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Aims

Balloon-based technologies have been developed to simplify catheter ablation of atrial fibrillation (AF), to improve
the clinical outcome of the procedure and to achieve durable pulmonary vein isolation (PVI). The objective of this
study is to evaluate the safety and efficacy of second-generation laser balloon (LB2) ablation in the treatment of AF
using a continuous cardiac rhythm monitoring strategy. Atrial tachyarrhythmias (ATas) recurrences were assessed
with implantable cardiac monitors (ICMs) or devices.

...................................................................................................................................................................................................
Methods
All patients underwent LB2 ablation procedure. The primary endpoint was the first recurrence of any, >5.5 and
and results
>24 h duration ATas after the blanking period (90 days). In-hospital visits were performed at 3, 6, and 12 months.
Seventy-three patients (68% male, mean age 59.8 ± 11.3) were included in the study. The average procedure, fluoroscopy, and laser ablation times were 81.5 ± 30.1, 21.5 ± 12.4, and 33.8 ± 9.7, respectively. All PVs were isolated
using the LB2 with no need of touch-up using focal catheters. No major complications occurred during or after the
procedures. The one-year freedom from recurrences was 66.9% (95% CI: 57.0–76.7%), 81.0% (69.5–88.5%), and
86.8% (76.1–92.9%) considering any, 5.5-h and 24-h cut-off duration, respectively. At 3, 6, and 12 months, any
ATas was recorded in 22%, 32%, and 25% of patients, with a >_5% arrhythmic burden documented in 4%, 5%, and
3%, respectively. Few patients reported AF-related symptoms (7%, 8%, and 5%).

...................................................................................................................................................................................................
Conclusion
LB2 ablation is a safe and effective procedure, showing a high freedom from recurrences and low arrhythmic burden as documented by a continuous rhythm monitoring strategy.
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What’s new?
• This is the first multicentre study reporting the 1-year clinical

Introduction
In the past three decades, catheter ablation (CA) has evolved from
an investigational procedure to a well-established treatment option
for many atrial fibrillation (AF) patients.1 The mainstay goal of any AF
ablation procedure is represented by circumferential pulmonary vein
ablation aiming at electrical isolation [pulmonary vein isolation
(PVI)],1 which can be achieved using different techniques and energy
sources. Traditionally, point-by-point radiofrequency (RF) ablation
using focal catheters might be hampered by a long learning curve and
mainly based on physician dexterity to create contiguous circular
lesions. Therefore, balloon-based technologies have been developed
to overcome these issues and they gained the overall interest of the
electrophysiology (EP) community as a simplified approach for AF
treatment. Among the balloon-based ablation systems, the visually
guided laser balloon (VGLB; LB1, HeartLight, CardioFocus,
Marlborough, MA, USA) has emerged as a promising technique to
achieve durable PVI, showing similar clinical outcomes compared
with RFCA for paroxysmal AF (PAF) and persistent AF (PeAF).2–5
Recently, a second-generation more compliant device (LB2,
HeartLight Excalibur Balloon) has been released to the market with
some technical developments. The latter resulted in a better cathetertissue contact, leading to an improved PV occlusion and tissue visibility
during ablation, translating into successful isolation without balloon
repositioning and/or balloon rotation manoeuvre as compared to its
predecessor.5,6 However, the lack of continuous monitoring reported
by previous experiences prevents to establish the true atrial tachyarrhythmias (ATas) recurrence rate following LB ablation.7,8 The objective of the LIGHT-AF study was to determine the safety and the
efficacy of AF ablation using the LB2 system. Moreover, we aimed to
determine the one-year clinical outcome following LB ablation evaluating arrhythmia recurrences by continuous rhythm monitoring using
implantable cardiac monitors (ICM) or devices.

Methods
This study was an observational multicentre open-label registry including
patients undergoing LB CA for AF (LIGHT-AF study, ClinicalTrials.gov

Study population
All patients meeting current indications for AF CA,1 undergoing PVI using
the LB2 at three EP laboratories in Italy (Ospedale Luigi Sacco, Milan,
Italy; Ospedale San Gerardo, Monza, Italy; IRCSS Policlinico San Donato,
San Donato Milanese, Italy) between February 2018 and February 2020
were included in this registry. Patients with less than 3 months of followup were not included in the current analysis. Exclusion criteria were age
<18 years old, left atrium (LA) diameter >55 mm, intra-cardiac thrombi,
uncontrolled heart failure, severe valvular heart disease, and contraindications to oral anticoagulation (OAC).

Pre-procedural management
Pre-procedural transoesophageal echocardiogram was performed to exclude intra-cardiac thrombi and to assess atrial morphology in all patients.
No pre-procedural cardiac imaging with magnetic resonance or computed tomography (CT) was obtained. Management of OAC therapy
was left at the discretion of the EP lab that performed the procedure:
two out of three centres routinely used an uninterrupted anticoagulation
scheme with direct anticoagulants (DOACs) or with warfarin while one
out of three centres generally discontinued DOACs 12–24 h prior to the
procedure (depending on the drug half-life). For patients on vitamin-K
antagonists (VKAs), all centres aimed at an international normalized ratio
(INR) between 2 and 3.

Ablation procedure
The LB ablation procedure has been previously described.2,6 All the procedures were performed under conscious sedation or deep sedation using midazolam, propofol, fentanyl, and/or dexmedetomidine. An
oesophageal probe was used to monitor oesophageal temperature during ablation procedures. The cut-off temperature was set at 40 C: if
oesophageal temperature went above the cut-off value, energy delivery
was interrupted and ablation was continued using reduced energy or at
different locations (i.e. more distal or more proximal). After having
obtained LA access using a single transseptal puncture, a 12-Fr steerable
sheath (CardioFocus) was advanced into the LA. After transseptal puncture, heparin boluses were administered to maintain an activated clotting
time >_300 s during the whole procedure. A mapping catheter was introduced to assess PV potentials or to obtain a complete electroanatomic
map of the LA and then removed. PV anatomy was assessed by selective
angiography or 3D electroanatomical mapping prior to ablation and was
left to the discretion of the primary operator. The PVI was performed using the LB2, that was inflated at the ostium of the target PV, using the deflectable sheath to reach an optimal PV occlusion (Figure 1A). Under
visual guidance, overlapping (30–50%) and contiguous ablation lesions
were delivered around all PVs using laser energy ranging from 5.5 to
12 W depending on the location (Figure 1B). Typically, a higher energy
was used while ablating anterior and septal regions, while lower energy
was delivered for posterior lesions to avoid oesophageal injury. The use
of 5.5 W was limited to areas with overlapping moving blood along the
periphery of the endoscopic view. Wherever feasible, ablation was performed in the ‘blind spot’ behind the catheter shaft as previously described.6 Otherwise, LB2 was rotated if complete PV occlusion was not
feasible. After having completed all PV lesions, the LB2 was removed and
PVI was assessed using a mapping catheter with or without the guidance
of a 3D mapping system and was used to assess bidirectional conduction
block (Figure 2). In case of incomplete isolation, the LB2 catheter was
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outcome following second-generation laser balloon (LB)
ablation assessed by continuous rhythm monitoring.
• Second-generation LB ablation is safe and effective in achieving
acute pulmonary vein isolation and long-term freedom from
arrhythmic recurrences as assessed by continuous rhythm
monitoring.
• After LB ablation one-year freedom rate from any, >5.5 and
>24 h atrial tachyarrhythmias recurrence was 67%, 81%, and
87%, respectively, with a 0% burden documented in the 75%
of patients.
• Patients experiencing recurrences after LB ablation had a low
arrhythmic burden and were mainly asymptomatic 1 year after
the procedure.

Identifier NCT04544397). The study complies with all the relevant national regulations and was conducted in accordance with the tenets of
the Helsinki Declaration. The study was approved by the local institutional review board and all patients gave written informed consent.
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mining their occlusion (LSPV occlusion is shown in panel A). The inner endoscopic view during catheter ablation is obtained when the LB2 completely
occluded each PV (panel B). The whitish area represents the region with optimal balloon-to-tissue contact and the green dot represents the visible
aiming beam, where the laser energy is delivered. LB2, second generation laser balloon; LIPV, left inferior pulmonary vein; LSPV, left superior pulmonary vein; PV, pulmonary vein; PVI, pulmonary vein isolation; RIPV, right superior pulmonary vein; RSPV, right superior pulmonary vein.

reintroduced to deliver complementary lesions. During ablation of
the right superior and inferior PVs (RSPV, RIPV), a decapolar catheter was placed in the superior vena cava to assess phrenic nerve
capture.

Post-procedural care and loop recorder
implantation
The presence of pericardial effusion was checked with intra-cardiac or
transthoracic echocardiography at the end of the procedure. The
DOACs or Warfarin were resumed in the early post-operative period
and continued for at least 3 months. Antiarrhythmic drug therapy was introduced after ablation and/or continued during the blanking period and
generally stopped after 3 months according to physicians’ choice. To evaluate ATa recurrences, an ICM was inserted in all patients that did not
have a previous loop-recorder or another implanted device that could
guarantee a correct detection and follow-up of ATa recurrences the day
after the procedure or prior to hospital discharge. The 97% of patients
received a loop recorder (63% BioMonitor 2 or BIOMONITOR III,
Biotronik, Berlin, Germany and 37% Reveal Linq, Medtronic, Minneapolis,
MN, USA) while 3% had a dual-chamber PM. A uniform setting of the AF
algorithm was programmed so that arrhythmic recurrences with a duration of at least 2 min could be analysed, which is the shortest duration
that can be detected by the ICM. Implanted devices with an atrial lead allow to record even shorter episodes, but for this study episodes of less
than 2 min were not considered to avoid the lack of uniformity compared
with ICM patients. Patients were followed with clinical visits and a 12-lead
ECG at 3, 6, and 12 months after the procedure. Automatic transmissions
from the ICM were obtained periodically or in case of arrhythmic event
recording.

Data collection and study outcomes
Demographics, patients medical history, procedural, peri-procedural, and
follow-up data were extracted and collected into a centralized de-identified database. All identified arrhythmia events were first evaluated by at
least one blinded and independent electrophysiologist for each centre
and then inserted into the database, after an additional centralized core
lab evaluation, specifying data and duration of the arrhythmic event. The
primary endpoint of our study was the first ATa recurrence (AF, atrial
flutter, or tachycardia) identified by the continuous rhythm monitoring
device, 90 days after the procedure (blanking period). The freedom from
ATa recurrences was assessed at 3-, 6-, and 12-month follow-up, and every 6 months thereafter. All recurrences were defined as ATas detected
by the implanted device using the following duration cut-offs: any duration, >_5.5 h9,10 and >_24 h,11 as also previously reported. Secondary endpoints included: (i) arrhythmia burden defined as percentage of time
spent in AF, (ii) symptomatic ATa recurrences, (iii) need for repeat ablations, and (iv) any procedure-related complication.

Statistical analysis
Normal distribution of reported variables was tested with the Shapiro–
Wilk test. Continuous variables were compared with parametric
(Student’s t-test) or non-parametric (Mann–Whitney test), as appropriate, and are reported as mean ± standard deviation or median [interquartile range (IQR)]. Binary variables were compared with v2 test or Fisher’s
exact test, as appropriate and are reported as number (percentage).
Survival analysis was performed with Kaplan–Meier analysis, reported
with number at risk and 95% confidence intervals (CIs). We used univariate proportional-hazard Cox models to test the association of clinical
variables with ATa recurrence. Variables showing P value <0.1 at univariate analysis and PeAF as required term were included in multivariate
models selecting significant terms by an automatic backward stepwise
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Figure 1 Fluoroscopic (left panel) and endoscopic (right panels) view of PV occlusion with the LB2. The device is inflated in each of the PVs deter-
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A total of 73 consecutive patients (68% male, mean age 59.8 ± 11.3)
were included in the study. Before the LB ablation procedure, 54/73
patients (74%) had a history of PAF, while 19/73 (26%) of PeAF.
Thirteen patients (18%) presented with structural heart diseases; the
overall mean left ventricular ejection fraction (LVEF, 59.4 ± 4.2%) and
LA dimensions were normal (LA area 19.5 ± 5.2 cm2). A complete list of
baseline characteristics of the overall population is reported in Table 1.

of the procedure and a PV angiography was performed in 52% of
the cases prior to ablation. The mean procedure time was
81.5 ± 30.1 min; average fluoroscopy time was 21.5 ± 12.4 min, and
the mean ablation time per patient was 33.8 ± 9.7 min. At the end
of the procedure, all targeted PVs could be isolated using the LB2
and 85% of them were isolated at first attempt. The mean laser
time was 8.3 ± 3.8, 9.3 ± 3.1, 9.6 ± 3.2, and 9.4 ± 2.6 min for left inferior PVs, left superior PVs, RIPVs, and RSPVs, respectively. No
femoral access adverse events nor major complications occurred
during or after the procedures. A post-procedural pericardial effusion not requiring pericardiocentesis and 4 (5%) early AF recurrences were documented during hospital stay (one requiring
electrical cardioversion). Only one patient experienced a transient
phrenic nerve palsy occurring at the end of the RSPV ablation,
which recovered spontaneously before discharge. All patients
were in sinus rhythm at the time of hospital discharge.

Procedural and peri-procedural data

Follow-up outcomes

Procedural and peri-procedural data are reported in Table 2.
Forty-nine (67%) patients were in sinus rhythm at the beginning

The mean follow-up duration was 392 ± 158 days. Seventy-two
patients (98.6%) completed the 6-month follow-up (one patient died

procedure (P to remove 0.2). Continuous independent variables were dichotomized using median values and estimates of hazard ratios (HRs) and
CIs were reported. Statistical significance was considered in case of a
two-tailed P value <0.05. STATA Statistics Software ver. 11 (STATA
Corp., TX, USA) was used for calculations.

Results
Baseline characteristics
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Figure 2 Complete PVI demonstrated by high-density CARTO3 voltage maps of the left atrium before (left panel) and after (right panel) LB ablation, in antero-posterior (top panels) and postero-anterior (bottom panels) views. Voltage scale was set from 0.05 to 0.5 mV; purple colour identifies
LA regions with voltage >_0.5 mV, whereas red colour identifies electrically silent areas (<_0.05 mV).
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Table 1 Clinical characteristics of the study
population

Table 2

Procedural and peri-procedural data
Total (n 5 73)

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

Age (years)

59.8 ± 11.3

Uninterrupted VKA, n (%)
Interrupted VKA, n (%)

4 (5)
1 (1)

Male, n (%)
BMI (kg/m2)

50 (68)
26.4 ± 3.4

Uninterrupted DOAC, n (%)

22 (30)

Interrupted DOAC, n (%)
No OAC at baseline

32 (44)
14 (19)

0
1

17 (23)
26 (36)

Baseline sinus rhythm, n (%)

49 (67)
20 (27)

2

10 (14)

Electrical cardioversion at the end
of the procedure, n (%)

3
>_4

12 (16)
8 (11)

PV selective angiography, n (%)

38 (52)

Procedure time (min)
Fluoroscopy time (min)

81.5 ± 30.1
21.5 ± 12.4

54 (74)
19 (26)

Ablation time (min)
Number of pulmonary veins isolated

33.8 ± 9.7

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

CHA2DS2-VASc score, n (%)

AF characteristics, n (%)
Paroxysmal
Persistent
Cardiomyopathy, n (%)

on first attempt, n (%)

CAD
Hypertrophic cardiomyopathy

6 (8)
2 (3)

1
2

3 (4)
5 (7)

Valvular heart disease

5 (7)

3

3 (4)

Comorbidities, n (%)
Hypertension

43 (59)

Dyslipidaemia

20 (29)

Chronic renal failure
Previous TIA/stroke

3 (4)
8 (11)

COPD

2 (3)

Echo findings
LA diameter (mm)
LA area (cm2)
Mitral regurgitation, n (%)
0þ

39.1 ± 7.2
19.5 ± 5.2
13 (24)

1þ

31 (56)

2þ
3þ

10 (18)
1 (2)

LVEF (%)
Therapy, n (%)
None

59.4 ± 4.2

4
Left inferior
Erogation time to achieve isolation (min)
Total number of energy deliveries
Left superior
Erogation time to achieve isolation (min)
Total number of energy deliveries
Right inferior
Erogation time to achieve isolation (min)
Total number of energy deliveries
Right superior
Erogation time to achieve isolation (min)
Total number of energy deliveries
Procedural complications, n (%)
Pericardial effusion

62 (85)
8.3 ± 3.8
22 (18–26)
9.3 ± 3.1
23 (19–27)
9.6 ± 3.2
22 (19–26)
9.4 ± 2.6
23 (20–26)
1 (1)

3 (4)

Sinus rhythm at discharge, n (%)
AF recurrence during hospitalization, n (%)

DOAC

54 (74)

Electrical cardioversion during hospitalization, n (%) 1 (2)

VKA
AAD Class IC

5 (7)
29 (40)

Patient on antiarrhythmic drugs at discharge, n (%)

Amiodarone

13 (18)

Sotalol
Number of AADs, n (%)

9 (12)

0

21 (30)

1
2

31 (45)
14 (20)

3

3 (4)

Data are reported as mean ± standard deviation or median (interquartile range),
or number (percentage) in case of binary variable.
AAD, antiarrhythmic drug; AF, atrial fibrillation; BMI, body mass index; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; DOAC, direct oral anticoagulant; LA, left atrium; LVEF, left ventricular ejection fraction;
TIA, transient ischaemic attack; VKA, vitamin K antagonists.

for other non-cardiac causes, and was therefore lost at follow-up before the initial evaluation) and 64/72 patients (88.9%) completed the
one-year follow-up. Based on continuous monitoring data and

73 (100)
4 (5)
53 (73)

Data are reported as mean ± standard deviation or median (interquartile range),
or number (percentage) in case of binary variable.
AF, atrial fibrillation; DOAC, direct oral anticoagulant; VKA, vitamin K
antagonists.

90-day blanking period, ATa recurrences occurred in 24/72 patients
(33%) considering any duration, 13/72 (18%) with a 5.5-h cut-off and
in 9/72 patients (12%) with a 24-h cut-off. The freedom from ATas
recurrence at 1 year was 66.9% (95% CI: 57.0–76.7%), 81.0% (69.5–
88.5%), and 86.8% (76.1–92.9%) for any, 5.5-h and 24-h episode duration, respectively (Figure 3A). After the procedure, PeAF patients
more frequently experienced >24-h ATa episodes compared with
PAF patients [73.7% (47.9–88.1%) vs. 91.4% (78.6–96.7%), P = 0.037,
Figure 3B]. After a single PVI procedure, ATa recordings during the
blanking period had significant association with arrhythmic recurrence survival (Table 3).
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Total (n 5 73)
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ATas were recorded by ICM or devices in 16/72 (22%), 23/72
(32%), and 16/64 (25%) patients at 3-, 6-, and 12-month follow-up,
respectively (Figure 4). AF-related symptoms were reported by 5/72
(7%), 6/72 (8%), and 3/64 (5%) patients. The prevalence of patients
without AADs and anticoagulation increased over follow-ups reaching values of 64% and 47% at 1 year, respectively (Figure 5).
Specifically, the rates of patients who continued AADs during followup were 54% (39/72) at 3-, 46% (33/72) at 6-, and 36% (23/64) at

12-month follow-up. Details on the AF burden quantified by ICMs at
study follow-ups are summarized in Figure 4. At 1-year follow-up, a
0% ATa burden was documented in 48/64 (75%) patients, 41/64
(64%) were off AADs. At 3-month follow-up, only three patients
(4%) had a total ATa burden >_5%. Similar rates were found at 6 (4/
72, 5%) and 12 months (2/64, 3%) follow-up. Of note, all patients
with a significant amount of arrhythmic burden (>_5%) found at study
follow-ups were PeAF patients at the time of the procedure.
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Figure 3 Survival Kaplan–Meier curves for any, >5.5 h and >24 h ATa recurrences for (A) the overall study cohort and (B) paroxysmal and persistent AF subgroups, after a 3-month blanking period.
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0.025
1.23–21.7
0.014
7.47 1.86–29.9

Discussion
To the best of our knowledge, this is the first multicentre study
reporting the 1-year clinical outcome following second-generation
LB ablation assessed by continuous rhythm monitoring. The main
findings of this study are the following: (i) the LB2 CA system allows a
safe and effective acute PVI; (ii) 1-year freedom from any, 5.5 and
24-h ATas is roughly 67%, 81%, and 87%, respectively; and (iii)
patients experiencing recurrences had a low arrhythmic burden and
were mainly asymptomatic 1 year after the procedure.

1.80–21.6
6.23
7.43 3.11–17.7 <0.001 5.98 1.95–18.3 0.022
at the end

of the procedure
Recurrences in blanking period 6.21 2.75–14.0 <0.001

0.40 0.13–1.19 0.099
1.86 0.61–5.68 0.279

AAD, antiarrhythmic drug; AF, atrial fibrillation; BMI, body mass index; CI, confidence interval; HR, hazard ratio; LA, left atrium.

0.004

0.636
0.057

5.16

–
–

–
–
–
Removed by stepwise procedure

0.166

0.71 0.18–2.86
3.59 0.96–13.4
0.034

–

0.10–0.91

–
–

–
–
–
–

–

0.56 0.24–1.28 0.167
1.77 0.77–4.06 0.174
AAD at discharge
Electrical cardioversion

–
1.05 0.36–3.02 0.934
LA area >_20 cm2

–
–

0.60 0.13–2.67 0.499

0.30

–

0.21 0.02–1.90

–

–
0.194

0.165
0.67–10.5

–
0.61–10.8
–
2.58

2.65
0.037

0.833
0.089

4.05 1.08–15.1
0.31–3.54
1.05

0.939

–
–
–
0.87 0.23–3.23
Removed by stepwise procedure 3.34 0.83–13.4
0.81 0.27–2.41 0.706
2.89 0.89–9.40 0.077

1.92 0.63–5.87 0.253
0.295

–
–
–
–
Hypertension
Cardiomyopathy

0.60 0.23–1.55
1.28 0.53–3.09 0.587

0.81 0.36–1.81 0.608
1.73 0.65–4.64 0.275

Persistent AF

–
–

–

–
–
–
–

–
–

–
–

0.137

0.231
0.501

0.37 0.10–1.37

2.61 0.54–12.6
0.62 0.15–2.48

–

–
–

–

–
–

–

–
–
1.70 0.52–5.51 0.380
0.60 0.18–2.01 0.412

0.54 0.18–1.60 0.263
–

–
–
–
–

–
–

1.26 0.55–2.87 0.589
0.76 0.33–1.76 0.525
Age >_60 years
BMI >26 kg/m2

–
–

0.79 0.35–1.81 0.582
Sex, male

P-value
95% CI
P-value HR
HR 95% CI
P-value
95% CI
P-value HR
P-value HR 95% CI
P-value HR 95% CI
HR 95% CI
Variable

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

Univariate
Multivariate
Univariate

Multivariate

Univariate

Multivariate

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

ATa episode >5.5 h

ATa episode >24 h

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

ATa episode (any duration)

As many as forty-three patients (nearly 54% of the present cohort)
had a follow-up longer than 12 months: 40/43 (93%) had an ATa burden <1%, while only 3/43 (7%) showed an arrhythmic burden >5%.
Of these, only 10/40 patients (25%) were on AADs.
During the follow-up, five patients (6.8%) were admitted to the
hospital due to an arrhythmia-related intervention: two patients
underwent a redo AF ablation, one patient underwent cavo-tricuspid
isthmus ablation for isthmus-dependent atrial flutter (during the procedure all the PVs were still isolated), one patient was treated with
electrical cardioversion, and one patient required a pacemaker implantation due to sinus node disease (symptomatic pauses in sinus
rhythm). A single PV reconnection was observed in both patients
who required redo AF procedure.

Acute outcome following secondgeneration laser balloon ablation
Balloon-based ablation systems have been developed to reduce the
complexity of 3D mapping system-guided RF ablation technique by
maintaining similar safety and effective profiles of these procedures.2
The first-generation LB ablation system has gained increasing scientific interest as it allowed a precise lesion delivery under direct endoscopic control, showing excellent clinical outcome comparable with
RF-based PVI2,3 and cryoballoon ablation.12,13 Recently, the secondgeneration device (LB2) has been launched on the market, with some
technological improvements resulting in better PV occlusion and less
rotational manoeuvres.5 However, only sparse data regarding the
clinical outcome following LB2 ablation are currently available.6
Unlike cryoballoon ablation, the LB2 enables PVI by a purely visually
guided circular ablation. Previous studies found a high rate of acute
PVI ranging between 80% and 90% of the cases using this device. Our
data are in line with previous experiences showing 85% of acute isolation within the first circumferential applications. The latter might be
explained by the improved catheter design, which allows a better PV
occlusion and visualization of the tissue to be targeted.5 Moreover,
the high rate of successful acute PVI might also be explained by the
use of a high-energy protocol (8.5–10 W) in the majority of the targets, which could result in a better lesion delivery and a more persistent isolation.4 In this multicentre experience, laser ablation in the LA
and fluoroscopy times were similar compared with those reported
by other groups, and the average procedure time was roughly 80 min
demonstrating that the LB2 has a favourable design allowing successful PVI within less than 2 h. Although mean procedural times of the
‘single shot’ techniques, such as cryoballoon ablation, are reported to
be shorter than LB ablation (50.9 ± 21.0 min vs. 96.0 ± 20.4 in the latest report from Chun et al.13), fluoroscopy times should not differ or
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be even shorter with the LB2 system, potentially taking advantages of
a totally visually guided strategy.
However, in case of incomplete PVI, occurring in 15% of the
case, the isolation was achieved using the LB2 guided by the circular catheter or the 3D mapping system. The latter, from an
economic stand point, using a single device only, instead of an additional focal tip catheter in the same procedure as for incomplete PVI with the cryoballoon system, might also have positive
and non-negligible implications in terms of procedure duration
and cost-effectiveness of the ablation. Acute procedural success
was also confirmed by assessing PVI using a multipolar mapping
catheter. Differently from what was reported by Gal et al.,14 who
placed this catheter in the PV distal to the LB, we routinely used
a single transseptal puncture, removing the LB2 and then assessing
electrical isolation with the mapping catheter after having completed ablation around all PVs. Improvement of the operators’ experience in LB2 handling due to a favourable learning curve might
result in even better acute outcome, which in this study was associated with a very low rate of peri-procedural complications.15

One-year laser balloon ablation outcome
based on continuous rhythm monitoring
Catheter ablation for AF has emerged as one of the best strategy to
obtain rhythm control,16 and in recent times, the clinical evidence has
led to a progressive steering from a binary entity disease paradigm,
shifting towards the concept of ‘AF burden’.17 The ICMs (loop
recorders, as well as PMs and ICDs), have specific AF detection algorithms allowing better estimation of real arrhythmic events as compared with intermittent monitoring approaches.7,8,18 An higher AF
burden is significantly associated with thromboembolic events19 or
systemic embolism9–11 and then a worse prognosis. Therefore, its
evaluation is of utmost importance in AF management. Furthermore,
a >_ 5.5 h9,10 AF burden or subclinical AF episodes >_24 h11 are significantly associated with an increased thromboembolic risk. To date,
continuous rhythm monitoring certainly represents the most accurate approach in quantifying the true AF burden, while a binary event
analysis (e.g. recurrence vs. no-recurrence) using intermittent monitoring tools (mostly Holter-ECGs) is an obsolete method to truly
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patients.
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validate ablation results. The noteworthy feature of the present study
is represented by the extensive use of long-term rhythm monitoring
devices (ICMs or intra-cardiac devices) to assess the result of AF ablation using the LB2 system. Indeed, real AF burden evaluation following LB ablation procedures is lacking in the available literature. In our
study, 1 year after the procedure, the ATa recurrence rate at
12-month follow-up was very low for 5.5 and 24-h episode duration
(19% and 13.2%, respectively), as nearly 87% of patients were free

from relevant arrhythmic recurrences (>24 h). Of note, nearly half of
the present cohort had a follow-up longer than 1-year, showing that
the benefits following LB-PVI might persist overtime. However, further studies with longer follow-up are warranted to confirm these
promising results. Moreover, the long-term use of AADs was quite
low (25% beyond one year) as well arrhythmia-related interventions
(repeated procedure or hospitalization). Interestingly, AAD therapy
after ablation did not show a significant association with ATa
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Figure 5 Proportion of patients (pts) with AF-related symptoms, antiarrhythmic drugs (ADDs), oral anticoagulation (OAC) at 3-, 6-, 12-month
follow-up in the overall population, and in paroxysmal (PAF) and persistent (PeAF) patients.
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AF recurrences, which are known to be a common endpoint of different trials that aim to assess the quality of life improvements with
CA. Our experience shows that, during the follow-up, although 23/
72 (32%) patients had at least one AF episode detected with implantable devices, only six of them experienced symptomatic recurrences.
Thereby, in all other cases, a significant improvement of quality of life
in relation to AF symptoms was recorded after LB2 ablation, which is
a relevant outcome measure of AF disease management.31,32 This
finding proves that other follow-up protocols evaluating CA endpoints, especially the ones based on clinical outcomes and intermittent monitoring, may overestimate ablation efficacy thus providing
inaccurate findings. As a result, continuous rhythm monitoring should
be considered the strategy of choice in evaluating CA outcome.

Limitations
This was a retrospective study assessing the value of LB2 ablation in
the treatment of AF. The three centres are considered as mid and
high-volume EP laboratories, and all of them are currently using different approaches for AF ablation. Thus, LB2 ablation was chosen
over the other techniques (i.e. RF and cryoenergy) according to physician preference at each investigational site. The latter may have affected the enrolment rate potentially resulting in an inevitable bias.
However, the intrinsic retrospective nature of this registry might
have been softened by a careful protocol for data collection and by
extensive inclusion criteria, which were not limited to paroxysmal AF
but encompassed also patients with persistent AF. Although in line
with other studies assessing LB ablation outcomes,5,6 the sample size
was relatively small, and the cohort evaluated was in different progressive stages of the disease; therefore, these results might be not
totally applicable to other patients’ populations. Future prospective
studies with larger samples and comparison with other techniques
(e.g. cryoballoon ablation) and same follow-up monitoring with ICMs
are necessary to confirm these promising results.
Unfortunately, a significant number of patients received the ICM
after the procedure, thus a pre-procedural AF burden estimation
could not be systematically assessed. Acute PVI was confirmed with
and without the use of 3D mapping system, and all touch-ups (that
were quite low being necessary in 15% of the cases) were performed
using the LB2, thus limiting the exact localization of the recurrence
gap and potentially affecting the lesion-set homogeneity. The LB2 ablation data were collected while electrophysiologists were still in the
middle of the learning curve, thus potentially affecting some procedural outcomes (e.g. procedural times and PVI persistency).

Conclusions
Second-generation LB ablation in the treatment of AF is safe and very
effective in achieving acute isolation and affords high rates of freedom
from arrhythmic recurrences and low ATa-burden as assessed by
continuous rhythm monitoring. The 1-year freedom from any, >5.5
and >24 h arrhythmic recurrence was 67%, 81%, and 87%, with a 0%
ATa-burden documented in the 75% of patients, respectively.
Further studies with longer follow-up are desirable to finally confirm
these promising results.
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recurrences. Moreover, >90% of patients suffered from a <5% AF
burden, which may be reasonably considered a lower thromboembolic risk condition than higher burden, as also demonstrated by
ARISTOTLE, ENGAGE AF, and ROCKET-AF trials post hoc analysis.
Similarly to the CIRCA-DOSE trial,20 which reported the clinical
results of cryoballoon vs. RF ablation assessed by ICMs, our results
highlighted the need to consider AF burden more than the single arrhythmic episode in evaluating CA outcomes. Although in this study
the 1-year success rate from any ATa is roughly 67%, this finding is in
line with previous experiences showing also that a continuous
rhythm monitoring approach represents a rigid measure of the outcome.20–23 This strategy is less forgiving as every episode beyond the
blanking-period is considered as procedure failure, regardless its duration. However, a critical assessment of ablation outcome through
AF-burden analysis is certainly more robust compared with the single-event analysis, as it may drive towards relevant patient-tailored
clinical decisions. In fact, as occurred in our study by assessing ATaburden, at 1-year follow-up 75% of patients had a 0% burden with a
64% and 47% without AADs and OAC, respectively.
Furthermore, in our cohort, 83% and 91% with PAF and 74% and
74% with PeAF had no clinically relevant ATas (>5.5 and >24 h, respectively) at 12-month follow-up. Depending on the specific cut-off
used to assess CA results, LB2 ablation outcomes have found to be
even more consistent when only clinically relevant9–11 ATas recurrences (i.e. more than 5.5 h duration) were considered. In addition, in
line with previous experiences,24,25 PAF patients were better responders to LB ablation than PeAF patients and one might also conclude that this clinical outcome would have been even better if only
PAF patients were included. These data have to be analysed in the
light of recent trials from Kirchhof et al.26 and Wazni et al.,27 underlining the importance of an early rhythm control strategy in patients
with AF. Our findings suggest that an early invasive strategy may
counter a chronic and progressive damage related to long-standing
AF and might be related to lower rates of recurrence when the ablation is performed in an early stage of the disease. Furthermore, since
AF is a progressive disease, it should be acknowledged that a 1-year
follow-up is a relatively short duration to draw conclusions about the
potential long-term effects of rhythm control therapy with LB PVI.
Therefore, further studies are needed to confirm these promising
results. We also observed a significant association between early
post-ablation ATas and late recurrences that has been similarly
reported using different energy sources (cryoballoon28 or RF
ablation29).
During the follow-up, three patients (4.1%) underwent a redo procedure due to prolonged and clearly symptomatic ATas recurrence:
two patients (2.7%) showed PV reconnections and one of those
(1.4%) experienced isthmus-dependent atrial flutter (during this procedure PVs were checked and were found to be still isolated). The
latter do the limited number we cannot draw conclusions about durability and this will be subject of further studies. If other recurrences
were due to PV reconnection or to other non-PV triggers or were
related to other form of ATas could not be demonstrated; however,
these recurrences were neither significantly long-standing nor heavily
symptomatic.
Moreover, since AF-related risks are frequently related to asymptomatic episodes30 that may trigger cerebrovascular events, there
should be an even greater emphasis when considering symptomatic
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Continuous cardiac monitoring around atrial fibrillation ablation: insights on clinical classifications and end points. Pacing Clin Electrophysiol 2016;39:805–13.
24. Boersma L, Kozluk E, Maglia G, Sousa JD, Grebe O, Eckardt L et al. Paroxysmal
and persistent atrial fibrillation ablation outcomes with the pulmonary vein ablation catheter GOLD duty-cycled phased radiofrequency ablation catheter: quality of life and 12-month efficacy results from the GOLD Atrial Fibrillation
Registry. Europace 2020;22:888–96.
25. Ouyang F, Tilz R, Chun J, Schmidt B, Wissner E, Zerm T et al. Long-term results
of catheter ablation in paroxysmal atrial fibrillation: lessons from a 5-year followup. Circulation 2010;122:2368–77.
26. Kirchhof P, Camm AJ, Goette A, Brandes A, Eckardt L, Elvan A et al.; EASTAFNET 4 Trial Investigators. Early rhythm-control therapy in patients with atrial
fibrillation. N Engl J Med 2020;383:1305–16.
27. Wazni OM, Dandamudi G, Sood N, Hoyt R, Tyler J, Durrani S et al. Cryoballoon
ablation as initial therapy for atrial fibrillation. N Engl J Med 2021;384:316–24.
28. Ciconte G, Ottaviano L, Asmundis CD, Baltogiannis G, Conte G, Sieira J et al.
Pulmonary vein isolation as index procedure for persistent atrial fibrillation: oneyear clinical outcome after ablation using the second-generation cryoballoon.
Heart Rhythm 2015;12:60–6.
29. Willems S, Khairy P, Andrade JG, Hoffmann BA, Levesque S, Verma A et al.
Redefining the blanking period after catheter ablation for paroxysmal atrial fibrillation: insights from the ADVICE (Adenosine Following Pulmonary Vein Isolation
to Target Dormant Conduction Elimination) Trial. Circ Arrhythmia Electrophysiol
2016;9:e003909.
30. Forleo GB, Martino GD, Mantica M, Carreras G, Parisi Q, Zingarini G et al.
Clinical impact of catheter ablation in patients with asymptomatic atrial fibrillation: the IRON-AF (Italian Registry on NavX Atrial Fibrillation Ablation
Procedures) study. Int J Cardiol 2013;168:3968–70.
31. Kuck KH, Brugada J, Fürnkranz A, Metzner A, Ouyang F, Chun J et al.
Cryoballoon or radiofrequency ablation for paroxysmal atrial fibrillation. J
Cardiopulm Rehabil Prev 2016;36:393–4.
32. Chun KRJ, Brugada J, Elvan A, Gellér L, Busch M, Barrera A et al. The impact of
cryoballoon versus radiofrequency ablation for paroxysmal atrial fibrillation on
healthcare utilization and costs: an economic analysis from the FIRE AND ICE
trial. J Am Heart Assoc 2017;6.

Downloaded from https://academic.oup.com/europace/advance-article/doi/10.1093/europace/euab085/6219381 by BIOTRONIC SE & CO KG user on 11 April 2021

Conflict of interest: D.G. is an employee of Biotronik Italia. All
remaining authors have declared no conflicts of interest.

11

