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Electrophysiology

New Approach for Catheter
blation of Atrial Fibrillation:
apping of the Electrophysiologic Substrate

oonlawee Nademanee, MD, FACC,* John McKenzie, MD,* Erol Kosar, MD,* Mark Schwab, MD,*
uncha Sunsaneewitayakul, MD,† Thaveekiat Vasavakul, MD,* Chotikorn Khunnawat, MD,*
achapong Ngarmukos, MD‡

nglewood, California; and Bangkok, Thailand

OBJECTIVES We sought to test the hypothesis that complex fractionated electrograms (CFAEs) recorded
during atrial fibrillation (AF) could be used as target sites for catheter ablation of AF.

BACKGROUND Mapping of AF in humans has shown that areas of CFAEs correlate with areas of slowed
conduction and pivot points of reentrant wavelets. We hypothesized that such areas of
CFAEs could be identified in patients with AF and might serve as target sites for catheter
ablation to maintain sinus rhythm.

METHODS The study population included 121 patients (29 females; mean age, 63 years) with refractory
AF (57 paroxysmal, 64 chronic). All patients underwent nonfluoroscopic electroanatomic
mapping (CARTO) during AF. Using CARTO, the biatrial replica, displayed in a
three-dimensional color-coded voltage map, was created during AF, and areas associated with
CFAEs were identified. Radiofrequency ablation of the area with CFAEs was performed,
aiming to eliminate CFAE and/or convert to sinus rhythm.

RESULTS Complex fractionated atrial electrograms were found in seven of nine regions of both atria,
but were mainly confined to the interatrial septum, pulmonary veins, roof of left atrium, and
left posteroseptal mitral annulus and coronary sinus ostium. Ablations of the areas associated
with CFAEs resulted in termination of AF without external cardioversion in 115 of the 121
patients (95%); 32 (28%) required concomitant ibutilide treatment. At the one-year
follow-up, 110 (91%) patients were free of arrhythmia and symptoms, 92 after one ablation
and 18 after two.

CONCLUSIONS Areas with CFAEs represent a defined electrophysiologic substrate and are ideal target sites
for ablations to eliminate AF and maintain normal sinus rhythm. (J Am Coll Cardiol 2004;
43:2044–53) © 2004 by the American College of Cardiology Foundation
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oe et al. (1) described continuous propagation of multiple
avelets in the atria and wavelets as offspring of atrial reentry

ircuits as the mechanism by which atrial fibrillation (AF) may
e perpetuated without continuous focal discharge. Allessie et
l. (2) reported that there are two major underlying mecha-
isms of AF. One is random wavelet re-entry, and the other is

eading circle reentry. An elegant study in humans by Hais-
aguerre et al. (3) showed that ectopic impulses originating in
he pulmonary veins could initiate AF, which could be elimi-
ated by catheter ablation of these ectopic foci.

See page 2054

It is likely that, in humans, most AF is caused by more
han one mechanism (2). During intraoperative mapping of
F, Konings et al. (4) observed that both random and

eading circle reentry are present in patients with WPW
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yndrome. These functional reentry circuits are difficult to
ap in detail in humans without performing open-heart

urgery. Even with such surgery, many areas of the heart
e.g., the septum) may not be mapped simultaneously with
he other sites. Nevertheless, Konings et al. (5) showed that
he complex fractionated atrial electrogram (CFAE) ob-
erved during intraoperative mapping of human AF are
ound mostly in areas of slow conduction and/or at pivot
oints where the wavelets turn around at the end of the arcs
f functional blocks. Thus, such areas of CFAEs during AF
epresent either continuous reentry of the fibrillation waves
nto the same area or overlap of different wavelets entering
he same area at different times (4,5). Such complex elec-
rical activity has a relatively short cycle length and hetero-
eneous temporal and spatial distribution in humans (6,7).

e hypothesized that if the areas of CFAEs could be
dentified and associated with the atrial anatomy, it should
hen be possible to locate the areas where the AF wavelets
eenter. If such areas were to be selectively eliminated by
atheter ablation, wavelet re-entry should stop, thereby
reventing perpetuation of AF.
We, therefore, conducted the following study to deter-

ine if CFAEs can identify the regions where AF is
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erpetuated and if CFAEs can be used to target such sites
or catheter ablation of AF.

ETHODS

tudy population. We studied 121 patients (92 men, 29
omen; mean age, 63 � 12), 64 of whom had chronic AF

CAF) (26 had persistent AF, 38 had permanent AF) and
7 paroxysmal AF (PAF)—PAF was self-terminating
ithin seven days of the onset; persistent AF was not

elf-terminating within seven days or was terminated by
ither electrical or pharmacologic conversion, and perma-
ent AF could not be terminated by cardioversion or was
ot attempted. Most of these patients had a long history of
F (4 � 3.3 years) and had failed at least two previous

ntiarrhythmic drugs (mean, 2.4 � 1.3). Seventy-nine
atients had heart diseases: 42 had coronary artery disease,
7 cardiomyopathy, 14 valvular heart diseases, and 6 con-
enital disease. The mean left atrial dimension was 42 �
mm.
lectrophysiologic study and electroanatomic mapping

CARTO). After giving informed written consent ap-
roved by our institutional review board, patients underwent
lectrophysiologic studies under conscious sedation. For
ecording and stimulation, multipolar electrode catheters
ere positioned in the coronary sinus (CS) and/or right

trium. Atrial fibrillation was induced in the patients who
ad PAF but who were in sinus rhythm during the time of
tudy. The patients with premature atrial contractions were
iven isoproterenol infusion; if sustained AF was not pro-
oked, then rapid atrial pacing was performed, with or
ithout isoproterenol infusion. For patients with infrequent
remature atrial contractions, the same pacing protocol was
erformed with or without isoproterenol. Once AF was
ustained for over 5 min, the patients underwent nonfluo-
oscopic electroantomic mapping (8,9), as did the patients
ith CAF. The CS or right atrial appendage recording was
sed for electrical reference during CARTO mapping.
ntracardiac recordings were simultaneously recorded with
he CARTO and a computerized multichannel recording
ystem (EP Med Systems Inc., Mt. Arlington, New Jersey).
achycardia cycle lengths were monitored and recorded

rom both the reference and the mapping catheter.

Abbreviations and Acronyms
AF � atrial fibrillation
CAF � chronic atrial fibrillation
CARTO � electroanatomic mapping
CFAEs � complex fractionated atrial electrograms
CS � coronary sinus
LIPV � left inferior pulmonary vein
LSPV � left superior pulmonary vein
PAF � paroxysmal atrial fibrillation
RIPV � right inferior pulmonary vein
RSPV � right superior pulmonary vein
The CARTO system created biatrial replicas as a three- P
imensional map. The CARTO enabled navigation within
he cardiac chamber and combined three-dimensional en-
ocardial anatomy with electrical activation wave fronts or
oltage. The physician could thereby locate, tag, and later
evisit relevant sites. Heparin (5,000 U bolus followed by
,500 U every h) was used for anticoagulation.
During AF, the local activation time of the arrhythmia

as of no value in guiding activation sequence mapping
ecause we did not simultaneously map multiple sites in
oth atria. However, CARTO provided an invaluable volt-
ge map and enabled the operator to associate areas of
FAEs with the anatomy of both atria. We used bipolar

ecording filtered at 30 to 500 Hz and defined low voltage
s being �0.15 mV. We define CFAEs as follows: 1) atrial
lectrograms that have fractionated electrograms composed
f two deflections or more, and/or perturbation of the
aseline with continuous deflection of a prolonged activa-
ion complex over a 10-s recording period (Fig. 1A); 2)
trial electrograms with a very short cycle length (�120 ms)
Fig. 1B) averaged over a 10-s recording period. The
FAEs were tagged and associated with the atrial anatomy

reated by CARTO, thereby serving as target sites for
blation.
adiofrequency ablation. With a three-dimensional ana-

omic guide, the areas with CFAEs could be located and
blated. Radiofrequency energy was delivered between the
istal electrode of the locatable mapping catheter and a large
atch electrode placed on the patient’s back. Radiofrequency
pplications were delivered with the maximal temperature of
5°C to 60°C at the catheter tip; only a standard 4-mm tip
atheter was used in this study.
nd points and data analysis. The primary end points
uring radiofrequency ablation of AF were: either complete
limination of the areas with CFAEs or conversion of AF to
ormal sinus rhythm for both CAF and PAF patients; 2)
oninducible AF for PAF patients. When the areas with
FAEs were completely eliminated but the arrhythmias

ontinued as organized atrial flutter or atrial tachycardia, the
trial tachyarrhythmias were mapped and ablated (occasion-
lly in conjunction with ibutilide, 1 mg for 10 min) to revert
he arrhythmias to sinus rhythm. If the arrhythmias were
ot successfully terminated, external cardioversion was
erformed.
The patients were then followed in the arrhythmia clinic

very three months. For the follow-up and documentation
f arrhythmia recurrences, Holter and event monitor re-
ordings were used in conjunction with routine electrocar-
iogram.

ESULTS

he mean procedure time was 3.1 � 0.85 h, and the
uoroscopy time was 14.7 � 4.8 min. The number of
adiofrequency applications delivered was 64 � 36 (range, 7
o 168) applications. During the ablative procedure, all 57

AF patients went into sinus rhythm and rendered AF
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oninducible—eight (14%) required concomitant ibutilide
reatment. Fifty-eight of the 64 CAF patients (91%) had
F converted to sinus rhythm during ablation—18 (28%)

equired concomitant ibutilide treatment. The remaining six
AF patients (9%) needed cardioversion with ibutilide to

ttain sinus rhythm.
vidence that CFAEs represent substrate areas that
erpetuate AF. Figure 2 shows the intracardiac record-

igure 1. Examples of complex fractionated atrial electrograms (CFAE)
omplex over the posterior septal areas. (B) Shows another type of CFAE
ompared with the rest of the atria, were recorded. CS � coronary sinus.
ng from a patient who had permanent AF and under- l
ent atrioventricular nodal ablation followed by implan-
ation of a permanent pacemaker three years previously.
ntracardiac atrial electrograms displayed CFAEs, which
ere located exclusively in the septum; the rest of the

tria showed discrete organized electrograms (Fig. 2A).
he fibrillation cycle length along both sides of the

eptum was �120 ms, in contrast with the 235 to 280 ms
ycle length at the left and right atrial appendages and

Shows fractionated electrograms with continuous prolonged activation
left atrium (LA)-roof where electrograms with a very short cycle length,
: (A)
at the
ateral wall of both atria. The voltage map (Figs. 2B and
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C) confirmed that both the low voltage areas and the
FAEs were confined almost exclusively to both sides of

he septum. After radiofrequency ablation applications
long both sides of the septum, the tachycardia cycle
ength increased to 325 ms before termination (Figs. 2C
nd 2D). The patient continued to be arrhythmia free
wo years after the ablation.

After radiofrequency applications, most atrial electro-
rams either disappeared or reduced drastically in amplitude
esulting in complete elimination of CFAEs—often asso-
iated with organization of atrial electrograms in the areas
djacent to the ablated ones. The elimination of CFAEs
lways uniformly increased tachycardia cycle lengths before
F termination, even though the cycle lengths were mea-

ured from the electrical reference from the area remote
rom the ablation sites. The overall tachycardia cycle length
ncreased from 172 � 26 ms at baseline to 237 � 42 ms

igure 2. An example of electroanatomic mapping (CARTO) of a patient
CFAE) are seen over the right atrial (RA) septum1–2 and RA septum3–4;
trial electrograms (RA1–2 and RA3–4). (B) Electroanatomic mapping volta
oth sides of the atrial septum. (C) Left anterior oblique view of the CAR
A3–4 are the intracardiac recordings from the superior-anterior aspect of
blation. LIPV � left inferior pulmonary vein; RIPV � right inferior pul
p � 0.05).
egional distribution of CFAEs. For the purpose of
haracterizing human AF using a biatrial CARTO map, we
ivided the right and left atria into nine areas (Fig. 3).
lectroanatomic mapping not only enabled us to navigate

reely in both atria, but also allowed us to revisit the areas of
nterest where CFAEs were found earlier. The CFAEs were
istributed differently in the nine regions; they were, how-
ver, not migratory as confirmed by revisiting the areas
efore the ablation was initiated. Our mapping demon-
trated that AF is heterogeneous and can be divided into
hree types based on the regional distribution of the CFAEs
Table 1):

ype I: The CFAEs were localized in only one area, and
the rest of the atria displayed discretely organized
atrial electrograms. Typically, the cycle length in
the area with CFAEs was much shorter than the
cycle length in the rest of the atria (Fig. 4).

permanent atrial fibrillation. (A) Complex fractionated atrial electrograms
trast, the lateral wall of the RA shows discrete organized single-potential

ap presents the posteroanterior view. Pink dots are areas of CFAEs along
voltage map displaying ablation points (red dots). Left atrial (LA)1–2 and
nteratrial septum (arrow). (D) Termination of the tachycardia during the
ry vein; RSPV � right superior pulmonary vein.
with
in con
ge m
TO
the i
mona
Radiofrequency ablation applications applied to
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these areas resulted in the elimination of the
CFAEs, with termination of the AF. Table 1
summarizes the regional distribution of our 23 type
I—patients (16 with PAF and 7 with CAF) had
the following type I distribution of CFAEs:

ype II: The CFAEs were localized in two areas, and
ablations had to be performed in both these areas to
terminate AF. We classified pulmonary veins as one
area regardless of how many veins were involved in
the AF. Fifty-three patients (22 with CAF and 21
with PAF) had type II CFAEs (Table 1).

ype III: The CFAEs were distributed in three or more
areas. Figure 5 shows a voltage map displayed
along with intracardiac electrograms. Multiple
cardioversions (with amiodarone and ibutilide)

igure 3. Based on electroanatomic mapping (CARTO), the biatrial
eplica could be divided into the nine separate areas: 1) septum including
he Bachmann bundle; 2) left posteroseptal mitral annulus and coronary
inus ostium; 3) pulmonary veins; 4) roof of the left atrium; 5) mitral
nnulus; 6) cavotricuspid isthmus; 7) crista terminalis; 8) right and left
trial appendages; and 9) superior vena cava-right atrial junction. LAO �
eft anterior oblique; PA � posterior anterior.

Table 1. Classification and Regional Difference

AF Classification
Number of Pat

(Types)

Type I AF: CFAEs localize
in only one area

23 (16 PAF and 7

Types II AF: CFAEs localize
in two areas

43 (21 PAF and 2

Type III AF: CFAEs localize
in �3 areas

55 (20 PAF and 3

AF � atrial fibrillation; CAF � chronic atrial fibrillation; C
sinus; LIPV � left inferior pulmonary vein; LSPV � left sup

� right superior pulmonary vein; SVC � superior vena cava.
had been unsuccessful. The CFAEs were con-
fined to the posterior wall, pulmonary veins,
septum, and mitral annulus. After ablation along
these areas, AF converted to atrial tachycardia.
The atrial electrograms became organized, and
continued application of radiofrequency along
the posteroseptal area converted the tachycardia
to sinus rhythm.

Fifty-five patients (35 CAF and 20 PAF) displayed
FAEs �3 areas in both atria. The regional distribution
f the CFAE areas in these type III patients are shown in
able 1. The interatrial septum was the most common

ite for CFAEs in our patient population; other common
ites were the pulmonary veins, roof of left atrium, and
roximal CS. None of our patients had CFAEs in the
ppendages.
trial tachyarrhythmias after initial AF ablation: evi-
ence that atria could no longer fibrillate. Although
ecurrent atrial tachyarrhythmias were common after the
rst session of ablation (experienced by 62 patients), the
ajority of the arrhythmias was not AF. The recurrent atrial

achyarrhythmias were paroxysmal in 27 patients and per-
istent in 35. Approximately three-fourths of the atrial
rrhythmias consisted of atrial flutter and atrial tachycardia
n � 44; 71%) and one-fourth of AF (n � 18; 29%). Of the
2 patients with early recurrent atrial arrhythmias, 33
ecame arrhythmia free and symptoms free eight weeks
fter the initial ablation. The 29 patients who continued to
ave atrial tachyarrhythmias eight weeks after the initial
blations underwent a second ablation for the following
rrhythmias: 5 had atypical left atrial flutter (4 in the

CFAE Distributions

Number of Patients at Various Location of
CFAE Distribution

) 10 pulmonary veins (4 RSPV; 3 LSPV;
1 LIPV and 2 both RSPV and LSPV)

8 interatrial septum
4 proximal CS
1 inferolateral aspect of the right atrium

(Fig. 4)
F) 19 pulmonary veins and septum

9 septum and proximal CS
4 pulmonary veins and left posteroseptal

mitral annulus
3 pulmonary vein and cavotricuspid isthmus
5 septum and mitral annulus
3 septum and the roof of the left atrium

F) 46 interatrial septum (83%)
37 pulmonary veins (67%)
34 left atrial roof (61%)
32 proximal CS and its os (59%)
13 mitral annulus (24%)
17 cavotricuspid isthmus (31%)
4 inferolateral aspect of the right atrium (7%)
2 SVC and right atrial junction (4%)

� complex fractionated atrial electrogram; CS � coronary
ulmonary vein; PAF � paroxysmal atrial fibrillation; RSPV
s of

ients

CAF

2 CA

5 CA

FAE
erior p
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nteratrial septum and one in the roof of the left atrium), 10
ad atrial flutter dependent on the cavotricuspid isthmus, 5
ad atrial tachycardia (2 at the left superior pulmonary vein
nd 3 at the CS ostium), and 9 had AF.

Figure 6 shows examples of recurrent atypical atrial flutter

igure 4. An example of type 1 atrial fibrillation (AF). This patient had sy
he biatrial map (mesh presentation) in the anterior posterior view. The ar
he right atrium. Note that the cycle length of the complex fractionated atri
pplications at this site terminated AF (lower panel) and rendered it non
btained from patients represented in Figure 5 who had t
ecome arrhythmia free for a few months before this atrial
utter occurred. Note that the atria could no longer fibril-

ate. The CARTO map shows the reentrant circuit in the
osterior superior left atrium. Ablation at this site resulted
n an increase in cycle length from 219 ms to 250 ms before

matic paroxysmal AF and had failed multiple drugs. The top panel shows
oints to the electrogram recorded from the inferolateral (inf lat) aspect of
trograms in this area was quite short, only 90 ms. Radiofrequency ablation
ible. CS � coronary sinus.
mpto
row p
al elec
induc
achycardia termination. Each of the 10 patients who devel-
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ped isthmus atrial flutter had a successful ablation of the
avotricuspid isthmus resulting in elimination of recurrent
rrhythmias. Figure 7 shows examples of ablation maps from
our patients whose initial ablations were successful in elimi-
ating AF but who developed recurrent cavotricuspid isthmus-
ependent atrial flutter. Note that the initial ablations were not
erformed in the right atrium, which suggests that the recur-
ent atrial flutter was not related to the previous ablations but
ather to a different arrhythmic mechanism.
ong-term outcomes. At the one-year follow-up, 92 of

he 121 patients (76%) had only one ablative session and
ere free of arrhythmia; 47 were PAF (2 required amioda-

one therapy), and 45 were CAF (3 required amiodarone
nd 2 sotalol). Ten PAF and 19 CAF patients required the
econd ablation: 7 PAF (one required amiodarone) and 11
AF patients (two required amiodarone) became arrhyth-

igure 5. (A) Shows failure of external (top panel) and internal (lower p
ermanent AF. (B) Voltage mapping with intracardiac recordings before
nd magenta as the highest voltage. The distribution of complex fractionate
itral annulus, and septum. (C) Shows the electrograms recorded from the

locks between these areas and the distal (Dis) coronary sinus (CS). The atr
RF) application here terminated the tachycardia (D). Biomap D � distal
uperior pulmonary vein.
ia free. However, the remaining 11 patients (8 with CAF, C
with PAF) continued to have recurrent atrial tachyar-
hythmias; 4 of these patients required amiodarone, and 7
ere treated with an atrial defibrillator. Overall, 110 pa-

ients (91%) were free of arrhythmia and symptoms without
ny late complications.
rocedure-related complications. Six patients experi-
nced major complications. One patient had a cerebrovas-
ular accident 24 h after the ablation. Two patients had
ardiac tamponade; one had a complete atrioventricular
lock, and one had transient severe pulmonary edema. One
atient developed a femoral arterial atrioventricular fistula,
hich necessitated surgical repair.

ISCUSSION

ur study presents a new way of mapping AF using

cardioversion to convert atrial fibrillation (AF) in patients with chronic
fter ablations. The color range depicts red as the lowest voltage and blue
al electrograms was confined largely on the posterior wall of the left atrium,
ing catheters at the left posteroseptal areas. Note that there are conduction
tivation at this site was 115 ms earlier than the P wave, and radiofrequency
odes; Biomap P � proximal electrodes; prox � proximal; RSPV � right
anel)
and a
d atri
mapp
ial ac
electr
ARTO. Our mapping data provide evidence for the
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ypothesis that CFAE areas are critical sites for AF per-
etuation and can serve as target sites for AF ablation. Once
FAEs were eliminated by ablation, AF could no longer be

ustained in the majority of our patients. The tachycardia
ycle length increased, and electrograms became more
rganized before termination of AF. This observation sug-
ests that the random reentry paths were altered or elimi-
ated so that the fibrillation wavelets could no longer
eenter the ablated areas. This may be due to termination of
he rhythm at the dead ends or circling of the wavelets
round the ablated areas resulting in a more organized
hythm of a new macroreentrant circuit with a relatively
onger cycle length. Atrial fibrillation was thereby converted
o atrial tachycardia or flutter, the random reentry changed
o a single macroreentrant circuit, a focal reentry, or a focal
ischarge.
Indeed, the atrial tachyarrhythmias that occurred after

igure 6. (A) Electrocardiogram showing recurrent atrial flutter of the s
achycardia; the color range depicts red as the earliest activation and magen
t the left atrial roof where complex fractionated atrial electrograms with
erminated the tachycardia (C). Biomap D � distal electrodes; Biomap P
blation may have been multifactorial. It is possible that the w
blation procedure itself caused the arrhythmias, as is
ommonly seen after the Maze surgical procedure (10)
ecause of electrophysiologic changes that occur during the
ealing process and disappear once healing is complete (10).
urther evidence for this theory was provided by the fact

hat many of the atrial arrhythmias that occurred in our
atients after ablation ended eight weeks after the ablation.
Another possibility is that some of these arrhythmias

ere the primary arrhythmias that induced AF via fibrilla-
ory conduction (11,12). Once the atria could no longer
brillate after the ablations because the substrates for AF
ere eliminated, the primary arrhythmia manifested itself.
any of our patients who had cavotricuspid isthmus-

ependent atrial flutter as the recurrent arrhythmia did not
ave this area ablated at the initial session, which supports
his supposition. However, five patients with atypical atrial
utter had the reentrant circuits clearly defined in the areas

atient from Figure 6. (B) The map of the activation wave front during
the latest. The arrow points to the electrogram of the mapping electrodes

diastolic potentials were recorded. Radiofrequency application at this site
oximal electrodes; CS � coronary sinus.
ame p
ta as
mid-
� pr
here RF applications were performed: four had the re-
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ntrant circuits in the septum and one in the roof of the left
trium (Fig. 7). These patients most likely developed
blation-related macroreentrant tachycardia.

One possible shortcoming with the above mapping tech-
ique is that the atria were not simultaneously mapped with
ultiple electrodes. Nevertheless, one of our most intrigu-

ng findings was that the distribution and location of
FAEs remained relatively constant. This observation sug-

ests that the electrical activities causing CFAEs by con-
uction disturbances during AF have a propensity to local-

ze in the same areas and do not meander. Because the
ARTO system enables one to revisit these areas of

igure 7. Posteroanterior (PA) views of four maps from four patients: N.
. G. and G. S. (right) were patients with chronic AF. Ablations performe
ermination. CS � coronary sinus; LA � left atrium; LIPV � left inferio
IPV � right inferior pulmonary vein; RSPV � right superior pulmonar
nterest, we were able to mark the areas having CFAEs, i
hich then served as stationary targets for precise position-
ng of the ablation catheter (8,9). Nevertheless, one must
econcile the difference between the above finding and the
arlier observation that the underlying mechanism for AF is
andom reentry and that the reentrant wavelets are expected
o meander; in turn, the CFAEs should be fleeting. Possible
xplanations are as follows: 1) a linking phenomenon,
reviously described by Gerstenfeld et al. (7), maintains the
irection of wavelet propagation during AF; 2) the previous
appings were done almost exclusively in patients with
PW syndrome, whereas our patient population had a long

tanding history of AF; and 3) mapping by previous

d T. W. (left) were patients with paroxysmal atrial fibrillation (AF), and
ng AF at various areas of the left atrium (red dots) resulted in arrhythmia
monary vein; LSPV � left superior pulmonary vein; RA � right atrium;
.

H. an
d duri
r pul

y vein
nvestigators used the epicardial technique and was mostly
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ocated over the lateral wall. We, however, mapped the
ntire atria from both sides including the septum, pulmo-
ary veins, and CS; these areas are not amenable to
picardial mapping.

In any event, our findings confirm those of Jaı̈s et al. (6)
hat regional disparities of endocardial atrial activation exist
n AF and that CFAEs have the proclivity to localize in the
ame areas. More importantly, our study also confirms their
bservation that the atrial septum is the most common site
or CFAEs. Similarly, our data support the finding of
ondo et al. (13) that demonstrated that the midatrial

eptum is an important target site for AF perpetuation in
he canine model in the pacing-induced AF in the normal
og heart (13). Recently, Quan et al. (14) showed that
lectrical stimulation of cardiac ganglia near the pulmonary
ein orifices significantly shortened the atrial refractoriness
lose to the site of the stimulation and that the effects
iminished at the distance �2 cm away from this site (14);
his raises the possibility that neurotransmitter release (i.e.,
cetylcholine at preganglionic and/or postganglionic termi-
al) may contribute to the genesis of CFAEs and may play
role in the differences of CFAEs regional distribution in

he atria during AF. In any event, CFAEs were rarely
bserved in the atrial appendage of either side, suggesting
hat the trabeculated area of the atrial appendage is rarely a
art of the random reentry that sustains AF. This supposi-
ion is strengthened by the fact that even though we
erformed no ablation in either the right or left atrial
ppendage, AF was still terminated and was not inducible
fterwards.

The immediate success rate with our approach was very
igh (95%), as determined by termination of arrhythmia
uring the ablations, while the complication rate was quite

ow. The immediate success was also translated into excel-
ent clinical outcomes.

What is the difference between our approach and those
sed in pulmonary vein isolation? The latter is an ablative
echnique that aims to remove the triggering foci (3,15,16),
hile our technique aims to remove the substrate for AF.
ur study is not designed to compare the efficacy rate

etween the two techniques. Our data, however, indicate
hat pulmonary veins are the key areas, after the septum,
here CFAEs are located; these areas need to be ablated to

chieve conversion of AF to normal rhythm. It is, thus, very
ikely that many of our patients may have responded to the
ulmonary vein isolation technique. On the other hand,
any of our patients were cured by radiofrequency ablations

ocated elsewhere, especially in the septum. These patients
ay not have benefited from solely the pulmonary vein

solation technique. Our results indicate that our approach

s effective and merits further clinical studies to compare it
ith the other AF ablation approaches and with the
onventional treatment of AF.
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