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M ost paroxysmal atrial fibrilla-
tion (AF) is initiated by ectopic
beats from a focal area that is

amenable to cure by radiofrequency ca-
theter ablation.1,2 Persistent AF is usually
maintained by an atrial substrate that
accommodates multiple reentrant wave-
lets.3,4 Although focal triggers of AF may
be found in the superior vena cava, crista
terminalis, coronary sinus, vein of Mar-
shall, interatrial septum, or left atrial po-
sterior wall, most ectopic foci are located
within the pulmonary veins.5-8

Haissaguerre’s group first recognized
the pulmonary veins as the main source
of triggers initiating paroxysmal AF.1 Fo-
cal triggers that are identified as rapidly
firing ectopic foci in and around the pul-
monary veins elicit a short burst of focal
discharges, initiating an AF episode that
subsequently continues independently.
Ablation targeted at the initiating foci
can eliminate pulmonary vein extra-
systoles, repetitive bursts of vein activity,
as well as AF (“focally-initiated” AF).
Moreover, several studies have demon-
strated slow and/or rapid pulmonary vein
activations during AF or after isolation of
the pulmonary vein from the atria, the-
reby suggesting that pulmonary vein
activity may also have a role in main-
taining (not just initiating) AF.9,10 These
critical findings shed light on the impor-
tant interplay between atrial substrate
and pulmonary vein trigger in AF patho-

physiology. Three important issues need
further discussion in this era of inter-
ventional electrophysiology for ablation
of AF.

Limitations and controversies of pulmonary
vein ablation

The important concept of AF ablation is
the isolation of the pulmonary veins from
the atria, thus rendering it impossible for
pulmonary vein ectopic beats to be
conducted to the atria for the initiation of
AF.11-23 Although the numbers of catheter
ablation procedures for AF using the
pulmonary vein isolation technique are
increasing rapidly, there are still some
important limitations and controversies
concerning the concept, technique and
results of current ablation therapy for AF.

First, the concept of complete pulmo-
nary vein isolation for successful AF
ablation is still controversial. Stabile et al
demonstrated the complete isolation of 4
pulmonary veins in around 5% of patients
without AF recurrence after successful
AF ablation: however, the Marchlimski
and Cappato groups proved that com-
plete pulmonary vein isolation is neces-
sary, because a lower AF recurrence rate
could be obtained after 2 to 3 repeated
procedures to obtain complete elimina-
tion of any connection between the atria
and the pulmonary veins.17,18,21 Second,
pulmonary vein isolation alone seems to
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have limited efficacy in persistent AF. Third, current
reports from different centers show a large variation
in success rate, recurrence rate, complication rate,
follow-up tools and follow-up periods. More trials,
including large-scale randomized studies comparing
different ablation approaches, would be useful in
order to determine the best method (high success
rate, low complication rate and recurrence rate) for
ablation of AF. 

Non-pulmonary vein ectopy in AF

It is possible that not only pulmonary vein ectopy,
but also non-pulmonary vein ectopy may be able to
initiate AF. This laboratory first proposed the
important concept of non-pulmonary vein ectopy
from different areas initiating paroxysmal AF.5,7,8 At
the present time, most laboratories perform isolation
of all 4 pulmonary veins. Thus, recurrent AF from
non-pulmonary vein foci should be considered when
all 4 pulmonary veins have been successfully isolated.
Lin et al demonstrated that paroxysmal AF can be
initiated by ectopic beats (around 28% of AF foci)
originating from non-pulmonary vein areas, and that
the application of radiofrequency energy in the non-
pulmonary vein areas is an effective and safe way to
treat paroxysmal AF.8 However, less than 10% of the
240 patients had a single focus from the non-pulmo-
nary vein areas. In an earlier study, Haissaguerre
reported that 8.9% of patients had AF from non-
pulmonary vein areas, including 6.7% from the right
atrium and 2.2% from the left atrial free wall.1

However, the same group reported a high (79%)
incidence of non-pulmonary vein foci initiating AF
after pulmonary vein disconnection in 160 patients
with AF, and these non-pulmonary vein areas
included the adjacent posterior wall around the
pulmonary vein ostium, left atrial tissue away from
the pulmonary vein ostia, right atrium, coronary
sinus, superior vena cava, and several foci (19%)
which could not be localized.24 Therefore, based on
these reports, non-pulmonary vein ectopy is im-
portant in AF initiation.

Pulmonary vein isolation plus ablation of atrial substrate

The most impressive results from surgical ablation
reports provide further evidence for the concept of
the left atrium, in particular the pulmonary veins and
the area in between them, being deeply involved in
the initiation and/or maintenance of AF. Thus, ab-

lation lesions encompassing the periostial atrial
tissues and connecting the inferior pulmonary veins
to the mitral annulus may be a necessary component
in the ablation of AF. A progressive change in the
atrial substrate’s susceptibility to fibrillate once
ectopy emerges is a possible cause of AF recurrence.
Modification of the atrial arrhythmogenic substrate
seems to be a part of curative ablation strategy for
AF in cases with longer AF duration and larger atria.
Nademanee et al demonstrated that more than 91%
of patients with paroxysmal or chronic AF were free
of arrhythmia events after catheter ablation of left
atrial arrhythmogenic substrates, including the areas
with fragmentation, double potentials, and low voltage
electrogram.25

Linear ablation in the mitral isthmus, and in the
roof of the left atrium joining the 2 superior pulmo-
nary veins can be expected to increase the success
rate, but this may be tempered by the possibility of
increasing the complications of ablation (cardiac
tamponade and stroke), potential for left atrial flut-
ter, and loss of left atrial transportation.26-28 Because
several investigators showed similar results from
catheter ablation for paroxysmal AF without adding
any linear lesions in the left atrium, it is necessary to
identify the patients who would truly benefit from
the addition of left atrial linear ablation versus pul-
monary vein electrical isolation alone.

Although most laboratories perform catheter
ablation of the right atrial cavotricuspid isthmus
after isolation of the pulmonary veins in patients
with AF associated with clinically documented or
induced typical atrial flutter, Wazni et al found no
benefit from right atrium isthmus ablation in patients
undergoing a pulmonary vein isolation procedure.29

Furthermore, ablation of the crista terminalis gap
and channels between right atrial low voltage zones
would be helpful in the elimination of AF caused by
a rapid reentry circuit with fibrillatory conduction.30

Future concepts

The paradigm for AF ablation has changed dra-
matically from modifying the atrial substrate of on-
going AF to elimination of the focal triggers that
initiate AF. However, ablation of AF triggers plus
modification of the atrial substrate may be necessary
in some patients with long-lasting AF, or some pa-
tients with a significant atrial substrate problem. It is
anticipated that continued technological improve-
ments will facilitate the AF-curative ablation te-
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chniques and broaden indications for ablation as a
treatment of AF. Thus, we can expect to cure an
increasing recognized proportion of patients with
AF, with the promise of more widespread appli-
cations of the evolving AF treatment strategies. 
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