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Preface

This dissertation gives an overview of my main research interest during my doctoral study
at the Medical University of Graz. My main fields of interest lie in cardiac arrhythmias,
especially atrial fibrillation (AF). I was fortunate to participate in a variety of studies at the
Medical University of Graz, exploring AF in all its facets “from bench to bedside” — from

animal models to registries, phase III studies and to academic prospective clinical trials.

During my first months working as a clinician, I became particularly interested in
cardiovascular implantable electronic devices (CIEDs). My advisor Daniel Scherr already
collaborated with the Austrian Institute of Technology (AIT) focusing on AF prediction
algorithms, which estimate the occurrence of AF from a standard electrocardiogram (ECG)
tracing. To utilize the outstanding monitoring advantages of today’s CIED technologies,
we initiated the prospective SAFE-ME study to evaluate the effectiveness of the “AF

initiation algorithm” in CIED patients (NCT03357926).

Since my diploma thesis, I have been focussing my research on AF in patients receiving
cardiac interventions. I created the transcatheter aortic valve implantation (TAVI) database
at our institution together with my advisor. It evolved from the Austrian TAVI Registry,

which served as my diploma thesis topic. The main research questions were

a) the effect of pre-existing AF on the outcome after TAVI,

b) the incidence of new-onset AF after TAVI and

c) the effect of new-onset AF on the long- and short-term outcome.

During the recent years it has been proposed that left atrial appendage closure (LAAC)

limits the risk of stroke in AF patients who are not susceptible to oral anticoagulation. As
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this method has just been evaluated a few years ago and is performed in Austria since
2010, there is still insufficient data about the risks and benefits of LAAC in daily clinical
practice. I had the opportunity to contribute to the establishment of the Austrian LAAC

registry (NCT03409159).

As this thesis describes only a part of my work during the doctoral study, all publications

and posters originating from the doctoral study are listed in the Appendix.




Acknowledgement

I owe my sincere gratitude to my advisor Daniel Scherr for his continuous support of my
preclinical and clinical research, for his patience, immense knowledge and motivation. His
guidance is not limited to the dissertation and other matters of research; he also helped me
starting my clinical career at the Division of Cardiology of Graz and its continuation in

Vienna. I could not have imagined a better mentor!

Besides my advisor, I also would like to thank Peter Rainer and Giinter Schreier for their

insightful comments and encouragement during the development of my thesis.

My thank also goes to Martin Manninger, who is not only the colleague I learned the most
from, but also has become a friend over the many years we worked together. Moreover, |
especially want to thank my parents Robert Zweiker and Gudrun Zweiker, who did not
only raise me, but also guided me through the jungle of clinical medicine before and after
graduation. Furthermore, I would like to thank my colleagues Theresa Glantschnig,
Johannes Gollmer, Ewald Kolesnik, Tanja Odeneg, Bernadette Pratl, Andreas Praschk,
Albrecht Schmidt, Nicolas Verheyen (listed in alphabetical order), who supported me with
continuous efforts to allow progress in the research projects that were important to me.
Furthermore, I would like to thank Alessio Alogna, Michael Schwarzl and Heiner Post,
who introduced me into scientific thinking and the basics of cardiovascular research at the
very beginning of my career. [ am also very grateful for the support by the current and
former heads of the departments I currently work at (Andreas Zirlik, Kurt Huber, Burkert

Pieske and Helmut Brussee).

Finally, I would especially thank my wife, Hanna, and my daughter, Dana. Without you, I
would not realize the most important things in life. Dana, your birth gave the last necessary

push to finish my dissertation. Although you are only a few months old, you already have

Vi



become the biggest project of my life. I also thank the rest of my family for their love,
support and constant encouragements, with special thanks to by brother Stefan, who

regularly supports me with the preparation of manuscripts (like this thesis).

vii



Abstract

This dissertation comprises of three different aspects of atrial fibrillation (AF) in the
context of cardiovascular interventions and/or devices, addressing (1) the evaluation of an
AF prediction algorithms in patients with cardiovascular implantable electronic devices
(CIEDs), (2) the impact of AF on patients undergoing transcatheter aortic valve
implantation (TAVI), and (3) left atrial appendage closure (LAAC) in AF patients who

cannot receive oral anticoagulation (OAC).

Evaluation of an AF prediction algorithm

With evolving technology, current CIEDs are already able to document cardiac
arrhythmias. They detect atrial high rate episodes which can precede for AF and are
associated with elevated stroke risk. Since there are many indications for implantable
pacemakers and implantable cardioverter defibrillators, patients with CIEDs may serve as
ideal population for studying the efficacy of AF prediction algorithms. In cooperation with
our institution, Hayn et al. of the Austrian Institute of Technology (AIT) developed an
algorithm to predict the probability of future AF episodes from surface ECG. This “AF
initiation algorithm™ assesses P wave morphology features of premature supraventricular
beats and compares it to “regular” P waves. To allow further development of the algorithm,

we initiated a prospective study including patients with CIEDs.

AF and TAVI

AF influences the outcome of structural cardiac interventions, and vice versa. For example,
transcatheter aortic valve implantation has emerged as an alternative to conservative
treatment in in operable high-risk patients and to conventional surgical aortic valve

replacement in intermediate risk patients. Pre-existing AF has been shown to worsen the
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outcome after TAVI and is therefore included in recent risk evaluation scores. However,
while AF may newly develop after TAVI, there is conflicting evidence of the effect of
new-onset AF on long-term outcome. A retrospective study of TAVI patients at our centre
significantly improved the understanding of the association between new-onset AF and

outcome after TAVL

Non-pharmacological stroke prevention in AF patients

Some patients are not suitable to receive OAC due to elevated bleeding risk. LAAC has
been developed in recent years as an option for those patients and has been shown to be
non-inferior to traditional OAC therapy. A national registry has been established to assess

the efficacy and safety of LAAC in daily clinical practice.

With my dissertation, I aimed at contributing to a better understanding of AF from its
diagnosis, to its outcome and therapy. I describe the frequency of AF, difficulties in the
diagnostic pathway, its effect on outcome after cardiac interventions, and invasive

interventions to prevent further complications.
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Zusammenfassung

Diese Dissertation behandelt verschiedene Aspekte von Vorhofflimmern (VHF) in
Zusammenhang mit kardialen Prozeduren, namlich (1) die prospektive Evaluierung eines
VHF-Vorhersage-Algorithmus bei Patienten mit kardiovaskuldren implantierbaren
elektronischen Geriten, (2) den Einfluss von Vorhofflimmern auf Patienten, die sich einer
Transkatheter-Aortenklappen-Implantation (TAVI) unterziehen und (3) das Outcome nach
interventionellem Herzohrverschluss bei VHF-Patienten, bei denen eine orale

Antikoagulation kontraindiziert ist.
Evaluation eines VHF-Vorhersage-Algorithmus

Heutzutage konnen kardiovaskuldre implantierbare elektronische Gerite (z.B.
Schrittmacher, implantierbare Defibrillatoren), Rhythmusstérungen von einer Dauer von
nur wenigen Sekunden aufzeichnen. Atriale Hochfrequenzepisoden, die Vorboten von
VHF sein konnen, werden ebenfalls aufgezeichnet. Diesen Vorteil macht sich das SAFE-
ME Projekt zunutze, das in einer Patientenpopulation mit kardiovaskuldrem
implantierbarem elektronischem Gerét die Effektivitat eines VHF-Pridiktions-Algorithmus
tiberpriift. In Zusammenarbeit mit unserer Abteilung entwickelte das AIT (Austrian
Institute of Technology) einen Algorithmus, um die Wahrscheinlichkeit fiir das Auftreten
von VHF innerhalb der ndchsten Stunden, Wochen oder auch innerhalb des nichsten
Jahres vorhersagen kann. Dieser Algorithmus iiberpriift die P-Wellen-Morphologie von
supraventrikuldren Extrasystolen und vergleicht sie mit ,,normalen* P-Wellen. Im SAFE-
ME Projekt wird der Algorithmus erstmals anhand einer prospektiven Population mit

Schrittmacher oder Defibrillator iiberpriift.

VHEF und TAVI




In mehreren Studien zeigte sich bereits ein gegenseitiger Einfluss von Vorhofflimmern
strukturellen Interventionen in der Kardiologie. Ein Beispiel ist die TAVI, die sich
mittlerweile als gute Alternative zum konventionellen chirurgischen Aortenklappenersatz
etabliert hat. Vorbestehendes Vorhofflimmern hat nachweislich einen negativen Einfluss
auf das Outcome nach TAVI und ist derzeit als Risikofaktor in aktuellen Risiko-Scores
enthalten. Vorhofflimmern entsteht oft auch wihrend der Prozedur, und es gibt derzeit
keine klaren Daten iiber den Einfluss dieser Rhythmusstérung auf den weiteren klinischen
Verlauf. Eine retrospektive Analyse in unserem Zentrum untersuchte den Einfluss von neu

aufgetretenem Vorhofflimmern auf klinische Parameter nach der TAVL

Nicht-medikamentése Schlaganfallprdvention in VHF-Patienten

Bei einem Teil der VHF-Patientenpopulation ist eine herkommliche Antikoagulation
aufgrund einer erhdhten Blutungsrisikos oder mangels Effektivitét nicht sinnvoll. Um das
Schlaganfallrisiko hintanzuhalten, wurde in den letzten Jahren der interventionelle
Herzohrverschluss als Alternative entwickelt. Ein nationales Register wurde in Osterreich
etabliert, um die Effektivitit und Sicherheit des interventionellen Herzohrverschlusses im

klinischen Alltag zu {iberpriifen.

Zusammenfassend versuche ich mit meiner Dissertation etwas zum Verstindnis von VHF
beizutragen, ndmlich sowohl in der Diagnostik als auch in der Therapie. Ich zeige die
Hiufigkeit von VHF auf, sowie Schwierigkeiten bei der Erkennung, seine Auswirkungen
auf kardiale Eingriffe und eine neue Intervention um Komplikationen in ausgewéhlten

Fallen abzuwenden.
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1 Atrial fibrillation




1.1 Definition

Atrial fibrillation (AF) is an abnormal heart rhythm, defined as irregular, rapid and
unsynchronized activation of the atrial tissue and consequently ineffective atrial
contraction (Figure 1) (1). With a prevalence of 3% in adults aged 20 years or older, it is
the most common relevant arrhythmia worldwide (2, 3). AF is associated with a two-fold
and 1.5-fold increased risk of all-cause mortality in women and men, respectively. It is also
associated with increased morbidity, especially heart failure and stroke. As a result, 10—

40% of AF patients have to be hospitalized each year (1).

While acute heart failure and sudden cardiac death may occur in AF patients even at best
medical care, cardioembolic stroke and its serious consequences can almost entirely be
prevented with adequate anticoagulant medication (1). Since every fifth stroke occurs due
to AF (4) and cardioembolic strokes are more severe than those of other causes (5), the

detection and treatment of AF is of major interest in health systems globally.

A Sinus rhythm B Atrial fibrillation

Sinus node

Figure 1. Atrial excitation in sinus rhythm and atrial fibrillation. 1A: In normal sinus rhythm, activation of

the sinus node is propagated to both atria and through the AV node into the ventricles in a regular manner.

1B: In atrial fibrillation, atrial excitation is unsynchronized and irregular. This leads to fast conduction to

the AV node followed by irregular excitation of the ventricles. LA: left atrium,; LV: left ventricle; RA: right
atrium; RV: right ventricle; AV: atrioventricular.




1.2 Clinical diagnosis and classifications

For the clinical diagnosis of AF, rhythm documentation using either a single-lead ECG
recording with a minimum duration of 30 seconds or a standard 12-lead ECG is required
(1). Typical characteristics include 1) “irregularly irregular R-R intervals” (1) (when there
is no atrioventricular block), 2) no discernible, distinct P waves, and 3) irregular atrial

activations. An example ECG is shown in Figure 2.
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Figure 2. This example ECG shows AF: Absolutely irregular RR intervals and no discernible, distinct P
waves. RR intervals are displayed. AF: atrial fibrillation, ECG: electrocardiogram.




The European Society of Cardiology (ESC) guidelines for the diagnosis and management
of AF endorse the “CC To ABC” pathway to adequately characterize and treat AF (1).
Once AF has been confirmed (first “C”) by ECG, it should be characterized (second “C”)
using the “4S-AF scheme” and treated using the “ABC” pathway (Figure 3).

[Confirm AF }

* Single-lead ECG for > 30 seconds or 12-lead ECG

[Characterise AF (4S-AF scheme) J

* Stroke risk

* Symptom severity

» Severity of AF burden
* Substrate severity

[Treat AF: the ABC pathway }

 Anticoagulation/Avoid stroke
* Better symptom control
« Comorbidities/Cardiovascular risk factor management

Figure 3. The “CC To ABC” scheme. AF: atrial fibrillation;, ECG: electrocardiography. Adapted from (1).
1.2.1 Stroke risk

AF leads to increased risk of thromboembolism, above all cardioembolic stroke, in most
patients. This risk has been shown to be dependent on further comorbidities, age and
gender. To identify patients with increased risk and indication for stroke prevention

therapy, the CHA,DS>-VASc (Table 1) score has been introduced (6).

risk factor points

congestive heart failure: The presence, signs and symptoms of

either right or left ventricular failure, or both, confirmed by non-




invasive or invasive measurements demonstrating objective

evidence of cardiac dysfunction

arterial hypertension: A resting blood pressure > 140 mmHg
systolic and/or > 90 mmHg diastolic on at least 2 occasions or 1

currently on antihypertensive treatment

age = 75 years 2

diabetes: Fasting plasma glucose = 126 mg/dL or treatment with

oral antidiabetic agents and/or insulin

stroke, TIA or thromboembolism: Focal neurologic deficit of sudden

onset as diagnosed by a neurologist and caused by ischemia,

2
lasting > 24 hours (stroke) or < 24 hours (TIA). Thromboembolism
was either pulmonary, cerebral peripheral.
vascular disease: prior myocardial infarction, peripheral artery

1
disease or aortic plaque
age 65-74 years 1
sex category (female gender) 1

Table 1. CHA>DS,-VASc score. Based on data from (6).
1.2.2 Symptom severity

The ESC recommends to use the modified EHRA symptom scale for classification of

symptoms of AF in daily clinical practice and research (Table 2) (1).

Modified EHRA score Symptoms Description




1 None AF is asymptomatic.
2a Mild The normal daily activity is not affected.
2b Moderate The normal daily activity is not affected, but
the patient is troubled by symptom:s.
3 Severe The normal daily activity is affected.
4 Disabling The normal daily activity is discontinued.

Table 2. Modified EHRA score. AF: Atrial fibrillation. EHRA: European Heart Rhythm Association.

1.2.2.1 Silent AF

In a significant proportion of patients, AF does not lead to any symptoms, which should be

called asymptomatic AF. Unfortunately, those patients may have delayed treatment and,

therefore, are subject to a higher risk of complications than symptomatic patients (7).

1.2.3 Severity of AF burden

AF should also be characterized by its burden (1). Even if the individual progression of AF

varies from patient to patient, it normally follows these patterns from short, paroxysmal

episodes to a finally permanent arrhythmia that is accepted by the patient.

- First diagnosed AF: If AF is first diagnosed by ECG, regardless of previous signs

and symptoms, it shall be called first diagnosed AF.

- Paroxysmal AF: At the beginning of the disease, patients often suffer from episodes

of self-terminating AF. These paroxysms normally convert to SR within 24-48

hours, but they can last up to 7 days.




- Persistent AF: If episodes of AF persist even more than 7 days or do not convert to
SR spontaneously at all (e.g., a pharmacological or electric intervention is

required), AF is called persistent.

- Long-standing persistent AF: Persistent AF lasting at least one year is called long-
standing, as long as there are still actions taken to treat the arrhythmia (i.e., rhythm

control).

- Permanent AF: As soon as the arrhythmia is accepted by both the patient and the
physician, it is called permanent. By definition, no further actions are taken to

convert the arrhythmia to sinus rhythm.

1.2.4 Subclinical AF, atrial high rate event (AHRE)

The term “subclinical AF” was first introduced by Healey et al (8) and refers to atrial
arrhythmias with an atrial rate of > 175/min, which have not been documented by surface
ECG. They are normally detected by cardiovascular implantable electronic devices
(CIEDs), which provide an intracardiac electrogram (IEGM) instead of an ECG. Because
the official definition of AF is not fulfilled (i.e., documentation by surface ECG) (1), it is
also called atrial high rate event (AHRE) (9). This term will also be used throughout this
thesis. AHRESs have been associated with increased risk of stroke (8), but due to lacking

evidence further treatment is currently not indicated in most cases (9).

1.2.5 Pre-existing and new-onset AF

When investigating the impact of a procedure on AF and/or vice-versa, the terms “pre-
existing AF”, and “new-onset AF” (NOAF) or “postoperative AF” are used. Pre-existing
AF corresponds to a history of AF already before any intervention has been performed.

New-onset/postoperative AF is defined as new diagnosis of AF after the procedure.




1.2.6 Terminology to be abandoned

Historically, patients with AF were stratified into val/vular and non-valvular AF based on
the presence of rheumatic mitral valve disease (especially mitral valve stenosis) or a
mechanical heart valve. As patients with valvular AF are subject to a higher risk of
thromboembolic complications, differences in the indication and type of treatment exist.
To avoid any misclassification of patients with other types of valvular heart disease, the
current guidelines do not endorse this nomenclature any more (1). The recent guidelines
also abandon the term Lone AF (previously indicating absence of AF stroke risk factors)

and chronic AF.




1.3 Pathophysiology

The exact pathways for the initiation of AF are currently not fully understood (1). The
genetic predisposition has been shown to play an important role in the development of AF
independently of concomitant cardiovascular factors (10). Many single nucleotide
polymorphisms have already been identified and up to one-third of AF patients carry such
common genetic variants (11). Especially AF in the absence of any cardiovascular risk
factors is a condition with clustering in families (12). It is thought that such genetic
variants could become useful in the future for patient selection of treatment or even

specific therapies (1).

In addition to genetic factors, several external factors are present in the majority of patients
before AF occurs. Those stressors of the atria and AF itself lead to both structural and

electrical remodelling (Figure 4).

Stroke

Diabetes
Heart failure Inflammation Hypercoagulability
obesity Hypocontractility Thrombocyte activation

e, S e
g_oronary artery / \ : FIBrosis Atrial stretch

Isease Fatty infiltration

HypertenSion Remodeling
Ageing
Genetic Atrial tachycardia
predisposition

Heart failure

Figure 4. Major mechanisms causing atrial fibrillation. Various pathophysiological factors cause complex
changes in the myocardium of both atria, which promote AF. Furthermore, AF facilitates itself. AF may lead
to stroke and heart failure. Adapted from (3).




1.3.1 Structural remodelling

External stressors such as structural heart disease and hypertension, as well as AF itself,
induce a slow but progressive process of structural remodelling in both atria. The
myocardial tissue structure of both atria changes on a molecular, microscopic and a
macroscopic level. Fibrosis, collagen incorporation and inflammatory infiltrates are major
players in this process (1). Even in AF patients with normal atrium in terms of size,
microscopic changes have been found (13). The inflammatory reaction of atrial tissue leads
to activation of thrombogenic acute phase proteins (such as von Willebrand factor or

interleukin 6) into the blood (14).

Furthermore, the atria react to increased pressure by macroscopic enlargement (15). This
effect can stronger if more cardiovascular factors are present (16). Due to the change in
conduction size of the atria, macroscopic structural remodelling favours the persistence of

AF by re-entry circuits (17).

1.3.2 Electrical remodelling

During AF, atrial tissue reacts to rapid depolarizations and increased wall pressure by
fundamental changes in atrial signalling (17). Oxidative stress and Ca** load increase and
Ca?*-dependent proteases are activated during AF. L-type Ca®" channels and the
repolarizing potassium current Iy, have been shown to decrease, leading to a slowing of the
first phase of atrial repolarization (18) and reduction of the action potential duration (APD)
(17). The shortening of the atrial effective refractory period (AERP) is one of the
cornerstones in electrical remodelling and allows a perpetuation of AF (“AF begets AF”)
(19). However, in the presence of cardiovascular risk factors, AF may initiate and continue

even without any evidence of electrical remodelling (16).
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1.4 Symptoms and complications

AF may lead to three different spectra of symptoms and complications: stroke, palpitations
(directly due to irregular heart rhythm) and heart failure. Furthermore, complications from
comorbidities lead also to adverse events, which should therefore be addressed in every AF

patient (1).

1.4.1 Cardioembolic stroke

First demonstrated in 1980ies (20), there is now overwhelming evidence showing a causal
relationship between AF and cardioembolic stroke. Indeed, AF is now recognized as one of
the most important risk factors for stroke (1). Stroke or systemic thromboembolism might

be the first symptom of AF in patients with silent AF.

According to the triad of Virchow, coagulation is dependent in 1) blood flow, 2)
endothelial or endocardial damage, and/or 3) coagulability of blood (21). All three factors

play a major role in the promotion of cardiac thrombi in AF (22).

1.4.1.1 Hemodynamic stasis

Three factors lead to reduced blood flow in the atria. First, the loss of synchronized atrial
contraction leads to deceleration of pulsatile blood flow through the atria. Second, atrial
enlargement occurs due to an increase in atrial pressure. Third, total cardiac output is
reduced due to a loss of atrial function. The result is blood stasis, which increases the

possibility of thrombus formation (Figure 5).
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A Blood flow in sinus rhythm B Thrombus formation during AF
LA

LAA

LV

Figure 5. Two-chamber view of the heart during sinus rhythm and thrombus formation during AF. While
atrial contractions during SR lead to regular blood flow in the LAA, the functional arrest of the atria during
AF promotes haemostasis and thrombus formation in the LAA. AF: atrial fibrillation; LA: left atrium; LAA:
left atrial appendage; LV: left ventricle.

A predilection site for thrombus formation is the left atrial appendage (LAA) (23), a
trabecular evagination of the left atrium at the anterior free wall (24). The LAA was first
identified as prothrombotic region in the 1940ies in patients suffering from mitral valve
disease and the surgical obliteration of the LAA in such patients was first described by
Madden et al. (25). Since the introduction of transoesophageal echocardiography (TOE)
into clinical practice in the 1990ies, many studies showed a direct correlation between the
presence of thrombus in the LAA and ischemic stroke (26, 27). Blackshear et al showed

that atrial thrombi were located in the LAA in non-valvular AF in > 90% of cases (28).

1.4.1.2 Hypercoagulability

The inflammation processes in the atrial tissue have an impact on the body’s coagulation
system. Acute phase proteins are released into the circulation and proteinase-activated

receptors are upregulated (29). As result, certain intravascular promoters of
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thrombogenesis (e.g., prothrombin fragments and thrombin-antithrombin complexes) are
more prevalent in patients with AF, leading to an imbalance of the blood’s coagulation

system and favouring thrombogenesis (14).

1.4.1.3 Endocardial dysfunction

The aforementioned structural remodeling' of the atrial tissue is associated with
endothelial dysfunction. By release of interleukin 6 and von Willebrand factor, aggregation

of thrombocytes and thrombus formation are facilitated (22).

1.4.1.4 Time dependency of thrombogenicity

As both endocardial dysfunction and hypercoagulability are mechanisms that develop over
time, their effects last even for a couple of weeks after successful cardioversion from AF to
sinus rhythm. Although restoration of sinus rhythm immediately leads to synchronized
depolarisation of the atrial tissue, “atrial stunning” reduces the atrial function for 6-8 weeks
(14). This explains the high stroke risk in paroxysmal AF or in the first 4 weeks after

cardioversion (1).

Recent research suggests that all the aforementioned factors may not be dependent on the
arrhythmia itself and AF may just be a symptom of underlying mechanisms, which are
now summarized under the term atrial cardiomyopathy (30). The first hint of this theory
comes from the ASSERT study, primarily designed to test atrial overdrive pacing to
prevent AF in pacemaker patients (31). The authors describe that that AF lasting just over
6 minutes was associated with 2.5 times increased stroke risk (8). Surprisingly, the authors

found no temporal correlation between the occurrence of AF and stroke (32), with some

! Section 1.3.1 (page 8)
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first episodes of AF even occurring after the thromboembolic event. If further clinical trials
confirm these findings, it may be reasonable to initiate antithrombotic treatment even in

patients with atrial cardiomyopathy without any evidence of AF.

1.4.1.5 Other causes and clinical manifestations

There are three main sources that lead to cardioembolic stroke: cardio-embolism,
atherothrombosis and small vessel disease (33). Due to differences in pathophysiology, the
cardio-embolic stroke is very well distinguishable in terms of clinical appearance and
cranial imaging. While atherothrombosis and small vessel disease often lead to small
infarcts (lacunar strokes) that occur and sometimes slowly evolve over time, the cardio-
embolic stroke leads to a sudden, often complete ischaemia of a territory (34). As a result,

AF-associated strokes are usually severe (5).

1.4.1.6 Embolic stroke of unknown source

In patients suffering from an ischaemic stroke with signs of cardio-embolic origin without
the presence of AF or other cardiac factors favouring embolism, the term embolic stroke of
unknown source (ESUS) has evolved (34). In those patients, extensive screening with ECG
monitoring for at least 72 hours is indicated (1). Recent studies evaluated the use of oral
anticoagulation (OAC) in ESUS patients even without the evidence of AF, but they found

no benefit over aspirin (35, 36).

1.4.2 Direct symptoms of AF

Approximately 60% of patients experience symptoms during episodes of AF. These are
more prevalent in female patients and may range from fear/anxiety and fatigue to
palpitations, chest pain and dyspnoea (7). Paroxysmal episodes of AF are more often

associated with symptoms compared with permanent AF (37). Interestingly, symptoms of
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AF are inversely correlated with outcome as asymptomatic AF patients face a higher
probability of stroke and death (7). A possible explanation is that symptomatic AF patients

more often seek medical attention and therefore are treated appropriately.

1.4.3 Heart failure

AF may lead to or aggravate heart failure due to a loss of atrial contractility and a rapid

ventricular conduction.

The left atrium is responsible for 10-20% of left-ventricular end-diastolic filling and
pressure; at exercise, this proportion increases to 20-30% (38). As atrial depolarizations are
unsynchronized in AF, the atrium is functionally inactive and does not participate
hemodynamically in cardiac work. The effect of reduced cardiac output in AF compared to
sinus rhythm is most pronounced in patients who already suffer from a reduced ventricular

function (39).

Furthermore, AF normally leads to fast, irregular ventricular contractions. Increased heart
rate may deteriorate the ventricular function by itself. This so-called tachycardia-induced
cardiomyopathy (40) was one of the first acknowledged symptoms of AF and first
described in 1913 (41). While it may lead to a severe reduction of left-ventricular function,

it is reversible (42).

In patients with pre-existing heart failure, increased heart rate even within the normal range
is associated with increased cardiovascular morbidity and mortality (43). Paroxysms of AF
with fast ventricular conduction may lead to haemodynamic instability in this population.
The control of heart rate is difficult in paroxysmal AF and specific therapies to reduce the

heart rate on an atrial level (such as ivabradine (44)) are ineffective.
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1.5 Treatment (ABC pathway)

The three cornerstones of AF treatment are summarized in the ABC pathway in the ESC

guidelines (Figure 3):

- Anticoagulation/Avoid stroke
- Better symptom control, and

- Comorbidities/Cardiovascular risk factor management.

This pathway has been shown to reduce adverse events compared to usual care in the

randomized mAFA-II study (45).

1.5.1 Anticoagulation / Avoid stroke

The current guidelines recommend starting anticoagulation in all patients, except for those
without risk factors. The most clinically relevant risk factors are summarized in the
CHA>DS>-VASc score (Table 1). The female gender, however, has to be interpreted as a

risk modifier rather than a risk factor (1).

There is consensus that patients with two risk factors are of elevated risk of stroke
requiring preventive therapy. If one factor is present (i.e., CHA2DS>-VASc of 1 for men
and 2 or women), current ESC guidelines recommend the initiation of antithrombotic
therapy based on the assessment of individual stroke and bleeding risk, and the patient’s

preference.

1.5.1.1 Antithrombotic therapy

As the plasmatic coagulation plays a more important role in thrombus formation than
platelet aggregation in AF (46), anticoagulants have superior effects in stroke prevention

(1) compared to antiplatelets, with similar bleeding risk (47). In daily clinical practice,
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three different anticoagulant drugs are in use: Vitamin K antagonists (VKA), low

molecular weight heparin (LMWH), and direct oral anticoagulants (DOACs).

- VKA: Vitamin K antagonists (warfarin, phenprocoumon, acecoumarin) are in use
since the 1950ies (48). They interfere with the coagulation cascade by inhibiting
the enzyme vitamin K epoxide reductase, which normally activates vitamin K,
which in turn activates coagulation factors II, VII, IX, X, as well as proteins S, C,
and Z (49). VKAs were the standard of care for stroke prevention in AF until the
introduction of DOAC:s (1). The advantage of VKAs is the overwhelming clinical
experience. Furthermore, they are still the only treatment option for patients with
rheumatic mitral valve disease or a mechanical valve. However, their physiologic
effect depends on different factors, such as nutrition and liver function, and must
therefore be monitored regularly by lab testing. The goal value International
Normalized Ratio (INR) target range depends on the indication and is normally

between 2 and 3.5.

- LMWH: Low molecular weight heparins (enoxaparin, nadroparin, dalteparin,
tinzaparin) are subcutaneously-administered drugs and affect factors Ila, [Xa, Xa,
Xla, and XIIa. They normally require no regular drug monitoring. As long as
adequate dosing (by body weight) is guaranteed, LMWHs establish a safe and
effective antithrombotic effect (49). The main disadvantage is the necessity of two

subcutaneous injections daily, which may also reduce adherence.

- DOAC: Direct oral anticoagulants, also known as non-VKA oral anticoagulants
(NOAC:s), summarize recently developed orally-administered drugs, which either
inhibit the factor Xa (rivaroxaban, apixaban, edoxaban) or factor II (dabigatran).

Those medications combine the predictive action of LMWHSs with convenient oral
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intake. In phase III studies, DOACs showed at least non-inferiority compared to

VKAs in both, stroke prevention and bleeding rates (50-53). The net clinical

outcome is in favour of NOAC therapy with some limitations in chronic kidney

disease. Therefore, they are now recommended at first-line therapy in patients with

AF planned for anticoagulation (1).

Before starting anticoagulation therapy, the evaluation of bleeding risk is recommended, as

all anticoagulants expose an increased risk of bleeding. Especially modifiable bleeding risk

factors should be screened and treated adequately (Table 3). However, studies have shown

that most patients benefit from oral anticoagulation, even in the presence of bleeding risk

factors (54).

modifiable risk factors

non-modifiable bleeding risk factors

hypertension

age (= 65 years)

labile INRs

history of major bleeding

other medication predisposing to bleeding

previous stroke

excess alcohol (= drinks per week)

dialysis-dependent kidney disease or renal

transplant

anaemia*

cirrhotic liver disease

impaired renal function®

malignancy

impaired liver function®

genetic factors

reduced platelet count or function*

biomarkers: High-sensitivity troponin,
Growth differentiation factor 15

Table 3. Modifiable and non-modifiable bleeding risk factors adapted from (1). Marked risk factors (*) are

considered “potentially” modifiable.
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1.5.1.2 Non-medicinal therapy

In several patients, oral anticoagulation cannot be initiated, since they have a history of
spontaneous severe bleeding (e.g., intracranial) or other contraindications. Furthermore,
some patients suffer from repetitive thromboembolic events under anticoagulation despite
exclusion of reversible causes (such as patent foramen ovale). It has been proposed to
exclude of the LAA, which has been identified as predilection site for atrial thrombi in AF
patients. However, the surgical LAA obliteration is associated with a high procedural risk
if performed as stand-alone procedure, even though it has been safely performed during
heart surgery for many decades. In the last two decades, new technologies emerged to
exclude or close the LAA via either the endovascular or the epicardial access (23). The so-
called left atrial appendage closure (LAAC) is a promising therapy, but further data is
needed to adequately assess the operational area in which patients benefit most from this
intervention. Results of the LAAC experience in Austria can be found at Chapter 3.4 (page

77).

1.5.2 Better symptom control

1.5.2.1 Rate control

AF normally leads to fast, irregular ventricular rhythm. According to current guidelines,
rate control is the first-line therapy of AF to prevent symptoms and complications (1).
Pharmacological rate control is sufficient in most patients. First line drugs are beta
blockers (e.g., bisoprolol, carvedilol, metoprolol, nebivolol and esmolol), calcium channel
blockers (e.g., diltiazem and verapamil), cardiac glycosides (e.g., digoxin and digitoxin). In
heart-failure patients with reduced ejection fraction, beta blockers are recommended as
first line therapy, while a recent open-label study suggests superiority of digoxin (55).

Ultimately, amiodarone may be used. (1)
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If a high ventricular rate cannot be lowered pharmacologically, an ablation of the
atrioventricular node with the requirement for permanent pacemaker therapy (“ablate and

pace”) remains as a last option.

1.5.2.2 Rhythm control

In every AF patient with symptoms persisting despite rate control, a rhythm control
strategy is generally indicated. If the AF episode had only lasted < 12 hours, it may be
reasonable to delay cardioversion as episodes of paroxysmal AF normally resolve within

24 hours (1, 56).

Thromboembolic risk is significantly higher during and after the conversion from a longer
episode of AF (> 12 hours) to SR (57). Consequently, the risk of a pre-existing left atrial
thrombus should be minimized beforehand. These patients should therefore either receive
adequate anticoagulation for at least three weeks before cardioversion, or the presence of
thrombi should be excluded TOE, if the arrhythmia may have persisted over 48 hours. The

OAC should then be continued for at least 4 weeks (1).

According to the severity of symptoms, duration of AF and comorbidities, three different

rhythm control strategies can be pursued:

1.5.2.3 Electric cardioversion

Electric cardioversion for treatment of AF is the first line therapy for recent onset AF with
acute heart failure (1), but also very effective in short-standing persistent AF. The main
advantage is the short half-life of a few milliseconds. As an electric shock is very painful,
it is usually performed in sedative analgesia. If the electric cardioversion is not successful
at first attempt, pharmacological antiarrhythmic therapy could be added before further

attempts.
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1.5.2.4 Antiarrhythmic drug therapy

For acute medicinal cardioversion, a few different antiarrhythmic medications are
available, but contraindications have to be considered. In most patients with significant
heart disease, intravenous amiodarone is the drug of choice. If structural heart disease is
excluded, flecainide, propafenone, vernakalant, and ibutilide can be administered
intravenously. In patients with good haemodynamic tolerance to paroxysmal AF episodes,
a “pill in the pocket” (e.g., flecainide or propafenone) can be considered for patient-led

cardioversion.

If recurrent symptomatic AF episodes emerge, a chronic antiarrhythmic therapy should be
initiated, using dronedarone, flecainide or propafenone. If these antiarrhythmic drugs are
ineffective or contraindicated (especially in co-existing cardiac disease), amiodarone may

be effective, but side effects have to be kept in mind. (1)

1.5.2.5 Surgical procedures

Already in the early 1980ies, many different procedures have been developed to
electrically isolate specific regions of the atrium, which are especially vulnerable to
develop AF, by incisions. The Maze procedure, developed by James Cox, avoids macro re-
entry by creating an electrical maze in the atria and excludes predilection sites for AF
initiation (i.e., the pulmonary veins, the LAA and the right atrial appendix). In the first
reports, high success rate was documented (58). According to current guidelines, the Maze
procedure may be considered in AF patients undergoing heart surgery (recommendation

level Ila, level of evidence A (1)).
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1.5.2.6 Interventional procedures

An effective alternative or add-on to antiarrhythmic drug therapy is cardiac ablation for
AF. As Haissaguerre et al found the pulmonary veins (PVs) as frequent initiation areas of
AF (59), the isolation of all PVs has become the cornerstone of AF ablation therapy (60).
Furthermore, other ablation techniques (such as ablation of the cavotricuspid isthmus,
other linear lesions and non-PV triggers, such as rotors and complex fractionated atrial

electrograms) have been developed, but do not seem to be as effective as PV ablation (60).

AF ablation has been shown to reduce AF burden and symptoms during AF episodes (61),
and it is therefore recommended as first-line therapy in paroxysmal AF (class Ila) and
second-line therapy after failure of antiarrhythmic drug therapy (class I). Furthermore, the
ESC guidelines recommend AF ablation to improve cardiovascular outcome in heart
failure patients as recent data suggest reduced mortality and hospitalizations in this patient

population (62).

1.5.3 Comorbidities / Cardiovascular risk factor management

The optimal treatment of cardiovascular comorbidities and risk factors represents the third
cornerstone in “ABC pathway”. It has been shown to improve the maintenance of sinus

rhythm in patients with persistent AF (63).

1.5.3.1 Lifestyle interventions

In obese patients, weight loss together with the management of other risk factors has been
shown to reduce AF burden and is therefore recommended. Alcohol excesses should be
avoided as they represent a risk factor for incident AF. Moderate physical activity should
be undertaken; however, chronic excessive endurance exercise may promote AF

progression (1).
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1.5.3.2 Control of comorbidities

Obstructive sleep apnoea syndrome, arterial hypertension and diabetes mellitus represent
partly modifiable risk factors for the development of AF (1). Therefore, their control is
crucial to reduce AF burden. Furthermore, AF patients should have well-controlled blood
pressure, as intracranial bleeding due severe hypertension may be complicated by the

antithrombotic effects of OAC.
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1.6 Screening for AF

As silent AF is associated with increased risk of cardiovascular events and mortality (7),

screening for AF is of increased importance in special patient populations.

1.6.1 Indirect signs of AF

Certain ECG changes have been shown to be associated with increased risk for AF in the
past or future. These include a high number of supraventricular premature beats, changes
in the axes of P waves. In the last years, ECG algorithms have been evaluated but currently

do not present daily clinical practice.

Other adjunct parameters may further improve specificity and sensitivity of ECG signs: left

atrial size, CHA2DS,-VASc score and biomarkers (64).

Although AHRE:s clearly violate the definition of AF, it is a matter of debate if they may
be treated with OAC. Even if patients with AHRE are of elevated risk for AF, in the

majority of cases they will not develop AF in their further life (65).

1.6.2 Long-term ECG documentation

To increase the sensitivity of ECG, the duration of acquisition can be prolonged. Usually,
24-hour or 7-day Holter ECG monitoring belong to the diagnostic workup if there is a
strong suspicion of atrial arrhythmia, for example in survivors of cryptogenic stroke (1). If
the patient presents with rare episodes of symptomatic arrhythmia, diagnostics could be

prolonged with an implantable loop recorder (66).

1.6.3 Photoplethysmography for AF screening

Photoplethysmography (PPG) can determine someone’s pulse by measuring changes in the

blood flow between systole and diastole in peripherical tissue (e.g., fingers or ears). This
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technology is in daily clinical use since many years in the form of pulse oximetry. Because
of advances in technology of consumer electronics, nowadays smartphones can adequately
detect PPG signals via their camera. The high availability of smartphones in the population
enables large self-screening campaigns without personal contact with medical personal
(67). Due to algorithms based on artificial intelligence, it might soon be possible to even

diagnose AF by analysis of PPG signals without ECG verification (68).
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2 Introduction to subtopics
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2.1 AF prediction

Since a significant proportion of patients with AF is asymptomatic or has only unspecific
symptoms, identification of AF patients remains a cornerstone in stroke prevention in the
general population. Even in populations where the probability for AF is high, it is not
possible to identify every case of AF with ECG monitoring alone: In a study by Botto et al.
(69), serial ECG Holter monitoring (i.e. four 24-hour Holter recordings or two seven-day
Holter recordings per year) was associated with AF detection rates of 50-60% in a
population with known AF. An approach to implant a loop recorder in every patient in
whom AF is suspected remains infeasible due to cost and limited medical resources.
Moreover, implanting loop recorders would be a very invasive method compared to other
diagnostic tests that could potentially detect AF (e.g. an ECG recording or an AF

prediction algorithm).

Magnani et al. analysed different methods for AF prediction (70). Rienstra et al. (71) gave
a profound overview of the state-of-the-art in AF prediction. Both papers conclude that
there is a high need for AF prediction, while large areas of uncertainty remain. Clinical
parameters (such as CHA>DS,>-VASc score) have been associated with the prevalence of
AHRE and the precision can also be improved by biomarkers such as NT-proBNP (64).
However, a considerable level of uncertainty remains (with AUC levels < 0.85) and
missing validation from prospective cohorts impedes the use of developed scores in daily

clinical practice.

2.1.1 ECG algorithms

The main goal of ECG algorithms is to identify ECG signs that are associated with the
development with AF in the future. As automaticity of atrial tissue (especially in the

pulmonary veins) is one of the main drivers of AF initiation (17), atrial extrasystoles with
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P waves from sources other than the sinus node may be predictive of AF development.
Consequently, the morphology of P waves and the incidence of supraventricular

extrasystoles are have been included in contemporary AF prediction algorithms.

There are several groups working on AF prediction from surface ECGs, such as Stafford et
al. (72), Perez et al. (73), Cabasson et al. (74), Vassilikos et al. (75), Salah et al. (76),
Bonizzi et al. (65), Martinez et al. (77), Alexander et al. (78), or recently, Nakatani et al.
(79). None of these algorithms are established in clinical routine, due to insufficient
prediction and missing evidence from prospective studies. Furthermore, it is unclear if such
algorithms could increase the sensitivity and specificity of clinical risk scores and

biomarkers already in use.

2.1.1.1 AF initiation algorithm

In cooperation with our institution, AIT Austrian Institute of Technology is currently
developing different techniques to increase the accuracy of AF prediction in daily clinical

practice.

The “AF initiation algorithm”, is based on surface ECG data (80). It could predict the
occurrence of paroxysmal AF within the next few hours with an accuracy of 84 % (80, 81)

and was also able to identify patients that developed AF within the following 12 months.
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2.2 AF and TAVI

2.2.1 Aortic stenosis (AS)

Aortic stenosis (AS) is defined as stenosis of the aortic valve (82), which represents the
valve between the left ventricle and the aorta (Figure 6). With a prevalence of 12% in
patients > 75 years, (83) AS is the most prevalent valvular heart disease in the developed
world. It is a progressive disease that leads to a five-year survival between 38% and 83% if

untreated (84).

A B

Figure 6. Schematic view of the apical 5-chamber view of the heart (4) and changes in AS (B). AS: aortic
stenosis; AV: aortic valve; LA: left atrium; LV: left ventricle; MV: mitral valve; RA: right atrium; RV: right
ventricle. Please see text for further abbreviations.

2.2.1.1 Aetiology
There are two common causes of AS in adulthood: calcific AS, and rheumatic AS.

The most common cause is the calcific degeneration of the aortic valve. Atherosclerosis-
like plaque forms on the aortic valve, which later transforms to solid calcium deposits. The
main risk factor is age. A special type of calcific AS develops in patients with a bicuspid
aortic valve, which represents the most common congenital valvular heart disease (85).

The presence of a bicuspid aortic valve is the main cause of pre-senile aortic stenosis (86).
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Rheumatic AS is the result of a destruction process during rheumatic fever. It is often
associated with mitral regurgitation or mitral stenosis, and AF due to these valvular defects
have special implications (1). Due to advances in treatment of bacterial infections, this type
of AS has become very rare in the developed countries, but it is still present in developing

countries (85).

2.2.1.2 Pathophysiology and symptoms

When the aortic valve narrows, a pressure gradient needs to be overcome to pump the same
amount of blood through the aortic root. This increases the afterload of the left ventricle,
which reacts by myocardial hypertrophy. The human body compensates the increased
pressure requirement for many years until symptoms occur (Figure 7). The sequalae of the
disease are caused by (1) inability of the left ventricle to generate adequate blood pressure
or blood flow in the general arterial system, (2) reduced coronary blood flow while oxygen
demand is increased due to hypertrophy and (3) increased pressure in the left ventricle

during inflow.

The first symptoms appear at times of high demand of blood flow (e.g., during exercise) or
when the heart has to compensate for sudden changes in blood pressure (e.g., during
standing up). Aortic pressure (Figure 6: AOP) and systemic blood pressure falls. In these
situations, vertigo or syncope as sign of cerebral hypoperfusion is one of the main

symptoms of AS. Further progression of AS may lead to kidney or multiorgan failure.

Adequate systolic blood pressure can be sustained in case of reduced blood flow by
increasing vascular tone of the arterial system, but at the expense of reduced diastolic
pressure and diastolic flow. Angina pectoris is one of the key symptoms, since the
coronary circulation drops due to low diastolic pressure (87) and hypertrophy increases

myocardial oxygen demand.
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Once the left ventricle is not able to maintain the required flow, the pressure during left
ventricular inflow (i.e., left ventricular end-diastolic pressure, LVEDP, Figure 6) increases
leading to increased pressure in the left atrium (Figure 6: LAP) and the pulmonary vascular
system. This mechanism is amplified by impaired relaxation and increased stiffness of the
left ventricle due to hypertrophy and fibrosis. The consequence is shortness of breath and

pulmonary oedema as sign of left-heart failure.

Once the symptoms develop, the prognosis of the untreated AS dramatically worsens to a

median survival of only a few years (Figure 7).

Onset of severe symptoms
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60%

survival

40%
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Figure 7. Natural progression of AS. After a long asymptomatic period with normal life span, survival
declines dramatically after onset of symptoms. AS: aortic stenosis. Based on (85).

2.2.1.3 Assessment and classification

The gold standard for assessment of AS is echocardiography (82). The severity of AS is
classified based on three different parameters: maximal velocity through the aortic valve,

mean gradient during systole and aortic valve area (Table 4). Velocities and gradients can
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be measured directly by doppler transthoracic echocardiography. The aortic valve area can
be calculated using the continuity equation, which incorporates a number of measurements
(i.e., aortic valve gradient, diameter and gradient of the left-ventricular outflow tract) and

is therefore prone to error (88).

max. velocity mean gradient valve area
mild AS <3 m/s < 20 mmHg >1.5cm?
moderate AS 3-4m/s 20 — 40 mmHg 1.0-1.5cm?
severe AS 24 m/s =40 <1.0cm?

Table 4. classification of AS, adapted from (82, 88).

In case of discrepancies between measurements, current guidelines propose a decision tree
to guide through treatment indications. One subtype is low-flow low-gradient AS, defined
as aortic valve area < 1.0 cm? but mean gradient below 40 mmHg and maximum velocity
below 4 m/s. This type of AS is common in patients with low cardiac output due to

advanced heart failure.

2.2.2 Surgical aortic valve replacement

Until the early 2000’s, surgical aortic valve replacement (SAVR) had been the only
curative treatment option of AS (89). The procedure requires thoracotomy and
extracorporeal membrane oxygenation to allow access of the aortic root. After explant of
the diseased aortic valve, either a mechanical prosthesis or a bio-prosthesis is implanted.
While SAVR has become a very safe procedure in patients with low or moderate operative

risk, it still requires intensive post-operative care and a hospital stay of a week (90).

As calcific AS more frequently develops in the elderly, many AS patients have a high or

prohibitive operative risk due to their age and comorbidities at the time of diagnosis. Until
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the development of transcatheter aortic valve implantation (TAVI), physicians had only

limited options for treatment.

2.2.3 Balloon valvuloplasty

As an ultima ratio, the aortic valve can be burst by a percutaneously introduced balloon.
This procedure is catheter lab based, but the beneficial effect lasts only a few months. This
treatment is an option for patients deemed unsuitable for both SAVR and TAVI or as a

bridge to a definite therapy in emergency situations.

2.2.4 TAVI

TAVI has first been performed in 2002 (89) and it is now an established treatment
alternative to SAVR for patients with severe AS. The aortic valve is normally accessed
retrogradely via arterial puncture (Figure 8A). Predominantly, the femoral artery is used,
but other access sites (such as trans-subclavian or trans-aortic) are feasible. If the vessel
conditions do not permit arterial access, mini-thoracotomy and transapical puncture of the
left ventricle may be used (Figure 8A). After introducing a wire through the aortic valve in
most cases balloon valvuloplasty is performed. Afterwards, a valve prosthesis is introduced
and expands at the site of the original valve (Figure 8B). This procedure requires mild
sedative analgesia only (if no surgical access is required) and lasts approximately one hour.
It may therefore be performed in patients with a high number of comorbidities and a high

perioperative risk.
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Figure 8. Schematic figure of different strategies of access for TAVI and the TAVI procedure itself. TAVI:
transcatheter aortic valve implantation.

In 2014, Mack et al showed significantly higher survival of TAVI compared to SAVR in
patients with high surgical risk (91). Since many AS patients fit this criteria, the number of
TAVTI’s has skyrocketed in the last few years, outrunning the number of total SAVR
procedures in Germany (92). Recent studies led to a Federal Drug Administration (FDA)
approval even for low risk patients (90). According to current ESC guidelines, the decision
whether to perform TAVI or SAVR should be chosen by an interdisciplinary heart team,

with TAVI being favoured in patients with high surgical risk (82).

2.2.5 AF and AS

In patients with severe AS, coexisting AF has been shown to be more frequent (93) and an
independent predictor for lower survival (94). However, the impact of pre-existing AF on a

TAVI procedure is controversial (95).
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2.2.6 NOAF

NOAF is the most common arrhythmia after SAVR (incidence 7-64%) (96-98) and has
been associated with lower 1-year survival (99). However, concerning TAVI only limited

data was available (96, 100).
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2.3 AF and non-medicinal stroke prevention

2.3.1 LAAC

The percutaneous closure of the left atrial appendage (Figure 9) is a relatively new
procedure and was first performed in 2002 (101). The rationale behind LAAC is the
exclusion of the left atrial appendage, which appears to be a predilection site for cardiac
thrombi in AF? in patients with risk of cardioembolic stroke. Several minimally invasive

techniques have been developed to seal the left atrial appendage.

A B

Figure 9. Principle of endocardial (A) and epicardial (B) LAAC devices. LAAC: left atrial appendage
closure

2.3.1.1 Endocardial devices

Most LAAC devices use the endocardial access (Figure 10). After incision of the femoral

vein, a catheter is inserted into the lower vena cava to the right ventricle. Under

2 More information can be found in chapter 1.4.1.1 (page 10).
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fluoroscopy, TOE or intracardial echocardiography (ICE) guidance, the interatrial septum
is punctured to gain access to the left atrium. Finally, the device is implanted into the left

atrial appendage (102).

Figure 10. Endocardial access of the LAA by transseptal puncture. LA: left atrium; LAA: left atrial
appendage; LV: left ventricle; RA: right atrium; RV right ventricle; VCI: vena cava inferior.

Two tools are used to seal the left atrial appendage: Plugs obstruct the neck of the left atrial
appendage with a convex surface, while pacifiers have an extra concave lobe that seals the

ostium (Figure 9A). Current evidence does not favour one device over the other (23).

The following endocardial LAAC devices are currently commercially available and CE-

mark approved (23):

- WATCHMAN, WATCHMAN FLX (Boston Scientific®, Marlborough, MA)

- WaveCrest (BiosenseWebster®, Johnson & Johnson, New Brunswick, NJ)

- AMPLATZER Cardiac Plug, AMPLATZER Amulet (Abbott Laboratories®, North

Chicago, IL)
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- Ultraseal LAA Occluder (Cardia®, Eagan, MN)

- LAmbre (Lifetech Scientific®, Shenzhen, China)

2.3.1.2 Epicardial devices

The advantage of the epicardial access (Figure 9B) is the avoidance of an endocardial
device, therefore limiting the risk of bleeding, embolism or systemic infection at follow up
(23). However, during implantation, both endovascular and epicardial accesses are needed
(103). Under general anaesthesia and TOE guidance, the anterior epicardial space is

accessed. Additionally, access to the left atrium is gained via transseptal puncture.

The only currently available device is the LARIAT (SentreHEART®, Palo Alto, CA)

2.3.1.3 Suitable patient populations

LAAC was initially thought to be “an alternative to OAC treatment for all patients with
non-valvular AF” (104), with the possibility to avoid lifelong treatment with
anticoagulants. However, OAC is currently considered safe and effective in most patients
(1) and also feasible in patients with high bleeding risk (54). Every patient undergoing
LAAC faces a certain risk of procedural complications while not everyone benefits from it.
LAAC does not reduce stroke risk to zero and a significant proportion of patients may not

suffer from stroke even without LAAC (23).

In patients who are eligible for OAC without elevated bleeding risk, the PROTECT AF
and PREVAIL studies examined LAAC vs. warfarin, and came to diverging results (105,
106). For this indication, LAAC is generally FDA-approved, but the current EHRA /
European Association of Percutaneous Cardiovascular Interventions (EAPCI) consensus
statement suggests this procedure only in patients who are completely unwilling or unable

to take OAC despite adequate education (107).
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In patients with contra-indication to long-term OAC, such as a history of severe
intracranial or gastrointestinal bleeding, LAAC is currently indicated according to ESC
guidelines for the treatment of AF (class of recommendation IIb, level of evidence B) (1),
as non-randomized registries suggest better outcome compared to no therapy (108, 109).

However, discrepancies between the exact definition of contra-indication to OAC exist (1).

A borderline indication represents elevated bleeding risk under OAC. DOACs have been
proven effective and safe in preventing stroke and therefore represent a valid alternative to
VKA treatment (1). Only randomized controlled study comparing LAAC to DOACs has
been published (110). In patients with elevated bleeding risk, the decision to perform

LAAC warrants careful assessment of risk and benefits of LAAC vs. DOACs (23).

In patients with ischaemic stroke despite OAC therapy, LAAC is a viable option and it is

also discussed in current ESC guidelines (1).
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3 Studies
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3.1 Research questions

Considering the existing evidence, several questions remain open in terms of the prediction
of AF, AF in TAVI patients and non-medicinal stroke prevention. I developed and
conducted three different investigations during the doctoral studies. They are described in

the following section.

3.1.1 AF prediction

The aforementioned “AF initiation algorithm™ had not yet been tested in a prospective
study. Furthermore, the application was limited to patients without CIED. The SAFE-ME
study was therefore created to prospectively test the algorithm, to broaden its applicability
to patients with a CIED and to optimize its effectiveness by including other technical and

clinical parameters.

3.1.2 AF and TAVI

There are only few studies available regarding the prevalence and effect of pre-existing
and new-onset AF on TAVI patients and their results are conflicting. The rationale of the
AF-TAVI study was therefore to explore 1) the one-year outcome of patients with pre-
existing AF undergoing TAVI and 2) the incidence, predictors and outcome of NOAF after

TAVL

3.1.3 Austrian LAAC Registry

While about most patients undergoing LAAC have a history of severe bleeding as
indication (108, 109), the remaining patient population is very heterogeneous. It ranges
from young, healthy individuals, unwilling to take OAC, to old patients with a high
number of comorbidities. As a result, outcome after LAAC may vary depending on co-

existing diseases and the indication to perform LAAC. Until today, there is only limited
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data available concerning the exact indication which led to the decision to perform LAAC
and outcome. An analysis of the Austrian LAAC registry was therefore performed to

investigate in the specific indications to perform LAAC and their influence on outcome.
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3.2 SAFE-ME study

The aim of the Prospective database for prediction of atrial fibrillation in pacemaker and
ICD patients (SAFE-ME study) was to gather prospective data from a large cohort of
CIED patients to develop tools for the prediction of AF. The study focusses on the
development of models for more accurate prediction of AF based on clinical, ECG and
device data, including the AF initiation algorithm. Ideally all prognostic parameters would

be incorporated into one model.

3.2.1 Methods

We planned to prospectively investigate 250 patients with implantable
pacemaker/cardioverter-defibrillator and an atrial lead into this study. We collected clinical
data, device data, biomarkers and performed a 24-hour Holter ECG. After 6 months, the
occurrence of AHRE and adverse events was documented. The ethics committee of the

Medical University of Graz approved the study (29-229 ex 16/17).

3.2.1.1 Study subjects

We selected patients with CIEDs device as study population, as this population’s atrial
rhythm is continuously monitored. CIEDs are capable of documenting atrial arrhythmias,
even with a duration of only a few seconds. However, the atrial lead is necessary to exactly
determine the atrial rate. Therefore, only patients with CIED and atrial lead were included

into the study.

Most algorithms based on surface ECG data depend on the detection of premature
supraventricular beats and on the analysis of the P wave morphology of such beats.
Therefore, atrial stimulation of the CIED had to be largely excluded — at least for a certain

portion of the Holter ECG (atrial stimulation rate < 50 %), in order to provide sufficient
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data. However, ventricular pacing is not expected to influence the algorithms performance.

Since AF should be predicted from signals in sinus rhythm, patients with a high probability

of showing AF during Holter ECG (mode switch rate > 50 % or AF during CIED

interrogation) were excluded from the study.

For generalisability, we included patients of all risk groups, either AF-naive or with
previously documented episodes of AF. To ensure diagnostic value, patients with low
stroke risk and therefore no clear indication for anticoagulation (defined as CHA2DS,-

VASc score < 1) were not included.

The study plan with definite inclusion and exclusion criteria is shown in Figure 11.
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- Sinus rhythm or atrial paced rhythm

InCIUSiOn - Implanted PM/ICD with atrial lead = 3 months ago
c c - Atrial stimulation rate < 50%
criteria - Total mode switch rate < 50% since last PM interrogation
- CHADS-VASCc score = 2
Exclusion
Crite ria - Patients in AF during 24-h Holter ECG monitoring

- Patients with permanent AF

- Written informed consent

- Adaption of PM/ICD settings (definition and storage of high-
rate episodes)

- Demography, Comorbidities

- 24-h Holter ECG (for calculation of AF initiation score)

Baseline visit

6 months - PM/ICD interrogation
- Documentation of occurance and characteristics of AF
follow up episodes

- PM/ICD malfunction
- Patients in AF at the time of PM/ICD interrogation

Figure 11. Study plan of the SAFE-ME study. AF: atrial fibrillation. ECG: electrocardiogram. ICD:
implantable cardioverter-defibrillator, PM: pacemaker.

3.2.1.2 Baseline visit

After recruitment in our pacemaker outpatient clinic and after obtaining written informed

consent, we gathered information on demographic details, comorbidities (including history

of AF), medication and risk scores (CHA2DS>-VASc score, HAS-BLED score) of study

patients. The case report form can be found in the appendix.
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During this baseline CIED interrogation, automated ECG storage for high-rate episodes
was enabled. To gather biomarkers for the development of AHRES, lab testing for C-
reactive protein, nt-ProBNP and creatinine was performed. Blood samples were planned to
be stored in the study centre’s biobank for post-hoc biomarker analyses. Additionally,
transthoracic echocardiography allowed the assessment of left ventricular dimensions, left

ventricular function, and left atrial size.

After completion of the baseline visit, a 24-h Holter ECG with an ECG monitor was
performed. The digitalized and pseudonymized ECG data was planned to be transferred to
AIT for optimization of an ECG algorithms. However, AIT did not gain access to the

patients’ personal data.

3.2.1.3 Holter monitoring system

We used a 3-channel Holter ECG monitor “ECGpro Holter EP 820 (Amendtec®,
Germany) for 24-hour ECG monitoring. After the monitoring period, the ECG data was
transferred to the hospital’s information system. For medical evaluation, data was analysed
automatically by ECGpro Holter ECG management software. A physician of the study
team performed a manual analysis and confirmed potential arrhythmic episodes. If there
were any abnormalities requiring further diagnostic tests or treatment, the patient was

contacted immediately.

After anonymization, ECG data and clinical data was transferred to AIT via a USB storage

device or via encrypted telecommunication services (via Secure File Transfer Protocol).

3.2.1.4 Follow up

After 6 months, patients were reassessed during their regular CIED interrogation in at our

outpatient clinics. Specifically, we interrogated the CIED for AHRE during the study
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period (including intracardiac electrogram recordings), and monitored the time point of
first occurrence, episode duration and total number and frequency of atrial high rate

episodes.

3.2.1.5 AF initiation algorithm

The “AF initiation algorithm” currently under development by AIT uses Holter ECG data.
Details have previously been published (80). The algorithm detects premature beats with
supra-ventricular origin other than the sinus node. Supra-ventricular beats are identified by
comparing the QRS morphology to the most recent morphology class, requiring 20%

prematurity based on the first derivative of the sequence of the RR intervals.

A representative P-wave template Paverage 1S generated by coherent averaging of the
respective signal part of all “normal” heart beats. Subsequently, all regular (i.e. not
premature) and all premature P waves P; are compared to this P wave template by

calculating a correlation coefficient cc; in between each P wave P; and the template.

The two groups of correlation coefficients corresponding to the regular (cCregutar) and the

premature heartbeats (CCpremature) represent two sets of samples.

If the conduction through the atria is varying for supraventricular premature beats —
represented by varying P wave morphologies — the probability for AF is increased (111).
Therefore, a non-parametric U-test is applied to the two groups of correlation coefficients
in order to assess the probability pu-test that both samples stem from the same distribution,
1.e. that premature and regular P waves exhibit equal morphologies. The negative decade

logarithm of this value serves as the PAF screening parameter pinit or “AF initiation score”.

After completion of the follow up, the incidence and characteristics of AF episodes were

planned to be communicated to AIT to allow optimization of the ECG algorithm. Data
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would be analysed to investigate the most influential parameters (e.g. P wave morphology
or rate of premature beats). The “AF initiation score” would then be correlated with
different characteristics of AF episodes (e.g. time to first incidence, maximum duration,
total duration, frequency). Additionally, various parameters of the algorithm should be
optimized and the impact of short episodes of atrial tachycardia on the development of AF

would be evaluated.

The use of multivariable statistical models was planned, such as decision trees and random
forests, for prediction of future AF. These models would consider both, the ECG based
prediction score and other clinical data. SAFE-ME would give a first impression of the

power of such techniques.

3.2.1.6 Time schedule

This project was launched in March 2017. We planned to recruit patients until January,
2018, but due to a slow inclusion rate, we prolonged the inclusion period to the end of

2020 (Figure 12).

March  August 2017 December June 2021 September

2017 2020 2021
Medical Inclusion of patients, baseline
University of visits
Graz
follow up visits
data analysis,
publication
AIT Austrian application of ECG algorithms
Institute of
Technology optimization of ECG algorithms
data analysis,
publication

Figure 12. Anticipated timeline of the SAFE-ME study.
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3.2.1.7 Statistics

Results are given as mean (standard deviation), median (interquartile range) or number
(proportion), where appropriate. In this analysis, patients that developed AHRE at follow
up were summarized as “AHRE group” and compared to remaining patients without
AHRE but complete follow-up (“No-AHRE group”) in bivariable analysis, using Mann-

Whitney-U test and Fisher’s exact test.

Additionally, the comparison of the ECG algorithm’s result with the incidence of AHRE
episodes was planned by ROC curve. Another goal was to establish a combined AF
prediction score that includes both clinical factors, device data and the result from the ECG

algorithm.

As the study was designed as pilot study, we estimated that a sample size of 100 was

representative for the current study (112).

All statistical analysis was performed with the software package SPSS for Windows (IBM,

IL, USA).

3.2.2 Results

3.2.2.1 Enrolment rate and study adaptations

The study progression was monitored and adaptations to the original study were discussed
by the investigators at regular intervals. In the early phases of the study, we noted that the
progress was slower than expected. To keep up with the timeline, we made the following

changes to the original protocol:

e Support by a medical student

e Complete suspension of blood sample storage in the biobank
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e Continuation of lab testing as optional procedure

e Continuation of echocardiography as optional procedure

The recruitment period was stepwise prolonged (currently until December 2020).

3.2.2.2 Included patients

By April 2020, 42 participants were recruited. One patient had to be excluded because
inclusion criteria were not fulfilled (atrial stimulation rate > 50%) and two patients had AF
during the Holter analysis (Figure 13). In one of these patients, AF was already known.
The other patient was contacted prematurely to initiate OAC because of newly-diagnosed

AF. In total, we included, 39 patients into the per protocol analysis.

3.2.2.3 Baseline characteristics

Mean age was 76+7 years and 38.5% were female. Median CHA2DS>-VASc score was 4
(IQR 3-4) and median HAS-BLED score was 1 (IQR 1-2). Most prevalent comorbidities
were arterial hypertension (76.9%), coronary artery disease (36.1%) and diabetes mellitus
(30.8%). Paroxysmal atrial fibrillation was prevalent in 10.3% of patients. More than three
quarters took antihypertensives and 25.6% had OAC at baseline. Other baseline

characteristics are listed in Table 5.
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All patients
n=42

Did not fullfill AF during Holter

inclusion criteria g n=2

n=1

Included in the
study
n=39

AHRE analysis Holter analysis

No follow up (yet) No Holter data
available available
n=12 n=10

Patients eligible
for Holter analysis

Patients eligible
for AHRE analysis n=29

No-AHRE group AHRE group
n=20 n=7

Figure 13. Flow chart of this interim analysis of the SAFE-ME study.
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Table 5. Baseline characteristics of all included patients, AHRE group and no-AHRE group. AF: atrial
fibrillation; AHRE: atrial high rate episode.

parameter all patients AHRE No-AHRE P value
group group
count 39 7 20 N/A
female gender 38.5% 42.9% 25.0% 0.633
age (years) 7617 767 7616 0.935
body mass index (kg m) 26.7£4.7 253 275 0.198
body surface area (m?) 1.86+0.20 | 1.81+0.14 1.89+0.18 0.263
systolic blood pressure 154124 157122 155124 0.919
(mmHg)
diastolic blood pressure 8514 91+£12 86114 0.609
comorbidities
arterial hypertension 76.9% 85.7% 90.0% 1.000
coronary artery disease 36.1% 50.0% 38.9% 0.665
diabetes mellitus 30.8% 57.1% 15.0% 0.0496
vascular disease 17.9% 14.3% 25.0% 0.656
history of percutaneous 17.9% 28.6% 15.0% 0.580
intervention




parameter all patients AHRE No-AHRE P value
group group

previous stroke, transitory 15.4% 42.9% 15.0% 0.290

ischemic attack or

thromboembolism

previous cardiac surgery 15.4% 14.3% 15.0% 1.000

abnormal renal function 10.3% 14.3% 10.0% 1.000

history of AF 10.3% 28.6% 10.0% 0.269

congestive heart failure 10.3% 0% 10.0% 0.601

previous thrombosis 7.7% 14.3% 5.0% 0.459

periphery artery disease 7.7% 0% 10.0% 1.000

previous stroke 5.1% 14.3% 5.0% 0.459

abnormal liver function 2.6% 0% 5.0% 1.000

risk scores

CHA2DS>-VASc score 4 (3-4) 4 (4-5) 4 (3-4) 0.072

CHADS:; score 1.9+1.0 2.740.8 2.0£1.0 0.081

HAS-BLED score 1(1-2) 2(1-2) 1(1-2) 0.145

medication

antihypertensives 76.9% 71.4% 90.0% 0.269
beta blockers 43.6% 57.1% 35.0% 0.391
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parameter all patients AHRE No-AHRE P value
group group
aspirin or P2Y 12 inhibitor 41.0% 28.6% 35.0% 1.000
statins 35.9% 42.9% 30.0% 0.653
OAC 25.6% 67.1% 15.0% 0.077
DOAC 15.4% 28.6% 10.0%
VKA 10.3% 28.6% 5.0%
metformin 15.4% 14.3% 10.0% 1.000
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3.2.2.4 Device details

Most patients (94.8%) had a dual chamber pacemaker (Table 6). One patient previously

had received a pacemaker suitable for cardiac resynchronization therapy. No patient with

ICD was included. The last device change had been performed 16 (5-51) months ago and

the last lead implantation or revision before 49 (15-99) months. The most prevalent

indication was AV block (82.1%). Mean atrial stimulation rate was 19% and median

ventricular stimulation rate was 86%. Since the last reset of the CIED storage (which had

been performed 11 [3-12] months ago), AHRE’s were documented in 35.9%, which led to

a mode switch rate of > 1% in 12.8%. Episodes of non-sustained ventricular tachycardia

occurred in 12.8% of patients.

parameter all patients AHRE No-AHRE | P value
group group

device type 0.259
dual-chamber pacemaker 94.8% 85.7% 100%
CRT 2.6% 0% 0%
AAI pacemaker 2.6% 14.3% 0%

indication 1.000
AV block 82.1% 85.7% 85.0%
sick sinus syndrome 12.8% 14.3% 10.0%
carotid sinus syndrome 2.6% 0% 5.0%
dilatative cardiomyopathy 2.6% 0% 0%

device manufacturer 0.243
Medtronic® 46.2% 48.1% 57.1%
Biotronik® 23.1% 22.2% 14.3%
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LivaNova® 12.8% 18.5% 0%

Abbott® 12.8% 14.3% 5.0%

Boston Scientific® 5.1% 3.7% 14.3%
R sensor activated 35.9% 57.1% 30.0% 0.365
atrial stimulation rate (%) 1915 22+18 19116 0.725
ventricular stimulation rate (%) 86 (0-100) | 71 (0-100) | 84 (0-100) | 0.778
time since last AHRE reset (months) | 11 (3-12) 6 (3-11) 11(3-12) | 0.766
previous occurrence of AHRE 35.9% 71.4% 20.0% 0.023
mode switch rate = 1% 12.8% 28.6% 0% 0.060
previous nsVT 12.8% 14.3% 10.0% 1.000

Table 6. Device details of included patients. AV: atrioventricular; CRT: cardiac resynchronization therapy;

AHRE: atrial high rate episode; nsVT: non-sustained ventricular tachycardia.

3.2.2.5 Echocardiography and laboratory parameters

Echocardiography data is available for 51.3% of patients. Mean left ventricular end-

diastolic diameter was 47+6 mm. Left ventricular function was normal (ejection fraction
>50%) in 73.7%, moderately reduced in 15.8% and severely reduced (< 35%) in 10.5%.

Mean E/E’ was 12.8+6.9. The size of the left atrium was 39+6mm (short axis) and 49+7

mm (four chamber view). Mean right atrial size (four chamber view) was 46+6 mm.

Blood testing was performed in 48.7% of patients. Median nt-proBNP was 285 (165-676)

pg/mL, C-reactive protein was 2.4 (1.4-4.2) mg/L and creatinine was 1.0 (0.8-1.2) mg/dL.
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3.2.2.6 Holter analysis

All included patients received 24-hour Holter ECG monitoring immediately after the
inclusion. During medical analysis of Holter ECG data, no pathologies requiring

intervention were observed.

Due to technical problem, raw Holter ECG data of 10 patients (25.6%) was deleted by the
Holter ECG system prematurely and was therefore not available for further analysis by
AIT, reducing the number of eligible patients for Holter analysis to 29 (Figure 13). Since
there was too little data, we could not calculate the “AF initiation score” and perform
associated analyses. Holter ECG data will be sent to AIT for further analysis once the

number of eligible patients rises to 50.

3.2.2.7 Follow up

Follow-up data is available for 69.2% of patients, which corresponds to all patients with an
inclusion > 6 months before this analysis. Patients with available follow up were
comprised into the “AHRE analysis group” (Figure 13). Follow-up visits were performed

190+13 days after inclusion.

3.2.2.8 Adverse events

During follow-up, three patients (11.1%) were hospitalized due to non-cardiovascular
reasons (preparation for dialysis, investigation for prostatic hyperplasia, and femoral neck

fracture). Mortality at follow-up was 0%.

3.2.2.9 Device checks and AHRE episodes

During follow-up device checks, no pathologies requiring intervention were found. No
patient was in AF at follow-up and 40.7% were paced. Median atrial stimulation rate was

10 (2-21) % and ventricular stimulation rate was 2 (0-99) %.
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AHRE occurred in seven patients (25.9%, “AHRE group”), with two patients (7.4%)
having a mode switch rate > 1%. The median number of AHRE episodes was 10 (IQR 1-
6065). The longest episode lasted more than 15 seconds in 57.1% and more than 5 minutes
in 42.9%. None of the patients reported symptoms during the arrhythmia episodes

(corresponding to an AHRE symptom score of 1).

3.2.2.10 Predictors of AHRE episodes

In bivariable analysis, previous AHRE episodes (p=0.023) and diabetes mellitus

(p=0.0496) were significantly associated with the occurrence of AHRE episodes at follow

up.

3.2.2.11 AF prediction algorithm

Since the sample size needed for the AF prediction algorithm to produce accurate results
was not yet attained, we did not apply the AF prediction algorithm onto the data of this

interim analysis.
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3.3 AF-TAVI study

3.3.1 Methods

To analyse the incidence of NOAF and effect of pre-existing AF and NOAF on outcome
after TAVI, we performed a monocentric, retrospective analysis. The study was approved
by the ethics committee of the Medical University of Graz (27-114 ex 14/15) and has been

published in the Journal of Electrocardiology in 2017 (113).

3.3.1.1 Procedure

All patients undergoing TAVI between May 2007 and May 2014 at the Department of
Cardiology, University Hospital of Graz, Austria, were included in the study. All
periprocedural and postprocedural complications were recorded and defined according to

recommendations of the Valve Aortic Research Consortium-2 criteria (114).

3.3.1.2 Post-procedural monitoring

Patients were monitored with continuous telemetry up to 48 hours after discharge from
intensive care unit (ICU). Afterwards, daily ECG’s were recorded. If symptoms of

arrhythmia occurred, additional ECG recordings were performed.

3.3.1.3 Follow up

Patients were seen in the outpatient clinic at 3, 6 and 12 months for follow-up

examinations, including echocardiography and 12-lead electrocardiogram recordings.

3.3.1.4 Data collection

Signed informed consent for the procedure and post-procedural follow up was provided by
all patients. For this report, patients’ files of our hospital’s electronic and physical archives

were reviewed for baseline characteristics, procedural and post-procedural outcome. To
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ensure complete follow-up regarding rehospitalizations, files of all regional hospitals were

accessed. If outcome data was missing, we obtained the information via telephone calls.

3.3.1.5 Statistical analysis

Data are expressed as mean + standard deviation, median (interquartile range) or count
(percentage), if appropriate. For paired sample analysis, the Wilcoxon singed rank test was
used, while the Mann-Whitney-U-Test and Fisher’s exact test were used for unpaired
samples. For multivariable analysis, all univariable predictors with a p-value under 0.1
were considered as possible confounders. Additionally, the presence of interatrial block
(IAB) (100) in baseline ECGs of NOAF patients was compared with those of a matched
control group of no NOAF patients in a post-hoc analysis. Missing values were replaced
by mean or median, where appropriate. A two-sided significance level of 0.05 was applied

for all calculations.

The “R” statistical package (The R Foundation for Statistical Computing, Vienna, Austria)
with “matchit” library and “nearest” method was used to match for gender and age. All
other analyses were performed with IBM® SPSS® Statistics 20 (IBM Corporation,

Armonk, NY).

3.3.2 Results

3.3.2.1 Baseline characteristics

A total of 398 consecutive patients undergoing TAVI were included into the analysis.
Baseline characteristics are shown in Table 7. Patients with a median age of 82 (78-85)
years were included, of which 63% were female. Median predicted 30-day mortality was
5.9% based on EuroSCORE II (115) and 6.4% based on German AV Score (94). In terms

of comorbidities, patients suffered mostly from arterial hypertension (83%), coronary
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artery disease (71%) and peripheral or central artery disease (41%). Pre-existing AF was
prevalent in 172 patients (43%). Symptomatic heart failure, corresponding to NYHA III-
IV, was prevalent in 75% of patients. Thirty-six per cent of patients were anticoagulated,
61% were on antiplatelets. Beta blockers were the most common antiarrhythmic drugs
(60%), followed by digoxin (15%) and class III antiarrhythmics (2%). Ten percent of

patients had an implanted pacemaker.

Patients with pre-existing AF had a higher prevalence of diabetes mellitus type 2, previous

valve surgery, elevated troponin T levels and reduced left ventricular function (assessed by

echocardiography, Table 7) compared to other patients. Consequently, risk scores shoed a

significantly higher risk of mortality in those patients (p<0.01 for all). As expected,
anticoagulants, beta blockers and digoxin were used significantly more frequently in the

pre-existing AF group (p<0.01 for all).
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Table 7. Baseline characteristics of treated patients.

all patients pre-existing AF NOAF no NOAF p’ p?

epidemiology

count 398 172 210 16 N/A N/A
age, years 82 (78-85) 82 (78-85) 84 (79-87) 82 (78-86) 0.72 0.52
body mass index, kg m2 25 (23-28) 25 (22-28) 25 (21-27) 25 (23-28) 0.94 0.60
female gender 249 (63%) 65 (62%) 9 (56%) 133 (63%) 0.92 0.60
comorbidities

arterial hypertension 330 (83%) 143 (83%) 14 (88%) 173 (82%) 1.00 1.00
coronary artery disease 283 (71%) 124 (72%) 9 (56%) 150 (71%) 0.74 0.26
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all patients pre-existing AF NOAF no NOAF p’ p?
extracardiac arteriopathy 161 (40%) 76 (44%) 5 (31%) 80 (38%) 0.22 0.79
cerebral arteriopathy 106 (27%) 49 (29%) 5 (31%) 52 (25%) 0.49 0.56
peripheral arteriopathy 81 (20%) 38 (22%) 1 (6%) 42 (20%) 0.45 0.32
previous percutaneous intervention 137 (34%) 60 (35%) 4 (25%) 73 (35%) 0.92 0.59
diabetes mellitus type Il 117 (29%) 60 (35%) 2 (12%) 55 (26%) 0.04* 0.37
previous cardiac surgery 73 (18%) 32 (19%) 3 (19%) 38 (18%) 1.00 1.00
coronary arterial bypass surgery 60 (15%) 22 (13%) 3 (19%) 35 (17%) 0.26 0.74
previous valve surgery 20 (5%) 13 (8%) 2 (13%) 5 (2%) <0.05* 0.08
cardiomyopathy 69 (18%) 36 (21%) 3 (19%) 30 (14%) 0.09 0.71
concentric LV hypertrophy 22 (6%) 11 (6%) 1(6%) 10 (5%) 0.52 0.56
cardiomyopathy with reduced LVEF 47 (12%) 25 (15%) 0 20 (10%) 0.16 0.66
chronic obstructive pulmonary disease 63 (16%) 25 (15%) 1 (6%) 21 (10%) 0.16 0.72
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all patients pre-existing AF NOAF no NOAF p’ p?

neurological disease 56 (14%) 22 (13%) 1 (6%) 33 (16%) 0.56 0.48
porcelain aorta 54 (14%) 21 (12%) 1 (6%) 32 (15%) 0.45 0.48
dialysis 6 (2%) 1 (1%) 1 (6%) 4 (2%) 0.16 0.31
risk scores

logistic EuroSCORE, % 13.3 (7.8-23.8) 15.3 (9.3-24.7) 12.2 (8.1-25.6) 11.2 (7.3-22.6) <0.01* 0.61
EuroSCORE I, % 5.9 (3.2-10.8) 7.2 (4.4-12.8) 7.3 (3.0-9.6) 4.5 (2.8-9.6) <0.01* 0.36
German AV Score, % 6.4 (3.8-10.3) 6.8 (4.7-12.7) 5.0 (4.1-8.1) 5.7 (3.3-8.0) <0.01* 0.64
STS Score, % 6.3 (3.8-9.6) 6.6 (4.5-11.0) 5.1 (3.9-13.5) 6.0 (4.0-8.8) <0.01* 0.90
CHA:DS2-VASc score 5 (5-6) 5 (5-6) 5 (4-6) 5 (5-6) 0.70 0.16

medication
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all patients pre-existing AF NOAF no NOAF p’ p?

antiplatelets 241 (61%) 69 (40%) 13 (81%) 159 (76%) <0.01* 0.77
anticoagulation 143 (36%) 120 (70%) 2 (13%) 21 (10%) <0.01* 0.67
antiarrhythmics 246 (62%) 124 (72) 9 (56%) 113 (54%) <0.01* 0.32
class Il (beta blockers) 238 (60%) 121 (70) 8 (50%) 109 (52%) <0.01* 1.00
digoxin 59 (15%) 52 (30) 0 7 (3%) <0.01* 1.00
class Il 7 (2%) 2 (1%) 1 (6%) 4 (2%) 0.70 0.31
class | 2 (0.5%) 1 (0.6%) 0 1 (0.5%) 1.00 1.00
others 5(1%) 4 (2%) 0 1 (0.5%) 0.17 1.00
blood

creatinine, ymol L™ 98 (80-123) 106 (89-133) 91 (81-127) 90 (76-112) <0.01* 0.59
elevated troponin Tt 246 (62%) 96 (64%) 6 (67%) 82 (44%) <0.01* 0.30
haemoglobin, g dL"! 12 (11-13) 12 (11-13) 11 (10-13) 12 (11-13) 0.23 0.06
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all patients pre-existing AF NOAF no NOAF p’ p?
estimated glomerular filtration rate, ml min-"' 53 (39-66) 47 (36-61) 52 (35-76) 56 (43-72) <0.01* 0.61
adjusted NT-proBNP, pg ml 1443 3297 1558 1603 <0.01* 0.80
(578-2930) (1678-5770) (363-3470) (625-4302)
albumin, g dL" (n=290) 4.1(3.8-4.4) 4.1 (3.7-4.4) 4.2 (3.9-4.3) 4.2 (3.9-4.4) 0.07 0.95
cardiac devices
implanted pacemaker 40 (10%) 28 (16%) 0 12 (6%) <0.01* 1.00
haemodynamics
systolic pulmonary pressure, mmHg 45 (33-60) 53 (41-65) 42 (29-56) 38 (30-50) <0.01* 0.79
mean pulmonary pressure, mmHg 29 (21-37) 34 (26-41) 28 (19-36) 25 (19-33) <0.01* 0.57
pulmonary capillary wedge pressure, mmHg 18 (12-24) 21 (26-41) 19 (10-23) 15 (10-20) <0.01* 0.37
left ventricular end-diastolic pressure, mmHg 18 (13-23) 17 (13-21) 20 (15-28) 19 (13-24) 0.02* 0.35
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all patients pre-existing AF NOAF no NOAF p’ p?

aortic valve peak gradient, mmHg 52 (36-72) 47 (31-64) 62 (44-81) 57 (40-78) <0.01* 0.62
aortic valve mean gradient, mmHg 45 (32-60) 41 (28-52) 56 (42-65) 48 (34-62) <0.01* 0.44
indexed aortic valve area, cm?/1.72m? 0.53 (0.41-0.66) 0.53 (0.40-0.69) | 0.46 (0.32-0.67) | 0.54 (0.41-0.66) 0.71 0.27
(n=296)
echocardiography
indexed left atrial 2D diameter, mm 57 (52-64) 61 (56-68) 56 (52-61) 54 (51-60) <0.01* 0.34
indexed right atrial 2D diameter, mm 54 (49-60) 60 (53-67) 51 (49-58) 52 (47-55) <0.01* 0.54
left ventricular end-diastolic diameter, mm 49 (43-54) 48 (43-53) 53 (46-55) 49 (43-54) 0.87 0.64
left ventricular function <0.01* 0.42

> 50% 189 (62%) 67 (52%) 10 (71%) 112 (70%)

31-50% 41 (14%) 22 (17%) 0 19 (12%)
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all patients pre-existing AF NOAF no NOAF p’

20-30% 54 (18%) 24 (19%) 4 (29%) 26 (16%)

<20% 19 (6%) 16 (12%) 0 3 (2%)

EuroSCORE: European System for Cardiac Operative Risk Evaluation; STS: Society of Thoracic Surgeons; CRT: cardiac resynchronization therapy; ICD: implantable
cardioverter defibrillator; BBB: bundle branch block. nt-ProBNP was adjusted for kidney function. "troponin T or high-sensitivity troponin T above 95% upper reference limit. !
pre-existing AF vs others; > NOAF vs no NOAF patients. Reproduced from Zweiker et al. (113) with permission of publisher Elsevier (see Disclosures section for details).
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3.3.2.2 TAVI Procedures

A self-expandable valve (Medtronic CoreValve, Medtronic, Minneapolis, MN) was used
for all patients, via transfemoral (94%), trans-aortic (6%) and trans-subclavian (1%)

approaches. Implantation, according to VARC-2 (114), was successful in 91% of cases.

Other patients either experienced improper valve function after implantation (n=21),
implantation issues (i.e. rescue, malposition or valve-in-valve; n=19) or periprocedural
death (n=3). Patients required catecholamines in 8 % and electrical cardioversion or
defibrillation for ventricular arrhythmias in 3%. Immediate conversion to cardiac surgery

including extra-corporal circulatory support was necessary in four patients (1%).

3.3.2.3 Rhythm disturbances before discharge

Out of 226 patients with previous SR after TAVI, 16 patients (7%) developed NOAF
before discharge after TAVI. NOAF was first detected at a median of 1.5 days after
procedure (interquartile range 1-2 days). Additionally, 23% of patients encountered a new

left bundle branch block, and 15% received a permanent pacemaker.

3.3.2.4 In hospital outcome

Intrahospital complication rates were 34%, 44%, and 30% in the pre-existing AF, NOAF
and no NOAF groups with no significant differences between groups (Table §). The most
common complication was pacemaker implantation (17% vs. 25% vs. 13%, p=ns). Acute
kidney failure occurred only in the pre-existing AF group (n=7, p<0.01). Other
complications were similar between all groups. In-hospital survival was 96%, 100% and
95% in no pre-existing AF, NOAF, and no NOAF groups (p=ns). ICU stay was

insignificantly prolonged in the NOAF group vs. no NOAF group (median 2 [2-6] vs. 2 [1-
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2] days, p=0.07). Total in-hospital stay was significantly longer in the pre-existing AF

group compared to previous SR group (median 10 [8-14] vs. 8 [7-10] days, p<0.01).
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Table 8. Intrahospital complications, length of stay and time-dependent mortality of treated patients.

pre-existing
NOAF no NOAF p’ p?
AF

any complication 58 (34%) 7 (44%) | 62 (30%) 0.52 0.26
pacemaker implantation 29 (17%) 4 (25%) | 28 (13%) 0.49 0.25
death 9 (5%) 1 (6%) 12 (6%) 1.00 1.00
cardiovascular death 7 (4%) 0 (0%) 10 (5%) 1.00 1.00
major bleeding 5 (3%) 0 (0%) 10 (5%) 0.60 1.00
minor bleeding 4 (2%) 1 (6%) 5 (2%) 1.00 0.36
life-threatening bleeding 5 (3%) 1(6%) 2 (1%) 0.30 0.20
minor vascular

3 (2%) 0 (0%) 5 (2%) 1.00 1.00
complications
cardiac tamponade 3 (2%) 1 (6%) 4 (2%) 1.00 0.31
stroke 2 (1%) 0 (0%) 5 (2%) 0.70 1.00
conversion to open

1(1%) 1 (6%) 5 (2%) 0.15 0.36
surgery
acute kidney injury 7 (4%) 0 (0%) 0 (0%) <0.01* 1.00
cardiopulmonary bypass 1(1%) 1(6%) 2 (1%) 0.64 0.20
dialysis 4 (2%) 0 (0%) 0 (0%) 0.03* 1.00
pneumonia 2 (1%) 0 (0%) 1 (0%) 0.58 1.00
multi organ failure 0 (0%) 0 (0%) 2 (1%) 0.51 1.00
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myocardial infarction 1 (1%) 0 (0%) 1 (0%) 1.00 1.00
severe aortic regurgitation 0 (0%) 0 (0%) 1 (0%) 1.00 1.00
length of stay

ICU stay, days 2 (1-2) 2 (2-6) 2 (1-2) 0.86 0.07
total hospital stay, days 10 (8-14) 9 (7-14) 8 (7-10) | <0.01* 0.46
time-dependent mortality

30-day mortality 12 (7%) 0 11 (5%) 0.39 1.00
1-year mortality 34 (20%) 1(6%) 25 (12%) | 0.02* 0.70

*: p<0.05. ICU: intensive care unit. ' pre-existing AF vs others; > NOAF vs no NOAF patients. Reproduced
from Zweiker et al. (113) with permission of publisher Elsevier (see Disclosures section for details).
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3.3.2.5 Follow up

We recorded out-of-hospital events until 1 year after procedure (Table 9), with the most
common being rehospitalization. All-cause death and cardiovascular death were
significantly more common in the pre-existing AF group compared to remaining patients
(19.8% vs 11.5%, p<0.01 for overall death). There were no differences in mortality

between no NOAF and NOAF groups (11.9% vs 6.3%, p=ns).

Rehospitalization occurred significantly more frequently in the NOAF group vs. the no-
NOAF group (63% vs. 35%, p=0.03). Seven NOAF patients (44%) remained in AF during
follow up visits, the other NOAF patients converted to SR within 3 months (n=7, 44%) or
6-12 months (n=2, 13%). During the first year of follow-up, four additional patients (2% of

the no-NOAF group) developed AF within one year of follow up.

Any of the following events occurred once and only in the no NOAF group: major
bleeding, minor bleeding, severe aortic regurgitation, transitory ischemic attack,

pneumonia and multi organ failure.
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Table 9. Out-of-hospital outcome and composite endpoints.

365 days)

pre-existing
NOAF no NOAF p’ p?
AF

out-of-hospital complications
any rehospitalization 81 (47) 10 (63) 73 (35) 0.04* | 0.03*
cardiac rehospitalization 36 (21) 5(31) 28 (13) 0.1 0.07
death 24 (14) 0 13 (6) <0.01* | 0.61
cardiovascular death 14 (8) 0 4 (2) <0.01* | 1.00
pacemaker implantation 30 (17) 4 (25) 34 (16) 0.79 0.31
acute myocardial infarction 3(2) 0 3(1) 1.00 1.00
stroke 3(2) 1 (6) 0 0.32 0.07
acute kidney injury 2(1) 0 1 (0.5) 0.58 1.00
endocarditis 0 0 2 (0.9) 0.51 1.00
composite endpoints according to VARC-2
early safety (at 30 days) 151 (88) 15 (94) 191 (91) 0.32 1.00
clinical efficacy (at 365 days) | 135 (78) 11 (69) 182 (87) 0.08 0.07
time-related valve safety (at 147 (85) 12 (75) 178 (85) 0.78 0.29

! pre-existing AF vs others; > NOAF vs no NOAF patients. Reproduced from Zweiker et al. (113) with
permission of publisher Elsevier (see Disclosures section for details).
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3.3.2.6 Predictors of NOAF

In bivariable analysis, we found previous valve surgery and low haemoglobin levels to be
associated with the development of NOAF (Table 10). In multivariable analysis, the only

significant predictor was history of valve surgery (HR 5.86 [CI 1.04-32.94], p<0.05).

3.3.2.7 Predictors of long-term mortality

In bivariable analysis, pre-existing AF, dialysis, cardiomyopathy, peripheral artery disease,
low albumin, high adjusted NT-ProBNP and high creatinine were significantly associated
with higher mortality. Multivariable analysis identified pre-existing AF (HR 1.90 [CI 1.07-
3.38], p=0.03), dialysis (HR 5.54 [CI 1.03-29.87], p<0.05) and cardiomyopathy (HR 2.64

[CI 1.40-4.95], p<0.01) as independent predictors (Table 10).
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Table 10. Univariable and multivariable analyses.

univariable
multivariable analysis
analysis
p HR (95% CI) p
predictors of NOAF (n=226)
previous valve surgery 0.08 5.86 (1.04-32.94) <0.05*
baseline haemoglobin 0.06
predictors of 1-year-mortality (n=398)
cardiomyopathy <0.01* 2.64 (1.40-4.95) <0.01*
pre-existing AF 0.02* 1.90 (1.07-3.38) 0.03*
adjusted NT-proBNP (n=368) <0.01* <0.05*
periphery arterial disease 0.02*
albumin (n=290) 0.04*
baseline creatinine <0.05*
left bundle branch block 0.08

*: p<0.05. Reproduced from Zweiker et al. (113) with permission of publisher Elsevier (see Disclosures

section for details).
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3.4 Austrian LAAC Registry

3.4.1 Methods

The Austrian LAAC Registry (NCT03409159) is a prospective registry with the goal to
document every LAAC procedure in Austria. The registry has been approved by the ethics
committee of the Medical University of Graz (29-355 ex 16/17). The current study
includes all patients with LAAC procedures until the end of 2017 in all currently active

centres in Austria. We already published this analysis recently (116).

3.4.1.1 Recruitment and indications

Patients were recruited based on clinical practice guidelines (23) and the discretion of the
treating physician. Based on the patients’ individual history, patients were stratified by
three main indications to perform LAAC. All patients with a history of major bleeding
were stratified into the bleeding group, while patients with a history of cerebral or
peripheral thromboembolism were summarized into the thromboembolism group. Residual
patients were pooled into the other group. In patients with both bleeding and
thromboembolism events, adjudication was based on the final event leading to the decision

to perform LAAC.

3.4.1.2 Procedure

Patients received either Watchman™ (Boston Scientific, Marlborough, MA, USA),
Amplatzer Cardiac Plug™ (Abbott Laboratories, North Chicago, IL, USA) or Amplatzer
Amulet™ (Abbott Laboratories) devices. Device selection and procedures were performed

based on local and international policies.
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3.4.1.3 Antithrombotic treatment

Post-procedural antithrombotic treatment was usually based on international

recommendations and risk assessment of individual patients.

3.4.1.4 Follow-up

Follow-up visits were performed on the discretion of the individual centre, but normally
included TOE after 3-6 months and regular visits further on. All follow up visits until

December 31%, 2017 were included into the analysis.

3.4.1.5 Data collection

We assessed parameters as recommended by the EHRA/EAPCI consensus statement on
LAAC (117). Data were collected either by a local representative or an external reviewer.
In addition to the hospital’s local health records, we gathered data of readmissions at other
hospitals after LAAC. Mortality data was verified by the Austrian government’s
population registry (118). Loss of follow up was defined as either last clinical visit or last

day of available survival data.

3.4.1.6 Endpoints

We defined procedural major complications as any complications requiring invasive
intervention or surgery, remaining complications were summarized as procedural minor
complications. Cardiac tamponade was defined as acute pericardial effusion requiring
pericardiocentesis or surgery. Access site complications were only reported as such if any
invasive intervention would be necessary. We defined ischaemic stroke only in
symptomatic patients according to current guidelines. Shock was defined as hypotension
with the requirement for catecholamine therapy; acute kidney injury was reported if serum

creatinine rose by 2 1.5 times from baseline within < 7 days. At long-term follow-up:
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bleeding, stroke or embolism were counted if there was the requirement for
rehospitalization. We summarized any rehospitalization that was adjudicated a direct
consequence of the LAAC procedure or that was caused by a malfunctioning of the LAAC

device as hospitalization due to LAAC.

Residual flow was defined as any colour doppler flow > 1 mm detected by TOE and

stratified to minor flow (1 — 5 mm) and major flow (> 5 mm).

3.4.1.7 Statistical analysis

IBM SPSS (IBM, Armonk, NY) was used for data analysis. We expressed results as count
(proportion), mean + standard deviation or median (interquartile range, IQR). For bivariate
analysis, we compared parameters between all three groups by ANOVA (in normally
distributed values, based on Kolmogorov-Smirnov-Z test) or Kruskal-Wallis test. In case
of significant interaction, we performed post-hoc testing using Fisher’s LSD or Kruskal-
Wallis test. For categorial values, Fisher’s exact test was used. If appropriate, p values
were adjusted according to Bonferroni correction. Distinct p values in the text refer to

between-group differences.

The estimated number of bleeding and stroke events based on individual CHA2DS>-VASc
and HAS-BLED scores were calculated based on data of Olesen et al (119, 120) as
outlined by LaHaye et al (121), using the adjusted score (instead of the reported score).
Based on the risk of individual patients, the estimated number of thromboembolic and
bleeding events per patient-year for the whole population was calculated and compared to

the observed event rate.
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3.4.2 Results

A total of 186 LAAC procedures were incorporated into this analysis (Figure 14). This

represents 98.9% of all procedures performed during this period. Two patients had to be

excluded because relevant data was not provided by the implanting centre, which is

currently inactive. The median age was 75 (IQR, 70-79) years and 37.6% were female.

Baseline characteristics are shown in Table 11.

All LAACs in
Austria until
12/2017
n=188, 10 centres

Excluded
n=2, 1 centre

All patients
included into the
analysis

n=186, 9 centres
|\ J

r

Indication bleeding
n=111 (59.7%)

~N

Figure 14. Study flowchart. LAAC: left atrial appendage closure.

Indication
thromboembolism
n=15 (8.1%)

Indication other
n=60 (32.2%)
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Table 11. Baseline characteristics of treated patients grouped by indication for LAAC. LAAC: left atrial

appendage closure.

indication for LAAC p value
parameter bleeding | thromboembolism other overall | post-
hoc

number of patients 111 15 60 N/A
female 38.7% 20.0% 40.0% 0.355
age (years) 74 (70-78) 74 (62-76) 77 0.029 §

(72-81)
body mass index, kg m? | 26 (24-30) 25 (22-30) 27 0.409

(24-31)
CHA2DS,-VASC score 4.611.4 4.8+1.2 42115 | 0.150
CHADS:; score 2.8+1.2 3.8+0.7 2.5£1.2 | <0.001 | **#
HAS-BLED score 3.6+0.7 2.9+0.6 2.9+0.9 | <0.001 | **ft
congestive heart failure 27.9% 6.7% 11.7% 0.017 §
arterial hypertension 86.5% 86.7% 90.0% 0.780
diabetes mellitus 25.2% 40.0% 28.3% 0.462
transitory ischemic 47.7% 100.0% 28.3% | <0.001 | **T#
attack, stroke or
thromboembolism
vascular disease 42.3% 20.0% 38.3% 0.270
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indication for LAAC p value

parameter bleeding | thromboembolism other overall | post-
hoc

uncontrolled 9.0% 0% 8.3% 0.762

hypertension

abnormal renal function 15.3% 6.7% 13.3% 0.803

abnormal hepatic 1.8% 0% 6.8% 0.240

function

stroke 40.5% 93.3% 18.3% | <0.001 | **t3

history of bleeding 100.0% 26.7% 45.0% | <0.001 | **ft

labile International 2.7% 6.7% 1.7% 0.453

Normalized Ratio values

alcohol abuse 2.7% 0% 3.2% 0.655

coronary artery disease 45.0% 6.7% 50.0% | 0.006 *H

cerebral artery disease 15.0% 13.3% 10.9% 0.837

periphery artery disease 7.2% 13.3% 5.0% 0.389

history of percutaneous 22.5% 0% 31.7% 0.021 *

intervention

history of coronary 13.5% 6.7% 5.0% 0.200

artery bypass grafting
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indication for LAAC p value
parameter bleeding | thromboembolism other overall | post-
hoc
chronic obstructive 18.2% 6.7% 7.3% 0.133
pulmonary disease
dialysis 1.0% 0% 0% 1.000
hyperlipoproteinemia 35.4% 64.3% 29.1% 0.059
paroxysmal AF 27.6% 26.7% 42.6% 0.165
laboratory results
haemoglobin, g/dL 12.9+2.0 14.61£1.3 12.6£1.9 | 0.002 >t
NT-proBNP, mg/dL 979 618 755 0.534
(433- (486-1464) (275-
1913) 1528)
creatinine, mg/dL 1.1 1.1 1.1 0.339
(1.0-1.4) (1.0-1.2) (1.0-2.3)
echocardiography
left-ventricular function 0.659
35-50% 16.2% 6.7% 13.3%
<35% 13.5% 12.7% 6.7%
patent foramen ovale 9.9% 20.0% 11.7% 0.510

&3




indication for LAAC p value

parameter bleeding | thromboembolism other overall | post-
hoc

LAA minimum orifice 17.0£4.3 19.5£2.7 16.1£3.7 | 0.277

diameter, mm (n=58)

LAA maximum orifice 20.8+4.6 23.04£3.2 19.314.1 | 0.222

diameter, mm (n=58)

baseline medication

VKA 9.0% 6.7% 20.0% 0.104

DOAC 23.4% 80.0% 28.3% | <0.001 | **#

aspirin 19.8% 13.3% 31.7% 0.155

adenosine diphosphate 13.5% 0% 14.0% 0.190

receptor inhibitor

low molecular weight 25.2% 6.7% 25.0% 0.303

heparin

dual antiplatelet therapy 6.3% 0% 13.3% 0.177

The following symbols represent significant differences in post-hoc testing (after Bonferroni adjustment):
bleeding vs embolism: * p<0.05, ** p<0.01; bleeding vs other: " p<0.05, /" p<0.01; embolism vs other: *
p<0.05, % p<0.01; ¥ no significant interaction in post-hoc testing found. Reproduced from Zweiker et al
(116) licensed under CC BY.
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3.4.2.1 Indications

The majority of patients (59.7%) had a history of bleeding (bleeding group), with most of
the patients having suffered intracranial bleeding (31.7%, Figure 15). Patients with
intracranial bleeding had intracerebral haemorrhage (23.7%), subdural haematoma (5.4%),
subarachnoid bleeding (4.3%) or epidural haemorrhage (0.5%). Gastrointestinal bleeding
was prevalent in 19.9%, followed by epistaxis (0.5%) or other types of bleeding (7.0%).
The majority of patients had their bleeding while being on OAC (42.3%), either having

received VKA or DOACs (28.85% each).

A proportion of patients (8.1%) received LAAC because of a history of thromboembolism
despite OAC (thromboembolism group); they had either had a stroke (7.0%) or peripheral

thromboembolism (1.1%).

The third indication group (other group) comprised 32.2% of patients. Of patients with
predisposition for bleeding (7.0%), 2.2% had a gastrointestinal malformation, 1.6% had
Morbus Osler and 1.1% had a cerebral malformation. Further indications were intolerance
to OAC without major bleeding (4.8%), anaemia of unknown cause (4.3%) and
contraindications to OAC (4.3%). Another 4.3% received LAAC due to refusal of lifelong
OAC and 4.3% had LAAC prior to PCI to avoid triple antithrombotic therapy in cases with
high bleeding risk. In one patient, LAAC was performed to seal a previously performed

surgical left appendage exclusion.
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59,70%

32,20%

8,10%

thrombembolism bleeding other

Figure 15. Indications for LAAC. LAAC: left atrial appendage closure.

3.4.2.2 Basic risk profile

The overall cohort had a mean CHA2DS>-VASc score of 4.5+1.4, a CHADS; score of
2.8£1.2 and a HAS-BLED score of 3.3+0.9 (Table 11). There significant differences of

risk profiles in the pre-specified groups.

The HAS-BLED score was highest in the bleeding group (p<0.005 vs. remaining groups)
due to a more prevalent history of bleeding (100% vs. thromboembolism group 26.7% vs.

other 45.0%, p<0.001).
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CHADS; score was highest in the thromboembolism group (p<0.001 vs. remaining
groups), which was caused by a significantly higher prevalence of stroke (93.3% vs.

18.3%, p<0.001).

The rate of coronary artery disease was significantly lower in thromboembolism patients
(6.7%) compared to remaining groups (p<0.05 for both). Patients in the other group had
the lowest prevalence of the factor transitory ischaemic attack, stroke or thromboembolism
of the CHA2DS,-VASc score (28.3% vs. bleeding patients 47.7% vs. thromboembolism
patients 86.7%). Consequently, CHADS; and HAS-BLED scores were lowest in those

patients.

3.4.2.3 Antithrombotic treatment before LAAC

Before LAAC, 42.0% received OAC in the total cohort (42.0%; DOAC, 29.6%; VKA,
12.4%, Table 11). Other therapies were low molecular weight heparin (23.7%), aspirin
(23.1%), P2Y 12 inhibitors (mostly clopidogrel, 14.0%) or dual antiplatelet therapy (8.1%).
DOAC therapy before LAAC was most prevalent in the thromboembolism group (80.0%,

vs. bleeding group, 23.4%; other group, 28.3%, p<0.01).

3.4.2.4 Procedure

The LAAC procedure was performed exclusively in 85.7%. Otherwise, it was combined
with closure of a patent foramen ovale in 10.7%, which was performed most often in the
thromboembolism group (26.7%) compared to the bleeding group (7.1%) and the other
group (12.7%, Table 12). Other concomitant procedures were transcatheter mitral-valve
repair (1.8%) or coronary angiography and/or percutaneous coronary intervention (1.8%).
The Amplatzer Cardiac Plug or Amplatzer Amulet devices were used in 52.2% and the
Watchman device in 46.8%. Devices with a median diameter of 25 (IQR, 24-27) mm were

used.
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3.4.2.5 Procedural outcome

First procedure success for LAAC implantation was 97.3%. In the remaining cases,
implantation was not possible due to technical difficulties (1.6%), intra-procedurally
detected LAA thrombus (0.5%) or dislocation due to left atrial appendage anatomy (0.5%).
Median duration of the procedure was 70 minutes (range, 20 minutes to 3.5 hours).
Fluoroscopy was used for a median of 15 (IQR, 11-23) minutes and 100 (66-148) mL of

contrast dye were used, without significant differences between groups.

The rate of major complications was 7.0%, including cardiac tamponade (3.2%), access
site complication (2.2%), ischaemic stroke (1.1%) and shock requiring catecholamines
(1.1%). There were no significant differences in procedural outcome between groups and

in-hospital mortality was 0%.
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Table 12. Procedural outcome and follow-up echocardiography.

indication for LAAC
parameter p value
bleeding | thromboembolism other
technical details
LAAC only 89.8% 73.3% 81.8% 0.113
concomitant PFO closure 7.1% 26.7% 12.7% 0.055
concomitant transcatheter 1.0% 0.0% 3.6% 0.467
mitral-valve repair
concomitant coronary 3.1% 0.0% 0.0% 0.663
angiography +/-
percutaneous intervention
implanted device 0.038§
Amplatzer™ 47.7% 86.7% 51.7%
Watchman™ 50.5% 13.3% 48.3%
other/none implanted 1.8% 0.0% 0.0%
size, mm 25 25 25 0.743
(24-27) (22-28) (22-28)
outcome
primary implantation success 97.3% 100.0% 96.7% 1.000
minor residual flow 3.6% 0.0% 3.3% 1.000
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indication for LAAC

parameter p value
bleeding | thromboembolism other
procedure time, min (n=109) 65 60 86 0.088
(51-89) (55-65) (60-110)
procedure time without 64 65 85 0.366
concomitant procedures, min (51-95) (55-182) (64-96)
(n=73)
dose area product, uGym? 4220 8319 (6052- 6929 0.149
(n=117) (1058- 10428) (1218-
8901) 12485)
fluoroscopy time, min 15 (11-24) 14 (11-32) 17 (12-22) | 0.795
(n=123)
amount of contrast, mL 96 106 (70-145) 106 0.595
(n=148) (64-146) (66-154)
hospitalization duration, days 3 (2-5) 2 (2-6) 3 (2-7) 0.225
(n=168)
procedural major 4.5% 13.3% 10.0% 0.159
complication
cardiac tamponade 2.7% 6.7% 3.3% 0.512
access site complication 1.8% 6.7% 1.7% 0.376
ischemic stroke 0.0% 0.0% 3.3% 0.258
shock 0.9% 0.0% 1.7% 1.000
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indication for LAAC

parameter p value
bleeding | thromboembolism other
cardiac arrest 0.9% 0.0% 0.0% 1.000
procedural minor 9.9% 13.3% 16.7% 0.443
complication
unplanned admission to 4.5% 6.7% 6.7% 0.679
intensive care unit
bleeding requiring blood 0.9% 0.0% 8.3% 0.030 8
transfusion
acute kidney injury 0.9% 0.0% 3.3% 0.443
echocardiography at follow
up
duration to TOE, days 96+58 69127 103199 0.487
(n=111)
residual flow (n=110) 1.5% 0.0% 2.8% 1.000
major 0.0% 0.0% 0.0%
minor 1.5% 0.0% 2.8%
thrombus (n=108) 1.5% 0.0% 2.9% 1.000

$ no significant interaction between groups has been found in post-hoc testing. Reproduced from Zweiker et

al (116) licensed under CC BY.
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3.4.2.6 Antithrombotic treatment after LAAC

After LAAC, most patients (52.7%) received dual antiplatelet therapy (mostly aspirin plus
clopidogrel) for 1-6 months after LAAC (Table 13). OAC was prescribed in 19.9%
(DOAC, 14.0%; VKA, 5.9%). For OAC, phenprocoumon (17.1%), apixaban (46.4%,
dabigatran (35.7%) and rivaroxaban (17.9%) were used. OAC prescription was most
prevalent in the thromboembolism group (53.3%). Other options for antithrombotic
treatment were aspirin (7.5%), clopidogrel (5.4%) or no antithrombotic therapy at all

(12.4%).

After a median of 3 (IQR 2-6) months, 43.5% switched to aspirin as long-term therapy. In
39.2%, no further antithrombotic therapy was given. OAC was only continued in 4 patients
(26.7%) of the thromboembolism group (DOAC, 20.0%; VKA, 6.7%). Long-term

antithrombotic therapy could not be assessed in 15.1% of patients.
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Table 13. Post-procedural anticoagulation strategy. DAPT: double antiplatelet therapy, DOAC: direct oral
anticoagulant, LMWH.: low molecular-weight heparin, SAPT: single antiplatelet therapy, VKA: vitamin K

antagonist.
indication for LAAC p value
parameter bleeding | thrombo- other
embolism

early antithrombotic therapy
duration, months (n=160) 3 (2-6) 3 (3-6) 3 (3-6) 0.309
DAPT 47.7% 46.7% 63.3% 0.131
oral anticoagulation 17.1% 53.3% 16.7% 0.008 *#*

DOAC alone 12.6% 20.0% 8.3%

VKA alone 4.5% 0.0% 1.7%

DOAC + SAPT 0.0% 20.0% 1.7%

VKA + SAPT 0.0% 13.3% 5.0%
SAPT 18.9% 0.0% 11.7% 0.114

Aspirin 10.8% 0.0% 3.3%

Clopidogrel 4.5% 0.0% 8.3%

Aspirin + LMWH 2.7% 0.0% 0.0%

Clopidogrel + LMWH 0.9% 0.0% 0.0%
no antithrombotic therapy 16.2% 0.0% 8.3% 0.112
long-term antithrombotic
therapy
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indication for LAAC p value
parameter bleeding | thrombo- other
embolism

SAPT 42.3% 33.3% 48.3% 0.560

Aspirin 36.0% 26.7% 45.0%

Clopidogrel 6.3% 6.7% 3.3%
no antithrombotic therapy 40.5% 33.3% 38.3% 0.869
oral anticoagulation 0.0% 26.7% 0.0% <0.001 **#

DOAC 0.0% 20.0% 0.0%

VKA 0.0% 6.7% 0.0%
other / not documented 17.1% 6.7% 13.3% 0.592

The following symbols represent significant differences in post-hoc testing (after Bonferroni adjustment):

bleeding vs embolism: * p<0.05, ** p<0.01; bleeding vs other: 1 p<0.05, 71 p<0.01; embolism vs other: }

p<0.05, 1} p<0.01; § no significant interaction in post-hoc testing found. Reproduced from Zweiker et al

(116) licensed under CC BY.
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3.4.2.7 Follow up

Documentation of follow-up TOE 96+73 days after the LAAC procedure was available in
59.7% of patients. TOE confirmed correct position of the LAAC device without major
residual flow in 98.9%. In one patient, the LAA device could not be found in the LAAC
but in a pulmonary vein and in another patient major residual flow of 6mm was
determined. Minor residual flow was prevalent in 1.8% and a device-associated thrombus

was found in 1.9% of patients.

Long-term follow up was 477+464 days and 85.5% of patients reached a follow-up of > 90
days. The combined 1-year endpoint of death, stroke, bleeding or LAAC-associated
hospitalization occurred in 16.5% of patients without significant differences between
groups (Table 14). During total follow-up, all-cause mortality of 11.3% was documented,
with one-year survival in 83.9%, 90.0% and 81.4% in bleeding, thromboembolism and
other groups, respectively (Figure 16). Stroke or peripheral thromboembolism occurred in
4.8% and bleeding in 7.0%. Ischaemic stroke occurred in 1.6% of patients. Patients with
stroke or peripheral thromboembolism after LAAC were on single antiplatelet therapy in
55.6%, had no antithrombotic therapy in 33.3% or dual antiplatelet therapy in 11.1% at the
time of event. Bleeding occurred while patients were taking single antiplatelet therapy

(46.2%), dual antiplatelet therapy (30.8%) or no antithrombotic therapy (23.1%).
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Figure 16. Kaplan Meier plot of cumulative survival of patients after LAAC, stratified by subgroup. LAAC:

left atrial appendage closure.
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LAAC-associated rehospitalization was 1.6%, due to Dressler’s syndrome, a large device

thrombus (which was dissolved by low molecular weight heparin therapy) and the

necessity to remove a free-floating LAAC device surgically from the pulmonary vein (n=1,

0.9% each).
indication for LAAC p value

parameter
bleeding | thromboembolism other overall
follow-up duration, days 4741449 2681203 5351525 0.178
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combined endpoint 16.1% 10.0% 18.6% 0.891
(1-year death, stroke, bleeding or

LAAC-associated hospitalization)

death 9.0% 6.7% 16.7% 0.253
bleeding 7.2% 0.0% 8.3% 0.668
stroke or thromboembolism 4.5% 0.0% 6.7% 0.762
ischaemic stroke 1.8% 0.0% 1.7% 1.000
hospitalization due to LAAC 0.9% 6.7% 1.7% 0.256
any hospitalization 28.8% 33.3% 30.0% 0.879

Table 14. Follow up after LAAC. LAAC: left atrial appendage closure. Reproduced from Zweiker et al (116)

licensed under CC BY.

3.4.2.8 Predicted vs observed events

Based on individual CHA>DS,-VASc scores, we predicted a yearly rate of stroke or
peripheral thromboembolism of 8.6%, which was highest in the thromboembolism group
(9.6%). The actual event rate of 3.7% reflects a significant relative reduction of 57%

compared to the predicted rate (p=0.035, Table 15).

Predicted bleeding rate based on individual HAS-BLED scores was 7.7% with highest risk
in bleeding patients (8.3%). The observed bleeding rate of 5.3% corresponds to a relative
risk reduction of 30% (p=0.454). The observed rate of both thromboembolic and bleeding
events was highest in the other group and lowest in the thromboembolism group (Table

15).
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Table 15. Mean predicted annual stroke and bleeding events (as by CHA>DS>-VASc and HAS-BLED scores)

compared to reported events in the Austrian LAAC Registry. LAAC: left atrial appendage closure.

Reproduced from Zweiker et al (116) licensed under CC BY.

indication for LAAC

parameter all patients

bleeding | thromboembolism | other
annual embolic events
predicted 8.6% 8.9% 9.6% 7.8%
observed 3.7% 3.5% 0.0% 4.5%
relative reduction -57.0% -61.0% -100.0% -42.0%
p value 0.035* 0.083 1.000 0.529
annual bleeding events
predicted 7.7% 8.3% 6.6% 6.7%
observed 5.3% 5.5% 0.0% 5.7%
relative reduction -30.2% -33.2% -100.0% -15.6%
p value 0.454 0.483 1.000 1.000
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4 Discussion

The results of the three studies give important insights in AF prediction, AF in TAVI
patients and non-medicinal stroke prevention in AF patients. They all show a high
prevalence of AF in different populations. The SAFE-ME study even assumes a higher rate
of subclinical AF. The TAVI-AF study proves that the effect of AF on long-term outcome
is not limited to increased risk of stroke and heart failure, and it is dependent on existing
risk factors as all studies suggest. Therefore, patient-tailored therapy is necessary, with
new possibilities emerging in the last years. The analysis of the Austrian LAAC Registry

describes a new technology if OAC is not tolerated.

While all studies are related to AF in patients requiring cardiac interventions, they handle

different aspects of AF and are therefore discussed in separate chapters.
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4.1 AF prediction and the SAFE-ME study

While this analysis of the SAFE-ME study represents only an interim analysis without the
application of the AF initiation algorithm, it gives important hints about AHRE in
pacemaker patients: First, the incidence of AHRE was high in pacemaker patients. Second,
there was no clear association between pre-existing AF and AHRE. Third, diabetes
mellitus, pre-existing anticoagulation and previous AHRE were independent predictors for

the development of AHRE at follow up.

4.1.1 Incidence of AHRE

In this analysis, 25.9% of included patients developed AHRE after a follow up of only 6
months. Previous studies documented higher proportions of AHRE in pacemaker patients
without history of AF (28% to 35%) (8, 122, 123). However, those studies had a longer
follow up (1-2.5 years) and they included a higher proportion of patients with sick sinus
syndrome (25-50% vs. 13%) (8, 123) due to inclusion of patients with an atrial pacing rate
> 50%. Studies exclusively analysing patients with sick sinus syndrome have shown an
even higher incidence of AHRE episodes (50-68%) (124, 125). Two hypotheses have been
proposed to explain the association between sinus nodal disease and AF (126): The higher
probability of atrial extrasystoles during bradycardia facilitating re-entry and a similar

pathophysiology of both disease entities (i.e., atrial wall disturbances, atrial ischemia).

4.1.2 Predictors of AHRE

Previous AHRE was the most significant predictor of AHRE at follow up in bivariable
analysis. This fact highlights the importance of the recognition of AHRE as relevant
arrhythmia that may recur at any time. As we found no correlation between the history of

AF and AHRE, we postulate that short AHRE episodes may act rather as precursor than an
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indirect sign of AF. Frequent AHRE episodes of long duration have already been shown to

be associated with AF and atrial flutter (127).

Diabetes mellitus was also associated with the development of AHRE. The positive
correlation between CHADS,, CHA»,DS>-VASc scores and its factors (such as diabetes
mellitus) and AF are well-known in the literature (1). Wakula et al validated those risk
factors for the development of AHRE in pacemaker patients and additionally found NT-

proBNP among other less-used biomarkers to be significant predictors (64).

4.1.3 Limitations

The fact that this is an interim analysis and the limited number of included patients affects
the power analysis and might lead to an underestimation of risk factors that may appear
more significant when the analysis includes a larger patient population. Furthermore, the
AF initiation score was not applied. However, these limitations will likely be overcome

once the study is finalized.

4.1.4 Outlook

As the SAFE-ME project is an important step forward in the validation of a novel ECG
algorithm for the prediction of AF, it will be prolonged until the necessary number of
patients is included. The next logical step after completion of the SAFE-ME study is to test
the AF initiation score in different patient populations and develop it further. If this
algorithm, combined with clinical parameters, proves to be effective, a simple Holter ECG
could potentially allow for AF prediction 6 months in advance for CIED patients. This
would be a cost-effective alternative to more invasive and expensive diagnostic tools (such
as long-term event monitors). Furthermore, anticoagulation therapy could be initiated in

patients with previously unknown AF. As the prevalence of AF increases in our ageing
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population, such algorithms and clinical decision tools will become even more important in

the future.

The SAFE-ME study observes the development of AHRE instead of AF (which, by
definition, has to be diagnosed with surface ECG) (1). Therefore, its clinical relevance is
partly dependent on the results of ongoing trials, which investigate the effectiveness of
anticoagulation in AHRE patients without the diagnosis of AF on the surface ECG (128,
129). The NOAH-AFNET study represents one of them and is currently conducted in the

Medical University of Graz (128).
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4.2 AF, TAVI and the AF-TAVI study

The main findings of the AF-TAVI study are the following: (1) Pre-existing AF was an
independent predictor of one-year mortality after TAVI, (2) the incidence of NOAF was
low (7%), and (3) NOAF patients had higher morbidity but not higher mortality than

patients in sinus rhythm.

The strength of this study is the inclusion of many well-characterized patients with
complete 1-year follow up. We achieved a high data quality due to extensive investigation.
The detailed data from the registry enabled us to analyse a large number of parameters. As
well-established rhythm-monitoring protocols had been included, it was possible to detect

NOAF patients with a high level of certainty.

4.2.1 Patient cohort

With a median age of 82 years and a median EuroSCORE 1I of 5.9%, this patient cohort
represents a typical TAVI cohort. Characteristics were comparable to studies published

from other contemporary TAVI registries at that time (93, 130).

The prevalence of pre-existing AF (43%) in our study was substantially higher than
expected in a standard population with a similar age (131), partly because patients
underwent extensive monitoring during recruitment for TAVI (132). Pre-existing AF
(43%) was also more frequent than in other studies examining the effects of TAVI, such as
a meta-analysis of Sannino et al (133) including 14,078 patients (pre-existing AF rate
33%). In line with Chopard et al (93), comorbidities were significantly more prevalent in

the pre-existing AF group, leading to a higher procedural risk.

103



4.2.2 Risk scores for TAVI patients

Before the introduction of TAVI-tailored and well-accepted risk scores (134), patients’ risk
was estimated by scores derived from surgical valve replacement procedures (i.e.
EuroSCORE, EuroSCORE II and STS Risk Score). These are the only scores
recommended by international guidelines (135, 136), although they might over-estimate
30-day mortality (especially logistic EuroSCORE (115)). Two scores with regard to TAVI
patients have already been published at time of this analysis, but they lack external
validation and broad acceptance (137, 138). We included one of them, namely the German
AV Score, but it did not predict 1-year mortality in our patient cohort. The new STS/ACC
risk model was developed after the publication of this analysis(139). While those scores
predict short-term outcome very well, they failed to predict long-term survival in our

cohort.

4.2.3 Predictors of mortality

We suggest that pre-existing AF is a major risk factor in TAVI patients. We showed that 1-
year mortality in patients with pre-existing AF was almost twice as high after correction
for other confounders. Furthermore, long-term complications, such as cardiac
rehospitalizations and cardiovascular mortality, but not stroke were more common in pre-
existing AF patients. It is unclear, whether AF itself (by the reduction of cardiac output and
chronotropic incompetence) increases morbidity and mortality in those patients, or AF
serves as surrogate marker for other cardiac conditions associated with a higher risk. A
recent report suggests that AF itself is not an independent predictor of outcome if other
factors (for instance, left atrial volume) are considered (95). Nevertheless, cardiac events
may play a more important role rather than cerebrovascular events in this cohort of

patients. Chopard et al. and Biviano et al. showed similar results (93, 140). Sannino et al
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demonstrated elevated long-term all-cause mortality in patients with pre-existing AF (133).
They also demonstrated that pre-existing AF was associated with long-term cardiovascular
mortality but not with long-term cerebrovascular events. However, most of the data
included in this meta-analysis have not been adjusted for other confounders. Although
persistent AF might be a stronger risk factor than paroxysmal AF (141), screening for
intermittent arrhythmias is especially important before TAVI evaluation of risk. The STS

risk score and German AV score have included pre-existing AF in their risk analysis.

In addition to AF, end-stage renal disease requiring dialysis and cardiomyopathy were

independent risk factors of elevated 1-year mortality.

4.2.4 NOAF

In our cohort, the incidence of NOAF (7%) was lower than in most of other analyses,
which report a prevalence of 2 to 39% (133, 142). As Tanawuttiwat et al. demonstrated
higher incidences of NOAF in patients receiving TAVI with pericardiotomy (143), the
high incidence of transfemoral approach (94%) may explain this difference. A large
registry study reported a lower incidence of NOAF (93), but without any information on
patient’s monitoring after the procedure. Therefore, silent episodes of paroxysmal AF

could have been left undiagnosed and untreated in this study.

The prediction of patients developing NOAF after TAVI remains difficult. Rhythm
monitoring is essential after the procedure. Previous valve surgery was the only
independent risk factor for NOAF in our analysis, which was present in 13% of NOAF
patients. While postoperative AF is common after heart surgery (144), there is insufficient
data to determine if this effect persists even years after surgery. Left atrial diameter was

only numerically higher in NOAF patients, but we did not find any significant difference in
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diameter between NOAF and no-NOAF patients which confirms findings published by

Amat-Santos et al. (145).

In our study, two percent of previous no-NOAF patients developed AF after discharge in
the first post-procedural year. This underlines the importance of regular follow up

including ECG monitoring after TAVI.

Recent studies report a contradictory effect of NOAF on long-term mortality (93, 96, 133).
Except for two studies using questionable NOAF detection methods (93, 140), NOAF was
associated with higher long-time morbidity, but not mortality (133, 146). We report a
numerically longer ICU stay, and elevated rates of cardiac rehospitalization and out-of-
hospital stroke in NOAF patients. Intrahospital events were also more common in the
NOAF group (44% vs. pre-existing AF 34% vs. no NOAF 30%), but differences between
groups were not statistically significant. These results highlight the importance of

identifying NOAF as special condition predicting increased probability for events.

New data highlights the importance of thorough screening before TAVI: Asmarats et al
found new AF using 1-week Holter monitoring in 10.1% of patients before undergoing

TAVI (147).

4.2.5 Limitations

Like every retrospective analysis, this report is also prone to limitations such as
confounding and information bias. However, we tried to minimize selection bias by
recruiting all TAVI patients within a pre-specified time interval. However, the results of
this study may not be generalizable to all consecutive TAVI cohorts, because only Core-

Valve prostheses were implanted and in most patients the valve was implanted via the
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transfemoral access. After the initial phase of telemetry for 48 hours, patients were not

monitored continuously (e.g., by implantable loop recorders).

4.2.6 Summary of other TAVI-related studies

The AF-TAVI study was the first step in the development of a solid database of TAVI
patients of the Medical University of Graz. This database formed the basis of several
individual projects that were conducted during the doctoral studies and are described here

briefly.

Several investigations concentrated on specific factors of TAVI patients at Graz, e.g. the
association of outcome with biomarkers (148, 149), right heart haemodynamics from
preprocedural MRI (Schmid et al, under review) and frailty (Gharibeh et al, in
preparation). In a multicentric study led by Pagnesi et al from San Raffaele Hospital
(Milan, IT) two next-generation TAVI prostheses were compared (150, 151). A
multicentre analysis analysing the predictive value of invasive haemodynamic

measurements on long-term outcome is currently conducted.

The Austrian TAVI Registry, which was also developed by the Department of Cardiology,
Medical University of Graz could describe early success of TAVI in Austria in 2013 (152).
The registry was the basis of a propensity score matched analysis led by the Medical
University of Graz and the Klinik Ottakring, which compared the outcome of 1822 patients
undergoing TAVI at on-site cardiac surgery vs. non on-site cardiac surgery centres (153).
This analysis concluded that patients undergoing TAVI in centres without on-site cardiac
surgery had a higher baseline risk and consecutively a worse outcome post TAVI. After
matching for baseline factors, the difference between centres with vs. without on-site

cardiac surgery disappeared.
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4.3 AF, non-medicinal stroke prevention and the Austrian LAAC

registry
These are the main findings of this analysis of the Austrian LAAC registry: First, LAAC
was performed in a heterogeneous patient population with varying individual risk profiles.
Second, there was a considerable risk of procedural complications during or after the
LAAC procedure, but all complications could be managed successfully. Third, observed

long-term rates of thromboembolism and bleeding were lower than predicted based on

individual risk profiles using CHA2DS>-VASc and HAS-BLED scoring.

4.3.1 Indications for LAAC

With a mean CHA,;DS,-VASc score of 4.5 and a mean HAS-BLED score of 3.3, all
patients receiving LAAC in Austria had an elevated risk of thromboembolism and bleeding
as estimated by validated scores. Therefore, LAAC was a considerable option in all

patients.

LAAC is currently indicated as second line therapy to prevent thromboembolic events. A
specific index event or condition usually leads to the decision to perform LAAC. This fact
is especially important in Austria, because only a limited number of LAAC procedures are
reimbursed by social security. As a result, the patient’s characteristics and indications to
perform LAAC are very well documented. While bleeding events in the past were the main
indication in almost 60% of patients, reasons to perform LAAC in remaining patients were
very heterogeneous and included predispositions for bleeding, refusal of OAC or even the
requirement for triple antithrombotic therapy for limited time in case of planned
percutaneous coronary intervention. A noteworthy indication is the occurrence of

thromboembolic events while being on OAC.
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Except for two studies (154, 155), thromboembolic risk of patients in this analysis as
predicted by CHA>DS>-VASc score (median 5) and CHADS; score (median 3) was higher
than in previous studies that report a CHA2DS>-VASc score of 4 (106, 108, 109, 156-160)
or a CHADS; score of 2 (105, 161). With a median HAS-BLED score of 3 bleeding risk

was comparable to published literature (109, 157-160).

To the authors’ knowledge, this is the first study investigating the specific indications to
perform LAAC and stratifying patients based on the indication. There is only scarce data
reported in available literature. History of bleeding ranges from 72% to 93% in four multi-
centre registries (155, 156, 158, 162). The EWOLUTION registry reports a history of
haemorrhage in 31% (108). Patients with a history of stroke while being on OAC were
partly included in the study of Kefer et al without giving distinct numbers (157) and
exclusively analysed by Freixa et al (163). With 27.1%, patient choice was a common
indication for LAAC in the German LAARGE registry (162). In two randomized

controlled trials (105, 106), patients without contraindication to OAC only were included.

4.3.2 Procedural outcome

Both Amplatzer and Watchman devices were implanted successfully almost equally in
Austria (52.2% vs. 46.8%). Understandably, concomitant closure of patent foramen ovale
was performed most frequently in the thromboembolism group, to combine the benefit of

both techniques within the same session.

With major complications occurring once every 14 procedures, LAAC must be considered
a risky procedure in a high-risk population. The most common major complication was
cardiac tamponade. We observed two ischaemic strokes during the LAAC procedure.
There were no differences in rates of complications between the different indication

groups.
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The high incidence of complications might be explained by the high-risk cohort
undergoing LAAC. However, low operator experience has also to be taken into account, as
centres performed only a median of 17 procedures during the observation period.
Fortunately, procedural survival was 100% and all complications were managed

successfully during the hospital stay.

In comparison to other studies, implantation success rate of 97.3% was similar to other
studies that included with Watchman (105, 106, 108, 156, 161) or Amplatzer (109, 155,
157-160) devices. A success rate of 90.9% (105) to 99.1% (160) has been reported. The
frequency of major complications reported in the literature was also comparable, ranging

from 2.2% (159) to 12.0% (157).

4.3.3 Post-procedural antithrombotic treatment

We documented a high variety of antithrombotic treatment after LAAC as the medication
was tailored in accordance to the patient’s individual history and left to the discretion of
the physician in charge of those patients (Table 13). Most of the patients received dual
antiplatelet therapy for the first couple of months after LAAC (52.7%), which was later

switched to monotherapy with aspirin (43.5%) or no therapy (39.2%)).

Patients in the thromboembolism group mostly stayed on OAC for the first months.
Interestingly, in 73.3% of patients in the thromboembolism group no long-term OAC was

described, and still no ischaemic event was documented at follow-up.

The majority of published studies, dual antiplatelet therapy was recommended for months
1-6 (109, 155-158, 160), followed by aspirin for 3 months (109, 158) or indefinitely (155-
157). In PROTECT AF and PREVAIL studies (105, 106), Warfarin was used for the first

45 days.
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4.3.4 Long-term outcome

Device-related complications were rarely detected at follow-up TOE at our study, with
residual flow occurring in 1.8% and thrombus formation in 1.9%. Rehospitalizations due to
the LAAC device itself was also rare (1.7%), and the LAAC device was dislocated in only
one patient. Fortunately, the device did not follow the blood stream and was found
immobile in the pulmonary vein. Further investigation excluded the possibility that the

device was primarily implanted at the wrong site.

Within the first year after LAAC, the combined endpoint for death, stroke, peripheral
thromboembolism, bleeding or LAAC-associated hospitalization was reached in 16.5% of
patients. One explanation for this high long-term complication rate is the high baseline risk
of the LAAC cohort. When comparing the individual predicted thromboembolic and
haemorrhagic events with observed events, we experienced a reduction of 57.0% of

thromboembolic events and a reduction of 30.2% of bleeding events.

The most pronounced reduction of events was reported in the thromboembolism group,
which had no events at follow-up. This fact proves the effectiveness of LAAC in
preventing thromboembolic events in the absence of OAC therapy (which was the case in
almost 75% of patients in the thromboembolism group). However, the low sample size in

the thromboembolism group limits further analyses.

The group with the highest rate of observed thromboembolic events (4.5%) and bleeding
events (5.7%) despite moderate baseline risk was the other group. Consequently, the
reduction of events compared to historic controls was lowest in this group. We propose
two explanations for this finding: First, those patients may face risk factors for bleeding
and thromboembolism that are not captured by traditional risk scores and therefore selected

for LAAC. Second, LAAC may not be as effective in this patient group as in remaining
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group. Further studies are needed to further examine this heterogeneous subgroup. Due to a
rather small sample size, only the reduction of annual embolic events of the whole
population reached statistical significance (p=0.035) while the reduction of bleeding events

or subgroup analyses did not.

Due to a higher risk profile in this patient cohort, the rate of thromboembolic events of
3.7% was higher than in other studies that reported events in 1.3 to 3.4% (105, 106, 109,
155-159, 164). The bleeding rate in other studies was similar (4.8%) (105) or lower (0.0-
3.4%) (109, 155, 157-159, 164) than in our analysis (5.3%). Other reports confirmed the
reduction of events after LAAC compared to historic controls, with a reduction of
thromboembolic events of 77-83% (156, 164) and a reduction of bleeding events of 46%
(164). The first controlled study that compared LAAC to contemporaneous DOAC therapy

proved non-inferiority (110).

Annual mortality in this analysis (8.6%) was similar to other studies (3.7-10.8%) (105,

106, 109, 155-159, 164).

4.3.5 Limitations

While multi-centre real-world registries are valuable tools to monitor the outcome of
interventions in daily clinical practice, they face several types of bias and must therefore be
interpreted with caution. We tried to eliminate selection bias by including all patients
undergoing LAAC in currently active centres in Austria. Reporting bias was minimized by
external review at most centres and inclusion of data of the Austrian population registry as
well as databases of hospital associations. We therefore achieved a complete follow-up
concerning mortality. However, follow-up TOE data was missing in a small proportion of
patients. Furthermore, the use of historic controls may generate several types of bias, such

as selection bias and time trend effects. This analysis did only include Amplatzer and
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Watchman devices. Therefore, this analysis may not be extrapolated to other LAAC
devices (sections 2.3.1.1 and 2.3.1.2). Lastly, the low sample size of individual groups may
have led to underestimation of factors which would have a significant impact on outcome

otherwise.

4.3.6 Outlook

The number of annual LAAC implantations is on the rise in Austria, reaching more than 60

procedures in 2018 and 2019. A continuation of the Austrian LAAC registry is ongoing.
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5 Conclusion

The main learning points of the aforementioned studies are the following:

The SAFE-ME study showed that AHRE episodes are very common in pacemaker
patients, even in patients with a low atrial pacing rate and without sinus nodal
disease. They are not associated with the presence of paroxysmal AF, as someone
would expect. This highlights the usefulness of current CIED’s arrhythmia
detection functions. After the finalization of recruitment and application of the AF
initiation algorithm, the study will give important hints about the prediction of AF
by Holter ECG.

The AF-TAVI study found that pre-existing AF has a relevant impact on long-term
mortality in TAVI patients. NOAF does not play such a big role in the long run but
is associated with increased short-term complications.

The Austrian LAAC Registry shows that only patients with a high thromboembolic
and bleeding risk are selected for LAAC. Bleeding was the most common
indication to perform LAAC, but other indications where very heterogeneous,
ranging from patient preference to recurrent thromboembolic or bleeding events. A
low long-term event rate outweighs the relatively high short-term complication rate
in those patients. When compared to historic controls, a reduction of

thromboembolic and bleeding events becomes apparent.
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6 Summary and perspectives

In this dissertation, various aspects of AF in relation with its prediction and two distinctive
cardiac procedures are illuminated. As presented in the introduction, AF represents one of
the most important cardiac arrhythmias with severe implications on morbidity and

mortality of the general population.

Before focusing on treatment of AF and its consequences, it is crucial to understand that
even the diagnosis of AF can be very challenging. A simple Holter ECG may predict
patients developing AF with high accuracy in the future, if clinical trials (such as the

SAFE-ME study) confirm their notion in the future.

AF and interventional cardiac procedures, such as TAVI, influence each other in two ways.
On the one hand, pre-existing AF acts as marker for elevated procedural and post-
procedural risk. On the other hand, invasive cardiac procedures lead to changes in cardiac

physiology that can trigger the new onset of AF.

Appropriate treatment may become very difficult if the bleeding risk does not allow the use
of OAC. An analysis of the Austrian left atrial appendage closure registry gives new hints

for adequate patient selection to improve outcome after LAAC.

As the number of cardiac procedures is on the rise (165) and also the prevalence of AF will
increase (166), we will have to concentrate on topics associated with AF and cardiac

interventions even more in the future.
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SAFE-ME Studie Case Report Form V1.0 28.11.2018

Datum:
' ' Patienten-ID:
Patientenetikett
Telefonnummer:
Investigator:
Einschlusskriterien Ausschlusskriterien

o Bei Abfrage im SR/Pacing (KEIN AF) | o Schrittmacherfehlfunktion

o letzte Sondenrevision vor > 3 Monaten | o AF wahrend Abfrage

o Atriale Stimulationsrate:_ % (<50) | o Permanentes AF

o ModeSwitch Rate: % (<50)

CHA2DS2-VASc Score (2 2!) HAS-BLED Score

o Herzinsuffizienz o Unkontrollierte Hypertonie (sys>160)
o Arterielle Hypertonie o Abnorme Nierenfunktion

o Diabetes mellitus o Abnorme Leberfunktion

o Insult, TIA, Thrombembolie (x2) o Insult

oGefalierkrankung(pAVK/Aorta/Carotis) | o Blutung in Anamnese/Pradisposition
o Alter = 65 Jahre o Labile INR-Werte
o Alter = 75 Jahre o Medikamentenabusus

o Alkoholabusus

GroRe / Gewicht Blutdruck
Grole: cm systolisch: mmHg
Gewicht: kg diastolisch: mmHg
Anamnese Eigenmedikation
o AF o angeborene Herzerkrankung o Antikoagulation:
o KHK o pAVK o cAVK o Demenz o ASS:
o Thrombose o Z.n. PCI o Thrombose o Antiarrhythmika:
o Herzchir. Eingriff o PAE o ICB o Antihypertensiva:
weitere:
O weitere:
o Holter angelegt Termin in 6 Monaten:
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SAFE-ME Studie Case Report Form

V1.0 28.11.2018

Zusatz 1: Labs

o fur Blutbank abgenommen

o ntProBNP: pg/mL
o CRP: mg/L
o Kreatinin: mg/dL

Zusatz 2: Echo
Echo durchgefuhrt: o heute / o
LV-Funktion: o gut / o leicht / o mittel /

o schwer reduziert

LAMM (kurze Achse): _~ mm
LA (4K): mm

RA (4K): mm

LA Flache: cm?

E/E”

LVEDD: mm

Device-Details
Device-Typ: o SM o ICD
Firma:

Typ:
Indikation:

letzte Device-Revision:

letzte Sondenrevision:
AHRE-Cutoff:

R-Sensor: o an o aus

/min (soll:180)

ventrikularer Rhythmus: o intrinsisch
o stimuliert

vent. Stimulationsrate: %

Anzahl AHRE-Episoden:

Langste AHRE-Episode:

Anzahl AES/24h:

onsVT

oVT

o ATPs:

o Schocks:

Weiteres:

Follow Up Visite
Datum:
ModeSwitch-Rate: %

ventrikularer Rhythmus: o intrinsisch

o stimuliert
vent. Stimulationsrate: %
Anzahl AHRE-Episoden:

Langste AHRE-Episode:

Anzahl AES/24h:
onsVT

o VT

o ATPs:

o Schocks:

Weiteres:

Adverse Event:

0 Hospitalisierung

o kardiovaskulare Hospitalisierung
o Insult

o TIA

o Tod

Details:
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