate; EHRA= European Heart Rhythm Association class for symptoms; IMT=intima
media thickness; NOAC= novel oral anticoagulation; NT-pro BNP=N-terminal pro-brain
natriuretic peptide; *The number of comorbidities was calculated by awarding points for
hypertension, heart failure, age >65 years, diabetes mellitus; coronary artery disease,
BMI>25kg/m2, moderate or severe mitral valve regurgitation and kidney dysfunction
(eGFR<60);
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AF episodes

A total of 13,657 episodes of AF in 202 patients were automatically detected by the
implanted device during a median follow-up of 183 days, of which 2,231 (16%) episodes
were adjudicated as false positive for AF, for example due to premature atrial beats,
ventricular extra beats or artefacts. Most (93%) false positive episodes lasted <10 minutes.
Forty episodes of AF were originally classified as tachycardia. After applying all corrections,
11,466 episodes of AF remained, with a median AF burden of 0.3% (0-2.1%, maximal
burden 61.1%) during 6-months follow-up (total of 36,966 days of continuous day-to-day
heart rhythm data for analysis). Of these 11,466 episodes, 11,456 (>99.9%) episodes were
selfterminating. Ten episodes in 8 patients were non-selfterminating AF. These patients
underwent an ECV. Of these 8 patients, 2 had short, 3 had intermediate and 3 had long
selfterminating AF episodes. Changes in AAD therapy were made in 6 patients (4 started
with flecainide; 1 started sotalol; and in 1 patient flecainide was stopped). Three patients
underwent a PVI within 6 months (at day 64, 163 and 171 of follow-up, respectively), of

which 1 patient had episodes of intermediate duration and 2 had long episodes.
AF patterns

During follow-up 63 patients (31%) had no recurrence of AF (Table 1). Patients without AF
recurrence had more often hypertension, a higher CHA2DS,-VASc score, smaller left atria,
and were more often treated with angiotensin converting enzyme inhibitors (ACE) or
angiotensin receptor blockers (ARB) and diuretics. The estimated number of AF episodes the
year before inclusion was not different from the ones with AF recurrences [9 (2-50) versus 10
(4-50) episodes, p=0.357]. Forty-five (22%) patients had short, 38 (19%) had intermediate,
and 56 (28%) had long episodes. Figure 1 shows examples of patients with short,
intermediate and long episodes. Patients with long episodes were more often men, had more
often heart failure, coronary artery disease, a higher number of comorbidities, a larger waist
circumference and higher left ventricular mass (Table 2). Several sensitivity analyses were
performed, excluding patients with AAD therapy, ECV or PVI during follow-up. Although not

all differences remained significant, similar trends were observed.

Fifty (25%) patients had low, 44 (22%) intermediate, and 45 (22%) had high AF burden
(Table 3). Patients with high AF burden were older, had a higher number of comorbidities, a
higher CHA2DS2-VASc score, a lower eGFR, higher coronary calcium score and a thicker
IMT. Figure 2 shows the correlation between AF burden and the duration of the longest AF
episode [Spearman’s p 0.917 (95% CI 0.891-0.937), P<0.001]. Only 4 patients had long
episodes accompanied by a low AF burden and 2 had short episodes with a high AF burden.
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Table 2. Patients’ characteristics and longest AF episode duration during 6-month follow-up.

Short Intermediate Long
episodes episodes episodes p-
(N=45) (N=38) (N=56) value
Age (years) 63+10 63+10 67+7 0.068
Male sex 17 (38%) 23 (61%) 41 (73%) | 0.002
Total history AF (years) 2.1(0.7-45) | 1.8(0.4-3.9) |25(0.6-4.8) | 0.384
Heart failure 9 (20%) 16 (42%) 23 (41%) 0.044
Hypertension 20 (44%) 13 (34%) 28 (50%) | 0.317
Diabetes mellitus 3 (7%) 1 (3%) 7 (13%) 0.205
Coronary artery disease 3 (7%) 3 (8%) 12 (21%) 0.049
Thromboembolic events 6 (13%) 3 (8%) 4 (7%) 0.533
Chronic obstructive pulmonary disease 2 (4%) 2 (5%) 4 (7%) 0.836
Number of comorbidities™ 1.9+1.2 2.0+1.2 27+1.4 0.007
CHA2DS,-VASc 1.9+1.1 1.6+1.4 1.9+1.2 0.407
0 4 (9%) 11 (29%) 6 (11%)
1 14 (31%) 10 (26%) 18 (32%)
2 14 (31%) 7 (18%) 14 (25%)
3 10 (22%) 5 (13%) 12 (21%)
4 2 (4%) 4 (11%) 5 (9%)
5 1(2%) 1 (3%) 1(2%)
EHRA class 0.965
I 4 (9%) 3 (8%) 6 (11%)
Il 17 (38%) 17 (45%) 26 (46%)
1] 22 (49%) 15 (40%) 13 (23%)
\% 2 (4%) 3 (8%) 11 (20%)
Height (cm) 173+10 176411 178411 0.057
Weight (kg) 82+18 86116 90+18 0.084
BMI (kg/m?) 2745 28+4 2845 0.353
Obesity (BMI>30) 9 (20%) 8 (21%) 16 (29%) | 0.543
Waist circumference (cm) 97+13 101£11 105£13 0.010
Blood pressure (mmHg)
Systolic 135+18 139420 136118 0.675
Diastolic 80+10 82+10 8118 0.616
NT-proBNP (pg/ml) 33 (14-130) | 62 (23-165) | 48 (22-197) | 0.312
Creatinine (umol/L) 76 (67-85) 80 (71-92) 86 (77-95) | 0.009
eGFR (mL/min) 83 (69-90) 79 (66-86) 76 (65-87) | 0.297
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Medications
B-blocker 21 (47%) 18 (47%) 32 (57%) | 0.501
Verapamil/diltiazem 6 (13%) 9 (24%) 7 (13%) 0.296
Class | antiarrhythmic drugs 17 (38%) 11 (29%) 7 (13%) 0.012
Class IIl antiarrhythmic drugs 2 (4%) 1 (3%) 5 (9%) 0.393
Digoxin 1(2%) - 1(2%) 0.671
ACE-inhibitor 7 (16%) 5(13%) 13 (23%) | 0.403
Angiotensin Receptor Blocker 5(11%) 5 (13%) 12 (21%) 0.321
Mineralocorticoid Receptor Antagonist - 1 (3%) 2 (4%) 0.458
Statin 14 (31%) 8 (21%) 31 (55%) | 0.002
Diuretic 4 (9%) 4 (11%) 8 (15%) 0.683
Anticoagulant 0.128
Vitamin K antagonist 5 (9%) 5 (13%) 12 (21%)
NOAC 24 (53%) 18 (47%) 32 (57%)
Echocardiographic variables
Left atrial volume (mL) 71+25 71+23 72124 0.973
Left atrial volume index (mL/m?) 3713 37111 3611 0.850
Left ventricular ejection fraction (%) 58 (55-60) 58 (55-62) 58 (565-61) | 0.573
Left ventricular ejection fraction <45% 1(2%) 1(3%) - 0.498
Left ventricular mass (g) 141136 166136 178155 0.009
Left ventricular mass index (g/m?) 74+14 78+18 8521 0.046
Left ventricular hypertrophy 1(2%) 1 (3%) 4 (7%) 0.402
CT Calcium score (Agatston) 20 (0-149) 6 (0-143) 58 (1-299) | 0.090
Vascular assessment
IMT=CCA (mm) 0.7&&.)62- 0.73-5(3%)63- 0.7(()3-5(3%.)69- 0.192
IMT—all segments (mm) 0.73;%.)62— 0.7&{(3(;.)62- 0.75'&)1.)64- 0.101
Pulse wave velocity (m/s) 7.9(7.2-9.8) | 7.9(7.4-10.0) | 8.3(7.4-9.4) | 0.976

Data are presented as meantstandard deviation, number of patients (%), or median
(interquartile range). Abbreviations: ACE=angiotensin-converting enzyme; AF=atrial
fibrillation; BMI=body mass index; CCA=common carotid artery; eGFR=estimated glomerular
filtration rate; EHRA= European Heart Rhythm Association class for symptoms; IMT=intima
media thickness; NOAC= novel oral anticoagulation; NT-pro BNP=N-terminal pro-brain
natriuretic peptide; *The number of comorbidities was calculated by awarding points for
hypertension, heart failure, age >65 years, diabetes mellitus; coronary artery disease,
BMI>25kg/m2, moderate or severe mitral valve regurgitation and kidney dysfunction
(eGFR<60);
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Table 3. Patients’ characteristics and AF burden during 6-month follow-up..

Low Intermediate High
AF burden AF burden AF burden p-
(N=50) (N=44) (N=45) value
Age (years) 62+10 64+8 68+8.8 0.005
Male sex 24 (48%) 29 (66%) 28 (62%) | 0.173
Total history AF (years) 1.8(0.6-4.8) | 2.9(0.9-4.6) | 1.9(0.3-4.0) | 0.530
Heart failure 13 (26%) 17 (39%) 18 (40%) | 0.282
Hypertension 21 (42%) 21 (48%) 19 (42%) | 0.824
Diabetes mellitus 3 (6%) 1(2%) 7 (16%) 0.056
Coronary artery disease 3 (6%) 5 (11%) 10 (22%) 0.059
Thromboembolic events 5 (10%) 3 (7%) 5(11%) 0.770
Chronic obstructive pulmonary disease 2 (4%) 3 (7%) 3 (7%) 0.801
Number of comorbidities™ 1.9+1.2 2.3+x11 2.2+1.3 0.032
CHA2DS,-VASc 1.6+1.1 1.6+£1.3 2.2+1.3 0.019
0 9 (18%) 8 (18%) 4 (9%)
1 14 (28%) 18 (41%) 10 (22%)
2 16 (32%) 8 (18%) 11 (24%)
3 9 (18%) 6 (14%) 12 (27%)
4 2 (4%) 2 (5%) 7 (16%)
5 - 2 (5%) 1(2%)
EHRA class 0.017
I 3 (6%) 3(7%) 7 (16%)
Il 21 (42%) 15 (34%) 24 (53%)
1] 24 (48%) 18 (41%) 8 (18%)
\% 2 (4%) 8 (18%) 6 (13%)
Height (cm) 17610 17711 17711 0.785
Weight (kg) 85+18 90118 84117 0.280
BMI (kg/m?) 2845 2945 2715 0.253
Obesity (BMI>30) 13 (26%) 11 (25%) 9 (20%) 0.768
Waist circumference (cm) 100114 103+12 102413 0.486
Blood pressure (mmHg)
Systolic 13718 139419 13519 0.631
Diastolic 8219 84110 7848 0.012
NT-proBNP (pg/ml) 32 (12-127) | 46 (22-125) | 53 (24-214) | 0.101
Creatinine (umol/L) 79 (68-89) 83 (74-87) 83 (73-100) | 0.056
eGFR (mL/min) 85 (71-90) 79 (73-87) 73 (62-86) | 0.020
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Medications
B-blocker 25 (50%) 21 (48%) 21 (56%) | 0.748
Verapamil/diltiazem 6 (12%) 10 (23%) 6 (13%) 0.312
Class | antiarrhythmic drugs 19 (38%) 11 (25%) 5(11%) 0.011
Class IIl antiarrhythmic drugs 1 (2%) 3 (7%) 4 (9%) 0.332
Digoxin - 1(2%) 1(2%) 0.565
ACE-inhibitor 8 (16%) 6 (14%) 11 (24%) | 0.373
Angiotensin Receptor Blocker 6 (12%) 7 (16%) 9 (20%) 0.566
Mineralocorticoid Receptor Antagonist - 1(2%) 2 (4%) 0.330
Statin 13 (26%) 19 (43%) 21 (47%) | 0.083
Diuretic 4 (8%) 7 (16%) 5(11%) 0.485
Anticoagulant 0.025
Vitamin K antagonist 5 (10%) 7 (16%) 10 (22%)
NOAC 26 (52%) 20 (45%) 28 (62%)
Echocardiographic variables
Left atrial volume (mL) 73+26 71+24 71x22 0.927
Left atrial volume index (mL/m?) 3712 3713 37+10 0.989
Left ventricular ejection fraction (%) 58 (55-60) 58 (55-61) 58 (58-61) | 0.333
Left ventricular ejection fraction <45% 1(2%) 1(2%) - 0.611
Left ventricular mass (g) 152138 177152 165150 0.151
Left ventricular mass index (g/m?) 7317 84+19 8320 0.054
Left ventricular hypertrophy 1(2%) 2 (5%) 3 (7%) 0.533
CT Calcium score (Agatston) 21 (0-161) 6 (0-96) 94 (16-360) | 0.012
Vascular assessment
IMT—CCA (mm) 0.7&g()).)61- 0.73-5(9(1.)67- 0.7(2)3-5()(1.)68- 0.029
IMT—all segments (mm) 0.7§.é(3.)61— 0.7&{(3%)62- 0.73&)_,.)64- 0.104
Pulse wave velocity (m/s) 8.0(7.2-9.9) | 8.3(7.5-9.7) |8.1(7.3-9.4) | 0.903

Data are presented as meantstandard deviation, number of patients (%), or median
(interquartile range). Abbreviations: ACE=angiotensin-converting enzyme; AF=atrial
fibrillation; BMI=body mass index; CCA=common carotid artery; eGFR=estimated glomerular
filtration rate; EHRA= European Heart Rhythm Association class for symptoms; IMT=intima
media thickness; NOAC= novel oral anticoagulation; NT-pro BNP=N-terminal pro-brain
natriuretic peptide; *The number of comorbidities was calculated by awarding points for
hypertension, heart failure, age >65 years, diabetes mellitus; coronary artery disease,
BMI>25kg/m2, moderate or severe mitral valve regurgitation and kidney dysfunction
(eGFR<60);
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Figure 2. Scatterplot showing a high rate of agreeability between the AF burden (X-axis) and
the duration of the longest AF episode (Y-axis), both on logarithmic scales. Data shown for
139 patients with AF recurrence during 6-month follow-up. In green 4 patients are identified
with long AF episodes, with low AF burden. In yellow, 2 patients are identified with short
episodes, and high AF burden. Abbreviations: AF=Atrial fibrillation; Cl=confidence interval.

AF progression

In 179 (89%) patients 1-year rhythm follow-up was available. Figure 3 shows the
categorization of patients based on the longest AF episode duration during the first 6 months
as compared to the second 6 months. During follow-up, 111 (62%) patients remained in the
same category, 39 (22%) had progression, and 29 (16%) had regression. Twenty-nine (74%)
out of 39 patients with progression only progressed to the next category (e.g. short to
intermediate or intermediate to long episodes). Eight patients developed persistent AF. A
total of 5 patients started antiarrhythmic drugs, 3 showed AF regression and 2 remained in
the same category. Six patients underwent PVI, 3 showed regression and 3 remained in the
same category. On a quarterly basis, average daily AF burden increased from 3.2% to 3.8%,
5.2% and 6.1%. When only selecting episodes >1 hour (instead of all episodes =2 minutes)
the numbers remained similar: 3.1% to 3.6%, 5.0% and 5.9%.
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Figure 3. Sankey diagram illustrating the categorization based on the longest AF episode
during the first 6 months on the left, and the second 6 months on the right.

DISCUSSION

In patients with paroxysmal selfterminating AF we longitudinally investigated the temporal
pattern, burden and progression of AF and the association with clinical characteristics using
continuous rhythm monitoring. We found that: 1) paroxysmal selfterminating AF has a very
heterogeneous temporal arrhythmia pattern. One third of the patients with previous
documented AF did not show any recurrence during 6 months of follow-up. In those with
recurrences, AF patterns varied both with respect to duration of AF episodes as well as AF
burden. Patients with longer episodes had a higher AF burden; 2) patients with longer AF
episodes and higher AF burden had more severe underlying comorbidities; and 3) modest
AF progression within 1-year occurred in a substantial number of patients.

Quantifying paroxysmal AF

The currently used clinical AF classification poorly reflects the temporal pattern and burden
of AF.(8-10) Patients classified in the same clinical AF category may be inherently
heterogeneous in terms of temporal AF persistence and AF burden. In patients known with
clinical paroxysmal selfterminating AF we now observed that one third of our patients did not

93



Chapter 5

show any recurrence during follow-up. In those with recurrent AF our data disclose that
paroxysmal AF is a heterogeneous arrhythmia consisting of different patterns, both when
classified according to duration of AF episode and according to AF burden. Patients either
had short episodes of AF, or only longer AF episodes. There was, however, a strong
correlation between duration of the selfterminating AF episodes and AF burden. In general,
in our population AF burden was low. Only 10 episodes were electrically cardioverted, all

other episodes remained selfterminating during follow-up.

Recently, it was acknowledged that an important knowledge gap includes understanding the
best parameter for AF quantification, including specific thresholds, e.g. for starting oral
anticoagulation, as well as the relation of the amount of AF and stroke and other major
adverse cardiovascular events.(11) The first initiatives for an improved classification for
paroxysmal AF have been proposed, based on single-lead ECG monitoring for a mean of 11
days in 13,000 patients.(9) Patients were categorized into either the ‘staccato’ AF subtype
with frequent and short episodes of paroxysmal AF, or the ‘legato’ AF subtype with infrequent
and long episodes of paroxysmal AF. Unfortunately, no exact cutoff values for this
classification were provided nor were AF patterns correlated to clinical characteristics. In
general, intermittent short term monitoring precludes optimal classification of the type of AF.
Both continuous ECG monitoring and data from intracardiac monitoring provide now new
evidence for the heterogeneity of AF.(12) Our study extends these findings by proposing
three patterns of paroxysmal selfterminating AF based on the duration of the longest

episode.
Comorbidities and AF

The duration of AF episodes may reflect the severity of the atrial cardiomyopathy which itself
relates to the presence of risk factors and comorbidities next to AF burden.(13) Our data
support this concept by showing differences in clinical and echocardiographic characteristics
within the three groups of AF episode duration and of AF burden, e.g. more male patients
with coronary artery disease, a higher left ventricular mass as well as more comorbidities in
patients with longer AF episodes. Comparably, patients with a higher AF burden were older,
had more comorbidities and a higher CHA2DS>-VASc score, more chronic kidney disease, a
higher coronary calcium score and a thicker IMT. Episode duration might reflect the degree
of the substrate, while the number of shorter AF episodes may be mainly driven by the
amount of triggers. The latter may explain the lack of association between very short
episodes and cardiovascular outcome.(14) Both AF episode duration and AF burden may be

correlated to symptoms, thereby influencing quality of life. Proietti et al. showed that daily
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activity level correlated with the daily AF burden, with decrease in daily activity in patients
with a higher AF burden.(15)

No recurrence of AF

Despite selecting patients with at least 2 episodes of AF in the past year, approximately one
third of our patients did not show any recurrent AF episode during the first 6 months of
follow-up. The lower left atrial volume in these patients might indicate less severe structural
remodeling. On the other hand, the number of comorbidities in patients in this group was
similar to that in patients with recurrences. The higher proportion of hypertension and higher
CHA2DS2-VASc score in these patients at baseline together with higher rates of
antihypertensive drugs (ARBs and diuretics) may indicate that comorbidities were more
frequently diagnosed and potentially treated more appropriately. As has been shown by The
Routine versus Aggressive risk factor driven upstream rhythm Control for prevention of Early
atrial fibrillation in heart failure (RACE 3) and The AggRessive Risk factor rEduction STudy
for Atrial Fibrillation (ARREST-AF) trials, risk factor management improves sinus rhythm
maintenance in patients with AF.(16,17) Alternatively, patients without recurrences during 6
months of follow-up may belong to a group of patients who only very infrequently suffer from

AF, which is also an interesting and important observation.
AF progression

To assess AF progression, the transition from selfterminating to non-selfterminating
persistent or permanent AF, or from persistent to permanent AF is frequently used, since this
can be determined fairly well even with intermittent rhythm monitoring. Using this definition, a
recent meta-analysis showed a pooled incidence of AF progression of 8.1 per 100 patient-
years of follow-up.(18) This meta-analysis, however, was hampered by differences in follow-
up duration and patient characteristics between the respective studies, and the use of
intermittent rhythm monitoring. Continuous rhythm monitoring may better define AF
progression.(12) The relevance of AF progression is that it is associated with worse clinical
outcome. In clinical AF, De Vos et al. showed that progression from selfterminating to non-
selfterminating AF had prognostic clinical value, which was supported by other studies.(5,14)
Also in subclinical AF (SCAF) prolongation of duration of SCAF episodes from <24 to >24
hours was associated with more strokes as well as more heart failure hospitalizations.(4,19)
In a recent high risk elderly population (mean age 76 years, median CHA2DS,-VASc score
3.9) without known AF, the median AF burden was 0.13% during 40 months of follow-up.
Progression to 24-hour episodes occurred in 33 of 590 patients (5.6%) indicating that in

these high risk patients AF burden was low, and progression was limited.(12) In our cohort
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with lower risk paroxysmal AF patients (mean age 64 years, median CHA;DS,-VASc score
1.9), we observed a small increase in averaged AF burden throughout follow-up. The
averaged daily AF burden increased from 3.2% during the first 3 months to 6.1% during the
last 3 months. Using our definition of AF progression, 22% of patients showed AF episode
prolongation during 1 year. This indicates that AF progression is a slow and subtle process.
Interestingly, we also found a significant number of patients with AF regression, which has
also been shown previously.(20) Factors such as changes in antiarrhythmic therapy, which
only occurred in a few patients, or more intense risk factor control may partially explain this
interesting observation.(16,20)

Clinical implications

Continuous rhythm monitoring enables an improved characterization of patients with AF.
Diverse patterns may reflect differences in underlying diseases and mechanisms, warranting
personalized therapeutic interventions and patient tailored therapies. More details on AF
patterns may aid in selecting patients for specific AAD, PVI or other therapies. For example,
episodes that occur frequently and are of short duration may reflect presence of triggers
combined with the absence of a strong substrate for AF. Such patients may well respond to
PVI while in those with longer episodes, AF could be sustained by a substrate present
outside of the PVs. Additionally, since AF classification is dynamic, observed longitudinal
changes in AF patterns may have clinical utility for assessing the progression of the

underlying substrate as well as monitoring response to therapeutic interventions.
Strengths and Limitations

Strengths of the current study include the well-phenotyped cohort and availability of
continuous rhythm monitoring, for the vast majority in patients without implanted cardiac
devices prior to study enrolment. In contrast, most other studies with continuous rhythm

monitoring were performed in patients with a pacemaker or defibrillator.(5,8,12,19)

Limitations include the modest sample size, the limited follow-up time and the observational
nature. At this point it is not yet possible to show any prognostic value of the different
paroxysmal AF entities. Another limitation is the changes made in antiarrhythmic therapies or
modification of risk factors which is inherent to the nature of the arrhythmia. To correct for
this, sensitivity analyses were performed that showed similar results, although not all

differences remained significant. This is most likely due to a lack of power.
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CONCLUSION

Our main findings include that paroxysmal selfterminating AF is a very heterogeneous
arrhythmia: one third of the patients did not show any recurrence during 6 months of follow-
up. In those with recurrences, AF patterns varied considerably both with respect to duration
of AF episodes as well as AF burden. Patients with longer episodes and higher AF burden
had more severe underlying comorbidities. Finally, modest AF progression occurred in a
substantial number. Thus, assessment of the temporal AF patterns by continuous rhythm
monitoring may help to personalize AF therapies.
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Experimental data show that a hypercoagulable state, i.e. enhanced thrombin activity,
induces pro-fibrotic and pro-inflammatory changes in the atria in mice, leading to the
development of a substrate for atrial fibrillation (AF).(1) In addition, counter-acting thrombin
through administration of nadroparin leads to attenuation of atrial fibrosis and AF substrate
complexity in goats.(1) This effect is likely to be mediated by protease activated receptors
(PAR), which can be activated by low-molecular weight heparins, i.e. nadroparin, and non-
vitamin K antagonist oral anticoagulants (NOAC), but not by vitamin K antagonists (VKA), i.e.

warfarin.(1)

In man, the relationship between hypercoagulability and the development of a substrate for
AF has not been studied yet. We hypothesized that in patients without a history of AF,
treatment with NOAC could prevent or delay the development of a substrate for AF via
thrombin inhibition and PAR activation, resulting in a lower occurrence of AF, compared to

treatment with warfarin or placebo.

To address this hypothesis, we performed a post-hoc analysis of clinical trials that
randomized patients without a history of AF to treatment with either a NOAC or
warfarin/placebo, i.e. Hokusai-VTE,(2) RE-COVER 1,(3) RE-COVER II,(3) RE-MEDY,(4) RE-
SONATE,(4) and RE-DEEM.(5) In these trials, the occurrence of AF was reported as an
adverse event. No periodic electrocardiograms were performed to detect AF. Trials in AF
populations were excluded, since intervention with a NOAC is unlikely to favorably modify an
already established substrate for AF. Trials of thromboprophylaxis after orthopedic surgery
were also excluded, since the treatment duration with NOACs is relatively short in these
studies.

Data of these trials were acquired through http://www.clinicalstudydatarequest.com. A
request for research was proposed, explaining the background and hypothesis of our study.
The proposal was honored by the consortium of clinical study sponsors and funders. Primary
endpoint was development of atrial fibrillation during follow-up. Patients with atrial fibrillation

at baseline were excluded and could not take part in these trials in the first place.

We included a total of 19,424 patients from 6 randomized controlled trials (Table). AF was
diagnosed in 120 (0.62%) patients, with similar incidence in those randomized to receive a

NOAC compared with warfarin or placebo.

There are some limitations to this analysis. First, the overall incidence of AF was lower than
expected (0.9%l/year), particularly since these ftrials were conducted in populations with
venous thrombo-embolism or coronary artery disease. This may be due to underreporting or

underdetection, since electrocardiograms were not routinely performed to check for the
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development of AF. Second, in 2 of the 5 trials, i.e. RE-MEDY and RE-SONATE,(4) patients
previously treated with warfarin were also included, possibly diminishing the positive effect of
NOACSs on incidence of AF. Lastly, the treatment duration with NOAC in these trials might be
too short in order to see differences in AF incidence.

In conclusion, randomized treatment with dabigatran or edoxaban in patients without a
history of AF did not reduce the occurrence of AF, when compared to treatment with placebo
or warfarin, which is inconsistent with the experimental data. Further research is needed to
quantify the possible protective effect of NOACs on atrial remodeling.
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ABSTRACT

Cardiovascular implantable electronic devices (CIEDs) are able to detect atrial arrhythmias,
i.e. atrial high rate episodes (AHRE). The thrombo-embolic risk in patients showing AHRE
appears to be lower than in patients with clinical AF and it is unclear whether the former will
benefit from oral anticoagulants. Based on currently available evidence, it seems reasonable
to consider antithrombotic therapy in patients without documented AF showing AHRE >24
hours and a CHA2DS>-VASc 21, awaiting definite answers from ongoing randomized clinical
trials. In patients with AHRE <24 hours, current literature does not support starting oral
anticoagulation. In these patients, intensifying CIED read-outs can be considered to find
progression in AHRE duration sooner, enhancing timely stroke prevention. The notion that
AHRE and stroke coincide perseveres but should be abandoned since CIED data show a

clear disconnect.
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INTRODUCTION

Cardiovascular implantable electronic devices (CIEDs) with an atrial lead are able to detect
episodes of atrial arrhythmias, regardless of the presence of symptoms. Device detected
atrial high rate episodes (AHRE), in the absence of symptoms referred to as subclinical atrial
tachy-arrhythmias, are actually quite common. The incidence of AHRE in patients without a
history of atrial fibrillation (AF) is approximately 25% after 1 year and 35% after 2 years of
follow-up.(1-3) For patients with a history of AF, the incidence of AHRE is approximately 56-
71% after 1 year.(4-6)

AHRE differ from clinical AF in the mode of documentation, i.e. clinical AF is ascertained on
an electrocardiogram, whereas AHRE are solely recorded on a CIED read-out.(7)
Furthermore, AHRE and AF differ regarding thrombo-embolic risk. Clinical AF is associated
with an increased risk of thrombo-embolism (TE) depending on the presence of risk factors,
i.e. the CHA2DS,-VASc score (Congestive heart failure, Hypertension, Age =75 years
[doubled], Diabetes Mellitus, prior Stroke [doubled], Vascular disease, Age 65-74 years and
female Sex).(8) In AHRE patients however, the TE risk appears to be lower than in clinical
AF.(2,6,9-11) The lower TE rate could be caused by the fact that AHRE is viewed as one
entity, whilst there may be different types of AHRE. AHRE with a lower mean atrial rate, i.e.
<300 beats per minute (bpm), may not represent AF but rather an atrial tachycardia, which
confers a lower TE risk (12), whereas AHRE with a mean atrial rate >300 bpm might more

robustly represent AF or atrial flutter, leading to an increased TE risk. (13)

Current guidelines recommend starting anticoagulant therapy in AF patients with a CHA2;DS»-
VASc score 22 and considering antithrombotic therapy in patients with a CHA2DS2-VASc
score of 1.(7,14) For AHRE however, no recommendations regarding antithrombotic therapy
are made in the guidelines, largely because of lack of evidence for any benefit of
antithrombotic treatment in patients with AHRE.(7,14)

In this point of view paper, we summarize the evidence regarding TE risk in patients with
AHRE, elaborating on the duration of AHRE and on the temporal relationship of AHRE and
thrombo-embolism. To conclude, we propose a flowchart for antithrombotic management of

these patients.

110



Stroke risk in AHRE

CURRENT EVIDENCE

Duration of AHRE and thrombo-embolic risk in patients without a history of atrial
fibrillation

The Asymptomatic Atrial Fibrillation and Stroke Evaluation in Pacemaker Patients and the
Atrial Fibrillation Reduction Atrial Pacing Trial (ASSERT) is the only large, prospective trial to
assess AHRE and thrombo-embolism in patients without a history of clinical AF.(2) In this
study, 2580 patients with a recently implanted pacemaker or defibrillator were included. All
patients were 65 years of age or older and had hypertension. The devices of these patients
were interrogated at regular six-monthly intervals in order to detect AHRE, which was defined
as an atrial rate of at least 190 bpm lasting for at least 6 minutes. All AHRE were blindly
adjudicated. Three months after inclusion, 261 patients (10.1%) already showed at least one

AHRE. After a mean follow-up of 2.5 years, this was the case in 34.7% of the patients.

During the follow-up period of the ASSERT study, a stroke or systemic embolism occurred in
11 of 261 patients (4.2%) in whom AHRE was detected within 3 months after inclusion,
compared to 40 of the remaining 2319 patients (1.7%). This translates into an annual TE
event rate of 1.7% in patients with AHRE within 3 months after inclusion, compared to 0.7%
in patients who did not show AHRE within 3 months after inclusion (hazard ratio [HR] 2.49;
95% Confidence Interval [CI], 1.28-4.85; p=0.007). In this analysis however, the 633 patients
who developed AHRE after the initial monitoring period of 3 months were included in the
control group of 2319 patients, possibly leading to a higher TE rate in this group.

In a subanalysis of the ASSERT study regarding the duration of AHRE and TE risk, all AHRE
during monitoring and follow-up were taken into account, irrespective of the time of
occurrence.(15) In a time-dependent Cox regression model, the TE risk only increased in
patients showing AHRE >24 hours (HR 3.24, 95% CI 1.51-6.95, p=0.003 compared to
patients without AHRE). For AHRE lasting <24 hours, the TE risk seems to be comparable to
patients without AHRE. Even in patients showing 6-24 hours of AHRE, the TE risk was not
increased (HR 1.32, 95% CI 0.40-4.37, p=0.646). In addition, the number of AHRE did not
affect TE risk.(2)
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Duration of AHRE and thrombo-embolic risk in patients with a history of atrial

fibrillation

In the remainder of the studies regarding AHRE, patients with a history of AF were also
included, ranging from 20% of the patients in TRENDS to all included patients in the Italian
AT500 Registry (Table).(4-6,16) Therefore, the sole effect of AHRE on TE risk cannot be

reliably assessed based on these studies.

Table. Overview of trials regarding AHRE and stroke rates.

AHRE+| AHRE-| RR
AF Mean | oac | Definition of AHRE | annual | annual| for

Prior Prior

Trial n (%) | CHADS: | (%) |Atrial rate | Duration | TE (%) | TE (%)| TE p

ASSERT (2) [2850| O 22 7.5 >190 | >6min 1.7 0.7 25 |0.007
bpm

TRENDS (6) |2486| 20 22 208 | >175 255h 24 1.1 22 | 0.06
bpm

Turakhia et al. | 9850 | 41 3.2 5.4 AT/AF | 255h - - 4.2 | <0.05

(17)

MOST (16) 312 | 60 - - >220 | >5min - - 2.8* | 0.001
bpm

AT500 (4) 725 | 100 - 36.4 | AT/AF | >24h - - 3.1 10.044

* = Combined endpoint of death and non-fatal stroke.

AF = Atrial Fibrillation; AHRE = Atrial High Rate Events; AT = Atrial Tachycardia; CHADS: =
Congestive heart failure, Hypertension, Age = 75 years, Diabetes Mellitus and prior Stroke
(doubled); OAC = Oral Anti Coagulation; RR = Relative Ratio; TE = Thrombo-Embolism

In the TRENDS trial, 2486 patients with a CIED and a CHADS; (Congestive heart failure,
Hypertension, Age 275 years, Diabetes Mellitus and prior Stroke [doubled]) score =21 were
analyzed.(6) Mean age was 71 years in this population and 498 patients (20%) had a history
of AF. Atrial tachycardia (AT)/AF, defined as an atrial rate >175 bpm lasting 220 seconds,
was observed in 47% of these patients during an average follow-up of 1.4 years. When
patients were divided in groups based on the maximum AT/AF burden on any day during
follow-up, the annual TE risk tended to double in patients with a high AT/AF burden of 25.5

hours per day, compared to patients with zero or low burden, i.e. <5.5 hours per day (2.4%
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vs. 1.1% per year; HR 2.20, 95% CI 0.96-5.05, p=0.06).(6) The annual TE rates in the AHRE

populations were lower than in AF patients with a comparable risk profile.(8)

In the Italian AT500 Registry (4), 725 patients with atrial fibrillation and a pacemaker with a
mean age of 71 years were included. Device-detected AF episodes were defined as 25
minutes in duration, no minimally required atrial rate was reported. AF episodes of >24 hours
were associated with an increased risk of TE after a median follow-up of 22 months (HR 3.1,
95% CI 1.1-10.5, p=0.044; no percentages reported for patients with and without AHRE).
Botto et al. (5) further elaborated on this finding by combining the duration of device-detected
AF with the CHADS; score. This way, two subpopulations with a significant difference in
annual TE risk were determined (0.8% vs. 5%, p=0.035). With increasing CHADS: scores, a

decreasing duration of AHRE is sufficient to provoke a high risk of stroke.(5)

In a subgroup analysis of the MOde Selection Trial (MOST) (16), 312 patients with a median
age of 74 years were included, of whom 60% had a history of supraventricular arrhythmias.
AHRE was defined as an atrial rate >220 bpm lasting >5 minutes and was present in 160
(51.3%) patients over a follow-up of 27 months. These patients had an increased risk of
death or nonfatal stroke when compared to those without AHRE (20.6% vs. 10.5%; HR 2.79,
95% CI 1.51-5.15, p=0.001; no annual rates reported).(16) This rate is higher than in the
studies discussed above, most likely due to the population of the MOST being older and

having more comorbidities.

Temporal relationship of AHRE and thrombo-embolism

The classical pathophysiological idea is that atrial fibrillation causes TE via mechanical stasis
in the atrium, leading to clot formation. In this respect, it seems logical that a higher AHRE or
AF burden is associated with a higher TE risk, which has been shown in the ASSERT trial. In
this study, an AHRE episode of 224 hours compared to AHRE <24 hours or no AHRE at all
was associated with TE within 30 days.(15) Similarly, Turakhia et al. have shown in a
Veterans Administration population with stroke that patients showed more often AHRE =5.5
hours in the 30 days preceding the stroke compared to a control period of days 91 to 120
prior to the stroke in the same patients (HR 4.2, 95% CI 1.5-13.4).(17)

In contrast to the classical pathophysiology of TE in AF however, in a substantial proportion
of patients with AHRE and TE a clear temporal relationship cannot be well established, i.e.
TE is not preceded by AHRE or AF, but the arrhythmia rather occurs after the TE. This has
been studied in subanalyses of both the ASSERT and TRENDS study. Brambatti et al. (18)
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showed that only 26 of the 51 patients (51%) with a TE during follow-up in the ASSERT
study showed AHRE, of which 8 patients (30.8%) only showed AHRE after the embolic
event. Daoud et al. (19) showed similarly that in only 20 (50%) of the 40 patients with TE in
the TRENDS study, AT/AF was detected prior to the event, nine of whom did not show any
AT/AF in the 30 days prior to the event (Figure 1).

100% -+

17%
29%

35%

75% - 50%

AHRE prior to TE
50% -
m AHRE after TE

83% m TE without any AHRE

Percentage of patients with TE

58%
25% -~

0% -
ASSERT TRENDS IMPACT Turakhia et al.

Figure 1. Temporal Relationship between AHRE and TE. The stacked bar chart depicts the
patients with a TE in the ASSERT, TRENDS and IMPACT studies. The percentages
represent the proportion of patients who showed AHRE before TE, after TE, and the patients
who did not show any AHRE at all. AHRE = Atrial High Rate Events; TE = Thrombo-
Embolism.

Furthermore, in the IMPACT trial (20), 2718 CIED patients were randomized to usual office-
based follow-up with anticoagulation determined by standard clinical criteria or starting and
stopping anticoagulation based on remote rhythm monitoring. AHRE was defined as 236 of
48 atrial beats with an atrial rate 2200 bpm. Of the included patients, 330 (12.1%) had a
history of AF or atrial flutter. The compared antithrombotic therapy strategies did not show
any differences in ischemic stroke (0.7 vs. 1.3 per 100 patient-years; HR 0.55, 95% CI 0.23—
1.34, p=0.188), even though there was an association between AHRE burden and thrombo-
embolism.(20) However, there are some limitations to the IMPACT study, i.e. the low AHRE
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rate, the predominant use of vitamin K antagonists as anticoagulation therapy, the time to
adequate INR (international normalized ratio), and the strategy of discontinuation and re-

initiating OAC based on the presence/absence of AHRE.

All together, these findings suggest that AHRE/AF and stroke do not always occur in the
classical pathophysiological order. To address this issue, Kamel et al. (21) proposed an
updated model for thrombo-embolic stroke. In this model, atrial cardiomyopathy plays a key
role and can result in both AHRE/AF and in TE, explaining the situations in which TE
precedes the occurrence of AHRE/AF. Ageing and systemic vascular risk factors can cause
an abnormal atrial substrate leading to atrial cardiomyopathy, which can be characterized by
atrial dilatation, mechanical dysfunction, fibrosis, and/or endothelial dysfunction.(21) One of
these factors causing an abnormal atrial substrate might be hypercoagulability, the increased
potential of blood or plasma to generate thrombin and fibrin.(22) Spronk et al. have shown
that hypercoagulability can induce atrial fibrosis and lead to a substrate for AF.(22) Similarly,
the increased risk of thrombo-embolism in patients with atrial cardiomyopathy might be
mediated by hypercoagulability (Figure 2).

Proposal for updated model

AF/AHRE

Atrial cardiomyopathy

(I

Hypercoagulability

Thrombo-embolism

Figure 2. Proposed Updated Model of TE in AF/AHRE. The figure depicts the classical
model of thrombo-embolic stroke in AF and AHRE and a proposal for an updated model. In
this proposal, atrial cardiomyopathy can lead to TE through hypercoagulability and
hypercoagulability can lead to AF/AHRE through atrial cardiomyopathy. AF = Atrial
Fibrillation; AHRE = Atrial High Rate Events.
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In addition to the temporal disconnect of AHRE and TE observed in the trials described
above, some patients even developed a stroke without showing any AHRE at all. In
ASSERT, 25 (49%) of the 51 patients with a stroke did not show any AHRE, in TRENDS this
was the case in 20 (50%) of 40 patients, in IMPACT in 40 (58%) of 69 patients, and in the
study by Turakhia et al. in 156 (83%) of 187 patients (Figure 1). These strokes were either
the result of other pathophysiological mechanisms, i.e. cardiac embolism not related to
AHRE/AF, lacunar infarction, arterial dissection, and atherosclerosis or perhaps due to atrial
cardiomyopathy in an early phase, with no manifestation of AF/AHRE yet, compatible with
the model as presented in Figure 2.

When to start antithrombotic therapy in patients with AHRE without a history of atrial

fibrillation

Taking the available literature into consideration, it seems reasonable to consider
antithrombotic therapy in patients without documented AF showing AHRE >24 hours and a
CHA2DS,-VASc 21, awaiting definite answers from ongoing randomized clinical trials (Figure
3). In patients with shorter episodes of AHRE, current evidence does not support starting
antithrombotic therapy in the absence of clinical AF. Duration should be the only AHRE
characteristic to take into consideration before deciding to start antithrombotic therapy, since
the timing or number of AHRE do not seem to be useful in identifying patients at high risk for
TE. For patients with <24 hours of AHRE, one could consider intensifying CIED read-outs in
order to find a progression in AHRE relatively early. As a result, the delay to starting
antithrombotic therapy can be reduced. As for the cut-off point of the CHA;DS,-VASc score,
considering antithrombotic therapy in patients with a score of =1, analogous to clinical AF
patients, seems reasonable, even though the CHA;DS>-VASc has not been validated in an
AHRE cohort.

Currently recruiting trials ARTESIA (Apixaban for the Reduction of Thrombo-Embolism in
patients with Device-Detected Sub-Clinical Atrial fibrillation, ClinicalTrials.gov Identifier:
NCT01938248) and NOAH-AFNET 6 (Non-vitamin K Antagonist Oral Anticoagulants in
Patients With Atrial High Rate Episodes - Atrial Fibrillation NETwork 6, ClinicalTrials.gov
Identifier: NCT02618577) will give us more insights in the role of antithrombotic therapy in
patients with AHRE without a history of atrial fibrillation. In these prospective, parallel group,
randomized, double-blind trials, patients with AHRE will receive either placebo or a Non-
vitamin K antagonist Oral AntiCoagulant (NOAC), respectively apixaban and edoxaban. In

ARTESIA, AHRE is defined as an atrial rate of >175 bpm lasting =6 minutes, whereas in
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NOAH-AFNET 6 the definition is slightly different, i.e. an atrial rate of 2180 bpm and =6

minutes in duration.

Patients with AHRE without a history of AF

v

Assess duration of longest AHRE episode

AHRE < 24 hours AHRE 2 24 hours
y -
- No evidence for Consider antithrombotic
antithrombotic therapy therapy in patients with
- Consider intensifying CHA,DS,-VASc 21
frequency of CIED read-outs

Figure 3. Recommendations for Patients Showing AHRE. The figure is a proposed flowchart
for the antithrombotic therapy of patients with atrial high rate events. AF = Atrial Fibrillation;
AHRE = Atrial High Rate Events; CHA;DS>-VASc = Congestive heart failure, Hypertension,
Age =75 years (doubled), Diabetes Mellitus, prior Stroke (doubled), Vascular disease, Age
65-74 years and female Sex; CIED = Cardiac Implantable Electronic Devices.

CONCLUSION

AHRE are a common finding in patients with pacemakers and defibrillators without a history
of atrial fibrillation. AHRE are associated with an increased thrombo-embolic risk, in part
depending on the duration of the AHRE and albeit lower than in clinical AF. Based on
currently sparse literature, it seems reasonable to start antithrombotic therapy in patients
without clinical AF with a CHA;DS>-VASc 21 in whom at least one episode of AHRE lasting
>24 hours has been detected, irrespective of the timing and number of AHRE, awaiting
definite answers from ongoing randomized clinical trials. In patients with shorter episodes of
AHRE, current evidence to start antithrombotic therapy in the absence of clinical AF is

lacking.
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ABSTRACT

Background

Patients undergoing elective electrical cardioversion (ECV) for atrial fibrillation have a
temporarily increased risk of thromboembolism. Current guidelines recommend adequate
anticoagulation for =3 consecutive weeks precardioversion, i.e. consecutive INR values 2.0-
3.0 in patients with vitamin K antagonists (VKA). We aimed to evaluate the occurrence and
impact of subtherapeutic INRs precardioversion and to study factors associated with these

unwanted fluctuations.

Methods
We recruited 346 consecutive patients undergoing elective ECV in the Maastricht University
Medical Center between 2008 and 2013. Predictors of subtherapeutic INR values were

identified and incorporated into a logistic regression model.

Results

A subtherapeutic INR precardioversion occurred in 55.2% of patients. The only statistically
significant predictor was VKA-naivety (Odds Ratio (OR) 4.78, 95% Confidence Interval (Cl)
2.67-8.58, p<0.001). In patients with 21 subtherapeutic INR precardioversion, time from
referral until cardioversion was 91.1£42.8 days, compared to 41.7+26.6 days (p<0.001) in
patients without subtherapeutic INRs. No thromboembolic events occurred <30 days after the
ECV. Independent predictors for the combined endpoint of cardiovascular death, ischemic
stroke and the need of blood transfusion (n=30, median follow-up of 374 days) were coronary
artery disease in the history (OR 3.35, 95%CI 1.54-7.25, p=0.002) and subtherapeutic INR
precardioversion (OR 3.64, 95%CI 1.43-9.24, p=0.007).

Conclusions

Use of VKA often results in subtherapeutic INRs precardioversion and is associated with a
significant delay until cardioversion, especially in patients with recent initiation of VKA
therapy. Furthermore, subtherapeutic INR levels prior to ECV are associated with the
combined endpoint of cardiovascular death, ischemic stroke and the need of blood

transfusion.
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BACKGROUND

Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia. It is a major health
problem, not merely due to its vastness but also because of the associated risks, in particular
of thromboembolism (TE). Besides the intrinsic TE risk there is an independent, transient risk
of TE in AF patients in case of cardioversion. Of note, all types of cardioversion - i.e.
spontaneous, pharmacological and electrical - carry a similar TE risk.(1, 2)

The temporarily increased TE risk pericardioversion is mainly believed to be caused by stasis
of blood in the fibrillating atria, especially in the left atrial appendage. Even following
restoration of sinus rhythm, mechanical dysfunction of the atria - so-called atrial stunning -
may persist, thereby prolonging the temporary increased TE risk.(3) Thus, pericardioversion
oral anticoagulation is warranted to significantly decrease the rate of thromboembolic
complications from 5.3% to 0.8-1.0%.(4, 5)

Current international guidelines recommend adequate anticoagulation for at least three
weeks prior, and four weeks following cardioversion in patients with AF of >48 hours or of
unknown duration.(6) When using vitamin K antagonists (VKA), this means achieving and
maintaining an INR between 2.0 and 3.0 during the above defined pericardioversion window.
However, the well-known VKA hurdles result in large inter- and intraindividual fluctuations of
anticoagulation levels (7, 8) and proof particularly challenging during initiation.(9) Importantly,
sub- and supratherapeutic levels are clearly related to increased mortality and serious
adverse outcomes, such as thromboembolism and major bleeding.(8, 10)

Furthermore, inadequate anticoagulation management can also cause a time delay to
cardioversion (11-13) and thereby postpone alleviating AF related symptoms, which is
usually the primary goal of cardioversion.(14) Whether the same delay has a significant
effect on the total AF duration and consequent success of conversion to, and long-term
maintenance of, sinus rhythm - explained by structural and electrical remodeling (11) -
remains debatable.(15-17)

The objective of this study is to evaluate the occurrence, extent and impact of subtherapeutic
INR values prior to and following elective electrical cardioversion (ECV) and to study factors
associated with these unwanted fluctuations.
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METHODS
Study design

We recruited consecutive unique patients with atrial fibrillation and flutter undergoing
elective, direct current (DC) cardioversions between December 2008 and February 2013 in
the Maastricht University Medical Center the Netherlands using the prospective Maastricht
Cardioversion Registry. Ethical approval for the registry was obtained from the Institutional
Review Board. Patients were eligible for inclusion given an age =18 years and persistent AF
or atrial flutter confirmed by a 12-lead electrocardiogram (ECG). Exclusion criteria were AF
duration <48 hours or the need for urgent cardioversion because of hemodynamic instability.

Patients already using VKA were scheduled for weekly INR measurements and VKA-naive
patients were prescribed acenocoumarol and referred to local Thrombosis Services. Our
hospitals elective cardioversion protocol is in line with the international guidelines on AF
recommending three weeks of adequate anticoagulation (INR 2.0-3.0) prior to and four
weeks following cardioversion. We defined subtherapeutic anticoagulation as any INR <2.0

from the moment the patient was referred for cardioversion.

On the scheduled day of cardioversion, a 12-lead ECG was performed to determine heart
rhythm and a venous blood sample was drawn to determine INR and potassium levels. In
case of an INR <2.0 or significant potassium disturbances, cardioversion was postponed. In

case of spontaneous conversion to sinus rhythm, cardioversion was cancelled.

All cardioversions were carried out according to protocol. Cardioversion was performed by a
cardiology resident using a biphasic waveform defibrillator (Medtronic LIFEPAK® Physio-
Control 20) with anterolateral paddle position. Antero-posterior position could be preferred or
necessary in selected patients, i.e. in patients with cardiac implantable electronic devices. In
case of unsuccessful defibrillation, increasing energy levels were applied with a maximum of
three attempts to restore sinus rhythm (200 - 300 - 360 J). Propofol or etomidate was used

for sedation at the discretion of the anesthesiologist.

Cardioversion was considered successful upon sinus rhythm restoration and maintenance
until discharge the same day. A standard follow up outpatient clinic visit was planned one
month following discharge or earlier if deemed clinically necessary. Follow-up was performed
until June 2013.
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Data analysis

Baseline demographics, medical history, medication use, echocardiographic findings and
specific information about anticoagulation management were obtained from our digital
hospital records. Sinus rhythm maintenance was evaluated during follow-up on the basis of
all available 12 lead ECGs from the routine follow-up outpatient clinic visits. The occurrence
of ischemic or hemorrhagic stroke was also assessed by reviewing the digital hospital
records. Clinically relevant bleeding events were retrieved by identifying patients who needed
blood transfusion.

During the course of this study, the target range for INRs in AF patients was 2.5-3.5 in the
Netherlands, as recommended at that time by the Federation of Dutch Thrombosis Services.
However, given the minimum INR value of 2.0 to safely perform a cardioversion, we only
considered an INR <2.0 as subtherapeutic. We reviewed all INR measurements between
referral and performance of cardioversion. To evaluate a possible delay we calculated the

time between referral and the actual cardioversion.
Statistical analysis

Data were analyzed using SPSS 22.0 (SPSS Inc., Chicago, IL, USA). Continuous variables
are reported as mean + standard deviation or median (25-75% quartiles) and categorical
variables as number of observed patients (percentage). Chi square test was used for
comparison of categorical variables between groups. Fisher's exact test was used if any
expected cell count was <5. Normally distributed continuous variables were compared
between two groups using the independent samples t-test, whereas not normally distributed
continuous variables were compared using the Mann-Whitney U test. The distribution of
continuous variables were visually checked for normality.

Predictors of subtherapeutic INR values were identified by incorporating all baseline
characteristics with a significant univariate relationship and biologically plausible variables
into a logistic regression model, with stepwise reduction of the model for variables with a p
value <0.1. All variables in the final model with a p value <0.05 were considered significant
independent predictors and were tested for interactions.

RESULTS

A total of 386 patients were planned to undergo an elective ECV between 2008 and 2013. Of
these, 40 (10.4%) were cancelled and 29 (7.5%) were postponed on the day of cardioversion
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and performed later (see breakdown Figure 1). Baseline rhythm before cardioversion was
atrial fibrillation in 90% and atrial flutter in 10% of the patients. An antero-lateral paddle
position was used in 92.5% of cardioversions. One shock was sufficient to restore sinus
rhythm in 76% with a total success rate of electrical cardioversion of 90%.

Anticoagulation management before cardioversion

At least one subtherapeutic INR prior to the cardioversion occurred in 191 of 346 patients
(55.2%), with an average of 2.8+2.3 subtherapeutic INR values. The baseline characteristics
of these patients and their adequately anticoagulated counterparts are displayed in the Table
below. In 23.7% of the patients with inadequate anticoagulation management, the
subtherapeutic INR was preceded by a supratherapeutic INR (>3.5). In addition, despite
adequate anticoagulation prior to the cardioversion, 29 cardioversions (8.4%) were
postponed on the planned day of cardioversion due to a subtherapeutic INR value and were
performed later (Figure 1). The time in therapeutic range (TTR) in the time period between
referral and performing of cardioversion was 0.79+£0.12 in the patients with subtherapeutic
INRs.

Planned cardioversions (n = 386)

Y

CV cancelled (n = 40)
- Spontaneous SR (n = 36)
- Cancelled by physician (n = 3)
- Paroxysmal AF (n = 1)

Y
CV postponed (n = 29)

-Low INR (n = 24)

-HighINR (n =2)

- Hyperkalemia (n = 2)

- Hypokalemia (n = 1)

-
-t

Y
Performed cardioversions (n = 346)

Figure 1. Study flow chart.
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Table. Baseline characteristics.

Subtherapeutic INR | No subtherapeutic INR P value
(n=191) (n=155)
Demographics
Age at ECV 66.9+10.5 68.0+10.2 0.336
Age at first presentation AF® 65.6+11.0 64.9+11.8 0.598
Female sex 60 (31.4%) 55 (35.5%) 0.424
CHA2DS2-VASc 0 15 (7.9%) 13 (8.4%) 0.694
1 44 (23.0%) 25 (16.1%) 0.079
2 39 (20.4%) 40 (25.8%) 0.181
3 41 (21.5%) 31 (20.0%) 0.715
4 22 (11.5%) 26 (16.8%) 0.086
5 19 (9.9%) 15 (9.7%) 0.582
6 9 (4.7%) 4 (2.6%) 0.300
7 2 (1.0%) 1(0.6%) 0.688
8-9 0 0
Body mass index 28.9+5.3 (n=176) 28.8+5.1 (n=145) 0.822
Patient History
Hypertension 108 (56.5%) 85 (54.8%) 0.751
Heart failure 43 (22.5%) 32 (20.6%) 0.675
Type |l diabetes 33 (17.3%) 16 (10.3%) 0.065
Coronary artery disease 60 (31.4%) 47 (30.3%) 0.827
Ischemic CVA 6 (3.1%) 7 (4.5%) 0.504
Hemorrhagic CVA 0 (0%) 1(0.6%) 0.448
TIA 9 (4.7%) 11 (7.1%) 0.345
Hypercholesterolemia 41 (21.5%) 23 (14.8%) 0.114
Peripheral thromboembolism 6 (3.1%) 0 0.035*
COPD 12 (6.3%) 9 (5.8%) 0.854
OSAS 8 (4.2%) 6 (3.9%) 0.882
Echocardiography at baseline
LVEF 47.6+12.4 (n=188) 51.2412.0 (n=151) 0.007*
LA dimension, mm 45.546.6 (n=183) 45.916.4 (n=144) 0.575
Medication at baseline
VKA-naivety 70 (37.2%, n=188) 17 (11.0%, n=154) <0.001*
Acetylsalicylic acid 2 (1.0%) 3 (1.9%) 0.660
AAD Amiodarone 22 (11.5%) 28 (18.1%) 0.085
Sotalol 12 (6.3%) 14 (9.0%) 0.335
Flecainide 3 (1.6%) 7 (4.5%) 0.119
Beta blocker® 159 (83.2%) 119 (76.8%) 0.132
Digitalis 54 (28.3%) 42 (27.1%) 0.808
Verapamil/diltiazem 10 (5.2%) 15 (9.7%) 0.113
Isosorbide mononitrate 25 (13.1%) 20 (12.9%) 0.959
ACE-inhibitor 74 (38.7%) 56 (36.1%) 0.618
ATII receptor antagonist 61 (31.9%) 49 (31.6%) 0.949
Diuretic 92 (48.2%) 72 (46.5%) 0.751
Dihydropyridine 29 (15.2%) 19 (12.3%) 0.434
Statin 79 (41.4%) 75 (48.4%) 0.191

Abbreviations: AAD=anti-arrhythmic drugs, ACE=angiotensin converting enzyme, AF=atrial
fibrillation, ATll=angiotensin 1, CVA=cerebrovascular accident, COPD=chronic obstructive
pulmonary disease, ECV=electrical cardioversion, LA=left atrium, LVEF=left ventricular
ejection fraction, OSAS=obstructive sleep apnea syndrome, TIA=transient ischemic attack,
VKA=vitamin K antagonist.
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@ Data are presented as means * standard deviation or no. (%). N=191 or 155, unless
otherwise specified.

® Confirmed by ECG recording.

¢ Sotalol excluded.

* Statistically significant

Possible predictors for subtherapeutic INR values precardioversion were assessed using
logistic regression. After stepwise reduction of the model, the only remaining statistically
significant predictor was VKA-naivety (Odds Ratio (OR) 4.78, 95% Confidence Interval (Cl)
2.67-8.58, p <0.001).

In patients with =1 subtherapeutic INR value prior to cardioversion, time from referral until
cardioversion was 91.1+42.8 days, compared to 41.7+26.6 days (p <0.001) in patients
without a subtherapeutic INR value before cardioversion. The relationship between the
number of subtherapeutic INRs and the time to cardioversion is depicted in Figure 2. In VKA
naive patients, time from referral until cardioversion was 84.5+40.6 days, compared to
63.6+44.0 days (p <0.001) in patients already on vitamin K antagonists before referral to

cardioversion.

250 -250 @ Number of patients
Mean time from referral to
200 - 200 cardioversion in days + SD
150 - 150
N Days
100 -100
50 - 50
0 - +—10

01234567&611}1'112
Number of subtherapeutic INRs

Figure 2. Mean time from referral to cardioversion for patients subdivided by number of
subtherapeutic INRs (right y-axis) and the sample size per group (left y-axis).

Anticoagulation management postcardioversion

INR measurements 1, 2, 3, and 4 weeks after cardioversion could be retrieved in 87.9%,
85.5%, 72.8% and 37.0% of the patients, respectively. A subtherapeutic INR was found in
11.5%, 11.1%, 11.1% and 12.5% of these patients. In total, 30.0% of patients with available
follow-up on INR values postcardioversion showed at least one subtherapeutic INR. Possible
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predictors for subtherapeutic INR values postcardioversion were assessed using logistic
regression in a similar manner to the analysis of precardioversion subtherapeutic INRs.

However, no statistically significant predictors could be identified.
Mortality, strokes and events requiring blood transfusion during follow-up

The median follow-up was 374 days (147-818 days), 31 patients (9.0%) were lost to follow-
up. A total of 20 patients died during follow-up, of whom 5 died of cardiovascular causes.
One death occurred 4 days after cardioversion. This patient lived alone and was found dead
at home by her family. Autopsy showed severe coronary artery disease and myocarditis.
Cerebral autopsy showed no signs of ischemic stroke, thus a direct relationship with the
cardioversion could not be established. No other deaths occurred within 30 days after the

cardioversion.

Ischemic stroke occurred in 5 patients (1.5%) during follow-up. None of the strokes occurred
within 30 days following cardioversion (range of 204-1658 days). Thus, no direct relationship
with the cardioversion could be established.

No hemorrhagic strokes occurred during follow-up. A total of 22 patients received blood
transfusion postcardioversion. None of these occurred within 30 days after cardioversion.
Median time to transfusion was 420 days (139-762 days).

For the combined endpoint of cardiovascular death, ischemic stroke and the need of blood
transfusion (n=30), statistically significant predictors were subtherapeutic INR values prior to
ECV (OR 3.64, 95%CI 1.43-9.24, p=0.007) and coronary artery disease in the history (OR
3.35, 95%Cl 1.54-7.25, p=0.002).

DISCUSSION

In this cohort of patients undergoing elective electrical cardioversion we observed that
subtherapeutic INR levels prior to cardioversion occurred frequently (55.2%) and were
associated with a significant prolongation of the time from referral until cardioversion (91 vs.
42 days, p<0.001). In nearly a quarter of these patients, the subtherapeutic INR value was
preceded by a supratherapeutic INR value (>3.5). This implies that VKA dose adjustments
should be made with precaution in patients on the waiting list for elective cardioversion, since

one subtherapeutic INR value means a delay of cardioversion of at least 4 weeks.

Recent initiation of VKA was associated with inadequate INRs precardioversion. Time to
cardioversion for VKA-naive patients was on average 85 days, compared to 64 days for
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patients already on VKA. This difference is probably accountable to the initial fluctuation of
INRs after starting with VKA therapy and the time needed to acquire stable and adequate

INR values.

Despite adequate anticoagulation management prior to the cardioversion, a substantial
amount of patients (8.4%) had a subtherapeutic INR value on the day they were planned to
undergo the cardioversion. This not only means the patient has to wait for an additional 4
weeks at best, but also impedes reduction of the waiting list since another patient could have
undergone the ECV on that day. This could partly explain the fact that the mean time to
cardioversion in the group with adequate anticoagulation management prior to the
cardioversion is 42 days, which is still much longer than the required 21 days according to

the guidelines.(6)

After cardioversion, we observed at least one subtherapeutic INR value in 30% of the
patients with known anticoagulation follow-up. No thromboembolic events occurred within 30
days of the ECV, whereas we would have expected 4 events based on a prevalence of 0.8 -

1.0%.(5) Furthermore, no major bleedings occurred within 30 days of cardioversion.

Factors associated with the combined endpoint of cardiovascular death, ischemic stroke and
the need of blood transfusion were subtherapeutic INRs prior to cardioversion and a history
of coronary artery disease (CAD). CAD likely acts as a general marker of vascular weakness,
resulting in both thromboembolism and bleeding events. Inadequate anticoagulation
management prior to the cardioversion could be a marker of long term cardiovascular events,
but could also be the underlying mechanism of these events via chronically suboptimal
anticoagulation management. This is in line with a previous report showing that time in
therapeutic range (TTR) in the initial phase after starting VKA therapy is highly predictive for
the long term TTR.(18) Furthermore, subtherapeutic INRs precardioversion are comparable
to “labile INR” as used in the bleeding risk score HAS-BLED (Hypertension, Abnormal
renal/liver function, Stroke, Bleeding history or predisposition, Labile INR, Elderly (>65
years), Drugs/alcohol concomitantly).(19) Patients with subtherapeutic INRs prior to
cardioversion could therefore be seen as the patients who have a higher risk of developing
bleeding events on the long run due to frequently occurring supratherapeutic INRs. Switching
to a non-VKA oral anticoagulant drug (NOAC) could be beneficial in these patients by
eliminating a fluctuating anticoagulation level, not only leading to a reduced access time for
elective cardioversion but also possibly leading to less bleeding events by eliminating

supratherapeutic INRs.
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At the time of inclusion and follow-up of this study, the INR range used by the Federation of
Dutch Thrombosis Services for patients with AF was higher than the international
recommendations (2.5-3.5 vs. 2.0-3.0). This would in theory translate into a smaller number
of subtherapeutic INR levels and subsequent postponement since there is a buffer for the
occurrence of subtherapeutic INRs. Also meaning that the prevalence of subtherapeutic
INRs can be higher than reported in this study in countries using the internationally
recommended INR range. As of January 15t 2016, the INR target range in the Netherlands
has been changed and is now the same as used internationally. This could mean that
subtherapeutic INR values precardioversion will be more prevalent in the Netherlands from
now on when compared to the results found in this study.

Our study highlights the struggles of achieving adequate anticoagulation with VKA in patients
undergoing an ECV. The fluctuations in the level of anticoagulation, expressed in INR values,
substantially affects the time to cardioversion. However, in our study, no adverse effects on

patient outcomes were observed.

NOACs appear to be good alternatives to VKAs in patients planned for ECV, especially for
those who are more likely to have subtherapeutic INR values, i.e. patients who have not yet
started an anticoagulant drug. Both dabigatran and rivaroxaban have proven to be non-
inferior to VKA treatment regarding safety endpoints in patients undergoing electrical
cardioversion.(5, 20, 21) Additionally, NOACs have the advantage of not being dependent on
a fluctuating anticoagulation level when taken as prescribed. This advantage can shorten
both the time to cardioversion for the patient and the waiting list for elective cardioversion in

general.
Limitations

Not all patients undergoing elective ECV could be included due to missing INR data.
Furthermore, only clinically relevant major bleedings were taken into account since minor

bleedings could not be uniformly obtained from the patient files.

At the time of inclusion and follow-up of this study, the INR range used by the Federation of
Dutch Thrombosis Services was higher compared to international recommendations. This
potentially translates into an underestimation of the prevalence of subtherapeutic INR values
in countries using the internationally recommended INR range, like the Netherlands at
present, possibly leading to an even longer mean time to cardioversion than reported in this

study.
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CONCLUSIONS

Use of vitamin K antagonists often results in subtherapeutic INR levels prior to elective ECV
and is associated with a significant delay until cardioversion, especially in patients with
recent initiation of VKA therapy. Furthermore, subtherapeutic INR levels prior to ECV are
associated with the combined endpoint of cardiovascular death, ischemic stroke and the

need of blood transfusion.
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GENERAL OUTLINE OF THIS THESIS

“In many patients, AF progresses from short, infrequent episodes to longer and more
frequent attacks. Over time, many patients will develop sustained forms of AF. In a small
proportion of patients, AF will remain paroxysmal over several decades (2-3% of AF

patients).”

This passage is the only part discussing AF progression in the 62 pages of text from the ESC
guidelines on AF.(1) Similarly, little attention is given to the progression of AF in daily clinical

practice, even though it harbors valuable information.

This thesis provides more insight in factors influencing the progression of AF, the effect of AF
progression on the quality of life, how AF progression may be defined, and the shortcoming
of this definition in the contemporary era of continuous atrial rhythm monitoring with
implantable loop recorders. Furthermore, the use of anticoagulation in the present-day
management of AF is discussed and its possible effect on the progression of AF. This
chapter critically reflects on the obtained results, places these in the context of the available
literature, and ends with proposing future research directions.

THE PROGRESSION OF ATRIAL FIBRILLATION

The progression of AF can be influenced by several factors. Well-known factors can be seen
in the HATCH-score, i.e. heart failure, age, previous stroke/transient ischemic attack, chronic
obstructive pulmonary disease, and hypertension. A recent meta-analysis has reported that
the mean follow-up duration also is predictive of AF progression, with shorter studies
demonstrating higher rates of progression.(2, 3) This remarkable finding can be explained by
the more thorough rhythm follow-up in a formal study as compared to a survey in routine
clinical care from which the HATCH score was derived. More intense monitoring in a formal
study obviously boosts the AF progression rate compared to observational surveys,
especially in the beginning of the study since the increased monitoring will lead to improved
detection of AF progression. No differences were seen between studies in patients with new-

onset AF and patients with a longer history of AF.(3)

Since hypertension is a known risk factor for the progression of AF, we hypothesized that
patients with more severe forms of hypertension would also have a higher risk of AF
progression. To this aim, we compared the AF progression rates in patients with
hypertension and hypertensive end-organ damage, i.e. left ventricular hypertrophy (LVH) on
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echocardiography, to those with hypertension without LVH in the Euro Heart Survey (EHS;
Chapter 2). As expected, the AF progression rate was higher in the hypertensive patients
with LVH (24% vs. 9%, p=0.011). A similar conclusion was drawn by Padfield et al. in a
Canadian registry.(4) In addition, mitral regurgitation, aortic stenosis, and left atrial dilatation
were also associated with progression of AF in this study.

Remarkably, the effect of the presence of LVH on AF progression could only be ascertained
in male patients (28% vs. 6%) and not in female patients (15% vs. 15%) in our population.
This dissimilar effect of LVH on AF progression in men and women could possibly be
explained by the type of LVH, with men showing predominantly concentric LVH and women
both concentric and eccentric LVH.(5) Since concentric LVH is associated with AF
recurrences,(6) one could argue that it may also play a role in the progression of AF.

Unfortunately, it was not possible to assess the type of LVH in our population.

In Chapter 3, a different selection was made from the patients included in the
EuroHeartSurvey on AF (EHS). All patients who had filled in the baseline and follow-up
quality of life (QoL) questionnaire were analyzed. As hypothesized, patients with AF
progression showed decrease in QolL, whereas the patients without AF progression
remained stable over time. Remarkably, the decrease was not due to the progression of AF
itself, as was concluded from the multivariate regression analysis, but rather from symptoms
due to AF or the occurrence of adverse events, i.e. stroke, heart failure, malignancy, or
implantation of an implantable cardioverter defibrillator (ICD). So, patients with AF
progression had more adverse events and were more symptomatic, thereby causing more
decrease in the QoL, which corroborates the findings in one of our previous studies with QoL

assessments in AF patients.(7)

In Chapter 4, we aimed to assess the role of pericardial adipose tissue (PAT) using a more
liberal definition of AF progression, i.e. recurrence of AF after ablation. AF ablation is
generally performed in symptomatic patients in whom anti-arrhythmic drug therapy is not
tolerated or ineffective in reducing symptoms.(1) In the work-up for ablation, a cardiac
computed tomography (CCT) scan is frequently performed, predominantly to visualize the
pulmonary vein anatomy. We used semi-automatic software to reliably detect the amount of
PAT in almost 300 patients and correlated this to the rhythm outcome after ablation. We
found that patients with a favorable outcome after ablation, i.e. no recurrences of AF in the
absence of anti-arrhythmic drugs (AAD), indeed had less PAT than patients with recurrences
of AF after ablation. This univariable association did not hold, since multivariable logistic
regression only ascertained left atrial volume to be independently associated with the rhythm
outcome after AF ablation.
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Several studies have also investigated the association between PAT and arrhythmia
recurrence, with conflicting evidence. Not to mention a possible publication bias with non-
significant studies not published. In a study with 40 patients, both left atrial PAT (LA-PAT)
and total PAT predicted AF recurrences after ablation.(8) In a different study with 274
patients in which only LA-PAT was assessed, extent of PAT predicted AF recurrences after
ablation.(9) In the largest study with 665 patients, total PAT could only predict AF
recurrences in patients with persistent/progressed AF, and not in patients with paroxysmal
AF.(10)

Apart from the question whether only left atrial PAT should be determined or total heart PAT,
there is also the question whether only epicardial adipose tissue (EAT), i.e. inside of the
pericardium, should be determined or that all adipose tissue (AT) around the heart should be
measured, without delineating the pericardium. Stojanovska et al. compared EAT with
extrapericardial AT, showing that only EAT could predict AF recurrences after ablation in 169
patients.(11) The pericardium was manually traced in these patients. Extrapericardial AT
alone as well as combined with EAT (total heart PAT) were not predictive of rhythm outcome
after AF ablation, contrary to the conclusion of the studies mentioned above and our own

study.

From a pathophysiological point of view, both epicardial and extrapericardial AT should be
able to have effects on the atria and the heart in general. The paracrine effects of AT are
most likely greater for epicardial than for extrapericardial AT, given the location of the fatty
tissue. AT is believed to stimulate a pro-inflammatory response in the atria through secretion
of inflammatory cytokines, growth factors, and matrix metalloproteinases and thus lead to
fibrotic remodeling of the atrial myocardium.(12, 13) This evoked atrial remodeling may
influence the recurrences of AF after ablation. In addition to these paracrine effects, AT can
also have systemic effects on the heart and the atria, e.g. through hypercoagulability. It has
previously been shown that AT can activate thrombocytes, inhibit fibrinolysis, and stimulate
the synthesis of coagulation factors, leading to an increased hypercoagulability.(14) This in
turn has been shown to cause atrial fibrosis in a mouse model, and as a consequence
leading to an increased incidence of AF in these mice compared to wild-type mice.(15) The
same pathophysiological mechanisms might partly explain the association between adipose
tissue and AF in man. The role of hypercoagulability in AF progression is also the central
hypothesis of the RACE V registry (Chapter 5).
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Shortcoming of current definition for AF progression

“The diagnosis of AF requires rhythm documentation using an electrocardiogram (ECG)
showing the typical pattern of AF... By accepted convention, an episode lasting at least 30
seconds is diagnostic.”(1)

Similar to the threshold for documentation of AF, the cut-offs for the classification of AF into
paroxsymal and persistent are also based on accepted convention, with paroxsymal AF
being characterized by self-terminating episodes of typically <48 hours and maximally lasting
7 days, and persistent AF by non-self-terminating episodes lasting >7 days.(1) Based on this
classification, important therapeutic decisions are made, such as scheduling for electrical
cardioversion (ECV), ablation strategies, prescription of AADs, and rate control. This
classification, in turn, is mostly based on the combination of patient-reported symptoms and

one or more 10-second ECGs, which is not accurate in determining the type of AF.

Firstly, patient-reported symptoms are unreliable when it comes to assessing the AF burden,
i.e. the percentage of time in AF divided by total time. Asymptomatic episodes frequently
occur, even in patients who are highly symptomatic.(16-18) In addition, therapeutic
interventions reduce symptoms in AF patients. This is not only the case for AAD and
ablations(19-21), but even for rate control drugs(22), leading to more AF episodes going
unnoticed, underestimating the AF burden in a patient.

Secondly, occasional rhythm monitoring in the form of 10-second ECGs, or even Holter
devices with longer monitoring time capacity, always bear a certain sampling error with them,
inherent to the incidental character of the monitoring modality. This is best visualized by the
opposite monitoring modality, continuous rhythm monitoring. In figure 1 of Chapter 5, the first
six months of rhythm follow-up is visualized for three patients from the RACE V registry, all
showing a distinct form of paroxysmal AF. Without the continuous rhythm monitoring, all
three patients could be classified in a similar manner, and therefore most likely treated
similarly as well. Furthermore, a 24-hour Holter monitoring, or routine 10-second ECGs,
could result in totally different AF burdens and underestimate as well as overestimate the

burden, depending on the time on the X-axis the monitoring is performed.

In a post-hoc analysis of the OMNI(23) and TRENDS(24) studies combined, the correlation
between clinical classification of AF and the continuous rhythm monitoring was assessed. In
~1200 patients with an implantable device, the agreement between the AF classification as
determined by the treating physician and the device-derived assessment was poor (Cohen’s
k=0.12, 95% CI 0.05-0.18, p=0.01).(25) Only 47% of the patients classified as paroxysmal
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AF indeed had paroxysmal AF. For persistent AF, this was even worse at 33% agreement.

The AF burden distribution was very heterogeneous in both types of AF.(25)

This misclassification of AF by physicians is common, but not always very evident. In
Chapter 1 for example, we saw an AF progression rate of 17%, which is high, but the AF
regression rate, which is presumed to occur much less often,(1) was also 17%. A similar
conclusion can be drawn from the 30-year follow-up of the Olmsted County population.(26)
Of the 37 patients with persistent AF at baseline, 8 were classified as permanent AF after a
mean follow-up of 25 years, 4 as persistent and 25 (68%) as paroxysmal. Of the 34 patients
with paroxysmal AF at baseline, 16 progressed (47%) to persistent AF during follow-up.(26)
In Chapter 8, we included patients with persistent AF scheduled for an elective cardioversion,
36 (9%) of the 386 patients had “spontaneous” cardioversion. A proportion of the patients
from these 3 examples must have been misclassified. In Chapter 5, we also observed
patients having paroxysms lasting >7 days but with spontaneous conversion to sinus rhythm,
with a 1 week Holter recording these patients could be misclassified as having persistent AF,
in case symptomatology was unclear. This and previous examples emphasize that the
current definition and classification of AF and the progression of AF do not reflect the true

nature of the arrhythmia.

Since determining the type of AF is not accurate with occasional rhythm monitoring and
patient-reported symptoms, determining AF progression, which is based on a change in the
type of AF, is also inaccurate. Therefore, in a preliminary analysis of the first 202 patients
from the RACE V registry (Chapter 5), we assessed the different patterns of paroxysmal AF
and progression of AF using continuous rhythm monitoring. Patients were divided in four
groups based on the longest AF episode duration and on their AF burden, i.e. no AF, short
(<6 hours), intermediate (6-12 hours), and long episodes (>12 hours) and no AF, low
(<0.5%), intermediate (0.5-2.5%), and high AF burden (>2.5%). Differences in baseline
characteristics were comparable among AF duration and AF burden subgroups. Patients with
long episodes or high burden were more often male, had more often heart failure and
coronary artery disease, and had a higher left ventricular mass. In 179 (89%) patients, 1-year
rhythm follow-up was available. Daily averaged AF burden increased from 3.2% in the first 3
months, to 6.1% in the last 3 months. Compared to the first 6 months, 111 patients (62%)
remained in the same category of episode duration in the second 6 months, 39 (22%) had
progression, and 29 (16%) had regression. Eight patients (4.5%) developed persistent AF.
Overall, we observed a subtle increase in averaged AF burden throughout a short follow-up

period. About 1 in 5 patients showed progression to a higher AF category based on the
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longest AF duration, indicating that in most cases, AF progression is a process of subtle AF

episode prolongation.

Even though AF begets AF in the long term,(27) in the short term a regression in burden can
be seen, as we saw in a proportion of the patients in Chapter 5. This is a consequence of
clustering of AF episodes, which has been observed both in normal conditions(28) and in the
period before death.(29) In a way, the progression of AF can be seen as a mountain stage in
the Tour de France. The finish will be at the top, that is out of question, but the road to that
finish will have some ascends as well as some descends. The fact that a cyclist is currently
descending (or the burden of AF in a patient is decreasing), does not mean that eventually
the road will not ascend (or the burden of AF in a patient will not increase). In addition, some
patients will not get to see persistent AF, just like some cyclists will not make it to the end of

the stage.

Similar findings were ascertained by Diederichsen et al. in a Danish population.(30, 31)
Patients without a history of AF aged =70 and at least one of the following risk factors, i.e.
hypertension, diabetes, previous stroke, or heart failure, were included and underwent
implantation of a loop recorder. One third of the patients showed AF of at least 6 minutes, of
whom 16% showed progression to at least 1 episode lasting 224 hours during follow-up.(30)
Furthermore, cardiac biomarkers like NT-proBNP and troponin T were associated with
incidence of AF and improved the prediction of long term episodes.(31)

In conclusion: the more you look, the more you see. Continuous rhythm monitoring has
improved our understanding of patterns and progression of AF, and will continue to do so.
Perhaps we should change the way we look at AF progression and stop looking at it as a
simple, dichotomous phenomenon, especially given the widespread occurrence of
misclassification of AF type. The RACE V registry will, once finished, provide us with more

answers.

ANTICOAGULANT TREATMENT IN ATRIAL FIBRILLATION
Correct use of anticoagulation

In Chapter 1, we provide a contemporary representation of the characteristics, treatment,
and outcomes of AF patients in the Netherlands and Belgium, with special reference to
anticoagulation treatment. In this registry, 967 patients were included in 23 centers. At
baseline, 887 patients (92%) received anticoagulant treatment. Strikingly, a large proportion
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of patients without an indication for chronic anticoagulant treatment, i.e. men with a
CHA:DS,-VASc score of 0 and women with a score of 1, were in fact anticoagulated at
baseline (70%). A slim majority (59%) of these patients underwent a rhythm intervention at or
shortly after baseline (justifying the initiation of anticoagulants in these patients), resulting in
overtreatment of patients with anticoagulant therapy in the remainder, which translated into
5% of the whole population being overtreated (Chapter 1, Figure 2).

Undertreatment of patients was even more prevalent, with 9% of the patients either receiving
no anticoagulation at all in the presence of an indication based on the CHA2DS,-VASc score,
or receiving the reduced dose of a NOAC without a reason for dose reduction. This did not
lead to more adverse events, but the occurrence of major adverse cardiac and
cerebrovascular events was low in the first place, i.e. 4% per year, making it very hard to

draw conclusions regarding the effects of undertreatment on adverse events.

In total, 17% of the patients using a NOAC were incorrectly dosed. Previous reports have
shown higher rates of incorrect dosing of 25-37%.(32, 33) Even though with time, incorrect
use of NOACs seems to reduce, there is still more room for improvement. Raising
awareness regarding correct use of anticoagulation is important, so that adverse events can

be limited to the minimum.

In Chapter 8, we investigated another variant of undertreatment. In patients with VKA
undergoing elective cardioversions, we observed that subtherapeutic INRs precardioversion
occurred in more than half of all patients, leading to a significant delay until cardioversion,
especially in patients with recent initiation of VKA therapy. Moreover, subtherapeutic INR
levels prior to ECV were associated with the combined endpoint of cardiovascular death,

ischemic stroke and the need of blood transfusion.

NOACSs appear to be good alternatives to VKAs in patients planned for ECV, since they are
at least as effective as VKA and cause less bleedings(1, 34-36), and are not dependent on a
fluctuating anticoagulation level when taken as prescribed, leading to a reduction in waiting
time to elective cardioversion and shortening the waiting list for elective cardioversion in
general. However, in order to benefit from these advantages, the correct dosing and use of
NOAC:s is of paramount importance.
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Anticoagulation and the progression of atrial fibrillation

The main hypothesis of the RACE V registry (Chapter 5) is that hypercoagulability is an
important factor in the progression of AF. Experimental data show that a hypercoagulable
state, i.e. enhanced thrombin activity, induces pro-fibrotic and pro-inflammatory changes in
the atria in mice, leading to the development of a substrate for atrial fibrillation.(15)
Furthermore, counter-acting thrombin through administration of nadroparin leads to
attenuation of atrial fibrosis and AF substrate complexity in goats, which is most likely
mediated by protease activated receptors (PAR). These can be activated by low-molecular
weight heparins, i.e. nadroparin, and NOACs, but not by VKA. Therefore, anticoagulation
treatment might influence the progression of atrial fibrillation. This is one of the hypotheses
we aim to investigate in the RACE V registry (Chapter 5) and the RACE V consortium in

general.

In Chapter 6, we aimed to answer a similar question, only not for the progression of AF but
for the development of AF, i.e. at the start of the disease. We performed a post-hoc analysis
of clinical trials that randomized patients without a history of AF to treatment with either a
NOAC or warfarin/placebo, i.e. Hokusai-VTE(37), RE-COVER [(38), RE-COVER 11(38), RE-
MEDY(39), RE-SONATE(39), and RE-DEEM(40). In these trials, the occurrence of AF was
reported as an adverse event. Unfortunately, no periodic electrocardiograms were performed
to detect AF.

We hypothesized that a hypercoagulable state, i.e. enhanced thrombin activity, induces pro-
fibrotic and pro-inflammatory changes in the atria, leading to the development of a substrate
for atrial fibrillation, as shown in experimental data.(15) A total of 19,424 patients were
included from 6 randomized controlled trials for this analysis. AF was diagnosed in 120
(0.62%) patients, with similar incidence in those randomized to receive a NOAC compared
with VKA or placebo. The overall incidence of AF was lower than expected (0.9%/year),
possibly due to underdiagnosing of asymptomatic AF. In addition, in 2 of the 5 trials, i.e. RE-
MEDY and RE-SONATE(39), patients previously treated with warfarin were also included,
possibly diminishing the positive effect of NOACs on incidence of AF. Furthermore, the
treatment duration with NOAC in these trials might be too short in order to see differences in
AF incidence.
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Atrial high rate episodes and anticoagulation

Cardiovascular implantable electronic devices (CIEDs), i.e. pacemakers and ICDs, are able
to detect episodes of atrial arrhythmias by continuous rhythm monitoring, regardless of the
presence of symptoms. These atrial arrhythmias are called atrial high rate episodes (AHRE)
and occur frequently. In patients without a history of AF with a CIED, the incidence of AHRE
is approximately 25% after 1 year and 35% after 2 years of follow-up.(41-43)

AHRE differ from clinical AF in a couple of characteristics. Firstly, clinical AF is ascertained
on an electrocardiogram, whereas AHRE are solely recorded on a CIED read-out.(1)
Secondly, patients with AHRE have a lower thrombo-embolic risk compared to AF
patients.(42, 44-47) Current guidelines recommend starting anticoagulant therapy in AF
patients with a CHA2DS»-VASc score =2 and considering antithrombotic therapy in patients
with a CHA2DS2-VASc score of 1.(1) For AHRE however, no recommendations regarding
antithrombotic therapy are made in the guidelines, largely because of lack of evidence for
any benefit of antithrombotic treatment in patients with AHRE.(1) In Chapter 7, we propose a
decision making flow-chart (Figure 1) regarding anticoagulant treatment for patients with

AHRE, after reviewing the available literature on this matter, awaiting further research.

Patients with AHRE without a history of AF

A 4

Assess duration of longest AHRE episode

AHRE < 24 hours AHRE 2 24 hours
v
- No evidence for Consider antithrombotic
antithrombotic therapy therapy in patients with
- Consider intensifying CHA,DS;-VASc 21
frequency of CIED read-outs

Figure 1. Decision making flow-chart regarding anticoagulant treatment for patients with
AHRE.
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After publication of this point of view paper, Kaplan et al.(48) showed in a population with
more than 21000 patients with a CIED, of whom 18% had clinical AF, that with increasing
duration of AHRE/AF, the stroke risk also increases. Additionally, with increasing CHA2DS,-
VASc score, a shorter period of AHRE/AF was sufficient to increase the risk of thrombo-
embolism, i.e. patients with CHA2DS2-VASc score of 2 with >23.5 hours of AHRE/AF had an
increased stroke risk, as was for patients with a CHA2DS,-VASc score of 3 to 4 with >6
minutes of AHRE/AF, and those with a CHA;DS,-VASc score 25 even with no AHRE/AF.
This interaction between AHRE/AF duration and CHA:DS,-VASc score should also be
investigated in the future for AF patients in general. The results of the RACE V trial can

provide more answers regarding this matter.

The fact that stroke risk is even increased in patients with no AHRE/AF and a CHA:DS,-
VASc score =5, has previously been reported.(49, 50) Saliba et al.(50) analyzed over 1
million Israelian patients without AF and ascertained a high predictive value of the CHA2DS,-
VASc score for stroke in patients without AF, similar to the predictive value in those with AF.
Ording et al.(49) had an equivalent conclusion in their Danish cohort.

Furthermore, we propose an update to the model of Kamel et al.(51) for thrombo-embolic risk
in AF/AHRE in Chapter 7. The classical model of thrombo-embolism in AF is usually
explained by Virchow’s triad, i.e. hypercoagulability, stasis of blood, and endothelial
dysfunction.(52) AF patients are known to have a hypercoagulable state of the blood,(53-56)
endothelial dysfunction in the atria,(57-61) and stasis of blood in predominantly the left
atrium.(62, 63) In contrast to this classical pathophysiology of TE in AF however, in a
substantial proportion of patients with AHRE and TE, a clear temporal relationship cannot be
well established, i.e. TE is not preceded by AHRE or AF, but the arrhythmia rather occurs
after the TE. Brambatti et al.(64) showed in a substudy of the ASSERT trial that only 26
(51%) of the 51 patients with a TE during follow-up showed AHRE, of which 8 patients
(30.8%) only showed AHRE after the embolic event. Similarly, Daoud et al. showed in a
substudy of the TRENDS trial that in only 20 (50%) of the 40 patients with TE, AT/AF was
detected prior to the event, nine of whom did not show any AT/AF in the 30 days prior to the
event.(65) These findings suggest that AHRE/AF and stroke do not always occur in the

classical pathophysiological order.

To address this issue, Kamel et al. proposed an updated model for thrombo-embolic
stroke.(51) In this model, atrial cardiomyopathy plays a key role and can result in both
AHRE/AF and in TE, explaining the situations in which TE precedes the occurrence of
AHRE/AF. Ageing and systemic vascular risk factors can cause an abnormal atrial substrate
leading to atrial cardiomyopathy, which can be characterized by atrial dilatation, mechanical
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dysfunction, fibrosis, and/or endothelial dysfunction.(51) One of these factors causing an
abnormal atrial substrate might be hypercoagulability. Spronk et al. have shown that
hypercoagulability can induce atrial fibrosis and lead to a substrate for AF.(15) Similarly, the
increased risk of thrombo-embolism in patients with atrial cardiomyopathy might be mediated
by hypercoagulability (Figure 2).

Proposal for updated model

AF/AHRE

Atrial cardiomyopathy

(I

Hypercoagulability

Thrombo-embolism

Figure 2. Proposal for an updated model of TE in AF/AHRE

FUTURE DIRECTIONS

The advancements in diagnostics have improved our understanding of diseases, leading to
new and enhanced therapies, whether it is the invention and improvement of the CT scan
and the earlier detection of cancer, or laboratory measurements like high sensitive troponin
and better detection of cardiac ischemia. This increase in information eventually leads to
better treatment and improved patient outcomes. Similarly, the currently changing and
improving monitoring possibilities in patients with AF or suspected AF, will lead to better
understanding of the progression of the disease, improve treatment, and as a consequence
reduce adverse events due to AF.

The advancements in diagnostics for AF are following each other rapidly. Most of these
involve wearables or small devices capable of detecting AF.(66-68) These devices have an
important role in screening for AF and correlating symptoms with heart rhythm. A big
downside however, is the intermittent monitoring and the inherent underdiagnosing of
patients with asymptomatic AF episodes. Therefore, continuous monitoring is the golden

standard and the future.
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As stated previously, we should move away from the binary idea we have regarding AF
progression and see it more as a sliding scale. Continuous rhythm monitoring is improving
our understanding of AF progression and will continue to do so. The RACE V registry will,
once finished, provide us with more answers. In addition to the RACE V, more data is
needed regarding continuous rhythm follow-up in patients with AF at different stages of the
disease, whether it is with implantable loop recorders or with pacemakers/ICDs with an atrial
lead. Especially in this era of low adverse event rates with the current treatments, high
patient numbers are needed in order to show an improvement in patient outcomes. For this,

big data, machine learning, and artificial intelligence can be used as well.

In addition to better recognition of AF progression through improved rhythm monitoring as a
future direction, “avoidance of AF progression may be a therapeutic goal in itself given the
difficulties in managing ‘advanced’ AF”, as stated in the consensus document of the second
AFNET-EHRA conference.(69) Catheter ablation is known to be less effective in persistent
AF compared to paroxysmal AF.(70, 71) Therefore, restricting the progression of AF or the
remodeling of the atria can be a goal in itself. As we saw in Chapter 2, LVH is a risk factor for
AF progression. Could reduction of LVH through treatment with antihypertensive drugs
eventually lead to reduced or delayed AF progression? Perhaps, the effect of upstream
therapy in AF with RAA (renin-angiotensin-aldosterone) system blockers is based on the
reduction in LVH?(72) This hypothesis should be checked prospectively and in a randomized
manner. Additionally, the type of LVH should be assessed in this trial with attention to sex

differences.

Another advancement in diagnostics for AF patients is the improvements made in the cardiac
CT scan. In Chapter 4, we determined the whole heart PAT using semi-automatic software.
In the future, automated assessment of only epicardial AT around both atria should be
performed. A comparison of manual tracing with automatic detection would be of added
value as well, comparing time needed to obtain the assessment and the reliability of
automated assessments.

Regarding anticoagulant treatment in patients with AHRE, currently recruiting randomized
controlled trials like ARTESIA and NOAH-AFNET 6, will give us more insights in when to
treat these patients with anticoagulants. Furthermore, these ftrials are well suited to
investigate the effect of inhibiting hypercoagulability with NOACs on the progression of AF.
These post-hoc analyses may be an addition to the RACE V study results.
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Atrial fibrillation (AF) affects a large proportion of the population and the prevalence of AF is
expected to increase in the future. In addition to the widespread occurrence, AF is
associated with an increased risk of all-cause mortality, heart failure, and ischemic stroke,
making it a major public health problem. A significant proportion of total health care costs can
be attributed to AF.

Progression of atrial fibrillation

The progression of AF from paroxysmal to persistent AF occurs frequently and is also
associated with patient outcomes, i.e. an increased risk of ischemic stroke and heart failure
hospitalizations. Therefore, understanding this process can in the future lead to therapeutic
interventions decreasing the progression rate and thereby hopefully decreasing the
associated patient outcomes. This will lead to a reduced health care burden, both for the
individual and the society. Avoiding AF progression can be a therapeutic goal in itself since
advanced AF has shown to be harder to manage, leading to increased hospital visits and

medical interventions.

To this aim, minimizing the risk factors leading to AF progression is pivotal, i.e. treating
hypertension in order to prevent the development of left ventricular hypertrophy as well as
keeping left atrial enlargement to a minimum. The latter is also accomplished by treating
underlying comorbidities.

Advancements in medicine lead to improvements in patient management. Whether its
improved diagnostics or treatments, patients have always benefited from these
advancements. Up till now, AF progression was seen as a binary phenomenon; it either
happens or it doesn’t. In this thesis, we have implemented continuous rhythm monitoring in
AF patients, improving our understanding of AF progression. With this intensified rhythm
monitoring in the RACE V trial, we observed in a mid-term analysis that AF progression is not
as black and white as we thought. The final results of the RACE V trial with complete follow-
up in 750 patients will give us more definite answers on both the rhythm outcome and its
association or relation with patient related outcomes. With this information, we can perhaps

limit AF progression and patient outcomes in the future.
Anticoagulant treatment in atrial fibrillation

In the past, vitamin K antagonists were the only option in patients with AF regarding
thromboembolic prophylaxis. The practical disadvantages of these drug lead to increased

health care costs, i.e. by increasing the time to elective electrical cardioversion due to
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Valorization

subtherapeutic INR values, as we have shown in this thesis. NOACs do not have this

disadvantage and can reduce the waiting list for elective cardioversion.

All NOACs have a regular dose and a reduced dose. The latter should only be prescribed in
select cases. However, we have observed that patients are both under- and overtreated with
NOACs. This leads to patients either being not adequately protected for a thromboembolic
event or at unnecessary risk of a bleeding event. Both under- and overtreatment should be

reduced in the future.

Finally, for some patient groups it is unknown whether they will benefit from thomboembolic
prophylaxis, i.e. patients with atrial high rate events as detected by cardiac implanted
electronic devices. In these patients, the thromboembolic risk seems to be lower compared
to patients with AF, therefore the threshold to initiate anticoagulant treatment is probably
higher. In this thesis, we propose an algorithm for this issue. Currently, two randomized

controlled trials are ongoing to definitely answer this question.
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Boezemfibrilleren is de meest voorkomende ritmestoornis bij de mens. In Nederland zijn er
naar schatting 250.000 mensen met boezemfibrilleren. Het komt vaker voor bij ouderen en
bij mensen met risicofactoren voor het ontstaan van boezemfibrilleren, zoals hoge bloeddruk,
suikerziekte en overgewicht. Naar schatting zal het voorkomen van boezemfibrilleren in
Nederland door de vergrijzing meer dan verdubbelen in de komende 3 decennia naar
550.000 mensen in 2050.

In tegenstelling tot kamerritmestoornissen leidt boezemfibrilleren indien onbehandeld niet tot
een acute hartstilstand. Wel kan boezemfibrilleren veel klachten veroorzaken, zoals
hartkloppingen, kortademigheid of pijn op de borst. Vaak zijn deze klachten een gevolg van

een te snelle hartfrequentie. Maar boezemfibrilleren kan ook volledig asymptomatisch zijn.

In het begin van de ziekte heeft een persoon vaak korte aanvallen van boezemfibrilleren.
Naarmate de tijd vordert nemen deze aanvallen toe in frequentie en in duur, totdat
uiteindelijk de chronische variant van boezemfibrilleren ontstaat. Dit proces noemen we
progressie van boezemfibrilleren. Het treedt op bij gemiddeld 7% van de personen met

boezemfibrilleren per jaar.

In de behandeling van boezemfibrilleren wordt vaak als eerste stap medicijnen gegeven om
het hartritme te vertragen om zodoende de klachten te doen afnemen. Als dit onvoldoende
werkt, wordt overgegaan op anti-aritmica (medicatie die het ontstaan of de duur van
boezemfibrilleren remmen). Als ook dit onvoldoende werkt, wordt overgegaan op elektrische
cardioversies (een “shock” om het hartritme te herstellen) of ablaties (operatie waarbij

inwendig littekens worden gevormd in het hart om zo boezemfibrilleren voor te zijn).

In de behandeling van boezemfibrilleren is daarnaast ook een rol voor antistollingsmedicatie
weggelegd. Boezemfibrilleren gaat namelijk gepaard met een verhoogd risico op beroertes
oftewel herseninfarcten. Dit risico is alleen verhoogd als een persoon risicofactoren hiervoor
heeft, te weten hartfalen, hoge bloeddruk, suikerziekte, leeftiid >65 jaar, eerdere beroerte,
vaatlijden of vrouwelijk geslacht. In geval van een verhoogd risico op beroertes wordt er
gestart met antistollingsmedicatie. Vroeger konden hiervoor alleen bloedverdunners via de
trombosedienst voorgeschreven worden. Bij deze medicijnen moet om de 1-2 weken
gecontroleerd worden hoe “dun” het bloed daadwerkelijk is en wordt de dosering van het
medicijn hierop aangepast. Tegenwoordig kunnen “NOACs” voorgeschreven worden, dit zijn
tabletten met een stabiele dagelijkse dosering waarbij het bloed niet periodiek gecontroleerd

dient te worden.

In het eerste gedeelte van dit proefschrift (hoofdstuk 1) hebben we gekeken naar de manier

waarop patiénten met boezemfibrilleren worden behandeld in Nederland en Belgié en

159



Samenvatting

hebben we gekeken naar onderlinge verschillen. Wat met name opviel is dat er relatief veel
patiénten ten onrechte een lagere of hogere dosering NOAC kregen. Hierdoor worden deze
mensen onder- of overbehandeld en worden respectievelijk niet voldoende beschermd voor
het optreden van een eventuele beroerte of hebben juist een verhoogd bloedingsrisico,
terwijl dit eigenlijk niet zou hoeven.

In het tweede gedeelte hebben we gekeken naar de risicofactoren voor het optreden van
progressie van boezemfibrilleren (hoofdstuk 2 en 4), het effect van de progressie op het
kwaliteit van leven (hoofdstuk 3) en of we progressie wel op de juiste manier definiéren
(hoofdstuk 5). In dat laatste hoofdstuk zagen we dat hoe beter je kijkt naar het hartritme
(met een implanteerbaar apparaatje dat continu het hartritme in de gaten houdt i.p.v. af en
toe een hartfilmpje van 10 seconden), je veel beter kunt zien wanneer iemand toename laat
zien van boezemfibrilleren. Daarnaast concluderen we dat de progressie van
boezemfibrilleren waarschijnlijk niet zo zwart-wit is als we denken. Misschien moeten we
afstappen van dat idee en een nieuwe manier bedenken om progressie van

boezemfibrilleren te classificeren.

In het derde gedeelte van dit proefschrift hebben we op verschillende manieren gekeken
naar de rol van bloedverdunners in de behandeling van boezemfibrilleren. In hoofdstuk 8
zagen we dat de oudere bloedverdunners leiden tot langere wachttijden voor een elektrische
cardioversie omdat het bloed vaak niet dun genoeg is om deze veilig uit te kunnen voeren. In
hoofdstuk 7 stellen we een behandelschema voor dat gebruikt kan worden voor patiénten
met een pacemaker of ICD die korte boezemritmestoornissen laten zien, zonder dat er
daadwerkelijk sprake is van boezemfibrilleren. In hoofdstuk 6 onderzoeken we of de
NOACs mogelijk kunnen leiden tot het minder voorkomen van boezemfibrilleren. Ondanks

dat er in muizenstudies hier aanwijzingen voor zijn, konden wij dit niet aantonen in de mens.
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Atriyal fibrilasyon (AF) insan da en sik gorulen kalp ritim bozuklugudur. Hollanda’da yaklasik
250.000, Turkiye’de minimum 800.000 ve maksimum 1.600.000 insanin atriyal fibrilasyon
hastasi oldugu dusunuliyor. Yaslilarda ve yuksek tansiyon, seker hastaligi ve obezite gibi
risk faktorl bulunan insanlarda daha ¢ok goéruliyor. Hollanda'daki beklenti, yaslanan
insanlarin gogalmasi ile bu aritminin toplumda gértlme sikhidr 2050 senesinde simdiye oranla
ikiye katlanmis olmasi.

AF, kalbin Ustteki iki kulakgigi elektriksel bozulma nedeniyle atmasi gerektigi sekilde
atmadigindan kaynaklanir. Ventrikiler fibrilasyonun aksine, kalbin durmasina neden olmaz.
Lakin hastalarda goégus agrisi, yorgunluk, rahatsizlik hissi ve bas dénmesi gibi cesitli
semptomlara neden olabilir. Cogunlukta bu belirtiler kalbin normalden hizli garpmasindan

kaynaklanir, ama bazi hastalarda AF hicbir belirti gdstermez.

Hastaligin basinda ritim bozuklugu noébetler seklinde gelir, buna paroksismal AF denir.
Paroksismal AF genellikle dakikalar veya saatler surer ve sonunda kendi kendine geger.
Zaman gegtikge nobetlerin sayisi ve uzunlugu artar ve sonunda AF surekli sekilde gorulur,
buna persistant AF denir, yani kendiliginden diizelmeme hali. Bu olaya “AF ilerlemesi” denir

ve paroksismal AF hastalarinin senede ortalama %7’sinde gordlur.

Tedavide ilk hedef kalp hizini haplarla kontrol altina almaktir. Eger belirtiler yeterince
azalmazsa, anti-aritmik haplar verilir. Bu haplar nébetlerin sayisini ve uzunlugunu azaltir.
Eger bu da ise yaramazsa, elektrik soku ya da ablasyon tedavisine (damar iginden kalbe

ulasip, aritmiye neden olan hicrelerin yakiimasina ya da dondurulmasina) ihtiya¢ duyulabilir.

Bunun yani sira, AF’nin tedavisinde antitrombotik tedavinin de 6nemli yeri vardir. Clinki AF
hastalarinda inme riski, kanin kalp kulakgiklarinda birikip pihti olugturabilmesi yuzinden,
yuksektir. Bu riski yukselten belirli faktérler vardir: yiksek tansiyon, seker hastaligi, kalp
yetmezligi, 6nceden gegirilmis inme, vaskiler hastalik, 65 yas Ustli olmak ve kadin olmak.
Eger inme riski ylksekse, antitrombotik ilaglar verilir. Eskiden sadece Varfarin mevcuttu. Bu
hapin doz ayari her hastada degisiktir ve bu nedenle belirli araliklarla kan testi yapilmasi

gerekir. Piyasaya yeni gikan DOAK’larda kan testine gerek duyulmaz.

Bu tezin 1. boliimiinde Hollanda’'da ve Belgika’da AF hastalarinin nasil tedavi gérdigini ele
aldik ve bu iki devleti birbiriyle kiyasladik. Géze batan sonuglardan biri DOAK kullanan
hastalarin belirli bir bolimu yanhs tedavi gérdugidur, almalari gerektigi dozdan fazla ya da

az doz aldiklarini gorduk.

Bu tezde ayrica AF ilerlemesine neden olan risk faktorlerini (2. ve 4. boliim), AF

ilerlemesinin yasam kalitesine etkisini (3. bollim) ve AF ilerlemesinin tanimini (5. boliim)
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Ozet

arastirdik. Bu son boélimde vicuda yerlestirilebilir bir cihazla 200 hastanin kalp ritmini
araliksiz bir sekilde inceledik. Normalde kalbin ritmini 10 saniyelik kalp filmi kayitlariyla
(EKG'yle) inceleriz. Bu arastirmanin sayesinde 6grendik ki: ne kadar iyi bakarsan, o kadar
¢ok gorursin. Kalbin ritmini slrekli inceleyerek, AF ilerlemesinin sandigimiz gibi siyah-beyaz

bir olay olmadigini 6grendik.

Son olarak AF hastalarinin antitrombotik tedavisini arastirdik ve 8. boéliimde Varfarin’in
elektrik sokunu bekleyen persistant AF hastalarinin bekleme slresini gereksizce uzattigini
gordiuk. DOAK’larla bu uzama kolayca oOnlenebilir. Altinci bolimde DOAK’larin AF’nin
olusmasina engel olabilme kabiliyetinin olup olmadigini arastirdik. Daha &énce farelerde
yapilan arastirmalar bu ydnde kanilar gosterse de, insanlarda bu efekte rastlayamadik.
Yedinci bodliimde ise henliz AF tanisi konulmamis kalp pili olan hastalarin nasil

antitrombotik haplarla tedavi edilebileceg@ine dair bir 6neri sunduk.
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Veel mensen hebben direct of indirect bijgedragen aan de totstandkoming van dit

proefschrift, waarvoor ik dank verschuldigd ben.

Allereerst mijn promotor, prof. dr. Harry Crijns. Vanaf onze eerste kennismaking had ik een
goed gevoel bij een promotietraject bij u. In het begin kwam ik vaak met meer vragen uit
onze besprekingen dan ik deze in ging, maar dit werd gelukkig snel minder. Uw vermogen
om verbanden te zien, bevindingen scherp te verwoorden en zaken snel geregeld te krijgen
hebben mij telkens gemotiveerd om nog beter voorbereid te verschijnen bij de besprekingen.
Ook bedankt voor uw gestelde vertrouwen in mij, zowel voor dit promotietraject alsook voor
de opleiding tot cardioloog.

Copromotor dr. Luermans, beste Justin, ondanks je volle agenda en vele bezigheden maakte
je altijd tijd om mij te begeleiden. Je perfectionisme, waar je je onterecht voor
verontschuldigt, tilde de artikelen altijd tot een hoger niveau en maakte je supervisie op de
AF poli zeer leerzaam. Daarnaast toon je niet alleen interesse in werkgerelateerde zaken,
maar ook op persoonlijk vlak. Hierdoor voelt het vaak alsof ik niet met een supervisor maar
meer met een collega in gesprek ben. Als ik later groot ben, wil ik een cardioloog worden

zoals jij!

Voorzitter, prof. dr. Delhaas, en leden van de beoordelingscommissie, prof. dr. Gorgels, prof.
dr. Schurgers, prof. dr. Smeets en prof. dr. Boersma, hartelijk bedankt voor het beoordelen

van mijn proefschrift.

Bij de verdediging van dit proefschrift wordt ik bijgestaan door mijn paranimfen, die elk een

belangrijke bijdrage hebben geleverd aan het proefschrift en de verdediging:

Elton, mijn grote voorbeeld! Je had ook net zo goed hierboven als tweede copromotor
kunnen staan. Vanaf dag één heb je me op sleeptouw genomen en wegwijs gemaakt in de
wondere wereld van het onderzoek. Zonder jouw hulp had alles veel langer geduurd. Je bent
een onuitputtelijke bron van informatie, iedereen op de kamer klopte bij jou aan voor
statistische vragen of voor dat ene Engelse woordje waar we maar niet op kwamen. Gelukkig
zat je praktisch continu naast me, zelfs tijdens de lunch. Al was dat op de vrijdagmiddag niet
altijd een pretje (pot verwijt de ketel wat betreft muzieksmaak). Je liefde voor oneliners en
zwarte koffie heb ik van je overgenomen. Je gevoel voor humor en Hollandse nuchterheid

zijn prijzenswaardig. Ik wens je alle geluk toe met Ellis en de kleintjes!

Yvonne, alle stadia die jij aan het begin van het onderzoek doormaakte waren heel
herkenbaar. Daar heb je je toch mooi doorheen geslagen, al geloofde je er in het begin zelf

niet in. Het was goed om te zien dat je ondanks tegenslagen je weg vond in het onderzoek.
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Je groeide snel uit tot een verbindende factor binnen de groep en hebt ook veel borrels en
uitjes georganiseerd, waarvoor speciale dank. Ook bedankt voor je gezelligheid, zowel op de
PhD-kamer als tijdens de vele borrels en feestjes die we samen hebben bezocht. Veel
succes met het afronden van je onderzoek en tot snel op de werkvloer!

Vier jaar fulltime onderzoek doen kent vele ups-and-downs. Gelukkig zaten we met een
aantal collega’s in hetzelfde schuitje en konden we lief en leed delen. Als het niet onder
werktijd was, dan wel op de borrels, feestjes, ski-reisjes en congressen. Daarom ook een
speciale dank aan alle collega’s op de onderzoekskamer, op alfabetische volgorde:

Arantxa, bedankt voor je gezelligheid op de kamer en je bijlesjes Spaans aan Elton en mij als
we weer eens onwaarheden verkondigden onder invloed van Ben & Ruurd. Het is
bewonderenswaardig hoe je je onderzoek inmiddels al tot een succesvol einde hebt

gebracht!

Bouke, onze eerste kennismaking was op B3, waar jij al assistent was toen ik als semi-arts
begon. Nu gaan we, na een periode van onderzoek, al carpoolend naar Venlo voor ons B-
jaar. Mede dankzij jou zijn we twee keer gaan skién met de harde kern van de PhD-groep,
beide reisjes waren memorabel. Naast je ski skills is met name je liefde voor shotjes me
bijgebleven (en het tempo waarmee je ze bestelde). Ook dank voor de 4D-flow opname van
mijn boviene aortaboog.

Casper, als kersverse cardioloog kwam je bij ons op de kamer vol jonge broekies, maar je
had geen moeite met aanpassen. Dank voor je gezelligheid, zowel in de onderzoekskamer

als op de NVVC-congressen.

Floor, a.k.a. Fleur, we zagen elkaar vaker op borrels en de skipiste dan op het werk. Maar
het is altijld gezellig om even met je bij te kletsen. Veel succes met het afronden van je
onderzoek!

Frederique, a.k.a. Fré-Fré, met jou heb ik het langst samen op de onderzoekskamer
gezeten. Enerzijds was je heel netjes, anderzijds kon je om de meest grove grappen lachen.
Daarom was je in het begin eigenlijk “one of the guys”. In retrospect ben ik blij dat er meer
vrouwen op de kamer kwamen om de boel te balanceren (af en toe “ging het gewoon te fur”).
Ook bedankt voor al dat organiseren, van de skireisjes tot de PhD-uitjes. Ik heb geen idee
hoeveel datumprikkers jij in je 4 jaar onderzoek hebt verzonden, maar een hoop van de
sociale activiteiten waren zonder jou niet verder gekomen dan de conceptfase. Ik kijk er naar

uit om straks weer collega’s te zijn in de kliniek!
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Job, de man van de extremen! Wat een ontwikkeling heb jij doorgemaakt tijdens je
promotietijd. Ik mis nog altijd het uurtje Temptation Island op het werk. We moeten trouwens

snel weer eens gaan darten!

Jort, veel praatjes, veel grote verhalen, maar altijd met een kern van waarheid! Wie zou ons
geloven als we vertelden dat jij in de villa van Jean-Marie Pfaff met kleren en al in zijn
zwembad was gesprongen - nadat hij je nadrukkelijk had verzocht om dat niet te doen - om
vervolgens door hem persoonlijk achterna gezeten te worden met een bezem? En dat ik op
hetzelfde feestje heb gefacetimed met Ronnie Flex? Ik zou het niet geloven. Gelukkig
hebben we de foto’s nog. We moesten in het begin wat aan elkaar wennen (lees: ik aan jou),
maar ik kan toch oprecht zeggen dat er een vriendschap is ontstaan. Je voorliefde voor
BMW'’s heeft me zelfs beinvioed in de keuze van mijn auto. Het is zonde dat we elkaar nu zo

weinig zien. Het ga je goed!

Manouk, op het eerste gezicht kom je rustig over, maar gelukkig leerden we je echt kennen
op de PhD-kamer. Je nam de rol van Fré-Fré snel over, ook wat betreft het organiseren van
de uitjes. Succes met je onderzoek en de huisartsopleiding!

Mark, ik zal mijn eerste binnenkomst op de onderzoekskamer nooit vergeten dankzij je
reactie. Gelukkig maakte je nadien veel goed. Het is nooit een saai feestje met jou in de
buurt. Bewonderenswaardig hoe je werk en privé weet te combineren met 3 kinderen en een

project in het buitenland.

Martijn, het congres in Rome was inderdaad een mooie, net zoals de assistentenfeestjes die

we trouw samen bezochten. Hopelijk binnenkort weer de volgende!

Masih, door jouw verhalen dacht ik dat de AF-poli en electieve cardioversies verschrikkelijk
zouden zijn, gelukkig viel dat reuze mee. Helaas was jij al tegen het einde van je
onderzoekstijd toen ik begon. Tot ziens op de werkvloer!

Michiel, harde werker en altijd vrolijk. Je dansmoves zijn me ook bijgebleven. Succes met je
onderzoek!

Mindy, je bent niet op je mondje gevallen, wat vaak tot prachtige situaties leidde op de

onderzoekskamer. Bedankt voor het regelmatig geven van je ongezouten mening!

Nick, de man uit Maria Hoop, trots op Duitsland en zijn motor. Bewonderenswaardig hoe je
zo veel verschillende projecten en taken tegelijkertijd uitvoerde. Veel succes met het

afronden van je onderzoek!
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Nikki, je werkethos typeert je. Je hebt met verve het onderzoek van Elton overgenomen en al
een aantal mooie artikelen gepubliceerd. Succes met het afronden van je onderzoek en ook

in de kliniek!

Sibel, altijd vriendelijk en behulpzaam. Ondanks dat ik je weinig zag omdat je zo ver weg op
de uni zat, kon ik altijd bij je terecht als ik vragen had. Veel succes met het afronden van je
onderzoek!

Theo, dank voor alle hulp in het begin van mijn onderzoekstijd. Ik zal nooit vergeten hoe je

als afsluiter van je eigen promotiefeestje ging hakken!

Twan, het congres in Wenen is toch het eerste waar ik aan moet denken bij jou. En het
gemak waarmee jij met iedereen een praatje kan maken. Bedankt voor de gezelligheid en al

je praatjes!

Bianca, Jerremy en Luuk, met jullie heb ik helaas maar een korte tijd samen op de PhD-
kamer gezeten. Jullie hebben alle drie een goede start gemaakt met jullie onderzoek, veel

succes met het vervolg!

Ook dank aan de dames van de cardio research, met name Monique voor al je hulp bij de
RACE V studie en Suzanne voor je hulp bij de EORP. Mandy, Marie-Louise en Saskia,
bedankt voor het implanteren van de Ling’'s. Sandra en Danielle, bedankt voor het uitvoeren
van de vaatmetingen. Saskia en Miriam, dank voor al dat geregel en inplannen van
vergaderingen met de baas. Alle polidames, en in het bijzonder Anouk en Francis, bedankt

voor jullie hulp op de poli.

Alle cardiologen van het MUMC, en in het bijzonder de AF-poli supervisoren. Beste dr.
Timmermans, wat was het een genot om met u poli te doen. Wat me het meest is
bijgebleven zijn uw kladblaadjes, uw bevlogenheid en het niet vergeten de patiént te
waarschuwen voor de eventueel te verwachten bijwerkingen. U was ook altijd geinteresseerd
in de voortgang van de thesis, waarvoor dank. Beste Dennis en Cees, ondanks dat ik jullie
relatief kort als supervisor heb mogen meemaken, heb ik ook van jullie veel geleerd. Hartelijk
dank daarvoor.

Dank aan alle arts-assistenten cardiologie van het MUMC voor de hulp bij de onderzoeken
en de gezelligheid op de NVVC congressen. Ook dank aan alle PA’ers, assistenten en

cardiologen van het VieCuri voor het warme welkom en de goede begeleiding.
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Alle arts-assistenten Interne Geneeskunde en internisten van het Zuyderland, bedankt voor
jullie gezelligheid op de werkvloer. Achteraf was de Interne Geneeskunde veel leuker en

interessanter dan ik dacht. Dat is voor een groot gedeelte aan jullie te danken!

Ook buiten het ziekenhuis hebben mensen bijgedragen aan de totstandkoming van dit
proefschrift, door het tonen van interesse in het onderzoek of het er juist even niet over te
hebben:

Armand, Jip en Raymond, a.k.a. de PT-Boys, mijn BFF’s. Ik zal toch echt met jullie moeten
beginnen. Gedurende een niet onaanzienlijke periode tijdens het onderzoek doen, leefde ik
echt van weekend tot weekend en keek ik reikhalzend uit naar onze samenkomsten. Met z’'n
vieren zijn we een bonte gezelschap aan verschillende persoonlijkheden, oftewel 4 malse
makkers. Altijd dolle pret als we samen zijn, met als hoogtepunten de weekendjes weg in

Dublin en Berlijn. Moge er nog vele weekendjes en memorabele avonden volgen!

Armand, Jack, Leon, Mostafa, Philippe en Thijs, a.k.a. H.J.C. Myrmidon. Na al die jaren zien
we elkaar nog steeds met enige regelmaat, om serieuze maar vooral ook minder serieuze
zaken te bespreken. “Tijd voor een debat!” om maar iemand te citeren. Mooi om te zien hoe

iedereen zijn eigen weg heeft gevonden. Ik hoop dat we nog vele jaren zullen samenkomen.
Bedankt Nick voor alle gezellige avonden bij jou, bij mij of - en met name - in de kaasbar.

Mia en Cor, bedankt voor jullie vriendschap met mijn ouders en jullie betrokkenheid bij onze

familie.

Beste Angela, Ludwig, Rachelle en Rick, bedankt dat jullie mij zo warm hebben ontvangen in
de familie.

Al mijn neefjes en nichtjes: Hamide, Hasan en Yagmur, Ayse, Efe, Feride, Ferdi en Ferhat.
Bedankt voor jullie gezelligheid, we moeten snel weer eens afspreken! Daarnaast natuurlijk
ook Hilal abla, Kdzim abi en Leyla yenge, en al mijn ooms en tantes: Hiiseyin dayi, Nefise
yenge, Turgut dayi, Dudu yenge, Nazli teyze en Ahmet eniste. Bedankt voor jullie steun en
interesse.

Babaanne, anneanne, halalarim, kuzenlerim ve Tirkiye'deki tiim akrabalarim, aramizda
mesafe olsa da ve senede sadece bir kez gorlUsebilsek de benimle ne kadar gurur
duydugunuzu biliyorum. Desteginizi daima hissediyorum. “Suan arastirma yapiyorum,
doktoramla ugrasiyorum” dedigimde iste bu kitaptan bahsediyordum.
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Onder en Merve, in de tijd dat ik dit boekje heb geschreven zijn jullie verloofd, getrouwd en
twee keer verhuisd. Als klap op de vuurpijl ook nog een klein mannetje op de wereld gezet.
Bewonderenswaardig hoe jullie het voor elkaar krijgen! Ik wens jullie alle geluk van de wereld
toe met jullie kleine telg. Poyraz, de jongste en schattigste Erkiiner ter wereld! Je krijgt op dit
moment nog weinig mee van de wereld om je heen, maar daar zal snel verandering in
komen. Ondanks dat je zo kort op deze wereld bent, heb je me al veel blijdschap bezorgd. Ik

kijk er naar uit om je te zien opgroeien.

Ozgiir, in de tijd dat ik dit boekje heb geschreven ben jij uitgegroeid van tiener tot
volwassene (voor de wet dan tenminste, voor mij blijf je nog altijd mijn kleine broertje). Je
hebt je havo afgerond en zal beginnen aan je hbo. Ik heb er alle vertrouwen in dat je ook dat
met je kenmerkende nonchalance tot een succesvol einde zal brengen. lk ben trots op je en

ik zal er altijd voor je zijn jongen.

Sevgili annem ve babam, Ulgimizin de bu glinlere kadar gelebilmemizde c¢ok buylk
emeginiz var. Dort senelik arastirma zamaninda bazen hastanede tam olarak ne yaptigimi
anlatmakta zorluk ¢ceksem de, beni hep desteklediniz. Tum g¢alismalarimin sonucu suan
elinizdeki kitap. Bu gune kadar gosterdiginiz kayitsiz sartsiz desteginiz icin tesekkurler.

Benimle ne kadar gurur duydugunuzu biliyorum.

Lieve Beau, jouw bijdrage aan dit boekje is niet te onderschatten, ook al heb ik je leren
kennen na mijn onderzoekstijd. De laatste loodjes zijn het zwaarst, vooral als je het allemaal
naast een fulltime baan moet doen. Gelukkig ben jij er om me te motiveren het beste uit
mezelf te halen en me met beide benen op de grond te zetten. Sinds jij in mijn leven bent, is
mijn leven compleet, je maakt me de gelukkigste man op aarde. lk zou een apart hoofdstukje
aan jou kunnen wijden, maar ik laat mijn dankbaarheid aan jou liever in persoon blijken. lk

hou van je, sjattie.
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