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Aim. Comparative evaluation of short-term and long-term outcomes of radiofrequency pulmonary vein isolation
using the “Ablation Index” module versus without in patients with paroxysmal and persistent forms of atrial fibrillation.

Methods. The study included 286 patients with paroxysmal and persistent forms of atrial fibrillation, divided into
2 groups: the study group (110 patients) underwent radiofrequency pulmonary vein isolation using the “Ablation Index”
module, while the control group (176 patients) underwent isolation without the use of the “Ablation Index”” module.

Results. The average follow-up period was 38.1+9.6 months. There was no significant difference in freedom from
atrial tachyarrhythmias in the long-term follow-up between the study and control groups (58.1% vs. 62.3%, p=0.667),
or in the number of perioperative complications (3.6% vs. 8.5%, p=0.106). A significant reduction in the duration of the
procedure was observed when using the “Ablation Index” module (92.7420.9 min vs. 126.4£29.2 min, p<0.001), as well
as in the recurrence rate of atrial fibrillation in the blanking period (1.8% vs. 8.5%, p=0.020).

Conclusion. Interventional treatment of atrial fibrillation under the control of the “Ablation Index”” module shows
significantly lower recurrence rates of atrial tachyarrhythmias in the blanking period and comparable safety and long-term
efficacy results compared to interventional treatment using catheters with contact force sensor over a period of more than
three years.
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Radiofrequency ablation (RFA) has become an in-
creasingly popular treatment for atrial fibrillation (AF)
over the past decade. The primary electrophysiological
endpoint of ablation is achieving electrical isolation of
the pulmonary veins (PVs) [1]. AF is associated with
atrial dysfunction, leading to structural and electrical re-
modeling, which may contribute to the development of
heart failure [2]. Ensuring durable PV isolation requires
standardization of each radiofrequency application
around the PV. Ideally, this should result in transmural
myocardial damage while avoiding necrosis extending
to extracardiac structures.

In recent years, hardware and software modules
predicting ablation lesion depth have been integrated into
three-dimensional (3D) electrophysiological navigation
systems from various manufacturers. These modules help
standardize radiofrequency applications in the atrium. One
such module is the Ablation Index (Al; Biosense Webster,

© Autors 2025

USA). Al is a dimensionless parameter calculated based
on a combined analysis of three key factors: contact force
(CF) of the catheter, ablation time, and power [3].

Experimental studies in canine models have demon-
strated that Al reliably predicts lesion depth at catheter
application sites on the endocardial surface [4, 5]. Thus,
with 3D navigation system guidance, the extent of tissue
injury at ablation sites can be assessed in real-time, ensur-
ing that each application is adequate but not excessive [6],
thereby potentially reducing the risk of procedure-related
complications [7, 8].

METHODS

Study Protocol

This study was conducted at the Federal Center of
Cardiovascular Surgery named after S.G. Sukhanov, Min-
istry of Health of the Russian Federation. The study includ-
ed 286 patients scheduled for catheter ablation of AF who
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were divided into two groups: study group (110 patients)
uderwent pulmonary vein isolation (PVI) using the Smart-
Touch catheter (Biosense Webster, USA), which enables
real-time assessment of contact force between the catheter
and myocardial tissue. The procedure was performed us-
ing the VisiTag module (Biosense Webster, USA), which
allows the navigation system to automatically identify ap-
plication points based on pre-set contact force and catheter
stability parameters, in combination with the Ablation In-
dex (AI) module. Control group (176 patients) underwent
PVI using the SmartTouch catheter with only the VisiTag
module, without the Ablation Index module.

Patients were enrolled in the study between 2018 and
2021. Group allocation was determined by the availability
of disposable materials required for Al module usage at the
time of catheter intervention.

The primary endpoint was freedom from atrial tach-
yarrhythmias (AF, atrial flutter, or atrial tachycardia) in
both the short-term period (first
3 months, also known as the
“blanking period”) and the long-
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AF ablation procedure, in accordance with current clini-
cal guidelines.

Patient selection

The study included symptomatic patients aged from
18 to 83 years with paroxysmal or persistent AF and inef-
fective drug therapy (Class I or III agents). AF episodes
were documented in all patients on resting electrocardio-
gram (ECG) or during Holter ECG monitoring.

The exclusion criteria were as follows: Previous cath-
eter ablation for AF; unstable angina or acute myocardial
infarction within the past 3 months; need for valve or cor-
onary pathology correction; contraindications to oral anti-
coagulant therapy; severe chronic renal or hepatic failure.

The clinical characteristics of the patients are pre-
sented in Table 1.

Preoperative investigations

Before the procedure, all patients underwent a
clinical examination, including a detailed collection of

term follow-up period (up to 38
months) after ablation.

The secondary endpoints

included: total procedure dura-
tion, incidence of intraoperative
and postoperative complica-
tions, recurrence rate during the
blanking period, rate of repeat
catheter interventions due to re-
current atrial tachyarrhythmias.

The primary endpoint was
assessed based on the absence of
symptomatic or asymptomatic
atrial tachyarrhythmias lasting
more than 30 seconds. Arrhyth-
mias occurring during the blank-
ing period were not considered
when evaluating the long-term
effectiveness of ablation. Recur-
rence detection was conducted
using 24-hour ECG monitoring,
implantable device data (pace-
makers, ICDs), and medical re-
cord analysis.

The secondary endpoints
were evaluated based on medi-
cal records (procedure duration,
rate of repeat interventions),
patient-reported symptoms and
clinical condition, and instru-
mental and laboratory inves-
tigations (assessment of intra-
operative and postoperative
complications).

All patient data were an-
onymized and processed in a
secure database without per-
sonal identifiers. Patients pro-
vided informed consent for
study participation and for the

Table 1.
Clinical characteristics of patients by groups
Characteristics CO?;I:OII 7g6r§) up Sn(ljzl%r(()))up P
Average age, years 59.4+8.6 64.4+7.4 <0.001
Gender (male/female), % 56.3/43.8 48.2/51.8 0.183
Body mass index (BMI), kg/m’ 30.6+4.1 30.9+4.9 0.701
PAF/PeAF, % 59.7/40.3 76.4/23.6 0.004
Disease duration, months 49.9+41.9 58.3+46.1 0.105
AIS, %* 10.8 5.5 0.120
Coronary artery disease, % 324 355 0.593
Myocardial infarction, %* 6.3 73 0.735
Diabetes mellitus, % 11.9 8.2 0.314
Hypertensive heart disease, % 85.2 93.6 0.030
Pacemaker implantation, %* 5.7 11.8 0.063
Myocardial revascularization, %* 11.9 11.8 0.977
LVEDV, ml 97.3423.0 96.8 £25.9 0.874
LVEF, % 55.5+6.7 55.2+6.1 0.674
LA volume (TTE), ml 73.2+18.6 73.9424.5 0.643
LAVI (TTE), ml/m’ 37.249.2 38.0+11.2 0.984
Interventricular septum, mm 13.442.1 13.243.3 0.070
Mitral regurgitation grade 0, % 26.9 33
Mitral regurgitation grade I, % 62.3 50.5 0.159
Mitral regurgitation grade 11, % 10.3 16.5
Mitral regurgitation grade III, % 0.6 0
Systolic PA pressure, mmHg 35.6£5.9 37.9+£7.3 0.158
Mean PA pressure, mmHg 20.1+6.5 20.848.2 0.684
LA volume (MSCT-CTA), ml 121.8+31.4 112.9+28.5 0.024
LAVI (MSCT-CTA), ml/m’ 60.7+£14.9 57.8+15.1 0.201

Note: * - in medical history; PAF and PeAF - Paroxysmal Atrial Fibrillation and
Persistent Atrial Fibrillation; AIS - Acute Ischemic Stroke; LVEDV - Left Ventricular
End-Diastolic Volume; LVEF - Left Ventricular Ejection Fraction; LA - Left Atrium;
TTE - Transthoracic Echocardiography; LAVI - Left Atrial Volume Index; MR -
Mitral Regurgitation; PAS and MPAP - Systolic and Mean Pulmonary Artery Pressure;

MSCT-CTA - Multislice Computed Tomography with Intravenous Contrast.
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complaints, medical history, and assessment of objective
status, as well as standard laboratory and instrumental di-
agnostic tests. To further detail the anatomy of the left
atrium and pulmonary veins and to exclude any addi-
tional formations within the left atrium, all patients un-
derwent multislice computed tomography (MSCT-CTA)
of the left atrium and pulmonary veins with intravenous
contrast enhancement.

Catheter ablation

The anesthesia method, vascular access, navigation
system, and ablation catheter used were identical for both
groups. The surgical procedure was performed under local
anesthesia. Vascular access was achieved by catheteriza-
tion of the right and/or left femoral vein. Under fluoroscop-
ic control, the interatrial septum was punctured twice.

A three-dimensional model of the left atrium and
pulmonary veins was created using the Carto3 navigation
system (Biosense Webster, Johnson & Johnson, USA),
through rapid anatomical modeling after respiratory com-
pensation. The ablation catheter used was the ThermoCool
SmartTouch catheter (Biosense Webster, Johnson & John-
son, USA), which includes a pressure sensor.

During PVI, the VisiTag and Ablation Index mod-
ules (Biosense Webster, Johnson & Johnson, USA) were
used, with the following settings: maximum catheter de-
viation standard deviation: 2.5 mm, minimum stability
retention time: 3 seconds, catheter contact force range: 4
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to 40 g, ablation point size: 3 mm, distance between two
points: 5 mm.

The first step involved right pulmonary vein isola-
tion, followed by left pulmonary vein isolation through
point-by-point ablation, strictly in one direction along
the designated ablation path. To confirm PVI, the Lasso
circular catheter (Biosense Webster, Johnson & Johnson,
USA) was used.

In the study group, the following ablation parameters
were applied: ablation power was set to 45 W for all walls
of the left atrium (LA); physiological saline flow rate: 2
ml/min without ablation, 30 ml/min during ablation; target
Ablation Index ranged from 400-420 for the posterior wall
of the left atrium and 460-500 for the anterior wall.

In the control group, the following ablation param-
eters were used: ablation power was set to 45 W for the
anterior wall of the left atrium and 35 W for the posterior
wall; physiological saline flow rate: 2 ml/min without ab-
lation, 30 ml/min during ablation; ablation duration was
determined individually by the operator based on a com-
bination of factors (contact force, catheter stability, and
ablation area).

Postoperative management and follow-up

All patients underwent echocardiographic control
(Echo) on the 2nd day after surgery to exclude hemoperi-
cardium and assess heart contractility parameters, as well
as 24-hour ECG monitoring.

Oral anticoagulant and
antiarrhythmic therapy was
continued for at least 3 months

Table 2.

after the procedure (blanking
Control group Study group .

~176 Z110 P period). If no documented par-
(n=176) (n=110) oxysms of atrial tachyarrhyth-
Procedure duration, minutes 126.4+29.2 92.7+20.9 <0.001 mias were observed after the
Recurrence of atrial fibrillation during the blanking period blanking period, antiarrhyth-
Total number of patients, n (%) 15 (8.5) 2(1.8) f}rlnc thefapthas dlSC(;mlm{ed
o owever, the use of antiar-
Paro.xysmal form, n (%) 6(3.4) 1(0.9) 0.02 rhythmic drugs by the patient
Persistent form, n (%) 9(5.1) 1(0.9) before and after the surgery
Frequency of repeat pulmonary vein isolations was not recorded in this study.
Total number of patients, n (%) 55(33.3) 24 (21.8) 0.083 . Plaﬂ;nltls were %SSlgnfed
5 clinical follow-up points for
Paroxysmal form, n (%) 31(17.6) 16 (14.5) 0.098 the study, including Holter
Persistent form, n (%) 24 (13.7) 8(7.3) 0.778 ECG monitoring at 3, 6, and 12
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Fig. 1. Comparative graph of freedom from atrial tachyarrhythmia in the study and control groups: a - all patients,
b - patients with paroxysmal AF;, c - patients with persistent AF.
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months, and then every 6 months after the initial treat-
ment.

Statistical analysis

Data analysis was performed using IBM SPSS Sta-
tistics v.23. Parametric data were tested for normal distri-
bution, and comparisons were subsequently made using
either the Student’s t-test or the Mann-Whitney U test.
Non-parametric data were compared based on the number
of events using either Fisher’s exact test or Pearson’s chi-
square test.

RESULTS

Intraoperative data

Within the scope of the study, the duration of fluo-
roscopy and the left atrial stage were not assessed, as these
data were not recorded in the surgical protocols of the con-
trol group. The total procedure duration was significantly
shorter in the study group (Table 2).

Intraoperatively, acute PVI was successfully achieved
in all patients in both groups.

Postoperative data

The mean follow-up period in the study was 38.14+9.6
months. After 40 months, 95 patients from the control
group (out of 176, with 20 patients lost to follow-up and 61
cumulative events) and 35 patients from the study group
(out of 110, with 32 patients lost to follow-up and 43 cu-
mulative events) remained under observation.

During the blanking period, AF recurrence was ob-
served in 15 patients in the control group and 2 patients
in the study group. The recurrence rates during the blank-
ing period and their distribution by AF type are shown in
Table 2. As shown in the table, in the group where RFA was
performed using the Al module, the recurrence rate during
the blanking period was significantly lower compared to
the control group.

During the mean follow-up period of 38.1+9.6
months, freedom from AF (calculated using Ka-
plan-Meier survival analysis) was 62.3% in the con-
trol group and 58.1% in the study group (Figure la).
A comparative evaluation of freedom from atrial tach-
yarrhythmias using Kaplan-Meier was also conduct-
ed for subgroups with paroxysmal AF(Figure 1b) and
persistent AF (Figure 1c). There was no statistically
significant difference in freedom from atrial tachyar-
rhythmias during the follow-up period between the two
study groups and their subgroups.

Redo ablation

The number of patients who underwent repeat abla-
tion is shown in Table 2. No statistically significant differ-
ence was found in the frequency of repeat interventions
between the study group and the control group. However,
there was a trend towards a lower frequency of repeat pul-
monary vein isolation in the group of patients who used the
Ablation Index module (p=0.083).

Complications

No complications leading to fatal outcomes or re-
quiring additional invasive interventions were recorded in
either group. In 15 patients (8.5%) in the control group and
4 patients (3.6%) in the study group, complications such as
pericardial effusion up to 1 cm or post-puncture hematoma
were recorded (p=0.106).

ORIGINAL ARTICLES

DISCUSSION

As a result of our study, in the comparative evalua-
tion of the two groups, we obtained the following important
findings: there was no statistically significant difference in
freedom from arrhythmia in the long-term follow-up peri-
od; however, the recurrence rate during the blanking period
was significantly higher in the control group; the use of
the Al module significantly shortened the duration of the
procedure; there was a marked trend towards a lower need
for repeat ablation in the study group.

Most recent studies focusing on catheter ablation
with CF monitoring have shown higher efficacy and safe-
ty compared RFA without the use of contact force sensing
catheters [13]. There is also evidence suggesting that CF
control may positively influence the treatment efficacy in
patients with persistent AF [14, 15].

In recent years, an additional marker of lesion qual-
ity (the Ablation Index, AI) has been developed, which is
calculated based on the analysis of contact force, ablation
time, and power. Subsequently, the evaluation of Al’s ef-
fectivenessbecame relevant, and several studies were
published that compared Al with CF-guided ablation. In
analyzing these studies, we found that, in most of them,
freedom from atrial tachyarrhythmias was significant-
ly higher with Al use, while maintaining a comparable
safety profile [9-10, 16-17]. These findings contrast with
the results of our study. One of the key limitations of the
above-mentioned studies is the postoperative follow-up
period, which is typically limited to 12 to 14 months [10,
16-19]. However, it is known that the recurrence rate of AF
after the primary procedure continues to steadily rise as the
observation period extends, and by the 5th year, freedom
from AF may be less than 70% [20, 21]. Our study, with 36
months or more of postoperative follow-up, demonstrates
more convincing results regarding the comparative effec-
tiveness of both techniques.
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Figure 2. Comparative plot of freedom from atrial
tachyarrhythmia in the study and control groups at 12
months.
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If we look specifically at the 12-month follow-up
results from our study (Figure 2), freedom from atrial ar-
rhythmiaswas also higher in the AI group, although not
statistically significant, which partially correlates with the
findings of previous studies. Furthermore, in our study,
the use of Al significantly reduced the duration of the pro-
cedure. This is likely due to the fact that pulmonary vein
isolation was more frequently achieved on the first pass,
without the need for additional ablations or searching for
“breakthroughs”. However, we did not record this data
during the surgical interventions, and cannot conclusively
confirm this hypothesis. Still, the operation duration data
we obtained correlate with the results of most authors,
whose work was analyzed and published in a large meta-
analysis [17].

Our study also demonstrated that the use of the Al
module significantly reduces the recurrence rate during the
blanking period. This is likely related to the lower need for
radiofrequency applications in the study group to achieve
intraoperative pulmonary vein isolation, which in turn re-
duces atrial wall injury and atrial tissue edema.

Thus, according to our data, the use of the Ablation
Index module does not result in a significant improvement
in long-term efficacy when treating patients with AF, com-
pared to results obtained with a similar catheter and oper-
ation protocol (using the VisiTag module and SmartTouch
catheter). However, it significantly shortens the duration of
the procedure and simplifies the achievement of pulmonary
vein isolation, as demonstrated in most studies, including

21

ours, by standardizing and establishing uniform criteria for
the effectiveness of each ablation point.

It is likely that multicenter, randomized studies with
different Al parameters will demonstrate more significant
results in terms of efficacy in the future. Therefore, this
topic requires further investigation.

Limitations
1. Recurrence of AF in the postoperative period was as-
sessed using 24-hour ECG monitoring, data from implant-
able devices (pacemakers), and analysis of medical re-
cords. In our study, we did not implant loop recorders for
diagnosing atrial tachyarrhythmias.

2. The non-randomized nature of the study means that the
effect of confounding factors cannot be excluded.

3. The study was single-center, limiting the generalizabili-
ty of the findings.

4. Detailed evaluation of antiarrhythmic therapy (e.g.,
types of medications, duration of therapy) before and after
surgery was not performed for patients in either group.

CONCLUSION

Ablation of atrial fibrillation (AF) under the guid-
ance of the Ablation Index module is associated with a
lower recurrence rate of atrial tachyarrhythmias during the
blanking period (the first three months) after ablation. The
rate of complications and the recurrence rate over a 3-year
follow-up period were not significantly different between
the group using the Ablation Index module and the group
without it.
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