Catheter ablation for the treatment of
persistent atrial fibrillation

Atrial fibrillation (AF) is the most frequent human arrhythmia and constitutes a major socioeconomic and
healthcare problem. Different studies have clearly shown the superiority of catheter ablation compared
with pharmacological therapy for reducing AF burden. Catheter ablation for persistent AF targets all
structures potentially contributing to initiation and maintenance of AF, and has resulted in unprecedented
success in maintaining sinus rhythm in the medium term, with recovery of atrial mechanical function.
Periprocedural complications may rarely occur; however, catheter ablation of persistent AF has demonstrated
promising results concerning improved morbidity and quality of life, and also potential benefits in terms
of mortality. Therefore, it is now included in the guidelines as a reasonable alternative to pharmacological
therapy to prevent recurrent AF in symptomatic patients.
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Acrial fibrillation (AF) is the most frequent
human arrhythmia. Its prevalence of 2% in the
general population reaches 5.9% in people over
65 years of age, and approximately 10% in those
more than 80 years old [1]. AF is associated with
an increased risk of all-cause mortality, heart
failure and stroke [1,2] and it is also responsible
for approximately a third of all hospitalizations
with cardiac rhythm disturbance [3]. As a con-
sequence, AF constitutes a major socioeconomic
and healthcare problem.

Although no difference in mortality has been
proven using antiarrhythmic medication 4], a
rthythm- or a rate-control strategy have both still
to be envisaged based on patient’s symptoms [s].
If a rhythm-control strategy is preferred, the
first step still consists of trying at least one
antiarrhythmic drug [3]. Nevertheless, differ-
ent studies have clearly shown the superiority
of catheter ablation compared with pharma-
cological therapy for reducing AF burden [6.7),
although mortality trials have not yet been per-
formed. Therefore, an invasive ablative strategy
has to be envisaged if anti-arrhythmic medica-
tions fail, which is a relatively frequent occur-
ance, especially in the context of persistent AF
following cardioversion [8].

This review will focus on the understanding
of the mechanisms that have led to the birth of
catheter ablation for AF, and in particular per-
sistent AF. We will also review the techniques,
results, consequences and risks of this emerging
therapy.

linear lesion persistent pulmonary vein

Electrophysiological mechanisms

of AF based on early

ablative experiences

In the 1990s, early attempts at curing AF with
catheter ablation by a percutaneous approach
were inspired by the surgical Maze technique
and its subsequent modifications [9]. These
early attempts were based upon the ‘multiple
wavelet’” hypothesis, proposed by Moe [10], with
contributory experimental work by Allessie [11].
The hypothesis was that by compartmentaliz-
ing the atria with the linear lesions, the critical
mass of atrial tissue would be reduced so that
re-entrant wavelets could not exist. Schwartz was
the first to try to replicate bi-atrial surgical lin-
ear approaches, with a high procedural success
rate but at the cost of unacceptable complica-
tions [12]. Other authors reported inefficacy of
linear lesions applied in the right atrium (RA)
that were similar to those performed during sur-
gical procedures [13]. Those poor results empha-
size that linear lesions are only one of several
elements of the puzzle.

In the late 1990s, Haissaguerre ez /. demon-
strated the pivotal role of the pulmonary veins
(PVs) in triggering paroxysmal AF [14], which
resulted in attempts at treating focal sources
instead of compartmentalizing the atria[is). By
mapping the atria it was seen that paroxysmal
AF was triggered by ectopic beats originating
from the PVs, and that by electrically isolating
the PVs, AF was eliminated 16]. Other reports
also demonstrated the importance of the PVs
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for AF perpetuation through automatic or
re-entrant mechanisms [17,18]. A ‘venous wave
hypothesis’ has therefore been proposed as
the main electrophysiological mechanism of
paroxysmal AF, implicating the PVs as the
exclusive sources of ‘venous waves/drivers’
maintaining the atria in fibrillation [19). For
persistent AF, sources outside the PVs have also
been evidenced [20-22].

Catheter ablation of persistent AF:
importance of a stepwise &
multifaceted approach
During persistent AF, catheter ablation pro-
gressively targets all structures potentially
contributing to initiation and maintenance of
AF: the PVs, left atria (LA) tissue, linear abla-
tion of LA roof and mitral isthmus, and RA.
Each region is ablated following a sequential
approach until AF termination; the impact of
ablation is assessed by measurement of AF cycle
length (AFCL) in both appendages. Each step
is accompanied by an increase in AFCL until
conversion of AF directly to sinus rhythm or
more often to multiple atrial tachycardias (ATs)
that are then systematically ablated [23-25].
This sequential approach has resulted in
unprecedented success in maintaining sinus
thythm in the medium term with recovery of
atrial mechanical function in patients with
longstanding persistent AF 26]. Termination of
AF occurs in 82 to 87% [23,27], with 95% of the
patients in sinus rthythm at 1 year [24] and 90%
after more than 2 years [25]; however, a second
procedure is needed in approximately 50% of
the patients, mainly for AT [25].
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Crucial importance of the AFCL

The AFCL can be reliably monitored during the
procedure by averaging 30 consecutive cycles
at the left and right atrial appendages, which
display unambiguous high voltage and repro-
ducible electrograms [28]. Various early studies
have shown that AFCL correlates with the local
refractory period, that it shortens in parallel with
the duration of AF and that drugs may affect it
29.30]. However, AFCL prolongation during abla-
tion at remote sites [31] is evidence that it is not
only due to the local refractory period. In fact,
a study based upon advanced computer simula-
tion showed that the AFCL as measured in the
LA appendage represents the sum of all fibrilla-
tory activities converging to this area [28]. The
higher the number of elements participating in
the AF process, the shorter the AFCL and the
more complex the ablation.

The impact of ablation of each region can
therefore be followed and estimated by moni-
toring the AFCL (Ficure 1). After each step of
ablation, a gradual prolongation of the AFCL
is observed [23]. Conversion to sinus rhythm
or atrial tachycardia usually occurs when the
AFCL reaches 180 and 200 ms in patients off
drugs. If AF persists during ablation of the LA
despite a prolonged LA appendage cycle length,
a lesser prolongation of the RA appendage cycle
length would suggest that the RA may contain
elements that participate in the AF process [28].

Importantly, the surface ECG AFCL (manu-
ally measured by making a mean from ten unam-
biguous fibrillatory waves on lead V1) has also
been shown to be a clinically useful pre-ablation
tool [32). Indeed, among 90 patients ablated for
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Figure 1. Impact of ablation on the atrial fibrillation cycle length. Left panel: progressive
prolongation of both LAA and RAA CLs, until conversion to atrial tachycardia, which occurs at CLs of
183 (LAA CL) and 181 (RAA CL). Right panel: lesser prolongation of the RAA CL during LA ablation,
indicating driving activities in the RA. Ablation of the RAA converted atrial fibrillation to atrial tachycardia.
AFCL: Atrial fibrillation CL; CL: Cycle length; INF LA: Inferior left atrium; LAA: Left atrial appendage;
POST-LA: Posterior left atrium; PVI: Pulmonary vein isolation; RAA: Right atrial appendage.
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Figure 2. Representations of pulmonary vein isolation with schemas (A and B) and CT
images overlaid on the fluoroscopic screen (C and D). Red dotted lines (A and B) and
yellow points (C and D) represent the ablation lesion sets. Veins can be isolated individually (A)
or as ipsilateral pairs (B, C and D) depending on venous anatomy, catheter stability and

operator’s preference.

persistent AF, the surface ECG AFCL was the
only independent predictor of AF termination
(p < 0.01) and predicted clinical success of per-
sistent AF ablation. The statistical cut-off as
determined by the ROC curve was calculated at
142 ms [32].

Pulmonary vein isolation

Pulmonary vein isolation (either antral, ostial
or circumferential) invariably results in a better
clinical prognosis in patients with paroxysmal as
compared with persistent AF [23,33-36]. Despite
these poor results when used as a standalone
strategy, PV isolation is still performed as the
initial ablation step in all patients with persist-
ent AF, because absence of PV isolation can lead
to arthythmia recurrence due to triggering foci
(37]. A circumferential catheter is used to map
and guide ablation of the PVs, which can be iso-
lated individually or as ipsilateral pairs depending
on venous anatomy, issues with catheter stabil-
ity and the operator’s preference (Ficure 2). In all
cases, ablation has to be performed at least 0.5 to
1 cm apart from the PV ostia to avoid the risk of

PV stenosis. For all veins, isolation is assessed by
either electrical elimination or dissociation of the
PV potentials [38].

Complex fractionated

atrial electrograms

B Electrophysiological mechanisms
Complex fractionated atrial electrograms (CFAE)
are defined as electrograms displaying more than
two deflections that are fractionated or have a
short cycle length (<120 ms), in its maximal form
giving continuous electrical activity. The mecha-
nisms underlying such fractionated potentials are
still disputed.

Important progress has been made since the
first report from Cosio describing fragmentation
in zones of slow interatrial conduction produced
by extrastimulation in patients with AF [39]. Jais
et al. proposed that CFAE represents the ulti-
mate degree of temporal asynchrony and dem-
onstrated a heterogeneous distribution during
paroxysmal AF, mostly in the posterior LA and
septum [40]. Following this, Konings ez al. showed
that fractionation may be caused by asynchronous
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activation of local muscle bundles, due to tissue
anisotropy and the presence of insulating colla-
genous septa between atrial muscle bundles [41].
From these studies, fractionation may represent
zones of colliding wavefronts or pivoting points
between different wavelets participating in the
AF process. These areas of slow conduction could
shorten the wavelength of the wandering wavelets,
thereby increasing the number that can coexist in
the atria and the complexity of AF. Rostock et al.
reported that occurrence of CFAE was associated
with prior acceleration of the AFCL and that the
duration of CFAE was inversely correlated with
the preceding AFCL [42]. Consequently, a given
region may harbor apparently normal potentials
during slow AFCL episodes, while fractionation
may be observed after acceleration of the AFCL.
Kalifa ez al. analyzed the relationship between
local frequency, AF wave propagation and elec-
trogram fractionation during sustained AF in the
posterior LA of the isolated sheep heart [43]. They
showed that sites where most fractionation occurs
were located at the margin of the more rapid areas.
Fractionation would arise from slow conduction
at the outer limit of the region displaying the
higher frequency and the most regular activity.

All of the above studies reinforce the concept
that fractionation/CFAE is a manifestation of
either active re-entrant mechanisms, or passive
slow conduction with a tight functional relation-
ship with local cycle length. Therefore, location
of CFAE may sometimes not represent a critical
region of AF perpetuation but a consequence of
close faster activity.

On the other hand, the autonomic nervous
system is also thought to be implicated in the
mechanism of fractionation, by release of acetyl-
choline from the ganglionated plexi, which
results in a shortening of the action potential and
effective refractory period [44-46]. Acetylcholine
administration has been shown to be capable of
inducing AF and a spatial correlation between
ganglionated plexi and CFAE localization has
been observed [46,47].

We have evaluated the impact of pharmacologi-
cal autonomic blockade on CFAE [SEBASTIEN KNECHT,
Unrusuisuep Datal . Autonomic blockade was achieved
with intravenous injection of propanolol and atro-
pine sulphate in 29 consecutive patients during
AF. 3D maps of the fractionation degree were
made before and after autonomic blockade using
the Ensite Navx® system (Ficure 3). We showed
that CFAE as a proportion of all atrial electro-
gram samples were indeed significantly reduced
after autonomic blockade, but only for paroxys-
mal AF (and not persistent AF). Furthermore,
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fractionation only decreased in patients with a
significant prolongation of the AFCL, suggest-
ing that the effect on CFAE is mediated by a
prolongation of the AFCL.

Clinical results

Nademanee was the first to exclusively target
CFAE in both atria in patients with paroxysmal
and persistent AF [48]. He reported maintenance
of sinus rthythm of 91% at 1 year, with an aver-
age of 1.2 procedures per patient, with most
patients being treated with antiarrhytmic drugs.
On the other hand, another group reported only
modest short-term efficacy (57% persistent AF
patients) with ablation of persistent AF only
guided by CFAE [49]. In this latter study, a sig-
nificant number of patients developed AT, finally
necessitating PV isolation or LA linear lesions
to be controlled. Results from other groups also
confirmed that the addition of CFAE ablation to
PV isolation provides an increased clinical success
rate (see example in Fieure 4) [50], but at the cost
of numerous subsequent iatrogenic ATs [23,24,27).

M Linear lesions

The most common LA linear lesions consist of the
roof line that connects the two superior PVs [s1]
and the mitral line that joins the mitral annulus
to the PV either anteriorly or laterally (52,53]. The
observed therapeutic efficacy of these linear lesions
drawn during AF may be related to interruption of
wavelet and macro-re-entrant tachycardias, altera-
tion of autonomic innervation, atrial debulking or
an effect on local complex electrograms.

A recent study highlights that although PV
isolation and electrogram-based ablation without
linear lesions may be effective for terminating
persistent AF in a significant number of patients,
macro-re-entrant AT requiring LA linear ablation
is very likely to occur during the overall follow-
up period [27]. In this study, 96% of the patients
ultimately required a roofline and 86% a mitral
line after a mean follow-up of 2 years, despite
attempts to avoid LA linear lesions. These data
suggest that at least the roofline (which is safer
compared with the mitral isthmus line) could be
used in the case of AF persistence after PV isola-
tion and CFAE ablation. This study also con-
firmed the high risk of AT recurrence in cases of
incomplete conduction block at LA lines.

B Right atrium

Early work by several groups investigated the util-
ity of RA linear lesions, with or without addi-
tional LA linear lesions with only modest success
in patients with either paroxysmal and persistent

future science group
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Figure 3. Typical example demonstrating the difference in fractionation before and after
pharmacological autonomic blockade in a patient with persistent atrial fibrillation.
Fractionation maps have been made using a dedicated 3D electro-anatomical mapping system. Only
a discrete decrease in fractionation can be seen in the anterior and posterior walls before (A) and
after (B) autonomic blockade.
Ant: Anterior; Inf: Inferior; LA: Left atria; Post: Posterior; PV: Pulmonary vein.

AF 9.13]. This does not mean, however, that the
RA does not contribute to AF. There is accu-
mulating evidence that in a subset of patients,
possibly up to 20% of patients with long-lasting
persistent AF, the right atrium plays a vital role
in the perpetuation of AF [54].

AT: the hidden menace

In the stepwise approach the end point of
ablation is restoration of sinus rhythm with
confirmation of PV isolation and electrically

future science group

confirmed block of any linear lesion performed;
however, sinus rhythm is rarely restored directly
and in more than 70% of patients, AF termi-
nates by conversion to AT [23]. Those may also
appear late after the healing process of ablation
(24,27]. They are multiple in number and mecha-
nisms and add significantly to the complexity of
ablation. They are considered as the last step of
persistent and long-standing AF ablation (dur-
ing the initial procedure or during follow-up),
and results of their mapping and ablation will

www.futuremedicine.com
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Figure 4. Complex fractionated electrogram recordings. (A) Example of complex fractionated
electrogram recorded on the septum of the left atrium (‘Sept’ leads represent the distal and proximal
bipoles of the ablation catheter): this was characterized by an almost continuous high voltage
electrical activity. (B) Corresponding x-ray image showing the ablation catheter looped within the
left atrium such that the tip is brought close to the inferior aspect of the interatrial septum. A
circumferential mapping catheter is inserted within the right atrial appendage and a decapolar
catheter is inserted within the coronary sinus. (C) In this patient with continuous persistent atrial
fibrillation of 1-year duration, ablation at this septal site restored sinus rhythm. This suggested that
complex fractionated atrial electrograms recorded on the septum reflected an active area

participating in the process of atrial fibrillation.

CSd: Distal coronary sinus; CSp: Proximal coronary sinus; Sept: Septum.

achieve either subsequent success or failure of
the procedure for patients. Mechanisms of AT
after an AF ablation varies with the ablation
approach. While focal origins from reconnected
PVs are more usual using segmental PV isolation
(37,55, macro-re-entrant mechanisms are more
frequent after an anatomical approach [s6,57],
and ‘small circuits’ (corresponding to local-
ized re-entries) are common after a stepwise
approach [sg].

Although 3D electroanatomical mapping
systems may assist in mapping ATs, using these
technologies are often impractical because of
AT instability or multiple ATs that each require
mapping. For this reason, a deductive diagnostic
electrophysiological approach has recently been
validated [59]; this prospective study also high-
lighted the dominant role of localized re-entry
as a novel mechanism of AT.

Other strategies & procedural end
points for persistent AF ablation
Different investigators have evaluated other strate-
gies and results for ablation of persistent AF. These
studies have been summarized in Tase 1. Overall,
the proposed techniques also include PV isolation
(more or less proximally), CFAE ablation, linear
lesions, ablation at the RA or combined tech-
niques. More importantly, procedural end points
may differ depending on the operators. In addi-
tion, it is important to emphasize that while for
CFAE ablation and ablation at the RA there is no
clear technical end point during ablation, electrical
isolation of the PVs as well as bidirectional electri-
cal conduction block at linear lesions are essential
for the global success of the procedure [8,273755).
Concerning the procedural end point of the
ablation procedure itself, some authors prefer
to perform a standardized lesion set; however,
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it appears that AF termination by catheter
ablation is associated with the best clinical
outcome [25]. Therefore, the question can be
raised whether all patients with persistent AF
should be induced at the beginning of the pro-
cedure or not. Indeed, AF inducibility at the
end of the procedure has a low specificity and
is not indicated for persistent AF [60); however,
if the procedural end point is to terminate AF,
then the arrhythmia should be induced before
starting ablation in case of the presence of
sinus rhythm, although this requires further
prospective trials.

Predictors of success

When AF can be terminated by catheter abla-
tion (without drug or external cardioversion),
only 5% of these patients will recur [25]; how-
ever almost 50% will have AT recurrence, which
is often more symptomatic than AF [24,25].
Thankfully, in experienced centers, catheter
ablation of subsequent ATs is associated with a
high success rate[s9). Other important predictors
of success have been reported by investigators:
pre-existing LA scarring [61], voltage abatement
(62], the percentage of the LA ablated, or vagal
denervation [63] or electrical block at linear
lesions [27].

More practically, the main predictors of
success before the ablation procedure are the
following: AFCL (28], duration of continuous
AF [25.27.64], history of hypertension and LA
dimensions [65].

We have evaluated the clinical predictors of
success in 90 consecutive patients with persist-
ent AF followed over 2 years 32]. The duration
of AF, LA dimensions, presence of structural
heart disease and the surface ECG AF cycle
length were assessed prior to ablation and ana-
lyzed with respect to long-term clinical out-
come. The surface ECG AFCL was manually
measured from ten unambiguous fibrillatory
waves on lead V1 (minimal voltage >0.01 mV)
that were not fused with QRST segments at
a paper speed of 50 mm/s and a gain setting
of 20, 40 or 80 mm/mV. Long-term mainte-
nance of sinus rhythm was associated with a
shorter duration of continuous AF (p < 0.0001),
a longer surface ECG AFCL (p < 0.001) and
a smaller LA (p < 0.05) compared with those
with recurrent arrhythmia. In multivariate ana-
lysis the surface ECG AFCL and the AF dura-
tion predicted clinical success of persistent AF
ablation (p < 0.01 and p < 0.05, respectively).
Furthermore, using a ROC curve, the opti-
mal cut-off for the AFCL as a predictor of AF
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termination was 142 msec with a specificity and
sensitivity of 92.9 and 69.7%, respectively. On
the other hand, the optimal cut-off point for
the duration of continuous AF was 21 months
for AF termination (specificity 92.9% and sen-
sitivity 61.8%). The combined cut-off using a
surface ECG AFCL was greater than 142 msec
and a duration of continuous AF of less than
21 months had 100.0% specificity in predict-
ing procedural termination of AF (sensitiv-
ity: 39.5%; positive predictive value: 100.0%;
negative predictive value: 23.3%).

Related complications &

potential benefits

The most frequent complications related to cath-
eter ablation of persistent AF occur in 1-2% of
patients and mainly include stroke, which is for-
tunately rare, and pericardial tamponade [66].
Stroke or transient ischemic attacks are mainly
the consequences of thrombi adherent to cath-
eters and sheaths, endocardial disruption from
the ablation lesions and air passing through
trans-septal sheaths. Anticoagulation is used
to prevent thrombi forming, but this increases
the risk of pericardial tamponade due to ooze
from the ablated tissue. Other possible compli-
cations are PV stenosis, which has dramatically
reduced with a more proximal ablation strategy
compared with the initial reports of isolation
within the vein [(67], atrio—esophageal fistula
(exceedingly rare but almost always fatal) (8] and
phrenic nerve paralysis, which patients almost
always recover from [69].

On the other hand, catheter ablation of per-
sistent AF has shown promising results concern-
ing improved morbidity [70.71] and quality of life
(72.73] (especially in patients with pre-existing
heart failure [70,74]), but also potential benefits
in term of mortality [71,75]. A nonrandomized
study comparing catheter ablation versus medical
therapy patients showed that patients treated with
catheter ablation were approximately half as likely
to die during the follow-up period and half as
likely to have a stroke or other major adverse car-
diovascular event as those treated medically [71).
Another study showed that, after catheter abla-
tion of symptomatic persistent AF in high-risk
patients, patients remaining in sinus rhythm
had a significant benefit in terms of mortality
compared with patients recurring AF [75).

Indications for persistent AF ablation
The latest guidelines published by the American
College of Cardiology (ACC), the American
Heart Association (AHA), and the European

Interv. Cardiol. (2009) 1(1)

Society of Cardiology (ESC) societies have
recommended not to differentiate between
patients on the basis of the duration of AF [8].
Briefly, patients are considered for ablation
in cases of symptomatic recurrent AF despite
failure of at least one anti-arrhythmic drug,
electrical cardioversion or both.

Importantly, as mentioned earlier, one has to
consider that catheter ablation for patients with
a very long duration persistent AF (especially
>5 years), a very short cycle length on a 12-lead
ECG, and extremely dilated LA have a very poor
chance of clinical success.

Of note, data have suggested that patients
with heart failure (NYHA II or more) or evi-
dence of left ventricular dysfunction without
an alternative explanation have the most to
gain from catheter ablation 70}, even if the
success rate is lower compared with patients
with normal left ventricular function. It has
been suggested that asymptomatic patients
with AF-related thromboembolism should be
treated with catheter ablation [76], even though
there have been no trials that have reported a
reduction in events post ablation, due to the
large number of patients that would need to
be recruited. Therefore the ACC/AHA/ESC
recommendations for anticoagulation remain
the same following catheter ablation [g].

Future perspective

In order to make progress in our understand-
ing of the mechanisms underlying persistent
AF, improved mapping tools are required to
allow the identification of the precise electro-
physiological substrate. Indeed, although the
presence of CFAE could indicate the most
favorable sites, there is currently no accurate
mapping technology that has been shown to
be clinically effective in differentiating active
from passive areas of activation. There have
been some investigations about analysis of the
dominant frequency, to try and determine the
areas with the highest frequency of activation;
however, these have been disappointing for
persistent AF [77].

There is room for improvement in abla-
tion technology. There are a number of ‘sin-
gle shot’ catheters that have been developed
using a variety of energy sources: for exam-
ple, radiofrequency (78], high-intensity focused
ultrasound [79] and cryothermal balloons [so].
Currently, only limited data are available on
the efficacy and safety profile of such cath-
eters. One major limitation of such technol-
ogy is the variation in pulmonary venous

future science group
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anatomy. Furthermore, these catheters are
very specific to pulmonary vein isolation; and
although this could be appropriate for most
paroxysmal AF patients, the need for several
different catheters is mandatory in persistent
AF, thereby increasing the cost and limiting
their applicability.

Conclusion

Since the initial report that AF was triggered
from ectopic beats within the PVs, we have
learnt a tremendous amount about the under-
lying physiopathology of AF. Catheter ablation
of persistent AF is undergoing a massive expan-
sion because of very promising results, and per-
sistent AF patients can now look forward to a
cure for their arrhythmia and the morbidity

and mortality risk that this brings. Although
catheter ablation of persistent AF is a difficult
procedure, advances in catheter design and
identification of areas that actively participate
in the AF process should increase the number

of patients that can receive treatment.
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Executive summary

all-cause mortality.

AF cycle length in both appendages.

symptomatic patients.

= Atrial fibrillation (AF) is the most frequent human arrhythmia and is associated with an increased risk of all-cause mortality, heart failure
and stroke. Many studies have clearly shown the superiority of catheter ablation compared with pharmacological therapy in reducing AF
burden; however, no randomized controlled trials have yet been performed to assess whether this translates into a reduction in

= During persistent AF, catheter ablation progressively targets all structures, potentially contributing to initiation and maintenance of AF:
the pulmonary veins, left atria (LA) tissue, linear ablation of the LA roof and mitral isthmus, and the right atrium.
= Each region is ablated following a sequential approach until AF termination, and the impact of ablation is assessed by measurement of

= This stepwise and multifaceted approach is associated with the best reported success rate, with more than 90% of patients maintaining
stable sinus rhythm after more than 2 years of follow-up.

= Importantly, following an initial ablation for AF a second procedure is often needed for atrial tachycardia.

= The main predictors of success before the ablation procedure are a long AF cycle length (>142 ms as measured on the 12-lead ECG in
V1) and a short duration of continuous AF (<21 months).

= Although some developments are still required to improve the ablation technology and electrophysiological mapping, AF ablation is now
included in the international guidelines as a reasonable alternative to pharmacological therapy to prevent recurrent AF in
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