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AF and Heart Failure: 
“the ugly and the nasty” 
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Atrial Fibrillation and Related Procedures 

 

Rotors are (“or not”) the clue 



Daniel Scherr et al. Circ Arrhythm Electrophysiol. 

2015;8:18-24 

Single procedure success rate off AADs. Multiple procedure success rate off and 

on AADs of PeAF ablation.  
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To compare the efficacy of three different 
AF ablation strategies in patients with 
persistent AF:  

(1) Pulmonary vein isolation (PVI) alone (endpoint 
of entrance and exit block by a circular 
mapping catheter) 

(2) PVI plus complex fractionated electrograms 
(PVI+CFE - ablation of complex fractionated 
electrograms during AF identified by validated 
software in the 3D mapping system)  

(3) PVI plus linear ablation (PVI + Lines - left atrial 
roof line and a line along the mitral valve 
isthmus with endpoint of bidirectional block 
confirmed by pre-specified pacing maneuvers 

 

Purpose 



STAR AF 2 Trial 

PVI 97% 

BLOCKED 

LINES 74% 

PVI 

group!! 



The main ablation technique in patients undergoing first-

time ablation for persistent, but not long-standing AF was 

stand-alone PVI in the majority of the centres (67%) 







Physiologically guided 
computational mapping 

revealed sustained electrical 
rotors and repetitive focal 
beats during human AF for 

the first time. These localized 
sources were present in 96% 
of AF patients, and controlled 

AF activity.  



Freedom from atrial fibrillation after single FIRM 

+ PVI procedure for all cases (green) and 

patients at their first ablation (blue). 

Freedom from all atrial arrhythmias after a single 

FIRM + PVI procedure for all cases (green) and 

patients at their first ablation (blue). 



(A) Very Long-Term from atrial fibrillation in the CONFIRM trial for FIRM-guided ablation (blue) 
and conventional ablation (red; P=0.003) after 1.2±0.4 procedures;  

 
(B) Very Long Term Single-Procedure freedom from the AF for FIRM-guided ablation (blue) and 
conventional ablation (red) in the CONFIRM trial. Data shows all cases (solid lines, P=0.002) and 
those undergoing their first ablation (dashed lines, P=0.002). AF, atrial fibrillation; FIRM, Focal 

Impulse and Rotor Modulation. 



Mapping and elimination of patient-specific rotors and focal sources with trigger isolation 
provided >80% single procedure AF elimination in patients predominantly with PeAF. 



Systematic quantitative analysis of FIRM-identified rotor sites did not reveal distinctive 
electrophysiological features or rotational activity.  

Catheter ablation of these sites resulted in AF termination or organization in a small minority 
of patients (17%). FIRM mapping and ablation require further validation in larger prospective 

randomized trials to compare acute procedural outcomes and long-term clinical efficacy of 
this approach with conventional ablation. 



AF rotor mapping: pitfalls 

• Electrogram contact, particularly 
in atria whose dimensions 
exceed the size of commercially 
available basket catheters. 
 

• Poor electrode coverage in the 
septal aspect of the left atrium 
 

• Learning curve for reading the 
potentially complex maps 
 

• Stability (?) 
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reasons. First, although it is theoretically possible to map 

stationary rotational cycles (e.g., in macro-reentry) with 

a minimal number of (approximately 4) electrodes (58),  

fib

r

i llat or y rotors precess (i.e., wobble) over time in animal 

models (37) and humans (20). Figure 3A,B shows the 

location of the AF rotor core as it precesses in a complex 

path within a stable region bounded by limited numbers of 

electrodes. T hus it is necessary to map panoramically (20) 

to encompass rotor trajectories as completely as possible 

(Figure 3C). 

Second, a major  obstacle to AF mapping has been 

separat ing near field act ivat ion from far-field noise in 

atrial signals. T his is particularly important for noncontact 

mapping, in which electrogram reproducibil ity decreases 

with distance from the mapping catheter (59). Earlier work 

using monophasic action potential catheters demonstrated 

the importance of accurately determining local activation (60), 

and thus, biatrial contact mapping was chosen to improve the 

probability of good quality signals encompassing a significa nt  

proportion of the atrial surface (61).

Following signal recording, electrograms are exported 

t o a commer ci al l y avai l abl e comput at i onal  syst em 

(RhythmView, Topera M edical , Palo Al to, CA, U SA), 

Figure 3 Rotor core precession (‘wobble’) obscures detection of 

rotors by activation mapping at fixe d electrodes. (A) Clockwise rotor 

in the inferior left atrium, computed by phase mapping of multiple 

cycles (FIRM  movies). T his isochronal (contour) map of 1 cycle 

superfic

i

al ly resembles macro-reentry, and rotation may be expected 

on electrodes 1-8. H owever, (B) Rotor Core Precesses (‘Wobbles’) 

rapidly on Phase mapping (FIRM) during and between cycles. Fixed 

electrodes 1-8 are thus unlikely to track rotation. (C) Expanded view: 

as the rotor core precesses from the red location (α) to brown (β) in 

100 ms, to orange (γ) at 200 ms, electrodes 1-8 would have to track 

this rapid trajectory to see rotation. FIRM mapping includes phase 

mapping to track this trajectory with analyses of repolarization/

conduction restitution to account for disruption of spiral waves 

by fusion from the fibrillatory milieu (Figure 1B) [modified, with 

permission from N arayan et al. (20)]. Orientation: T he right atrium 

is opened along its meridian, with the lateral tricuspid annulus folded 

laterally and medial annulus medially. T he left atrium is opened 

horizontally through the mitral valve, and its superior and inferior 

halves folded upwards and downwards.
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Figure 2 Strengths and L imitat ions of Contact M apping for 

Focal Impulse and Rotor M apping (FIRM ). Broad coverage of 

the atr ia can reveal rotors in variable patient-specific regions 

easily overlooked by limited mapping at pre-determined sites. (A) 

Fluoroscopy of basket catheter in left atrium with good contact. 

Analysis wi l l  have high confidence except for electrodes near 

tricuspid or mitral annuli, where rotors are unlikely to form (34). 

(B) Fluoroscopy of basket catheter with poor contact particularly 

near septal left atrium. (C) Intracardiac Echocardiogram of Basket 

catheter in a patient with LA diameter 8.4 cm. In cases (B) and (C), 

results of FIRM  will be suboptimal. Electrodes of poor contact 

reduce the confidence of maps, and so FIRM  mapping is less 

satisfactory in atria larger than the current >55 mm diameter of the 

largest baskets.



In this large multicenter prospective registry, FIRM of 

long periods of AF shows that the AF rotor core proceeds 

in spatially STABLE regions over time in patients with 

diverse AF types.  

Conversely, spiral arms emanating from AF rotors vary 

and disorganize via fibrillatory conduction, which 

explains the difficulty in detecting rotors by activation 

mapping at fixed electrodes. 



Copyright © American Heart Association, Inc. All rights reserved. 

Jens Eckstein et al. Circ Arrhythm Electrophysiol. 

2013;6:334-341 

Endo-epicardial dissociation of electric activations resulting in transmural conduction of 
fibrillation waves (breakthroughs) has been postulated to contribute to the complexity of the 

substrate of AF 



Atrial remodeling leading to heterogeneous conduction and increasing incidence of 

breakthrough.  

Copyright © American Heart Association, Inc. All rights reserved. 
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Activation during atrial flutter 

New technologies … 



AcQMap 3D Imaging and Mapping Catheter 

48  

Ultrasound 

Transducers 

48  

Engineered 

Electrodes 

AcQMap Catheter 

25mm basket diameter 

Up to 144,000 ultrasound points/minute 

150,000 intra-cardiac unipolar voltage samples/second 

10F shaft 



Electrode x,y,z localization and ultrasound 

distances are combined to acquire anatomy 

• Ultrasound pulses 
continuously reach and 
reflect off the chamber wall 

• Individual points are 
accumulated to form a 
surface with mesh-density 
equivalent to segmented CT 

• Post-processing of the 
surface data completes the 
reconstruction 2x 



Chamber Wall 
Motion 

• Initial prototype of 

pumping chamber 

• Integration of 720 unique 

anatomies connected 

through time 

• A unique anatomy is 

determined every time 

localization is updated 

(20ms) 

• Algorithmic removal of 

valve plane and 

appendage ostium 

22 



Dipole density reveals more detail than voltage  

Dipole Density Voltage 
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Courtesy of Homolka Hospital, Czech Republic 



AcQMap Dipole Density AcQMap Voltage 

     Dipole Density and Voltage AF maps (Raw data) 
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Courtesy of Papworth Hospital, United Kingdom 



                           Activation PRE-PVI 



   Activation POST-PVI 



Final Remarks 

Rotors-driven ablation of AF is regarded as a more functional 

approach for guiding the identification of the most critical circuit(s) 

responsible for sustaining AF. 

 

The shorter is the duration of AF, the lower is the number of rotors 

or rotor-like activity. 

 

Ablation at the core of the rotor (s) can effectively change the 

functional properties of the tissue and promote transformation of 

AF into atrial tachycardia (s) or its termination 

 

Adequate mapping of the entire endocardial surface is required 

(regardless the chamber volume) as to achieve a reliable 

analysis; epicardial breakthrough remains challenging 

 


