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Wells et al. PACE 1978;1:426-438 

“It is clear from this study that human atrial 
fibrillation is not an electrophysiologically 
homogeneous process.” 



Konigs et al Circ 1994;89:1665-80 

• 25 patients undergoing 
surgery for WPW 

• Induced AF 
• Contact recordings 
• 3 types of AF 

– Single broad front 
– 1 or 2 non-uniformly 

conducting wavelets 
– Multiple wavelets 

 

• Different numbers and 
dimensions of intra-atrial 
reentrant circuits in human 
AF 

Mapping during continuous electrical activity 



Tada et al. JCE 2008;19(6):606-12 

• 44 Patients (PAF 25) 
• >5s LA recordings x 24 
• CEA:depol>1s, no IEI 
• Higher prevalence and 

duration of CEA at non-
antral sites in PsAF 

• High prevalence  
of CEA at non-antral 
sites in PAF 
• A poor guide 
 for ablation? 



Findings 

• Mean absolute differences 
between subsampled (1-7s) 
and index (8s) values ranged 
from 3.3 to 20.1ms for CFE 
mean and 0.11 to 1.18 for DF 

• Using these analysis methods, 
CFE-mean (average interval 
between consecutive 
deflections) and DF are 
inconsistent when using 
recording windows of <5s 

Stiles et al. JCE 2008;19:252-258 

14 AF ablation patients, 8s recordings 
CFE-mean and spectral analysis 



Stiles et al. JCE 2008;19:1245-53 

20 patients 



Stiles et al. JCE 2008;19:1245-53 

DF Map 

Fractionation close to sites of high DF 



Design 

• To assess regional activation 
using a high density 
mapping catheter 

• 20 patients with PAF 

• 10 sites mapped 

• 2 different activation 
patterns seen 
– 84% simultaneous 

– 16% non-simultaneous, 
indicating complex activation, 
local reentry 

Active or Passive? 

• The same anatomic region 
could have nonfractionated 
activity during an episode of 
long AFCL and fractionated 
activity when AFCL shortens 

• CFEs per se may not 
necessarily indicate critical 
regions for arrhythmia 
perpetuation 

• How do we distinguish the 
wheat from chaf?  

Rostock et al. HR 2006;3:27-34 







To summarise so far… 

• CFEs are ubiquitous in atrial fibrillation patients 

• Local rapid activation may indicate the presence of an AF 
perpetuator eg rotor 

• Continuous or fragmented activity may represent pivot points 
or regions of very slow conduction, responsible for continued 
fibrillatory conduction 

• CFE may often be a passive phenomenon 

• Fractionation may occur due to tissue anisotropy, wavefront 
collision or wave break, which can be transient phenomena 

• Signals that meet the CFE definition may be AFCL-influenced 
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Rationale behind CFE ablation 

• Continuous and/or fractionated atrial egms may 
indicate sites of conduction block, wavefront 
collision, slow conduction or pivot points for reentry 

• Wavebreak & fibrillatory conduction typically occur 
within mm of a rotor core 

 

• Ablation should limit wavelet reentry, may interrupt 
rotor or trigger activity and therefore impact the 
process of fibrillation 



Jais et al. PACE 1996;19:1998-2003 



Nademanee et al. JACC 2004;43:2044-53 

• 2 or more deflections 
and/or perturbation of the 
baseline with continuous  
deflection of a prolonged 
activation complex over a 
10s recording period (1A) 

• Very short CL (<120ms) over 
10s (1B) 



Nademanee et al. JACC 2004;43:2044-53 



Schmidt et al. JCE 2007;18:1039-46 

• 66 patients, PAF and 
PsAF 

• PAF in SR: segmental 
PVI plus induction, then 
CFE ablation 

• PAF in AF + PsAF: CFE 
ablation as first step 

• 12±3m f/u; 54%PsAF 
and 65% of PAF in SR 

 

89% 80% 



Haissaguerre et al. JCE 2005;16:1-13 

• 60 patients (17±27m) 

• Randomized ablation 
sequence 

• PV, thoracic veins, LA 
followed by linear 
ablation 

• Termination in 52/60, 
via AT in 45/52 



Study 

• 80 patients with CAF 

• Termination in 50/69 during 
stepwise approach 

• Termination in 19/69 at a 
discrete site 
– Electrophysiological 

signatures 

– Point and activation mapping 

Jais et al. JCE 2006;17:S28-37 



Takahashi et al. JACC 2008;51:1003-10 

40 CAF patients, 29 with termination during egm-guided ablation phase 



• 22 patients with PsAF 

• 47% of LA CL<120ms (CFE) 

• Reduced to 23% post ablation 
(PVI+triggers) 

• Increase in LA AFCL from 144ms 
to 214ms 

• Reduction in CFE burden in both 
PV (50v6%) and non-PV (61v39%) 
regions 

Roux et al. JCE 2009;6:156-60 



To summarise so far… 

• CFE sites can be identified throughout the 
atrium and targeted for ablation 

• Atrial ablation is essential to achieve AF 
termination in most persistent AF patients 

• There are often recognisable egm 
characteristics at sites of termination 

• PVI alters CFE distribution acutely 
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• 100 patients 

• RF targeting CFEs at PV 
antra (not isolation), LA, CS 
until AF termination or 
elimination of all CFEs 

• Ablation of macroreentrant 
circuits where possible 

 

• Repeat ablation in 44 
patients 

 

 

• 13±7m after final ablation, 
57/100 patients in SR 
without AAD 

• AF termination did not 
predict clinical outcome 

• CFE ablation alone has 
modest efficacy in patients 
with chronic AF 

Oral et al Circ 2007;115:2606-2612 



Oral et al. JACC 2009;53:782-9 

 

• 119 consecutive patients 

 

• AF termination in 19/119 (Group A) 

 

• Randomisation of remainder 
–  no further ablation (Group B)  

–  ablation of CFEs in LA and CS for up to 2 

hours (Group C) 

 

• 157 procedures in total 

 

 



Ablation of CFEs (Group C) 

• AF terminated in 9/50 
patients 

• To SR in 5, AT in 4 

• In remaining 41, ibutilide 
infusion (11) or DCC (30) 

Maintenance of SR at 10±3m 

• 19/50 (38%) of patients in 
group B, repeat in 18 

• 18/50 (36%) of patients in 
group C, repeat in 17 

• 15/19 (79%) of patients in 
group A, repeat in 1 

9±4m after the final procedure, among the 100 randomised patients, 68% who 
underwent APVI and 60% who also had CFE ablation were in sinus rhythm. 
 
Up to 2h of additional ablation of CFEs outside of the antral regions in patients who  
Remained in AF after APVI did not improve the clinical efficacy. 

Oral et al. JACC 2009;53:782-9 



• Retrospective case 
analysis 2002-2007 

• 285 patients, 530 
procedures (1.9) 

• Freedom from arrhythmia 
– 86% for PAF 

– 68% for PsAF 

 

• The addition of CFE 
ablation to PV isolation 
may improve outcomes 

Hunter et al. Heart 2010;96:1372-78 

CFE during 1st  
Procedure (49%) 

During 1st cluster  
of procedures 
(59%) 

During any 
Procedure 
(65%) 



O’Neill et al EHJ 2009;30:1105-1112 

Termination of AF by catheter ablation using a stepwise 
approach has a better long term clinical outcome than  
when AF fails to be terminated 



• 8 Centres 

• High burden PAF 64/100 

– >4 episodes in 6m 

– 2>6h in duration 

• Persistent AF 36/100 

• Comparison of three 
ablation strategies, NavX 

 

 

Verma et al. EHJ 2010;31:1344-56 
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Current Recommendation 

Calkns et al. HR 2007;4(6):816-61 

EHRA AF Guidelines EHJ 2010 



Mechanisms in Atrial Fibrillation 

• Contributors: focal triggers, electrical 
remodelling, localised reentrant 
drivers, ultra-structural remodelling, 
altered Cai handling, inherited 
influences 

• Variable combination in a given 
patient 

• Several mechanisms active before AF 
occurs 

• Many AF-promoting processes are 
caused by atrial damage unrelated to 
AF per se, but are than aggravated by 
AF itself 
 

• Successful therapy requires 
identification of all AF causing factors 
and “graded” therapy of all relevant 
pathological processes 

 

Kirchhof et al  

EHJ 2009;30:2969-80 

Camm et al. EHJ 2010;Sept 25 epub 



When to target non-PV (CFE) sites? 

• PAF 
– Clear non-PV source eg. 

LoM, SVC, CS, atrial site 

– Only following 
confirmed PVI 

 

• PsAF 
– Majority of patients 

– Site-specific clustering at 
LAA, inferior LA, CS os, 
septum 

 

 
Dewire & Calkins Nat Rev Cardiol 2010;7:129-38 



The scientific theory I like best 
is that the rings of Saturn are  

composed of lost airline luggage. 

Mark Russell 
American Writer 

1932- 


