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Aims Pulmonary vein isolation (PVI) guided by the Ablation Index (AI) has shown high acute and mid-term efficacy in the treat-
ment of paroxysmal atrial fibrillation (AF). Previous data before the AI-era had suggested that wide-area circumferential ab-
lation (WACA) was preferable to ostial ablation. However, with the use of AI, we hypothesize that ostial circumferential 
ablation is non-inferior to WACA and can improve outcomes in paroxysmal AF.

Methods 
and results

Prospective, multicentre, non-randomized, non-inferiority study of consecutive patients were referred for paroxysmal AF 
ablation from January 2020 to September 2021. All procedures were performed using the AI software, and patients were 
separated into two different groups: WACA vs. ostial circumferential ablation. Acute reconnection, procedural data, and 1- 
year arrhythmia recurrence were assessed. During the enrolment period, 162 patients (64% males, mean age of 60 ± 11 
years) fulfilled the study inclusion criteria—81 patients [304 pulmonary vein (PV)] in the WACA group and 81 patients 
(301 PV) in the ostial group. Acute PV reconnection was identified in 7.9% [95% confidence interval (CI), 4.9–11.1%] of 
PVs in the WACA group compared with 3.3% (95% CI, 1.8–6.1%) of PVs in the ostial group [P < 0.001 for non-inferiority; 
adjusted odds ratio 0.51 (95% CI, 0.23–0.83), P = 0.05]. Patients in the WACA group had longer ablation (35 vs. 29 min, P =  
0.001) and procedure (121 vs. 102 min, P < 0.001) times. No significant difference in arrhythmia recurrence was seen at 1- 
year of follow-up [11.1% in WACA vs. 9.9% in ostial, hazard ratio 1.13 (95% CI, 0.44–1.94), P = 0.80 for superiority].

Conclusion In paroxysmal AF patients treated with tailored AI-guided PVI, ostial circumferential ablation is not inferior to WACA with 
regard to acute PV reconnection, while allowing quicker procedures with less ablation time.
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Graphical Abstract

Distribution of acute pulmonary vein reconnection in both groups [wide-area circumferential ablation (WACA) vs. ostial] (central panel), with an 
illustration of the typical location for ablation lines in each corresponding group, in a posterior view (left panel). Ostial ablation was not inferior to 
WACA with regard to acute pulmonary vein reconnections (P < 0.001 for non-inferiority; P = 0.05 adjusted for superiority) and arrhythmia recur-
rence at 1-year of follow-up (P < 0.001 for non-inferiority; P = 0.80 for superiority), while requiring less ablation (P = 0.001) and allowing for quicker 
procedures (P < 0.001) (right panel).

Keywords Wide-area circumferential ablation • Ostial circumferential • Pulmonary vein isolation • Paroxysmal atrial fibrillation • 
Ablation Index • Acute reconnection

What’s new?

• This is the first prospective study in paroxysmal atrial fibrillation (AF) 
ablation comparing wide-area circumferential ablation (WACA) and 
ostial circumferential ablation using the Ablation Index (AI) software.

• When performing tailored AI-guided pulmonary vein isolation, ostial 
circumferential ablation is non-inferior to WACA in preventing 
acute pulmonary vein reconnection, while allowing for shorter 
procedures.

• When using the AI, WACA does not appear to improve 1-year ar-
rhythmia freedom after paroxysmal AF, compared with ostial cir-
cumferential ablation.

Introduction
Permanent electrical isolation of the pulmonary veins (PVs) is well es-
tablished as the cornerstone of paroxysmal atrial fibrillation (AF) abla-
tion.1 In the latest Expert Consensus Statement on Catheter and 
Surgical Ablation of Atrial Fibrillation (AF) ablation, wide-area circum-
ferential ablation (WACA) was proposed as being more effective in pa-
tients with drug-refractory paroxysmal or persistent AF as it allows 
substrate modification in addition to pulmonary vein isolation (PVI).2

Despite improvement over the recent years, the recurrence rate 
after PVI remains considerable, with PV reconnections being a major 
determinant of AF recurrence during follow-up.3 Recently, with the 
use of a new software entitled ‘Ablation Index’ (AI) (VISITAG 
SURPOINT® module, Biosense Webster), high rates of long-standing 
PVI and high freedom from recurrent AF during follow-up have been 
made possible.4–7 However, in the CLOSE protocol, AI-guided ablation 
was performed in the PV ostium rather than in the antrum, and the 
benefit of AI-guided WACA is unclear.4 Since WACA implies longer 
ablation and procedure times, AI-guided ostial ablation may be prefer-
able as long as its efficacy is not inferior.

This non-inferiority study aimed to assess whether AI-guided ostial 
circumferential ablation is not inferior to AI-guided WACA in both 
acute PV reconnection and arrhythmia recurrence during follow-up.

Methods
Study design and setting
Prospective, non-randomized, non-inferiority, multicentre study of con-
secutive patients referred for paroxysmal AF ablation from January 2020 
to September 2021 in four tertiary hospitals. All centres have high-volume 
Electrophysiology Departments with similar activity volume, and proce-
dures are carried out by experienced operators who perform >100 AF ab-
lations per year, both ostial circumferential ablation and WACA in 
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paroxysmal AF ablation. Participants were submitted to WACA or ostial 
circumferential PVI guided by the same AI target, with blinding for patients 
and analysts. The first 85 patients were submitted to ostial ablation, while 
the subsequent patients received WACA. Acute reconnection and 1-year 
arrhythmia recurrence were assessed in both groups.

All patients provided written informed consent, and the study was ap-
proved by the local institutional ethics committee. No patient or public 
was involved in the design or execution of the study.

Patient eligibility criteria
Adult patients were eligible for inclusion in this study if they had documen-
ted symptomatic paroxysmal AF refractory or intolerant to anti-arrhythmic 
drug (AAD) therapy. Paroxysmal AF was defined as terminating spontan-
eously or cardioverted within 7 days, according to the 2020 ESC 
Guidelines for the Management of Atrial Fibrillation developed in collabor-
ation with EACTS.1

Exclusion criteria included a history of previous AF ablation, contraindi-
cation to anti-coagulation and the presence of intracardiac thrombus de-
tected prior to the ablation procedure.

WACA group
Details of the peri-procedure management and tailored AI-guided paroxys-
mal AF ablation have been published previously5,6 and are described in detail 
in the Supplementary material.

Briefly, left atrium (LA) anatomical and bipolar (dense scar <0.2 mV and 
abnormal if voltage was between 0.2 and 0.5 mV) maps were simultaneous-
ly constructed with a circular mapping catheter (LASSO® NAV eco, 
Biosense Webster) and integrated with a computed tomography (CT) im-
aging reconstruction of the LA. Wide-area circumferential ablation was per-
formed outside a line that was created 10 mm away from the PV ostia 
(defined either by the electrical fusion of the PV and atrium signals or iden-
tified by three-dimensional (3D) electroanatomical reconstruction merged 
with the CT scan), with the exception of the ridge next to the left PVs, 

where the line was defined 5 mm outside the PV ostia (Graphical Abstract
and Figure 1). Using a THERMOCOOL SMARTTOUCH® SF irrigated tip 
contact force-sensing radiofrequency (RF) ablation catheter (Biosense 
Webster) in a power-controlled mode with temperature limited to 
43°C, ablation around PVs was performed point-by-point with a lesion 
tag display of 3 mm.8 The RF lesions were contiguous with an inter-lesion 
distance (ILD) ≤6 mm.4 The power settings were 30–50 W according to 
the region of the LA being targeted: AI target values were: ≥500 for anter-
ior segments, ≥450 for the roof and inferior segments and ≥400 for the 
posterior wall.8,9 In case of (pre-)procedural documentation of typical flut-
ter, cavotricuspid isthmus (CTI) ablation was performed. After PVI, and 
without a waiting period,6 bidirectional block was confirmed by demon-
strating entry and exit blocks. Intravenous adenosine was administered to 
unmask sites of dormant conduction.3 The segment containing the elec-
trode bipole with the earliest activation was considered the most likely 
site of reconnection, and reconnections were targeted for ablation 
(Figure 2). Administration of further adenosine bolus after re-ablation was 
required to confirm successful re-isolation.

Ostial circumferential ablation group
For patients included in the ostial ablation group, a similar methodology was 
used as described for the WACA group. However, the encirclement abla-
tion around PVs was performed at the ostia (defined either by the electrical 
fusion of the PV and atrium signals or identified by 3D electroanatomical 
reconstruction) with a small triangular indentation towards the vein at 
each anterior and posterior carina (Graphical Abstract and Figure 1).

Study endpoints
The primary endpoint was acute PV reconnection, defined as the recur-
rence of conduction from/to the PV after first-pass encirclement and the 
administration of adenosine.

Secondary endpoint included 1-year effectiveness and safety data. 
Effectiveness at 1-year was defined as freedom from any documented atrial 

Figure 1 Examples of cases illustrating the distribution of RF lesions on both groups (A–C correspond to ostial ablation, while D–F correspond to 
WACA). RF, radiofrequency; WACA, wide-area circumferential ablation.
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Figure 2 Diagram showing the eight-segment per PV encirclement used for analysis and the number of acute reconnections (spontaneous and pro-
voked by adenosine) with the corresponding AI values on both groups. AI, Ablation Index; PV, pulmonary vein; LIPV, left inferior pulmonary vein; LSPV, 
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arrhythmia of at least 30 s duration, irrespective of symptoms, after the 
3-month blanking period.2 Safety was defined by the occurrence of any 
of the following events after the index AF ablation: death, major bleeding 
as defined by the International Society on Thrombosis and Hemostasis,10

any thromboembolic event, atrioesophageal fistula, phrenic nerve palsy, 
PV stenosis, pericarditis, and vascular access complications. Phrenic nerve 
palsy and PV stenosis were suspected based on the presence of symptoms 
(as well as de novo pulmonary hypertension detected during follow-up) and 
confirmed with imaging. Procedural data including ablation and procedure 
times were also collected. Procedural time was defined as the time from 
the groin puncture to the sheath removal.

Follow-up
Patients were evaluated before hospital discharge, as well as at 3, 6, and 12 
months after the index procedure. In each appointment, a 12-lead electrocar-
diogram and a 24 h Holter were performed. A 7-day Holter monitoring was 
performed once a year. No anti-arrhythmic medication was prescribed after 
catheter ablation (beta-blockers were allowed). The first 3 months post pro-
cedure were considered a blanking period, and recurrences in this period 
were not considered. In case of a documented recurrence of atrial arrhythmia 
during this time interval, a previously ineffective but tolerated Class I or Class 
III (sotalol) drug was considered. If that was the case, the patient should inter-
rupt the AAD, 3 months after the initial procedure. The anti-coagulation 
strategy after the first 3 months was based on the CHA2DS2-VASc score.

Statistical analysis
The primary analysis was designed to test the hypothesis that ostial circum-
ferential ablation is non-inferior to WACA in achieving acute PVI when 
using the AI software. Taking into consideration previous studies in which 
ostial PVI was guided by the AI software, we assumed an approximate 
95% freedom from acute PV reconnection following PVI.4,6,11,12 As one 
study reported a similar acute PV reconnection after a wide antral PVI 
guided by the AI,13 then 598 PVs (150 patients, admitting 4 PVs per patient) 
would provide 80% power to exclude a difference of more than a non- 
inferiority margin of 5% at a one-sided alpha level of 0.025. The 5% 
non-inferiority margin was based on additional studies, in which acute PV 
reconnection exceeded 10% despite AI-guided ablation.14,15 Considering 
that some patients could have only three PVs and/or be lost to follow-up, 
we increased the final study cohort by ∼10%.

Categorical variables are expressed in frequencies and percentages and 
continuous variables are expressed as mean ± standard deviation or median 
and interquartile range for variables with or without normal distribution, re-
spectively. The χ2 test was used to assess differences between categorical 
variables, and the Student’s t-test or the Wilcoxon test was used to com-
pare continuous variables with or without normal distribution, respectively. 
The Kolmogorov–Smirnov test was used to test for normality of the distri-
bution of continuous variables. Kaplan–Meier curves were performed to il-
lustrate freedom from atrial arrhythmia during follow-up in both groups. 
Logistic regression was performed to assess whether the type of ablation 
strategy (WACA vs. ostial) is an independent predictor of acute PV recon-
nection (with adjustment for all predictors of acute reconnection in univari-
ate analysis). Cox regression was used to identify any independent 
predictors of atrial arrhythmia recurrence during follow-up. A P-value 
<0.05 was considered statistically significant. Statistical analysis was per-
formed using IBM SPSS Statistics version 25 (IBM, Armonk, NY, USA) 
software.

Results
Of the initial 169 patients enrolled in this study, 7 were lost during 
follow-up (Supplementary material online, Figure S1). The final study 
sample included 162 patients (64% males, mean age of 60 ± 11 years), 
corresponding to 605 PV—81 patients (304 PV) in the WACA group 
and 81 patients (301 PV) in the ostial group. The main baseline charac-
teristics were homogenous between both groups, as detailed in Table 1, 
with no significant differences in LA dimensions, delay between first AF 
presentation and ablation, CHA2DS2-VASc score or the incidence of 
most comorbidities.

Procedural characteristics
A comparison between the two groups regarding procedural data is de-
tailed in Table 2. Pulmonary vein isolation was achieved in all cases. 
There were no significant differences regarding the presence of low- 
voltage areas (bipolar voltage < 0.5 mV; 10% in the WACA group vs. 
15% in the ostial group, P = 0.27) or performance of a CTI line (24% 
in the WACA group vs. 32% in the ostial group, P = 0.24).

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Baseline characteristics

All patients (n = 162) WACA group (n = 81) Ostial group (N = 81) P-value

Male gender, n (%) 103 (64) 52 (64) 51 (63) 0.87

Age, years (mean ± SD) 58 ± 10 58 ± 8 57 ± 12 0.71

BMI, kg/m2 (mean ± SD) 26.8 ± 4.1 27.0 ± 4.4 26.5 ± 4.0 0.23

Hypertension, n (%) 86 (53) 39 (48) 47 (58) 0.21

Diabetes mellitus, n (%) 22 (14) 11 (14) 11 (14) 0.18

Stroke history, n (%) 8 (5) 5 (6) 3 (4) 0.48

Congestive heart failure, n (%) 9 (6) 4 (5) 5 (6) 0.72

Sleep apnoea, n (%) 7 (4) 2 (3) 5 (6) 0.16

Thyroid disease, n (%) 21 (13) 7 (9) 14 (18) 0.11

Clearance of creatinine (mL/min), mean ± SD 90 ± 25 87 ± 15 93 ± 32 0.22

CHA2DS2-VASc score (median, Q1–Q3) 1 (1–2) 2 (1–2) 1 (1–2) 0.12

First AF episode to PVI, months (median, Q1–Q3)) 40(24–80) 48 (25–92) 38(22–73) 0.21

Previous electric cardioversion, n (%) 49 (32) 21 (27) 28 (37) 0.17

LVEF, % (mean ± SD) 60 ± 6 60 ± 7 61 ± 5 0.50

LA diameter (mm), (mean ± SD) 40 ± 6 40 ± 5 40 ± 6 0.64

AF, atrial fibrillation; BMI, body mass index; LA, left atrium; LVEF, left ventricle ejection fraction; PVI, pulmonary vein isolation; SD, standard deviation; WACA, wide-area circumferential 
ablation.
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Patients in the WACA group required longer ablation (35 vs. 29 min 
in the ostial group, P = 0.001) and procedure times (121 vs. 102 min in 
the ostial group, P < 0.001; Graphical Abstract). There was no significant 
difference in the fluoroscopy time between groups (6 min in the 
WACA group vs. 5 min in the ostial group, P = 0.29).

Ablation lesion data analysis
There were no significant differences between groups in the median AI 
values, contact force, and force-time integral in the different LA regions 
(anterior, posterior, roof, and inferior; Supplementary material online, 
Table S1).

Acute reconnection
First-pass isolation occurred in 84% of WACA patients and 91% of 
those receiving ostial ablation (P = 0.05). Acute PV reconnection was 
less common in the ostial ablation group [3.3%, 95% confidence interval 
(CI) 1.8–6.1 vs. 7.9% in the WACA group, 95% CI, 4.9–11.1%; P < 0.001 

for non-inferiority; unadjusted P = 0.02 for superiority; Figure 3 and 
Graphical Abstract]. After adjustment to other univariate predictors 
of acute reconnection such as previous history of electrical cardiover-
sion and first-pass isolation, ostial ablation halved the odds of acute 
PV reconnection [odds ratio 0.51 (95% CI, 0.23–0.83), P = 0.05; 
Supplementary material online, Table S2].

In the WACA group, 14 patients had acute reconnection of a total of 
24 PVs. Spontaneous reconnection occurred in four PVs (all right PVs: 
two on the posterior carina, one on the anterior carina and one in the 
posterior segment of the inferior right PV). The remaining 20 reconnec-
tions occurred after adenosine administration (9 in the left PVs: 1 in the 
posterior segment of the superior left PV, 1 on the roof of the left su-
perior PV, 4 on the anterior segment of the left superior vein and 3 on 
the anterior carina; 11 in the right PVs: 1 on the roof of the right super-
ior PV, 5 in the posterior carina, 4 in the anterior carina and 1 in the 
inferior segment of the right inferior PV; Figure 2 and Table 2).

In the ostial group, reconnection occurred in 8 patients for a total 
of 10 PVs. Spontaneous reconnections occurred on three PV (one in 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Procedure and follow-up data

All patients (n = 162) 605 
PV

WACA group (N = 81) 304 
PV

Ostial group (n = 81) 301 
PV

P-value

CTI line, n (%) 45 (28) 19 (24) 26 (32) 0.24

Low-voltage areas, n (%) 18 (12) 7 (10) 11 (15) 0.27

First-pass isolation, n (%) 141 (88) 68 (84) 73 (91) 0.09

Patients with acute reconnection, n (%) 22 (13.6) 14 (17.3) 8 (9.9) 0.05

PV acute reconnection, n (%) 34 (5.6) 24 (7.9) 10 (3.3) 0.05

Median PV ablation time (min) 32 (25–40) 35 (30–41) 29 (22–37) 0.001

Mean overall procedure time (min) 112 ± 33 121 ± 32 102 ± 30 <0.001

Median fluoroscopy time (min) 6 (4–8) 6 (5–8) 5 (3–8) 0.29

Arrhythmia recurrence during follow-up, n 

(%)

17 (10.5) 9 (11.1) 8 (9.9) 0.80

Complications, n (%) 2 (1.2) 1 (1.2) 1 (1.2) 0.99

CTI, cavotricuspid isthmus; PV, pulmonary vein; WACA, wide-area circumferential ablation.

5.0%2.5%0.0%–2.5%–5.0%–7.5% 7.5% 10.0% 12.5%

Non-inferiority
margin

Null difference: B vs A
(P = 0.036)

Study group B

Study group A

95% CI (B-A): 0.3% to 7.8%;

Superiority analysis: P = 0.05
Non-inferiority analysis: P < 0.001

B inferior than A <- -> B is not inferior than A

Figure 3 Diagram presenting the 95% CI for the expected difference between Groups A (ostial group) and B (WACA group) in the population (95% 
CI Diff) and the P-value for the unilateral test the superiority test. The right vertical line represents the null difference between study Groups A and B 
and the expected rates (95% CI) of reconnection in each study group presented in light grey. CI, confidence interval; WACA, wide-area circumferential 
ablation.
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the posterior carina of the right PVs, one on the posterior segment of 
the left inferior PV, and one on the inferior segment of the left inferior 
PV). The remaining seven reconnections occurred after adenosine ad-
ministration (one on the anterior segment of the left superior PV, one 
on the roof of the right superior PV, one in the posterior segment of 
the right superior PV, one on the anterior segment of the right super-
ior PV, one in the posterior carina of the right PVs, one in the anterior 
carina of the right PVs, and another on the anterior segment of the 
right inferior PV).

No acute PV reconnection occurred in the setting of a lack of con-
tiguity between RF lesions (i.e. ILD was always ≤6 mm). The corre-
sponding AI values at sites showing acute PV reconnections are 
depicted in Figure 2. Only 2 acute PV reconnection occurred in LA 
segments with AI values below the defined value in the protocol— 
396 and 399 in the posterior right carina, where the established target 
value was 400.

Follow-up and clinical outcome results
At 1-year follow-up, 17 patients had recurrences of sustained atrial ar-
rhythmia: left atrial tachycardia in 5 patients and paroxysmal AF in the 
remaining 12 patients. Overall, single-procedure freedom from atrial 
arrhythmia after the 3-month blanking period was 89.5%, off-AAD. 
The risk of recurrence was similar with both ablation strategies 
[11.1% in the WACA group vs. 9.9% in the ostial ablation group, hazard 
ratio 1.13 (95% CI, 0.44–1.94), P < 0.001 for non-inferiority; P = 0.80 
for superiority; Figure 4 and Graphical Abstract]. There were no predic-
tors of arrhythmia recurrence during follow-up, including factors such 
as acute PV reconnection, AF duration, and presence/absence of low- 
voltage areas (Supplementary material online, Table S3).

Two complications were reported in this study, one in each group 
(one femoral pseudoaneurysm in the WACA group and one pericar-
dial effusion in the ostial group). Both cases were managed 
conservatively.

Discussion
To the best of our knowledge, this is the first prospective study com-
paring WACA and ostial circumferential ablation using the AI software. 
Our findings suggest that, in the setting of tailored AI-guided ablation, 
ostial ablation is non-inferior to WACA regarding acute PV reconnec-
tion, while allowing for shorter procedures.

Recent studies using the AI software have shown lower acute PV re-
connection when employing ostial circumferential ablation with a figure 
of eight around PVs.4,6 Likewise, our results suggested similarly low 
acute PV reconnection when an ostial PVI strategy was employed. 
However, when performing WACA, a lower first-pass isolation was 
observed with a higher rate of acute PV reconnection, similar to that 
reported by Hussein et al.,13 who also employed antral PVI. Two pos-
sible explanations may explain our findings. First, given that tissue thick-
ness increases when farther from the PVs, it is possible that the 
established AI values may not apply as well when performing ablation 
outside the ostia of the PVs.16 As recently reported, left atrial wall thick-
ness varies substantially in posterior and anterior walls.17,18 Second, it is 
plausible that a wider lesion set that does not cover the carina may re-
sult in residual conduction through epicardial connections. Recently, 
Cabrera et al.19 showed histological evidence of the intermuscular con-
nections between contiguous PV orifices where fascicles meet and are 
interwoven. Indeed, in our study, the majority of the acute reconnec-
tions were located in two main places: in the carina of the right PVs 
and the anterior segment/carina of the left superior PV. Both places 
are known for their epicardial connections, mainly from the right veins 
to the right atrium and from the left PV with the LA across the ligament 
of Marshall,9,20–22 and are also characterized by their increased wall 
thickness.17,18 A previous study suggested that a distance >8 mm be-
tween ablation lesions and the PV ostia predicted incomplete PVI and 
would require additional carina ablation, potentially increasing the 
risk of PV stenosis.23 Even when 50 W was delivered, we reported 
no severe RF-related adverse events, such as deaths, strokes, atrioeso-
phageal fistulas, or cases of symptomatic PV stenosis, similar to the find-
ings reported in previous studies where AF ablation was guided by the 
AI.7,24,25

The main objective when performing PVI is to obtain high freedom 
from arrhythmia recurrence or at least a significant decrease in AF 
burden. Taking this into consideration, several factors may support 
the potential advantage of a wide antral PVI, such as the elimination 
of re-entry wavelets located around the PVs, autonomic denervation, 
debulking of the LA and ablation of non-foci located in the posterior 
wall.26 A previous meta-analysis comparing WACA vs. ostial ablation 
showed some superiority to a wide antral strategy.26 However, this 
study included persistent AF patients and was performed before 
the widespread adoption of contact-force-sensing technology. Thus, 
the rates of acute and long-term recurrence were higher compared 
with those obtained nowadays with the use of the AI soft-
ware.4,6,7,15,24 Our results are aligned with those obtained by Lin 
et al.23 without the AI, who reported no significant differences in long- 
term outcome between the two strategies despite an increased rate 
of acute PV reconnection in the antral group. Our findings suggest 
that wide antral ablation may be unnecessary when performing 
AI-guided paroxysmal AF ablation, prolonging the procedure without 
improving freedom from arrhythmia recurrence. Longer ablation and 
procedure times may increase the risk of complications and reduce 
the turnover in the electrophysiology laboratory.27 We highlight, 
however, that these results should not be extrapolated to persistent 
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Figure 4 Freedom from recurrence of atrial arrhythmia following 
PVI guided by AI in the WACA group vs. the ostial group (11.1 vs. 
9.9%, P < 0.001 for non-inferiority; P = 0.80 for superiority). AI, 
Ablation Index; PVI, pulmonary vein isolation; WACA, wide-area cir-
cumferential ablation.
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AF, in which case further studies are necessary to assess whether 
AI-guided WACA can still be beneficial.

In summary, when performing AI-guided ablation of paroxysmal 
AF, ostial circumferential ablation is not inferior to WACA with 
lower rates of acute PV reconnection, while allowing for shorter 
procedures.

Limitation
We acknowledge some limitations in our work. First, this study was not 
randomized and thus a selection bias should be considered as likely. 
However, potential confounders were mitigated by the prospective 
multicentre design with consecutively included patients with similar 
baseline characteristics (including LA size, delay between first AF epi-
sode and ablation and presence of low-voltage areas). Moreover, pro-
cedures were performed by operators with a similar degree of 
experience and guided by the same AI targets, as shown by the absence 
of significant differences between groups in contact force, force-time 
integral and AI values in the different LA segments. Second, we acknow-
ledge that a waiting period might have resulted in more frequent acute 
reconnections. However, as previously shown by our group, a 20 min 
waiting period does not seem necessary when performing AI-guided 
PVI.6 Third, this study was not powered to allow definite conclusions 
regarding long-term effectiveness. It is still possible that some sub-
groups of patients (e.g. those with larger left atria) may benefit from 
WACA to allow substrate modification in addition to PVI. 
Nevertheless, the study size was comparable with other similar studies 
that assessed these strategies in the pre-AI era,28,29 and our study pro-
vides the first comparison between ostial and antral PVI guided by the 
same AI target value. Randomized, large-scale studies are required to 
confirm our results and assess their clinical implications. Fourth, the 
use of an implantable loop recorder would have documented a higher 
rate of asymptomatic atrial arrhythmia. However, as monitoring was 
identical in both groups, this limitation had no expected impact on 
our main findings. Fifth, both groups had circumferential PVI (either os-
tial or WACA), which is associated with significantly less PV sten-
osis.30,31 However, it is well recognized that RF ablation closer to the 
PV ostia or within the PVs may increase the rate of PV stenosis.2

Our patients did not have systematic imaging to exclude PV stenosis 
and we cannot exclude any cases of asymptomatic PV stenosis. 
However, no patient had de novo pulmonary hypertension on routine 
transthoracic echocardiography. Given the low incidence of clinically 
apparent PV stenosis with circumferential PVI, larger studies are re-
quired to confirm these results. Sixth, although, PV ostium and 
WACA were clearly defined, we recognize that a small degree of over-
lap between these two strategies cannot be excluded.

Conclusions
In paroxysmal AF patients treated with tailored PVI guided by the AI, 
ostial circumferential ablation is not inferior to WACA, while allowing 
for shorter procedures.

Supplementary material
Supplementary material is available at Europace online.

Funding
This research was funded by Biosense Webster, Inc. Investigator-Initiated 
Study research grant (IIS-490).

Conflict of interest: P.A.S. has received consulting fees from Biosense 
Webster, Boston Scientific, Medtronic, and Abbott. S.B. has received train-
ing grants from Biosense Webster and Biotronik. M.P. is an employee of 

Biosense Webster. All other authors have reported that they have no rela-
tionships relevant to the contents of this paper to disclose.

Data availability
The data underlying this article will be shared on reasonable request to the 
corresponding author.

References
1. Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blomström-Lundqvist C et al. 2020 

ESC guidelines for the diagnosis and management of atrial fibrillation developed in col-
laboration 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 J 2021;42:373–498.

2. Calkins H, Hindricks G, Cappato R, Kim Y-H, Saad EB, Aguinaga L et al. 2017 HRS/ 
EHRA/ECAS/APHRS/SOLAECE expert consensus statement on catheter and surgical 
ablation of atrial fibrillation. Europace 2018;20:e1–160.

3. Macle L, Khairy P, Weerasooriya R, Novak P, Verma A, Willems S et al. Adenosine-guided 
pulmonary vein isolation for the treatment of paroxysmal atrial fibrillation: an internation-
al, multicentre, randomised superiority trial. Lancet 2015;386:672–9.

4. Taghji P, El Haddad M, Phlips T, Wolf M, Knecht S, Vandekerckhove Y et al. Evaluation of 
a strategy aiming to enclose the pulmonary veins with contiguous and optimized radio-
frequency lesions in paroxysmal atrial fibrillation: a pilot study. JACC Clin Electrophysiol 
2018;4:99–108.

5. Sousa PA, Puga L, Adão L, Primo J, Khoueiry Z, Lebreiro A et al. Two years after pul-
monary vein isolation guided by ablation index-a multicenter study. J Arrhythm 2022; 
38:346–52.

6. Sousa PA, Barra S, Adão L, Primo J, Khoueiry Z, Puga L et al. Assessment of the need of a 
waiting period after pulmonary vein isolation with the ablation index software. 
J Cardiovasc Electrophysiol 2022;33:1725–33.

7. Ioannou A, Papageorgiou N, Lim WY, Wongwarawipat T, Hunter RJ, Dhillon G et al. 
Efficacy and safety of ablation index-guided catheter ablation for atrial fibrillation: an up-
dated meta-analysis. Europace 2020;22:1659–71.

8. Das M, Loveday JJ, Wynn GJ, Gomes S, Saeed Y, Bonnett LJ et al. Ablation index, a novel 
marker of ablation lesion quality: prediction of pulmonary vein reconnection at repeat 
electrophysiology study and regional differences in target values. Europace 2017;19: 
775–83.

9. Ho SY, Cabrera JA, Sanchez-Quintana D. Left atrial anatomy revisited. Circ Arrhythm 
Electrophysiol 2012;5:220–8.

10. Schulman S, Kearon C. Subcommittee on control of anticoagulation of the scientific and 
standardization committee of the international society on thrombosis and haemostasis. 
Definition of major bleeding in clinical investigations of antihemostatic medicinal pro-
ducts in non-surgical patients. J Thromb Haemost 2005;3:692–4.

11. Lee S-R, Choi E-K, Lee E-J, Choe W-S, Cha M-J, Oh S. Efficacy of the optimal ablation 
index-targeted strategy for pulmonary vein isolation in patients with atrial fibrillation: 
the OPTIMUM study results. J Interv Card Electrophysiol 2019;55:171–81.

12. Solimene F, Lepillier A, De Ruvo E, Scaglione M, Anselmino M, Sebag FA et al. 
Reproducibility of acute pulmonary vein isolation guided by the ablation index. Pacing 
Clin Electrophysiol 2019;42:874–81.

13. Hussein A, Das M, Chaturvedi V, Asfour IK, Daryanani N, Morgan M et al. Prospective 
use of Ablation Index targets improves clinical outcomes following ablation for atrial fib-
rillation. J Cardiovasc Electrophysiol 2017;28:1037–47.

14. Hussein A, Das M, Riva S, Morgan M, Ronayne C, Sahni A et al. Use of ablation index- 
guided ablation results in high rates of durable pulmonary vein isolation and freedom 
from arrhythmia in persistent atrial fibrillation patients: the PRAISE study results. Circ 
Arrhythm Electrophysiol 2018;11:e006576.

15. Duytschaever M, Vijgen J, De Potter T, Scherr D, Van Herendael H, Knecht S et al. 
Standardized pulmonary vein isolation workflow to enclose veins with contiguous le-
sions: the multicentre VISTAX trial. Europace 2020;22:1645–52.

16. Skeete J, Sharma PS, Kenigsberg D, Pietrasik G, Osman AF, Ravi V et al. Wide area cir-
cumferential ablation for pulmonary vein isolation using radiofrequency versus laser bal-
loon ablation. J Arrhythm 2022;38:336–45.

17. Teres C, Soto-Iglesias D, Penela D, Jáuregui B, Ordoñez A, Chauca A et al. Personalized 
paroxysmal atrial fibrillation ablation by tailoring ablation index to the left atrial wall 
thickness: the ‘Ablate by-LAW’ single-centre study-a pilot study. Europace 2022;24: 
390–9.

18. Falasconi G, Penela D, Soto-Iglesias D, Francia P, Teres C, Saglietto A et al. Personalized 
pulmonary vein antrum isolation guided by left atrial wall thickness for persistent atrial 
fibrillation. Europace 2023;25:euad118.

19. Cabrera JA, Ho SY, Climent V, Fuertes B, Murillo M, Sánchez-Quintana D. 
Morphological evidence of muscular connections between contiguous pulmonary ven-
ous orifices: relevance of the interpulmonary isthmus for catheter ablation in atrial fib-
rillation. Heart Rhythm 2009;6:1192–8.

           
D

ow
nloaded from

 https://academ
ic.oup.com

/europace/article/25/6/euad160/7204962 by 00500 U
niversidade de C

oim
bra user on 09 February 2024

http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euad160#supplementary-data


Ostial vs. WACA with AI in paroxysmal AF                                                                                                                                                         9

20. Yoshida K, Baba M, Shinoda Y, Harunari T, Tsumagari Y, Koda N et al. Epicardial con-
nection between the right-sided pulmonary venous carina and the right atrium in pa-
tients with atrial fibrillation: a possible mechanism for preclusion of pulmonary vein 
isolation without carina ablation. Heart Rhythm 2019;16:671–8.

21. Chee J, Kalogeropoulos AP, Almasry I, Singh A, Rashba E, Fan R. Identification and endo-
cardial ablation of the ligament of Marshall for pulmonary vein isolation. JACC Clin 
Electrophysiol 2021;7:283–91.

22. Barrio-Lopez MT, Sanchez-Quintana D, Garcia-Martinez J, Betancur A, Castellanos E, 
Arceluz M et al. Epicardial connections involving pulmonary veins: the prevalence, pre-
dictors, and implications for ablation outcome. Circ Arrhythm Electrophysiol 2020;13: 
e007544.

23. Lin Y-J, Tsao H-M, Chang S-L, Lo L-W, Tuan T-C, Hu Y-F et al. The distance between 
the vein and lesions predicts the requirement of carina ablation in circumferential pul-
monary vein isolation. Europace 2011;13:376–82.

24. O’Brien J, Obeidat M, Kozhuharov N, Ding WY, Tovmassian L, Bierme C et al. 
Procedural efficiencies, lesion metrics, and 12-month clinical outcomes for Ablation 
Index-guided 50 W ablation for atrial fibrillation. Europace 2021;23:878–86.

25. Sousa PA, Puga L, Barra S, Adão L, Primo J, Khoueiry Z et al. High-power short-duration 
versus low-power long-duration ablation guided by the ablation index. Int J Cardiol 2023; 
370:209–14.

26. Proietti R, Santangeli P, Di Biase L, Joza J, Bernier ML, Wang Y et al. Comparative effect-
iveness of wide antral versus ostial pulmonary vein isolation: a systematic review and 
meta-analysis. Circ Arrhythm Electrophysiol 2014;7:39–45.

27. Marrouche NF, Wazni O, McGann C, Greene T, Dean JM, Dagher L et al. Effect of 
MRI-guided fibrosis ablation vs conventional catheter ablation on atrial arrhythmia re-
currence in patients with persistent atrial fibrillation: the DECAAF II randomized clinical 
trial. JAMA 2022;327:2296–305.

28. Arentz T, Weber R, Bürkle G, Herrera C, Blum T, Stockinger J et al. Small or large iso-
lation areas around the pulmonary veins for the treatment of atrial fibrillation? Results 
from a prospective randomized study. Circulation 2007;115:3057–63.

29. Fiala M, Chovancík J, Nevralová R, Neuwirth R, Jiravský O, Nykl I et al. Pulmonary vein 
isolation using segmental versus electroanatomical circumferential ablation for paroxys-
mal atrial fibrillation: over 3-year results of a prospective randomized study. J Interv Card 
Electrophysiol 2008;22:13–21.

30. Tamborero D, Mont L, Nava S, de Caralt TM, Molina I, Scalise A et al. Incidence of pul-
monary vein stenosis in patients submitted to atrial fibrillation ablation: a comparison of 
the selective segmental ostial ablation vs the circumferential pulmonary veins ablation. 
J Interv Card Electrophysiol 2005;14:21–5.

31. Kuck K-H, Brugada J, Fürnkranz A, Metzner A, Ouyang F, Chun KRJ et al. Cryoballoon or 
radiofrequency ablation for paroxysmal atrial fibrillation. N Engl J Med 2016;374: 
2235–45.

D
ow

nloaded from
 https://academ

ic.oup.com
/europace/article/25/6/euad160/7204962 by 00500 U

niversidade de C
oim

bra user on 09 February 2024


	Ostial vs. wide area circumferential ablation guided by the Ablation Index in paroxysmal atrial fibrillation
	Introduction
	Methods
	Study design and setting
	Patient eligibility criteria
	WACA group
	Ostial circumferential ablation group
	Study endpoints
	Follow-up
	Statistical analysis

	Results
	Procedural characteristics
	Ablation lesion data analysis
	Acute reconnection
	Follow-up and clinical outcome results

	Discussion
	Limitation

	Conclusions
	Supplementary material
	Funding
	Conflict of interest
	Data availability
	References




