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Points of agreement

ADespitea high efficacyin patients with paroxysmalatrial fibrillation
(AF), antral pulmonary vein isolation (PVI) had a rather limited

efficacyin patientswith persistentAF

ASubstrate modification is considered when AF persists despite
effective PVland mostlyneededin persistentAFablation

ATherefore, other ablation strategies including targeting complex
fractionated atrial electrograms(CFAEshave been tried to improve
clinical outcomesin patients with persistent AE (Nademaneeet al
2004 HRSEHRAECAExpertConsensuStatementon Catheterand

SurgicalAblationof Atrial Fibrillation 2012).
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|deal Target for Ablation in any Arrhythmia

An Ideal target for ablation in any arrhythmia :

AClear definition and clear criteria for identification of the target site.
Adefinite role in the initiation or maintenance of the arrhythmia,
ALocalized rather than large or widely spread area,

Afeasible for ablation with a clear endpoint,

AShow a good and consistent evidence of efficacy,

ASafe to ablate.. with a | ow rate

Definition and ldentification of CFAES

Aln the original description bilademaneend coworkers, CFAEs were
defined as

1- atrial electrograms that are fractionated and composed of two or more
deflections, and/or have perturbation of the baseline with continuous
deflections of a prolonged activation complex over as&@ond recording
period; with

2- low voltage electrograms (<0.18V).
3- or sites with continuous electrical activity without isoelectric intervals,

4- or sites with discrete electrograms with a very short cycle length
( < 1nx)Gaveraged over a 1fecond period.
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AThe criticism of the above definition of CFAE is that it involves
inherent subjectivity and has several weaknesses.

AThe definition of CFAE using cycle length and morphology is too broad
and will result in imprecise quantification of CFAE. This can lead to
incorrect detection of target sites for ablation, mistaking electrograms
that are fractionated and functional in nature.
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Pathophysiology or Mechanism of CFAES

ANo single pathophysiology or mechanism could explain these

different descriptions of CFAES.

Pathophysiology or Mechanisms

AEarlier studies suggested that CFAEs might represent anchor points
for reentrant circuits, areas alow conduction or collisiorfKonings
et al in Circulation. 1997),

ASites of autonomic innervation or ganglionjaexi (Lin et al. J
Cardiovasé&lectrophysial2007).

ACFAEs were also observedasthe periphery of a rotor atsites of
wave break and fibrillatory conductio(Kalifaet al. Circulation.
2006).

Aor indicate sites ofotor meandering electrical activity(ochiveret al,
heart Rhythm 2008)
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Pathophysiology or Mechanisms

Aln a more recent study by Narayan et al. (Heart Rhythm. 2011), they
investigated whether CFAES represented true drivers of AF-Giefdr
signals by examining the monophasic action potentials and activation
sequences. In this study, the majority of CFAE sites were reported to
be due tofar-field activity .

ATherefore, CFAEs may be nonspecific markers of critical target sites or
may be just far field activity.
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Recognition and Identification of CFAES

Aldentification of CFAE Byademaneend his group was subjective
based on visual analysis. This will be operator dependent and may
vary with criteria of recording and the recording electrode (catheter
electrode size, length of recording, unipolar versus bipolar recording,
and sampling frequency).

AAutomated algorithms (with different recording systems) have been
developed in an attempt to provide more objective and standard
identification of CFAES.

AAutomated detection of CFAES has not been uniformly demonstrated
to improve clinical outcomes, in one study it could lead to termination
of AF in only 20 % of pts with persistent AF.

(Porter et al. J CardiovaBktectrophysioR008).

CFAESs Distribution

AThe sites most commonly demonstrating CFAEs are the interatrial
septum, left atrial roof, left atrial appendage, near the PVs and the
coronary sinus. CFAEs may be recorded over 38% to 56% of the left
atrial endocardium.

ACFAEs have been frequently observed in the right atrium as well
specially along the crista terminalis.
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CFAEs procedure of ablation and its Endpoint

AAblation of CFAEs is performed in AF.

ALocal energy delivery is continued until there is elimination of the
local electrogram, loss of the fractionated hiffequency electrogram
components, or increase in the atrial cycle length. In the original
description of the technique, an average of:636 sites were ablated
per patient. The average duration of RF delivery was reported as 36
13 minutes.  (Oral et al. Circulation 2007)

AAntral PVI may greatly reduce the CFAE distribution over the left atrial
endocardium from 56% before PVI to 23% after ablation. (Roux
et al, Heart Rhythm 2009)

CFAEs procedure of ablation and its Endpoint

The role of right atrial ablation of CFAEs after left atrial ablation is not
clear and it has been investigated in few studies:

Aln a prior randomized study, AF terminated in only 3% of the patients
during right atrial ablation, suggesting a limited contribution of the
right atrial CFAEs as the critical drivers of AF (Oral €ietArrhythm

Electrophysial2008).

AHowever, in other more recent studies, right atrial ablation was
required in up to 28 30% of the patients to terminate AF after left
atrial ablation Haissaguerret al J Am CoCardiol 2013)
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Outcome of using CFAEs as Target of ablatior

AWnhen ablation of CFAEs was proposedNbgemaneeet al., they
targeted CFAESs as a sta@dne ablation strategy and reported sinus
rhythm in 70% of patients at 1 year after a single ablation procedure.
PVI was not performed in this study (JACC, 2004).

AHowever, this was not the case in subsequent studies.

Radiofrequency Catheter Ablation of Chronic Atrial
Fibrillation Guided by Complex Electrograms

Hakan Oral, MD; Aman Chugh, MD; Eric Good, DO; Alan Wimmer, MD; Sujoya Dey, MD;
Nitesh Gadeela, MD; Sundar Sankaran, MD; Thomas Crawford, MD; Jean F. Sarrazin, MD;
Michael Kuhne, MD; Nagib Chalfoun, MD; Darryl Wells, MD; Melissa Frederick, MD;
Jackie Fortino, RN; Suzanne Benloucif-Moore, NP; Krit Jongnarangsin, MD; Frank Pelosi, Jr, MD;
Frank Bogun, MD; Fred Morady, MD

Background—Radiofrequency catheter ablation of atrial fibrillation (AF) guided by complex fractionated atrial
electrograms has been reported to eliminate AF in a large proportion of patients. However, only a small number of
patients with chronic AF have been included in previous studies.

Methods and Results—1In 100 patients (mean age, 57+ 11 years) with chronic AF, radiofrequency ablation was performed
to target complex fractionated atrial electrograms at the pulmonary vein ostial and antral areas, various regions of the
left atrium, and the coronary sinus until AF terminated or all identified complex fractionated atrial electrograms were
eliminated. Ablation sites consisted of =1 pulmonary vein in 46% of patients; the left atrial septum, roof, or anterior
wall in all; and the coronary sinus in 55%. During 147 months of follow-up after a single ablation procedure, 33%
of patients were in sinus rhythm without antiarrhythmic drugs, 38% had AF, 17% had both AF and atrial flutter, 9%
had persistent atrial flutter, and 3% had paroxysmal AF on antiarrhythmic drugs. A second ablation procedure was
performed in 44% of patients. Pulmonary vein tachycardia was found in all patients in both previously targeted and
nontargeted pulmonary veins. There were multiple macroreentrant circuits in the majority of patients with atrial flutter.
At 1327 months after the last ablation procedure, 57% of patients were in sinus rhythm without antiarrhythmic drugs,
32% had persistent AF, 6% had paroxysmal AF, and 5% had atrial flutter.

Conclusions—Modest short-term efficacy is achievable with radiofrequency ablation of chronic AF guided by complex
fractionated atrial electrograms, but only after a second ablation procedure in >40% of patients. Rapid activity in the
pulmonary veins and multiple macroreentrant circuits are common mechanisms of recurrent atrial arrhythmias. (Circulation.
2007;115:2606-2612.)
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Aims Ablation of complex fractionated atrial electrograms (CFAEs) is a new approach for the treatment
of atrial fibrillation (AF). The purpose of the study was to assess the efficacy of CFAE ablation as a stand-
alone strategy in patients with persistent AF and to compare it with a combined approach of CFAE abla-
tion and pulmonary vein isolation (PVI).

Methods and results The study included 77 consecutive patients with persistent AF who underwent
radiofrequency (RF) ablation of CFAE as a sole ablation procedure (CFAE group, n = 23 patients) or a
combined approach of CFAE ablation and PVI (CFAE plus PVI group, n = 54 patients). Procedures were
guided by three-dimensional mapping systems. After the procedure, AF recurrences were evaluated
with 7-day Holter recordings at 1, 3, and 6 months and every 6 months thereafter. Treatment failure
was defined as >1 AF episode lasting >30s on Holter recordings during follow-up. After a mean
follow-up time of 13 + 10 months, 2 of 23 patients (9%) with CFAE ablation and 22 of 54 patients
(41%) with CFAE plus PVI were in sinus rhythm after a single ablation procedure without anti-arrhythmic
medication (P = 0.008).

Conclusion Ablation of CFAE as a stand-alone ablation strategy seems insufficient for the treatment of
patients with persistent AF. Pulmonary vein isolation plus CFAE ablation significantly increases the mid-

term success rate.
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Aims

This multicentre, randomized trial compared three strategies of AF ablation: ablation of complex fractionated elec-
trograms (CFE) alone, pulmonary vein isolation (PVI) alone, and combined PVI + CFE ablation, using standardized
automated mapping software.

and results

Patients with drug-refractory, high-burden paroxysmal (episodes =6 h, =4 in 6 months) or persistent atrial fibri n
(AF) were enrolled at eight centres. Patients (n = 100) were randomized to one of three arms. For CFE alone (n = 34),
spontanecus/induced AF was mapped using validated, automated CFE software and all sites <= 120 ms were ablated until
AF termination/non-inducibility. For PV1 (n = 32), all four PV antra were isolated and confirmed using a circular catheter.
For PVI 4+ CFE (n = 34), all four PV antra were isolated, followed by AF induction and ablation of all CFE sites until AF
termination/non-inducibility. Patients were followed at 3, 6, and 12 menths with a visit, ECG, 48 h Holter. Atrial fibrilla-
tion symptoms were confirmed by loop recording. Repeat procedures were allowed within the first 6 months. The
primary endpoint was freedom from AF =30's at 1 year. Patients (age 57 + 10 years, LA size 42 + 6 mm) were
35% persistent AF. In CFE, ablation terminated AF in 68%. Only 0.4 PVs per patient were isolated as a result of
CFE. In PVI, 94% had all four PVs successfully isolated. In PV1 4+ CFE, 94% had all four PVs isolated, 76% had inducible
AF with additional CFE ablation, with 73% termination of AF. There were significantly more repeat procedures in the
CFE arm (47%) vs. PV1 (31%6) or PVI + CFE (15%) (P = 0.01). After one procedure, PVI -+ CFE had a significantly higher
freedom from AF (74%) compared with PVI (48%) and CFE (29%) (P = 0.004). After two procedures, PVI + CFE still
had the highest success (88%) compared with PVI (68%) and CFE (38%) (P = 0.001). Ninety-six percent of these
‘ £ anti ics. C. S, :

g 5 ne
or two procedures. Complex fractionated electrogram alone has the lowest one and two procedure success rates
with a higher incidence of repeat procedures.
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Conclusion

AThere is a lack of consensus about the definition and pathophysiology
of CFAEs.

Aldentification of CFAEs have often been done visually using subjective
criteria, and can be highly operatdependent. Automated systems
didn’t show uniform results.

ASensitivity and specificity of CFAE in identifying critical sites to
perpetuation of AF is also questionable.

Conclusion

Aé\bflati%n end points and the extent of ablation of CFAEs are not well
efined.

AThe outcome of CFAE alone ablation is poor unless associated with PVI anc
other substrate modification strategies.

AExtensive distribution of CFAES in both atria may lead to extensive ablation
and thereby an increase in the riskgrbarrhythmia thromboembolism,
gtrlalt_contractlle dysfunction as well as the procedure and fluoroscopy

uration.

ACFAEs currently is not an ideal target for persistent AF ablation and there is
a need to better define CFAEs and improve both the sensitivity and the
specificity of critical sites identification and subsequent ablation.
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Thank you

Possible benefits of CFAES

AMore recently, higirequency sources (i.e., rotors), as a result of
anisotropic reentry, have been demonstrated to perpetuate AF in
experimental and simulation model&.novel mapping approach
targeting focal sources and rotors has been recently developed and
shown to improve AF ablation outcomes in patients undergoing PV
isolation; Focal Impulse and Rotor Modulation (FIRM) ablation..

AModulation of the autonomic innervation of the atria through
ganglionatedplexi(GPs) has also been suggested to play a role in AF
because an increase in vagal tone is associated with a decrease in the
ERP and an increase in spontaneous depolarizations from the PVs ant
elsewhere in the atria.
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(a) Left Atrial Rotor in AF (b) FIRM: Sinus Rhythm in < 1 minute

Right Atrium Left Atrium AF Sinus
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Focal impulse and rotor modulation (FIRM) ablation. (a) Left
atrial rotor with counterclockwise activation (red to blue) and
disorganized right atrium during atrial fibrillation (AF) in a 60-year-old
man. (b) FIRM ablation at left atrial rotor terminated AF to sinus rhythm
in <1 min, with ablation artifact recorded at rotor center
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