
Real-Time Three-Dimensional Mapping and Ablation of Pulmonary 
Vein Breakthroughs for Paroxysmal/Early Persistent Atrial 
Fibrillation: Preliminary Results of The BREAKLIVE AF Study 
(Mapping and Ablation of Pulmonary Veins BREAK Throughs 
Using The LIVE View Module for Atrial Fibrillation Catheter 
Ablation)
Antonio Dello Russo1,2, Giovanni Volpato1,2, Paolo Compagnucci1,2, Umberto Falanga1,2, Laura Cipolletta1, Quintino Parisi1, 
Laura Carboni3, Yari Valeri1,2, Giulia Stronati1,2, Barbara Bondavalli4, Valentina La Piscopia4, Andrea Giovagnoni5,6, 
Federico Guerra1,2, Andrea Natale 7, Michela Casella1,6 
1 Cardiology and Arrhythmology Clinic, University Hospital “Ospedali Riuniti”, Ancona, Italy; 
2 Department of Biomedical Sciences and Public Health, Marche Polytechnic University, Ancona, Italy;
3 Cardiac Surgery Anesthesia and Critical Care Unit, University Hospital “Ospedali Riuniti”, Ancona, Italy.
4 Abbott Medical, Milan, Italy.
5 Department of Radiology, University Hospital “Ospedali Riuniti”, Ancona, Italy;
6 Department of Clinical, Special and Dental Sciences, Marche Polytechnic University, Ancona, Italy
7 Texas Cardiac Arrhythmia Institute, St David’s Medical Center, Austin

Corresponding Author
Giovanni Volpato
Cardiology and Arrhythmology Clinic, University Hospital “Ospedali Riuniti”, Ancona, Italy

Key Words
Atrial Fibrillation, Catheter Ablation, Pulmonary Vein Breakthrough, 
Implantable Cardiac Monitoring

Introduction
Complete and lasting electrical pulmonary veins (PVI) isolation is 

the target of catheter ablation of atrial fibrillation (AF) 1. The creation of 
antral lesions with complete encirclement of the ostia of the pulmonary 
veins (PV) seems to be superior to a segmental approach, in terms 
of risk of AF recurrence 2. However, some evidence shows that PVI 
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Abstract
Background: Catheter ablation of atrial fibrillation (AF) requires technology support now more than ever and the advances are associated 

with an increase in the effectiveness. The new EnSite™ LiveView Dynamic Display (Abbott Technologies) provides real-time visualization of 
electrical information gathered by the Advisor HD Grid catheter in order to identify the pulmonary vein breakthrough. In this way, the LiveView 
system provides instant identification of target areas for ablation, allowing a prompt pulmonary vein isolation. 

Objective: The aim of this study was to evaluate AF recurrences after pulmonary vein isolation (PVI) using the LiveView system. 

Methods: Twenty-two patients with paroxysmal (91%) and early-persistent (9%) AF underwent radiofrequency ablation using high definition 
Grid Mapping Catheter Sensor Enabled and Tacticath™ Quartz catheter (Abbott Technologies). The procedure was conducted pursuing PVI 
guided by LiveView system. Each ablation point had a target Lesion Size Index (LSI) value of 5-5.5 and 4.5-5 for anterior and posterior 
segment of PV respectively. The complete PVI was validated after 30 minutes with pacing maneuvers and administration of intravenous 
adenosine. In case of vein reconnection, PVI was completed identifying vein breakthrough. Each patient was then implanted with a cardiac 
monitoring (Confirm RXTM, Abbott). 

Results:  After a 12 months follow-up, seven patients had recurrence of AF (survival free from AF: 68%). No major complication has been 
observed.

Conclusions: Identification of pulmonary vein breakthrough appeared to be effective and safe with good outcome in terms of atrial 
fibrillation recurrences.
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guided by PV breakthrough activity may not be inferior to an antral 
approach with encircling 3. Moreover, it has been demonstrated that 
AF recurrences after ablation is associated to vein reconnection 4. 
The EnSiteTM LiveView module is designed to provide real-time 
visualization of PV breakthrough activity by electrical information 
gathered by the AdvisorTM HD Grid mapping catheter in an area 
of interest. The EnSite Precision™ Cardiac Mapping System enables 
the calculation of the Lesion Size Index (LSI), a multi-parametric 
index which, when averaging a value of 5.3, is associated with better 
outcomes in patients undergoing PVI 5-6. Another important aspect 
is the follow-up in patients undergoing PVI. Recurrences beyond the 
first month after ablation are predictors of late recurrences 7-8. Various 
studies, using various monitoring methods, have shown that there is 
a poor correlation between clinical symptoms and actual number of 
AF episodes 9-12.  Implantable cardiac monitors (ICMs) seem to be 
superior in detecting atrial arrhythmias compared to intermittent 
monitoring 13-16. The aim of this study was to evaluate the rate of AF 
recurrence after PVI guided by the LiveView module, using the HD 
Grid high-density mapping catheter, and creating LSI-guided lesions. 
Follow-up was conducted by continuous rhythm monitoring by means 
of implantable cardiac monitors (ICM). 

Material and methods 
Study population

The study population enrolled patients >18 years old with paroxysmal 
or early-persistent atrial fibrillation (defined as AF episodes lasting 
less than 6 months) who underwent segmental PVI guided by three-
dimensional mapping of PV breakthroughs. Each patient provided 
written informed consent before participation. The study was approved 
by the local ethical committee (ID 2329) and performed in accordance 
with the ethical standards laid down in the Declaration of Helsinki. 
Each patient underwent a comprehensive pre-procedural assessment, 
which included 12-lead electrocardiogram (ECG), transthoracic 
echocardiography (with a special focus on the assessment of left atrial 
volume, left ventricular function, and valvular disease), and trans-
esophageal echocardiography to exclude left atrial appendage thrombus. 

Catheter ablation procedure
All procedures were performed under conscious sedation with 

propofol and fentanyl or with dexmetedomidine and fentanyl 17. Prior 
to catheter ablation, vitamin K antagonists were kept uninterrupted 
(target INR 2-2.5), while non-vitamin K antagonists anticoagulants 
were omitted on the morning of the procedure. At the beginning of 
the procedure, a probe was inserted into the esophagus at the level 
of the left atrium, to tag the esophageal location and provide intra-
esophageal temperature feedback during the procedure. The procedure 
was performed with a femoral vein access. Firstly, a deflectable 
multi-electrode catheter was positioned inside the coronary sinus, 
and an intracardiac echocardiographic probe the right atrium to 
identify the fossa ovalis. We administered an intravenous bolus of 
unfractionated heparin, with subsequent infusion to maintain an 
activated clotting time of >300 seconds. Then, a single transseptal 
catheterization was performed using fluoroscopic and intracardiac 
echocardiography guidance. Immediately after left atrium access, a 
guidewire was introduced inside the SL0 long sheath. Using floroscopy 
it was therefore possible to obtain the passage of the ablation catheter 
into the left atrium. We gain left atrium access with two catheters 
through the same transeptal catheterization. If the patient was in AF, 
electric cardioversion was performed to restore sinus rhythm. The 
TactiCath™ Quartz Contact Force ablation catheter and a high density 
AdvisorTM HD Grid mapping catheter were used to obtain three-
dimensional reconstruction and voltage maps of the left atrium using 
the with Ensite Precision mapping system (Abbott). Then, the HD 
Grid mapping catheter was systematically moved into each PV to 
identify the site of PV breakthrough in each PV with the LiveView 
module (Figure 1). Catheter ablation was sequentially targeted to 
antral segments adjacent to the PV sites with the earliest activity, 
delivering radiofrequency (RF) energy in a point by-point fashion 
with the TactiCath™ Quartz irrigated tip CF-sensing ablation catheter 
until the electrical isolation of the vein was achieved. Each lesion was 
created by targeting LSI values of 5-5.5 in the anterior segments, and 
4.5-5 in the posterior segments of each PV. RF energy was delivered 
in a temperature-controlled mode (upper limit 43°C). The RF power 
output was limited to 30 W in the posterior and roof segments, and 
to 35 W during ablation of the anterior segments. All RF sites were 
tagged automatically onto the three-dimensional left atrial geometry 
by means of the EnSite™ AutoMark™ module (Abbott), which 
simultaneously recorded the catheter position, contact force, force 

Figure 1: Live View module show RSPV breakthrough gathered by HD Grid 
in the inferior segment

Table 1: Baseline characteristics

Patients – n 22

Age - years 60 ± 11.1

Male – n (%) 15 (68.1)

Paroxysmal atrial fibrillation – n (%) 20 (90.9)

Left atrial volume index – ml/m2 34.1 ± 13.0

LV ejection fraction - % 60.6 ± 5.1

Hypertension – n (%) 14 (63.6)

Diabetes mellitus – n (%) 2 (9)

CHA2DS2 VASc score 2 (0 – 3)

Procedure time – min 158.2 ± 34.3

Fluoroscopy time – min 21.8 ± 6.7

Radiofrequency time - min 41.3 ± 14.6

Major complications – n (%) 0 (0)
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time integral, LSI, start time of ablation, RF power, the number of 
ablations, and the sequence of lesion placement. Disconnection of 
each PV was demonstrated by the disappearance of the local near-
field PV signals on the HD Grid catheter into the PV and validated 
after 30 minutes with the use of adenosine test, pacing maneuvers, and 
by the lack of atrial capture stimulating from all the pairs of the HD 
Grid catheter electrodes positioned into each ablated vein (Figure 
2). At this point, if bidirectional conduction block between the left 
atria and the PVs was achieved, the procedure ended. If PVI was not 
achieved, further lesions were created, targeting pulmonary veins’ 
breakthrough, until PVI was confirmed. At the end of the procedure, 
an ICM (Confirm RXTM Abbott) was implanted. Antiarrhythmic 
drugs were discontinued after first 3 months. Patients were followed 
through remote monitoring, which transmissions were analyzed by 
expert cardiologists. Major complication is defined as death, stroke/
TIA, PV stenosis, atrioesophageal fistula, cardiac tamponade, phrenic 
nerve injury, sepsis, abscesses, valve damage or endocarditis. Minor 
complication is defined as pericardial effusion, arteriovenous fistula or 
femoral pseudo aneurysm.

Outcomes
The primary outcome measure were acute PVI and freedom from AF, 

atrial flutter and atrial tachycardia recurrence after ablation procedure 
at one-year follow up. Recurrent AF occurring during the first three 
months (blanking period) were not counted. AF recurrence was defined 
as documented AF lasting ≥30 seconds by means of ICM monitoring. 
The arrhythmic events to the ICM were automatically reported by 
the device: it was programmed to recognize AF recurrences and atrial 
flutter using R-R cycle variability and for atrial tachycardias it has been 
set to record heart rates above 120 bpm. All recordings were evaluated 
by two cardiac electrophysiologists. Secondary outcome measure was 
total RF time. 

Statistical analysis
Continuous variables were checked for normality with the Shapiro-

Wilk test and were presented as mean and standard deviation (SD) 
if normally distributed, or as median and first-to-third quartile range 
(1st-3rd QR) if non-normally distributed. The primary outcome was 
assessed in a time-to-event manner, according to the Kaplan-Meier 

method. The software R was used for statistical analyses (R Foundation 
for Statistical Computing, Vienna, Austria).

Results
The baseline characteristics of the enrolled patients are summarized 

in Table 1. Twenty patients (91%) had paroxysmal AF, two patients 
had early-persistent AF and two of these patients had PVI procedure 
before.  

Mean left atrial volume was 34.1 ± 13 ml/m2 and meal left ventricular 
ejection fraction was 60.6 ± 5.1%. All patients were on non-vitamin 
K antagonists oral anticoagulants before the procedure.  All patients 
underwent AF catheter ablation and ICM implantation, with no 
complications. Cavo-tricuspid isthmus ablation was performed in two 
(9%) patients, because of a concomitant history of typical atrial flutter.

All patients had separated ostia in right and left PVs: 7 out of 88 PVs 
were electrically silent at baseline. After a first segmental isolation, 3 
(3.7%) of 81 veins showed dormant activity after adenosine infusion 
and 6 (7.4%) of veins were still connected to the left atrium after 
pacing inside veins. Further RF deliveries at the same PV segment 
achieving LSI target were needed in both cases to achieve electrical 
isolation. Mean LSI value between PVs isolated at the first passage 
was higher than PVs who had dormant activity or were still connected 
after pacing inside PV (5.2±0.5 vs 4.7±0.5). All PVs were isolated 
delivery RF in about 50% of their circumference at the ostium and 
none of the 88 PVs needed circumferential ablation to be isolated 
and at the end of the procedure all PVs (100%) were isolated. PV 
breakthroughs were more commonly located in the anterior segments, 
and PVI was most commonly achieved by delivering radiofrequency 
energy in that portion of the PV antra, as shown in Figure 3. Total 
procedural time was 158.2 ± 34.3 minutes and total RF time was 21.8 
± 6.7 minutes. Mean electrical isolation time was 10 minutes for left 
superior and left inferior PV, 11 minutes for right superior PV and 
9 minutes for right inferior PV. The mean LSI was 4.9±0.5 for the 
anterior segments and 4.4±0.7 for posterior segments. Figure 4 and 
Figure 5 show mean LSI values for anterior and posterior segments 
of each PVs. No procedural or periprocedural complications occurred. 
After 12 months (1st-3rd QR 7.75-15.25 months) follow-up, seven 

Figure 3: Anterior segment pulmonary veins’ breakthroughs percentages 
for each vein.

Figure 2: RF delivery at the point of RSPV breakthrough allow the electrical 
isolation of the vein
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of patients are free from AF recurrence after a 18-month follow-up 
using ICM after PVI. However, in this study 20% of patients had 
persistent AF 23. Previous studies have shown that the percentage of the 
circumference of the PV ostium ablated to achieve complete electrical 
isolation was above 50% and the percentage of PV reconnections 
ablated with segmental ostial ablation during second procedure for AF 
recurrence was high 24-25. At 6 months after second ablation procedure, 
70% of patients who underwent segmental ostial ablation were free 
from recurrent episodes of symptomatic AF but follow up did not 
performed with ICM. However, ablation was performed with very 
different technologies from current ones: there was not the use high-
density mapping catheters, ablating catheters with contact sensors, or 
lesion indices to create an effective ablation lesion. Using catheters with 
contact sensors and creating lesions based on multi-parameter indexes, 
including power output, contact force (CF) and RF time, has been 
shown to be associated with an increase in the success rate and lesion 
durability 5,6, 20, 26. By our experience the use of the liveview module does 
not increase the fluoroscopy time compared to traditional ablation. 
In this study, patients with paroxysmal or early persistent AF were 
treated: the mechanisms underlying persistent AF are complex and not 
fully understood nowadays and may require the ablation of additional 
structures such as the posterior wall left atrial appendage or coronary 
sinus. To be considered that the Liveview module is currently available 
for high-density mapping catheters, so the cost of the procedure is 
slightly higher than using a circular mapping catheter.

By our knowledge, this is the first study in which PVI was performed 
using live breakthrough of a high-density mapping catheter and lesion 
quality index and the follow up performed through ICM.  Arrhythmia-
free survival at follow-up seems to be non inferior to other few studies 
that used ICM for AF detection after ablation. A longer follow-up 
and including a greater number of patients is, however, necessary to 
confirm our data.

patients (31%) had recurrence of AF as assessed by ICM monitoring 
(Figure 6), five patients were symptomatic. There were no episodes of 
atrial flutter or atrial tachycardia at follow up.

Discussion
Main findings

Over time, technology has radically changed the way catheter 
ablation is performed 18. The main finding of this study is that the 
Liveview module is safe and effective in a short term follow-up. 
Previous studies have reported a similar efficacy (68%) of PVI by 
LSI-guided encirclement at 12 months 19-20, although follow-up in 
these studies was performed through outpatient visits and a single 
24-hour ECG monitoring every three months. Therefore, it should 
be hypothesized that a certain amount of asymptomatic AF episodes 
could have been missed. In fact, ICM proved far superior in the 
identification of AF over outpatient monitoring and 24-hour ECG 
Holter monitoring 21. The LINQ AF study has assessed the use of 
ICM in patients undergoing ablation for atrial fibrillation with PVI 
with encircling to evaluate recurrence characteristics and outcomes 
22. One-year freedom from AF episode was 48% with ≥2 min of AF 
detection duration with ICM. Increasing detection duration from 
≥2 to ≥6 min and ≥10 min led to a >50% decrease in total episode 
count, episodes without EGM, and episodes with false-positive AF 
detection. Moreover, Verma and colleagues demonstrated that 46% 

Figure 4: LSI value for left PVs

Figure 5: LSI value for right PVs
Figure 6: Kaplan-Meier of overall survival free from AF recurrences
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Study limitations
This study is not randomized and analyzed a small sample of patients 

without a control group, so the result can be modified by bias. This 
technique involves PVs isolation point to point with a distance <5 mm. 
In some patients it was more difficult to achieve the desired LSI due to 
poor catheter stability mainly due to changes in the patient’s respiratory 
cycle. This issue occurred mainly on the anterior segment of the LSPV 
(ridge): RF delivery was interrupted early and a further delivery was 
subsequently performed until the desired LSI was reached at that point. 
The average LSI for the isolation of that vein was therefore lower than 
the target LSI in some patients. 

Conclusions
PVI for the ablation of atrial fibrillation guided by Liveview 

module has proven to be safe and effective in terms of symptomatic or 
asymptomatic arrhythmic recurrence, and potentially able to reduce 
procedural and RF time. However, this is a pilot study on a small 
sample size. Further comparative studies on a larger cohort are needed 
to evaluate real impact of this method.
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