TECHNISCHE UNIVERSITAT MUNCHEN

Fakultat fur Medizin
Klinik fiir Herz- und Kreislauferkrankungen der Technischen Universitat Mlinchen

Deutsches Herzzentrum Miinchen

Clinical and Electrophysiological Predictors of Arrhythmia Recurrences after

Catheter Ablation for Atrial Fibrillation

Alessandra Buiatti
Vollstandiger Abdruck der von der
Fakultat fir Medizin
der Technischen Universitdt Minchen zur Erlangung des akademischen Grades eines
Doktors der Medizin

genehmigten Dissertation.

Vorsitzende: Prof. Dr. Gabriele Multhoff
Prufer der Dissertation:
1. apl. Prof. Dr. Isabel Deisenhofer

2. Prof. Dr. Agnes Gorlach

Die Dissertation wurde am 15.10.2020 bei der Technischen Unviversitat Miinchen

eingereicht und durch die Fakultat fir Medizin am 16.03.2021 eingenommen.



The mediocre teacher tells. The good teacher explains. The
superior teacher demonstrates. The great teacher inspires.

William Arthur Ward



Danksagung

Bei Frau Prof. Dr. Deisenhofer bedanke ich mich sehr herzlich fur die
Bereitstellung des Themas, ihre wissenschaftliche und klinische

Betreuung, sowie die kritischen und lehrreichen Anmerkungen.

Ein besonderer Dank gilt auch fiir Frau Prof. Dr. Hessling fiir die
engagierte Unterstiitzung bei der Durchfithrung des Projekts und bei

der Veroffentlichung der Ergebnisse.



Vorbemerkung

Bei der folgenden Dissertation wurde die Form der publikationsbasierten Promotion
(gemaR TUM Promotionsordnung 86) gewadhlt, basierend auf zwei akzeptierten
Erstautorenverdffentlichungen des Doktoranden. Den als Appendix beigefligten
Originalarbeiten kann man jeweils die detaillierten Ausfiihrungen zu Einleitung,
Methoden, Resultaten und Diskussion entnenhmen. Im folgenden einleitenden Textteil
werden die beiden Publikationen zusammenfassend dargestellt, wobei auf die

wichtigsten Methoden und Ergebnisse kurz eingegangen wird.
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INTRODUCTION

Epidemiology of Atrial Fibrillation

Prevalence and Incidence in the General Population

Atrial fibrillation is a global health care problem with evidence suggesting an
increasing prevalence and incidence worldwide!. This trend seems to be explained by
the increasing age in the general population?3, the increasing prevalence of obesity, a
better survival after a first cardiovascular event and a much-improved technology to
detect AF, and other arrhythmias®. The prevalence of AF depends upon population
characteristics, with differences apparent mostly due to age, sex, race and clinical
setting®. Most of available clinical data are primarily derived from studies in which an
electrocardiogram was obtained during an office visit rather than ambulatory
monitoring. The prevalence of paroxysmal AF, which is more likely to be detected
with ambulatory monitoring, is much higher®.

AF is uncommon in infants and children and when present, almost always
occurs in association with structural heart disease. Healthy young adults are also at low
risk}. The prevalence of AF increases with age’. This relationship to age was
demonstrated in the ATRIA study, a cross-sectional study of almost 1.9 million
subjects in a health maintenance organization in the United States®. The overall
prevalence of AF was 1 percent; 70 percent were at least 65 years old and 45 percent
were >75 years old. The prevalence of AF ranged from 0.1 percent among adults less
than 55 years of age to 9 percent in those >80 years of age. Similar patterns were
reported in a European population-based prospective cohort study of 6808 subjects
>55 years of age®. The prevalence of AF was 5.5 percent, ranging from 0.7 percent in
those aged 55 to 59 years and 17.8 percent for those >85 years of age. AF prevalence

and incidence in Asians and blacks are lower than in individuals with European
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ancestry, despite a higher burden of comorbidities in blacks. Possible explanations
comprise genetic, socioeconomic, and environmental determinants of health, which

have not been completely evaluated*2.

The incidence of AF, similar to the prevalence, increases with advancing age.
The risk increased with advancing age (from 0.5 per 1000 person-years before age 50
to 9.7 per 1000 person years after age 70). The lifetime risk for the development of AF
was analyzed in a report from the Framingham Heart Study’. A total of 8725 patients
were followed from 1968 to 1999 (176,166 person-years of follow-up); 936 developed
AF. The risk of developing AF from age 40 to age 95 was 26 percent for men and 23
percent for women. Lifetime risk did not change substantially with increasing index
age because AF incidence rose with age; the risk of developing AF from age 80 to age

95 was 23 percent for men and 22 percent for women.
Risk Factors for Development of Atrial Fibrillation

Among the many risk factors for development of AF, age is perhaps the most
powerful, age-related fibrosis seems to play a key role. In western societies, elevated
blood pressure and obesity are by far the most important modifiable risk factors for
developing AF°. Combining the most important modifiable risk factors explains about
50% of the population attributable risk for AF development. There is therefore much
room to further increase this number, and to obtain a better understanding on risk
factors for AF development. It will also be important to assess whether the risk for
develping AF can be attributed to phenotypic or genotypic differences. Large global
studies using standardized assessment tools are needed to gain further insights in this
area.

Most data on risk factors for new-onset AF are from the USA or other western
populationst?. It is unclear whether these associations are the same in other parts of the
world, where the prevalence of obesity is much lower and where different risk factors
for AF development may be present (e.g. Rheumatic heart disease). It is notable that

many of the risk factors that have been associated with development of AF also
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contribute to AF progression, recurrences of AF following ablation and complications
associated with AF (e.g. stroke).

Unfortunately, very few randomized trials have investigated whether weight
loss or intensive blood pressure control prevents the occurrence of new-onset AF in
the population'?*8, Posthoc data from randomized trials that did not pre-specify AF as
an endpoint should be interpreted with caution, as they have a substantial risk of
detection bias. There is therefore a clear need to include AF as pre-specified endpoint

in future cardiovascular prevention trials.

Pathophysiology and Natural History of Atrial Fibrillation

Whereas AF may occur in the absence of known structural or electrophysiological
abnormalities, epidemiological association studies are increasingly identifying
comorbid conditions, many of which have been shown to cause structural and
histopathological changes that form a wunique AF substrate or atrial

cardiomyopathy'”8,

Mechanisms of Atrial Fibrillation: Interaction of Trigger and Substrate

Induction of AF requires rapid triggering propagating reentrant waves in a vulnerable
atrial substrate. Premature atrial ectopy firing arising from myocyte sleeves within the
PVs has been shown to be the most frequent trigger for AF®, It is now known that the
PVs have unique electrical properties and a complex fiber architecture that promote
reentry and ectopic activity to initiate AF. Catheter ablation of these ectopic foci

reduced AF burden, demonstrating their role in AF genesis®®-?2,

Besides the importance of triggers for AF, the presence of a susceptible atrial
substrate is equally important in the maintenance of AF. Spectral analysis and
dominant frequency mapping revealed that the dominant frequency and the highest
dominant frequency were spatially distributed into the entire LA?3. Perpetuation of AF
Is postulated to be sustained from reentrant waves, however the mechanism of reentry

in AF is still controversial with two dominant hypothesis: reentrant rotors or multiple
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independent wavelets. Atrial substrates that promote reentry are characterized by
abnormalities of the atrial cardiomyocyte, fibrotic changes, and alterations in the
interstitial matrix®*2’. A combination of atrial fibrosis and alterations in cardiomyocyte
function result in both a slowing of conduction velocity and shortening of ERP.
Multiple animal models and human studies have revealed a close interplay of atrial
myopathy, AF, and stroke via various mechanisms (e.g., aging, inflammation,
oxidative stress, and stretch), which, in turn, lead to fibrosis, electrical and autonomic
remodeling, and a pro-thrombotic state. The complex interplay among these
mechanisms creates a vicious cycle of ever-worsening atrial myopathy and a higher
risk of more sustained AF, arrhythmia recurrences and strokes, thus leading to worse
outcome even after CA. Interestingly, although AF may lead to the initiation and/or
progression of this myopathy, the presence of AF is by no means essential to the

development or the maintenance of this myopathic state?®.

Natural History of Atrial Fibrillation and Impact on Prognosis

The common notion that AF begins with paroxysmal episodes while the
electrical derangement adds to a vicious cycle in which “AF begets AF” has been
evolving in the past 2 decades?. Studies in patients with pacemakers allowed for more
robust assessment of AF burden and have shown that progression to more persistent
AF subtypes is heterogeneous and still difficult to predict. Actually, most of available
clinical data are still controversial. The Euro Heart Survey?® followed 5,333 patients
with AF for one year and found that 80% of patients with paroxysmal AF remained
paroxysmal while 30% of patients with persistent AF progressed to permanent. One
study® showed that up to 24% of patients with paroxysmal AF progressed to persistent
AF in one year and that there was a progressive pattern of increasing arrhythmia
burden in these patients except in the days prior to the development of persistent AF
supporting the mechanism of tachy-mediated atrial remodeling. The complex natural
history of AF highlights the existing uncertainty in the mechanisms and factors that
regulate the clinical course of AF. Moreover, the natural history of AF may change
over time as the risk factors contributing to its onset shift in prevalence and severity.

Accordingly, in obese patients with AF, weight loss together with management of
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other risk factors is strongly recommended to reduce AF burden and symptoms.
Further obstructive sleep apnea treatment should be optimized to reduce AF
recurrences and improve AF treatment results?.

Nevertheless, AF is known to increase the mortality risk 1.5- to 2- fold®! and the
risk of stroke 5- fold®2. However, prognosis of AF patients has been proved to be
strongly influenced by improving of primary (e.g., better hypertension control) and
secondary (anticoagulation) prevention treatments. Oral anticoagulation for stroke
prevention is the mainstay of treatment in most patients with clinical AF®, However,
the causal role of AF in the development of stroke and other adverse outcomes has
been questioned3. Atrial myopathy is a new concept that describes patients with a
diseased left atrium but without known AF. A diseased left atrium with or without the
ability to develop or sustain arrhythmia episodes may potentially explain the lack of
temporal relationship between arrhythmia episodes and adverse outcomes®. Studies
aiming to improve outcomes by directly targeting the diseased left atrium will shed

more light on this interesting concept.
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Figure 1: Atrial Myopathy. Its Relationship between Atrial Fibrillation and Strokes (from Shen A et al. Atrial
Myopathy. J Am Coll Cardiol Basic Trans Science 2019;4:640-654)%
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Another well-known adverse outcome among patients with AF is congestive
heart failure, AF can cause tachycardia-mediated cardiomyopathy or worsening of
preexisting heart failure3®. Increasing evidence suggests that patients with AF also face
a higher risk of cognitive dysfunction and dementia®’. While this increased risk seems
in part explained by the higher stroke risk among AF patients, the risk of cognitive
dysfunction remains increased among AF patients without a history of clinical stroke,
and studies are needed to address this important issue.

Finally, assessment of AF burden over time in various population studies is
inconsistent leading to ascertainment bias and challenges in predicting the natural
history of AF subtypes. Although the substantial progress over the last decade in
understanding the significance of AF and its complications there is still a clear need
for more evidence in this area. A growing number of patients with stroke are
diagnosed with “silent” paroxysmal AF®, Therefore 2016 ESC guidelines* for
management of AF recommend to interrogate pacemakers and ICDs on a regular basis
for atrial high rate episodes. In patients with suspected AF further ECG monitoring is
required to establish the diagnosis of AF, before starting any specific treatment. There
IS good evidence that prolonged ECG monitoring enhances the detection of
undiagnosed AF, e.g., monitoring for 72 hours after a stroke, or even longer periods.
By accepted convention, an episode lasting at least 30 seconds is diagnosticl#. While
the widespread availability of user-friendly long-term ECG recording devices has
facilitated the detection of AF, it has created its own challenges. Advanced long-term
monitoring in elderly high-risk individuals and pacemaker patients revealed a high
number of individuals who have asymptomatic, ‘subclinical’ AF episodes. It is
currently unclear which threshold to use to differentiate clinical from subclinical AF
and whether the same treatment algorithms should be applied to patients with
subclinical AF. Studies assessing the benefits and risks of oral anticoagulation in these

patients are currently ongoing.
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Catheter Ablation of Atrial Fibrillation

Current guidelines recommend CA of symptomatic paroxysmal AF to improve
AF symptoms as first line therapy considering patients choice, in patients preferring
further rhythm control therapy*. Previous RCTs*# failed to demonstrate any
significant mortality benefit of a pharmacologically based rhythm control strategy
when compared with a rate control strategy. This has originally led to a widespread
belief that restoration of SR does not improve prognosis. However, in-depth analysis
of these trials demonstrated that the restoration of SR was associated with a 47% lower
risk for death compared with continuing AF. On the hand, the use of AADs to restore
SR was associated with a 49% increase in mortality rate, nullifying that substantial
benefit achieved on establishment of SR from AF*4%. Therefore, pursuing SR by
nonpharmacologic means is justified. Recently, a large RCT# was able to demonstrate
that CA lowers morbidity and mortality as compared with medical therapy (rate or
rhythm control) in patients with coexisting AF and medically managed heart failure.
Most of available clinical data have proved the superiority of CA over medical therapy

In establishing and maintaining SR in AF patients.
Indications for Catheter Ablation Therapy

The role of CA as first-line therapy, prior to a trial of a Class | or Ill
antiarrhythmic agent, is an appropriate indication in patients with symptomatic
paroxysmal or persistent episodes’. There have been three prospective RCTs*6-# that
have examined the relative efficacy and safety of first-line AF ablation vs medical
therapy. The outcomes of these three trials have recently been summarized in a meta-
analysis®®. A total of 491 young, generally healthy patients with predominantly
paroxysmal AF were randomized to AF ablation vs pharmacological therapy. CA of
AF was associated with a significantly higher freedom from AF recurrence, as

compared with drug therapy.

Even in young otherwise healthy patients with brady-tachy-syndrome CA
should be considered as first-choice therapy, often without concomitant need of

permanent pacemaker*. Otherwise, for these patients initiation of pharmacological

-15-



therapy would be inappropriate in the absence of a permanent pacemaker. Another
specific population of patients in whom first-line AF ablation is often recommended as
an initial approach are high-level competitive athletes with paroxysmal or persistent
AF. They often have a marked resting bradycardia and are often against taking a
medication®®2, Several studies have reported favorable outcomes of AF ablation in
this subgroup of patients.

Catheter ablation of AF is a safe, effective and clinical acceptable therapeutic
option in patients with AF and congestive heart failure. This applies both to patients
suspected to having a arrhythmia-induced cardiomyopathy, due to AF with a rapid
ventricular response, as well as to other populations of patients with AF and a
structural cardiomyopathy. In this patients CA is associated with all-cause mortality
benefit. Moreover, CA reduces cardiovascular hospitalizations and recurrences of
atrial arrhythmia for patients with AF and congestive heart failure. In this subgroup
younger patients and men appear to derive more benefit from CA%>%3,

Catheter ablation is not recommended for patients with asymptomatic long-
standing persistent AF and the potential benefit of restoring SR for patients without
symptoms are uncertain. Some of the variables that can be used to define patients in
whom a lower success rate or a higher complication rate can be expected include the
presence of concomitant heart disease, obesity, sleep apnea, LA size, patient age and

frailty, as well as the duration of time the patient has been in continuous AF>+%°,
Isolation of Pulmonary Veins: Techniques and Endpoints

Current expert consensus acknowledges the importance of PV targets in the
strategy of AF ablation and recommends that when PVs are targeted, complete
electrical isolation should be achieved?®°. PV isolation alone is most likely to benefit
patients with a normal heart and short episodes of paroxysmal AF®'. Initially, PV
ablation targeted observed triggers of AF inside the PVs. However, it was soon
observed that RF injury inside the veins carried the risk for PV stenosis and that the
clinical outcome was better when more PVs were isolated?. Based on such
observations, the ablation strategy changed toward achieving systematic isolation of

all four PVs by creating more proximal lesions in order to avoid lesions inside the
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PVs. The veins can be isolated one by one, or ipsilateral veins can be isolated an bloc,
two by two, by creating posterior and anterior lines joined distally. Electrical isolation
requires at least entrance block into the vein and is shown by elimination of all PV
potentials within the veins®®>°,

After initial success, up to one third of patients will have acute reconnection
during the index procedure!*. Therefore, PV isolation should be reconfirmed 20 to 30
minutes after the last energy delivery. The administration of isoproterenol, adenosine,
or both to unmask PV reconnection can be useful. Residual atrial ectopy may be
provoked by isoproterenol (up to 20 pg/minute), adenosine (6 to 24 mg), burst atrial
pacing®®. Residual atrial ectopy within the vein is common despite complete abatement
of antral electrograms and this dissociated pulmonary vein activity with exit block has
been suggested as a surrogate endpoint®’. The completion of an anatomic encircling
lesion set without assessment of the electrical effects does not reliably produce PV
isolation and is not recommended. The role of inducibility testing as a procedural

endpoint is still debated®?.

Figure 2: Circumferentially PVI. Schematic illustration of the lesion sets for segmental (A) and 2 x 2 (B) PV
isolation. The dashed line in B represents optional ablation of the carina between the superior and inferior PVs.
Note that for the 2 x 2 lesion set, the ablation line encroaches on the anterior aspect of the left veins due to the
ridge between the PV and the left atrial appendage (LAA). C and D, Left atrial computed tomography overlay on
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fluoroscopy with PV isolation 2 x 2. In C, the cutting plane allows visualization of the endocardium and the
lesions (dots) on the posterior wall. AP, anteroposterior; LAO, left anterior oblique; LIPV, left inferior
pulmonary artery; LSPV, left superior pulmonary artery; RIPV, right inferior pulmonary artery; RSPV, right
superior pulmonary artery (from Huang et al. Catheter Ablation of Cardiac Arrhythmias, Second Edition 2011 —
Philadelphia Copyright © by Saunders, an imprint of Elsevier)®

Follow-up Considerations after Catheter Ablation for Atrial Fibrillation

Outcomes and Efficacy of Catheter Ablation for Atrial Fibrillation

Acute isolation of the PVs should be achievable in 90% to 100% of cases. PV
isolation is reported to achieve durable SR without the need of AAD in 59% to 93% of
patients with paroxysmal AF®*. It still debated whether additional lesions should be
delivered after PV isolation in patients with paroxysmal AF. For most persistent AF
cases, ablation of PV targets alone appears insufficient and strategies combining PV
isolation and substrate modification are often adopted, achieving SR without AADs in
42% to 95% of patients®. In persistent AF, more than one ablation procedure is often
needed to abolish AF; therefore patients should be informed that about half of them
will require more than one procedure.

The benefits of CA are not judged solely by the absence of arrhythmia at follow-
up. Many patients with a reduction of AF burden report symptomatic improvement,
demonstrate better exercise tolerance, and have higher quality of life scores. The
subgroup of patients with heart failure represents a population in whom AF ablation is
particularly beneficial, with substantial improvement in quality of life and functional

class associated with significant increase in left ventricular function®7,

Limited information is available regarding the outcomes of AF ablation in
unusually young patients. At least two studies have reported on the outcomes of AF
ablation in unusually young patients®®%°. One of these studies defined young ablation
patients as those under the age of 45 years; the other reported on outcomes of AF
ablation for lone AF, defined as age < 65 years with no cardiac, pulmonary or
structural heart disease. The authors reported that younger patients have lower rates of
major complications compared with more typically aged AF patients. The largest study

on AF ablation in younger patients was a multicenter German registry® in which 593
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patients aged < 45 years were compared with 6550 patients aged > 45 years. In this
study the younger patients had lower rates of complication, shorter hospital stays and
lower rates of AF recurrences without AADs than older patients. Together, these
studies suggest that AF ablation might be both safer and more effective in younger
patients compared to older AF patients, although this result could be due in part to a

lower burden of cardiac and noncardiac comorbid diseases.
Arrhythmia Relapses after Ablation

Early arrhythmia recurrences after AF ablation has been defined as any recurrence
of AF > 30 seconds during the first 3 months of follow-up. Late recurrence has been
defined as any recurrence of AF > 30 seconds between 3 and 12 months after the index
procedure!*. Early recurrences of AF after CA have been reported in up to 50% of
patients within the first 3 months after ablation. Because these arrhythmias do not
definitively indicate therapy failure over the long term, this period is also referred to as
the blanking or therapy stabilisation period. Early recurrences of AF might be a
transient phenomenon and reablation is not recommended in the first months after the
index ablation’®. Nevertheless, aggressive treatment of early recurrences might prevent
electrical and structural remodeling, so that early electrical CV can be required to
improve long-term outcome.

Arrhythmia recurrences after PV isolation are mostly due to PV reconnection’?.
When a repeat procedure is performed because of AF recurrence 95% to 100% of
patients have resumption of conduction at the PV-LA junction. In contrast, among the
patients who remain free from arrhythmia, 81% have no PV reconnection. Reisolation
of PVs can lead to AF control in most cases of patients with paroxysmal AF, over

long-term follow-up.

Predictors of Success following Ablation

While numerous clinical risk factors are associated with the development of AF
(including age, hypertension, diabetes mellitus and heart failure, LA size), risk factors
associated with recurrence are less well-established but likely include clinical and

echocardiographic parameters. Factors that have been identified as predictors of a
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poorer outcome, at least in some studies, included long-term persistent AF’2, sleep
apnea and obesity’3, increased LA size™, increased age, hypertension and LA fibrosis
(detected by cardiac MRI)™.

A systematic review’® of predictors of AF recurrence after CA recently
analyzed data from 33 studies reporting different prediction models of risk score to
identify individual risk of recurrence after CA for AF. The most common model
variables were left atrial parameters, type of AF and age, and to a lesser extent sex and
eGFR. All model variables can be measured before ablation and therefore models
could be used pre-procedurally to predict the likelihood of AF recurrence. This
question may be of clinical interest, because early identification of potentially risk
factors might contribute to better patient recruitment, in order to identify which
patients are more likely to benefit from an ablation procedure for symptomatic AF.
However, given the inconsistent and sometimes poor performance of the models to
date, it is possible that incorporating other variables may improve model performance.
Further studies are mandatory to predict recurrence based on clinical,
electrophysiological, anatomical, imaging and serological characteristics. Future
research on model development and validation will likely need to consider differences
in underlying casual mechanisms to ensure that models appropriate fit to different

patient groups.

Background and Objectives of Research

The research conducted in this publication-based doctoral thesis aimed to
determine whether pre-procedural as well as intra-procedural parameters can predict
outcome and success rate of CA for AF. Catheter ablation is becoming an effective
therapeutic option for symptomatic drug refractory AF. This invasive therapeutic
approach of AF has proved to improve symptoms and quality of life by reducing
arrhythmia burden. However, recurrence of AF after CA remains a major problem and
reported success rates show a wide variation. These clinical benefits are better

sustained in patients who remain free of arrhythmia recurrences and need to be
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balanced against the discomfort and complication risk of CA. Hence, there is a
growing clinical need to identify patients at risk of developing AF recurrences after
CA.

This project focused on predictive parameters for arrhythmia recurrence and
thus for poorer outcome in two highly selected subgroup of AF patients usually
supposed to be at lower risk for recurrences and thus to gain the best clinical benefit
from an ablation procedure: namely pure paroxysmal AF and younger otherwise
healthy patients with lone AF. We derived different parameters, respectively in a pre-
procedural as well as intra-procedural setting. First, electrophysiological factors
arising during the index procedure were examined, special regard was given to
residual dissociated firing ectopy in PVs (otherwise known as DPV activity) after
completing electrical isolation at PV-LA junction. The purpose of the study was to
evaluate whether the presence of DPV activity was associated with a higher PV-LA
reconnection rate and AF recurrence during follow-up, thus requiring a further more
aggressive segmental approach, where appropriate, targeting the earliest breakthrough
on the circular mapping catheter into the PVs. Second, we identified pre-procedural
parameters predicting the risk of arrhythmia recurrences after CA in a highly selected
subgroup of younger AF patients without cardiac disease. We analyzed safety and
long-term efficacy of CA in these patients, mostly supposed to derive the best
successful rate after CA. Lone AF is a descriptor that is applied to younger patients
without clinical or echocardiographic evidence of cardiac disease. The rate of
progression to persistent AF as well as arrhythmia recurrences seem to be very low in
these patients. Nevertheless, there are very little data on efficacy and arrhythmia
recurrence rate after CA in patients with lone AF.

We aimed to optimize risk stratification strategies incorporating clinical and
electrophysiological parameters in order to improve patient selection criteria for CA
and to identify selected group of patients eventually requiring more aggressive
ablation strategies, as well. AF ablation is a maturing field and prediction models of
clinical outcome are still poorly defined in available clinical studies. Over the past 10-
12 years, a large number of RCTs have been completed addressing various aspects of

AF ablation. However, the lack of standard terminology and definitions for end-point
-21-



recommendations, follow-up procedures and outcome reporting led to less rigorous

and consistent data.
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2. METHODS

Study Sample

We analyzed the center’s ablation database for patients undergoing a first CA
for symptomatic drug refractory paroxysmal AF between May 2011 and September
2012 (n=243 consecutive patients; publication 1) and for lone AF between May 2011
and December 2013 (n=76 consecutive patients; publication I1). Exclusion criteria for
the study included previous/current treatment with amiodarone, any previous LA
ablation procedure, cardiac surgery, additional atypical atrial flutter and/or atrial
tachycardia. In all patients a detailed medical history was taken by an experienced
physician. All patients received a through physical exam, resting ECG and routine
blood testing. Routine 2D echocardiography was performed using both parasternal and
apical views. LA diameter was defined as the distance of the perpendicular line
measured from the posterior LA wall to the anterior LA wall from M-mode of a
parasternal short axis image at the level of the aortic valve. LA area was measured at
apical four-chamber view by manual tracing of LA endocardial border. The presence
of left ventricular hypertrophy or diastolic disfunction was defined as structural heart
disease and excluded the diagnosis of lone AF (publication Il). Patients with isolated
left atrial enlargement were not considered as having structural heart disease and were

thus enrolled in the study (publication I1).

Procedural Work-up and Ablation Procedure (for both Publications)

All AADs except beta-blockers were discontinued for at least 4 weeks prior to
the ablation procedure. All patients gave written informed consent to all imaging and
invasive procedures. Patients had to be on OAC for at least 4 weeks prior to ablation
and were kept under OAC during the procedure (continuous novel OAC or vitamin-K
antagonist with intraprocedural INR levels of 2.0-2.8). At our institution, ablation is
usually performed circumferentially, with an irrigated tip ablation catheter (Therapy
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Cool PathTM, St. Jude Medical, St. Paul, MN, USA or Celsius ThermocoolTM,
BiosenseWebster, Diamond Bar, CA, USA) by applying a maximum power of 25—
30Wwith a flowrate of 30 mL/min. The ablation procedure consisted of encircling the
ipsilateral PVs by a continuous circular lesion (0.5-1 cm antral to the ostium) with a
circular mapping catheter in place. The electrical isolation of each vein was
sequentially checked by leaving the circular catheter in each vein for a few minutes. If
venoatrial electrical connections persisted, we performed further selective lesions
inside the encircling lesion and between the veins guided by the activation sequence
on the circular PV catheter, thus performing a combined approach of circumferential
and segmental PVI. The electrophysiologic endpoint of ostial disconnection was an
LA-PV conduction block consisting of entrance block with total elimination of the

ostial PV potentials (during sinus rhythm and coronary sinus pacing).

Assessment of DPV Activity After PVI (Publication I)

After electrical isolation of all PVs, each PV was assessed for electrical
disconnection and the presence of DPV activity. DPV activity was defined as slow
intermittent potentials without a regular rhythm (as these may represent very slow
conduction into the vein) and without any propagation into the LA (see Fig. 1,
publication 1). To define a slow activity, we put a cutoff for the CL of 1,000
milliseconds, according to our own clinical experience and to previous data’’.
According to our definition, a regular ectopic rhythm with a relative fast activity (CL
<1,000 milliseconds) into the vein, even if dissociated, was no DPV activity. In case of
these regular vein potentials, recorded on the circular catheter while performing the
ablation procedure, additional radiofrequency energy was applied at the site of earliest
activation. We defined as DPV activity only an irregular and slow automatic rhythm
from the isolated vein recorded after waiting for a few minutes after placing the
mapping catheter. We excluded single isolated ectopic beats eventually recorded while
placing the mapping catheter into the wvein, since these might be provoked

mechanically by the catheter within the PV. The duration of monitoring DPV activity
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during the procedure was at least 5 minutes, but only in few patients more than 20
minutes. The monitoring duration between superior and inferior PVs was similar. We
did not routinely undertake any provocative maneuvers to check for DPV activity (i.e.,
isoproterenol administration). Intravenous adenosine to check for dormant LA-PV
conduction was administered in a small subgroup of patients at the discretion of the
operator. If spontaneous repetitive ectopy (bursts) or AF paroxysms were observed
during the procedure, the initiating focus was localized by combining conventional
mapping (CS activation pattern) and sequential mapping of the PVs with the circular
catheter. Simple ectopic vein potentials like doubles or triplets were not considered as
a triggering activity. A PV was defined as a “triggering vein” if the earliest local
activation recorded from the circular catheter preceded the onset of the surface P wave
and any other atrial intracardiac electrogram. Patients were classified into 2 groups.
Group 1 consisted of patients in whom DPV activity with slow rhythm (>1,000
milliseconds) was demonstrated during sequential PV assessments with the circular
mapping catheter placed at the PV-LA ostium after PVI. Group 2 consisted of patients
without DPV activity after ablation.

Follow-up and Study Endpoints (for both Publications)

No AADs (except beta-blockers) were used during follow-up. Early recurrences
were defined as clinical AF recurrence within a blanking period of 3 months. All
patients with an early recurrence of sustained arrhythmia underwent electrical CV.
After 3, 6, and 12 months, all patients had a follow-up visit including repetitive 7-day
Holter ECG in our dedicated follow-up clinic. Patients who had symptoms without
documented AF recurrence were provided a portable event recorder to identify the
cause of their symptoms. Primary endpoint was defined as freedom from any atrial
tachycardia (>30 seconds) after the first ablation procedure (blanking period of 3
months). Secondary endpoint was defined as freedom from any atrial tachycardia (>30

seconds) after the last ablation procedure (blanking period of 3 months).
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Statistical Analysis

Data management and analyses were performed using SPSS version 19.0
(publication 1) and 23.0 (publication 1) (IBM Inc., Armonk, NY, USA). Data are
presented as mean = SD for continuous variables and proportions for categorical

variables.
Publication |

Differences in mean values between patients grouped according to the presence
of DPV activity after PVI were compared using unpaired t-tests; comparison of
proportions between groups was performed using y2 tests. A probability P value of
<0.05 was considered statistically significant. A log-rank test was performed to
compare distributions of event times between groups. Univariate Cox analysis was
performed using clinical arrhythmia recurrence during long-term follow-up as
dependent variable to investigate any correlation with clinical and procedural variables
at baseline. Since none among the considered variables showed a significant relation
with long-term outcome we did not perform any multivariate regression model

analysis.
Publication 11

Differences in mean values between patients grouped according to the presence
of AF recurrence after ablation were compared using unpaired t-tests; comparison of
proportions between groups was performed using x2 tests. A two-sided P < 0.05 was
considered statistically significant. A log-rank test was performed to compare
distributions of event times between groups. Univariate regression analysis was
performed to investigate the relation of clinical AF recurrence (dependent variable)
with clinical variables at baseline. Significantly associated traits were then considered

in a multivariable regression model.
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3. RESULTS

Publication |

Ostial disconnection with disappearance of venous potentials by circumferential
PVI1 was achieved in all 243 patients for 932 PVs. After PVI, 65 of 243 patients had at
least 1 PV presenting with DPV activity (27%; Group 1). No DPV activity was present
in 178 of 243 patients (73%; Group 2). A total of 112 of 932 (12%) isolated PVs
showed DPV activity. There were no significant differences in baseline clinical
characteristics between the 2 groups, except for age (Table 1 of publication I). There
was no significant difference either in the anatomy of PVs or in LA dimension
between the 2 groups. Regarding the arrhythmogenic potential of the PV, both superior
PVs were more likely to present AF trigger activity during ablation, as well as DPV
activity after electrical isolation: DPV activity was mostly documented in the LSPV
(36%) and the RSPV (29%) followed by the LIPV (18%). DPV activity was observed
bilaterally in 22 of 65 patients (34%). Among PVs with DPV activity we observed a
significantly higher rate of triggering activity during ablation than among those
without DPV activity (44/112, 39% vs. 13/820, 2%;p= 0.026). Thus, the triggering
veins are more likely to have ongoing dissociated ectopy after isolation, however,
without carrying out a higher risk of AF recurrence at follow-up (Table 2 of
publication I). During a mean follow-up of 12 + 7 months, sinus rhythm was observed
in 50 of 65 patients (77%) in Group 1 versus 121 of 178 patients (68%) in Group 2 (P
= 0.23). Also after exclusion of those patients (n=4) with arrhythmia recurrence during
the blanking period, survival free from clinical relapses off AADswas comparable
between 2 groups (69% vs. 78% in Group 1 vs. Group 2, respectively; PLog Rank =
0.17). Among 72 patients undergoing a repeat ablation (Group 1 n = 15, Group 2, n =
57), the majority (60/72 patients, 83%) presented with a recurrence of paroxysmal AF,
whereas a progression to persistent AF (6/72; 8%) or atypical left atrial flutter (6/72;
8%) was less frequent. In Group 1, 13 of 15 (87%) redo patients had paroxysmal AF

related to a recovered PV conduction. Among them, in only 5 patients the PV-LA
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reconnection involved the same PVs showing ongoing DPV activity after first ablation
(in 3 patients both superior PVs, in 1 patient all 4 PVs, in 1 patient the RSPV). In the
remaining 8 patients, the PV-LA reconnection was observed in other PVs than those
with DPV activity after first PVI. The remaining 2 patients did not present any
recovered LA-PV conduction and developed clinically persistent AF (n = 1) and
atypical atrial flutter (n = 1). In Group 2, paroxysmal AF probably due to reconnected
PV was present in 47 of 57 (82%) patients. In 5 of 57 patients AF was associated to a
triggering extra PV focus, without any PV reconnection. The remaining 5 patients (all
with PV reconnection) clinically suffered from persistent AF or atypical atrial flutter.
At univariate Cox analysis (Table 2 of publication 1) none of the clinical and
procedural variables considered at baseline was significantly related to a higher risk of
clinical recurrences during long-term follow-up. All redo patients (N = 15; 100%) in
Group 1 and 50 of 57 patients (88%) in Group 2 were free from AF after the repeat
procedure (P = 0.26) at a mean follow-up of 16 + 5 months after first PVI.

More detailed information about incidence and electrophysiological

characteristics of DPV activity are provided in the paragraph Results of publication I.

Publication 11

All 62 patients with paroxysmal lone AF underwent a circumferential PVI. All
14 patients with persistent lone AF were in AF at the beginning of the procedure and
underwent a stepwise approach, with further substrate ablation. No difference was
observed between patients with paroxysmal or persistent AF with regard to the
baseline characteristics, except for depressive disorders. Patients with persistent AF
suffered more often from depressive disorders (0/62 patients with paroxysmal AF
versus 2/14 patients with persistent AF, P = 0.04). Procedure time (147 + 68 versus 89
+ 27 minutes; p < 0.01) and radiofrequency (RF) time (6521 versus 42+27 minutes;
p<0.01) were significantly longer in patients with persistent lone AF compared to
those with paroxysmal AF. One patient had sinus node dysfunction unmasked after the
ablation which required pacemaker implantation. No death, stroke, or transient
ischemic attack occurred. After a single ablation procedure, 56 patients (78%) were

free from arrhythmia relapses after a mean follow-up time of 458 + 344 days. Of the
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20 patients with arrhythmia relapses all but 2 patients suffered originally from
paroxysmal AF and experienced paroxysmal AF recurrence; the other 2 patients
suffered originally from persistent AF and presented with persistent AF again after the
first ablation. Among them, 15 patients (75% of redo patients) experienced early AF
recurrences (<12 months after ablation) and 5 patients (25%) experienced late AF
recurrences (> 12 months after ablation). Of note, patients with persistent AF were not
more likely to suffer from relapses than those with paroxysmal AF (p = 0.721).
Although in the univariate analysis an increased LA size was correlated with AF
recurrences (Table 2 of publication II), in the multivariate analysis LA enlargement
was not independently related to an increased risk of AF recurrences. Patients with AF
recurrences were more likely to smoke (p = 0.001) and to have AV block I (p = 0.001),
and suffered more frequently from early recurrences in the blanking period (p =
0.001), compared to those free from arrhythmia recurrence (Table 2 of publication I1).
All 20 patients with AF relapses underwent re-ablation (after a mean time of 235 days
since first ablation), Figure 1 of publication Il. During redo procedure, 16 patients
(16/20, 80%) displayed electrical PV reconnection and a redo PVI was performed. In
the remaining four patients without PV reconnection, extra-PV foci were detected and
ablated in LA roof, mitral annulus, at the ostium of coronary sinus and in the superior
vena cava, respectively. during a mean follow-up of 459+366 days after the last
ablation (with a mean of 1.3 ablation per patient), n = 73 (96%) remained free of
recurrences without antiarrhythmic drugs.

More detailed information regarding procedural data, primary and secondary

outcomes of the study are further discussed in the paragraph Results of publication II.
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4. DISCUSSION

Intraprocedural Predictors of Atrial Fibrillation Recurrence after Ablation
(Publication 1)

PV isolation is an essential first step in all the catheter ablation strategies for AF.
Electrical isolation with PV-LA disconnection is a required end point, but the need of
further ablation beyond antral electrogram abatement with further and points such as
inducibility testing is not yet clear. Interestingly, after electrical isolation, up to 58%
of PVs display slow, dissociated activity, and some sustain ongoing tachycardia
dissociated from the left atrium in SR, emphasizing the arrhythmogenic potential of
these structures. Accordingly, in our study PVs presenting AF trigger activity during
ablation, were more likely to present DPV activity after electrical isolation. We
observed a significantly higher incidence of DPV activity after isolation of triggering
PVs compared to those in which an AF trigger was not identified. Although DPV
activity can reflect a pronounced arrhythmogenic ectopic activity of the PV triggering
AF a residual slow PV rhythm dissociated from LA activity is no predictor for clinical
recurrence of AF during long-term follow-up. These findings are consistent with those
of Doi et al’”’. A higher PV sleeve load in the triggering PVs compared to the overall
mean PV sleeve load was observed by De Greef et al.”®, probably accounting for an
increased expression of DPV activity despite PVI. Sleeves of myocardium extending
from the LA into the PVs constitute the arrhythmogenic substrate for these structures.
Myocardial sleeves of variable lengths, extending 2 to 25 mm distally into the vein
from the ostium, are more developed in the upper than the lower PVs and are thickest
at the LA-PV junction, tapering distally in a nonuniform manner. Currently, most
leading centers perform circumferential antral ablation. However, the exact anatomic
boundaries of the PV antrum are not absolutely defined but may be considered to be
the area proximal to the venous ostium where PV potentials can still be recorded. It is
this antral area, usually 5 to 10 mm around the perimeter of the PV 0s, that is the target

for PV isolation. Nevertheless, due to the lack of evidence for prognostic significance
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for ablation success, further ablation of such arrhythmogenic sleeves behind LA-PV

junction into the veins is not recommended.

Recovered PV-LA conduction is the dominant finding at the repeat ablation and
PVs with and without DPV activity were equally frequently reconnected. Our findings
are in line with previous studies. Kim et al.”®, after randomly assigning patients
following antral vein isolation to ablation of residual PV potentials, did not
demonstrate an improvement in clinical outcome with adjunctive ablation. In contrast,
Doi et al.”” recently underlined the efficacy of additional RF ablation of DPV activity
after PVI in order to prevent AF recurrence. Differences in the definition of DPV
activity are probably the main reason for these conflicting results. We defined DPV
activity only as low frequency, irregular potentials originating in the PVs. If rapid
incessant electrical activity or low frequency potentials with constant and regular
rhythm were still observed after PV, we generally performed more extensive ablation
at the PV-LA junction considering that the most probable mechanism was incomplete
PVI with slow residual conduction. In contrast, we interpreted a very low frequency
(<1 beat/s) electrical activity without a regular rhythm as focal firing within a

completely isolated PV.

Clinical Predictors of Arrhythmia Recurrence after Catheter Ablation: Risk

Stratification in a Pre-procedural Setting (Publication I1)

The predictors of arrhythmia recurrence most commonly identified include type
of AF as well as comorbid conditions, including hypertension, age, LA size, diabetes,
valvular heart disease and left ventricular dysfunction, higher thromboembolic risk
score. The optimal strategy for selecting patients with symptomatic AF for CA has yet
to be established. This study attempted to assess the ability of common clinical
variables to predict response to CA. Smoking, first-degree AV block, and early AF
recurrence are associated with a higher risk of recurrence during long-term follow-up.
The predictors of recurrence identified in this study must be balanced with the low
morbidity and mortality associated with this high selected group of patients. Contrary

to prior understanding, early recurrences of AF during the first 3 months following
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ablation have been found to predict late recurrences of AF in this study. This findings
are in line with previous studies. Khaykin et al® identified early recurrences as the
only independent predictor of late recurrences in multivariate analysis. However, it is
difficult to compare their findings to our own since the authors considered a mixed
study population with paroxysmal as well as persistent AF. Apart from the differences
in the ablation approach, there is still many concerns about the early use of
antiarrhythmic therapy following ablation, a recommendation disputed by recent
evidence. We were able to demonstrate that CA in young healthy lone AF patients is
highly effective and safe, unexpectedly the outcomes are maintained at long-term
follow-up, irrespective of AF type, preoperative history or LA enlargement. Therefore,
it is reasonable to support the role of CA as first choice therapy for AF especially in
such highly selected groups of patients. Our data are in line with previous studies*6-48
reporting on the efficacy and safety of radiofrequency ablation as first-line therapy for
paroxysmal AF, compared with antiarrhythmic drugs. Reported success rate for AF
ablation procedure had traditionally showed a wide variation, depending on type of
AF, patients’ characteristics, length of follow-up. However, our success rates after AF
ablation in otherwise healthy patients are slightly better than long-term outcomes
previously reported in literature®!, likely due to the very low cardiovascular risk
profile.

Taken as role, these findings provide evidence to support the hypothesis that AF
and its possible therapeutic approaches should be considered on the basis of the overall
clinical context and patients’ characteristics, and not only of isolated arrhythmia
features. On the one hand, it is still unclear whether lone AF in apparently healthy
patients should be considered as an epiphenomenon of a still latent pathology; on the
other hand, one can argue that AF strictly relates only to atrial remodeling, but could
be an early marker of a systemic cardiovascular comorbidity. In such a case, one can
argue that an early ablation procedure could remove in advance the additional risk,

imposed by AF, of a possible future cardiovascular disease.
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5. Summary

Publication |

Dissociated Pulmonary Vein Activity After Pulmonary Vein Isolation for

Paroxysmal Atrial Fibrillation: A Predictor for Recurrence?
Abstract

Background: The role of dissociated pulmonary vein (DPV) activity after pulmonary
vein isolation (PVI) is still poorly defined. We evaluated electrophysiological features
and clinical impact on long-term outcome of DPV activity.

Methods: A total of 243 patients (mean age 63 + 11 years; 63% males) undergoing
PVI for paroxysmal atrial fibrillation (AF) were included. DPV activity was defined as
a residual low frequency irregular PV rhythm. Patients were divided into Group 1
(presence of DPV activity; n = 65) or Group 2 (absence of DPV activity; n = 178).
Results: Of 936 isolated PVs, 112 PVs (12%) showed DPV activity. DPV activity was
observed more frequently in PVs identified as AF triggers (P = 0.026). During follow-
up (mean 12 + 7 months), 15 of 65 patients of Group 1 (23%) and 57 of 178 patients of
Group 2 (32%) had an arrhythmia recurrence (P = 0.23). At linear regression analysis,
no independent predictor for clinical recurrence was identified. During the repeat
ablation, 62 of 72 patients (86%) showed a recovered PV conduction without
difference between the 2 groups. Clinically, all patients of Group 1 with PV
reconnection (n = 13/15) had a recurrence of paroxysmal AF. In Group 2, 5 of 52
patients with reconnected PV developed non-PV related arrhythmias.

Conclusion: DPV activity occurred in 12% of PVs after PVI and was observed more
frequently in PVs identified as AF triggers. DPV activity was not predictive for AF
recurrence during follow-up. PV-left atrium reconnection involving PVs with DPV

activity leads to AF.
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Publication 11

Catheter Ablation for “Lone” Atrial Fibrillation: Efficacy and Predictors of

Recurrence
Abstract

Background: Atrial fibrillation in otherwise healthy young patients has been termed
“lone” atrial fibrillation (AF). The best treatment choice is still under discussion. The
aim of this study was to report on efficacy and safety of catheter ablation.

Methods: Among 855 patients referred to our center between 2011 and 2013, 76 (9%)
met the diagnostic criteria for lone AF (mean age 45+8 years;mean LA diameter 374
mm; paroxysmal AF 82%; persistent AF 18%). The primary endpoint was freedom
from any atrial tachycardia after the first ablation; the secondary endpoint was freedom
from any atrial tachycardia after the last ablation procedure without antiarrhythmic
drugs.

Results: The primary endpoint occurred in 56 patients (74%) after a mean follow-up
time of 444 £ 344 days. The secondary endpoint occurred in 73 patients (96%) after a
mean of 1.3 ablations/patient during a follow-up time of 459 + 366 days. The risk of
AF recurrence was not influenced by AF duration or by the type of AF (paroxysmal
versus persistent). In a multivariate regression analysis smoking (P = 0.001), first
degree atrioventricular block (P = 0.001), and early (< 3 months) AF recurrence (P =
0.001) were independently associated with a higher risk of AF recurrence. Major peri-
procedural adverse events did not occur. Conclusions: Catheter ablation in young
healthy patients is highly effective and safe. The outcomes are maintained during long-
term follow-up irrespective of preoperative AF duration. Patients with AF recurrence

were more likely to smoke, have first degree AV block and early AF recurrence.
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of the coauthors, the first author: performed the statistical data analysis and wrote the

manuscript. All authors discussed the results and contributed to the final manuscript.
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Dissociated Pulmonary Vein Activity After Pulmonary Vein
Isolation for Paroxysmal Atrial Fibrillation: A Predictor for
Recurrence?
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rule of dissscinbed pulmonary vein(IPY} activity alter pulmonary vein sslation (Y1 is still posrly defined.
We evaluated elect dodegical features and clinical imipact «n | outcome of DPY activily.

Methods: A tstal of 743 paitents (mean age 63 £ 11 years; 635% i undergoing F¥1 for paroxysmal
miriad fibrillatien (AF) were inclsded. DIPY activity was defined a5 5 residual lew Frequency irmegular PY
rﬂmhhlﬂrllhmdﬁﬂiuuﬂmqltpmim’ﬂhiﬁu—EFrnr{'.'ml.l.p]i: ol IFY
mCliviy: O -

Resuirs: (F 93¢ iselated PVs, 112 P¥s (120 showed DPYV activite DPY activity was ohserved mere
frequentdy in PVs identified a5 AF iriggers (P = 8026} During follow-op (mean 12 £ 7 months), 15 of
5 patients of (; 1 {23% ) and 57 of |78 patients of G 1 32%) had an arrhythmia recurrence
{P—mLMﬁwminiuwpmufudiuﬂmmwﬁi
[hering the repesd ablatien, &2 of T2 patiests (86 % b showed o recovered PV conduction withoul difference
hetween the 2 .ﬂii:lﬂg,.lﬂduliruu of Grewp | with PY reconnectisn (n = 1315} had a recorrence
ﬂmlnlm{:mu.pl of 3! padients with recemanected PV developed nen- PV related arrhothmiss.

Conclosion: DPFY activity sccurred in 12% of PVs after FY] and wes ohserved mere frequenily in PYs
identified as AF triggers. DIFY activity was net predictive for AF recurrence during follevw-up, PY Jeft
mirium reconnectisn involving F%s with DIPY actvity leads to AF. (5 Casdivase Eleciopfvniod, Wl pp. 1271

I reduction

lecincal pulmosary vein isolation (PVT) has evolwed as
e cormersicee of airml fibrillation (AF) sblation'” It is
commonly scoepied thal sbout MG of the inggenng foci
migiating AF pamaysms arz koceied inside or al e ostium
of pulmonary veirs (P¥LY The sacoes rabes of
Y1 vary between S0% und B2%. " However, recoversd PY
conducin is reporied i up g 30055 of patients suffering
from AF recurrence ofier YL

is50C] wein (I activity afier ssocess-
ful F¥1 is somefimes imside the PV and seems
o prove the acdsevement of elecincel dsconnedtion: fom
e lefi airium (LALSY PV acivey might sbo be i
terpreied s evidence for e arhythmopenc mture of FY
myccandivm. Becenl sdies suggest that PY's with active
migpers are mone Blely 1o have exdensive cmemferential

M desclous.
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muscular FY.1A connections and we mare likely © be os-
socizied with early AF mourmence.

The purpese of this study was i evalmie the incidence of
DF activity afier PV and 1o evalusie whether the
al Y actnvity is assncmied with o higher PY-1
nectiom rale and AF mowrrence durisg, folloep.

FBon-

Methads

Smdy Fopulation

We anabyred the cenier’s ablaSon dotahase for petienis
urderpaing & fimt circomferentsnl PY] for paroaysmal AF
hetween May 2000 and 2012, Creeall, 243
oonseosinve patients (mean spe 63 4 1] 2 6359 males)
wnixlndnlﬁ.mmﬂw_.huna! u’:iri:ﬁzchﬁhuphgs-
wkgical characierssos ae= showmn in Table 1.

aysmal AF wis defined socording to the Hear

Hhyttm  Societyliumpean  Heart Rhythm  Associationd
Furopean Cardiac Arrivythmia Socety 2007 conseosns staie-
ment on catbeter and surpicel ablaison of AF 12

Excluson orilen s for the study included persisient A, ad-
hitinnal srypical siril futter andlor focal wiral wchycasdia,

i rrend Ireatment with amiodarone wed Vi
o el st st proc o R
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LA dheerw ey, rarz (erean = 5100 3EL 43+ L T |
LA e, e irmemen 4 5N rfy | rifF | Bid [0
i oo F5 B S e ik
L 4] o FE (49 034
Sinactn ral beart: disesce (6 3. = (1] 075
Fror T Seroke (7R E2 = A5 025
CHLADS YRS O (S Y T ML [.43
(LA YAS: 1 (% HAL I e [L2E.
LA WLS: 2 (0 i W g [.48
Mo, ol o beked MY mz 153 (115 -
Mozl PV assicory (5] L na ™ 033
Man BF frmc, mrics doces £ 50 #1T7 o213 E14 AL
Elecirizl cardirversion requind siier FV] (5 % Fe I ir)

AF = wirinl Fbwil batice; BM = body oo isdie, 14 = kefi sirmer: I = puise oy veis; RF = mefie Soguency; TIA = oot ocheric st

AF-Abigion Mrocedore

Patienes had to be on ol lation
-1-'mu:hhd':lt|h|.-'cl=n:lﬂh:|:l-::h'uﬂﬂ.l:n—
agulation dunng the poomdore A0 antisrrhyithmic dmgs
(A A were dsoonimeed for ol leasd 4 weeks befone the
ghiation prooedere, evoept. A.blockers. PY] wm performed
ns::lﬂu'l'l:lnd:rl.l:l’."'l'}::hl._:- oot of
ENCine the

meclions pemsidod, we
mside the encircling lesion and hetween the weins guided
by Lbe activation szquence on the circular F'Y catheter, thus
performing a combined spproach of oreomfeentizl and

EQT-'.::.-I FYL
ic endpoint of ostisl dsoomnection
was an LA-PY conduction block comsisting af entrance block
with toial ehmimtion ul"ﬂ'h.l-:utu]l’"i'rl.ﬂ.ﬂ]
chythim and coronary sinns pacing). 1 mlm
was achieved with anemi ip ahlaSaon catheier
Cood Path™, 5t Jude Madical, 5 Paul, MN, US Ao Cel=us
Thermacool ™™, Binsense Wehsier, Diamond Har, CA. USA)
E ying & maximum pereeer of 254 W witha Sow iz of
min

Nomajor complications nocumed during the ablation pro.

cethure and during follow-up in sy palienl

Amvessment of IPY Activity A fier PVI

Aferplecinical isalation of all PVs, ssch PY ws assrssed
fior electrical disconnecBos and the presesce of DIPY aci-
iy, W otivity wis defined o slow nermatient polsntials
without a regular rhyim (s these may represent very show
oonducison inin the vein) and wathoet any propegation inion
e LA (Fag. L!I.Tn-ltﬁ::nﬂ:-.vrl'win we pul & outoff for
e cyclz kength ICL !Id"l,ﬂ]]lﬂmnﬂds,nn:ﬂﬁqh:-_
owE expevience and i previos dais. " Acoording o
ourdefinitsom, o regolar eciopsc chythm within ative fasi oc-

un‘tyl:n':lelugm <=1 0000 millmeonnds) inin the wein, men

il diz=ncmied | was no DY activity. In case of these regulor
mj:u:lu:l.l.ds reonrded on the circular catheter while per-
formang: e ahlotion pddigomal mdia 1
(RF} energy was ed al dhe sile of mdiss sdnabon
We defined e MM acivity onby an imegnlar oed show ao-

tomatic chytem from the isalated vein eoonded afier waiting
for o few misuies afier ke mapping calbeter. We
excluded single Eolaled beats eveniually moonded
while placing the mapping imtoy the weim, since fese

:rn.hbe mechamically by the catheter within the
The on ol manitoring [ activity dering e pro-
Mmmlhﬂimhudy-hmm
than 20 mimates. 'I'hn:|:|:|v|:-v|:l1.|:||£IIE between superion
and iferior PY's wis samalar did moi routinely under-
take any provocative mansuvers o check for IPY scivity
l:u_,mpml.ﬂrmlnh-.-m] Intravenoes adeacsine Lo
check for dormant LA-PY conduction was adminisiered in 2
small subgroup of patients oi the disoreSon of e opemior.
Hq:mmrq:uhhﬁamﬁfb-slﬂwﬂ'pmm

In:i:n:lhg'mblnngm mapping ACEVE-
Eian and soquentisl mapping of the s with the

wrcntheier Simple esciopec vein polentials like doobles
or iriples were mol comadered a5 2 in
P was defined o5 g *im ng vemn® Ii“!tl'll!;lll}l:\mj

sctivation moorded from the druler catheler preceded the
onsel af the surface P wave and any other atral intracardiac
elecimgram.

Pagents were classified inio 2 grougps. 1 consisisd

(imup
E:I.lc.:mrl'mﬂP"i’nrhﬂ mislm.rhﬂl‘mﬂ:—'lﬂil:l
-mﬂmﬂﬂiﬂhgmﬂﬁu
mﬂwmw ng catheter ploced af the
M. oeium aifier PV Giroup 2 consisied of patienis with-

nlII'F"'i'm[u:l'u-_rd:-h:hnn

Fofiow-Lp and Study Endpoints

Mﬂlﬁ,mﬂlimﬂndﬂ;ﬂmhﬂinﬂhﬂq

visil, imcluding repetitive T-day Holler BOG i owr cutpatient
clinic. Fafients whi had sympioms witboul documenied AF
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Fimere | Saface FOG (fradr [ 8 0V, and' VI and ivvracerdier recosdiepr e e rbier casheies (PV 07 J00T0 oeed the OF cotfeter placed o she
ipht pgprrinr pulecsary v aned oS covomary sor respacinedy. Powd A Berided ddow spaler wrin potrsiielr dering onpaing ablaees. Pl B
Do wrin acinety a frs moaier giee ol sleciees obyioe. OF soir, She acfiration mgaescr on S sivcslar FY cxthnier bevseen 1 pesdr

naiar aschengd

FECIETENCE Wene Biven un &venl rocorder io identify the cuume
of ther Primary unil was defined as freedom
from AF (> 30 seconds ) aff afiera hlanking perind of
& weeks.

Satintival Amnlysiv

%S vemsion 1.00(1HM Inc, Armonk, NY, USAD Dais are
preseated e mean 4 51 for continuoes varmhles and
portions for caleg orcal varables. Differences mimean
Eetween patienss grouped scoonting o e presence: of DIFY
parizon of aoie: et ween was performed using
7” iesis, & ity I vatue of <0005 was considersd sta-
e=tically sipnaficant. & log-rank 1 was performed Lo com-
s butions of event times hetween Unirvariate
E:m.i}'n':'ﬂs[uhm:lmiug:ﬁ:i amhyihmaa recur.
rence during long-term follow-up as dependent varmble 1o
: . I mmﬁ I .
ghizs al . Zince none amaong the considered vorinbles
shooed o significant relation with long-ism outbomsme we did

Resulis
Tacidesce of IV Activity Ajfier FYT
Oistinl dsconnection with of wennus poles-
s by circumieresgal FY] was schaeved in all 243
fior 922 P's. Whale performing PY1, 116 of 243 (48%) pa-
Gents stowed sn ongoing i s dmsociated wctivity
imean UL of B14 4+ 108 milliseconds) and sblation was
canamed al the il whers the lnied sledrical connections
bmd been ssoceecfully sliminaied. In 05 of 243 (3045 pa-
Benis, 3 il slow wein acnaty (mean CLoof 1211 £ 165
milliszronds) persisted with o constant fhvtbm poteatially
g 3 sloey oomduction ingo the vein. We per-
m lhﬂ:ured'ﬂnsﬁndimﬁn
e vein and obizined complets abodsfment of thoss poles-
mals i 30 of 15 (3% patients; in 65 of 95 polienss (680}
fer wis o change o o slow smegpular deocmied sctivity
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(DIPY actnvaty). Afler PVE, 65 of 243 patients had al least 1
MV preseniing with DPY acivaty (7% Group 1. Mo DPY
acinvify was preseni in 178 of 243 patiengs (73%:; Group 21,

& ioiad of 112 of 932 (129%) isolied PYs showed DPYV
actnvaty. There were no significamt differences in basoline
clinical characiensses befween the 2 fow
TR [ e ——— 2
amatomy of P¥s or in LA ion hefween the I groups.
A kel common PY (LCY) was identified in 9 of 65 ond 35
af 178 patients {14% and 19%, for Group 1 and Group 2,
respeectivedy; P = 0UTER

Characieristics of DPV Activity

O0f 132 isplated PY's, BX) (ER5E) showed no DPY ac-
tivity whereas 112 F¥s (1286 demonsiraied DPY sctivity,

sccouniing for 1.7 PYs with DIFYpatsent in CGiroup 1.
Rzguedin Hu:-'rhtl'mm ic polzntinl of &e FY, boll
.q:l:n-:rF‘-'f'urm':I' v 1o present AL g per activ-
@Wunﬂ]mﬁnﬁﬁt}:ﬁdﬂﬂ
isolation: ectivily wis mosily doosmented in the lefi so-
jpericr FY (LSFY) (36%) and the right supenar FY (ESPY)
(208 followed by the left inferior PY (LIPY) (185%:). DY
actvity was chearved bilaienlly in 22 of 65 patients (3445,
Amnng PYs with DY sotivil HM!T&IH- i
ﬁ;h:l'rﬂ.l:nl'ligguingnﬂh‘i:l.‘_i‘r:h:ﬁ.q_lh-lliuu I:I!.I:I:I-I:I;;
thome withoul Y acinaty (440112, 30% v 15BN, 26
P-ﬂmm&r@gﬁunmﬁﬂyhm
angning dExocialed eciopy Eolation, Bowever, withoul
g oul @ higher risk of AF mounesce ol folkne-ap
{rﬂilﬁﬁﬂumﬁﬁ?mmmﬂpﬁn
Among them, 14 patiesis presenied repelitive borsts, whils
the remaining | i showed parmaysms of AF An
AF migper was i y ohserved in the superior PVs
{L5FY in @ patients and RSPV in§ patients), less frequently
in the RIPY asd in LIPV {irigperin 1 and in 3 paents, mspec-
tivelyl, wheress the LCW was identified w the AF irggenng
P'lu"-llpdi.ecls.
In ol patients in whom 2 migpenng PY was observed,
PV resulied iswvaribly i the eliminston of stopy andior
AF pome ymmes
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Climicad fhuiroee aad Procesbore Chomoteristics af
Repeal Ablation

2 mean folkre d"lE:I:?-:u:lh:_l:
“D"-“-Eml-ﬂd : i mi]]'ﬁ}-ﬂ
121 af 178 patients in Cimup 2 (P = S}T}m
was oo sgnificant difference ng e liming of A
moumenoe betwesn the groups wi = L12; Iag I
Alsrafier exclusion of those petients (n = 41 with arhyifma
ECIETENCE the blanking pericd, survinal free fom
clinical relspees off AADs was comparaile hetween 2 groups
6 v= TES in Group | vs Group 2, respectivedy: Pog pes

=17
T2 puienis underpning 2 repent sbdation (i
m= 15, mln-ﬂﬁ.ﬂrmﬁ:ﬁm -m}
presenied wilh o mowrence of parmysmal AF, whersss a
ion io AF{&TL, E'?:]nrntg-]:i:dleﬁnrisl
(672; B} was les froque

In (i L Ijurljﬂﬂ-'l"i]m:l:r nizs b xyumal
AF hnmrmudﬁmnﬁu.h-:grhin
only 5 patients the PY-L.A reconnec@on imvolved de same
I's sharering cogoing DFY acivity afier fiest ablation Gin
3-p-=|:lshu11mw:.-l|:ll::l.|l4p'h’:.ml
patizat the BSPPV). In the remaining B patienix, the PY-LA
mommection wis obseresd m ather Ih.-'l:l'u:n:'.rhh
DY scrvity afier firt PVI. The remainang u.-.'lil:l
ﬂpﬂuqmﬂlﬁwm devel
climcally persisiz=nt AF (n = 1} and atypcl Hrl.ﬂ:ﬂ'uti:r
ine= 1L

In Croup 1, pernay=mal AF probabl y due io reconnecied
] m47 of 5T (EI%) In5of 57
Mmmmu:mdnnm_n-_gennr;P?m i
any PV reconnecson. The remaining frpu:::-.':{nllwrlh
™ reoonnecticn) clinically seffered from persisient AF or
atypecal ainal futier.

Al mnivaniar Cox anabyse (Tahle 1) none of the clinical
and procedieral varisbles consider=d 31 baseline was signifi-
cantly reduied 1o higher risk of clanical recumences duning

hﬂ.l.l e follow-up.
mdup-e:l:l:H-'l.‘r 1004 ) in Corenag 1 and 50 of 57

patients (28%) in (Group 2 were free from AF afer tbe
procedure (P = 03} ot  mean Solkrerap of 16 4 5 months

afier first FWL

AL the repeal ahlaSon, 149 P¥s (16% of all isnlated PVs)
showred 3 reonvered LA-PY conduction. All veins wen again

isallaied by re-FY 1 Mo significant diffenences were obssreed
in e mie of moonnecton hetween PY's with ond without
D'F'l' potivity (1112, 1046 ws. 1340830, 16%; P = 0L48;

. 3. Inleresti in 1 off 13 reconnedied veins without

nh&nw-mw:ntE'EdnﬂW-:hmrdlu
reisolation. (inthe otfer hand, only 6 of 13 reconnecied weins
with DY activity at first ablaon =51l presenied DEY ofier

i -
Mz Findings of il Study

To the besi af cur knowledge, (his is the lapesd se-
rics of padents evaluling mcidence, ical

characienistics and progacstc sgnificance of acirvily
afier firsi PYL a5 well o the charadieristios of recument
mrh'i:ﬂmn' in patienix with and withon DFY sciivily dur-
ing followeup. DI®Y sxivity oooes i 17% of PYs afier
PV e = observed moe f y im Vs sdentifind dur-
ing ahlation wx AF wiggers. pctivity afier P¥I] & mo
ciar for clinical recurence of AF durng long-lem
ollow-up.
Tecidesce af DFY Antiniy
T resparied incidesce of MY actavily afier P shows
a broad verintion froem 99 so 639, 1877 witach is mainly dus
to differemces in definilson, sindy population, and ahilalsos
approach. We oheerved o prevalence of Y acthvity afier
PV of 129, which s similar o Ut reporisd by Weensooriya
i al.™ in 2 sewies of patients treated with ostial isolason
of the artythmogenic i Baboe o al.'™ mporied o DY
acinity after comumizrential PY1 in 91.7% of patiznis with
parcaysmal AF. However, [DFY aciavily in ther study was
cle=afisd as isolated eciopic beats, eclopic regualar rhytbm or
P¥ fibaillation.
Charscieritics of DPY Aofivity

Comsistent with previous data, ™" we olmerved that the
supenor PYs wem preforeninl sies for disocsied elecin-
cal aulpmaticity. This mighi be due io0 anatomical faciors
and musculer decves dal oe o be longer and
thicker compared 1o those of the inferior weins. '8 Likewiss, 2
compamble anaiomical defribution was seen wien looking
al e iniggering PV's. We cheerved o sipmaficantly Bigher
incidence af DPY ativity afier isolaSom of triggenng
Vs oompared to thoss in which sn AF ingeer was mot
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Folasag [manthi]
Patianbs at risk
Giroup 1 &5 55 ai s L]
Giroup X i7E 5% oz pLs: L]

Tkl geayaies
[ 0 vk i ol mwﬂ—uﬂ
b £l &1 P eelwied wdwrmas -—.l_

‘i pibE i

Figers L Eaplan Mrier cane of she

Fere 5 The Brer chad shoer v cooarrency of palmosary o srcossecion @ loeg-denn folles g berewrn pednonary winr sak and safon’
e v acireaty and i clniend niga giesscy darmp mispars. For 2 hiph paalsy [l colar srmae af day fras, plose s Joamad of Cerdessencalar
welrpowd et rerp oo oo

Hircvropisriolagy s webnie: e

wdentified These findings are consisient with ose of Doi slient fzamns i gross soioayy snd fber peometry. Ceera
e al™ A higher PY sleave load m & al.® specifically linked aress of PY wall thickesing bo

pared o the overall mean PV sleeve

}qhmmmh.-ﬂd:mgmnrmhut LT

e Gireef of af.," probabldy for an incezased ex-  thess anatomical sies, fibress and discontinuities might be
pression of Y adivity despate Y1 Aport from &iffer-  moee frequenl, snd gese peonlionties may ect i concerd o
m::maﬂnlrﬂ&m‘qinniﬂg},ﬂtﬂmnhﬂ.ﬂm focilitals wrhymogenic PV sctiwiby
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Frogaostic Sigaificance of PV Activity and Cliical
Tmplications

In cur study, P acthvity was oo clisical predicion for
AF recursenice during long-Aerm follow.us. Besides. no other
prediciors for AF recumence were i . Thix might he
mh&:[ﬁlhﬂhmlmdﬂim’

] ﬂdrﬂrﬁﬁﬂpnmﬁﬂl
1 rEvious pericemed by I
hmﬂﬂlﬁWulsﬂng-ﬁnh;ﬂ
e mepent sbation and PYs with and withoul DPY ectivily
werE frequently recoanecied. Oor findings se=in fine
with previous sudies %Y Kim of of ¥ sfier modomly as-
n;umﬂﬁmﬂmlﬁmﬂnmmﬂImbﬂmd
resicy i nl:l.th:m.:trﬂ--q:rm-m
mclhncal ouicome wath ive ablation. In contrast, Doi
ef @ moenlly underlined the efficacy of sddiional BRI
ablation af ctivity afier F¥1 m order 1o prevent AF
roumence. Liffemnces in the defisaSon of Y activity are
probably the main reason for these conflicang results. We
definsd DI activity ooy o low lar
entizks n:E'ﬂtF‘"i':.lr mwdmﬂp
adtivity or ke Erguency polentials with constant and rege-
Lar rivythm werz sfill cbeeresd afier PV, we penerally per-
formed more exiensive ablation ai the PY-LA juncison con-
sadering that the most probable mechansm wus incompleie
Y1 wath sk esidoal conduction. In conirast, we mier-
preied & very bow fequency (<1 beal's) electrical sctivity

mHm:rqdnm}ﬂimubcﬂ.ﬁmgnﬂlum.phﬂy

]'-Idiu’[l"i'mm:l.r-:r P¥s that tnggered AF were
predicices af reonmence. This is in contrasl with previcus
H.qu:n:rhd.trrl:h:ﬂrnd'dui "l:l:l:iE.n.gP\":tm.u;

g paradoxical predicior for
Fl'l [ in patiznt selection and the relatively bew
sumber of AF wriggering PV in our cobaort might explain the
contreing. resulis.
P¥s o well o of PYs

The reconmeciion of tn
with DY activity led in all cases o clinical mecurssce of
e index mrhyibmia, 1.2, pproxysmal AF. [npatients without
ﬂ-umﬁmnmwm
meare ofizn k=fi ainal arrtrypthmias other than AF
andlor with an evire-PY mechanism. 'We identified o comes
of atypical afrin] futier arising in the wicinity of the crowm-
fzrenbal lesions with localived reentry through gaps in the
Bnes or related to slow conduction zones beside the [nes. In
s patients, reoomnection af PYs was mol the mechanism
far recumence. O fi the idea thal
Wmﬂ#qrdlsnmmm & o marker
oflm l.ll.umlﬁ:l of PY'm within
froscuncod ty mﬂ prog-

Limitations

Afier isnlaSon, each wein was checked sepamiely. Thus,
e we ool able o comment o the possible preseace of 2 5-
mulimneoos DY i weins. Howeer, we performed
2 combined of dircumferential and segmentad PV
il LA-PY conanecSons were still present afier escircling both
gsibiesl PYs Thus, DPY in | FY bul nol in the other
gpsilaleral was o possible stmtion.

In our study, Htlmh:nf.ﬂFligF'm_lh
than previosly desoribed in the liemiure. ™ Different nea-

mmr_hhmmw'!
mansuvers were mutinely undertaben in dhis Seonnd,
we have sincily defined 2 ingger acivity, excluding ooy sim-
frovm the analysis. Monesover, e i
e i T s
H.Lnﬁﬂ'ﬂunh‘zﬂ:mimnflhlmh:n[q:mh-
I'Eﬂmpﬂmim:d
up available was e with previcus
sindies.™ An exiended follow-up is cerainly needed o maks
definitive conclusions reganting the progoostic value of on-
going DPY sctivity afier successful PV

Conclusisn

M wctiwity ocommed in 2% of PYs affier Y] ond was
cbsereed moee [equenily in FYs sdemified a5 AF tnggers.
IHY activity was nol predictive [or AF reomrmence
follow-up. FY-LA mconsection involving F¥s with
acavity lead i Al g recurest arh Patsents wighoul
DPY sctivity seem o be at higher risk for developing son- PV
dependent, mor= complex atrial arythmiz independestly of

PVLA reoonnectian
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Catheter Ablation for *Lone™ Atrial Fibrillation: Efficacy and
Predictors of Recurrence
A_BUIATTI, M.D_, B. KAESS, M.D._T. REENTS, M.D., V. SEMMLER, M.D., M. TELISHVESKA,

M., E BOURIER, M.D_, M. KORNMAYER, M.D.. M. KOTTMAIEE. M.ID.. G. HESSLING, M.
and [. DEISENHOFER. M.IL.

From ihe Tisparimeni of Flecisophysiciogy, Densches Harreninm Minchen, Tachaische Universitil Minchen, Munich, Cermsay

Catheter Ablation for “Lone™ Atrizl Fibrillation. Rackgrousd: Airinl fibrillstion in olberwise
lvenlthy vomng, patienis hos been termed “lone™ atrial Ghrillation (AF). The best irestment choice i still
under discnssion. The aimi of this sisdy was 1o repart on afety of catheter ablation.

Mathods: Among B33 patients referred to our center between and ill T (9% | meet ithee dimgnostic
criteria for lome AF (meam age 45 £ 5 vears: mean LA diameter 37 & 4 mm; paroxysmal AF B2% ; persisteml
AF 18% ). The primary endpoind was freedom from smy airial tachyeardin afier the first shlaton; the
m“e@mimfﬂdmfﬂm}ﬂilﬂm&ﬂl&ﬂﬁhﬂpﬂh}niﬂ
anitimrriyifemic

Results: "l'hcprl:l-]-udpunl.m- 56 patients (74%) sfter o :lu.n.hlu-w-ll:p-l:l-rd'-ﬁcl =3
davs. The semmdary emdpoint soourred in 73 patients (945 ) afier @ mean of 1.3 il during
l.ﬁ:lhn—lpl:-n:n-rd-iﬂl:rl-ﬁl.lﬁ The rizk of AF recurrence was nof inflsenced by AF or by
the type of AF (parocy=mal versus persistent). In a multivariste regression analysis smoking (P = 0,001},
first degree airioveninioular biock (F = 00601, snd cardy (< 3 months) AF recurremsce (P o= (LW ) were
indepenidently sssocinied with & higher risk of AF recerrence. Major peri-procedoral sd verse events did
ol DCCWr

Coaclwsiony: Catheter sbinion in young healthy patients is highly dTective and safe. The outcomes
are maintmned durin ol e AF duration. Patients with AF
m:mmaid mmwm?mjﬂm 1 Cardimmsr

Electrophysiol, Yol 27, ,:lp.i'h:-.'id'.l' May 2014

cithrter abimion, dvee afrial Bhrilimiior, predictors of recerrence, recerrence

Imtroduction

M&u‘ﬂlﬁm[ﬂﬁiiﬂrmﬂmnnmmyﬁm
disorder in adulis? Akhough the majority of paiienis s -
derdy and hes cordiovmscular comorhitidies, ihere & o mi-
nority of patienis wio develop AF i a relatively young oge
without vy chvious siructuml hean disease. The tzrm “lone
aeriall fibrillaticn™ ks heen coined for this groap of patients.®

Clinical risk siratification snd thempeotic AF manage.
menl me _i:dpﬂfm soconting i e nebere and
the exieni of ying heart diszase and other concomi-
inni diszases Stpndordieed therapestic olgorithms have been

_J:luya:l Foor etimating mﬂemti:g,..f.'l-lﬁ.!l]ﬁ'-‘ -MASC)
for the sssexment of symploms (2.5 |

Hosezvezr, the optimal Ih:n.pemrmqy:fnrpn:mmm
lone strial Shrillation is still pnclear. Given the risk of oom-

plications and AF rourrence afier an ablation procedures, -
trrh drugs {AADs) are ofien considered as Grss-line

therapy.™* hemrﬂ'rel:n, theer= are wery hitle dofs on the e

Chackmures: Ko,

Addren for coreyEmedesce: Aleondn Bomis, MUIF, Dosieches Heroes-

tram Meschcz .'-bh.q |H.:rqﬁr:d Elarsk Sir Hor- uad Exo-
besfert F imchen, oy P 4585

1ZI8-4%3% ||-|:|.l] :I-:-lﬂ'H::ru.:l
Mmzeripi rcerd 4 Kovember 1013 Revied mamnenpt eved 00
by Wb docrpicd For pablicstion 1T fumeery H115.

dh D0U1L U R, E 3035

of entisrhythmics dreg=, and oo dain on long-lemm efficacy
n-l:'c.i]'u:l:ﬂ'lbll.l.l.-:vllp.i.h:-nhmm lone sirinl Shnllation

Ther=fone, the gimof this sedy was to report on safety nd
loweg-Armm efficacy of catheter ablation in this highly ssleced
suhgroup of AF patienis.

Methods

Srudy Sampie

We malyred our center's sblation dalsbase for paticnis
u.|:|.|.‘||:l'E|::|:|:|g-_a:I o fird shlation for AF between May 2001 mnd
December 10173 Patienis wers comsidered s lonz AF if they
were = 65 years of age and did not suffer from amy candio-
wscular comorbitidy, cardiopalmonsry dissass. or gructural
heeri diseser 4 Palienis treaied with smicdarome or with &
history of previous sblation wers excluded from the stody.
(7 B55 consecutive patients sadergoing AT hlation, 76 (99)
med all criteris for lone AF and were included in the sindy.
HRasrline clinical snd echocardingrphic chemcirrstics are
shvwn in Tahle | (mesn age 45 + £ years: mean LA diame-
ter 37 4+ 4 mm). Perorysmal ond persisient AF ws defined
socording io 3014 AH E%!{h:idel.infwuth'l-
apzmenl of Mafizsis With Adrial Fibrillation.*

Clinical Arsessment of Comorbidfier aad Strectaral Feart
Lhiseare

Im all patienis & detsilsd medical basiory (inchading smok-

ing,, depressive disorders, meisbalic syndrome, drug intake,
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TARLE 1
Ham e Choraciermiies of Patiesis Siratifed by AF RBoczmenees Durng Fellow-Up

Putimin
Tatal, Witk With
m—Th Recorrmom, n = Recomrmors, o — H P Wl
[l chwracieridics
yearn imean 51K e 8 +3 i+ E 18-
HE nl'i:-l REI] IR 1X75) T
¥ [rmgant SIH LR B PR LE=g
.ﬁthr_l.mlh{nnuEﬂl - HM+30 13 m
Porssicnt AF (%} LIk 153218 [ 0331
Fnderasoe sport (%} I Y] rcl] 350 1 |
Previcas ALK 114 Wisl W15 TR
Srmoke 1) IR 11 13060 =il
Bets-hincker {5 HHEBL TR} W45 1]
Farly recenmaas %1 I(Fn b [ 1 1355} <L Is]
AN Block [ 0% 4% 13 W15 g
ERB {%) 3N ) i} (i)
Echiraniicyraphs mrarncion
1A diermy, oroem { mmeman £ 5101 LT | ¥ +3 Lk L=l
I Y. 1mx3 18+12 NE3 LS

BMI = bed
bk 1A

mms isdes; AF = aimal Shnlbsion ADD =

endurnnce was laken by on renced piysi-
:ilﬂlpﬂsmﬂlmﬁlﬂnﬁmm
B0, and routine blood iesting (inchading e lecirnbyies, renal
function, tota] Bleod counl, fasting plucose, iyroid fanclicn
n.ndf-rnu:l.rn[ml.:mjl. o

Routime 210 echocandogmply was performed using both
apical and parssternal views. LA diameter wes defined =
the distence of the perpendcular line mesursd from the
postedor LA wall io the aneror 1A wall from M-mode
of = parasiermal shon exis imege o e kevel of the somic
valve. LA ars wis messuresd of uﬁﬂﬁlﬂ'—mrﬁﬂ
by mamemal tracing of LA endoc harder. The presence
of lefi ventricular hyperirophy or dissiolic dysfunciion was
defined m struciural bean diseese and excluded e dagnosis
of lome AF. Patients with isolsted l=fi atrial enlagement wers
nol comsidered os baving sirocbors] besr dispsse and wep
thezs enrolled in the sbady.

If coronary hear disease was suspecied, tresdmill

andfor coronary imaging (using CT orcoronary -g:-:grn.;ir
were perfomed.

Frocedura! Workup gad Carberer Ablation

All AAls excepl betn-blockers were discontinued for at
lesa 4 weeks price 10 the ablaticn procedare. All patients
gave written informed comsent 1o all imaging and imasive

. Pafienix hod 1o he on oml (0AC)H
or &t least 4 weeks prior o sblation and were kept under (%
during the procedurs (contimeos novel AL or vilamin-K
antegoned with intmpocedurs] INE leveks of T0-2E), Pre-
Fﬂ:hm.l workep, including LA thrombe exclesion

scan for LA anatomy reconstruction, and shialion proce-
dupz were perfommed as previously described

Im all palients with tsmﬂﬁl'lcmﬂm.:j]ﬁ
m;e!m;l P Elmperfm'mu:l =
earier.’ Eltﬂj.d'&d:lll:mpmdmrmlnﬂni-:d’mr—

l;g meilaters] s by o conlimsces cirrular lesion

1 em .:.u.ln] i the ostium} with & ciroalar mapping
clhel.l:rl:lpln:c The eledrnical molation of esch vein was

-51-

sntarhrythereae dray; (AL = ol anticoagebnis; A = srn-venircslar; BEA = hed ke bronch
= malere- proierayr demier of ki strom Bokdfes ndioior oyprefionce.

sequentially checked by leaving the circular catheter in zach
vein for & lew minuies. IF veno-sinal elecirical connecibons
pemsisied, we performed further ssledtive lesions imside the
encincling lesion and befween the veins guided by e acti-
vation s=quence on the cirular PV catheler, thes perfom-
ing acombinsd spproach of cismamierential and segmental
™l

In presenting with & recurmence of y=mal
atrial Ehwillaticn (during follow-up) ond no FY reconnec-
tion, induction manauvers (inchading burst stimolation snd

micrenod infusion) were performed o check for extm-
WFF-:-: initinting AF andior triggering repetitive prematee
airial compleres (P&

Fatients with persisicst AF eadereent o modifed sepwiss
approach. iniegrazing ciroamfeneatial PV, subsirase modifi-
cation including mn elecirogram-guided ohlsfion of complex
fractionatzd ainal elecirograms (CFAE), and linear lesions
in cme of mecroreentries. Details of this eblation =tralegy
and procedural endpoinis wene prvicesly described by our
group.”!

Follew-Lp and Study Endpoints

Mo antisrhythmic dregs (excepl bela-blockers) werenssd
daring follow-up. Eady moonesces werne definsd as ofini-
cal AF mecurmence within & blanking jperiod of 3 moniks
All patienis with =5 early recamence of susizined wrhyth-
miz underwesi elecnice cardioversion (CV). Afer 3, 6, ond
12 meosibe. all patienss bad & Follow-up visit mcluding nrpes-
itive: 7-day Holier BOG in our dedicaied follow-up chinic.
Patienis wheo bad sympécms withoul documesied AF reoar-
rence wers provided & porishble event reconder o identify
the camse of their sy Primary inl was defined
as freedom from sy airial mchycardio (=30 seconds) afier
the first sblation procedure (kHanking period of 3 moaths).

mﬁ-wuutﬁmd &% freodom from any atrisd
I.H:‘h'lm secomds]) afier the lest sblation procedar:
l!hh.n.tu:lq period of 3 manths)
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Staxistical Aaslprie
m.lg: mnd mralyses were pedormed usi
SPS5 version 2300 (IBM Inc, Ammonk, N, Mﬂmlfﬁ

presenisd px mean :EEDF:-rmuJ-:vu'nrid:l]E—ipm-
E:';jmhrl:ugﬂi:l]md:h[hﬁmmmmt
pafizniz gromped soconding (o the presence of AF pe-
oamence sfier shiaiion were compared using unpaired r-isss;
comparison of propoiions between groups wes perfonmed
using x 7 tests. A fo-sided P = (005 was considersd sigist-
cally significant. & log-ronk text was performed o compan
distributions of evenl times Between groups. Univariale re-
wis performed o i ﬂereh:l.m-u

e e e e
varinhles af hameline. Signifconily sssocisied Lrn:ﬂ.!:'l-'l:reicu

oonsidered in @ multhmriable regression model

Fesulis
Procedural Data and Acwie Ablntion (Peicowme

ALl &1 patienes with paroxysmal lone AFundzrwent 2 cir-
mamfereatial YL An sdditions] cavotrouspid isibemess (CTT)
ablation was pedformed in four patienis wio hed cimical

af airial fuiter. AN 14 with persis-
i o i s e A8 14 i it e
ond mnderaenl & sr approach. Termination of AF inloe
smus rh (SRl mhlaiton {ie., withoul
u:rnﬂﬁmmll:;fu xhﬁﬂw“ (T1%:0.
In four of them emination of AF was schieved with PY]
followed By (CFAE ohlstion; in the other six patienis a sis-
bie mmal imch (AT} arosz CFALE shlation and
wumﬁﬁwlu@mdnudt_ﬂm by performing fn-
ear kesions. In the emeining foor polients (200%) AF did
niol lenmineie imio sinus under shiation, and exiemal
cardioversion was roqgaired o restone SE afier the ablation

was Compleind.

Mo differenoe was oheervesd hetween patients wiith
ysmal or persistent AF with I'I:gl:d‘l:l:ll;: ﬂ
ieristics, except for depressive disorders. Patients with jper-
n'n:ul.ll.'l'ml'ﬁ:rndn'muiﬂrmm depressive disorders
(2 patients wﬂh smal AF versus 1714 patients with

T e e i T
8% 4+ 77 mimmes; * = (0]} and rediofrequency (BF) iime
[Eﬁd:ﬂlﬁmﬂd:!?_r.P-nﬂ.ﬂl}mslgmi:_h
longer im patients with persisient lone AF comparsd to those
with penxysmal AF Ome paiient hed simes node dysfunc-
tion unmasked afier the shlation which required pacemmaler
Tm]mln:l.inu. Mo death, sbroke, or irensienl ischemic sfiock

During the 3.month blenking period 24 (31%) patienis
experienced sarly AF pecurrence and endereent exiemal
cardioversion.

Afiter a single ablation procedure, 56 patients (T3%) were
free from erhythmin relspees |l’|.u'||:=|n ﬁ:-]lun.'\-u.pﬁl!c-:f
438 4 344 dayx OF the 20 with zrh
ﬂlhnqu:mnﬂ'ﬂudmdh'rmmnmnl]ﬂ}m
|:||:n:n=|:|nu:| AF rnl:l.l.m:n-n:'lltul]'ﬂ'l;d:n‘l:
suffered originally from persisiznt AF and presenied with
pﬂmﬂ:ﬂ..‘ﬂ opEn sfier the firt ohlsfion. Among them,
15 pateenis (75% of mdo paiieni) sxperenced cady AF
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recurrences | = 12 montbes afisr ahlotion) snd 5 patients (256}
El.p:n:l-:edl:.l.u AF (= 12 months sfier shla-

ﬂ:l'n.nl.: patienix with perskieni AF were nol moee
b mafFer from relupens than those with pemoaysmal
(P = 0L TX1}. Akhough im the univariale analysis an increassd
LA sire was cormelaisd with AF recumences (Table 20, in the
mukivariste snolysis LA eolerpement was pot independenily
relaied in an increassl risk of AF reosmenoes.

Patienix with AF recamences wene more likely 1o smoke
(P = 0000} end 1o Bave ANV block 1 (P = (001}, snd suf-
fiered more frequently from eardy recunences im ibe blanking
period (P = QL0 oompared bo o fres from arbyibemis
recurrence { Tahle 7).

All 20 patienis with AF relapses waderaeni re-shiaiion
(afier o mean time of 235 days since first sblation), Figare 1.
During reado: procedurs, 16 patients {1620, B09%) displayed
elecirical FY reoonnection ond o redo Y] wes perfonmed. In
the remaining four patients witkoat Y recommection, exb-
PY foci wene deiecied ond sblaird i LA roof, mEral annolus,
ul the ostiom of corosary sinus mnd in the superior vens cave,
respectively.

Secondory Eadpoiwi: Thotcome A fier Lant Ablofios

OF the 10 patients who hal esdergone re-ablation, 3 pa-
Lienis enperenoed unlhruel:pse[lﬂu’ﬂt-hhnhngpnnl}
of paroxysmal AF and 2 of dem underwent o third

the two patiznis undergoing o third shistion, one patient
ﬂuﬂfmpmym]ﬂlluﬂ-h'ﬂm:ednm-ﬂ
11 ahlation. Mo extra PV foci were deiecied. The other
patient undergoing a third shlation suffered from pers
AF and experienced parocysmal AF relapses after the: thind
ahlation. Aminderonz reatment ws en sianed.

e, during » mean follow-mp of 459 £ 366 duys sfier the
last sflaticm (with 2 mean of 1 3 shlsfion per patient), n = 73
(96%) remained fee of roumences without antiarrhyibmic
drugs.

Dizcu=sion
To the: best of our knowlsdge, the present sody is the fimst
to investiggle long-imm ouicomes afisr cothsier oblabion in

paticnts with lone atriz] Bivillation. The main findi -:-:fﬂ'u::

sondly am thal calbeier shistion in young healiby
pﬂmuh@lreﬁmﬂm&,mﬂﬂtﬂcmn

maintained o long-term followup, imespecive of AF iy

preoperatiee hisiory or L4 enlargement For patients 'MPE'
sympiomalic persisient lone AJ o siepwize approach & highly
effective smd should be comidersd o inifisl shlation sirsiegy.

Emaoking, firg -degres AY block, and esdy AF reaurmence are
mssociaird with rizk of eosmence during long-lzmm
follow.ap.

Efficacy and Safaty of Catleter Ablntion i Loar AF ax

The aszpssment of procedural rsks and oubcomes refevant
to the ndividual patieni is recommended before considers-
tion of AF catheter ablogion.” However, the cngoing =fTor
Lo creale & mectanistic clossification for AF dors mod sasily
i inbo the clmacal work-up and therspeuic momagement of
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TARLE I
Poicridal Predicion of AF Recsmesoes Un - and Moz Regresios Aralyss
Vunshlos L rvem roewin M ey mrinic
[ Rl P E BsLa P
Apc [1R] [0 02 {1 e
Crender Lo7 [L3Z354 (1]
B, L0l [LEE1.0T 02l
AF ki rmonihn [181]] 09l 02 nm=
Permzicni AF 03l 0LHEL ST 04l
5 iTi O4%3IE 3T 1. 1]
e ATHD 117 MLITA000 1.+
Smokc ns? MLIEDST flll K] RPESE ;) <L
Heta Hecker 1] L1245 052
Exrly recurrenae 42 L HEDED il k] 03051 =i
AV Bk 1 1.3 MOT03S e [ZE OLFF092 <L
LA area 7 [L130085 il 0T {1050 1]
LA dars ns? L 00 flll noe [ 037 a3
BN = bedy mam isdea; AF = sirial Bbelbize ADIY = siiecdyibmic doyp: AV = so-rmicoole; LA s = i aicum ses, Bobdfacs isdicsies
sigmificasce.
76 pis wah lone &F
Follow up aftsr fiews shlatkoe
| 53 pas (TR 0 pi |33 “m'- m.'-zm:ii‘q”
Primary Endpoint Aol AF |2 parore = 3 pan | N e i
recETECE with AF mebamerde ]
i B R
17 pis S| B e (15 with
‘withcas AF AF TR
[l o]
S e Figere 1. The flow chart shour foskiove-
ap duix ofier Erai abdoioe
F2 pia DG ) e For g ligh geaiky fall cober vermes of
| Beconsary Endgaim || Fam A ecace plecs ser Jowrnal of Car-
SC Wi D, L e

otfereise Bealthy AF patisnis with s lower procedenl sk
Tﬁb.h:tﬂ'd:’ngmﬂrmi.gulﬂ' ines™ in patisnis with
F and oo sinacturel hean disesse chythm contral might be
achieved by antiamhythmic drugs or catheier ahletion de-
pending on the patiests’ choice. Newerheless, catheier ahls-
tion i only meommended & fird-line therapy for patients
with paroxysmal AF In = recent Faropean Hesnt Rhylm
Association (EHEA) survey” exploring work-ap and clini-
cal masagement of kone AF, 97% of the ing ceniors
choosz antimbrythemic drugs as the first thempeutic approach
in sympeomasic paronysmal lone AF patients.

with lene AF

155 af
wutmsm:.:uﬂ'ul]ﬂ:eﬁh ythmic drugs befor
undergeing sbliion procedure. In m:qeri:.:e calbeier
shlation & first-line therapy was highly effective ond zafe
im patienis with & wery low canficvasoaar risk profile. Oear
daiz &r= in line with previous sudies™ ' reporiing on the
efficacy and safefy of mdiofreguency n:hlu:nn & first-lin=

fior paroxysmal .M' with antiarryibmic
m;ﬂlepacbdmmmrw '.i:llmnnp'nmd:.n-.ﬂm

o wide varistion, depending on type of AF, patients’ char-
scteristics, length of follow-sp. Our succes mies sfier AF
ghlation in otherwise hedthy patients ere shighily beiter then
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loeg-term ouicomes previossly :l.-gurh:l in literatare. ® In
rocent mmdomined control trals " sunvhal free from re-
cunrences al |-year follre-up afier ablation for parcaysmeal
AF vaned from 0% o 26%, with %% v 13% of palienis
reqairing & second shlation. However, cor resals sre ot di-
rectly comparahle with previous reporied data. All previoms
studies also corsider=d patients with structaml hean dissase
and candivvescular comeorbidities, mnd s=parale andy=i for
this selerizd af nis i Meost redo
:nmﬂrﬂﬂdﬂr&ﬂmmmhﬁ
year after shiation, only & mimcrity of them saffersd from
late AF moume=nce.

The initial shiation stralegy for patisnls with symplomatic
persisient lone AF was P¥] oaly in most European cenlers
mm&:]ﬂﬂﬂmn’hmuﬂmmm“

Eu.l:hhnr. recommendation that E-.tu.u
ould heve sdditional substrale |Ilﬂﬂ“|!rfnﬂrl!'dl

n!pmn:.lpp'l:ﬂ:h'-:ll.l:l.i:gll‘l"l,l:[-ﬂ' shlation, and linear
lesions in come of and siable AT aren during abia-

tion. In our stdy, mnﬂ-ﬁnnﬂnwﬁin

Buas jproseed (o B Bighly effective ond safe as fing-lTine therpy

alsr in patients with persistent AF, otherwise hedithy, yoang,

and with smaller LA,
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Althowgh recent Fiteratare™ peports lower saocess raies of
sbilsiion procedures for persitent AF than for paronysmal
.ﬂ[-v.-e-:l:nnﬂlnu success rale for both Lypes of

partioalarly high loeg-term smooess
mu[nhlﬂmn-pu:mmiﬁl'mhtﬂplundnmhh
highly selecied groap of patients in cur semple. Our daia
that on shlstion o (s e can
i asacoessfial cutcome in young and otherwiss ¥
patienis with AF, irrespective of e bype of AF, AF hisiory,
mnd [A enlargement. Previous data of cer group® showsd a
surcess rle varying from 479% i 13% of 1T monife afier
ahilation for persisient AV, depending on the soute ablation
cuicome. We obzerved o Bigher macoess mie for ablation
of pemsisiznt AF in otherwise i 1]
Hmﬁ:rrpmmfn:].ﬂ ﬂwm%MM
oucome. (urdats sugges! thet an ablalion procedenre and iis
stimaisd suocess raie should Be considered on the basis of
the overall dimical context and pafienis” cherscienstics, and
nod oaly of isoleed arrhythmia feaures. However, in owr
shud’ z af saffered from isieni
AE jmmﬂmﬁum v.h:hpbm.l:m ane
more likely 1o benefit fom en ablation procedure remain
poorly defined; more studies and larger patients” samples ane
needed o better clanify his aspect.

{n the ome hand, it i =l unclear whetter lone AF in sp-
parently healthy patients should be cossidersd as an epiphe-
nomeson of o still laent ;17 on the other band,
one can argee thal AF strictly reaies only 1o seris remodel-
ing. but could be an esrly marker of o sysiemic cardiovascular
comirbidity. Im such acass, one can argpe thet an =arly abls-
Lo could remove in advance e additional risk,
lq::ud‘h'_lr.lﬂ' of & possibile future cardiovasoalar disease.

Limitsti

The sty is subject fo the Emilations inherent in sy rei-
rospective study. Sinoe we considersd Bighly zelncied
gromap of patients with AT, the study urelﬂ.xm.-:mnll
Horeever, to oar knowledge, we analyred the largest patient
senies with AF and no other cardhiovas caler comorbidities or
structaral hean diseass. A direct comparnizon with evisling
datz is difficull 1o inlerprel, sinoe we considersd o highly s=-

lecied group of otherwise bealihy snoount-
ing for & lower propodion of study {ranging from
5% to 104: in most Europesn ). Because of this

specific lome AF population being appareatly healtby, lumper
siady po Lﬂumﬂh-gﬁ:h]hw-u.phmnm:hd.m
n:bquﬂ:E:I be, long-lerm catcomes. We observed high
d'i:-:g.-:lnﬁ:t} of » more exiensive ghlation with a si=p-

2= first-line alsn in with per-
ﬂu.l. “and smaller LA ]l-jlmm.ﬂ-u:. gmmlmp
of patiznis with lone persisient AF, more defs are needed io
confinm our céservations. Despile regalar soreening, the da-
iection of el epodes of AF recurrence is difficult o esioblish
and therefore we may heee underestimaged the true incidence
of AT nelapmes,

Comdusions

Catherier ahlaion in patienis with lone ainz] fibrllation is
effiective and safe snd may thus represent a first-line choice in
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young and oibereise beakhy AF patienis. The resalis of abls-
tion are mainigined dunng long-ferm fallree-up, ines pective

AF dursticn. Smoking, AN block,
lmﬂ'mnwm r risk of
recurmence daring boeg-term fodlow-ap.
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