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Abstract

In the past years, catheter ablation has evolved into an effective treatment option for symptomatic, drug-resistant atrial fibrillation (AF)
and it has recently been implemented as a primary treatment strategy for patients with paroxysmal AF. Although a significant number of
studies have evaluated the potential benefits of catheter ablation compared with anti-arrhythmic drug (AAD)-therapy, to date, there are only
a small number of randomized controlled trials in the literature, and several issues remain unsolved. The aim of this review is to analyze the
current literature regarding this important issue and further discuss the question, whether catheter ablation may be more beneficial when

compared to AAD therapy.

Introduction

Atrial fibrillation (AF) is the most common cardiac arrhythmia
worldwide, affecting more than 6 million patients throughout
Europe; as the population ages, the prevalence is estimated to more
than double within the next 50 years." Besides affecting quality of
life (QoL), AF is associated with a significant increase in morbidity
and mortality due to the developement of heart failure or disabling
stroke.? Consequently, treatment of AF and AF related complications
have become an escalating burden to the health care system. In the
past, the only option for the treatment of AF was medical therapy
targeting either rate or rhythm control, often associated with adverse
drug eftects leading to limitations in compliance or even resulting
in fatal adverse events due to proarrhythmic effects.® Unfortunately,
the recurrence rate of AF was still high, even when effective
antiarrhythmic drugs such as amiodarone were used. *

Within the last decade, catheter ablation of AF has developed from
a novel therapeutic option for a highly selected patient population,
to the most commonly performed ablation procedure in many
electrophysiological laboratories around the world. Haissaguerre and
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coworkers have demonstrated that pulmonary veins are a trigger for
AF in a substantial proportion of patients.” Consequently, pulmonary
vein isolation has become the most widely accepted procedural
endpoint for AF ablation.**”

Natural History of Atrial Fibrillation

'The natural course of AF is a progression from paroxysmal atrial
AF with only short lasting AF episodes, to more prolonged episodes
resulting in persistent and longstanding persistent AF after several
years .8 The majority of patients with paroxysmal AF will eventually
develop persistent AF after several decades, with only less than 5%
remaining in paroxysmal AF.8 Although progression to chronic AF
in patients without structural heart disease may be lower, 9 in the
CARAF registry (The Canadian Registry of AF) 25% of patients
with paroxysmal AF progressed to permanent AF after 5 years. 1°

Anticoagulation Therapy

Antithrombotic therapy is known as the most important
medication for treatment of AF with regard to mortality since the
early nineties ."' To date, only antithrombotic therapy has been
clearly associated with a substantial decrease in mortality due to the
reduced rate of disabling and non-disabling ischemic strokes.'? The
most effective of these antithrombotic therapies is anticoagulation;
this is associated with a comparable bleeding risk to antiplatetelet
therapy, but with a significant reduction in thromboembolic risk." In
patients with inappropriate INRs (International Normalized Ratio)
or after anticoagulation was discontinued in both the AFFIRM
and RACE trials, there was an increase in stroke rate, and this fact
emphasised the importance of appropriate anticoagulation therapy.®
¥ Novel anticoagulants have further reduced the risk of stroke, as

was shown for dabigatran (RELY,"), rivaroxaban (Rocket-AF, ¢)
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and apixaban (AVERROES, 7). This has allowed patients who have
so far been intolerant of, or are unsuitable for treatment with vitamin
K antagonists to be treated with anticoagulation therapy. According
to the current guidelines, anticoagulation therapy should be
individualized for each patient after stratification of risk for ischemic
stroke as estimated by the CHA DS -Vasc-score (cardiac failure,
hypertension, age 275 (doubled), diabetes, stroke (doubled), vascular
disease, age 65-74 and sex category); currently for patients with a
CHA DS -Vasc-score 22, anticoagulation therapy is the treatment
of choice (1) and is also recommended in patients with a CHA DS -

Vasc-score of 1.

Rhythm or Rate Control

Although the optimal treatment strategy for AF is still controversial
and even lenient rate control seems to be mostly effective for a disctinct
group of patients, ** rhythm control remains the therapy of choice
for the majority of symptomatic AF patients. So far, no study has
clearly demonstrated that rhythm control is superior to rate control
with regard to mortality.® 2% 21 However, a large prospective,
observational survey of the management of AF in community-based
patients has shown that rhythm-controlled patients progressed less
rapidly to permanent AF.?

In addition, in clinical trials successful catheter ablation of AF
is usually defined as freedom of arrhythmia recurrence lasting
more than 30 seconds. Detection of the true AF burden including
asymptomatic episodes of AF-recurrence remains difficult and it
has been shown in recent trials, that implanted monitoring devices
offer a much higher diagnostic yield than 24h up to 7-day Holter
monitoring.”® In comparison, success with antiarrhythmic therapy is
defined as either rate or rhythm control. Finally, it may be due to the
limited efficacy or the deleterious side effects such as proarrhythmia
and organ toxicity of AAD therapy, that maintaining sinus rhythm
has not been shown to be superior to rate control in AF.3 However, in
a subanalysis of the AFFIRM trial, sinus rhythm was associated with
a lower risk of death.

Furthermore, in a recently conducted study by Nademanee et al.,
674 high-risk AF patients were evaluated for the clinical endpoints
of sinus rhythm, death, stroke or bleeding during a mean follow-

up period of 836605 days; this study demonstrated that patients in
sinus rhythm had a better 5-year survival rate compared to patients
with AF (92% vs 64%; p<0,01); therefore, sinus rhythm after AF
ablation was associated with relatively low mortality and stroke risk,
and was the most important independant predictor for survival.?

Antiarrhythmic Drug Treatment for Rhythm Control

Several AADs are available for rhythm control with propafenone,
flecainide, amiodarone and sotalol being the most frequently
AADs used in European countries.As shown in the AFFIRM trial,
antiarrhythmic drug treatment resulted in sinus rhythm in 82.4%
of patients after one year and 62.6% at 5 years.* Treatment with
flecainide usually leads to an increased likelihood of maintaining
SR, which is at least doubled as compared to placebo. Propafenone
has a similar efficacy as compared to flecainide but due to its beta-
adrenoceptor blocking effect no additional beta-blocker treatment
is necessary.However, beta-blockers are commonly added to
propafenone therapy. This often causes significant bradycardia,
leading to the discontinuation of propafenone treatment. The
conversion rate from atrial fibrillation to SR seems to be similar
with sotalol and amiodarone, whereas amiodarone is more effective
in maintaining sinus rhythm; however, sotalol has shown a similar
efficacy as compared to amiodarone for maintanance of sinus rhythm
in patients with structural heart disease.* Proarrhythmic side effects
are more commonly seen with sotalol than with amiodarone. The
most feared potential side effect is the torsade-de-pointes tachycardia,
which may occur in up to 5% during sotalol therapy but is rarely
seen during amiodarone treatment. To reduce the incidence of this
complication, sotalol therapy should be terminated or be continued
with a reduced dosage when QT-prolongation >500ms is evident.*
Recently, dronedarone, a multichannel blocker that inhibits sodium
and potassium channels was introduced as a novel antiarrhythmic
drug. It has a similar efficacy for maintaining sinus rhythm as
compared to class I AADs or sotalol but a lower efficacy as compared
to amiodarone;* .In the ATHENA trial, in which patients with
paroxysmal or persistent AF and moderate risk for cardiovascular
events were enrolled, dronedarone was associated with a significant
reduction in cardiovascular outcome events (composite endpoint of
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Figure 1b:

dashboard, the force vector and the real time graph viewer

Circumferential Pulmonary vein isolation using a contact force sensing catheter with ablation lines around the septal and lateral pulmonary
veins displayed in a 3D CARTO image in posterior (left image) and left lateral (right image) view. Contact force paramters are displayed in the

unplanned cardiovascular hospitalizations and all-cause mortality).?
In the PALLAS trial patients with permanent AF and cardiovascular
risk factors were randomized to receive dronedarone or placebo. The
trial was stopped prematurely by the Data Monitroing Committee
due to an increase in cardiovascular events including cardiovascular
mortality in the dronedarone arm .*” Based predominantly on these
studies, according to the current ESC guidelines dronedarone is
recommend for treatment of paroxysmal or persistent AF in patients
with or without structural heart disease and is not recommended in
patients with permanent AF, particularly those with a significant
cardiovascular disease burden .!

Catheter Ablation for Rhythm Control

A Catheter ablation is a highly effective option for treatment of
patients with symptomatic AF.!' The most commonly performed
ablation strategy is circumferential pulmonary vein isolation,
(Figure 1a) usually performed with radiofrequency (RF) .*® Balloon
technologies such as the cryoballoon #* or the laserballoon ** have
been developed in order to facilitate PVI particularly in patients with
paroxysmal AF. Cryoablation is now established as an alternative
to RE catheter ablation due to its single-shot characteristic, with
currently approximately 40% of german centers using this technology
for catheter ablation of AF 3! In addition, contact force measurement
(Figure 1b) and remote navigation systems have been developed to
enhance catheter stability and to potentially improve safety and
efficacy of ablation within the left atrium.*> Besides pulmonary
vein isolation, alternative concepts of substrate modification such
as ablation of complex atrial fractionated electrograms (CAFE) or
ablation of ganglionated plexi have been introduced in the past years
with variable results in efficacy. *** A promising novel concept is
AF rotor ablation (Figure 2); so far only limited data is available and
larger randomized studies are necessary to confirm the impact of this
ablation approach.®%

Comparison of Catheter Ablation vs Antiarrhythmic Drug
Treatment

Several issues have to be addressed when comparing catheter
ablation and AAD therapy for treatment of AF. Firstly, effectiveness
of catheter ablation or AAD therapy may vary amongst the different

types of AF (i.e. paroxysmal, persistent or longstanding persistent).
Secondly, at the present time several ablation strategies exist for the
treatment of AF and therefore it may be difficult to compare different
ablation strategies with AAD therapy.

Recurrence of Atrial Fibrillation

Only limited data exists comparing the efficacy of catheter ablation
with AAD therapy in a randomized fashion; of the available studies,
different AADs were used in the control groups, and furthermore,
the follow-up (FU)-period of these trials were usually short (Table
1). The results of the first randomized trial were published 2005 by
Wazni et al.*” using a segmental ablation approach for pulmonary
vein isolation (PVI) and included 70 patients. Although the study
was small and the FU-time was short (12 months), it demonstrated
that patients receiving antiarrhythmic drugs were more likely to
have at least one recurrence of symptomatic AF, to be readmitted to
hospital, and to present with a higher incidence of symptomatic AF
recurrence as compared with patients who received PVI. Subsequent
randomized trials have confirmed the superiority of catheter ablation
for both patients with paroxysmal®® 3 % and persistent*** AF, or
in mixed populations consisting of patients with paroxysmal and
persistent AF ** using a circumferential approach for PVI. Recently,
the results of the MANTRA-PAF trial have shown that in patients
with paroxysmal AF, the outcome did not differ significantly between
the ablation group and the AAD group, at least with regards to the
primary endpoint of the study, which was cumulative AF burden after
24 months. However, at the 24 months-follow-up the burden of AF
was significantly lower in the ablation group as compared to patients
treated with AADs; and patients in the ablation group were more
likely to be free from any AF or from symptomatic AF .* In addition,
the preliminary data of the RAAFT 2 trial, which randomized
patients with paroxysmal AF to first-line catheter ablation vs AAD
treatment, have shown superior results in prolonging time to first
recurrence of symptomatic and asymptomatic atrial tachyarrhythmias
in patients treated in the ablation group after a follow-up period up
to 24 months.* To date, studies evaluating patients with reduced
left ventricular function and AF, treated with either AAD therapy
or additional catheter ablation are lacking. At the present time, there
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are currently two ongoing trials addressing this important question
(AMICA and CASTLE-AF, ClinicalTrials.gov, see section future
perstpectives for further details).

Complications and Mortality of Catheter Ablation and
AAD therapy

Complications may arise from both therapeutic options, depending
on the AADs used and on the modality and extent of catheter
ablation.

Adverse Events of Antiarrhythmic Drug Therapy

Adverse effects of medical therapy vary depending on the type of
AAD, ranging from gastrointestinal side effects affecting primarily
patient compliance, up to proarrhythmic effects leading to life
threatening events such as ventricular tachycardias or torsade de
pointes tachycardia. These side effects are dependant on the type of
AAD used and several class-effects of AADs have been described.
In the CAST trial,*” class I AADs such as flecainide or propafenone
have been associated with an increased risk of deleterious events in
patients after myocardial infarction and with significant coronary
heart disease. Therefore, in the current ESC guidelines class I AADs
are not recommended in patients with previous myocardial infarction,
coronary artery disease, substantial LV hypertrophy and reduced
ejection fraction. ! However, when used in carefully selected patients,
the incidence of ventricular arrhythmias in patients treated with
flecainide is reported to be less than 3% **and adverse events seem not
to be increased as compared to control groups .*** In patients with
structural heart disease, amiodarone and sotalol are recommended,’
as treatment with these two drugs have not been associated with an
increased mortality rate in these patients.4 Careful monitoring of the
QT-interval is pivotal when using sotalol and amiodarone,’* however
the incidence of drug-induced torsade de pointes tachycardias is low
during treatment with amiodarone. Increased risk for proarrhythmia
during sotalol-therapy is usually more often observed in patients
with marked LV-hyper trophy, renal failure and hypokalemia.

Complications of Catheter Ablation

The incidence of periprocedural complications during catheter
ablation varies depending on operator experience and the ablation
technique used. The overall rate of major periprocedural complications

is estimated to be 4.5% as evaluated by an international world-wide
survey.” The most concerning complications are cardiac tamponade
(the most frequent complication with an incidence of approximately
1.3%), transient ischemic attack or stroke, pulmonary vein stenosis, or
the extremely rare but usually deleterious atrio-esophageal fistula.”
'The incidence of periprocedural death is reported to be as high as
0.15% mainly related to pericardial tamponade with fatal outcome.
Minor complications include esophageal lesions, iatrogenic atrial
septal defects or silent cerebral lesions % 5% 5% 5556
usually recover without sequelae and without altering cardiac or

most of which

cerebral function. Vascular complications, although usually not
deleterious, are frequent (up to 1.5%) and at least in part associated
with a substantial morbidity caused by prolonged hospital stay or
even vascular surgery .»

Mortality

Mortality data were only reported in a limited number of RCTs
comparing AADs with catheter ablation of AF. In one study
performed by Stabile et al. a mortality rate of 1.5% (1/68) in the
catheter ablation group and 2.9% (2/69) in the group treated with
AADs was described and did not differ significantly.43 One patient
in the AAD-group died due to cancer and another patient died
due to sudden death. In comparison, a patient in the ablation arm
suffered from stroke during the ablation procedure and died from
cerebral hemorrhage nine months later. No deaths occurred in either
the ablation or the medical treatment group in the RAAFT trial
presented in 2012.% Currently, the ongoing (Catheter Ablation
Versus Anti-arrhythmic Drug Therapy for Atrial Fibrillation Trial)
CABANA Trial is recruiting patients to address this issue; thus,
data evaluating mortality after catheter ablation as opposed to AAD
treatment will be available in the near future (ClinicalTrials.gov).

Improvement of Symptoms and Quality of Life
AF is well known to be associated with a significant reduction in
QoL.*” So far, QoL has been evaluated in a significant number of

clinical trials, including several RCTs.

Cost-Effectiveness
Due to the increasing number of PVIs performed world-wide, the
cost-effectiveness of catheter ablation remains an important issue.
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So far, catheter ablation has not been demonstrated to be more cost-
effective than AAD treatment. In a meta-analysis analyzing three
randomized trials performed by McKenna et al., a potential benefit
was identified for patients suffering from paroxysmal AF, provided
that the benefit gained in QoL in the catheter ablation group seen
after 12 months is maintained beyond 5 years post ablation.*®

Khaykin et al. estimated the costs of catheter ablation as compared
to the cost of rate control or AAD treatment in this study.  The
costs were calculated over a five-year period, and the results showed
that the costs of catheter ablation slightly exceeded those of medical
therapy, ranging from $16,278 to $21,294. ** The authors concluded
that the costs of AF ablation and AAD therapy would most likely be
comparable after a 3.2 to 8.4 year follow-up period.*

In a retrospective cost comparison of RF ablation versus drug ther-
apy for patients with paroxysmal AF, the cost of RF ablation was cal-
culated beginning in the year 2001 on the basis of resource use. After
5 years, the cost of RF ablation was below that of ongoing medical
treatment and this continued to diverge thereafter. Therefore the au-
thors concluded, that catheter ablation for treatment of AF may be
more cost-effective compared to long-term drug therapy in patients
with symptomatic paroxysmal AF.®°

Another review also considered catheter ablation a cost-effective
approach during long-term-follow-up when compared to medical
treatment alone. ®* Another review also considered catheter ablation a
cost-effective approach during long-term-follow-up when compared
to medical treatment alone. ¢ 'The major limitation in interpreting
these trials comparing catheter ablation with AADs is that the
tollow-up duration of these studies is usually short and data regarding
long-term outcome after catheter ablation is still sparse. This makes
it difficult to judge the definite cost-effectiveness of pulmonary vein
isolation for the treatment of AF.

'The Anticoagulation Issue

Stroke is still the most devastating complication of AF, leading
to a significantly increased morbidity and mortality. * Therefore,
anticoagulation is a very important component in the overall
therapeutic strategy of AF treatment. The question remains, whether
anticoagulation should be maintained according to CHA2DS2-Vasc-
score, or if one can safely discontinue anticoagulation therapy after
successful catheter ablation, if there is no documented recurrence
of AF. According to the current guidelines, catheter ablation is

determined to be successful when the patient is free of symptoms and
free of documented arrhythmic episodes after a 12-month follow-up
period. ® After several years however, a substantial number of patients
may develop recurrence of AF; therefore the risk of stroke remains
even after a so-called successful ablation. Furthermore, follow-up of
AF patients is still limited with the current monitoring tools. It is
common practice toperform follow-up using holter monitoring only
for a period up to 72 hours, and thus a high rate of AF recurrence
may remain undetected.®® * This is important, as recurrence of
arrhythmia has been shown to be associated with a higher incidence
of thrombembolic events after PVI independent of CHADS ,-score
% However, several non-randomised studies indicate that it might be
safe to stop anticoagulation after successful catheter ablation of AF.
Themistoclakis et al. showed in a multi-center study that after a mean
of greater than two years, no differences in the incidence of stroke
were found in patients with continued anticoagulation therapy as
compared to those treated only with aspirin after PVI .% Even when
the CHADS,-score was 22 the risk of stroke was not significantly
increased, although the number of patients with a higher CHADS2-
score was substantially low in this trial. The authors of another
study performed by Saad et al. investigating the thrombembolic
risk after PVI in patients with a CHADS,-score <3 concluded
that discontinuation of anticoagulation is safe in this patient group
when patients are maintained on antiplatelet therapy.®” Another
trial supports these data for patients with very low risk (CHADS,
0-1); stroke rate was not increased in patients discharged with only
antiplatelet therapy as compared to warfarin at one-year follow-
up after PVL® Although the current guidelines still recommend
continuation of anticoagulation according to CHA,DS -vasc-score
even after successful PVI (1), a Canadian study recdently showed that
11% of physicians would discontinue anticoagulation therapy in their

patients after 1 year when no arrhythmia recurrence is documented
69

However, as long as data from randomized controlled multicenter
trials are lacking, anticoagulation should be continued after PVI ac-
cording to the CHA DS -Vasc-score. The OAT-Pilot study recently
initiated by Natale et al evaluating the safety of Oral Anticoagula-
tion Therapy withdrawal after successful pulmonary vein isolation in
patients with AF and associated high hisk factors for embolic events
will contribute valuable data to further discuss this issue in the near
future.

Table 1:

Randomised controlled trials comparing AAD therapy with catheter ablation for treatment of atrial fibrillation

Freedom of
Author Year of publication Patients (n) AF type gl:\l::ign;n;zz:zi)que ?h?:::; ?:tbl :;:?g(l’):: t?;:rir;:::’:u)
year FU)
Krittayaphong et al. 2003 30 PAF, PersAF PVI, RA- lines (RF) 40% 79%
Wazni et al. 2005 70 PAF, PersAF PVI (RF) 37% 87%
Oral et al. 2006 245 PersAF CPVA (RF) 58% 74%
Pappone et al. 2006 198 PAF CPVA (RF) 22% 86%
Jais et al. 2008 112 PAF PVI, CTI (RF) 23% 89%
Forleo et al. 2008 70 PAF, PersAF PVI, CTI (RF) 43% 80%
Packer et al. 2010 245 PAF PVI (Cryo) 7% 70%
Mantra AF 2012 294 PAF PVI (RF) 68,8% 85%
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Future Perspectives

Novel tools such as contact force guided ablation and balloon
technologies, as well as novel ablation strategies including ablation of
rotors may improve efficacy and safety of catheter ablation.

In the future, several issues have to be adressed when comparing
catheter ablation with antiarrhythmic drug therapy, including
improvement of hemodynamics in patients with heart failure,
reducing the risk of ischemic stroke, or overall mortality.

Previous non-randomized studies have shown potential benefit
of sinus rhythm over AF in patients with congestive heart failure
70 To prove this hypothesis, there are currently two prospective
randomized multicenter studies recruiting patients with severely
reduced left ventricular ejection fraction (LV-EF <35%). In the
AMICA (Atrial Fibrillation Management in Congestive Heart
Failure With Ablation) trial the primary endpoint will be to evaluate
the influence of best medical treatment as compared to pulmonary
vein isolation on LV-EF in patients with AF with a reduced LV-
EF of <35% requiring ICD (implantable cardioverter defibrillator)
or CRT-D (cardiac resynchronisation and defibrillator therapy)
implantation (ClinicalTrials.gov). The AMICA trial started in
2008 (ClinicalTrials.gov) and is now recruiting patients worldwide
in a randomized multicenter fashion. Similarly, the Castle-AF
trial (Catheter Ablation vs. Standard Conventional Treatment in
Patients With LV Dysfunction and AF), which was started in the
same year, is evaluating a similar patient population with different
clinical endpoints (i.e. all-cause mortality or worsening heart failure
requiring unplanned hospitalization)(Clinical Trials.org).

Furthermore, the CABANA Trial (Catheter Ablation Versus Anti-
arrhythmic Drug Therapy for Atrial Fibrillation Trial) is currently
testing the hypothesis that left atrial catheter ablation for treatment
of AF will be superior to current state-of-the-art therapy with either
rate control or rhythm control drugs for reducing total mortality
(ClinicalTrials.gov). The EAST (early treatment of atrial fibrillation
for stroke prevention trial) study is estimated to be finalized in 2017
and addresses, as the primary endpoint, a composite of cardiovascular
death, stroke and hospitalization due to worsening heart failure or due
to acute coronary syndrome. Two co-primary outcome parameters
are defined and those are firstly, the time to first occurrence of a
composite of cardiovascular death, stroke/transient ischemic attack
and hospitalization due to worsening of heart failure or due to acute
coronary syndrome and secondly, nights spent in hospital per year

(ClinicalTrials.gov).

Conclusions:

In patients with paroxysmal AF, catheter ablation has been
established as an effective alternative treatment to medical AAD-
therapy, and is now considered as first line therapy in selected
patients in the current European guidelines. Novel ablation strategies
may further improve the efficacy of catheter ablation, whereas novel
AAD:s have been shown to be of limited value. There is still limited
data in regards to the impact of catheter ablation on the risk of stroke
and mortality , however several large randomized trials which are
currently being conducted may provide answers to these important
questions in the future. Novel anticoagulants will further help
to reduce the risk of stroke in patients with AF; as long as larger
randomized trials are lacking, anticoagulation should be continued

lifelong according to the CHA2DS2-Vasc-score independent of the

documented rhythm after catheter ablation of AF.
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