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Abstract: Performing repeated pulmonary vein isolation (re-PVI) after recurrent atrial fibrillation
(AF) following prior PVI is a standard procedure. However, no consensus exists regarding the
most effective approach in redo procedures. We assessed the efficacy of re-PVI using wide antral
circumferential re-ablation (WACA) supported by high-density electroanatomical mapping (HDM)
as compared to conventional re-PVI. Consecutive patients with AF recurrences showing true PV
reconnection (residual intra-PV and PV antral electrical potentials within the initial ablation line) or
exclusive PV antral potentials (without intra-PV potentials) in the redo procedure were prospectively
enrolled and received HDM-guided WACA (Re-WACA group). Conventional re-PVI patients treated
using pure ostial gap ablation guided by a circular mapping catheter served as a historical control
(Re-PVI group). Patients with durable PVI and no antral PV potentials were excluded. Arrhythmia
recurrences >30 s were calculated as recurrences. In total, 114 patients were investigated (Re-WACA:
n =56, 68 & 10 years, Re-PVI: n = 58, 65 £ 10 years). There were no significant differences in clinical
characteristics including the AF type or the number of previous PVIs. In the Re-WACA group, 11%
of patients showed electrical potentials only in the antrum but not inside any PV. At 402 £ 71 days of
follow-up, the estimated freedom from arrhythmia was 89% in the Re-WACA group and 69% in the
Re-PVI group (p = 0.01). Re-WACA independently predicted arrhythmia-free survival (HR = 0.39, 95%
CI0.16-0.93, p = 0.03), whereas two previous PVI procedures predicted recurrences (HR = 2.35, 95%
CI1.20-4.46, p = 0.01). The Re-WACA strategy guided by HDM significantly improved arrhythmia-
free survival as compared to conventional ostial re-PVI. Residual PV antral potentials after prior PVI
are frequent and can be easily visualized by HDM.

Keywords: atrial fibrillation; pulmonary vein isolation; wide antral circumferential ablation;
re-ablation

1. Introduction

Worldwide, radiofrequency (RF) catheter ablation is the most frequently performed
technique to achieve pulmonary vein isolation (PVI), which equals the procedural endpoint
in the primary interventional treatment approach in atrial fibrillation (AF) patients [1].
PVI for rthythm control has been shown to be superior to antiarrhythmic drugs and has
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demonstrated prognostic benefits in all patient collectives ranging from the asymptomatic
AF patient to the AF patient with heart failure [2-6]. Continuous developments of RF tech-
nologies, particularly the use of contact-force sensing catheters, as well as standardization
of lesion generation using the ablation index (“CLOSE” protocol) have led to an improved
ablation line with a reduction in lesion gaps, and thus an increased rate of durable PVI [7].
However, PV reconnections still occur and necessitate redo procedures in many patients.
To date, no standardized recommendation exists for patients who require redo procedures,
e.g., re-PVI only or re-PVI plus additional ablation. Currently, re-isolation of re-conducted
PV is the standard of care in most electrophysiology centers, and ostial gap ablation is
frequently performed without proving satisfactory results [8,9]. “PVI plus” strategies
involve the re-isolation of reconnected PVs and/or additional ablation of arrhythmogenic
substrate, ablation of potential AF trigger regions and empirical lines, ablation of rotors,
and empirical left atrial posterior wall ablation. For the latter, a class IIb recommendation
exists in an expert consensus statement for redo procedures [10], but recent results have
not been entirely convincing [11]. In the initial PVI procedure, wide antral circumferen-
tial ablation (WACA) demonstrated superior outcome results as compared to segmental
PVI[12]. This can be explained by the fact that the PV antrum is a known arrhythmogenic
trigger zone [13] that is additionally ablated by the creation of a wide antral line for PVI.
Thus, we hypothesized that WACA re-ablation (Re-WACA) can be a superior strategy as
compared to a simple PV targeted re-PVI approach.

The aim of this single-center study was to evaluate the benefit of WACA PV re-ablation
(Re-WACA) guided by three-dimensional (3D) high-density left atrial mapping (HDM) as
compared to simple ostial re-PVI guided by a circular mapping catheter in patients who
experienced AF recurrences due to true PV reconnection or an exclusive documentation of
residual antral PV potentials within the initial ablation line (without intra-PV potentials)
after previous PVL

2. Materials and Methods
2.1. Study Population

The Re-WACA group consisted of unselected, consecutive patients who were sched-
uled for a redo procedure and underwent WACA re-ablation guided by 3D HDM. Re-
WACA patients were prospectively enrolled. Unselected patients who received re-PVI by
means of conventional gap ablation at the PV ostium (2016-2018) served as a historical
control group and were retrospectively analyzed. Data of the control group were not
part of previous studies. The indications for a redo procedure were the same for both
groups and corresponded to the inclusion criteria. The inclusion criteria were symptomatic
paroxysmal or persistent AF recurrences after prior PVI following a 3 months blanking
period. The exclusion criteria were longstanding persistent AF, intracardiac thrombi, and
severely dilated left atria (>60 mm). Patients who presented with AT recurrences, patients
who showed durable isolation of all PV and/or the PV antrum during the redo procedure,
and patients with more than two prior PVI procedures were also excluded.

The power calculation was based on the atrial arrhythmia recurrence rate after stan-
dard re-PVI, which was as high as 40% in 12 months [14,15], and, for the Re-WACA group,
we hypothesized an arrhythmia recurrence rate of 15% in 12 months (absolute risk reduction
of 25%). Considering the follow-up time of more than 12 months in this study, we expected
a recurrence rate of 50% and 18.75%, respectively. Hence, a recruitment of 50 patients in the
Re-PVI group and 40 patients in the Re-WACA group achieved a statistical power of 0.9.
We aimed at a recruitment of at least 50 patients in each group.

2.2. Ablation Procedure Protocol

A detailed summary of our standardized RF ablation procedure is available in refer-
ences [16,17]. Transesophageal echocardiography was performed to rule out intracardiac
thrombi. The ablation procedure was conducted under deep analgosedation. Via a triple
venous access, a 6F multi-electrode catheter was positioned in the coronary sinus and two SL1
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sheaths (St. Jude Medical / Abbott, Plymouth, MN, USA) were advanced into the left atrium
following a double fluoroscopy- and pressure-guided transseptal puncture. We aimed at an
activated clotting time > 300 s by the administration of intravenous heparin. The PV ostia
were visualized by selective PV angiography in combination with 3D mapping. Electrical
cardioversion was performed prior to mapping in patients who presented with AF.

In the Re-WACA group, a high-density voltage map of the LA was accomplished by a
3D mapping system (CARTO, Biosense Webster, Inc., Irivine, CA, USA) using a multipolar
diagnostic catheter (Pentaray®, Biosense Webster, Inc., Irvine, CA, USA). To identify PV
reconnections/lesion gaps by displaying the border zone between healthy and scar tissue,
the color display range was set to 0.10-0.50 mV. WACA lines were defined according to
previous publications [12], e.g., 1.5 cm proximal from the PV ostium. PV reconnection was
defined as residual electrical potentials located distally from the defined PV ostium. Antral
potentials were defined as residual electrical potentials located within the initial ablation
lines but outside of the PV ostium.

Re-WACA by means of contact-force (CF-) guided point-by-point RF ablation was
performed in case of (a) true PV reconnection with documented intra-PV and PV antral
electrical potentials within the defined WACA line or (b) exclusive documentation of
residual PV antral potentials (without the presence of intra-PV potentials).

In the historical Re-PVI control group, an anatomical 3D reconstruction of the left
atrium was built (CARTO, Biosense Webster, Inc., Irivine, CA, USA) and lesion gaps were
detected by conventional mapping using a circumferential multipolar diagnostic catheter
(LASSO®, Biosense Webster, Inc., Irvine, CA, USA) and the ablation catheter. Pure ostial
gap ablation was performed to re-achieve PVIL

In both study groups, ablation was performed using an irrigated quadripolar ablation
catheter with a 3.5 mm tip (ThermoCool® SmartTouch™, Biosense Webster, Inc., Irvine, CA,
USA). To achieve durable lesions, a contact force of >10 g and a 30 s RF application per point
was applied (max. 50 W anteriorly, max. 30 W posteriorly) as the institutional standard
at the time [16]. The ablation protocol was adapted early in 2018 due to technological
progress, e.g., ablation index (Al)-guided ablation [18], mainly concerning the Re-WACA
group. We aimed at an Al of 350 for posterior ablation and 550 for anterior ablation.
PVI was the procedural endpoint confirmed by an entrance and exit block following a
waiting period of at least 20 min after the last RF application. In both groups, atrial burst
stimulation from the coronary sinus was performed (minimal cycle length = 200 ms). If AT
was induced or occurred spontaneously, an activation map was generated to understand the
arrhythmia mechanism and guide additional ablation. Bidirectional block was confirmed
for all ablation lines. The venous access site was supplied with a figure-of-eight suture and
a pressure dressing. A fluoroscopy integrating system was implemented during the time
course of the study to reduce radiation exposure [19,20].

2.3. Post Procedure Observation and Follow-Up

Echocardiography was performed to rule out pericardial effusion immediately after the
procedure and again before resuming same day anticoagulation. All patients were observed
on the cardiovascular wards with a continuous vital sign and rhythm monitoring for 24 h
until routine discharge on the day after the procedure. All complications were documented
prospectively. Major complications were referred to as a permanent injury or death, the
necessity of interventional treatment, or a prolonged hospital stay [21]. Antiarrhythmic
drugs (class IC and III) were discontinued after a 3 month blanking period when stable sinus
rhythm was present. Routine rhythm follow-up data were collected at 3 and 12 months
(3-7 day Holter monitoring) in the university outpatient clinic and more frequently in case
of AF symptoms. Atrial arrhythmias lasting for at least 30 s were calculated as recurrences.
Consultations with collaborating centers and telephonic interviews with patients completed
the follow-up.
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2.4. Statistical Analysis

Continuous data are displayed as mean with standard deviation (SD) or median with
interquartile range in the case of a non-normal distribution, and were compared using the
Student’s t-test or the non-parametric Mann-Whitney U test. Categorical data are presented
as numbers and percentages, and were compared utilizing the chi-square or the Fisher’s
exact test, respectively. Estimated event-free survival was calculated and displayed using
the Kaplan-Meier method. Cox regression analyses identified predictors for recurrences. A
p-value < 0.05 was considered to be statistically significant. Data processing and analysis
were performed using SPSS (IBM SPSS Statistics, Version 22.0, Armonk, NY, USA).

3. Results
3.1. Baseline Characteristics

All baseline characteristics are summarized in Table 1. In total, 114 patients with
symptomatic AF recurrences after previous PVI underwent re-ablation. Fifty-six patients
of the Re-WACA group, 54% male, with a mean age of 68 £ 10.0 years and a median
CHADS;-VASc score of 3, suffered from paroxysmal AF (46%) compared to 58 patients of
the Re-PVI control group (69% male, 64.9 £ 10.3 years, median CHA,DS;-VASc score 2,
34% paroxysmal AF). Patients in the Re-WACA group tended to be older (p = 0.08) and
ischemic heart disease was more frequently observed (p = 0.05), whereas all other baseline
characteristics did not show significant differences between the groups including the AF
type, the LA size, and the number of previous LA ablation procedures.

Table 1. Baseline characteristics.

Re-WACA Re-PVI
n=56 n =58 p-Value

Age (yrs) 68.3 +10.0 64.9 +10.3 0.08
Male sex, 1 (%) 30 (54) 40 (69) 0.09
CHA5,DS,-VASc Score 3 [2-4] 2 [1-4] 0.20
Arterial Hypertension, n (%) 43 (77) 40 (69) 0.35
Diabetes mellitus, 1 (%) 7 (13) 11 (19) 0.34
Ischemic heart disease, 1 (%) 20 (36) 11 (19) 0.05
COLD, n (%) 4(7) 2(3) 0.43
Obstructive sleep apnea, 1 (%) 8 (14) 12 (22) 0.26
Body Mass Index, kg/m2 26.0 5.7 272 +4.2 0.22
LVEE, (%) 58.5 £ 10.0 59.8 £9.6 0.48
Serum Creatinine, mg/dL 0.97 +0.27 1.05 +0.29 0.11
NTproBNP, pg/mL 581 [219-977] 366 [175-947] 0.31
Dyslipidemia, 1 (%) 27 (48) 30 (52) 0.71
LA Diameter, cm 42+1.0 41408 0.77
Months since AF diagnosis 48 [22-75] 48 [11-72] 0.59
Number of previous PVI, n 1.27 +0.52 1.43 +0.53 0.10
Technique of prior PVI

- RE n (%) 24 (43) 27 (47) 0.69

- Cryoballoon, 1 (%) 18 (32) 9 (16) 0.04

- unknown n (%) 5(9) 12 (21) 0.08

- multiple, n (%) 9 (16) 10 (17) 0.87
Months since last PVI 17 [9-42] 18 [4-56] 0.43
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Table 1. Cont.

Re-WACA Re-PVI
n=>56 n =58 p-Value
Indication for redo procedure
- Paroxysmal AF, n (%) 26 (46) 20 (34) 0.19
- Persistent AF, n (%) 30 (54) 38 (66)
EHRA Score (2/3/4), n 4/47/5 4/46/8 0.72
Beta-Blockers, 1 (%) 46 (82) 40 (70) 0.14
AAD, n (%) 12 (21) 23 (40) 0.03

Data are presented as 1 (%) of patients, mean =+ SD, or median [IQR]. COLD, chronic obstructive lung disease;
LVEF, left ventricular ejection fraction; LA, left atrium; PVI, pulmonary vein isolation; RF, radiofrequency; AAD,
antiarrhythmic drug (class IC or III); WACA, wide area circumferential ablation; EHRA, European Heart Rhythm
Association, AF, atrial fibrillation.

3.2. Procedural Data

All procedural data are summarized in Table 2. During the redo procedure, the number
of non-isolated PVs was documented in both groups, estimating 2.4 & 1.1 in the Re-WACA
group and 2.7 £ 1.0 in the Re-PVI group (p = 0.15). Right-sided PVs were both more
frequently non-isolated in the Re-PVI group (p = 0.03 for the RIPV and p = 0.01 for the
RSPV, respectively). In the Re-WACA group, 89% of the patients demonstrated potentials
inside the PV implicating true PV reconnection. Any non-isolation of the PV antrum was
present in all patients: 71% of patients showed residual right-sided PV and 79% of patients
showed residual left-sided PV antral potentials. In 50% of the patients, PV antral potentials
were noticed in both right- and left-sided PVs. In 11% (n = 6) of the Re-WACA group,
only antral electrical potentials within the initial ablation line were noted, but no electrical
potentials were seen inside the PVs. This finding was not associated with AT supporting
that potential source of origin. All of these six patients received prior cryoablation and one
patient received prior cryo- and RF ablation. In the Re-PVI group, PV reconnection with a
documentation of PV potentials was present in all patients. In both groups, all PV were
successfully re-isolated. Additional LA ablation for induced or spontaneous arrhythmias
(Table 2) was performed in both groups as required, which was more frequently the case
in the Re-PVI group (p < 0.01). The adverse event rate was 3.5% (n = 4/114) in the entire
study population and did not differ between the groups (p = 1.0). Major periprocedural
complications occurred in 1.8% including one pericardial tamponade requiring drainage
and one small intracranial bleeding that could be managed conservatively (Table 3). No
permanent sequelae or death occurred.

Table 2. Procedural data.

Re-WACA Re-PVI

=56 n=58 p-Value

Procedure time (min) 135 + 42 142 + 47 0.39
Fluoroscopy time (s) 828 + 298 726 + 258 0.05
Dose Area Product (cGy cm?) 901 + 678 * 2048 + 1111 <0.01
Number of non-isolated PV 24+1.1 27+1.0 0.15

- non-isolated RSPV, n (%) 26 (46) 39 (67) 0.03

- non-isolated RIPV, n (%) 31 (55) 45 (78) 0.01

- non-isolated RPV antrum, n (%) 40 (71) n.a.

- non-isolated LSPV, n (%) 33 (59) 37 (64) 0.59

- non-isolated LIPV, n (%) 35 (63) 37 (64) 0.89

- non-isolated LPV antrum, n (%) 44 (79) n.a.

- any non-isolated PV antrum, n (%) 56 (100) n.a.
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Table 2. Cont.
Re-WACA Re-PVI
=56 n=58 p-Value
No potentials inside any PV, n (%) 6 (11) 0 (0) 0.01
Additional LA ablation, n (%) 14 (25) 39 (67) <0.01
- Anterior line 8 (14) 17 (29) 0.05
- Roof line 3(5) 11 (19) 0.03
- Mitral isthmus line 1(2) 3(5) 0.33
- CFAE ablation 2(4) 8 (14) 0.05

Data are presented as mean & SD or n (%). WACA, wide area circumferential ablation; PVI, pulmonary vein
isolation; RSPV, right superior pulmonary vein; RIPV, right inferior PV; RPV, right PV; LSPV, left superior PV;
LIPV, left inferior PV; LPV, left PV; LA, left atrium; CFAE, complex fractionated atrial electrograms. * Dose area
product was reduced due to a new fluoroscopic system [19,20].

Table 3. Adverse event rate.

Re-WACA Re-PVI
n=56 n =58 p-Value
Major complications, 1 (%) 1(1.8) 1(1.7) 1.00
- Pericardial tamponade, n 1 0 0.31
- Gastroparesis, n 0 0
- Atrioesophagela fistula, n 0 0
- TIA /Stroke n 0 0
- Intracranial bleeding, n 0 1 0.32
- Death, n 0 0
Minor complications, 1 (%) 1(1.8) 1(1.7) 1.00
- Pericarditis, n 0 0
- Groin hematoma, n 1 1
- Infections, n 0 0
Overall complications, 1 (%) 4 (3.5)

Data are presented as 1 (%) or n. WACA, wide area circumferential ablation; PVI, pulmonary vein isolation; TIA,
transient ischemic attack.

3.3. Follow-Up

After a mean follow-up of 402 + 71 days, the Kaplan-Meier estimate (Figure 1)
demonstrates significant advantages of the Re-WACA strategy as compared to the Re-PVI
approach: Freedom from arrhythmia was 89% and 69%, respectively (p = 0.01). In total,
13 (n = 7/56 patients) of the Re-WACA group and 31% (n = 18/58 patients) of the Re-
PVI group experienced arrhythmia recurrences (p = 0.02). The mean time to arrhythmia
recurrence was 259 & 130 days and 227 + 139 days, respectively. At follow-up, 4 of initially
35 patients of the entire study group were on antiarrhythmic drugs. A Cox regression
analysis (Table 4) revealed that the Re-WACA strategy independently predicted freedom
from atrial arrhythmia (HR = 0.39, 95% CI 0.16-0.93, p = 0.03), whereas two previous PVI
procedures predicted recurrences (HR = 2.35, 95% CI 1.20-4.46, p = 0.01).
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Figure 1. Kaplan-Meier estimates of freedom from arrhythmia recurrences. PVI, pulmonary vein

isolation; WACA, wide area circumferential ablation.

Table 4. Cox regression analysis to identify predictors for arrhythmia recurrences.

Univariate Analysis Multivariate Analysis
HR 95% CI p-Value HR 95% CI p-Value
Number of previous PVI (n > 1) 2.50 1.33-4.52 <0.01 2.35 1.20-4.46 0.01
Re-WACA 0.33 0.14-0.80 0.01 0.39 0.16-0.93 0.03
Number of non-isolated PVs 0.77 0.52-1.12 0.18
Age 0.99 0.96-1.03 0.70
Male sex 0.80 0.36-1.77 0.59
CHA;,DS,-VASc Score (1 point) 1.05 0.83-1.29 0.69
LV-EF (1%) 0.97 0.94-1.01 0.14
LA diameter (1 cm) 1.26 0.84-1.88 0.26
Obstructive sleep apnea 1.49 0.59-3.73 0.40
BMI (1 kg/m?) 1.01 0.93-1.09 0.75

PV(I), pulmonary vein (isolation); LV-EF, left ventricular ejection fraction; LA, left atrium; BMI, body mass index;
WACA, wide area circumferential ablation; CI, confidence interval.
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4. Discussion

This study was conducted to investigate the potential benefit of PV re-isolation using
wide antral circumferential re-ablation guided by 3D electroanatomical HDM as compared
to conventional re-PVI by means of pure ostial gap ablation in patients who experienced
symptomatic AF after previous PVI. Patients with true PV re-conduction who demonstrated
intra-PV and PV antral potentials within the initial ablation zone or patients with exclusive
residual PV antral potentials (without showing intra-PV potentials) were included. The key
findings are: (1) HDM demonstrated a high incidence of residual PV antral potentials, even
in cases in which PVs were isolated. (2) WACA re-ablation is significantly effective to reduce
arrhythmia recurrences as compared to conventional re-PVI without HDM (Figure 1).

It is well known that durable PVI is important regarding clinical success after inter-
ventional treatment of AF. PV reconnections could be substantially reduced after major
technical improvements in RF-ablation within recent years, e.g., the implementation of
contact-force sensing catheters, the ablation index [7,10], or advanced cryoballoon genera-
tions [22,23]. However, PV reconnections are still common and represent the predominant
mechanism of AF recurrences [24,25]. Repeated PVI has demonstrated an improvement in
arrhythmia free survival [8]. Nevertheless, approximately one fifth of patients experience
recurrences despite durable PVI, which leads the focus on whether additional ablation can
improve rhythm outcome. So far, “PVI plus” strategies in index or redo procedures have
not yieldedconsistent results [14,26-29], and extensive (incomplete) ablation can increase
the incidence of iatrogenic atrial arrhythmias and procedural complications [30]. To date,
no consensus exists regarding the optimal ablation strategy in redo procedures.

The atrial-PV junction is an arrhythmogenic area. Next to PV foci, the area consists of a
complex myocardial fiber orientation with abrupt changes in direction as shown in animal
models [31-33] and human individuals [34-36], which can lead to conduction abnormalities
and facilitate arrhythmogenesis. Gottlieb et al. recently concluded that triggers of AF likely
involve re-entry mechanisms in the atrial-PV junctional myocardium [13]. Additionally,
endo-epicardial connections arising from the PV antrum have been reported [37,38] and
could be relevant in terms of residual antral potentials within the initial ablation area,
as seen in our cohort. The PV antrum includes parts of the intrinsic cardiac autonomic
systems, e.g., ganglionated plexi that have also been targeted to improve the outcome of AF
ablation [39] and other non-PV substrates resulting from infiltration of adipose tissue and
collagen accumulation due to AF itself [40] leading to fibrosis [41]. Kiuchi et. al showed that
a larger isolation area around the PV was associated with reduced arrhythmia recurrences
and they stated that the main mechanism of recurrence was considered to be a residual
substrate in the PV antrum [42]. Furthermore, when performing wide antral ablation, parts
of the posterior LA wall, which has the same embryological origin as the PVs and is thought
to play a crucial role in the initiation and maintenance of AF [43], are empirically ablated.

In this study, patients of the Re-WACA group who were investigated by HDM guid-
ance showed PV antral potentials in all patients, even in those without intra-PV potentials.
Re-WACA patients significantly benefited from a wide antral circumferential re-ablation as
compared to the Re-PVI group and showed a similar low adverse event profile. The Re-
WACA strategy independently predicted freedom from arrhythmias, whereas more than
one previous procedure predicted recurrences. Patients showing solely antral potentials
were all treated by cryoablation before, which supports previous findings [44]. However, no
association with AT regarding that potential source of mechanism could be drawn from our
data. Notably, additional lesion sets beyond PVI were performed significantly more often
in the Re-PVI group (25% vs. 67%, p < 0.01) due to spontaneous or induced AT, but did not
translate into an improved outcome. Our findings highlight the importance of HDM and
its technical advantages over conventional mapping for the detection of arrhythmogenic
foci in terms of inhomogenity or even non-transmurality within the initial lesion set, and
the superior clinical outcome of the Re-WACA strategy emphasizes the arrhythmogenic
potential of the PV antral area in general. The clinical relevance of our data is high, since
redo procedures after PVI using single shot technologies such as cryoballoon ablation and
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pulsed field ablation [45] will dramatically increase with the inherent need for deployment
of more antral lesions. Future implementation of artificial intelligence could optimize
ablation strategies and improve outcome further [46].

Based on our data, the Re-WACA strategy can be a treatment option for redo proce-
dures in patients with symptomatic AF recurrences and non-isolated PV or residual antral
potentials. However, further data of larger patient populations are necessary to confirm
our findings.

There are several limitations. This study is a non-randomized single center study with
consecutive patients being compared to a historical control group. In the control group
(Re-PVI without HDM), the documentation of antral PV potentials was not assessed or
might have been underestimated due to technical limitations of conventional mapping [47].
Hence, a comparison of the incidence of antral PV potentials was not possible and the
significance of low voltage areas in the LA, that can be relevant for ablation strategies [48],
could not be reliably assessed. CF measurements were available for both study groups.
However, Al-guided ablation became available for the majority of patients of the Re-WACA
group during the study period, which could have influenced outcome results. However,
since our previous ablation settings mostly correspond to Al-guided ablation, we assume
only a negligible bias. Additionally, both paroxysmal and persistent AF patients were
included and up to two prior PVI procedures were allowed for inclusion, which might
have affected the outcome results; however, the sample size allowed for statistical control
of such characteristics. Finally, no continuous rhythm monitoring was available, which
could overestimate outcome results.

5. Conclusions

Patients with recurrent AF after initially successful PVI show a high incidence of resid-
ual PV antral potentials in the redo procedure. Wide antral circumferential PV re-ablation
guided by 3D electroanatomical HDM was significantly effective to reduce arrhythmia
recurrences without compromising safety as compared to conventional re-PVI by pure
ostial gap ablation. The re-WACA strategy can be a treatment approach in patients who
show reconnected PVs or exclusive residual antral PV potentials in the redo procedure.

Author Contributions: S.H. prepared the manuscript with all text tables, figures, and references and
was responsible for data acquisition, statistical analyses, and interpretation of data; S.G. and S.K. were
responsible for data acquisition, statistical analyses, and interpretation of data; A.B. and H.M. were
involved in the concept and design of this study as the principal investigators and were responsible
for statistical analyses and interpretation of data. All authors were responsible for inclusion of patients
and involved in the critical manuscript revision for important intellectual content. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration of
Helsinki, and approved by the Institutional Ethics Committee at the Faculty of Medicine of Heinrich Heine
University Diisseldorf (Registration ID 2015074096, initial approval in June 2018 with its later amendments).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Raw data were generated at the University Hospital in Diisseldorf,
Germany. The data that support the findings of this study are available from the principal investigator
on reasonable request.

Conflicts of Interest: The authors have nothing to declare related to the current work.



J. Clin. Med. 2023, 12, 4982 10 of 12

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Hindricks, G.; Potpara, T.; Dagres, N.; Arbelo, E.; Bax, J.J.; Blomstrom-Lundqvist, C.; Boriani, G.; Castella, M.; Dan, G.A;
Dilaveris, PE.; et al. 2020 ESC Guidelines for the diagnosis and management of atrial fibrillation developed in collaboration with
the European Association for Cardio-Thoracic Surgery (EACTS): The Task Force for the diagnosis and management of atrial
fibrillation of the European Society of Cardiology (ESC) Developed with the special contribution of the European Heart Rhythm
Association (EHRA) of the ESC. Eur. Heart |. 2021, 42, 373-498. [CrossRef]

Andrade, ].G.; Wells, G.A.; Deyell, M.W.,; Bennett, M.; Essebag, V.; Champagne, J.; Roux, ].E; Yung, D.; Skanes, A.; Khaykin, Y.;
et al. Cryoablation or Drug Therapy for Initial Treatment of Atrial Fibrillation. N. Engl. J. Med. 2021, 384, 305-315. [CrossRef]
Wazni, O.M.; Dandamudi, G.; Sood, N.; Hoyt, R.; Tyler, J.; Durrani, S.; Niebauer, M.; Makati, K.; Halperin, B.; Gauri, A.; et al.
Cryoballoon Ablation as Initial Therapy for Atrial Fibrillation. N. Engl. J. Med. 2021, 384, 316-324. [CrossRef] [PubMed]
Kirchhof, P.; Camm, A.].; Goette, A.; Brandes, A.; Eckardt, L.; Elvan, A.; Fetsch, T.; van Gelder, 1.C.; Haase, D.; Haegeli, L.M.; et al.
Early Rhythm-Control Therapy in Patients with Atrial Fibrillation. N. Engl. ]. Med. 2020, 383, 1305-1316. [CrossRef] [PubMed]
Friberg, L.; Tabrizi, F; Englund, A. Catheter ablation for atrial fibrillation is associated with lower incidence of stroke and death:
Data from Swedish health registries. Eur. Heart J. 2016, 37, 2478-2487. [CrossRef] [PubMed]

Saylik, F.; Cinar, T.; Akbulut, T.; Hayiroglu, M.I. Comparison of catheter ablation and medical therapy for atrial fibrillation in
heart failure patients: A meta-analysis of randomized controlled trials. Heart Lung 2023, 57, 69-74. [CrossRef]

Taghiji, P.; El Haddad, M.; Phlips, T.; Wolf, M.; Knecht, S.; Vandekerckhove, Y.; Tavernier, R.; Nakagawa, H.; Duytschaever, M.
Evaluation of a Strategy Aiming to Enclose the Pulmonary Veins With Contiguous and Optimized Radiofrequency Lesions in
Paroxysmal Atrial Fibrillation: A Pilot Study. JACC Clin. Electrophysiol. 2018, 4, 99-108. [CrossRef]

Callans, D.J.; Gerstenfeld, E.P; Dixit, S.; Zado, E.; Vanderhoff, M.; Ren, J.F.; Marchlinski, EE. Efficacy of repeat pulmonary vein
isolation procedures in patients with recurrent atrial fibrillation. J. Cardiovasc. Electrophysiol. 2004, 15, 1050-1055. [CrossRef]
Xu, FEQ.; Yu, RH.; Guo, J.J; Bai, R.; Liu, N.; An, Y.I; Guo, X.Y,; Tang, R.B.; Long, D.Y.; Sang, C.H.; et al. Catheter Ablation of
Recurrent Paroxysmal Atrial Fibrillation: Is Gap-Closure Combining Ganglionated Plexi Ablation More Effective? Pacing Clin.
Electrophysiol. 2017, 40, 672—682. [CrossRef]

De Pooter, J.; Strisciuglio, T.; El Haddad, M.; Wolf, M.; Phlips, T.; Vandekerckhove, Y.; Tavernier, R.; Knecht, S.; Duytschaever, M.
Pulmonary Vein Reconnection No Longer Occurs in the Majority of Patients After a Single Pulmonary Vein Isolation Procedure.
JACC Clin. Electrophysiol. 2019, 5, 295-305. [CrossRef]

Pothineni, N.V.K; Lin, A.; Frankel, D.S.; Supple, G.E.; Garcia, FEC.; Lin, D.; Hyman, M.C.; Kumareswaran, R.; Arkles, J.; Riley, M.;
et al. Impact of left atrial posterior wall isolation on arrhythmia outcomes in patients with atrial fibrillation undergoing repeat
ablation. Heart Rhythm O2 2021, 2, 489-497. [CrossRef] [PubMed]

Proietti, R.; Santangeli, P; Di Biase, L.; Joza, ].; Bernier, M.L.; Wang, Y.; Sagone, A.; Viecca, M.; Essebag, V.; Natale, A. Comparative
effectiveness of wide antral versus ostial pulmonary vein isolation: A systematic review and meta-analysis. Circ. Arrhythm.
Electrophysiol. 2014, 7, 39-45. [CrossRef] [PubMed]

Gottlieb, L.A.; Belterman, C.; van Amersfoorth, S.; Loyer, V.; Constantin, M.; Hocini, M.; Dekker, L.R.C.; Coronel, R. Profibrillatory
Structural and Functional Properties of the Atrial-Pulmonary Junction in the Absence of Remodeling. Front. Physiol. 2021, 12,
748203. [CrossRef] [PubMed]

Fichtner, S.; Sparn, K.; Reents, T.; Ammar, S.; Semmler, V.; Dillier, R.; Buiatti, A.; Kathan, S.; Hessling, G.; Deisenhofer, I. Recurrence
of paroxysmal atrial fibrillation after pulmonary vein isolation: Is repeat pulmonary vein isolation enough? A prospective,
randomized trial. Europace 2015, 17, 1371-1375. [CrossRef]

Wojcik, M.; Berkowitsch, A.; Greiss, H.; Zaltsberg, S.; Pajitnev, D.; Deubner, N.; Hamm, C.W.; Pitschner, H.E.; Kuniss, M.;
Neumann, T. Repeated catheter ablation of atrial fibrillation: How to predict outcome? Circ. J. 2013, 77, 2271-2279. [CrossRef]
Makimoto, H.; Heeger, C.H.; Lin, T; Rillig, A.; Metzner, A.; Wissner, E.; Mathew, S.; Deiss, S.; Rausch, P; Lemes, C.; et al. Compar-
ison of contact force-guided procedure with non-contact force-guided procedure during left atrial mapping and pulmonary vein
isolation: Impact of contact force on recurrence of atrial fibrillation. Clin. Res. Cardiol. 2015, 104, 861-870. [CrossRef]

Hartl, S.; Auf der Heiden, C.; Bejinariu, A.; Clasen, L.; Futing, A.; Vom Dahl, S.; Ludde, T.; Kelm, M.; Makimoto, H. Radiofre-
quency Pulmonary Vein Isolation without Esophageal Temperature Monitoring: Contact-Force Characteristics and Incidence of
Esophageal Thermal Damage. J. Clin. Med. 2022, 11, 6917. [CrossRef]

Phlips, T.; Taghji, P; El Haddad, M.; Wolf, M.; Knecht, S.; Vandekerckhove, Y.; Tavernier, R.; Duytschaever, M. Improving
procedural and one-year outcome after contact force-guided pulmonary vein isolation: The role of interlesion distance, ablation
index, and contact force variability in the “"CLOSE’-protocol. Europace 2018, 20, f419-f427. [CrossRef]

Blockhaus, C.; Schmidyt, J.; Kurt, M.; Clasen, L.; Brinkmeyer, C.; Katsianos, E.; Muller, P.; Gerguri, S.; Kelm, M.; Shin, D.I;
et al. Reduction of Fluoroscopic Exposure Using a New Fluoroscopy Integrating Technology in a 3D-Mapping System During
Pulmonary Vein Isolation with a Circular Multipolar Irrigated Catheter. Int. Heart ]. 2016, 57, 299-303. [CrossRef]

Blockhaus, C.; Schmidt, J.; Kurt, M.; Clasen, L.; Muller, P.; Brinkmeyer, C.; Kelm, M.; Shin, D.I.; Makimoto, H. Fluoroscopy
integrating technology in a 3D mapping system during ablation of atrial arrhythmias: First experiences. Arch. Med. Sci. 2018, 14,
794-800. [CrossRef]


https://doi.org/10.1093/eurheartj/ehaa612
https://doi.org/10.1056/NEJMoa2029980
https://doi.org/10.1056/NEJMoa2029554
https://www.ncbi.nlm.nih.gov/pubmed/33197158
https://doi.org/10.1056/NEJMoa2019422
https://www.ncbi.nlm.nih.gov/pubmed/32865375
https://doi.org/10.1093/eurheartj/ehw087
https://www.ncbi.nlm.nih.gov/pubmed/26984861
https://doi.org/10.1016/j.hrtlng.2022.08.012
https://doi.org/10.1016/j.jacep.2017.06.023
https://doi.org/10.1046/j.1540-8167.2004.04052.x
https://doi.org/10.1111/pace.13064
https://doi.org/10.1016/j.jacep.2018.11.020
https://doi.org/10.1016/j.hroo.2021.07.004
https://www.ncbi.nlm.nih.gov/pubmed/34667964
https://doi.org/10.1161/CIRCEP.113.000922
https://www.ncbi.nlm.nih.gov/pubmed/24385448
https://doi.org/10.3389/fphys.2021.748203
https://www.ncbi.nlm.nih.gov/pubmed/34899379
https://doi.org/10.1093/europace/euu389
https://doi.org/10.1253/circj.CJ-13-0308
https://doi.org/10.1007/s00392-015-0855-y
https://doi.org/10.3390/jcm11236917
https://doi.org/10.1093/europace/eux376
https://doi.org/10.1536/ihj.15-399
https://doi.org/10.5114/aoms.2016.61944

J. Clin. Med. 2023, 12, 4982 11 0f12

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Calkins, H.; Brugada, J.; Packer, D.L.; Cappato, R.; Chen, S.A.; Crijns, H.J.; Damiano, R.J., Jr.; Davies, D.W.; Haines, D.E,;
Haissaguerre, M.; et al. HRS/EHRA /ECAS expert consensus statement on catheter and surgical ablation of atrial fibrillation:
Recommendations for personnel, policy, procedures and follow-up. A report of the Heart Rhythm Society (HRS) Task Force on
Catheter and Surgical Ablation of Atrial Fibrillation developed in partnership with the European Heart Rhythm Association
(EHRA) and the European Cardiac Arrhythmia Society (ECAS); in collaboration with the American College of Cardiology (ACC),
American Heart Association (AHA), and the Society of Thoracic Surgeons (STS). Endorsed and approved by the governing bodies
of the American College of Cardiology, the American Heart Association, the European Cardiac Arrhythmia Society, the European
Heart Rhythm Association, the Society of Thoracic Surgeons, and the Heart Rhythm Society. Europace 2007, 9, 335-379. [CrossRef]
Martins, R.P.; Galand, V.; Cesari, O.; Milhem, A.; Behar, N.; Auffret, V.; Daubert, ].C.; Mabo, P.; Pavin, D. The second generation
cryoballoon has improved durable isolation of left but not right pulmonary veins: New insights from a multicentre study. Europace
2018, 20, 1115-1121. [CrossRef]

Straube, F.; Dorwarth, U.; Schmidt, M.; Wankerl, M.; Ebersberger, U.; Hoffmann, E. Comparison of the first and second cryoballoon:
High-volume single-center safety and efficacy analysis. Circ. Arrhythm. Electrophysiol. 2014, 7, 293-299. [CrossRef] [PubMed]
Nery, P.B.; Belliveau, D.; Nair, G.M.; Bernick, J.; Redpath, C.J.; Szczotka, A.; Sadek, M.M.; Green, M.S.; Wells, G.; Birnie, D.H.
Relationship between Pulmonary Vein Reconnection and Atrial Fibrillation Recurrence: A Systematic Review and Meta-Analysis.
JACC Clin. Electrophysiol. 2016, 2, 474—483. [CrossRef]

Ouyang, F.; Antz, M.; Ernst, S.; Hachiya, H.; Mavrakis, H.; Deger, F.T.; Schaumann, A.; Chun, J.; Falk, P.; Hennig, D.; et al.
Recovered pulmonary vein conduction as a dominant factor for recurrent atrial tachyarrhythmias after complete circular isolation
of the pulmonary veins: Lessons from double Lasso technique. Circulation 2005, 111, 127-135. [CrossRef] [PubMed]

Verma, A.; Jiang, C.Y.; Betts, T.R.; Chen, J.; Deisenhofer, I.; Mantovan, R.; Macle, L.; Morillo, C.A.; Haverkamp, W.; Weerasooriya,
R.; et al. Approaches to catheter ablation for persistent atrial fibrillation. N. Engl. J. Med. 2015, 372, 1812-1822. [CrossRef]
[PubMed]

Marrouche, N.E; Wazni, O.; McGann, C.; Greene, T.; Dean, ].M.; Dagher, L.; Kholmovski, E.; Mansour, M.; Marchlinski, F.; Wilber,
D.; et al. Effect of MRI-Guided Fibrosis Ablation vs Conventional Catheter Ablation on Atrial Arrhythmia Recurrence in Patients
with Persistent Atrial Fibrillation: The DECAAF II Randomized Clinical Trial. JAMA 2022, 327, 2296-2305. [CrossRef]

Cluckey, A.; Perino, A.C.; Yunus, EN.; Leef, G.C.; Askari, M.; Heidenreich, P.A.; Narayan, S.M.; Wang, PJ.; Turakhia, M.P.
Efficacy of Ablation Lesion Sets in Addition to Pulmonary Vein Isolation for Paroxysmal Atrial Fibrillation: Findings from the
SMASH—AF Meta-Analysis Study Cohort. J. Am. Heart Assoc. 2019, 8, €009976. [CrossRef]

Benali, K.; Barre, V.; Hermida, A.; Galand, V.; Milhem, A.; Philibert, S.; Boveda, S.; Bars, C.; Anselme, F.; Maille, B.; et al.
Recurrences of Atrial Fibrillation Despite Durable Pulmonary Vein Isolation: The PARTY-PVI Study. Circ. Arrhythm. Electrophysiol.
2023, 16, €011354. [CrossRef]

Oral, H.; Chugh, A.; Good, E.; Wimmer, A.; Dey, S.; Gadeela, N.; Sankaran, S.; Crawford, T.; Sarrazin, J.E.; Kuhne, M.; et al.
Radiofrequency catheter ablation of chronic atrial fibrillation guided by complex electrograms. Circulation 2007, 115, 2606—2612.
[CrossRef]

Ho, S.Y,; Cabrera, J.A.; Tran, V.H.; Farre, J.; Anderson, R.H.; Sanchez-Quintana, D. Architecture of the pulmonary veins: Relevance
to radiofrequency ablation. Heart 2001, 86, 265-270. [CrossRef] [PubMed]

Hocini, M.; Ho, S.Y.; Kawara, T.; Linnenbank, A.C.; Potse, M.; Shah, D.; Jais, P,; Janse, M.].; Haissaguerre, M.; De Bakker, ]. M.
Electrical conduction in canine pulmonary veins: Electrophysiological and anatomic correlation. Circulation 2002, 105, 2442-2448.
[CrossRef]

Hamabe, A.; Okuyama, Y.; Miyauchi, Y.; Zhou, S.; Pak, H.N.; Karagueuzian, H.S.; Fishbein, M.C.; Chen, P.S. Correlation between
anatomy and electrical activation in canine pulmonary veins. Circulation 2003, 107, 1550-1555. [CrossRef]

Tan, A.Y,; Li, H.; Wachsmann-Hogiu, S.; Chen, L.S.; Chen, P.S.; Fishbein, M.C. Autonomic innervation and segmental muscular
disconnections at the human pulmonary vein-atrial junction: Implications for catheter ablation of atrial-pulmonary vein junction.
J. Am. Coll. Cardiol. 2006, 48, 132-143. [CrossRef] [PubMed]

Tan, A.Y,; Chen, PS.; Chen, L.S.; Fishbein, M.C. Autonomic nerves in pulmonary veins. Heart Rhythm 2007, 4, S57-560. [CrossRef]
Hassink, R.J.; Aretz, H.T.; Ruskin, J.; Keane, D. Morphology of atrial myocardium in human pulmonary veins: A postmortem
analysis in patients with and without atrial fibrillation. J. Am. Coll. Cardiol. 2003, 42, 1108-1114. [CrossRef]

Verheule, S.; Eckstein, J.; Linz, D.; Maesen, B.; Bidar, E.; Gharaviri, A.; Schotten, U. Role of endo-epicardial dissociation of electrical
activity and transmural conduction in the development of persistent atrial fibrillation. Prog. Biophys. Mol. Biol. 2014, 115, 173-185.
[CrossRef]

Barrio-Lopez, M.T.; Sanchez-Quintana, D.; Garcia-Martinez, J.; Betancur, A.; Castellanos, E.; Arceluz, M.; Ortiz, M.; Nevado-
Medina, J.; Garcia, F.; Almendral, J. Epicardial Connections Involving Pulmonary Veins: The Prevalence, Predictors, and
Implications for Ablation Outcome. Circ. Arrhythm. Electrophysiol. 2020, 13, €007544. [CrossRef]

Po, S.S.; Nakagawa, H.; Jackman, W.M. Localization of left atrial ganglionated plexi in patients with atrial fibrillation. J. Cardiovasc.
Electrophysiol. 2009, 20, 1186-1189. [CrossRef]

Haemers, P; Hamdi, H.; Guedj, K,; Suffee, N.; Farahmand, P.; Popovic, N.; Claus, P.; LePrince, P.; Nicoletti, A.; Jalife, J.; et al.
Atrial fibrillation is associated with the fibrotic remodelling of adipose tissue in the subepicardium of human and sheep atria. Eur.
Heart J. 2017, 38, 53-61. [CrossRef]


https://doi.org/10.1093/europace/eum120
https://doi.org/10.1093/europace/eux200
https://doi.org/10.1161/CIRCEP.113.000899
https://www.ncbi.nlm.nih.gov/pubmed/24610739
https://doi.org/10.1016/j.jacep.2016.02.003
https://doi.org/10.1161/01.CIR.0000151289.73085.36
https://www.ncbi.nlm.nih.gov/pubmed/15623542
https://doi.org/10.1056/NEJMoa1408288
https://www.ncbi.nlm.nih.gov/pubmed/25946280
https://doi.org/10.1001/jama.2022.8831
https://doi.org/10.1161/JAHA.118.009976
https://doi.org/10.1161/CIRCEP.122.011354
https://doi.org/10.1161/CIRCULATIONAHA.107.691386
https://doi.org/10.1136/heart.86.3.265
https://www.ncbi.nlm.nih.gov/pubmed/11514476
https://doi.org/10.1161/01.CIR.0000016062.80020.11
https://doi.org/10.1161/01.CIR.0000056765.97013.5E
https://doi.org/10.1016/j.jacc.2006.02.054
https://www.ncbi.nlm.nih.gov/pubmed/16814659
https://doi.org/10.1016/j.hrthm.2006.12.011
https://doi.org/10.1016/S0735-1097(03)00918-5
https://doi.org/10.1016/j.pbiomolbio.2014.07.007
https://doi.org/10.1161/CIRCEP.119.007544
https://doi.org/10.1111/j.1540-8167.2009.01515.x
https://doi.org/10.1093/eurheartj/ehv625

J. Clin. Med. 2023, 12, 4982 12 0of 12

41.

42.

43.

44.

45.

46.

47.

48.

Venteclef, N.; Guglielmi, V.; Balse, E.; Gaborit, B.; Cotillard, A.; Atassi, F.; Amour, ].; Leprince, P.; Dutour, A.; Clement, K,; et al.
Human epicardial adipose tissue induces fibrosis of the atrial myocardium through the secretion of adipo-fibrokines. Eur. Heart ].
2015, 36, 795-805. [CrossRef]

Kiuchi, K;; Kircher, S.; Watanabe, N.; Gaspar, T.; Rolf, S.; Arya, A.; Piorkowski, C.; Hindricks, G.; Sommer, P. Quantitative analysis
of isolation area and rhythm outcome in patients with paroxysmal atrial fibrillation after circumferential pulmonary vein antrum
isolation using the pace-and-ablate technique. Circ. Arrhythm. Electrophysiol. 2012, 5, 667-675. [CrossRef]

Clarke, J.D.; Piccini, J.P.; Friedman, D.]J. The role of posterior wall isolation in catheter ablation of persistent atrial fibrillation.
J. Cardiovasc. Electrophysiol. 2021, 32, 2567-2576. [CrossRef] [PubMed]

Gunawardene, M.A.; Eickholt, C.; Akbulak, R.O.; Jularic, M.; Klatt, N.; Hartmann, J.; Schluter, M.; Meyer, C.; Willems, S.;
Schaeffer, B. Ultra-high-density mapping of conduction gaps and atrial tachycardias: Distinctive patterns following pulmonary
vein isolation with cryoballoon or contact-force-guided radiofrequency current. J. Cardiovasc. Electrophysiol. 2020, 31, 1051-1061.
[CrossRef]

Hartl, S.; Reinsch, N.; Futing, A.; Neven, K. Pearls and Pitfalls of Pulsed Field Ablation. Korean Circ. ]. 2023, 53, 273-293.
[CrossRef] [PubMed]

Kabra, R.; Israni, S.; Vijay, B.; Baru, C.; Mendu, R.; Fellman, M,; Sridhar, A.; Mason, P.; Cheung, ].W.; DiBiase, L.; et al. Emerging
role of artificial intelligence in cardiac electrophysiology. Cardiovasc. Digit. Health ]. 2022, 3, 263-275. [CrossRef]

Garcia-Bolao, I.; Ballesteros, G.; Ramos, P.; Menendez, D.; Erkiaga, A.; Neglia, R.; Jimenez Martin, M.; Vives-Rodriguez, E.
Identification of pulmonary vein reconnection gaps with high-density mapping in redo atrial fibrillation ablation procedures.
Europace 2018, 20, £351-£358. [CrossRef] [PubMed]

Chen, H.; Li, C,; Han, B.; Xiao, E; Yi, F.; Wei, Y,; Jiang, C.; Zou, C.; Shi, L.; Ma, W.; et al. Circumferential Pulmonary Vein Isolation
with vs without Additional Low-Voltage-Area Ablation in Older Patients with Paroxysmal Atrial Fibrillation: A Randomized
Clinical Trial. JAMA Cardiol. 2023. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1093/eurheartj/eht099
https://doi.org/10.1161/CIRCEP.111.969923
https://doi.org/10.1111/jce.15164
https://www.ncbi.nlm.nih.gov/pubmed/34258794
https://doi.org/10.1111/jce.14413
https://doi.org/10.4070/kcj.2023.0023
https://www.ncbi.nlm.nih.gov/pubmed/37161743
https://doi.org/10.1016/j.cvdhj.2022.09.001
https://doi.org/10.1093/europace/eux184
https://www.ncbi.nlm.nih.gov/pubmed/28637187
https://doi.org/10.1001/jamacardio.2023.1749

	Introduction 
	Materials and Methods 
	Study Population 
	Ablation Procedure Protocol 
	Post Procedure Observation and Follow-Up 
	Statistical Analysis 

	Results 
	Baseline Characteristics 
	Procedural Data 
	Follow-Up 

	Discussion 
	Conclusions 
	References

