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Abstract

Purpose We aimed to evaluate whether outcomes with ablation in persistent (PsAF) and long-standing persistent (LsPsAF)
AF can be improved beyond what can be achieved with pulmonary vein isolation (PVI) alone, using individualized mapping
to guide ablation.

Methods We studied 20 pts (15 M, 68 + 11y) with PsAF (14) or LsPsAF (6) referred for first-time AF ablation. Following
antral PVI, individualized mapping (IM) was performed using a high-density mapping catheter stably and fully deployed
for 30 s at each of 23 +9 sites per patient. Activation data were reviewed, and an ablation strategy designed to intersect
areas of focal and rotational activity. Mean follow-up was 429 + 131 days. The study population was compared to a matched
contemporary control cohort (CC) of 20 consecutive patients undergoing conventional ablation.

Results Despite the IM group having a higher median comorbidities score, 3.5 vs. 2.5 in the CC group, indicating potentially
more complex patients and more advanced substrate, cumulative freedom from AF after a single procedure was achieved in
94% of patients in the IM group vs. 75% in the CC group at 1 year and remained the same in both groups at the conclusion
of the study (p=0.02). There was a similar trend in atrial arrhythmia-free survival between both groups (84% vs. 67% at
1 year) that did not reach statistical significance. The procedure duration was longer in the IM group by a median of 31.5 min
(p=0.004).

Conclusions Individualized mapping to guide AF ablation appears to achieve significantly greater AF-free survival compared
to conventional PVI when applied as a primary ablation treatment. The results of this pilot study need to be confirmed in a
larger, randomized trial.

Keywords Persistent atrial fibrillation - Sequential activation mapping - Individualized mapping - Focal activity -
Rotational activity

1 Introduction with single procedural success rates often below 50% at

1 year and at best reaching 70-80% after multiple proce-

Pulmonary vein isolation (PVI) has become the cornerstone
of atrial fibrillation (AF) ablation procedures. With techno-
logical advancements mainly improving the reliability of
acute ablation lesion formation, the success rate in patients
with paroxysmal AF can reach up to 72% with a single pro-
cedure and up to 90% with multiple procedures [1]. How-
ever, the results are far from ideal in non-paroxysmal AF,
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dures [2]. Improving outcomes with ablation of non-parox-
ysmal AF beyond PVI has proved challenging, with com-
plex fractionated atrial electrogram (CFAE) ablation and
empiric linear ablation not improving outcomes in a large
randomized study [3]. Individual patient mapping to guide
ablation is highly attractive, aiming to address the drivers
of AF in an individual beyond PVI, but poses challenges in
catheter design, including a balance between global map-
ping and resolution, electrode contact, signal processing,
and interpretation.

In this study, we assessed the potential for individualised,
live, intra-procedural mapping to guide ablation beyond PVI,
to help improve outcomes in patients with persistent (PsAF)
and long-standing persistent AF (LsPsAF).
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«Fig. 1 Automated annotation of focal (a) and rotational (b) activity
by the CARTOFINDER module. (¢) Green and blue color mark FAP
and RAP, respectively. Color intensity represents the number of rep-
etitions of the pattern during 30-s recording. (d) Example of a lesion
set in AP, PA and superior views, respectively

2 Methods

A total of 21 patients with PsAF or LsPsAF presenting
for AF ablation were recruited to this pilot study between
April 2018 and December 2019. Written informed consent
was obtained from all patients, and the study was approved
by the institutional research committee. Exclusion criteria
included age below 18 years and not presenting in AF at the
time of the procedure. One patient was excluded because the
AF was terminated during PVI. Baseline patient character-
istics were compared to those of a matched contemporary
conventionally treated control cohort (CC) of 20 consecu-
tive patients undergoing ablation for non-paroxysmal AF
ablation with contact force sensing catheters by the same
operators at our centre between January and December 2017.
Only de novo procedures were included. The previously vali-
dated FLAME score[4] was used to compare the complexity
of patients and ablation substrate. It is an easily calculated
method predicting single and multiple procedural outcomes
for non-paroxysmal AF ablations based on the left atrial size
and comorbidities. In patients with a high score, even multi-
ple procedures are usually ineffective.

2.1 Electrophysiologic procedure

All procedures were performed under general anaesthesia,
using the CARTO 3 mapping system (Biosense Webster
Inc., Irvine, CA) with the CARTOFINDER module. Map-
ping was performed using a 4—4-4 mm 20-pole PentaRay™
NAV catheter. A ThermoCool® SmartTouch® catheter was
used for ablation (Biosense Webster Inc.), and a decapolar
Dynamic XT™ catheter (Boston Scientific, MA) was placed
in the CS.

AF cycle length (AFCL) was measured over 10 s in the
distal CS, where there was a strong correlation with post-
PVI left atrial appendage (LAA) cycle length (r=20.76,
p <0.001). Hence, comparisons were made of AFCL in the
distal CS at baseline, post-PVI and pre-cardioversion[5].

2.2 Mapping of AF

Following PVI, multiple 30 s recordings of left atrial uni-
polar electrograms were sequentially acquired using a sta-
bly deployed PentaRay Nav catheter with well-apposed,
fully open splines applied to the left atrial endocardium.
By appropriate flection of the PentaRay catheter and differ-
ential alignment of the sheath, including where appropriate

catheter inversion, we ensured stable deployment with the
splines fully open and excellent contact with the left atrial
endocardium, as corroborated by the shape of the PentaRay
and electrograms. The CARTOFINDER system performs
QRS subtraction on the electrograms (EGMs) to remove
ventricular far-field ventricular signals, leaving only atrial
signals to be annotated. For each unipole, a bipolar electro-
gram window is created from the two nearest electrodes and
unipolar signal annotation is performed within this window
using wavelet analysis. The local activation (LAT) time is
displayed in a dynamic fashion relative to the current time
within the 30-s recording. CARTOFINDER then creates
“4D” activation maps during a 250 ms window referencing
each electrogram in relation to all the other electrograms
from all the electrograms of the PentaRay NAV catheter.
This window then moves through the 30-s recording to dis-
play a changing activation map over time to depict wavefront
propagation[6]. Unipolar electrograms and annotations from
each PentaRay NAYV electrode are displayed on the system
alongside the 4D maps to allow the electrophysiologist to
oversee the process (Supplementary videos 1 and 2).

2.3 ldentification of areas of interest

A mean of 23 +9 recordings were taken per patient. Record-
ings were often overlapping to ensure consistency and
coverage.

2.3.1 Visual analysis of the recordings

After completion of the acquisition of all post-PVI mapping
recordings, 4D activation maps and electrograms were visu-
ally reviewed to identify repetitive atrial activation patterns
(RAAP). Areas demonstrating repetitive focal activation
patterns (FAP) or rotational activity patterns (RAP) were
marked and included as ablation targets. They were later
compared with areas of RAAP identified by the automated
algorithm in the CARTOFINDER module described below.

2.3.2 Automated algorithm to identify RAAPs

Repetitive FAPs are defined as having radial activation over
two or more cycles. The automated algorithm takes any ear-
liest unipolar electrogram with a QS morphology within a
10-mm radius and 50 ms window prior to its annotation.
Given the regional acquisition of data, the algorithm rejects
points if they originate from a distal electrode. If the pat-
tern occurs for two or more consecutive beats, the site of
electrode recording is marked in green (Fig. 1c), with more
repetitions within 30 s resulting in darker shades, and the
time intervals during which they occur highlighted on the
electrogram map (Fig. 1a, Supplementary video 1).
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Repetitive rotational activation is defined as having 2 or
more rotations of 360° within the recording. To identify such
patterns, CARTOFINDER utilizes the PentaRay catheter
design to assess ring formation by grouping electrodes from
each spline located at a similar position along the spline. For
each group of channels, the algorithm seeks “head meets
tail” formation with certain conditions ensuring spatial and
temporal continuity before determining whether the propa-
gating wavefront and corresponding electrograms meet the
criteria for rotational propagation. Temporal continuity
requires the activation duration of the unipolar electrode
group to be more than 50% of the acquisition CL. Spatial
continuity is achieved by allowing no more than 20-mm dis-
tance between electrode locations having consecutive activa-
tion timing. Rotational conduction occurring for 2 or more
consecutive beats is depicted with blue electrode colouring
(Fig. 1c), with increasing rotational events during a 30 s
recording shown as darker shades (Fig. 1b, Supplementary
video 2). The algorithm has been validated in two independ-
ent studies[7, 8].

2.4 Ablation strategy

An ablation strategy was planned using design lines outlin-
ing areas of focal activity and intersecting areas of rotational
activity, and delivered, joining to anatomical/electrical bar-
riers on at least one side of the line for all targeted rotational
patterns, and for focal activity, in addition to targeting the
focus and immediate surrounding area, joining to barriers
where the focus was nearby to avoid the creation of nar-
row isthmi. Limited ablation of focal activity was performed
within the LAA when necessary, often concentrating on the
mouth of the LAA (Fig. 1d).

2.5 Ablation technique

Ablation was performed using the ThermoCool® Smart-
Touch® catheter with a target contact force of 10 g (5-20 g)
at 30 W for 30 s for the first 12 patients and 50 W/10-12 s
thereafter[9].

2.6 Procedure endpoints

The procedure was ended once the pre-planned lesions were
delivered, or if AF terminated to sinus rthythm (SR). If AF
organized to AT, this was mapped and ablated, but if AF
continued, AFCL was measured, and DC cardioversion was
performed. Finally, PVI and integrity of any linear ablation
joining to two electroanatomical barriers were confirmed
during SR and pacing.

@ Springer

2.7 Control cohort-ablation protocols

The ablation technique used in the control cohort of 20
patients involved 3040 W (25-35 W on the posterior wall)
RF applications for 30 s, with a target contact force of 10 g
(5-20 g). Two patients had conventionally performed antral
PVI alone, while in the remaining patients, a variety of
additional strategies were used, including roof (85%), pos-
terior line (50%), mitral isthmus lines (20%), CFAE ablation
(20%), endocardial CS roof ablation (25%) and epicardial
ablation within the CS (20%).

2.8 Follow-up

Follow-up was a mean of 429 + 131 days in the study group
and 482 + 163 days in the control group (p =NS) including
a 90-day blanking period. Patients had at least two follow-up
visits: at 3 months and 1 year after the procedure. The long-
term outcome of the ablation procedure in both groups was
assessed based on a 7-day ECG Holter monitor performed
around 1 year from the procedure, 12-lead ECG at the time
of clinic follow-up appointments, and patient-reported symp-
toms. Patients were considered AF-free in the absence of
symptoms suggestive of AF including palpitations (>30 s)
and absence of AF on ECGs and 7-day recordings beyond
the 90-day blanking period.

2.9 Statistical analysis

Statistical analyses were performed using STATISTICA 13.3
(StatSoft Power Solutions Inc., Poland). Continuous vari-
ables are given as mean + standard deviation (SD) for nor-
mally distributed variables, or median (interquartile range)
for non-normally distributed variables. The Student 7 test,
or its non-parametric equivalent the Mann—Whitney U test
where appropriate, was used for comparison of continuous
variables. Fisher’s exact test was used for comparison of
nominal variables. Logistic regression was used to assess
probability to predict outcomes. Kaplan—Meier curves were
used to show event-free survival, and a Cox’s F test was used
to compare event-free survival rates between groups. Differ-
ences with a two-tailed p value below 0.05 were considered
significant.

3 Results

Baseline clinical characteristics are shown in Table 1. Over-
all, the two groups were well matched for each of the most
relevant variables and comorbidities, including age, gender,
body mass index, left atrial size and left ventricular function.

However, the FLAME score was higher in the IM group
(median of 3.5 vs. 2.5, p<0.026) suggesting that worse
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Tab]e 1 Char acFeristics of Individualized mapping  Control cohort p

patients presenting for AF group (n=20)

ablation procedure in the IM vs. (n=20)

CC group
Age [yrs] 67.7+10.9 63.5+9.6 0.19
Male 15 (75) 16 (80) 1.0
BMI kg/m? 30.5 (28.0-34.0) 30.0 (26.5-33.5) 0.98
Co-morbidities
Sleep apnoea 3(15) 2 (10) 1.0
Hypertension 13 (65) 10 (50) 0.52
Diabetes 1(5) 3(15) 0.60
Obesity 11 (55) 11 (55) 1.0
CAD 3 (15) 3(15) 1.0
Valvular disease 3(15) 1(5) 0.43
FLAME score 3.5(3.0-4.0) 2.0 (1.0-4.0) 0.026
LV EF [%] 51 (35-60) 56 (46-60) 0.57
LA indexed volume [ml/m?] 42.8+12.7 48.1+15.8 0.26
PSAF/LsPsAF (> 1 yr) 14 (70)/6 (30) 12 (60)/8 (40) 0.74
Total AF duration [months] 28 (11-84) 34 (23-56) 0.38
Persistent AF duration [months] 9.5 (5.5-13.5) 13.5 (6.0-24.0) 0.27
Follow-up duration [days] 429+ 131 482+163 0.29
Antiarrhythmic drugs at follow-up 3 (15) 3(15) 1.0

Values represent n (%), mean+SD or median (IQR). BMI body mass index, CAD coronary artery disease,
FLAME score predicting outcomes of non-paroxysmal AF ablation[4], LV EF left ventricular ejection frac-
tion, LA left atrium, PsAF persistent AF (1 week to 1 year), LsPsAF long-standing persistent AF (above

1 year)

outcomes could have been expected in this group despite
conventional matching of relevant variables. Unsurprisingly,
the procedure duration was slightly longer in the IM group
by a median of 31.5 min [IM 164.5 (154.-198.5) min vs. CC
123 (99-157) min, p=0.004), while the ablation technique
(30 W, longer duration vs. 50 W short-duration lesions) did
not influence the long-term outcomes in the IM group sig-
nificantly (p — NS).

Based on a mean of 23 +9 recordings per patient, the
automated algorithm identified RAAPS in all patients. How-
ever, while focal activity was found in all, rotational activity
was only demonstrated in 42%. A mean of 6.6 +3.6 (range
1-13) areas of focal and 0.8 +0.8 (range 0-2) of rotational
activity per patient were demonstrated. The intensity of
42.3 +64.9 repetitions per activation source per patient was
identified in FAPs and 7.1 +2.3 in RAPs. The most com-
mon locations for both FAPs and RAPs were the left atrial
appendage and its base. Frequent RAAPs were also observed
on the anterior wall towards the right-sided WACA line, on
the roof and low posterior wall. Areas of RAAP were tar-
geted with ablation lines or spokes anchored to an electrical
barrier. A comparison of lesion sets in both groups is pre-
sented in Table S1 (supplementary material).

AFCL analysis in the IM group showed no significant
difference in AFCL (pre-PVI) between those patients who
remained arrhythmia-free and those with recurrence, median

182 (173-196) vs. 170 (164.5-176.5) ms respectively,
p=0.1) (Fig. 2). A univariate model did not show that the
AFCL at baseline, post-PVI, or pre-DCCV was related to
long-term freedom from AT/AF (p=0.37).

Cumulative freedom from AF at 1 year was achieved in
94% in the IM group vs. 75% in CC (p=0.02), and freedom
from AF/AT was achieved in 84% in the IM group vs. 67%

AF cycle length change in relation to outcome
220

210
p=0.37

200

190

AF cycle length [ms]

170
# AT/AF recurrence

% AT/AF-free
160

150

Baseline CL  Post-PVICL Pre-DCCV CL

Fig.2 Changes in the atrial fibrillation cycle length (AFCL) in rela-
tion to long-term procedure outcome in the individualized mapping
group (n=20)
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Major efficacy outcomes

AF free —75%_
AT/AF free —65%

First-time

Total NS
0%
0%

0%

AF recurrence 59%

AAD

AT recurrence

0% 20% 40% 60% 80% 100%

MM group ® CCgroup

Fig.3 Major efficacy outcome at the end of the study and antiar-
rhythmic drugs (AAD) use on follow-up in the study group (n=20)
vs. control cohort (n=20) show a trend towards superiority of indi-
vidualized mapping in the first-time procedures

Table 2 Major efficacy outcomes at the end of follow-up

Individualized Control cohort p

mapping group n=20

n=20
Freedom from AF 19 (95) 15 (75) 0.18
Freedom from AF/AT 16 (80) 13 (65) 0.48

Values represent n (%)

in CC (p=0.1). In each group, 3 patients (15%) remained on
antiarrhythmic medication at the end of follow-up (Fig. 3).
Comparisons of outcomes between IM and CC groups
including the use of anti-arrhythmic drugs at the end of
follow-up are shown in Table 2 and Fig. 3, and cumulative
results are shown in Fig. 4, with cumulative AF-free survival

a) AF-free survival after first-time AF ablation
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of IM patients undergoing first-time ablation being signifi-
cantly better than CC.

No procedural complications were noted in the IM group
and one pseudoaneurysm was the only procedural complica-
tion in the CC group.

4 Discussion
4.1 Main findings

A primary application of IM-guided RF ablation for first-
time non-paroxysmal AF resulted in 94% cumulative AF-
free survival at 1 year. Automated post-PVI maps identified
focal drivers in all patients, while rotational activity was
seen in less than half. There was no significant difference
in AFCL in relation to outcome, but a trend toward shorter
baseline AFCL (pre-PVI) was observed in patients with
worse long-term outcomes. Overall AFCL changes during
the procedure did not predict long-term outcomes.

4.2 Earlier studies

There have been numerous efforts over the past two decades
to improve outcomes in non-paroxysmal AF. Based on devel-
oping knowledge of AF mechanisms, various strategies were
proposed [10]. Initial studies showed variable efficacy with
linear lesions[11], posterior wall isolation[12, 13], left atrial
appendage isolation[14-16], targeting CFAEs[17-19] and
non-PV triggers[20, 21]. In contrast, other studies[22-24]
suggested that most of these strategies did not improve out-
comes over PVI alone, a finding eventually confirmed in the
STAR AF II trial[3], randomized comparison of PVI, PVI

b) AT/AF-free survival after first-time AF ablation
1.0
i p=0.1 by Cox's F test
09 ! 84%
08 ]—j :
e
07 _L; 67%
3 .
2 06 :
5 :
@ H
0 05 i
& :
= H
= 04 '
2 :
03 H
0.2 — M
—cC
0.1
0.0 H
0 365 730
Time [days]

Fig.4 Cumulative AF-free (a) and AT/AF-free (b) survival after first-time AF ablation with or without antiarrhythmic drugs in the individual-

ized mapping group compared to the contemporary control cohort
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with additional empiric linear, or CFAE ablation, with a
trend towards better outcomes with PVI alone.

4.3 Mechanisms and mapping of AF

Focal firing has been recognized as an arrhythmia mecha-
nism for over a century[25, 26], but the initiation of AF
through rapid PV activity was described in 1998[27]. Sub-
sequent studies showed that perpetuation of AF may not
be totally random, with rapidly changing wavefronts driven
by high-frequency localized re-entry demonstrated by high-
resolution optical mapping in sheep atria[28].

Focal impulse and rotor modulation (FIRM) tech-
nology[29] suggested the presence of rotors and focal
impulses in nearly all patients with AF, as did epicardial
ECG-based imaging (ECGI)[30]. Targeting such areas of
organized activation was associated with termination[29] or
organization of AF in remote atrial regions[31]. While the
methodology of FIRM was similar to the algorithm used
in CARTOFINDER, the main drawback of this technique
was relatively poor resolution due to global mapping with a
64-pole basket catheter. This allowed the creation of only a
single map of the whole chamber, showing an approxima-
tion of a wavefront propagation which was likely not very
realistic given the rapid and dynamic change of beat-to-beat
wavefront direction in AF.

4.4 Global low resolution vs. sequential
high-resolution mapping with CARTOFINDER

4.4.1 Global mapping

Previous CARTOFINDER studies using a 64-pole basket
catheter showed promising short-term results [6, 32, 33].
Basket catheters can potentially map most of the atrium [34,
35], but global, simultaneous mapping comes at the cost of
incomplete electrode contact and low (4—10 mm) resolu-
tion. Similar to ECGI, no stable rotors were identified, but
transient focal and rotational sources were observed that
recurred frequently at the same sites.

4.4.2 High-resolution mapping

While recognizing potential limitations with sequential
mapping of constantly changing arrhythmias, high-reso-
lution mapping with CARTOFINDER over 30 s at every
location allows identification of temporal trends in FAP
and RAP. Data acquisition, interpretation and treatment
based on this approach do not appear to lengthen proce-
dural duration compared to CC. Potential limitations of
sequential recordings with a limited field of view may in
the future be mitigated using catheters with additional

electrodes and longer splines that enhance coverage with-
out compromising contact or resolution.

4.4.3 Repetitive atrial activation patterns

Previous studies using different methodologies indicated a
variable prevalence of focal and rotational activation pat-
terns. While our study shows that the automatically iden-
tified number of FAP is markedly higher than RAP, in
keeping with earlier studies with CARTOFINDER[33, 36,
37], both FIRM[29] and ECGI[30] demonstrated a higher
prevalence of rotors than focal breakthroughs: 70% vs.
80% for rotors and 30 vs. 20% for focal firing, respec-
tively, with FIRM[35] suggesting greater spatial stability
than ECGI. Predominant locations of the RAAPs identified
in this study are similar to those found with ECGI[30],
while FIRM did not specify them[29, 35]. The number of
RAPs identified in this study was, indeed, lower than with
the other methods. Reasons may include several factors
including the requirement for head meets tail criteria to
be met in the rotational algorithm, the rejection of poten-
tial focal sources if arising from the most distal spline of
the Pentaray catheter to ensure true focal activity and not
activity coming into the “field of view” of the catheter,
and the fact that only the left atrium was mapped. There
of course has not been a formal direct comparison between
specificity and sensitivity of these techniques, and thresh-
olds for stability required to declare an area as a source
of RAP vary by technique. There has been wide variabil-
ity in the frequency of observed RAAPs (both focal and
rotational) between different studies and variability in the
association between duration of AF and the number of
left atrial sources. The total number of reported RAAPs
clearly represents the observed number of left and right
atrial sources as well as both focal and rotational sources,
albeit with a majority being rotational and a majority
being left atrial with numbers varying between 1.08 and
2.4 per patient[29, 38—40]. Some studies have particularly
focused on reporting rotors as the more dominant source.

The intensity of a RAAP source is represented in
Cartofinder by the number of repetitions and it varied widely
within and between patients. The lower number of repeti-
tions in the rotational sources may result from a very robust
algorithm that rejects all sources with incomplete rotation
around the pivot point. Moreover, while high-resolution
mapping may enhance detection of focal sources and micro
re-entry, it also has the potential to miss larger rotational
circuits if the Pentaray is not applied at the centre of the
circuit. Imminent improvements in catheter technology that
will maintain resolution while enhancing “field of view”
per application will address this and again in the core of the
design of future studies.
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4.4.4 Comparative efficacy

Cumulative AF-free survival in our CARTOFINDER popu-
lation was 94% after a single IM procedure at a 1-year fol-
low-up. This appears to be favourable to 1-year results in
STAR-AF II (approximately 61%, 54% and 50% in the PVI
alone, PVI+ CFAE and PVI+linear ablation groups respec-
tively)[3]. Moreover, STAR-AF II had a significant redo rate
that varied between 21 and 33% depending on the subgroup.

Although numbers are small, our results seem to be at
least comparable to studies involving other individualized
mapping technologies. The multicentre FIRM registry
showed single-procedure freedom from AF after a follow-up
of 1 year of approximately 80% in patients with PsAF[41].
However, a subsequent randomized study did not confirm
the convincing benefit. STAR global mapping using a
basked offers a different approach, focusing on identifying
sites that most frequently demonstrate the earliest activation
instead of visually depicting wavefront propagation. During
a minimum follow-up of 12 months, 80% of patients were
free from arrhythmia[42]. Ablation guided by ECGI target-
ing driver regions was associated with 64% patients remain-
ing in sinus rhythm after 1 year[30], although 59% required
AAD and 18% redo procedures. In a later multi-centre study,
77% of patients were free from AF at 1 year, but 49% devel-
oped AT requiring further management at follow-up[43], in
contrast to 15% in the present study.

4.4.5 Study limitations

This study has the following potential limitations: (1) it
is a single-centre, nonrandomized, retrospective analysis,
although the IM approach was prospectively designed based
on an earlier feasibility study; (2) while only two operators
performed the procedures, both the visual and automated
analysis of data and design of lesion sets are straightfor-
ward and widely applicable with minimal additional train-
ing for experienced electrophysiologists; (3) follow-up was
based on Holter ECG recordings, ECGs and symptomatic
review rather than implantable recorders, but this was true
of both the IM and CC groups. Thus, although the majority
of patients presented with sustained forms of arrhythmia
recurrence (AF and AT), some asymptomatic non-sustained
arrhythmia episodes may have been missed in both groups.
(4) Finally, mapping and ablation were limited to the left
atrium.

5 Conclusions
Individualized, high-resolution arrhythmia mapping to guide

ablation beyond PVI based on CARTOFINDER shows much
promise if applied as a primary treatment for the first-time
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ablation. There is a pressing need to improve outcomes in
patients undergoing ablation for PsAF and LsPsAF, and the
promising results of this pilot study need to be confirmed in
a larger, randomized trial.
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