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Catheter ablation therapy for the treatment of atrial fibrillation (AF)
has evolved considerably in the past decade. Although the therapy was
initially limited to ablation of the atrioventricular node to ensure ade-
quate rate control for patients with rapid AF the possibility of
catheter-based rhythm control has now been demonstrated in several
studies. Atrial extrasystoles originating from the pulmonary veins are
now known to be triggers for the initiation of AE Consequently,
attempts at ablation have focused on the ablation of these triggers or
on electrical isolation of these veins using radiofrequency ablation.
More recently, three-dimensional electroanatomical imaging tech-
niques have allowed for the development of left atrial ablation tech-
niques, whereby long, linear lesions are created around the pulmonary
venous ostia. Both of these techniques have shown interesting success
rates in the treatment of symptomatic paroxysmal AE The present
article reviews the evolution of these techniques and lists the recom-
mendations for the use of catheter ablation for both rate and rhythm
control of AE
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Traitement ablatif de la fibrillation auriculaire
par cathéter

Le traitement ablatif de la fibrillation auriculaire (FA) par cathéter a
considérablement évolué au cours de la derniére décennie. Bien qu’a
Porigine, il se soit limité a 'ablation du nceud auriculoventriculaire pour
promouvoir un contrdle adéquat du rythme chez les patients ayant une FA
rapide, la possibilité de controler le rythme par cathéter a désormais été
documentée lors de plusieurs études. Les extrasystoles auriculaires dont
l'impulsion émane des veines pulmonaires déclencheraient la FA. Par
conséquent, les mesures d’ablation ont porté sur la neutralisation de ces
déclencheurs ou l'isolement des veines par ablation par radiofréquence.
Plus récemment, les techniques d’imagerie électroanatomique
tridimensionnelle ont permis la mise au point de méthodes d’ablation
auriculaire gauche reposant sur la création de longues stries autour de
orifice pulmonaire. Ces deux techniques ont donné lieu a des taux de
succeés intéressants pour le traitement de la FA paroxystique
symptomatique. Le présent article passe en revue DI'évolution des
techniques et dresse la liste des recommandations d'utilisation de la
technique ablative par cathéter dans le but de contrdler la régularité et la
fréquence dans la FA.

RECOMMENDATIONS FOR CATHETER
ABLATION FOR RHYTHM CONTROL

Class I

1) In patients with atrial fibrillation (AF) and
preexcitation, catheter ablation of the accessory pathway
is recommended, particularly if associated with syncope,
rapid ventricular rates, or if the accessory pathway has a
short refractory period (level of evidence B).

Class Ila

1) In young patients with lone paroxysmal AF, an
electrophysiological study should be considered to
exclude a reentrant tachycardia as a potential etiology
for AF, and if present, curative ablation should be
performed (level of evidence B).

2) Patients with highly symptomatic paroxysmal AF
refractory to medical therapy should be considered for
an ablation procedure aimed at maintaining sinus
rhythm (level of evidence B).

RECOMMENDATIONS FOR CATHETER
ABLATION FOR RATE CONTROL

Class 1

1) Patients with highly symptomatic permanent AF with
rapid ventricular rates in whom oral rate-control drug
therapy is insufficiently effective or not tolerated should
be considered for atrioventricular (AV) node ablation
and pacemaker implantation (level of evidence B).

2) Patients with highly symptomatic paroxysmal AF in
whom attempts at thythm control have been
abandoned and in whom pharmacological rate control
is insufficiently effective or not tolerated should be
considered for AV node ablation and pacemaker
implantation (level of evidence B).

INTRODUCTION

Other articles in the present supplement to The Canadian
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Talajic and Roy, pages 19B-25B; Dorian and Connors, pages
26B-30B) have outlined some of the issues involved in decid-
ing between rate-control and rhythm-control strategies in
patients suffering from AF, and they have explained some of
the more recent studies suggesting that maintaining a reason-
ably controlled ventricular response may be as beneficial as
restoring sinus rhythm. However, an important cohort of
patients may merit more vigorous attempts to maintain sinus
thythm. In general, patients with paroxysmal rather than per-
sistent AF tend to be more symptomatic. They are less
responsive to rate-slowing agents that frequently cause brady-
cardia during sinus rthythm and do not adequately relieve the
symptoms while in AE As well, younger patients with lone
AF have been underrepresented in the Atrial Fibrillation
Follow-up Investigation of Rhythm Management (AFFIRM)
study (1), where the mean age of subjects was 70 years, and
where only 12% had no other cardiac pathology. Of impor-
tance, some of the large trials comparing rate-control and
rhythm-control strategies used exclusively pharmacological
methods with all of their attendant proarrhythmic potential
to maintain sinus thythm, thus making it impossible to com-
ment on the potential benefits of rhythm control using
catheter ablative therapies. Catheter-based interventions for
the maintenance of sinus rhythm, despite requiring an invasive
procedure, may obviate some of the long-term side effects and
proarthythmic risks of antiarthythmic drug therapy, and these
interventions are associated with improvements in quality of life
when compared with standard antiarrhythmic therapy (2). Thus,
in highly symptomatic patients with paroxysmal AF, exploration
of nonpharmacological treatment options is warranted.

MECHANISMS OF AF

Attempts at developing curative ablative therapy have tradi-
tionally focused on depriving AF of one of its two primary
substrates: the substrate for the maintenance of AF, or the sub-
strate for AF initiation. Early studies by Moe et al (3,4) and
Allessie et al (5) described the multiple wandering wavelet
hypothesis of AF and explained how these wavelets require an
adequate extent of contiguous, electrically active tissue
through which to propagate in order to sustain AF. Persistent,
rapid atrial rates lead to a process of electrical remodelling
whereby atrial refractoriness decreases, thereby enhancing the
substrate for AF maintenance (6,7). Canine models have sug-
gested that congestive heart failure can lead to atrial fibrosis
causing heterogeneous conduction in the atria, thus also pro-
moting this substrate for AF maintenance (8).

The concept that certain triggers may play a role in the initi-
ation of AF was initially evoked by Scherf (9), who proposed
that rapidly firing ectopic foci could entrain the atria into dysyn-
chronous activity. The presence of accessory pathways and re-
entrant supraventricular tachycardia may also serve to initiate
AF although whether this is through rapid atrial rates degener-
ating into AF or through abnormalities in the atrial refractory
periods is debatable (10-13). Nonetheless, ablating this poten-
tial trigger can avoid recurrences not only of AV reentrant
tachycardia but also of AE The notion of triggers that specifical-
ly induce AF gained prominence when Haissaguerre et al (14)
detailed the initiation of AF by atrial ectopic beats that usually
originate in the pulmonary veins. These triggers arise in the
sleeve of atrial tissue, which extends from the left atrium for sev-
eral centimetres into the vein (15). Although the pulmonary
veins appear to be the source of most of the triggers that initiate
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AF, venous structures with similar atrial tissue extensions, such
as the superior vena cava (16), the coronary sinus (17,18) and
the ligament of Marshall (19,20), have also been reported as
generating ectopic triggers for AE Other sites of ectopic atrial
tachycardia may occasionally initiate AF (21,22).

ABLATION THERAPIES FOR AF

Other articles in the present supplement (Pagé and Skanes,
pages 35B-39B, Gillis et al, pages 41B-44B) have described AV
node ablation and pacemaker implantation as a method for
rate control in patients with refractory, symptomatic AF, par-
ticularly when associated with tachycardia-induced cardiomy-
opathy. Even when employing very rigorous pharmacological
rate-control strategies, a number of patients will still require
AV node ablation, as evidenced by the fact that 5.2% of
patients in the AFFIRM trial necessitated such an intervention
to achieve adequate rate control (1). This strategy has been
shown to significantly improve quality of life and significantly
reduce doctor visits, hospital admissions and antiarrhythmic
drug trials (23). This therapy has also been shown to reduce
the number of episodes of congestive heart failure in this group
of patients (23). However, AV node ablation and pacemaker
implantation is likely most beneficial in patients that have a
more persistent form of AF, where rate control is the sole objec-
tive. Patients with paroxysmal AF can also derive symptomatic
relief from this type of ablation because it will prevent exces-
sively rapid rates and irregularity, the two major causes of symp-
toms, by switching to a solely ventricular pacing mode during
episodes of AE Importantly, though, some patients may remain
symptomatic from these changes in rhythm and pacing mode.

Despite being an effective palliative therapy, there are some
concerns about rendering patients pacemaker-dependent, espe-
cially younger patients with no other underlying cardiac disease
who will, over time, require multiple pacemaker changes.
Antithrombotic therapy must also be maintained in this group,
as these patients will either remain in AF or have recurrences,
with a significant proportion progressing to permanent AFE
Nonetheless, because of its high efficacy at reducing symptoms,
AV nodal ablation and pacemaker implantation play an impor-
tant role in the management of highly symptomatic patients.

ABLATING THE SUBSTRATE
THAT MAINTAINS AF
Initial attempts at developing truly curative ablation strategies
for AF centred around the same basic premise as surgical thera-
pies: segment the atria so as to deprive the multiple wandering
wavelets of an adequate spatial extent through which to propa-
gate, thus targeting the substrate for the maintenance of AE In
electrophysiology, this was done by extending and connecting
the natural barriers to conduction, such as the crista terminalis,
the vena cava, the mitral and tricuspid valves and the pulmonary
veins, by creating linear lesions between these structures using
radiofrequency ablation. Although multiple surgical incisions
can create effective barriers to conduction, when using radiofre-
quency ablation, linear lesions can only be created by dragging
the catheter incrementally across the endocardium during energy
application. This can be challenging, especially when lesions
need to be applied over a long area, and particularly when work-
ing through a transeptal sheath to make lesions in the anatomi-
cally complex left atrium. Pathological analyses have
demonstrated the difficulty in achieving complete linear lesions
in the canine model (24-26); while incomplete linear lesions are
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ineffective at best, they may also provide a substrate for further or
new atrial re-entrant arrhythmias (27). Early experiences with
these ablations were disappointing, as right atrial lesions alone
had success rates as low as 33%, with some patients still requiring
antiarrhythmic treatment (28). The addition of left atrial lesions
augmented the success rate somewhat, but also resulted in proce-
dures that were technically more difficult and more time con-
suming. Jais et al (29) subsequently reported their attempts at
deploying a series of right and left atrial linear lesions to treat AE,
but they only achieved a 57% success rate and encountered a
high rate of serious complications such as pericardial effusions,
pulmonary embolus, inferior myocardial infarction, transient
ischemic attack and thrombosis of the left pulmonary veins.
These experiences underscore two more potential difficulties
associated with trying to ablate the substrate for AF mainte-
nance: first, that creating complete, contiguous linear lesions can
be challenging, often resulting in ineffective procedures; and sec-
ond, that prolonged, repeated energy applications and the
lengthy procedure times required to achieve these complete
lesions can lead to thrombus and embolus formation (30,31),
thus explaining some of the encountered complications.

ABLATING THE SUBSTRATE
THAT INITIATES AF

The elucidation of the substrate for the initiation of AF as being
ectopic beats originating primarily in the pulmonary veins led to
the important clinical correlate that identification and ablation
of these foci could actually prevent AFE In a series of 45 patients,
Haissaguerre et al (14) reported that 94% of initiating triggers
originated in the pulmonary veins, and ablation resulted in a
long-term success rate of 62%. These patients had initiating trig-
gers located up to 4 cm inside the veins. However, infrequently
firing ectopics can be difficult to localize in these more distal
areas of the pulmonary veins where secondary- and tertiary-level
branching occurs, and this rendered the task of ablation long
and arduous. One report (32) showed that 32% of patients with
paroxysmal AF undergoing an attempt at pulmonary vein trigger
ablation had insufficient ectopy at the time of the study to allow
adequate localization of the origin of the arrhythmia. Further
complicating these ablations was the fact that multiple initiating
triggers could originate from different branches of the same pul-
monary vein or from the other pulmonary veins (33,34).

Because previous attempts at a catheter-based Maze proce-
dure have caused severe pulmonary vein stenosis and pul-
monary hypertension (35), there has always been concern
about the possibility of pulmonary vein stenosis complicating
these AF ablation procedures. Establishing the incidence of
this particular complication is difficult because the develop-
ment of symptoms is often delayed, and imaging modalities are
not particularly sensitive or specific in detecting this problem.
Initial case reports (36-38) have suggested that symptoms of this
complication could be delayed up to three months following an
ablation procedure, and that stenosis occurred most frequently
when ablating more distally or in smaller caliber veins. In larger
series, the reported incidence has varied from 3% to 8% (32,33).
Identifying predictors of stenosis has been difficult (39), but it is
generally felt that limiting the extent of ablation (both the energy
used and the circumferential degree of ablation) (33) and
remaining as close to the ostium as possible during applications
reduces the incidence of this complication.

The challenge of ablating all potential arrhythmogenic trig-
gers while reducing the possibility of pulmonary vein stenosis
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led to the development of a more anatomically based proce-
dure. Because the majority of atrial ectopics responsible for the
initiation of AF originate in the pulmonary veins, a procedure
designed to electrically isolate these veins could prevent egress
of triggering ectopics into the left atrium, thus preventing the
initiation of AF (34,40). The development of a circular
catheter with 10 electrodes of 1 mm each has allowed better
identification of these exit points between the pulmonary
veins and the left atrium. Using such a catheter, Haissaguerre
et al (41) defined the perimetric distribution of pulmonary
vein potentials and, hence, the extension of atrial tissue with-
in 162 pulmonary veins. Pulmonary vein isolation was
achieved by ablating the site of earliest activation within the
pulmonary vein, and AF was eliminated in 71% of patients.
Thus, the end point for the procedure became the electrical
isolation of the potentially arrhythmogenic pulmonary veins
from the left atrium, limiting the potential for more distal pul-
monary vein stenosis by maintaining the application of
radiofrequency energy to the ostium of the veins.

THE EVOLUTION OF CURATIVE
ABLATION TECHNIQUES

New developments have focused on newer tools and techniques
designed to make the ablative procedure simpler and more effi-
cacious. The use of catheters that deliver larger lesions appear
to decrease procedural time and improve success rates (40). In
particular, irrigated-tip catheters may decrease some of the
complications associated with pulmonary vein isolation (42).
Intracardiac ultrasound also appears to enhance the facility
with which these procedures are performed by allowing better
visualization of the left atrium and the pulmonary veins during
the ablation and also by allowing titration of energy delivery
and monitoring of pulmonary vein stenosis (43-45).

The advent of three-dimensional electroanatomic mapping
systems has permitted the development of different ablation
techniques. One such technique, demonstrated in studies by
Pappone et al (46,47), involves encircling a wide berth around
the pulmonary veins. In those studies, circumferential lesions in
the left atrium at a distance from the pulmonary veins were
made around each ostium, or in some cases around two adjacent
ostia. This technique provided a success rate of 80% at
10 months. Interestingly, recurrence rates were less in patients
that had a larger ablation area (47), suggesting that the elimi-
nation of pulmonary vein triggers combined with the reduction
of effective atrial conducting tissue mass provided additional
benefit to standard pulmonary vein isolation. More recently, a
comparison of pulmonary vein isolation and this technique of
encircling them by performing a left atrial ablation (48)
demonstrated a six-month success rate of 67% for patients in
the pulmonary vein isolation group compared with 88% for
those in the left atrial ablation group. This increased success
rate might be explained by the fact that this ablation technique
targets multiple mechanisms of AF: isolating the foci of triggers
in the pulmonary veins, containing microreentry circuits and
eliminating the substrate for macroreentry.

CONCLUSIONS
Until recently, AV node ablation was the only catheter-based
option for patients with AF and failed attempts at medical man-
agement. Subsequent refinements in technique are making
catheter-based, rhythm-control strategies more viable by helping
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to improve procedural success rates and reduce complications.
Furthermore, the modification in the substrates achieved by
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