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Zusammenfassung

Pulmonalvenenisolation mittels der zweiten Generation des

Laserballon-Ablationssystems: Lernkurve, Sicherheit und Effektivitit

Hintergrund:

Vorhofflimmern (VHF) ist die hdufigste Herzrhythmusstdrung weltweit, und ist mit
einer deutlich erhohten Morbiditdt und Mortalitdt assoziiert.!: > Die Pulmonalvenenisolation
(PVI) mit Radiofrequenzenergie (RF, oder Hochfrequenzstrom) ist der Goldstandard der
katheterinterventionellen Behandlung von VHF. Diese Methode ist breit etabliert, mit guter
Effektivitdt und Sicherheit, trotzdem handelt es sich hierbei um eine technisch komplexe

Prozedur, die mit einer langen Lernkurve verbunden ist.>-

Folgend kam es zur Entwicklung von ballonbasierten Kathetersystemen zur
Durchfiihrung der PVI, um diese Limitation moglicherweise zu 16sen. Der Cryoballon (CB)
wird heute am héufigsten als Alternative zur RF-Ablation eingesetzt. Das CB-System ist
eine sichere Technologie mit vergleichbarer Effektivitét, jedoch mit einer deutlich kiirzeren

Lernkurve.?- 6-8

Die zweite Generation des Laserballon-Ablationssystems (LB2, HeartLight®
Excalibur Balloon; CardioFocus Inc., Marlborough, USA) ist eine der neuesten
Entwicklungen in der Kathetertechnologie fiir die PVI. Der LB2 bietet die Mdglichkeit einer
VHF-Ablation mittels Laserenergie an, und weist gegeniiber dem Laserballonkatheter (LB)
der ersten Generation einen verbesserten Gewebekontakt und eine detailliertere

Visualisierung auf, °-!!

Der LB2-Katheter enthdlt ein integriertes Endoskop, und einen Lasergenerator
innerhalb eines ultraflexiblen Ballons. Diese Eigenschaften ermdglichen es dem
Untersucher eine endoskopisch gesteuerte Ablation mittels individuell titrierbaren

Energieapplikationen durchzufiihren.’ 12



Methoden und Ergebnisse:

Das Hauptziel der Dissertation ist, liber die ersten Erfahrungen mit dem LB2
insbesondere beziiglich der Lernkurve, Effektivitdt und Sicherheit zu berichten. Insgesamt
wurden 45 konsekutive Patienten mit symptomatischem VHF (89% der Patienten mit
persistierendem VHF) zwischen April 2018 und Juni 2019 prospektiv eingeschlossen
(MERLIN Register). Die Patienten wurden nach Reihenfolge des Einschlusses auf drei

Gruppen (Gruppe T1, T2 und T3) mit jeweils 15 Patienten pro Gruppe eingeteilt.!?

Alle Patienten erhielten eine PVI mittels des LB2 im Universitdren Herzzentrum
Liibeck. Die Prozeduren wurden durch zwei Untersuchern durchgefiihrt, die viel Erfahrung
mit RF-basierten und CB-Ablationen besitzen, jedoch noch nie eine LB-Ablation vor Beginn

unserer Studie durchgefiihrt hatten.!3

Insgesamt wurden 175 von 177 (98%) Pulmonalvenen von 45 Patienten mittels des
LB2 erfolgreich isoliert. Es konnten alle (100%) anatomischen Varianten der
Pulmonalvenen: fiinf Patienten mit einem gemeinsamen Ostium der linken Pulmonalvenen
(LCPV) und zwei Patienten mit einer rechten mittleren Pulmonalvene (RMPV), erfolgreich

abladiert werden.!?

Die mediane Prozedurzeit konnte nach jeweils 15 Patienten von 132 (114, 158)*
Minuten auf 119 (102, 127)* Minuten und 91 (86, 105)* Minuten (in Gruppe T1, T2 und
T3) signifikant reduziert werden (p = 0.0009). Weiterhin konnte eine signifikante Reduktion
der linksatrialen Verweildauer und Fluoroskopiezeit zwischen den Gruppen T1, T2 und T3
gezeigt werden. Die Prozedurzeiten waren mit den in randomisierten Studien beschriebenen
Prozedurzeiten bei RF- und CB-basierten Ablationen vergleichbar. Die dargestellten
Ergebnisse rechtfertigen die Aussage, dass der LB2 auch fiir Erstanwender eine technisch

schnell erlernbare PVI erméglicht. 7% 13

Periprozeduralen Komplikationen traten nur bei einer relativ geringeren Anzahl
(6.7%) von den Patienten auf. Es konnte nachgewiesen werden, dass die Haufigkeit von

Komplikationen mit zunehmendem Erfahrungsgrad abnahm.!3



Schlussfolgerung

Zielsetzung der vorliegenden Arbeit war es tiber die ersten klinischen Erfahrungen
mit dem LB2 zu berichten. Zusammenfassend ldsst sich sagen, dass der LB2 eine effektive
und sichere neue Methode fiir die PVI ist. Bereits nach 15 Prozeduren lieB sich eine relativ
kurze Lernkurve bei signifikant kiirzeren Prozedur-, Linksatrialen- und Fluoroskopiezeiten

erkennen.!?

* Median (25% und 75% Perzentil)

Abkiirzungen:
CB Cryoballon, Kélteballon
LB Laserballon
LB2 2. Generations-Laserballon
LCPV gemeinsames Ostium der linken Pulmonalvenen
PVI Pulmonalvenenisolation
RMPV rechte mittlere Pulmonalvene
RF Radiofrequenz, Hochfrequenzstrom
VHF Vorhofflimmern
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AVN
CAD
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DC
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EP
EACTS
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FDA
HIFU
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HR

Atrial fibrillation Better Care (A: anticoagulation, B: better symptom

control and C: cardiovascular risk factor management)
activated clotting time
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coronary artery disease
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Congestive heart failure, Hypertension, Age >75 (doubled), Diabetes,
Stroke (doubled), Vascular disease, Age 65—74, and Sex (female).

cardiac resynchronization therapy
direct-current

electrogram

electrophysiology, electrophysiological
European Association for Cardio-Thoracic Surgery
European Heart Rhythm Association
European Society of Cardiology

French

first attempt vein isolated,

first attempt all veins isolated

U.S. Food and Drug Administration

high intensity focused ultrasound

heart failure with reduced ejection fraction

heart rate
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LB1
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min

NOACs

OAC
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VKA

VS.

3D

implantable cardioverter defibrillator
left atrium, left atrial

laser balloon

first generation laser balloon
second generation laser balloon
third generation laser balloon

left common pulmonary vein

low intensity collimated ultrasound
left inferior pulmonary vein

left superior pulmonary vein

left ventricular ejection fraction
minute(s)

novel oral anticoagulants

oral anticoagulation

pulmonary vein

pulmonary vein isolation
radiofrequency

right inferior pulmonary vein
right middle pulmonary vein

right superior pulmonary vein
transient ischemic attack
transesophageal echocardiography
visually guided laser balloon
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1. Introduction

1.1. Epidemiology of atrial fibrillation

Atrial fibrillation (AF) is the most common clinically significant arrhythmia, which is
associated with a higher morbidity and mortality risk, and one of the main causes of stroke,
heart failure and sudden cardiac death.:? AF is independently associated with a two-fold

increased risk of all-cause mortality in women and a 1.5-fold increase in men.!*

Contemporary data shows that 20-30% ischemic strokes are associated with AF, and
mortality caused by AF can be significantly reduced by initiation of
anticoagulation.!>- 16 Other cardiovascular mortality causes associated with AF, such as heart

failure and sudden cardiac death, still stay common despite evidence based treatment.!* 17

The estimated number of patients with AF in the global population was 33.5 million based
on the Global Burden of Disease study from 2010 (20.9 million men and 12.6 million
women). There is evidence for a progressive increase of prevalence over the last decades.!®
Estimations predict that one out of four people in Europe will develop AF by the age of 55
years, with an even higher prevalence in the older population. AF occurs more frequently in
men, with a male to female ratio of 1.2:1. The incidence of AF in Europe ranges between

0.21 and 0.41 per 1000 person/years.'®-20

AF is more common in patients with other comorbidities, such as arterial hypertension, heart
failure, coronary artery disease (CAD), valvular heart disease, obesity, diabetes mellitus, or
chronic kidney disease.!®- 2!- 22 Screening and treatment of these comorbidities, especially
cardiovascular risk factors, is a very important part of integrated management of patients
with AF, and can facilitate to maintain sinus rhythm in patients undergoing rhythm control
therapy.?> 24

The progressively increasing number of patients diagnosed with AF can probably be traced
back to ageing of the population, simultaneously higher prevalence of other conditions
predisposing to AF, as well as more frequent detection of silent AF. A further increase of
patients with AF has been predicted, so that effective treatment of AF is foreseen to become

an even more important clinical and economical issue in the near future.!> 23-27



1.2. Pathophysiology of atrial fibrillation

Genetic predisposition

Evidence shows an increased familial predisposition of AF, which is independent from
concomitant cardiovascular conditions, that suggests a genetic factor in presentation of lone
AF, especially in patients diagnosed at a young age.?® 2’ Up to one-third of AF patients carry
common genetic variants associated with a predisposition of AF. At least 24 of these
common gene variants, often single nucleotide polymorphisms, are known to increase the
risk of AF.?%2° Further genomic analysis could open up individualized treatment planning
options and targeted population screening in the future, though the present guidelines do not

recommend a routine genetic testing of AF patients.?> 2% 2

Atrial remodelling

Multiple external factors, such as hypertension, diabetes mellitus, obesity, heart failure and
structural heart disease, but even AF itself cause a process of structural remodelling in the
atria. Major mechanisms causing atrial remodelling are stretch-induced atrial fibrosis,
hypocontractility, fatty infiltration, inflammation, amyloid disposition, endothelial and
microvascular remodelling, ischaemia, ion channel dysfunction and calcium-handling
instability. These progressive tissue alterations cause changes in the electrical conduction of
the atria and enhance both ectopy and conduction disturbances, increasing the propensity of

the atria to develop or cause progression of AF 253031

Structural remodelling induces electrical dissociation between muscle fibers and local
conduction heterogeneities, causing re-entry and maintaining electrical mechanisms of
AF. 3933 These processes also generate a prothrombotic state, as atrial myocardial damage,
expression of thrombogenic factors, as well as activation of platelets and inflammatory cells

contribute to a systemic activation of the coagulation cascade.>?-*

These complex cascades of atrial structural remodelling have a progressive nature and often
occur before the onset of AF due to genetic and cardiovascular factors, while presence of
AF propagates and maintains these intracellular and extracellular changes, causing a vicious
circle to maintain the arrhythmia. As some stages of this remodelling e.g. atrial fibrosis and

conduction abnormalities are irreversible, early initiation of treatment seems desirable.?* 33



1.3. Classification of atrial fibrillation

Based on the temporal pattern of AF episodes, AF can be classified as first diagnosed,
paroxysmal, persistent, long-standing persistent and permanent. Approximately 50% of
patients show permanent, 25% persistent and 25% paroxysmal AF. This traditional
classification is commonly used, but it unfortunately does not adequately represent the
clinical severity of AF, as there are multiple other factors that influence the course of

management. > 1% 3

A new classification scheme addressing the assessment of the severity of AF was proposed
in the current ESC guidelines in 2020. The guidelines suggest the 4-S-AF scheme for a
structured clinical characterization of AF, which promotes four main domains:
the evaluation of stroke risk, symptom severity (using the European Heart Rhythm

Association (EHRA) classification), severity of AF burden and substrate severity.! !

1.4. Integrated management of atrial fibrillation

The latest guidelines for management of AF were published in 2020 by the European Society
of Cardiology (ESC) and were developed with the special contribution of the EHRA of the
ESC in collaboration with the European Association for Cardio-Thoracic Surgery (EACTS).
The guidelines propose the Atrial Fibrillation Better Care (ABC) pathway, which considers

three main domains for an integrated assessment of patients presenting with AF.

Implementation of the ABC pathway has been shown to significantly reduce all-cause
mortality and the composite outcome of stroke, major bleeding, cardiovascular death and
first hospitalization compared to usual care in the prospective randomized mAFA-II trial. It
simplifies the previous five step approach from the previous guidelines from 2016

(Figure 1) for better adherence in the clinical practice.” 3538

The promoted domains of the ABC pathway are:

A. Anticoagulation/Avoid stroke;
B. Better symptom management;

C. Cardiovascular and Comorbidity optimization.’ 3”3

10
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Figure 1. Acute and chronic management of atrial fibrillation patients, desired

cardiovascular outcomes and patient benefits.

Adapted from the report on the 4th AFNET/EHRA consensus conference.’®
(Figure cited from the 2016 ESC AF guidelines from of Kirchhof et al. modified by the
author, H. L. Phan. © ESC 2020. All rights reserved.) 1 %> 3°

1.5. Stroke prevention therapy

The firs domain of the ABC pathway (A for anticoagulation) promotes the importance of
stroke prevention therapy. Contemporary data shows that 20-30% ischemic strokes are
associated with AF. Mortality caused by ischemic stroke can be effectively avoided by

initiation of oral anticoagulation (OAC) based on the patient’s thromboembolic risk.!> 16

Vitamin K antagonists (VKAs) have been proven to be superior to no treatment or with a
significant reduction of stroke risk by two-thirds and a mortality reduction by one-quarter.
Although, there are known limitations to the use of VKAs, such as the need for frequent

monitoring and dose adjustments, as well as potential food and drug interactions.!> 1640

11



To address these limitations, a new class of anticoagulant drugs, known as non-VKA oral
anticoagulants or novel oral anticoagulants (NOACs) have been developed. There are
currently four types of NOACs available: rivaroxaban, apixaban, dabigatran and edoxaban.
Dabigatran works as a direct thrombin inhibitor; meanwhile apixaban, edoxaban, and

rivaroxaban are factor X, inhibitors.*%: 4!

They have been shown to have a favorable risk-benefit profile, with significant reductions
in the incidence of strokes, intracranial hemorrhage and mortality, but with a slightly
increased complication rate of gastrointestinal bleedings compared to VKAs. Multiple
randomized trials have shown the efficacy and safety of NOACs across a wide range of

patients.*0- 41

The ESC guidelines suggest, that when OAC is initiated in a patient with AF who can be
considered for a NOAC, a NOAC is recommended in preference to a VKA. AF patients
already on treatment with a VKA should be considered for NOAC therapy if the therapeutic
range 1is not well controlled, or in case of patient preference (without any

contraindications).!» 40> 4!

The ESC guidelines promote the use of the CHA2DS>-VASc score (demonstrated in
Table 1) to evaluate the risk of thromboembolic events in every patient with the diagnosis
of AF. In general, patients without clinical stroke risk factors do not need antithrombotic
therapy, while patients with risk factors (i.e. CHA2DS2-VASc score of 1 or more for men,

and 2 or more for women) are likely to benefit from OAC therapy.!: 404!

By the time of initiation of OAC therapy in patients with AF, it is recommended that risk for
bleeding is simultaneously evaluated as well. The most commonly used bleeding risk score
in the clinical practice is the HAS-BLED score, which was initially developed for VKAs
(getting one point each for hypertension, abnormal renal or liver function, stroke, history or
predisposition for bleeding, labile INR, elderly — age > 65 years or a known history of drug

or alcohol abuse).!

12



CHA:;DS;:-VASc risk factor Points
Congestive heart failure
Signs/symptoms of heart failure +1
or objective evidence of reduced left ventricular ejection fraction
Hypertension
Resting blood pressure >140/90 mmHg on at least two occasions +1
or current antihypertensive treatment
Age

8 +2
75 years or older
Diabetes mellitus
Fasting glucose >125 mg/dl (7 mmol/l) +1
or treatment with oral hypoglycemic agent and/or insulin
Previous stroke, transient ischemic attack or thromboembolism +2
Vascular disease

+1

Previous myocardial infarction, peripheral artery disease or aortic plaque
Age +1
65—74 years
Sex category (female) +1

CHA:DS>-VASc = Congestive heart failure, Hypertension, Age >75 (doubled),
Diabetes, Stroke (doubled), Vascular disease, Age 65—74, and Sex (female).

Table 1. Clinical risk factors for stroke, transient ischemic attack (TIA) and systemic

embolism in the CHA;DS>-VASc score.

(Table cited and modified from the 2020 ESC guidelines for the management of AF from

Hindricks et al. modified by H. L. Phan. © ESC 2020. All rights reserved).!

13



1.6. Rate control therapy

Pharmacological rate control therapy

Domain B of the ABC pathway promotes symptom management for AF patients.
Symptomatic AF patients mostly require heart rate (HR) control therapy in the first line. It
is a key part of integrated management of AF and is often efficient to improve AF-related
symptoms. Pharmacological rate control can be achieved using beta-blockers, digoxin or
digitoxin, non-dihydropyridine calcium channel blockers (diltiazem and verapamil), or if

necessary, a combination therapy of these agents. !+

Beta-blockers and calcium channel blockers should be preferred over digitalis (digitoxin or
digoxin) in case of acute newly onset AF, because of their quick action and higher
efficacy.!: 44 Tt should be taken into consideration that in patients with heart failure with
a reduced left ventricular ejection fraction (LVEF) - or HFrEF - beta-blockers, digitalis or
their combination should be preferred over diltiazem and verapamil, as they can have

negative inotropic effects in patients with an LVEF under 40%.4 46

Many of the antiarrhythmic drugs (amiodarone, dronedarone, sotalol and to some extent
propafenone) also have HR reducing features, but they should only be administrated, when
thythm control is pursued. Intravenous amiodarone is an option in critical patients with
hemodynamic instability or severely reduced LVEF. If this is not sufficient to achieve
hemodynamic stability, urgent synchronized direct-current (DC) cardioversion should be

considered.!

There is no clear evidence about what the optimal target HR should be. Randomized
controlled trials that compared different rate control regimes (targeted resting HR under 80
versus 100 to 110 beat per minute) did not show beneficial effects of a strict against a lenient
rate control strategy in influencing clinical outcome, severity of symptoms or quality of life.
Accordingly, a lenient rate control should be targeted as an initial approach, unless
symptoms call for stricter rate control. Patients, who are still severely symptomatic despite
proper rate control, should be considered for further management, including rhythm control

therapy.’#

14



Atrioventricular node ablation and pacing

The “pace and ablate” strategy may be considered as an ultima ratio for patients when drug
therapy cannot achieve rate and symptom control. This therapy option includes ablation of
the atrioventricular node (AVN) or His bundle, following a previous implantation of a
cardiac pacemaker. It is a relatively simple and safe procedure with low complication rates
and low long-term mortality risk, and it can successfully enhance quality of life and reduce
symptoms. Nonetheless, patients stay pacemaker-dependent for the rest of their lives after
this procedure, that is why it should only be considered, if all other ways of rate and/or

rhythm control methods fail.>% !

The choice of pacing therapy between right ventricular versus (vs.) biventricular pacing with
or without an implantable cardioverter defibrillator (ICD) function should be considered

based on individual patient characteristics, including LVEF and the patient’s choice.>? >

Despite the lack of large randomized controlled trials, experts are in favor of biventricular
pacing (cardiac resynchronization therapy (CRT)) in patients with AF and HFrEF and the
same indications for CRT, as for patients in sinus rhythm, provided that AVN ablation is
added to enhance biventricular capture rate. For patients who already have an implanted
CRT-system, AVN ablation may be performed to enhance symptoms of heart failure through

enhancing biventricular pacing rate.>? >4

1.7. Rhythm control therapy

Rate control versus rhythm control therapy

Restoration of sinus rhythm is an integral part of AF management. Many individual factors
should be considered, when a decision for thythm control therapy is made. Alternative ways
to achieve acute and long-term rhythm control are antiarrhythmic therapy, synchronized DC
cardioversion and catheter ablation — or the combination of these strategies. Although many
physicians believe that rhythm control therapy can improve outcome in AF patients, all trials
that have compared rhythm control vs. rate control alone have not been able to show a clear

benefit in outcome.!

15



Meta-analysis of randomized prospective studies (the AFFIRM?>®, RACE?¢, STAF®, PIAF>®
and the HOT CAFE® trial) showed that AF is associated with a negative impact on quality
of life that can be significantly improved through both rate and rhythm-control strategies.®
Comparing management strategies of AF, these trials demonstrate no significant difference
between a rate vs. rhythm control strategy regarding all-cause mortality.®* ! Recent data of

the ORBIT-AF registry has shown similar results.®

All trials included patients with persistent AF or AF that was considered likely to be
recurrent. However, it must be emphasized, that this data could be compromised by various
methodologic weaknesses: different quality of life measurement methods, as well as
different rate and rhythm control intervention strategies. The greatest difference is due to the
variety of possible rthythm control methods. Antiarrhythmic drug therapy, synchronized DC
cardioversion (with or without antiarrhythmic therapy) or catheter ablation strategies are all
possible strategies, and they are very different in effectivity, complication rates and side
effects. All in all, more randomized controlled trials are needed in the future to compare

these different rhythm control strategies.
Pharmacological versus electrical cardioversion

Acute restoration of sinus rhythm can be achieved by synchronized DC electrical

cardioversion or by administration of specific antiarrhythmic drug therapy with the goal to

achieve conversion to sinus rhythm,*% 6364

Conversion of AF by oral or intravenous administration of antiarrhythmic drugs is called a

pharmacological cardioversion. Many antiarrhythmic drugs, such as amiodarone®: 6,

63, 67, 68 67, 69

flecainide , propafenone®”- ¢, ibutilide®® 7° or vernakalant’! have been shown to be
effective compared to placebo in conversion of recent onset AF to sinus rhythm without the

need for sedation.®

In selected patients with symptomatic episodes of paroxysmal AF, oral administration of
high-dose flecainide (200—300 mg) or propafenone (450—600 mg) can be self-administered
as a ‘pill in the pocket’ strategy to restore sinus rthythm. This way of treatment can also be
managed in an outpatient setting, it was shown to be effective in over 90% of cases with a
low rate of adverse events and a significant reduction of emergency room visits and hospital

admissions. %3 6769

16



Synchronized direct current electrical cardioversion is a quick and effective method to
restore sinus rhythm and is the method of choice in severely hemodynamically compromised
patients with newly onset AF.7? Previous treatment of antiarrhythmic drugs can facilitate the

success rate of conversion to sinus rhythm?’3.

The RHYTHM-AF international registry compared acute and long-term arrhythmia
outcomes of pharmacological and electrical cardioversion. Electrical cardioversion was
shown to have a higher success rate and a shorter conversion time than pharmacological
cardioversion, especially in persistent AF, but it requires deep sedation. Pharmacological
cardioversion is only effective in approximately 70% of patients with recent-onset AF,
compared to a success rate of around 90% when an electrical cardioversion is performed.
Complication and AF-recurrence rates were similar in both strategies. Amiodarone is the
most often administered drug, although class I C antiarrhythmic agents (propafenone,
flecainide) seem to be more potent for pharmacological cardioversion than

amiodarone. 747°

Antiarrhythmic drug therapy

Antiarrhythmic agents are traditionally divided to five main classes, based on the Vaughan
Williams classification, that was introduced in 1970 by Miles Vaughan Williams, according

to their cellular electrophysiological working mechanisms, summarized in Table 2.77-%

The goal of long-term antiarrhythmic drug therapy is reduction of AF-related symptoms,
through suppression of arrhythmia burden. Antiarrhythmic agents are moderately effective
in maintaining sinus rhythm, with an effectivity around 20-50%. Several class 1 A
(disopyramide, quinidine), class I C (flecainide, propafenone) and class III agents
(amiodarone, dronedarone, sotalol) were shown to significantly reduce AF burden, including
beta-blockers (e.g. metoprolol). Amiodarone appears to be the most effective in long-term

prevention of AF recurrence.’” 3182

There is a great selection of antiarrhythmic agents with different efficacy-safety profiles, but
some of them need monitoring as they might increase adverse events, including pro-
arrhythmia. Some of these drugs (e.g. disopyramide, quinidine and sotalol) might even be
associated with higher incidence of all-cause mortality, based on results of a

meta-analysis.??
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When antiarrhythmic therapy is initiated, possible adverse drug reactions, and patient
preferences should be carefully considered. Generally, safety considerations should

primarily be guiding the choice of the antiarrhythmic drug.’3-8!-83

Dronedarone, flecainide, propafenone or sotalol can only be initiated, if there are no or only
minimal signs of structural heart disease, as they increase the risk of ventricular arrhythmia
in these patients. In case of coronary artery disease, significant valvular heart disease or
significant left ventricular hypertrophy drug therapy options for AF are limited to

dronedarone, sotalol or amiodarone. 2> 84 8

Amiodarone is recommended in patients with AF and heart failure. Extracardiac toxic effects
during long-term amiodarone therapy are common and increase with duration of therapy, so

that for this reason, other agents should be considered first if possible. ! 2% 8 86

Mechanism Agents
Class I A Sodium and Potassium Quinidine, Ajmaline,
channel blockers Procainamide, Disopyramide
Class I B Sodium channel blockers Lidocaine, Phenytoin,
(fast association/dissociation) Mexiletine, Tocainide
Sodium channel blockers Encainide, Flecainide,
Class1 B . . o ...
(slow association/dissociation) Propafenone, Moricizine
Carvedilol, Propranolol, Esmolol,
Class 11 Betablockers Timolol, Metoprolol, Atenolol,
Bisoprolol, Nebivolol
Amiodarone (also Class I-II-IV activity),
Class I11 Potassium channel blockers Sotalol (also Betablocker), Ibutilide,
Dofetilide, Dronedarone, Vernakalant
Class IV Calcium channel blockers Verapamil, Diltiazem
Class V Unknown mechanism, Adenosine, Digoxin,
direct nodal inhibition Magnesium Sulfate

Table 2. The Vaughan Williams classification of antiarrhythmic drugs based on their

electrophysiological working mechanisms

(Table cited from Rang et al. modified by H. L. Phan)”
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Short-term antiarrhythmic drug treatment seems to be desirable to avoid the risk of long-
term side effects. Although short-term flecainide therapy after electrical cardioversion has
been shown to be less effective compared to long-term treatment, it was still able to prevent
most recurrences of AF. Persistent AF recurrence rate is 46% versus 39% under of short

versus long-term antiarrhythmic drug treatment after cardioversion.”

Recurrence rates after only short-term amiodarone therapy were also significantly higher
than in patients with a continuous amiodaron therapy after electric cardioversion (80 % vs.
54 % under short- versus long-term therapy). On the other hand, all-cause mortality and
cardiovascular hospitalizations were also higher among patients receiving episodic

amiodaron therapy (53% vs. 34%).%7

1.8. Hybrid rhythm control therapy

Combining antiarrhythmic drugs and catheter ablation

It is common practice to treat patients with antiarrhythmic medication a few months after
catheter ablation of AF in the so-called “blanking period”, since patients often experience
recurrent arrhythmias within in the healing phase. To suppress these early recurrence
episodes, antiarrhythmic drug therapy is usually recommended for this short period of time

to reduce symptoms. The most commonly used agents are flecainide and amiodarone.®

There is not much data supporting this practice, though meta-analysis of the available
evidence suggests slightly better prevention of AF recurrence in patients undergoing catheter
ablation if they are treated with antiarrhythmic drugs.®® A small randomized controlled trial
showed that short-term post-ablation treatment with amiodarone can reduce the early

recurrence rate by half compared with placebo.”’
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Combining antiarrhythmic drug therapy and pacemaker therapy

Pacemaker and antiarrhythmic drug therapy as a combination may be relevant in two main
clinical scenarios. The first one is in case of selected patients with sick sinus syndrome with
intermittent bradycardia and intermittent AF with fast ventricular response (or so called
tachy-brady syndrome) requiring rate control therapy. Pacemaker implantation not only

optimizes rate control but may also help to achieve rhythm control.”!- 2

Another indication for this approach may be when antiarrhythmic drug treatment leads to
sinus node dysfunction and consecutive bradycardia. In this case pacing therapy may allow
higher dosage of the antiarrhythmic drug therapy to prevent AF. These strategies may be
chosen in very individual indications and have only been studied in small and highly selected

populations.”?

1.9. Catheter ablation

Triggers in the pulmonary veins (PVs) that provoke paroxysmal AF were first described in
1998 by Haissaguerre et al.** Since this discovery, electric isolation of the PVs by catheter
ablation became the cornerstone of interventional treatment of AF, and is a well-established,
effective and safe therapy option for symptomatic, drug refractory AF patients today.
Pulmonary vein isolation (PVI) is proven to be more effective compared to antiarrhythmic
drug therapy in maintaining sinus rhythm, and the periprocedural complication rates are
comparable to the complication rates for antiarrhythmic drug therapy, although still not

irrelevant,!- 9396

Current recommendations based on the ESC guidelines suggest, that PVI should be indicated
in patients with symptomatic AF, who are refractory or intolerant to at least one
antiarrhythmic medication - especially for paroxysmal AF and may be considered for
persistent and long-standing persistent AF. It could also be indicated prior to initiation of an
antiarrhythmic drug therapy for paroxysmal AF and may be considered for persistent and
for long-standing persistent AF. Catheter ablation may be more successful in patients with

paroxysmal AF rather than persistent atrial fibrillation.! ®’
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1.9.1. Catheter ablation versus antiarrhythmic drug therapy

The first randomized trial comparing clinical outcomes of catheter ablation vs. rate-control
or thythm-control drug therapy in patients with symptomatic AF was the highly awaited
CABANA trial, which enrolled over 2200 patients. The results of the trial were finally
published in 2018, and have been intensively discussed ever since. The protocol of the trial
was designed to randomize patients with symptomatic AF to medical therapy (rate or rhythm
control) vs. catheter ablation. The trial did not show significant difference in all-cause
mortality or in the composite primary endpoint of death, disabling stroke, serious bleeding
or cardiac arrest — making the analysis based on the randomization protocols (intention-to-
treat analysis). The secondary endpoint of time to first AF recurrence was significantly

reduced by 47% in the ablation group (p< 0.0001) compared to the drug therapy group.”®

The trial was criticized for its several limitations, such as significant differences in the
intention-to-treat analysis compared to the treatment-received and per-protocol analysis.
Based on this fact, alternative interpretations emphasize the relevance of the high rate of
cross-over between the randomized arms, as 27.5% of patients from the group assigned to
medical drug therapy eventually underwent catheter ablation. In the treatment-received
analysis, catheter ablation of AF showed a significant advantage over drug therapy with a
33% risk reduction for the primary endpoint among patients who actually did receive the

assigned therapy.”®

For many observers, the trial’s subgroup analysis provided new insights about which patients
with AF might mostly benefit from an invasive approach. Patients younger than 65 years
seemed to benefit more from an ablation therapy, while patients older than 75 years showed
less advantage of a PVI. Patients with heart failure seemed to particularly benefit from the
procedure, supporting the results of the CASTLE-AF trial, which showed a mortality benefit
of PVI vs. medical therapy in patients with heart failure.”® *°

The CABANA trial also showed in its secondary end point investigations, that catheter
ablation was favorable compared to medical therapy, regarding improvement of quality of
life, death or cardiovascular hospitalization, as well as in significant reduction of time to AF

recurrence.”®
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Complication rates were relatively low in both therapy arms. The most common serious
periprocedural complication in the PVI group was cardiac tamponade (0.8%). The most
common adverse events in the ablation group included the occurrence of minor groin
hematoma (2.3%) and pseudoaneurysms (1.1%). In the drug therapy arm, hyper- or
hypothyroid disorders were reported in 1.6%, proarrhythmic events in 0.8% of patients.

Other studies reported about similar investigation results.”

1.9.2. Outcome and complications of catheter ablation

Efficacy, safety and clinical outcomes of PVI may vary based on various individual factors:
from the experience of the center or the operator, the ablation strategy to the duration and
frequency of AF, and it generally can be quite difficult to predict. What we also know is that
many patients may require multiple procedures to achieve freedom of AF related symptoms,
in average approximately 1.7 times. The main reason for recurrence of AF after catheter
ablation is PV reconnection in 97 % of the cases. The optimal re-ablation strategy remains

unclear for patients with AF recurrence after PVI and persistently isolated PVs.* 8% 100-102

Clear influential parameters for high efficacy of AF ablation are the duration and frequency
of AF episodes, as PVI in patients with paroxysmal vs. persistent, and persistent vs.
long-term persistent AF can be performed with a significantly higher success rate.
Recurrence rate has been shown to be higher in patients with heart failure, with a reduced
LVEF and structural heart disease. The overall success rate of PVI lies around 80% after
multiple procedures, and 50% after a single procedure, but may vary based on the individual
risk factors, and the experience of the operator and the EP center, where PVI is

performed 4, 89, 100, 102

Catheter ablation of AF is a safe procedure with an overall low periprocedural complication
rate, although some of the possible complications are not negligible and might be potentially
life threatening in some cases, even though they are very rare. The most serious
periprocedural complications are death, cardiac tamponade, esophageal injury (atrio-
esophageal fistula or perforation) and stroke. The most frequent possible complications of

PVI and their incidence rates are summarized in Table 3.% 102-104
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PVI is increasingly being offered to patients as a treatment option, with the tendency of
treating more multimorbid and older patients. An overall reduction of complication rates has
been observed over the last decades, showing the increasing experience and quality of
catheter ablation over the world. In most centers, PVI is a well-established, routinely

performed procedure nowadays.* 192-104

Lol ing Complication type Rate!!?
severity
Life-threatening Periprocedural death <0.1%
Esophage.:al injury <0.5%
(perforation/fistula)
Periprocedural thromboembolic <1%
event
Cardiac tamponade ~1%
Severe ) ) <1%
L. Pulmonary vein stenosis 0
complications
Persistent phrenic nerve palsy <1%
Vascular complications 2-4%
Other severe complications ~1%
Modet:ate.or minor Various 1-2%
complications
Unk . :
.n n own Asymptomatic cerebral embolism 5-15%
significance

Table 3. Complications related to catheter ablation of atrial fibrillation.” 1%

(Table modified from the 2020 ESC guidelines for the management of AF guidelines from
Hindricks et al., modified by the author, H. L. Phan. © ESC 2020. All rights reserved)’
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1.9.3. Radiofrequency ablation

Various technologies using different energy sources have been developed for catheter
ablation. The first established and most widely used technology to achieve PVI is based on
radiofrequency (RF) energy. RF based PVI is considered to be the “gold standard” method
for PVIL. RF energy is the most often used energy source in all types of catheter ablation
procedures, it is traditionally used e.g. for the ablation of supraventricular tachycardia, atrial

flutter or ventricular tachycardia.* > °7

During ablation using RF energy as an energy source, energy is transmitted from a single
point of a thin endocardial catheter's tip, so that ablation needs to be performed in a “point-
by-point” fashion. RF energy generated from the catheter tip causes tissue scarring through
the heat generated from the RF waves, which is conducted to the deeper layers of the
connective tissue, generating scar formation, or so-called myocardial ablation

(Figure 2, Panel B).*> %

The main goal of the procedure is to create a transmural lesion, which is the key for durable
tissue ablation. Multiple factors influence the size and depth of a lesion created by RF
energy: power, impedance, temperature, duration and contact force. Ablation quality
markers, such as contact force or force-time integral'*® 197 as well as ablation index!%® 109
have been developed to provide objective reference parameters during catheter ablation.

Ablation index incorporates contact force, time and power in a weighted formula to provide

accurate information about lesion formation achieve durable ablation lesions.®’

Generally, high-power delivery and good catheter-tissue contact leads to creation of larger
transmural lesions, which supports higher procedural efficacy. However, this usually
requires very high temperatures and overheating of the catheter tip over 100 C° may result
in boiling and coagulation of blood tissue and proteins, causing steam expansion at the end
of the catheter, causing generation of a so-called “steam pop”, that may possibly cause tissue

injury and endo- or epicardial perforation.®’- 110 111
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A Cryoballoon Ablation of Pulmonary Vein

Integrated circular
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B Radiofrequency Current Ablation of Pulmonary Vein

Left Atrium Access Route

Figure 2. Catheter ablation methods.

Panel A shows the cryoballoon system, a single-step approach in which a balloon delivers
subzero temperatures to the pulmonary-vein.

Panel B shows the radiofrequency catheter ablation system, which uses heat-energy transfer
to tissue and delivers a series of point-by-point connected lesions with assistance from a

three-dimensional navigational system.

(Figure published in the FIRE and ICE trial by the New England Journal of Medicine.

Figure cited with permission from Kuck et al. Copyright Massachusetts Medical Society ©)*
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Prevention of overheating and creation of “steam pops” are crucial to avoid most
complications of RF PVI. Therefore, RF ablation is now usually performed with special
catheters with the feature of catheter tip irrigation, where active cooling of the tip-electrode
helps to achieve higher power delivery, greater lesion depth, width, and volume.
Active open-loop tip-electrode cooling might also reduce the risk for thrombus and char

formation.!10-112

Catheters are usually made of a material with a high electrical conductivity e.g. gold, so that
passive cooling would be as fast as possible. Higher complication rates of RF PVI compared
to ablation of other arrhythmias is probably due to the greater ablation surfaces, and
localization of the procedure with possible injury of connecting anatomical structures as the
esophagus, phrenic nerve or PV, as well as left-atrial thromboembolic

complications.”? 110- 111

Histology of RF lesions shortly after ablation demonstrate coagulation necrosis and edema,
which transform to lesions showing an inflammation process with infiltration of
inflammatory cells 2 to 7 days post-ablation. About 4 weeks after ablation transformation to
granulation tissue can be observed microscopically. Tissue exposed to high temperature
(over 50° C) over several seconds will go through coagulative necrosis which generate non-
conducting myocardial scars. In case of AF, circular ablation of the PVs is performed to
achieve electric isolation, giving the procedure the name pulmonary vein isolation or

PVI 97,110, 111

Achieving optimal catheter-tissue contact requires high operator skills and experience. RF
PVI is wusually performed under visualization with a three-dimensional (3D)
electroanatomical mapping system to assist the creation of linear circumferential lesions
around the antra of the PVs. Overall, it is a relatively complex procedure and demands a
long learning curve, and multiple procedures are often required to achieve durable

PVI 97,110, 111

RF ablation has been shown to result in favorable clinical outcome, and has been proven to
be more effective than antiarrhythmic drug therapy. Major complications of RF PVI occur
in about 5 % of patients. In comparison, adverse events for antiarrhythmic drug therapy are

generally more common (30% vs. 5%) but are usually less severe.®- 113 114
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1.9.4. Cryoballoon ablation

Cryothermal energy has been used for surgical ablation of arrhythmias for decades.
The first balloon-based transvenous cryoablation systems have been introduced in the 2000s
to possibly solve limitations of the RF AF ablation system, making PVI a technically easier
procedure in order to optimize the learning curve, procedure time and increase safety,

efficacy and reproducibility.® 8 23-97

The first generation cryoballoon (CB1) ablation system (Arctic Front™, Medtronic, Inc.,
USA) was introduced as a tool for a single-shot anatomical based PVI. The cryoballoon (CB)
was designed to be advanced to the antrum of the targeted pulmonary vein, until total
occlusion is achieved and ablation along the balloon equator can be performed. This
technology utilizes cryothermal energy (or cryo-energy) to achieve circumferential ablation
of the PVs by cooling the tissue surface to subzero temperatures (up to -80°C) using

dinitrogen monoxide (N20) infused in the wall of the balloon-catheter.% 7> %7

The CB1 system uses a non-compliant balloon catheter which is available in two sizes: with
a diameter of 23 or 28 mm. A special advantage of the CB1 ablation vs. the RF ablation
system is that as the catheter surface cools down, the surface of the catheter freezes to the
endocardium, which gives greater stability for the operator - which may also shorten the
procedure time (Figure 2, Panel A). Thanks to its effectivity, safety and simplicity to use in
comparison with an RF PVI, the CB technology became very popular in a short period of

time.7-7

In 2012, the second-generation CB (CB2, Arctic Front Advance™, Medtronic, Inc., USA),
was introduced. An improved balloon catheter promised even faster and technically easier
procedures. Some of the biggest improvements of the new system is a larger surface area of
coolant distribution, which encompasses the complete distal hemisphere of the balloon,
opposed to the CB1, which only distributes the cooling material at the equatorial belt of the
balloon surface. Evidence showed a much faster lesion generation without affecting the

safety profile, 101 115-120
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In summary, multiple randomized trials have shown feasibility, short-term and long-term
efficacy of CB ablation. The biggest multicentric prospective randomized control trial
comparing CB to RF ablation was the FIRE AND ICE trial published by Kuck et al.”
This study showed non-inferiority in efficacy and safety of CB versus RF ablation in
symptomatic patients with paroxysmal AF. The trial supported evidence for the previous
ESC guidelines for the management of AF from 2016, which proposed CB ablation with the

same level of evidence as RF ablation.” 823

The FIRE and ICE trial demonstrated statistically significant and clinically relevant
advantages of the CB ablation in terms of necessary repeat ablation and electric
cardioversion procedures, all-cause rehospitalization and cardiovascular hospitalization

rates. Both groups showed significant improvement in quality of life after PVL."-®

CB ablation appears to require a shorter learning curve, and shorter procedural times —
especially when using the CB2. The median fluoroscopy time is similar using both ablation
techniques. CB procedures seem to be more reproducible and less operator-dependent than
RF ablation. Major complication rates are generally low, and similar with both methods,
except for a uniquely higher incidence of phrenic nerve palsy (PNP) with the CB. However,
the majority of PNP cases are asymptomatic and resolve by the time of one-year follow-up.
Because of its many advantages, CB ablation has become a highly popular technique for

PVI for patients with symptomatic AF in many different patient collectives.’> 102 121-126
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1.9.5. Novel innovative technologies for pulmonary vein isolation

Ultrasound-based ablation systems

The field of EP shows rapid development of new technologies as a response to the high
demand, as number of catheter ablations are rapidly increasing every year. There are many
novel balloon-based technologies showing similar advantages as described about the CB

catheter ablation system.

One of these innovative alternative catheter methods is using ultrasound energy. The high
intensity focused ultrasound balloon (HIFU, Atrionix, Inc.) has the ability to precisely focus
ultrasound waves in a specific area with a high energy density. The HIFU balloon catheter
is able to create linear lesions to achieve PVI. Long-term results showed comparable efficacy
of the HIFU balloon to RF ablation. Despite its promising results though, at present, this
technology has been withdrawn from clinical use due to an unacceptably high complication
rate in terms of incidence of persistent phrenic nerve palsy and atrioesophageal fistula, as

the latter is one of the most serious and possibly lethal complications of PVI.!27-130

There have been recent developments of another ultrasound-based technology, the so-called
low intensity collimated ultrasound (LICU) based ablation system (VytronUS, Inc.,
Sunnyvale, California). This method uses a low intensity ultrasound-equipped catheter tip
to automatically recreate a 3D-map of the endocardial geometry of the left atrium (LA) and
the PVs with the help of a graphical software. After mapping the LA, individual geometry
lesions can be defined through the software, as desired by the operator. Lesion generation is
automatized and can be individually optimized based on the detected wall thickness, to
achieve transmural lesions with minimizing the risk of complications. Preclinical studies in
a porcine model and initial clinical phase data on the first human patients have been
published recently with promising results, but obviously more studies are needed to prove

feasibility, safety and efficacy of this system.!3!- 132
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Radiofrequency-based balloon systems

Toray-Satake Radiofrequency Hot Balloon

Recent efforts of multiple research groups set the goal to create a balloon that uses RF
energy. The so-called RF “hot balloon” or Toray-Satake balloon (Hayama Arrhythmia
Institute, Kanagawa, Japan) was recently introduced. The “hot balloon™ has an inner lumen
and a J-tip guidewire that can be inflated from 26 to 33 mm in each PV ostium, where RF-
based balloon-based ablation can be performed after PV occlusion. During ablation with the
Toray-Satake hot balloon, RF current of 1.8 MHz is applied between a coil electrode inside
the balloon and four cutaneous electrode patches, that are placed on the back of the patient
to induce capacitive-type heating of the balloon with a target internal balloon temperature of
70°C. Further clinical experience is needed to prove feasibility of this

system. 133135

Luminize radiofrequency balloon

Another development of a RF based balloon is the Luminize RF balloon ablation system
(Boston Scientific, Marlborough, MA, USA; formerly, Apama Medical). The Luminize RF
balloon is built of a steerable 28 mm compliant balloon catheter, a steerable sheath, and a
multichannel generator. The Luminize RF balloon is wrapped with 12 equatorial and 6
forward-facing irrigated electrodes, which can not only ablate, but are also microelectrodes
that can sense and pace. The system also incorporates built-in cameras with LED lightning
for real-time visualization of tissue-electrode contact. The recently published first feasibility
trial has demonstrated a high rate of acute efficacy with no serious short-term adverse

events.!30

The Heliostar radiofrequency balloon

The Heliostar RF balloon ablation system (Biosense Webster, Irvine, CA, USA) consists of
a 28 mm compliant balloon catheter with 10 irrigated, flexible, gold-plated electrodes, and
a circular mapping catheter, a steerable sheath, and a multichannel generator. All electrodes
have the ability to ablate, sense, and pace. The sensors are also compatible with the
established CARTO® (Biosense Webster, Irvine, CA, USA) 3D anatomical mapping

system.!37- 138
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Clinical data using the previously mentioned RF-based balloon catheter systems (the Toray-
Satake, the Luminize or the Heliostar RF balloon) are scarce, and long-term data is still
lacking. Currently, none of these systems have been granted a CE mark or approval by the

U.S. Food and Drug Administration (FDA) yet.!37- 138
The “Globe” multi-electrode contact mapping and ablation system

Another interesting and innovative technology on the market is the “Globe” multi-electrode
contact mapping and ablation system (Globe; Kardium Inc., Burnaby, BC, Canada). The
multielectrode Globe array combines the feature of a single-tip catheter in the form of a
golden balloon. The balloon consists of 16 flat ribs with 122 gold-plated electrodes. Each
electrode can record ECGs, ablate, pace and can measure tissue contact and temperature.
Single-shot pulmonary vein isolation (PVI) is possible with up to 24 electrodes
simultaneously with individual power control of every electrode. The first report of the first
60 clinical cases has just been published in 2019. The system has recently received a CE

mark approval in July 2020.13% 140
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Visually guided laser-balloon system

One of the new promising innovative balloon-based catheter ablation technologies for PVI
is the visually guided laser balloon system (VGLB, HeartLight ® CardioFocus Inc.). There
are currently three generations of the VGLB system available. The main focus of this
dissertation and our investigation - the MERLIN registry - is the first clinical experience
with this novel catheter ablation system. The VGLB is utilizing a laser beam for PVI, with
the unique possibility of direct visualization through an endoscopic fiber optic within the

balloon 13,97, 141, 142

The VGLB system has three defining parts: a laser balloon (LB), a lesion generator and an
endoscope. Laser energy is created by a 980 nm diode laser generator, which creates light
waves in the infrared spectrum, that convert to heat energy when they are absorbed, which
generates the ablation lesions. The balloon is filled with deuterium-oxide (D,O) which is an
inert medium that does not absorb the energy of the laser beam, so that it can be let through

without relevant energy loss.!3-97- 141, 142

The laser requires minimal power to generate energy. The power used for ablation with the
VGLB can be manually and individually titrated between 5.5 to 12 W lasting from 20 to 30
seconds, based on the quality of tissue contact. This wide range of possibilities of energy
titration makes this system more individual than other balloon-based technologies. The
endoscope provides real-time direct visualization of the pulmonary veins and contact of the
balloon during ablation. Lower power is preferred in contact with the posterior LA wall or

when blood can be seen in the field of view. (Figure 3).!3°7- 141, 142
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Figure 3. Second-generation laser balloon (LB2, HeartLight® Excalibur Balloon;
CardioFocus Inc.) (All rights reserved)

The VGLB ablation system has three current generations available. The first (LB1), second
(LB2) and third generation LB system (LB3) have been approved in the countries of the
European Union, including Germany, and they have also been approved by the U.S FDA.
The first clinical studies in 2009 showed comparable efficacy and safety of the LB1 with
other AF ablation systems, but more multicentre prospective randomized studies, and long-
term data in comparison with other available ablation methods are required, especially for

the LB2 and LB3.!1-97: 141, 142

After the introduction and European Union CE approval of the LB1 in 2009, followed by
the U.S. FDA approval in 2016, a new, optimized version of the VGLB, the LB2
(HeartLight® Excalibur Balloon, CardioFocus, Inc.) was introduced in 2017 (Figure 3).'%
The new developments of the LB2 compared to the LB1 offer greater compliance of the
balloon, improved tissue contact, better PV occlusion and visibility during ablation. Another
new feature is the Dynamic Response™ technology, which is a remote-control unit, that
helps the operator to easily adjust the balloon size in a continuous way up to 38 mm in

diameter during ablation.!!: 7 141, 142
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As another new innovation, the Arc Marks™ were added on the catheter shaft in the LB2
system, as a helping tool to support orientation during generator rotation to achieve optimal
lesion overlap, when the aiming beam is not in view. It should also support physicians, who

choose to ablate behind the catheter shaft (blind spot) (Figure 4).!1:°7- 141,142

The new system has many advantages, but on the other hand, it also has its shortcomings.
Performing PVI with the LB1 and LB2 a point-by-point ablation is still needed, which is
more complex and time-consuming in comparison to single-shot devices, such as the CB.
The VGLB system also does not provide EP recordings during ablation, which means that

the operator cannot know real time, if the vein is isolated. !!- 97> 141. 142

Dynamic
Response™
Technology

| Compliant
Balloon

N /

Figure 4. New  features of the second-generation laser  balloon

(LB2, HeartLight ® Excalibur Balloon; CardioFocus,).

(Figure cited with permission from the 21-4610 HeartLight Excalibur laser balloon

messaging presentation of CardioFocus, Inc. All rights reserved).
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The learning process of using a new catheter ablation system is both clinically and
economically important due to rapid innovation of cardiac electrophysiology (EP) and the
increasing number of EP centers, operators and ablation procedures in the last and
presumably in the coming years as well. Since the learning curve effects of a new technique
cannot be avoided, an ideally steep learning curve has key importance in the clinical practice,
when a new technology is introduced.!#4-146

The VGLB system is quite different compared to the RF or the CB ablation systems, which
are the technologies mainly used for PVL. It is very unique that catheter ablation can and
needs to be performed under direct visualization through an endoscope. The LB also has a
much greater compliance, but its wall is also much thinner compared to the CB so that the
danger of balloon perforation, or so-called “pinholes” is higher. Additionally, choosing
optimal energy titration when using the system for the first couple of times may be difficult,

when the operator does not have previous experience with it.!44-146

As with every novel technology, an individual learning process is needed at the beginning,
as operators acquire the skills to perform the procedure safely and effectively. As the
procedure is performed on patients, it is very imported that new procedures can be adopted
to routine clinical practice in a safe way. The beginning of the learning curve is inevitably
associated with longer procedure and fluoroscopy times, higher complication rates, and less

favorable acute as well as long-term clinical results. 44146

1.10. Atrial fibrillation surgery

Concomitant atrial fibrillation surgery in patients undergoing cardiac surgery (e.g. coronary
artery bypass graft surgery or valve replacement) has been shown to reduce incidence of AF,
atrial flutter and atrial tachycardia. It is not associated with higher perioperative mortality or
complication, but it increases the risk of a permanent pacemaker implantation. Traditionally
the Cox maze procedure is performed, which creates complex lesions in both atria, but
different variations of this surgery are possible. The ESC AF guidelines suggest that an AF
Heart Team should inform the patient about the option of additional AF surgery, and it
should be performed based on the patient’s choice when another open heart procedure is

planned.!47- 148
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2. Methodology

2.1. Research objectives

RF based PVI is already a well-established and is considered to be the “gold-standard”
strategy for invasive treatment for symptomatic AF. It has been proven to deliver results of
favorable clinical outcome and safety. However, it demands complex technical skills,
considerable clinical experience in EP and a long learning curve for physicians to master the

procedure. !4 397

Balloon-based ablation systems for PVI using different energy sources have been developed
to possibly solve these limitations. The CB ablation system has already become a well-
approved method and has been shown to have a good efficacy and safety profile, as well as
a faster learning curve compared to RF PVI. CB ablation is currently recommended by the
ESC with the same level of recommendation as RF PVI for treatment of patients with

symptomatic AF.!:7-8 97,124

The novel VGLB system has been introduced as a new balloon-based modality utilizing
laser-energy, as previously described. The LB1 (HeartLight®, CardioFocus Inc.) has already
showed high efficacy, durability and safety for PVI in patients with symptomatic paroxysmal

and persistent AF.!4%-152

The objective of our study, the MERLIN registry (Second-generation VGLB system for PVI:
Learning curve, safety and efficacy) was to prospectively investigate safety, acute efficacy
and learning curve effects in the first 45 procedures of performing PVI using the LB2 in the

University Heart Center of Liibeck (Germany).'?

All procedures were performed by two experienced EP physicians, who had broad
experience in RF and CB ablation procedures but had previously never used any generations
of the VGLB system (neither LB1 nor LB2). The MERLIN registry is the first prospective

study reporting on clinical experience using the LB2.!3
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2.2. Patient population

This study prospectively included 45 consecutive patients with symptomatic drug-refractory
paroxysmal or persistent AF, who presented for PVI using the LB2 at the University Heart
Center of Liibeck, Germany between April 2018 and June 2019. Exclusion criteria were
prior left atrial (LA) ablation (PVI or ablation of atrial tachycardia), an LA-diameter over

60 mm or severe valvular heart disease.!?

All patients gave written informed consent to the procedure. Our study (the MERLIN
registry) was part of the prospective Liibeck ablation registry and was approved by the local
ethic’s board and was performed in accordance with the ethical standards laid down in the

1964 Declaration of Helsinki and its later amendments.!3- 133

2.3. Pre-procedural management

Transesophageal echocardiography (TEE) was performed prior to PVI to investigate LA
diameter and LA volume, and most importantly to rule out intracardiac thrombi. In case of
detection of an intracardiac thrombus prior to ablation, PVI was not performed. TEE also
provider further additional information, such as detection of pre-existing atrial septal defects,
persistent foramen ovale, pericardial effusion, impaired LVEF or significant valve disease.

Besides TEE, no other pre-procedural imaging was performed.'?

Regarding pre- and periprocedural oral anticoagulation, in patients on VKAs,
anticoagulation was continued throughout the procedure aiming at an INR value of 2 to 3.
In patients taking NOACs, the anticoagulation was discontinued 12-24 hours prior to the
procedure and re-initiated six hours after the ablation was performed with half of the regular
dosage and was continued at full dose on the first post-procedural day after catheter

ablation.!3- 97 154
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2.4. Ablation protocol

All ablation procedures with the LB2 were performed under deep sedation and analgesia by
intravenous administration of midazolam, fentanyl and continuous infusion of propofol,
under continuous monitoring of ECG, noninvasive blood pressure and oxygen

saturation.!3: 155 156

A ten-pole diagnostic catheter (Webster® CS Uni-Directional, Biosense Webster Inc., CA,
USA) was introduced via the right femoral vein and positioned within the coronary sinus. A
double transseptal puncture was performed via the right femoral vein under fluoroscopic
guidance, using a modified Brockenbrough technique, and an 8.5 French (F) transseptal
sheath. Heparin was administered after transseptal puncture to maintain an activated clotting
time (ACT) of 2300 seconds. One transseptal sheath was exchanged over a guidewire for a
12 F steerable sheath (CardioFocus Inc.), and the LB2 was advanced into the LA
(Figure 5).>13

A 15 mm circular mapping catheter (Lasso®, Biosense Webster Inc., CA, USA) was
introduced via the second transseptal sheath and placed at each of the individual PV ostia to
detect intracardiac electrograms (ECGs) from the PVs using a computerized EP-system.
Selective PV angiography was performed after injection of contrast medium in order to

identify the ostia of all PVs for balloon placement.!?

The LB2 is filled and continuously flushed with deuterium-oxide (D>0), which is a medium
that lets through the laser beam without relevant energy loss. Once the balloon is inflated, a
2 F fiber optic endoscope is positioned within the central catheter shaft, which enables direct
visualization of the PV antrum. A diode laser generator delivers energy at a wavelength of
980 nm via a second fiber. After positioning the balloon in the targeted PV, the LB2 was
inflated at the antrum of PV and the balloon was expanded (from 9 to 35 mm) until optimal
PV occlusion and 360° visibility was achieved by utilizing the remote-control unit

(Figure 3, 4 and 5)_12, 13, 142, 143, 145
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The LB2 system enables individual optimization of laser energy delivery. Power delivery
was titrated from 5.5 W to 12 W.!4: 152 The energy level was targeted to a minimum of
8.5 W.152 Anterior parts of the PVs were treated with a maximum of 12 W of laser energy,
whereas a maximum of 10 W was delivered at the posterior aspects. Laser energy of 5.5 W
or 7 W was only used if it was required to perform energy titration in areas near blood due

to poor PV occlusion, ! 13 142, 143, 145

Ablation was performed in a point-by-point fashion by manual rotation of the catheter under
visual guidance provided by the endoscope, overlapping each lesion by 30-50%
(Figure 6).'*> %2 The endoscope provides real-time direct visualization of the pulmonary
veins and contact of the balloon during ablation. Lower power is preferred in contact with

the posterior LA wall or when blood can be seen in the field of view (Figure 5).!% 13- 142,143,
145

Our goal was to perform circumferential PVI without rotating the LB2, if possible (zero-
rotation). Therefore, we were set to perform ablation behind the catheter shaft (i.e. blind
spot) if possible. For performing a safe, effective and continuous ablation line in the area
behind the blind spot, complete PV occlusion was confirmed pulling the lesion generator to
a proximal position, with utilization of the Arc Marks for creating overlapping lesions
(Figure 5 and Figure 6). If complete PV occlusion was not possible rotation of the LB2 was

performed 12,13, 142, 143, 145

After completion of circular ablation, PVs were re-mapped using a circular mapping
catheter. If PV potentials were still present, additional laser balloon ablation was performed
with guidance of a circumferential mapping catheter. If PVI could not be achieved by the
LB2, RF touch-up ablation was performed. All PVs were checked by the circular mapping

catheter to confirm acute electrical PVI at the end of the procedure.!?

In all procedures, an esophageal temperature probe (Sensitherm™, St Jude Medical, Inc.,
MN, USA or CIRCA S-CATH™, CIRCA Scientific, Inc., USA) was inserted and positioned
in the patients according to the individual LB2 position to facilitate esophageal temperature
monitoring during energy delivery in order to prevent thermal esophageal injury. The
intraluminal esophageal temperature cut-off was set at 40.5 °C. If esophageal temperature
exceeded the cut-off, energy delivery was paused, and catheter ablation was continued using

reduced energy and/or at a more proximal or distal location.!3 %7
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During ablation of the right superior PV (RSPV) and the right inferior PV (RIPV) phrenic-
nerve stimulation (with 12 V and 2.9 ms) via a diagnostic catheter placed in the vena cava
superior was performed. A loss or weakening of the capture signal resulted in instant

termination of energy delivery in order to prevent permanent phrenic nerve injury.!* %7

Py

superior branch

LCPV:
inferior branch

Figure 5. 69-year-old female patient with persistent atrial fibrillation and left common

pulmonary vein (LCPV) with 35 mm diameter.

A: Angiography of LCPV, B: Second-generation laser balloon (LB2) advanced to the LCPV.
C: Endoscopic view with superior and inferior branches of the LCPV. LCPV: left common
pulmonary vein, TSS: transseptal sheath, CS: coronary sinus catheter, LB2 = second-

generation laser balloon. Circ. = Circular mapping catheter.

(Figure cited from Heeger C.H. and Phan. H L. et al., Circulation Journal, 2019.)"3
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Figure 6. Endoscopic view of the second-generation laser balloon based PV1I in a patient

with a LCPV.

Complete circumferential 30-50% overlapping applications of laser-energy (from picture
A to T) and utilization of arc marcs (O-P) to ablate at the blind spot behind the catheter
shaft without balloon rotation (zero rotational maneuver). After 20 laser-applications a
successful isolation of LCPV was observed.

PVI = pulmonary vein isolation, LCPV = left common pulmonary vein.

(Figure cited from Heeger C.H. and Phan. H L. et al., Circulation Journal, 2019.)"3
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2.5. Postprocedural management

After the ablation procedure, all patients underwent transthoracic echocardiography to rule
out pericardial effusion 4 to 6 hours after the procedure and on the first postoperative day.
Low molecular-weight heparin was administered in patients on VKAs in case of an INR
under 2.0 until a therapeutic INR of 2.0 to 3.0 was achieved. NOACs were re-initiated 6
hours post ablation. Anticoagulation therapy was recommended for at least 3 months,
independent from CHA2DS>-VASc score and thereafter according to the individual
CHA:DS,-VASc score. ! 1397

Antiarrhythmic drug therapy was recommended for 3 months post ablation in the so-called
blanking period to prevent early recurrences during the healing phase. All patients were
treated with prophylactic proton pump inhibitors for 6 weeks after the procedure to prevent

esophageal complications, following current recommendations. ! 1397

2.6. Statistical analysis

Continuous data were summarized as means =+ standard deviations or as medians (25th and
75th percentiles) as appropriate. Categorical data were presented as N (%). Differences in
procedural data between the groups were compared with an unpaired t-test or the Wilcoxon-
Mann-Whitney test, chosen as appropriate. Differences in complications between the groups
were analyzed using the Chi-squared test. All p-values were two-sided and a p-value <0.05
was considered as significant. All calculations were performed with the statistical analysis

software R (R Core Team, 2018).°
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3. Results

3.1. Patient characteristics

A total of 45 consecutive patients were prospectively enrolled. All patients presented with
symptomatic AF and agreed to undergo PVI using the LB2 at the University Heart Center
of Liibeck, Germany. Patients were divided into three groups, with 15 patients in each group,
based on the time of enrolment: the first 15 patients divided to group T1, the second 15
patients to group T2, and the last 15 patients to group T3. All patients underwent LB2 PVI
procedures, which were performed between April 2018 and June 2019 at the University

Heart Center of Liibeck, Germany.’3

The patient characteristics are summarized in 7Table 4. Continuous data are summarized as
medians (25" and 75™ percentiles), categorical data are presented as values (percentage %).
The median age of the patients was 68 (61, 78) years. Our youngest patient was 44, the oldest
was 83 years old. Our patient population was dominantly of male gender (69%). A total of
40 of 45 patients (89%) suffered from persistent AF, the rest of the patients (11%) had

paroxysmal AF. The median AF duration was 18 months.”’

The majority (71%) of patients had a history of hypertension, other cardiovascular
comorbidities were relatively rare, with a rate under 25 %. Only 11% of patients were
diabetic, 24% of the patient population had coronary heart disease, and only 9% of patients
suffered from congestive heart failure. The median LVEF was 60% (55%, 60%). 13% of the
patients undergoing LB2 ablation had a prior TIA or stroke in the medical history, with a
median CHA,DS>-VASc score of 3 (1, 4), as presented in Table 4.3

Patients in group T2 were more likely to have hypertension compared to other groups
(p=0.018), which we interpret as an accidental finding due to a relative low number of the
patient population. Besides that, no further differences in patients baseline characteristics
were observed. There was no significant difference in the incidence of CAD, congestive

heart failure, diabetes mellitus, prior TIA or stroke, age, gender or CHA,DS>-VASc score.”

43



All T1 T2 T3 p

Number of patients 45 15 15 15
Age (years) 68 (61,76) | 67 (62,72) | 70 (67,78) | 65 (58,72) | 0.191
LA volume index (ml/m?) | 25 (20, 35) | 20 (20, 31) | 20 (20, 39) | 30 (20, 35) | 0.959
Persistent AF 40 (89) 10 (67) 15 (100) 15 (100) | 0.067
Duration of AF (month) 18 (3,38) | 18(7,38) | 6(4,43) | 24(1,36) | 0.639
Female gender 17 (31) 8(53) 6 (40) 3 (20) 0.166
Arterial hypertension 32 (71) 11(73) 14 (93) 7 (47) 0.018
Coronary artery disease 11 (24) 5(33) 4 (27) 2 (13) 0.431
Congestive heart failure 4(9) 2 (13) 2 (13) 0(0) 0.799
Diabetes mellitus type II 5(11) 1(7) 4 (27) 0(0) 0.177
Prior TIA/stroke 6 (13) 2 (13) 3(20) 1(7) 0.561
CHA:DS;-VASc score 3(1,4) 32,4 33,95 2(1,4) | 0.234

Table 4. Baseline characteristics.

Continuous data are summarized as medians [25" and 75" percentiles].

Categorical data are presented as N (%). AF = atrial fibrillation, LA = left atrial,

p = p-value, TIA = transient ischemic attack.

(Figure cited from Heeger C.H. and Phan. H L. et al., Circulation Journal, 2019.) '3
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3.2. Acute procedural efficacy

A total of 177 PVs were identified in a total of 45 patients undergoing PVI. 174 out of 177
PVs (98%) were successfully isolated utilizing the LB2 (7Table 5 B). In one patient, which
was the second patient of the population, additional irrigated RF current catheter touch-up
was needed to achieve complete isolation of the RSPV and RIPV, because of a pinhole
rupture of the balloon. In one other patient the RSPV was not isolated due to periprocedural
occurrence of pericardial tamponade. In this case the procedure was stopped immediately,
as cardiopulmonary stabilization through pericardial drainage was prioritized, and for this

reason PVI was not completed.’’

The median number of laser applications to achieve PVI per PV significantly decreased from
group T1 to group T3 for LSPV (p=0.035), RIPV (p=0.019) and RSPV (p=0.012). For LIPV
no significant difference, but a trend towards a lower number of applications that were
needed was observed (p=0.102). RF catheter touch-up was only necessary in two PVs of the
second patient in group T1, after that case no further patient needed additional RF application

to achieve PVI in group T2 or T3. (Table 5 B)."’

162 of 177 PVs (92 %) could be successfully isolated with the LB2 after the first application
of a circular lesion around the PVs (first attempt vein isolated, FAVI). No differences were
observed between the groups (T1 vs. T2 vs. T3). The rate of successful PVI after the initial
circular ablation (i.e. FAVI) was not significantly different between group T1, T2 or T3 for
individual PVs. Nevertheless, a trend towards higher rates of successful PVI after the initial
circular ablation was observed [FAVI in 49 (83%) vs. 57 (97%) vs. 56 (95%) in group T1
vs. T2 vs. T3] (Table 5 B).”’

Successful isolation of all PVs after the initial circular ablation (first attempt all veins
isolated, FAAVI) was achieved in 33 out 0f 45 (73%) patients, with no significant difference,
but a higher tendency between the group T1 and T2 [FAAVI in 9 (60%) vs. 13 (87%) vs. 11
(73%) in group T1 vs. T2 vs. T3, p =0.209] (Table 5 A). All anatomic variants, including
five left common pulmonary veins (LCPVs) and two right middle pulmonary veins
(RMPVs) were successfully isolated with the first attempt of circular ablation (FAVI), which

is quite remarkable, as these are technically more difficult to isolate (Table 5 A and 5 B).”
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3.3. Zero rotational maneuvers

Zero rotational maneuvers utilizing the Arc Marks™ significantly increased with growing
experience over time for isolation of the LSPV [3 (7%) vs. 4 (33%) vs. 9 (64%) in group T1
vs. T2 vs. T3, p=0.005] and LIPV [1 (2%) vs. 4 (33%) vs. 8 (57%) in group T1 vs. T2 vs.
T3, p=0.026]. Although the difference was not significant, a tendency of higher rates of zero
rotation PVI could be observed for RSPV [1 (2%) vs. 5 (33%) vs. 5 (33%) in group T1 vs.
T2 vs. T3, p=0.220] and RIPV [0 (0%) vs. 3 (20%) vs. 4 (27%) in group T1 vs. T2 vs. T3,
p=0.132] (Table 5 B).

Zero rotational maneuvers were successfully performed during isolation of 4 out of 5 (80%)
LCPVs, and 5 out of 5 (100%) LCPVs after the initial circular ablation (first attempt vein
isolated: FAVI) (Table 5 B). In 5 out of 5 (100%) cases, the antral ostium of the LCPV was
completely occluded by inflating the LB2 up to a diameter of 38mm. Neither sequential
isolation, nor RF touch-up of superior and inferior branches was necessary to achieve

isolation of the LCPVs (Figure 5 and 6)."’

34. Procedure times

The total procedure time significantly declined from 132 (114, 158) minutes (min) to 119
(102, 127) min and 91 (86, 105) min between group T1, T2 and T3, respectively (p = 0.0009)
(Table 5 A and Figure 7 A). Similarly, significant decrease of the median LA dwelling time
was observed between the groups over time [85 (71, 102) min vs. 85 /72, 102) min vs. 72
(62, 84) min in group T1 vs. T2 vs. T3, respectively, p=0.021] (Table 5 A, Figure 7 B).
The same observation could be made about the median fluoroscopy time [22 (17, 27) min
vs. 21 (16, 24) min vs. 13 (10, 17) min in group T1 vs. T2 vs. T3, respectively, p=0.045]

(Table 5 A, Figure 7 C). This demonstrates a quick learning curve of the procedure.’?
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Table S A. Procedural data per patient

All T1 T2 T3 p
Number of patients 45 15 15 15
RF ablation touch-up | 2 (4.4) 2 (13.3) 0 (0) 0 (0) 0.129
1** attempt all veins
olated 33 (73) 9 (60) 13 (87) 11(73) | 0.209
Left common
sulmonary vein 5(11) 1(7) 3 (20) 1(7) 0.407
Right middle
sulmonary vein 2 (4) 0 (0) 2(13) 0 (0) 0.129
Procedure duration 110 132 119 91 0.0009
(min) (100,132) | (114,158) | (102,127) | (86,105) |
ZL‘;‘I’SOSCOPY tme 18 (15,24) | 22.(17,27) | 21(16,24) | 13 (10,17) | 0.045
LA dwelling time 100 (90,
(rmin) 85 (71, 102) 124 85(72,102) | 72 (62,84) | 0.021
g;’lr;tra“ e 50 (40, 50) | 50 (40,50) | 50 (50,50) | 50 (30,50) | 0.329
Pinhole balloon 1 7 3 1 0.034

ruptures

Table 5 A. Procedural data per patient.

Continuous

data are summarized as

medians

[25th and 75th percentiles].

Categorical data are presented as N (%). LA = left atrial, p = p-value, RF = radiofrequency

(Figure cited from Heeger C.H. and Phan. H L. et al., Circulation Journal, 2019.)"3
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Table 5 B. Procedural data per pulmonary vein

(RMPV)

All T1 T2 T3 P

Number of PVs 177 59 59 59
Number of isolated PVs | 174/177 (98) | 56/59 (99) | 59/59 (100) | 59/59 (100) | 0.999
Number of applications | 5 3 Hey | 2826.32) | 23(22,25) | 24(22,27) | 0.035
(LSPV)
Number of applications | 4 > 19y | 27(24,31) | 24(22,26) | 22(20,26) | 0.102
(LIPV)
Number of applications | 5 >3 35y | 3524 41) | 24(23,29) | 23(22,25) | 0.019
(RIPV)
Number of applications

28(22,35) | 33(31,41) | 25(21,34) | 25(19,32) | 0.012
(RSPV)
Number of applications | 35 31 35) | 35(35.35) | 35(33,35) | 30(30,30) | -
(LCPV) : : : :
Number of applications
R 47 (41, 53) 47 (41, 53) ;
RF ablation touch-up 2(1) 2(3) 0(0) 0(0) 0.129
Zero rotation (LSPV) 14 (35) 3(7) 4 (33) 9 (64) 0.005
Zero rotation (LIPV) 13 (33) 1(2) 4 (33) 8(57) 0.026
Zero rotation (RSPV) 11(28) 1(2) 5(@33) 5(@33) 0.220
Zero rotation (RIPV) 7 (18) 0(0) 3 (20) 4 (27) 0.132
Zero rotation (LCPV) 4 (80) 1 (100) 3 (100) 0(0) -
Zero rotation (RMPV) 0(0) 0(0) 0(0) 0 (0) -
1** attempt vein isolated
s 38 (95) 12 (86) 12 (100) 14(100) | 0.149
1** attempt vein isolated
L5 38 (95) 12 (86) 12 (100) 14(100) | 0.149
1** attempt vein isolated
(RSPV) 40 (89) 11 (73) 14 (93) 15 (100) 0.129
1** attempt vein isolated
(RIPV) 39 (89) 13 (87) 14 (93) 12 (80) 0.449
1** attempt vein isolated
o 5 (100) 1 (100) 3 (100) 1 (100) ;

st . .

1™ attempt vein isolated 2 (100) 0 2 (100) 0 )

Table 5 B. Procedural data per pulmonary vein.

Continuous

data are summarized as

medians

[25th and 75th percentiles].
Categorical data are presented as N (%). p = p-value, PV = pulmonary vein. LSPV = left
superior PV, LIPV = left inferior PV, RSPV = right superior PV, RIPV = right inferior PV,
LCPV = left common PV, RMPV = right middle PV.

(Table modified from Heeger C.H. and Phan. H L. et al., Circulation Journal, 2019.)"
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PROCEDURE TIME

300

T1 T2 T3
132 (114, 158) min | 119 (102, 127) min 91 (86, 105) min
c
£ P=0.0009
w‘lso
£
o
Patient #

Figure 7 A. Learning curve of procedure time.
Data are summarized as medians [25th and 75th percentiles], p = p-value.
(Figure modified from Heeger C.H. and Phan. H L. et al., Circulation Journal, 2019.)"3

LA DWELLING TIME
T1 T2 T3
100 (90, 124) min 84 (72, 102) min 72 (62, 84) min

c P=0.021
€
0; 150
£
=

Patient #

Figure 7 B. Learning curve of left atrial dwelling time.
Data are summarized as medians [25th and 75th percentiles], p = p-value.
(Figure modified from Heeger C.H. and Phan. H L. et al., Circulation Journal, 2019.)"3
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Figure 7 C. Learning curve of fluoroscopy time.
Data are summarized as medians [25th and 75th percentiles], p = p-value.
(Figure modified from Heeger C.H. and Phan. H L. et al., Circulation Journal, 2019.) '3
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Figure 8. Rate of pinhole balloon ruptures.

p = p-value. (Figure from Heeger C.H. and Phan. H L. et al., Circulation Journal, 2019.)"3
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3.5. Pinhole balloon ruptures

A total of eleven pinhole balloon ruptures occurred during the procedures. A pinhole leads
to loss of balloon pressure and decreased view, which therefore requires a change of the
complete LB2. A total of 6 out of 11 (55%) pinholes occurred during the first four
procedures. Three pinholes occurred during the first case and two pinholes occurred in the

second case (Table 5 A).”3

Pinhole ruptures were categorized into three groups (mechanical pinholes, hot pinholes and
unknown pinholes). We observed pinhole ruptures due to pulling an incompletely deflated
LB2 into the sheath in two cases (mechanical pinholes). In two cases pinhole ruptures
occurred due to laser applications on blood filled folds of the balloon surface which arose
from incomplete inflated LB2. In three cases energy applications from 10 tol2 W were
utilized despite imperfect view of the PV, which lead to laser applications on blood instead
of LA tissue (hot pinholes). In four cases, the reason for development of the pinholes could

not be identified (unknown pinholes).”

After implementing pinhole prevention strategies and gaining more experience with the LB2
ablation system, the rate of pinhole ruptures decreased significantly over time [7 vs. 3 vs. 1
pinholes in group T1 vs. T2 vs. T3, p=0034] (Table 5 A, Figure 8). Further reduction of the

rate of pinhole ruptures may be achieved after the learning curve of using the LB2.%}
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3.6. Periprocedural complications

All periprocedural complications are presented in Table 6. The total rate of major
periprocedural complications was 6.7% (3 out of 45 patients). The rate of complications was
slightly, but not significantly higher in group T1 and T2. No periprocedural complications
occurred in group T3. In group TI1, one (2.2%) pericardial tamponade requiring
pericardiocentesis happened as a complication, that was not related to the utilization of the
LB2. The pericardial effusion was drained by percutaneous puncture. No surgical operation

was necessary in this case, and the patient recovered without any sequelae.’’

Additionally, one (2.2%) case of periprocedural contrast-induced encephalopathy occurred
in group T1 We evaluated this case as a transient ischemic attack (TIA). Cranial computer
tomography showed evidence of minimal brain edema, without signs of an ischemic lesion.
The symptoms completely resolved during the hospital stay after further observation in the
stroke unit. This is considered to be a rare complication of administration of injectable

intravascular contrast media.!3- 157- 158

In one patient of group T3, phrenic nerve palsy (PNP) occurred during ablation of the RSPV.
The patient did not present any symptoms and it did not require any treatment, so this was
not counted as a major complication. During the three-months follow-up after the procedure,

PNP was still detected by fluoroscopy, but the patient remained asymptomatic.’?

A vascular complication occurred in only one (2.2%) patient of group T2. The patient
developed a severe groin hematoma, which required blood transfusion. No surgical

intervention was necessary in this case.’’
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Periprocedural

All T1 T2 T3 p

complications
Major complications 3(6.7) 2(13.3) 1(6.7) 0(0) 0.359
Phrenic nerve palsy 1(2.2) 0(0) 0(0) 1(6.7) 0.376
Severe hematoma 1(2.2) 0 (0) 1(6.7) 0(0) 0.376
Pericardial

1(2.2) 1(6.7) 0 (0) 0(0) 0.376
tamponade
Periprocedural 1*(2.2) 1*(6.7) 0 (0) 0(0) 0.376
Stroke/TIA ' ' '

Table 6. Periprocedural complications.

Continuous data are summarized as medians

Categorical data are presented as N (%). P = p value,

[25th and 75th percentiles].

PV = pulmonary vein. LSPV = left superior PV, LIPV = left inferior PV, RSPV = right
superior PV, RIPV = right inferior PV, LCPV = left common PV, RMPV = right middle

PVIS

* This was a case of contrast-induced encephalopathy.'?
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4. Discussion

An increasing number of EP procedures and EP centers is observed every year in Germany
as well as in Europe. A total of over 49000 catheter ablation procedures were reported in
Germany in 2015, which showed a 44% increase compared to 2010. Almost every second
ablation was performed to treat AF, which was the most commonly treated arrhythmia by
catheter ablation in 2015. This significant rise of PVIs demonstrates how it became a well-

established, routine EP procedure to treat symptomatic AF over the last decades. !> 16

New EP technologies and ablation systems have been developed with the main goal to be
able to perform durable and safe PVI requiring simple techniques that can be mastered
promptly. It is desirable, that procedures show a high reproducibility to be able to adapt to
the upcoming demands, but on the other hand, physicians still need to perform procedures
on a standard high level of quality with a steep learning curve. All new technologies share
the design of a balloon catheter, which enables easier navigation and antral PVI without
greater difficulties. In 2015, RF ablation (62%) and cryoablation (33%) were the mostly
preferred ablation strategies in Germany, but there are numerous innovative technologies

that appeared in the past years to compete with these strategies.!> 160

The VGLB system is one of the most promising novel balloon-based technology for PVI.
The LB system utilizes laser energy, and its features promise an endoscopic, visually guided
balloon-based anatomical AF ablation, which can be performed safely and effectively with
a steep learning curve. The MERLIN registry is the first prospective study reporting on the
safety, efficacy, and learning curve effects of the implementation of the LB2 into an EP

center’s clinical practice.!?
Preclinical studies

The first animal study using an endoscopic VGLB system was presented by Reddy et al. in
2004 in a canine model using open thoracotomy.!®!- 162 These initial experimental studies
were followed by the first human investigations published by Themistoclakis et al. in 2006,
that demonstrated that an endoscopic catheter balloon could successfully occlude the PVs
without complications in five patients. Complementary help of intracardiac

echocardiography was used in this experiment, and no ablation was attempted yet.!6% 163
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The first experimental preclinical feasibility trial, which reported about the first catheter
ablations performed by an endoscopic catheter balloon system was published in 2009 by
Reddy et al. using a canine model. In this experiment, a non-compliant LB was used,
provided in fixed diameters and a laser arc from 90 to 360°. The data confirmed the
possibility of antral lesions by the system, but a high rate of pulmonary stenosis was reported.
Further investigations revealed a mismatch between balloon size and PV diameter, which
resulted in distal ablation, which caused the high rate of PV stenosis. These observations
lead to further developments in the design of the LB: creating a more compliant balloon with

a narrower laser arc of 30°.162. 164

In 2010, a repeat study in a porcine model by Dukkipati et al. revealed acute and long-term
efficacy of the enhanced version of the VGLB without any occurrence of PV stenosis.
Histological analysis of the PVs showed evidence of transmural lesions in 98% of the cases.
After the success of the preclinical phase, the first human visually guided ablations were

performed.!62 165

Clinical studies

The first in-human-trial was a multicentric report published with the initial preclinical results
by the research group of Reddy et al., which presented the first 30 human patients with
paroxysmal AF undergoing PVI performed by the first generation non-compliant VGLB.
Data showed a promising acute success with a rate of 91% of veins effectively isolated by
the balloon. Success rate at the 12-month follow-up was at 67% after a single procedure with
an incidence of only three major complications (one case of stroke, one cardiac tamponade
and one PNP). After learning from the lessons of the preclinical phase considering the choice

of balloon size, no PV stenosis was reported from the clinical phase.!62- 164

As described earlier, after the first experiences, a newly designed VGLB system was
developed: with greater compliance and a narrower laser arc of the balloon. The first human
trial which reported on the first 27 catheter ablations with the new generation of the LB
showed acute success and durability of PVI with a clear improvement of the safety profile -

with no major complications reported by Dukkipati et al. in 2010.'62 165
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In 2010, Schmidt et. al made further investigations considering feasibility, safety and
learning curve of performing PVI of 30 patients with paroxysmal AF using the improved
VGLB system. 98% of the PVs could be successfully isolated. Gap mapping of the lesions
showed a similar pattern as of cryothermal balloon procedures. The system was
demonstrated to be feasible with a complication rate comparable to other established
approaches. Post-procedural endoscopy showed esophageal injury in 15% of patients
emphasizing consequent procedural esophagus temperature monitoring during LB ablation.
Procedure times showed a fast learning curve with a significant acceleration after only 10

procedures.’

Further investigations followed these initial trials, published by Metzner, Schmidt and
Dukkipati et al. amongst others, broadening the experience with this novel ablation system,
supporting data of acute efficacy, safety and comparable short-term and long-term durability

of PVI using the first generation VGLB system in patients with paroxysmal AF.!45 149 166

The results of the first multicenter, prospective, randomized clinical trial of the first
generation VGLB system (LB1, HeartLight®, CardioFocus Inc.) were published in 2013 by
Dukkipati et al., and showed high efficacy, durability and safety for PVI in patients with
symptomatic drug refractory paroxysmal AF. This pivotal trial demonstrated non-inferiority

of the LB1 system compared to irrigated RF balloon ablation with a similar one-year success

rate (61.1% with the LB1 vs. 61.7% with RF ablation).!¢’

After the pivotal trial, the LB1 was soon approved by FDA in the USA, as well as in multiple
European countries. PVI with the VGLB system is performed globally today. A worldwide
registry of over 406 procedures of 19 medical centers was presented at the Heart Rhythm
Society’s annual symposium in 2012. It summarized the first clinical experiences with the
VGLB technology among experts, which was a groundbreaking milestone for introducing

this novel ablation system.!®8

The research group of Dukkipati et al. reported about the first 200 patients treated by the
LBI in 2013, the procedures were performed in 15 EP centers from all over the world.
98.8% of targeted PVs were isolated successfully. No cases of stroke, TIA, atrio-esophageal
fistulas, or significant PV stenosis were reported. There was a 2% incidence of cardiac
tamponade and a 2.5% incidence of PNP. At one-year follow-up, freedom from AF or other

atrial arrhythmias after one or two procedures was at 60.2%.1°

56



A meta-analysis published in 2018 by Reynolds et al. presented a summarized data of 17
selected studies including 1188 patients (range of 20 to 194 patients each study) from around
40 centers from 8 countries performing PVI with the LB1. All but one of the studies reported
on procedures using the first generation LB ablation system. Overall, in this report 80% of
the patients had paroxysmal AF. Procedural and safety data demonstrated that the LB1 is
highly effective at achieving PVI, with a comparable12-month efficacy of 74.3% in patients
with paroxysmal AF and 72.9% of all patients. The system showed a good procedural safety

profile with no periprocedural deaths or atrioesophageal fistulae reported.!®

Experience with the VGLB system is definitely growing, but high-volume randomized
multicenter studies with long-term results - especially with the LB2 - are still sparse.
Available data today dominantly presents about the experiences with the LB1 treating
patients mainly with paroxysmal AF. Our registry is showing an insight to our first clinical

experience with the LB2 in a patient population with dominantly persistent AF.!3 169

4.1. Patient population

Our patient population represents a mixed entity of AF, but mostly patients with persistent
AF. A total of 89% of our patient population suffered from persistent AF, which is quite
unique in comparison to most of the available data that has been published about the VGLB
ablation system. Patients presented with a median AF duration of 18 months, which
demonstrates patients in a rather progressed stadium of AF. It is known, that acute and long-
term efficacy results are worse in patients with persistent AF, than in patients with

paroxysmal AF 4 167,169,170

Age and comorbidities of our patient population represents average characteristics of
patients who are generally presenting for elective AF ablation with a generally relatively low
rate of cardiovascular comorbidities. Groups of T1, T2 and T3 had a similar incidence of
comorbidities, besides a probably just coincidental higher rate of hypertension in group T2.
Only 24% of the patient population had CAD, 9% of the patients had a history of congestive
heart failure, with a median LVEF of 60%. (Table 4)."
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4.2. Main findings

Balloon-based ablation systems, applying either cryothermal or laser energy, have been
developed to possibly reduce complexity and improve safety and efficacy of 3D mapping
system guided RF-based ablation.® %% 17! The VGLB system allows precise PVI under direct
endoscopic control. The LB1 has shown clinical efficacy comparable to 3D mapping guided

RF based PVI.!13 130, 151

Recently, the next generation of this system (LB2, HeartLight® Excalibur Balloon;
CardioFocus Inc.) was introduced to clinical practice. Some features to optimize the
procedure were implemented. Compared to the LB1 a recent study demonstrated that the
optimized LB2 provides better PV occlusion and a higher rate of zero rotational maneuvers,
which was not translated to other procedural parameters, including the rate of successful
PVI, procedure time, fluoroscopic time and complications though.!*3
All in all, procedural data of the new generation of this promising system is still sparse and

no learning curve effects has been evaluated up to date.!

In summary, our main findings were that 175 out of 177 (98%) PVs could be successfully
isolated with the LB2. It was effective even for operators without any previous experience
in VGLB procedures. Procedure time, LA dwelling time and fluoroscopy time significantly
decreased along the learning curve, after only 15 procedures. A procedure time of under two
hours was achieved after the first 15 cases, which is comparable to RF and CB procedures.
Therefore, we demonstrated that the LB2 may allow a quick learning curve for beginners in

VGLB ablation.!3- 143

The rate of periprocedural major complications was relatively low (6.7%). As other balloon-
based ablations systems, the LB2 offers the opportunity of an antral lesion formation to
achieve PVI in patients with a LCPV. Pinhole balloon ruptures occurred mainly in the
beginning of the learning curve and could be significantly reduced after implementing

prevention strategies and gaining more experience with the LB2.!?
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4.3. Acute procedural efficacy

Our patient population consists mainly of persistent AF patients (89%). The optimal ablation
strategy for patients with persistent AF has been investigated during the last years, yet
ablation strategies beyond PVI did not lead to improved outcomes.!”?> Recent data suggested
that balloon based PVI procedures with the CB may also successfully be used to treat patients

with persistent AF,!3: 118,151

Acute procedural data showed that a very high rate, 174 out of 177 PVs (98%) could be
successfully isolated utilizing the LB2 in our registry.!* A recently published meta-analysis

of almost 1200 patients undergoing PVI with the LB1 showed similar results of an acute

PVI rate of 98.8%.13: 169

The VGLB offers a PVI by a purely visually guided circular ablation. Previous studies found
acute PVI in 68 to 85% of cases after the first circular ablation (FAVI) utilizing the LBI,
and 80% utilizing the LB2.1% 144173 Tn our registry, with the rate of 91% of PVs, we found a
comparable and even slightly higher rate of PVI after the first circular ablation (FAVI) with
the LB2. This fact is reflecting on the promising excellent characteristics of the LB2,
considering better PV occlusion, visualization and the possibility to use zero rotational

maneuvers during ablation,!3- 143

The research group of Schmidt et al. have looked for factors that influence acute procedural
success of PVI with the LB1. They determined that the degree of PV occlusion by the
balloon, which provides the quality of visualization, as well as the quantity of catheter
repositioning are predictors of successful acute PVI. Total ablation energy or the number of
laser applications did not influence acute procedural success in this trial. Conduction gaps
of the PVs were detected at sites with suboptimal occlusion, as well as places where
elevation of esophageal temperature limited further energy applications. We set the goal of
possibly performing PVI with zero rotational maneuvers, which might have been
advantageous in our study and could have been a reason for a higher acute efficacy rate in

our procedures.!7*
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Energy titration

The LB2 system enables individual titration of each laser energy delivery. Power delivery
can be titrated from a range from 5.5 W to 12 W for a duration of 20 to 30 seconds depending
on the operator’s choice. Metzner et. al published the first study examining the effectivity
and safety profile of different energy titration settings, comparing three groups: using 5.5
and 7.0 W (group A), 7.0 and 8.5 W (group B), and 8.5 and 10.0 W (group C) for the isolation
of each PVI respectively. The use of higher energy dosage increased the acute efficacy of
PVI: after placing one circular lesion in the PVs with the described settings, successful
isolation could be achieved in 69% vs. 73% vs. 90% of the PVs in group A vs. group B vs.
group C.!#

In all patients, esophagogastroduodenoscopy was performed 2 days after the ablation for
detection of thermal lesions. No sign of thermal esophageal injury was found in group A,
and only a single case of a thermal ulceration was found in group B, and one superficial
thermal lesion was detected in group C. No cases of atrio-esophageal fistulas, pericardial
tamponade, PNP or stroke was observed. In summary, higher energy settings with careful
esophageal temperature monitoring seemed to increase acute efficacy without compromising

safety.!4!

Bordignon et al. was also investigating the role of energy titration further in the role of acute
PVI. VGLB ablation was carried out after obtaining optimal tissue contact with an energy
dose of 5.5 to 8.5 W (low-dose group) or >8.5 W (high-dose group). Acute PVI after a single
endoscopically guided circular lesion was achieved in a significantly higher rate using higher
energy dosages (89 vs. 69% in the high vs. low-dose group respectively, p = 0.0004). In 70%
vs. 39% of all patients in the high-dose vs. low-dose group could all PVs be isolated after a

single ablation circle respectively (FAAVT; first attempt all veins isolated; p = 0.009).!52

Higher energy dosage was associated with significantly less applications (31.6+8 vs.
35.2+15 applications per PV, p=0.03) leading to shorter procedure times. The Kaplan—-Meier
estimate of AF-free survival considering long-term results of PVI were significantly in favor
of the high-dose group. One case of PNP was observed in each group, and besides that no
other major complications were observed. Two steam pops and one balloon perforation were

observed in the high-dose group without any sequelae.!*?
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According to the results of these previous investigations, energy level was targeted to a
minimum of 8.5 W in our procedures, as far as it was possible. Anterior parts of the PVs
were treated with a maximum of 12 W of laser energy, whereas a maximum of 10 W was
delivered at the posterior aspects. Laser energy of 5.5 W or 7 W was only used if it was

required to perform energy delivery in areas near blood due to poor PV occlusion, !4 152

4.4. Procedure times

The recorded procedural data of the MERLIN registry showed a mean fluoroscopy time of
18 (15, 24) min, and a mean procedure time of 110 (100, 132) min. Procedure time,
LA dwelling time and fluoroscopy time were significantly reduced along the learning curve
(Table 5 A, Figure 7 A, 7 B and 7 C). An acceptable median procedure time of under 2
hours was achieved after 15 cases which could be reduced further to a median of around 90

min after 15 additional cases.!?

A multicentric analysis of the first 200 patients undergoing PVI with the first generation
VGLB presented by Dukkipati et al. reported on a mean fluoroscopy time of 31 min, and a
mean procedure time of 200 min respectively, which improved with operator experience.!°
A meta-analysis by Reynolds et al. reported on similar times (183 min of procedure time and
28 mins of fluoroscopy time).!® Our procedure and fluoroscopy times with LB2 were
significantly shorter than the ones reported on the LB1. This showcases advantages of the
further developments and new features of the LB2, that make the balloon easier to
manipulate, and help operators achieve better visualization und tissue contact, which

definitely leads to shorter procedure time and better results.!% 13

A short learning curve is essential for implementing novel technologies to clinical practice.
Shortening has The LB2 offers a relatively short learning curve and seems to be a favorable
system for physicians, especially beginners in VGLB based PVI procedures. A quick
learning curve with significant reduction of procedure times even after 10 patients has

similarly been reported using the LB1 by other authors.!4?
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Procedure time, left atrial dwelling time and fluoroscopy time of ablation procedures using
the LB2 was approximately at 110 min, 85 min and 15 min (Table 5 A and Figure 7 A, 7 B
and 7 C)."* Procedure time, left atrial dwelling time and fluoroscopy times of RF procedures
were reported at around 140 min, 110 min and 17 min; while those of CB procedures are
around 120-140 min, 90-100 min, 20-27 min (CB2 vs CB1) (based on the data of the FIRE
and ICE study).”-® Comparing these data, PVI with the LB2 can be performed faster than an
average RF PVI procedure and is comparable to procedure times of a CB PVI with the CB2.

4.5. Circular ablation of left common pulmonary veins

Anatomical variants of the PVs may pose technical challenges during AF-ablation.!!” The
incidence of a LCPV in patients scheduled for PVI has been reported at 13-29%.!!%- 175 In
our cohort a LCPV was assessed in 11% of patients and thus in a considerably high
proportion of patients. For RF procedures, anatomic variants such as LCPV were reported
to be associated with procedural challenges, thus resulting in compromised lesion formation

and lesion quality as well as impaired clinical outcomes.!”>177

For CB based PVI the findings in patients with LCPV are controversial.!!®- 154 178 However,
the CB is available at only two different balloon sizes (23 mm and 28 mm), therefore, its
adaptability to variations of the PV-anatomy is limited. The LB2 offers the opportunity to
adjust the balloon size in a continuous way up to 38 mm in diameter, which is the biggest

possible balloon size by any energy source.

Using the LB2 resulted in a 100% antral LCPV occlusion rate and a 100% isolation rate after
the initial circular ablation and 80% with zero rotational maneuvers. Therefore, no distal
ablation of superior and inferior branches was necessary to achieve successful PVI which
might be an advantage favoring the LB2 compared to fixed sizes of current and upcoming
balloon devices (Table 5 B, Figure 4 and 5)."> Remarkably, similar results were reported

previously about successful ablation of LCPVs with the LB1.°
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4.6. Safety

The rate of complications was relatively low in our study, major complications only occurred
in 3 (6.7%) cases. No significant difference was observed between the groups (T1-T3), but
with two periprocedural complications in group T1, one periprocedural complication in
group T2 and no incidence of periprocedural complications in T3, a trend towards reduction

of complications along the learning curve was found in our study (7able 6).'?

Right phrenic nerve injury is reported as the most common complication of VGLB ablation,
and is known to be characteristic complication of balloon-based procedures.!®* 1" For CB
procedures reported rates are between 3.5 and 5.8%!2*17°, while for LB1 the reported rates
are between 1.4 and 3,9%.143 144 151 169. 180 Tpy gur study, PNP occurred during only one
(2.2%) procedure among the patient population. This case was unresolved at the 3-months

follow-up, but the patient presented without any symptoms. '3

The adaptability of the LB2 potentially allows a more proximal energy delivery, which may
reduce the risk for nerve damage. Balloon catheters were suggested to have a reduced risk
for cardiac tamponades by cardiac perforation due to larger surface area compared to single-
tip ablations catheters.!4> 144 151, 169,180 Tn oyr population, one (2.2%) case of pericardial
tamponade, which was not related to the LB2 occurred and was successfully treated by
epicardial puncture and drainage. The patient recovered without any sequalae, and no

surgical intervention was needed.'?

Generally, incidence of periprocedural stroke or TIA using the LB1 were reported at a very
low rate at around 1%, which is comparable to those occurring during RF or CB procedures
(0.5%).13 The incidence of so-called transient neurological complications in the FIRE AND
ICE study were at 0.8% in the RF group, and at 0.3% in the CB group.” ®
In our population one (2.2%) case of periprocedural contrast-induced encephalopathy
occurred. The symptoms completely resolved during the hospital stay. This complication is

generally considered to be rather rare after administration of contrast media.” 3 16°
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A vascular complication occurred in only one (2.2%) patient of group T2. The patient
developed a severe groin hematoma, which required blood transfusion.!*> No surgical
intervention was necessary in this case, which is relatively low and also comparable to

procedural data of the LB1, RF and CB ablation systems.’- % 1

All in all, based on our results, it may be concluded that performing PVI with the LB2 can
be considered as a safe procedure with a low complication rate, which showed a tendency
towards reduction of complications along the learning curve. It is important to emphasize
though, that our registry presents procedural data of only one center and a relatively low
number of procedures, and that all procedures were performed by operators who never used

a VGLB system before but had great experience in RF and CB based procedures before. '3

Pinhole ruptures

Incidence of pinhole ruptures decreased significantly over time, and 5 out of 7 pinholes in
the first group (T1) happened in the first two cases, which demonstrates the learning curve
effect very well. The operator needs to acquire and develop new technical skills and adopt
refinements, while learning to use a new catheter ablation system. The MERLIN registry
could show that the learning curve of the LB2 can already display a significant improvement
over experience of 15 cases even with operators who had no previous experience using a

LVGLB-based system before.!?

To prevent mechanical pinholes the operators learned that they need to completely deflate
the LB2 before pulling it into the sheath, preventing small injuries of the balloon. It is also
key to achieve sufficient inflation of the LB2 to eliminate folds, and that no laser applications
are performed on spots with blood if possible, or that in case of an imperfect view, power

adjustment are implemented to 5.5-7 W sufficiently prevented hot pinholes.!?
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4.7. Limitations

The number of patients included in this study was relatively small and was only reflecting
experience of a single center. The collection of long-term data is still ongoing. The MERLIN
registry is only an observational study, and it mainly focused on the acute procedural data
and safety of the LB2 for PVI. Further data assessment of multiple centers and investigation
of a higher number of procedures with a longer observation period is required to assess the
long-term efficacy and safety of PVI with the LB2. Our study also did not compare data of
catheter ablation with the LB2 with other more established technologies, such as RF or CB
PVI. Multicentric randomized controlled trials are needed to compare this technology with

other ablation modalities for PVI.13
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5. Conclusions and future prospects

The goal of the MERLIN registry was to report on the first clinical experience using the LB2
for PVI in patients with symptomatic AF. The ablation system was used by operators who
had great experience in other EP procedures using RF and cryothermal energy but have never

performed PVI with a LB before.!?

We reported on procedural and clinical data about the first, second and third 15 patients
undergoing PVI with the LB2. We have shown that he LB2 was effective for PVI even for
operators without any previous experience in VGLB ablation procedures. Procedure time,
LA dwelling time and fluoroscopy time significantly decreased along the learning curve. A
high rate of successfully isolated PVs without balloon reposition was observed by utilizing

the Arc Marks™ even in patients with LCPVs.!3

Although the increased compliance of the system may improve visibility during the
procedures, a relatively high rate of pinhole ruptures has been observed, especially in the
beginning of the learning curve. By implementing pinhole prevention strategies, the rate of
pinholes significantly decreased. Incidence of other conventional complications of PVI were
relatively low, and comparable to RF and CB PVI. All in all, further investigations of a
higher number of patients is necessary to draw final conclusions and to judge on safety and

efficacy of this new promising system.® '3

As this technology is new, long term clinical experience as well as high-volume prospective
randomized multicenter trials are still sparse. The MERLIN registry was only a single center
analysis examining a limited number of patients, and procedures were only performed by
two operators. Follow-up data of our patients to see long-term results of PVI with the LB2

is still being collected, and we aim to report on these results in the near future.'3

During our data collection for the MERLIN registry, a new generation of the LB has been
introduced in 2019. The LB3 promises even faster and more efficient procedures due to a
new RAPID™ mode (CardioFocus) feature which enables automatized continuous circular

isolation of the PVs.!81-183
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In summary, the VGLB system is a promising new catheter technology, and PVI using the
LB2 showed good acute efficacy and safety according to our results. It provides a fast
learning curve with significantly improved procedural results (procedures times and

complications) even after 15 patients.'3

The currently popular technologies for PVI are ablation with RF and the CB. The great
question regarding this new technology is, if the VGLB can compete with these modalities
in the future, and what this new method can offer in comparison. The LB2 definitely seems
to have an advantage in terms of balloon compliance, and the possibility of individualization
of energy delivery matching each vein. This is especially advantageous in AF ablation

procedures in patients with a LCPV or other anatomic PV variations.!?

The LB2 system promises easier navigation and a simpler, more reproducible technique to
learn in comparison to RF ablation procedures with a fast learning curve. Procedures with
the LB1 were more time-consuming than RF or CB procedures, but our data using the LB2
shows comparable procedure times even during the first 45 procedures without no previous

experience with VGLB systems. '3

This disadvantage has been addressed further in the new generation of LB, where
circumferential ablation can be performed by an automatic rotation of the laser beam. The
new LB3 system seems to incorporate exciting developments in comparison to the LB2,
which could enhance the popularity of the system even more. All in all, further investigation
is necessary to draw final conclusions and to judge the safety and long-term efficacy of this

promising new system.!3: 183
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