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Introduction
Catheter ablation for atrial fibrillation (AF) can often lead to the 

acute discovery of new underlying rhythms prior to restoration of 
sinus rhythm. In this case report, using the new mapping module: 
CARTOFINDER™ software (Biosense Webster, Inc., Diegem, 
Belgium) we recognise and modify additional, non-fibrillatory 
arrhythmia substrate in addition to isolation of the pulmonary veins. 
Through this procedure 5 different atrial rhythms were revealed, namely 
AF, left sided atrial flutter (AFL), atrial tachycardia (AT), right sided 
AFL and finally sinus rhythm (SR), respectively. In the following case 
report, we shall demonstrate how we identified, mapped and ablated 
these respective rhythms, first using the novel CARTOFINDER 
software module followed by Coherent mapping and Ablation Index 
guided radiofrequency application for the remaining ablations.

Case report
We report the case of a 62-year-old male, undergoing catheter 

ablation on a background of persistent, symptomatic AF, refractory 
to first line treatment of one antiarrhythmic drug and cardioversion.

Under general anesthesia, vascular access was attained via the right 
femoral vein then trans-septal atrial puncture was performed under 
guidance of transoesophageal echocardiography (Vivid S70N, GE 
Healthcare). A 7 Fr mapping catheter with 20 electrodes (PentaRay, 
Biosense-Webster, Inc.) was used to create the 3D fast-anatomical 
map (FAM) and then dynamic local activation map after pulmonary 
vein isolation (PVI) was completed. This was performed as the patient 
remained in AF.

The left atrium (LA) was initially mapped in AF to display bipolar 
voltage (BiV). Mapping catheter splines were held in place until stable 
electrograms were achieved at each voltage point. Standard PVI was 
performed using wide area circumferential ablation (WACA), this was 
followed by additional radiofrequency ablation using ablation index 
targets of 500 anteriorly and 400 posteriorly. The additional targets were 
identified via CARTOFINDER focal and rotational activity mapping. 
As shown below, repetitive activation patterns were identified in the 
region of left atrial appendage (LAA) roof (Figure 1.A). Ablation 
of this target altered the rhythm from AF to an organized left sided 
AFL at CL of 226 ms (Figure 1.B). This was confirmed by the full 
tachycardia CL histograms via Coherent mapping that was entirely 
limited to LA only. 

Secondly, anterior wall ablation line (Figure 2.A) resulted in a change 
of the rhythm from AFL with CL 226ms to focal atrial tachycardia 
(AT), CL 258ms (Figure 2.B). Coherent remapping again revealed a 
focal activity for AT was identified at the roof of  LA (Figure 3.A). 
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This focus underwent radiofrequency (RF) ablation that subsequently 
induced a change in tachycardia CL, and a change in the activation 
on CS from proximal to distal indicating Rt sided atrial flutter 
(Figure 3.B). Again, Coherent mapping confirmed the rhythm as 
typical (counter-clockwise, cavo-tricuspid dependent (Figure 3.C) 
AFL which was successfully ablated and resulted in restoration of SR 
rhythm (Figure 3.D).One year post ablation, our patient remained in 
SR without any antiarrhythmic drug therapy.

Discussion
Case Summary

In this case, multiple breakthrough rhythms have been demonstrated 
in a single patient undergoing radio-frequency ablation with the aid 
of newly available tools. Our procedure utilized a mix of novel and 
standard mapping techniques, demonstrating the unmasking and 
ablation of these rhythms in a stepwise approach, until SR is restored. 

Mapping Module
CARTOFINDER utilises dynamic local activation time mapping, 

a novel method of highlighting areas of repetitive activation in AF.1,2 
High value substrate targets are identified, which may result in reduced 
RF application than standard ablation lines. This has the potential not 
only to save time during the procedure, but also to improve outcomes 
by leaving the patient with less pro-arrhythmic rotors long-term. 
This iatrogenic pro-arrhythmic substrate was one suggested cause for 
variable reproducibility of study results involving additional substrate 
modification. 3

Understanding the techniques for CARTOFINDER mapping
Far-field signals are filtered from obtained unipolar readings, and 

bipolar graphs are then generated for each using the two most proximal 
electrodes on the spline of the mapping catheter. A Bipolar Electrogram 
Window is applied to the unipolar signals, ranging from the earliest 
onset to latest offset of the two bipolar signals. Atrial signals falling 

Figure 1:

Despite of AF, Lead V1showed pseudo organised P waves while EGM 
A: PA, AP and LAO views of dynamic local activation map. Focal repetitive activation of the left atrial appendage (LAA) posteriorly is 
shown in green. B: EGM showing the change from atrial fibrillation to a left sided atrial flutter with activation from CS 1,2 to CS 9,10 
(left, long red arrow). Cycle length becomes 226ms (right, short red arrow) as the LAA points of interest are ablated. 
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within the Bipolar Electrogram Window are then annotated using 
wavelet analysis4. Local activation time (LAT) is generated from these 
annotations and displayed dynamically within 250ms windows of the 
30 second recording, to demonstrate how the activity changes over time, 
in contrast to traditional fixed time reference maps.

QS electrogram (EGM) deflection from the unipolar signals are 
recognised by CARTOFINDER.If the first QS is recognised within 
a 50 ms window and 10 mm radius and occurs for two or more beats 
then it is displayed as a green focal repetitive pattern. Rotational activity 

Figure 2:
A: Demonstrates a COHERENT map, with an anterior wall dependant flutter. Isthmus runs supero-medially to infero-medially (medial 
aspect of mitral annulus) on the anterior wall. B: Electrogram before and after the anterior wall line, cycle length changes from 226 
(first, left red arrow) to 256 (second, right red arrow).
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Figure 3:

A: Propagation and Coherent map showing focal atrial tachycardia (AT) with focus coming from the roof of the left atrium. B:EGMs 
showing AT with cycle length (CL) 256ms (left red arrow).During ablation of the target we see AT slowly change in it’s activation 
sequence, demonstrating proximal to distal activation on CS. The last 3 atrial cycles shows a change in CL from 283ms (middle red 
arrow) to 270ms indicating a right-sided CTI flutter.C: Coherent map of cavo-tricuspid isthmus (CTI) dependant flutter. D: Time-stamped 
electrogram series showing CTI dependant flutter CL 270 (left red arrow terminated into sinus rhythm during CTI ablation (second red 
arrow).
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were not ablated as other regions of interest had already resulted in 
termination of AF). Of the 26 targeted regions, there was a termination 
of AF in 12 (63.5%) patients with 5 patients to SR and 7 to other 
organised atrial rhythms. There was significant prolongation of cycle 
length with 12 other regions and no measurable effect with 4 regions. 
7 Similarly, in our case, one potential driver on the LAA was ablated 
and resulted in termination of AF to a left sided AFL. These novel 
findings will require further study in order to fully evaluate their role 
in the AF ablation.

Conclusion
This case shows multiple rhythms in AF that were unmasked by 

CARTOFINDER mapping. CARTOFINDER identified both focal 
and rotational activity for ablation. This case demonstrates the utility of 
this novel module when applied in a diseased LA with PeAF that aided 
in the localisation, understanding and eradication of four individual 
atrial arrhythmias before restoring sinus rhythm.  
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Validation of CARTOFINDER for use in patients with 
Persistent AF

CARTOFINDER mapping has now been validated for use in AF. 
1,2,6,7 Transient focal and rotational activities were identified, transiently 
recurring at the same positions in the absence of stable rotors. This 
demonstrates the value of dynamic mapping. These areas of recurring 
activity were ablated, successfully reducing cycle length or terminating 
AF. One study demonstrated a positive response to ablation in 84.6% 
of potential drivers.2 In a multi-centre study conducted by Verma et al. 
they compared the sensitivity and specificity of the CARTOFINDER 
algorithm at identifying repetitive focal and rotational activity in 1411 
maps to a panel of three experienced electrophysiologists equipped 
with the activation maps and unipolar signals as the gold standard. 
Agreement between two of the three adjudicators was necessary before 
an area of interest was declared. The study found a sensitivity and 
specificity of 84% and 84% respectively for repetitive focal activation 
and 86% and 93% respectively for rotational activity.

Interest areas did not change their CL when comparing pre to post 
PVI maps, reinforcing their independence from the pulmonary veins. 3

Drivers with focal, not rotational, activity were noted to be 
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Left atrial appendage with rotational activity
Ablation of the LAA rotational activity (identified via 
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player in AF maintenance. 10
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