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KEY TEACHING POINTS

� We present non–pulmonary vein (PV) trigger
ablation with new technology (cycle length [CL]
mapping) for recurrent atrial fibrillation (AF) after
PV isolation.

� The recent CARTOFINDER module (Biosense
Webster, Inc, Irvine, CA) has a new feature enabling
it to map the CL, which is called “color CL mapping,”
to help identify sites with the shortest CL,
indicative of rapid firing and potential tachycardia
triggers.

� The integration of the CARTOFINDER CL coloring,
voltage, and complex fractionated atrial
electrogram maps could represent a significant
advancement in the treatment of sustained AF,
particularly in cases refractory to conventional PV
isolation approaches.

� This case highlights the potential of advanced
mapping techniques in AF ablation, particularly for
additional ablation following a PV isolation.
Introduction
Even though global efforts to treat atrial fibrillation (AF) are
ongoing, there is still no definitive strategy for its treatment.
Pulmonary vein (PV) isolation via catheter ablation has
become the cornerstone strategy for patients with drug-
refractory AF.1,2 However, there are many cases of recur-
rence after a PV isolation, so the selection of an additional
ablation lesion set beyond the PV isolation is the main
concern in AF ablation. Non-PV triggers are important in
the pathogenesis of AF,3–6 and the existence of non-PV trig-
gers is one of the main causes of AF recurrence and a wors-
ening of AF from paroxysmal AF to persistent AF.7,8 Atrial
substrate-targeting strategies, such as ablation of complex
fractionated atrial electrograms (CFAE), have been intro-
duced to improve therapeutic outcomes in recurrent/intrac-
table cases.9–11

A novel unipolar-based algorithm, the CARTOFINDER
(Biosense Webster, Inc, Irvine, CA), has become available
to detect localized sources of AF. This module provides
detection techniques for focal activity and rotational activ-
ity, and recent studies have shown that these algorithms
effectively identify localized abnormal activity during AF
mapping.11 Recently, a new module of the CARTO-
FINDER with the OCTARAY (Biosense Webster, Inc)
mapping catheter was introduced, which provides cycle
length (CL) color mapping. This map displays the dominant
CL calculated for each channel at each CARTOFINDER
mapping site.

In this report, we demonstrate a successful non-PV trigger
ablation with AF termination, achieved by adding the CAR-
TOFINDER CL color mapping. This incorporation provided
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the guidance needed to identify more critical signals among
the CFAE signals suspected of triggering and sustaining AF.
Case report
A 29-year-old man was admitted owing to recurrent palpita-
tions. A 12-lead electrocardiogram confirmed the recurrence
of AF even though he had been taking bisoprolol and propa-
fenone. The patient was scheduled for a radiofrequency cath-
eter ablation of AF. He had a normal left ventricular systolic
function with a mild left atrial enlargement (left atrial volume
66.7 mL) on echocardiography.

Upon the patient’s arrival in the electrophysiology lab in
sinus rhythm, AF was induced with an isoproterenol infusion
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Figure 1 Left atrial voltage map in this case during sustained atrial fibrillation, revealing that the majority of the left atrial signals were normal, and displaying
only limited low-voltage areas.
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at 20 micrograms per minute. We initially created a left atrial
voltage map using an OCTARAY catheter during sustained
AF, which revealed that there were only limited low-
voltage areas (Figure 1).

We performed a circumferential PV isolation, during
which the AF terminated. However, AF was consistently
induced with the infusion of isoproterenol at 20 micrograms
per minute even though an isolation of all 4 PVs had been
Figure 2 Triggering of sustained atrial fibrillation (AF) near the right free wall. Th
induced during an isoproterenol infusion at 20 micrograms per minute, as indicated
right free wall with the infusion of isoproterenol following the pulmonary vein isol
arrow with a blue guiding line).
adequately performed.We had positioned the decapolar cath-
eter to detect non-PV triggers from the right side, and we
identified repeated non-PV triggers inducing AF from the
right free wall of the right atrium (RA), near the right crista
(Figure 2). This led us to plan a subsequent examination of
the RA to identify the trigger focus.

We performed RA voltage and CFAE mapping using an
OCTARAY catheter during sustained AF, followed by CL
e patient entered the lab in sinus rhythm.A:At the procedure’s onset, AFwas
by the red arrow with a blue guiding line. B: Spontaneous AF arose from the
ation, exhibiting a sequence similar to the initial trigger (indicated by the red



Figure 3 A 3D map using the CARTOFINDER module (Biosense Webster, Inc, Irvine, CA) and presenting the sites of atrial fibrillation (AF) termination. A:
Comparing the voltage map (Left), cycle length (CL) color map (Middle), and complex fractionated atrial electrogram (CFAE) map (Right) in the right lateral
view; the middle area of the right lateral crista (which was suspected as the AF trigger site in the electrophysiology study) shows the relationships among those
maps. B:We ablated those sites (green dots with yellow arrows) that were matched on the CL color map (Left) and CFAE map (Middle), and the AF terminated
during the ablation (Right).
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color mapping (Figure 3A). We analyzed the shortest CL
sites in the CL color map at the low-voltage sites and
CFAE areas. A low-voltage area (,0.10 mV) was
observed in the voltage map at the site showing the short-
est CL, which corresponded to the CFAE area (indicated
by a green dot with a yellow arrow in Figure 3B). Before
ablation, we performed high-output pacing at the ablation
target site to ensure that there was no phrenic nerve cap-
ture. The AF terminated during ablation using 35 watts
of power at that site, and we confirmed the absence of
any further inducibility after the ablation. The patient has
had no episodes of arrhythmias detected during electrocar-
diograms or Holter monitoring conducted over a span of 6
months.
Discussion
As previously mentioned, there is still no definitive strat-
egy beyond the PV isolation. This is why additional lesion
sets for addressing AF are a primary concern in AF abla-
tion, encompassing not only persistent AF but also cases
of recurrent paroxysmal AF following a PV isolation.
Ablation targeting non-PV triggers of AF is recognized
as a strategy beyond a circumferential PV isolation; how-
ever, there is no standard for the induction protocol, and it
remains elusive, and numerous limitations exist in ablating
these sites.12 Previous studies have shown that CFAE
areas can indicate non-PV trigger sites.13 The CARTO-
FINDER system can identify focal activity, and there
have been instances where AF termination was achieved
through a focal driver ablation using the CARTOFINDER
with CFAE mapping.14,15 The recent CARTOFINDER
module has a new feature, enabling it to map the CL,
which is called “color CL mapping,” to help identify sites
with the shortest CL, indicative of rapid firing and poten-
tial tachycardia triggers. It is expected that, by using this
tool in conjunction with existing methods such as low-
voltage mapping and CFAE mapping, we can identify sus-
pected points that trigger and sustain AF by analyzing the
correlations among them.
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In this case, AF was consistently induced even though a
PV isolation had been adequately performed. We identified
repeated non-PV triggers inducing AF from the right free
wall of the RA, near the right crista. Subsequently, we con-
ducted voltage, CFAE mapping, and CARTOFINDER CL
color mapping with an OCTARAY catheter while AF was
sustained, leading us to a site that exhibited all 3 characteris-
tics: a low voltage, CFAEs, and a shortest CL. The AF termi-
nated during ablation at that site, and we confirmed the
absence of any further inducibility after the ablation. This
case highlighted the potential of advanced mapping tech-
niques in AF ablation, particularly for additional ablation
following a PV isolation.
Conclusion
To our knowledge, this is the first report of successfully
ablating a non-PV trigger using the CL color mapping feature
of CARTOFINDER, specifically targeting the area with the
shortest CL around critical sites. We employed a combination
of voltage mapping, CFAE mapping, and CL color mapping
to identify the non-PV trigger point of AF, and there was a
definite correlation among those maps that terminated the
sustained AF. From this perspective, our approach may pro-
vide an answer to the unresolved question of managing sus-
tained AF, including persistent AF that goes beyond the
conventional strategy of a circumferential PV isolation,
which has been the cornerstone of AF ablation until now.
However, further cases and studies are essential to validate
this method.
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