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ST Dispersion

• Spatial clustering of abnormal electrograms.

• Abnormal electrograms may be fractionated 
or not.
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CFAEs



1. Are all CFAEs identical?
2. Do they “live” alone or together?



Electrogram-based ablation
Complex Fractionated Atrial Electrograms

Nademanee et al. , JACC 2004
CFAEs definition as  bipolar electrograms detected by 
the ablation catheter:

1) Atrial electrograms that have fractionated 
electrograms composed of two deflections or 
more.

2) Perturbation of the baseline with continuous 
deflection of a prolonged activation complex over 
a 10-s recording period (Fig. A).

3)   Atrial electrograms with a very short cycle length 
(≤120 ms) (Fig. B) averaged over a 10-s recording 
period. 



Electrogram-based ablation
Complex Fractionated Atrial Electrograms

Nademanee et al. , JACC 2004

Prospective Study: 121 patients (92 men, 29 women; mean age, 63 ± 12), 64 of 
whom had persistent AF, and 57 paroxysmal AF (PAF)



Electrogram-based ablation
Complex Fractionated Atrial Electrograms

Nademanee et al. , JACC 2004

• Termination of AF without external cardioversion
in 115 of the 121 patients (95%); 32 (28%)
required concomitant ibutilide treatment.

• One-year follow-up, 110 (91%) patients were
free of arrhythmia and symptoms, 92 after one
ablation and 18 after two.



Electrogram-based ablation
Complex Fractionated Atrial Electrograms

Nademanee et al. , JACC 2004
Prospective Study: 121 patients (92 men, 29 women; mean age, 63 ± 12), 64 of 
whom had persistent AF, and 57 paroxysmal AF

One area spanning 
Several RA-LA regions

Two areas spanning 
Several RA-LA regions

Three or more areas 
spanning 
Several RA-LA regions



CFAEs: Landmark Studies

Radiofrequency ablation of left atrial and coronary sinus CFAEs resulted in 
maintenance of sinus rhythm in 57% of patients with chronic AF. 
A second ablation procedure was necessary in 44% of patients. CFAEs in or near the 
PVs were commonly present during repeat ablation procedures. Macroreentrant
atrial flutter occurred after ablation in ≈25% of patients, and multiple 
macroreentrant circuits were common in these patients. 

Conversion of AF to sinus rhythm during ablation of CFAEs occurred in only a small 
proportion of patients and was not predictive of the long-term clinical outcome. 



CFAEs-guided ablation:
Oral et al. Circulation 2007



CFAEs-guided ablation:
Oral et al. JACC 2009



ST Dispersion

• Spatial clustering of abnormal electrograms.

• Abnormal electrograms may be fractionated 
or not.



CFAEs: Mechanisms



Which factors may lead to the 
clustering of CFAEs?

What make different peoples live 
together in good intelligence?



Numerical Simulation

250ms

Computer simulation
5X5-cm 

human atrial cell model 
(Dx = 0.1 mm, dt =0.025 msec)

Heterogeneity in IK,ACh conductance. Kalifa et al. Circulation 2006



Numerical Simulation

Kalifa et al. Circulation 2006



Computer simulation
Directionality analysis 
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3

4

Kalifa et al. Circulation 2006



Kalifa et al. Circulation 2006



Regular and Fractionated electrograms in the 
vicinity of a rotor



Zlochiver et al. Heart Rhythm 2008 

Rotor Core Meandering
Diffusion coefficient ratio



Electrogram-based Ablation
AF signal Frequency-based Ablation



Results: Multipolar Electrogram
Analysis % Dispersion area 

with low voltage 

(<0.5 mV) :     20 ±

25%



Results: Electrogram Analysis (II)





Numerical Simulations and 
Optical Mapping experiments



Numerical Simulations



Optical Mapping



Summary: Multipolar Electrogram
Abnormalities

• Spatio-temporal dispersion of multipolar
electrograms represents an electrical
footprint of waves emanating from rapid
fibrillatory sources and propagating within a
heterogeneous atrial muscle.



Conclusions

• Visually recognizable multipolar electrogram
footprints may be used for the delineation and
ablation of AF drivers regions

• At the mechanistic level, the relationship between
frequency and fractionation needs to be further
investigated.

• Particular attention will have to be paid to the
relationship between frequency, fractionation and
the spatial distribution of fibrosis.
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Conclusions
• Visually recognizable multipolar electrogram footprints may

be used for the delineation and ablation of AF drivers regions

• These approaches will need to be evaluated in randomized
studies.

• The spatial clustering of abnormal electrograms is non-
random, driver-determined phenomenon.

• The relationship between frequency and spatio-temporal
dispersion needs to be further investigated.

• Particular attention will have to be paid to the relationship
between spatio-temporal dispersion and the spatial
distribution of fibrosis.







Questions

• Electrogram-based Ablation of Atrial 
Fibrillation: Is There Still a Future?

• What can we hope from visual rendition 
approaches? The temptation of over-
simplification

• Can we use visual appraisal of multipolar intra-
cardiac electrogram during AF?



Background

1. Rotors

2. CFAEs
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Rotors are 3D phenomena

Examples: Numerical simulations and 
endocardial-epicardial optical 

mapping













Optical Mapping
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Patterns recorded:

Short-lived Reentrant activity: 

L-shaped filament SW
Epicardial View

Endocardial View
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Patterns recorded:

Short-lived Reentrant activity: 

U-shaped filament SW
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Patterns recorded:

Simultaneous endocardial and 

epicardial breakthroughs
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Providencia et al.
Circ Arrhythm 2015

Meta-analysis: impact of CFAE ablation in patients with both persistent and paroxysmal AF. 

13 studies were included, 9 of which were randomized controlled trials. 

Among the 1415 patients (number of participants per study, 35–318), 815 underwent 
PV+CFAE ablation and 600 underwent PV isolation only. CFAEs were defined by an 
automated algorithm in 6 studies and on the basis of visual inspection in the remaining.

CFAE ablation failed to improve outcomes in patients with paroxysmal (n=398, 28%), 
persistent, and long-standing persistent AF. 

Only 2 of the 13 studies suggested benefit, and the remainder were neutral. 

Nonrandomized studies were more likely to report a positive outcome. There was a trend 
toward better outcomes in the PV+CFAE group if the patients underwent linear ablation 
and in patients with a longer history of AF.





Lin et al. JACC EP 2016: Methods

Patients with persistent AF (sustained >7 days or lasting 7 

days but necessitating pharmacologic or electrical cardioversion) and those 
with symptomatic, refractory AF, or intolerance to at least one class I or III 
antiarrhythmic medication were included in the study.

Randomly assigned to either the nonlinear phase 
mapping-guided substrate ablation (group-1) or 
extensive CFAE ablation (group-2). In the index procedure, only 

PVI and substrate ablation were performed. 





Analysis

• Conventional: Dominant Frequency (FFT) and 
interval analysis (NavX, fractionation index= 
short intervals <60 ms)

• Non-linear: Phase analysis, Similarity Index, 
Curve, Divergence and Rotor Index



Wave Directionality Analysis

• Signal decomposition (finite number of oscillations modes 
within a given signal)

• Hilbert Transform: assumes angular displacement values 
for each time series value. Helps with distinguishing 
between wavefront and wavetail. Defines four propagation 
types—including rotor, focal point, traveling wave, and 
random fraction.

• The real-time phase mapping was subsequently used to 
confirm the propagation types and characterize the 
averaged wave propagation by several quantifiable 
parameters - the curl (curvature forces), the divergence, 
and the rotor identification index (RI) derived from the SI 
vector field.



• The electrogram similarity index (SI) offers a quantitative way to 
measure how frequently and consistently the wave from the 
sources travels between two electrodes, even under highly 
fractionated regions.  How much patterns of propagation exhibit 
spatio-temporal periodic patterns?

• The curl indicated whether a vector field is rotational, whereas the 
divergence represented whether a vector field spreads out from a 
source or converges toward a sink. The RI was mathematically 
defined as the product of the divergence and curl as given by

• 𝐑𝐈 = 𝑫𝒊𝒗 > 𝟎 × 𝑫𝒊𝒗 × 𝑪𝒖𝒓𝒍
A higher RI indicates that the wave propagation is rotating around the 
center of a rotor and spreading outward to the rotor’s periphery. The 
propagation “Rotor, focal sources, traveling wave, and random 
fractionated can be distinguished.”

Quantification









Results





Results: Procedural termination

• Termination rate was higher in group-1 than in group-2 (23 
[68%] vs. 9 [27%], respectively; p ¼ 0.001).

• In group-1 patients, the termination rate was higher in the 
patients in whom more rotors were identified (100%, 67%, and 
50%, with 2, 1, and 0 rotors, respectively; p ¼ 0.06).

• Overall, 32 patients (47%) had procedural AF termination (23 
patients from group-1 [68% of 34] and 9 patients from group-2 
[27% of 34]; p ¼ 0.001) to SR (n ¼ 29 [91%]).





Conclusions

• Results suggest that procedural termination is 
more likely to occur when AF sources have been 
localized and targeted.

• Were the AF termination observed a byproduct of 
the previously completed PV isolation?

• Non-linear renditions analysis — especially the 
ones designed for quantifying sources—may 
largely underestimate the number and extent of 
AF driver regions.





STAR-AF 2
Verma et al. NEJM 2015

Randomized study:
Patients with symptomatic persistent atrial fibrillation (i.e., a sustained episode lasting more 
than 7 days) refractory to at least one antiarrhythmic agent, and were undergoing ablation 
for the first time
Patients were randomly assigned in a 1:4:4 ratio to one of the following three strategies: 
Pulmonary-vein isolation alone (67 patients)
Pulmonary-vein isolation plus ablation of complex fractionated electrograms (263 patients)
Pulmonary-vein isolation plus linear ablation across the roof of the left atrium and in the 
mitral valve isthmus (259 patients)

18 months of follow-up with rigorous monitoring

Primary outcome: Freedom from AF after a single procedure.



STAR-AF 2



STAR-AF 2

• No reduction in the rate of recurrent atrial fibrillation when
either linear ablation or ablation of complex fractionated
electrograms was performed in addition to ablation with
pulmonary-vein isolation.

• Findings are not in accordance with the current guideline
recommendation that patients with persistent atrial
fibrillation who undergo pulmonary-vein isolation should
have additional substrate ablation to improve outcome.



STAR-AF 2

The termination of atrial fibrillation, the end
point of ablation with complex fractionated
electrograms, was achieved in only 45% of
participants.

An automated software program was used to
detect complex fractionated electrograms.



Background

• Multipolar electrogram abnormalities have
been described in patients in AF. Jadidi,
Arentz et al.2016; Ganesan, Ghoraani et al.
2015



Objectives

• Multipolar electrogram abnormality: the
spatio-temporal dispersion of multipolar
electrograms. Rostock et al., Heart Rhythm 2006;

Takahashi et al. JACC 2008

• Determine whether STD morphologies may
enable the identification of AF drivers regions.

• Demonstrate that STD regions are effective
target sites for ablation of any type of AF.
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Spatio-Temporal Dispersion of 
Electrograms: Examples



Clinical Study

• Prospective enrollment of 105 patients in 3 centers
for AF ablation : paroxysmal AF (n=24), persistent AF
(n=51), long-standing persistent AF (n=30)

• Validation set: 47 controls PVI/Stepwise

• No isolation of pulmonary veins

• Ablation endpoints : AF termination acutely, and
freedom from AF after one year follow-up and a
single procedure.

• AF sequential mapping in both atria with the
20-pole catheter PentaRay.

• Tagging and ablation of regions harboring spatio
temporal dispersion

• Analysis of intra-cardiac electrograms in dispersion 
and non-dispersion regions. 



Numerical simulations and optical 
mapping experiments

• Automated mapping fractionation maps: 
CARTO setting “SCI 30-40”(16) : 30 and 40 ms
as lower and upper limits, respectively. 

• Quantification of spatio-temporal dispersion 
in numerical simulations (2D, Nattel, 
Courtemanche, normal and fibrotic 
conditions) and optical mapping experiments
after generation of  pseudo multipolar 
recordings in rotor and bystander regions. 



Clinical Results



Study population (n=105)
Validation set 

(n=47)
p

Age (years), mean ± SD 63 ±11 58±11 0.0046

Male, n (%) 80 (76.2%) 35 (74%) 0.8191

AF type

Paroxysmal AF, n (%) 24 (22.8%) 9 (19,2%) 0,6

Non-paroxysmal AF, n (%) 81 (77,2%) 38(80,8%) 0,6

Maximum sustained AF duration (months),  mean + SD 12.2 ± 20 19.4±31.6 0.2457

Structural heart disease, n(%) 38 (36%) 14 (35%) 0.4665

Hypertension, % 48(45,7%) 20 (42,5%) 0.5217

Diabetes, % 13(12.4%) 5(10,6%) 0,5995

LA diameter (mm),mean ± SD 45,6± 7,6 42,4±12,4 0,09

LVEF (%), median  mean ± SD 52 ± 11 54 ± 12 0,2082

Amiodarone before ablation, % 32% NA

Spontaneous AF at the beginning of procedure 

(persistent and longstanding persistent AF only), n
65 NA

LS-Pers. = 30

Prior AF ablation 0 0

(80,2% of the non PAF)

LAA CL (ms) 182[164-203] NA
non PAF: 174[157-200] 

Pers+LS pers=14 ±21
LS pers=33 ±27



RF= 20 min

RF time = 49±21 minutes 
Non extensive ablation: Ablated surface= 17±10% 

LA   and 10±5 % biatrial area

(77%)

Persistent & LS Persistent: AF termination
= 95% & SR conversion = 72%
LS persistent: AF termination = 90%, SR 
conversion = 53%

Procedural outcome



AF terminations (T)
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Distribution of AF drivers is patient-dependent



Results

49 85168 230



18-month follow-up

Completed in 91% of the patients: 
follow-up visits and 24-hour Holter , 

7days holter-monitor/ PM-ICD memories in 20 pts

Seitz, Bars, Theodore, Pisapia, Kalifa et al. JACC (In press)
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18 month-FU: 55% free from AF/AT 
after 1 procedure

After initial procedure,
Re-do procedures were 

performed for organized 
ATs in 75.6% of the 

patients. 

Seitz, Bars, Theodore, Pisapia, Kalifa et al. JACC (In press)



18-month FU: 85% free from AF/AT
after 1,4 procedure/patient
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Seitz, Bars, Theodore, Pisapia, Kalifa et al. JACC (In press)





Atrial fibrillation 
&

Atrial tachycardias….



Substrate HD vs STAR AF2*
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AT and its relationship with the index 
AF driver locations



The 2 ATs located in dispersion regions that had not been ablated

Analysis in 21 patients: 
44 ATs, 22 macroreentries & 22 localized

AT (88,6% from non-ablated regions). 

Importantly, 17/22 (77,3%) localized ATs 
arose from dispersion regions that were 

not previously ablated



Stability over time- Inter-operator reproducibility of mapping
Mapping #2 25 minutes after mapping #1



Clinical Results
Acute ablation results:
• AF termination in 100/105 patients (95.2%)
• The location and extent of active AF regions are highly patient-

dependent 
• We observed larger active AF regions and the need for longer 

procedure/radiofrequency times to terminate AF in patients 
with long-standing persistent AF vs. both paroxysmal and 
persistent AF patients (p<0.005)

After 18 months follow-up:
• 87% and 91% of the patients were free from AF respectively 

after a single procedure  and after 1.4 ±0.6 procedures 
(no statistical difference between AF groups).

• 55% and 88% of patients were free from any arrhythmia 
(AF/AT) respectively after a single procedure and after1.4 ±0.6 
procedures



Results: : localization and extent of 
dispersion regions



Results: : localization and extent of 
dispersion regions

AF type
Total active 

regions 

area (cm2)

Mean 

active 

region area 

(cm2)

Number of 

active 

regions

Total biatrial

ablated area 

(cm2)

Biatrial ablated 

area/biatrial

area (%)

Procedure 

time to 

terminate AF 

(min)

RF time to 

terminate AF 

(min)

Paroxysmal 

(n=24)
18,6±10 4,4±1,9 4,5±1,7 24,6±12,1 6,1±2,6 30[8-67,5] 9[5,5-23]

Persistent 

(n=51)
17,3±9 3,8±1,5 4,6±1,2 20,9±7 5,2±1,5 32,5[19-66,5] 17[13-34]

Long standing 

Persistent

(n=30)

40,8±11,8* 6,2±1,8* 5,8±1,2* 55,2±17,3* 12,5±5,8* 63[47-102] 36[23,5-50]

All patients 

(n=105)
22,5±13,5 4,9±3,6 4,7±1,5 31,1±18,8 7,5±4,6 46[21-72] 20[10-37,5]

Location of 

active regions

Left PV 

area

Right PV 

area

Inferior & 

posterior LA 

area

Upper half RA  Lower half RA 
Anterior LA 

and roof area

Anterior 

inter-atrial 

groove area 

% of patients 79% 78% 73% 42% 31% 77% 77%



Signal Analysis



Jadidi et al. Circ Arrh. 2016
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Jadidi et al. Circ Arrh. 2016



Summary: Multipolar Electrogram
Abnormalities

• Spatio-temporal dispersion of multipolar
electrograms represents an electrical footprint of
waves emanating from rapid fibrillatory rotors
and propagating within a heterogeneous atrial
muscle.

• Multipolar electrode sequential mapping of
spatio-temporal dispersion represents a discreet
and patient-tailored approach to efficiently map
and ablate active AF regions in patients with all
types of AF.



Conclusions
• Electrogram-based ablation strategies based upon multipolar

electrogram morphologies are distinct from single electrode
based, CFAEs map-based, or driver visual rendition-based
approaches.

• Visually recognizable multipolar electrogram footprints may
be used for the delineation and ablation of AF drivers regions

• These approaches will need to be evaluated in randomized
studies.

• At the mechanistic level, the relationship between frequency
and fractionation needs to be further investigated.

• Particular attention will have to be paid to the relationship
between frequency, fractionation and the spatial distribution
of fibrosis.
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LAA CL Driver CL

Non 
driver 

CL

Continuous
CFE in 
driver 

regions

Global voltage 
<0,5 mV in

driver regions

Takayashi et al.
JACC 2008 167 ms 166 ms* 182 ms yes yes

Haissaguerre et al. 
Circ 2014 NA 185 ms 189 ms yes No (0,8 mV)

Jadidi et al. 
Circ ep 2016 168 ms NA NA yes yes

Seitz et al. 
(PAF excluded) 174 ms 165 ms* 190 ms yes yes

*: CL significantly shorter than in non driver regions

Majority of AF CL
In driver regions

yes

yes

yes

yes



AA drugs before ablation



Regions

Dispersion Areas

(% of patients)

Left pulmonary veins and left appendage 79%

Right pulmonary veins and posterior interatrial 

groove

78%

Inferior and posterior left atrium 73%

Upper half of right atrium and appendage 42%

Lower half of right atrium 31%

Anterior left atrium and roof 77%

Anterior interatrial groove 77%





Global lower voltage in dipersion regions



Dispersion and Low voltage maps

• Biatrial Voltage maps (<0,5 mv) compared to 
dispersion maps in 43 patients:

- low voltage regions = 92,6 +/- 83,4 cm2 

- Dispersion regions = 22,5 +/- 13,5 cm2

- 21 % of the dispersion regions exhibited low
voltage

- 3,8% of the low voltage area exhibited
dispersion



DFmax/rotor ablation – AF termination

5-15W, 30-60 sec/ablation point



5

6

7

Post ablation

 AF terminated 2/7

(Hearts 2 and 7)

 AF sustained 5/7

 Rotor drift

• LAA to Roof: 1/7

• LAA to PVs: 1/7

• Within LAA: 5/7

X



Rotor meandering

Post ablation

 AF sustained 5/5

 Rotor drift

• LAA to Roof: 2/5

• LAA to PVs: 3/5



Figure ５



On-Target 

DFmax/Rotor ablation

• DFmax decreases 
significantly

• AF may or may not 
terminate

• If AF does not 
terminate, the electrical 
source remains in a 
nearby region

Nearly-Missed 

HWD/CFAEs ablation

• Frequency unchanged

• AF does not terminate

• Electrical sources move 
to the PVs.
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Electrogram-based ablation of atrial 
fibrillation

• (i) Background

• (ii) Complex Fractionated Atrial Electrograms
(CFAEs)

• (iii) CFAEs Landmark Studies

• (iv) Frequency-based Ablation Studies

• (v) Visual Rendition of AF Drivers

• (vi) Multipolar-Electrogram Criteria

• (vii) Conclusions



Epidemiology of AF

Most common sustained cardiac arrhythmia1

Currently affects 5.1 million Americans2

Prevalence expected to increase to 12.1 million by 2050 (15.9 
million if increase in incidence continues)2

Preferentially affects men and the elderly1,2

Lifetime risk of developing AF: ~1 in 4 for adults 40 years of 
age3

125

1. Lloyd-Jones D, et al. [published online ahead of print December 17, 2009]. Circulation. 
doi:10.1161/CIRCULATIONAHA.109.192667.

2. Miyasaka Y, et al. Circulation. 2006;114(2):119-125.
3. Lloyd-Jones DM, et al. Circulation. 2004;110(9):1042-1046.



Catheter Ablation for Atrial 
Fibrillation

Calkins et al. 2012



Lesions Sets

Calkins et al. Europace , Heart Rhythm 2007, 2012

PV isolation

Lines

Electrogram-based ablation

Guidelines suggest that
“operators should consider more
extensive ablation based on
linear lesions or complex
fractionated electrograms” for
ablation of persistent atrial
fibrillation.



Atienza et al. JACC 2011

Rotor Drift



Reentry

Atienza et al. Circulation 2006

http://circ.ahajournals.org/content/vol114/issue23/images/large/5FF3.jpeg
http://circ.ahajournals.org/content/vol114/issue23/images/large/5FF3.jpeg
http://circ.ahajournals.org/content/vol114/issue23/images/large/5FF4.jpeg
http://circ.ahajournals.org/content/vol114/issue23/images/large/5FF4.jpeg


Besides boundaries between 
frequency domains, what other 

rotor features may cause 
fractionation?



What is the relationship between 
CFAEs and Rotors?

• Waves emanating from high frequency rotors 
experience wavebreak and beat-to-beat 
variations in velocity and directionality result 
in fractionated electrograms

• Rotor meandering

• Rotor drift



Zlochiver et al. Biophysical Journal 2008









Biosense Webster Pentarray Catheter Specifications

Fanny: 
Donc la distance entre l’electrode 1 et l’electrode 4 est de 13 mm.
La branche entière fait 16 mm.



Dominant Frequency-based ablation

Atienza et al. JACC 2014



Dominant Frequency-based ablation

Atienza et al. JACC 2014

Prospective, multicenter, single-blinded study of 232 patients (age 53 10 years, 186
males) randomized those with paroxysmal AF (n= 115) to CPVI or HFSA-only
(noninferiority design) and those with persistent AF (n= 117) to CPVI or a combined
ablation approach (CPVI + HFSA, superiority design).

The primary endpoint was freedom from AF at 6 months post-first ablation
procedure. Secondary endpoints included freedom from atrial tachyarrhythmias (AT)
at 6 and 12 months, periprocedural complications, overall adverse events, and
quality of life.



Dominant Frequency-based ablation

Atienza et al. JACC 2014

A high-density dominant frequency (DF) LA map was created by sequentially moving the
ablation and/or circular mapping catheter throughout the entire left atrium.

Sites with high-frequency (HF) atrial electrograms were identified by an automated
algorithm designed to calculate the DF and depict local atrial activation frequency on the
3-dimensional LA shell .

HFS were targeted until ablation endpoints were reached: 1) elimination of all HFS or
conversion to SR; and 2) noninducibility of AF post-ablation. If AF did not terminate after
LA HFSA, DF maps from the right atrium (RA) and coronary sinus (CS) were obtained and
HFS were targeted at the operator’s discretion. A maximum of 3 to 4 HFS per chamber
were targeted for ablation (4 sites in LA and 3 sites in RA and CS).

Ablation of HF sites located at a PV antrum was performed by creating a circumferential
set of lesions around the ostium of the responsible vein until PV isolation was obtained.

HF sites located elsewhere in the atria were targeted for ablation until local potentials
were completely abated through creation of a coin-like circumferential set of lesions



Dominant Frequency-based ablation
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Dominant Frequency-based ablation

Atienza et al. JACC 2014

In paroxysmal AF, HFSA failed to achieve non-inferiority at 6 months after a single
procedure but, after redo procedures, was non-inferior to CPVI at 12 months for
freedom from AF and AF/AT. Serious adverse events were significantly reduced in the
HFSA group versus CPVI patients (p = 0.02).

In persistent AF, there were no significant differences between treatment groups for
primary and secondary endpoints, but CPVI + HFSA trended toward more serious
adverse events.



Dominant Frequency-based ablation

Atienza et al. JACC 2014



Electrogram-based Ablation
AF Drivers Visual Rendition



CONFIRM, JACC 2012

Phase analysis

Rotor visualization
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CONFIRM, JACC 2012

Localized rotors or focal impulses were detected in 98 (97%) of 101 
cases with sustained AF, each exhibiting 2.1 (±1) sources. 

The acute endpoint (AF termination or consistent slowing) was 
achieved in 86% of FIRMguided cases versus 20% of FIRM-blinded 
cases (p  0.001).

FIRM ablation alone at the primary source terminated AF in a median 
2.5 min (interquartile range: 1.0 to 3.1 min). Total ablation time did 
not differ between groups (57.8  22.8 min vs. 52.1  17.8 min, p  0.16). 

During a median 273 days (interquartile range: 132 to 681 days) after a 
single procedure, FIRM-guided cases had higher freedom from AF 
(82.4% vs. 44.9%; p  0.001) after a single procedure than FIRM-blinded 
cases with rigorous, often implanted, electrocardiography monitoring. 
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Acute procedural success after targeting the FIRM-identified rotors was achieved in a 
small number of patients; 41% and 26% in group 1 and 2 respectively



ECGi Approach, Circulation 2014

• 252-electrode mapping vest: noninvasive
recording of unipolar surface torso
potentials (ECVue, Cardioinsight
Technologies).

• Biatrial inverse-reconstructed potentials
are calculated according to measurements
obtained from thoracic computed
tomography scan 3-dimensional images of
individual biatrial geometries.

• Electrograms are acquired in AF during
long ventricular pauses, spontaneous or
provoked with diltiazem.



ECGi Approach, Circulation 2014
Phase maps and activation sequences are displayed on
individualized atrial geometries divided into 7 domains,

Fibrillation driver density maps. Ablation was conducted
sequentially in regions harboring the largest driver density
before it was done in other regions, following a decreasing
order of arrhythmogenic density.

PsAF is maintained by drivers mostly located in the PV–left
atrium regions, but with continued AF maintenance, as in
LPsAF patients, AF sources are found beyond the PV region.
The number of targeted driver regions increased with the
duration of continuous AF: 2 in patients presenting in sinus
rhythm, 3 in AF lasting 1 to 3 months, 4 in AF lasting 4 to 6
months, and 6 in AF lasting longer.

Driver ablation alone terminated 75% and 15% of persistent
and long-lasting AF, respectively. At 12 months, 85% patients
with AF termination were free from AF, similar to the control
population (87%,); P=not significant.



Methods- Optical imaging

• Ach perfused (0.05-0.2µM) and AF induced by burst 
pacing

• Optical mapping

– 10 μM blebbistatin 

– 10 mg/mL Di-4-ANEPPS 

– Optical movies 500-1000 frames/sec, 5-second, 80x80 
pixels





Non-linear (III)













18-month Follow-up






