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ABSTRACT

Introduction and objectives: A new laser balloon that allows visualization of atrial tissue has recently been
introduced for pulmonary vein electrical isolation. The aim of this study was to evaluate the mid-term
safety and efﬁcacy of this catheter in the treatment of atrial ﬁbrillation.
Methods: Laser balloon ablation was performed in 71 patients with paroxysmal (80%) or persistent (20%)
atrial ﬁbrillation. Arrhythmia recurrence was deﬁned as any episode lasting longer than 30 seconds.
During follow-up, regular visits were performed every 3 months with 24- to 48-hour Holter tests.
Results: Isolation was possible in 275 of 278 (99%) of pulmonary veins. Mean procedure and ﬂuoroscopy
times were 154  25 and 34  15 minutes, respectively. A total of 89% of veins were isolated during the ﬁrst
attempt. The most common complication was phrenic nerve paralysis (5.6%), which appeared in only the ﬁrst
18 cases. A total of 59 patients received follow-up for a mean of 420  193 days, with a rate of arrhythmia
recurrence of 12% and 30%, respectively, in paroxysmal and persistent atrial ﬁbrillation (P = .155).
Conclusions: The laser balloon is a safe and effective system for pulmonary vein electrical isolation. Its
advantages include the capacity to adapt to pulmonary vein anatomy using a single catheter, the efﬁcacy
with which pulmonary vein electrical isolation is achieved, and the favorable mid-term clinical progress,
even for patients with persistent atrial ﬁbrillation.
ß 2015 Sociedad Española de Cardiologı́a. Published by Elsevier España, S.L.U. All rights reserved.

Aislamiento eléctrico venoso pulmonar con catéter láser en el tratamiento
de la fibrilación auricular paroxı́stica y persistente. Resultados a un año
RESUMEN

Palabras clave:
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Ablación
Catéter láser

Introducción y objetivos: Recientemente se ha introducido un nuevo catéter-balón láser para el
aislamiento eléctrico venoso pulmonar que permite la visualización del tejido auricular. El objetivo del
presente trabajo es evaluar la seguridad y la eﬁcacia a medio plazo de este catéter en el tratamiento de la
ﬁbrilación auricular.
Métodos: Se realizó ablación con catéter-balón láser a 71 pacientes con ﬁbrilación auricular paroxı́stica
(80%) y persistente (20%). Se consideró recurrencia arrı́tmica los episodios de duración > 30 s. Durante el
seguimiento se realizaron visitas periódicas cada 3 meses con Holter 24-48 h.
Resultados: Se logró aislar 275 de 278 (99%) de las venas pulmonares. Los tiempos medios de
procedimiento y de ﬂuoroscopia fueron 154  25 y 34  15 min respectivamente. Un 89% de las venas se
aislaron en el primer intento. La complicación más frecuente fue la parálisis del nervio frénico (5,6%), que
apareció solo en los primeros 18 casos. Se siguió a 59 pacientes durante una media de 420  193 dı́as, con una
tasa de recurrencia arrı́tmica del 12 y el 30% respectivamente en ﬁbrilación auricular paroxı́stica y
persistente (p = 0,155).
Conclusiones: El catéter-balón láser es un sistema seguro y efectivo para lograr el aislamiento eléctrico
de las venas pulmonares. Entre sus ventajas destaca la capacidad de adaptarse a la anatomı́a venosa
pulmonar con un único catéter y la eﬁcacia con que logra el aislamiento eléctrico de las venas
pulmonares, con una evolución clı́nica favorable a medio plazo, incluso para los pacientes con ﬁbrilación
auricular persistente.
ß 2015 Sociedad Española de Cardiologı́a. Publicado por Elsevier España, S.L.U. Todos los derechos reservados.
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Abbreviations
AF: atrial ﬁbrillation
PV: pulmonary vein

INTRODUCTION
Atrial ﬁbrillation (AF) ablation is the recommended treatment
for patients with paroxysmal or persistent AF who remain
symptomatic despite antiarrhythmic therapy.1,2
In AF ablation, the main purpose is to achieve complete
electrical isolation of pulmonary veins (PVs).3 This is usually
accomplished by point-to-point radiofrequency ablation around
the ostium of PVs using irrigated tip catheters and electroanatomical navigation systems. However, the procedure is complex and
time-consuming and has a long learning curve, with outcomes
highly dependent on the operator. These limitations have led to
the development of catheters specially designed to achieve PV
electrical isolation using other energy sources.4,5 Balloon cryoablation is the alternative to radiofrequency used at most hospitals
and for which there is more clinical experience and scientiﬁc
evidence. At present, point-to-point radiofrequency ablation and
cryoablation are the 2 most common methods used for AF
ablation.3
In recent years, a new ablation system that uses laser energy as
an ablation source has been added to the therapeutic armamentarium.6–9 The catheter is ﬁtted with an adaptable balloon and is
the ﬁrst system to allow direct visualization of the left atrium and
PVs to guide the ablation. Early clinical results show a good safety
and efﬁcacy proﬁle, as well as a greater durability of PV isolation.8,9
The aim of this study was to describe the experience at our
facility, to evaluate the efﬁcacy and safety of this laser catheter in a
series of patients referred to our hospital for ablation of
paroxysmal or persistent AF, and to report on clinical outcomes
over a mean follow-up of 1 year.

METHODS
Patients
The laser balloon ablation system ﬁrst became available for use
in our hospital in February 2013. As of that date, patients referred
for AF ablation were alternatively assigned to treatment by
radiofrequency ablation or laser ablation if they met either of the
following criteria: a) patients with symptomatic paroxysmal AF
who were refractory to at least 1 antiarrhythmic drug, and b) as of
September 2013, patients with persistent AF from < 1 year
previously who were symptomatic and refractory to at least
1 antiarrhythmic drug.
Patients with any of the following characteristics were
excluded: a) left ventricular ejection fraction < 50%; b) age < 18
years or > 75 years; c) concomitant signiﬁcant structural heart
disease, and d) left atrial diameter > 50 mm. The study obtained
results from 71 patients with AF who had been treated by lasercatheter ablation, from among a total of 137 patients referred for
AF ablation.
Description of the Laser Balloon
The ablation system (CardioFocus, Inc.; Marlborough, Maryland, United States) includes a deﬂectable sheath (inner and outer
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diameters, 12 Fr and 15 Fr), balloon catheter with an inﬂatable
diameter, endoscope, and console.
At its distal end, the balloon has a soft, nontraumatic tip to ease
insertion of the balloon catheter into each PV and to reduce the risk
of traumatic injury. The balloon diameter is adaptable and can
progressively inﬂate up to a maximum of 38 mm, in order to
maximize PV-to-balloon contact. The catheter shaft is multi-lumen
for D2O circulation to cool the balloon, for real-time visualization of
the outer balloon surface via a 2-Fr endoscope, and for an optical
ﬁber used to generate a movable light beam that covers 308. Laser
energy (980-nm diode laser) is administered through the same
optical ﬁber. Endoscopic vision is partially obstructed in the area
behind the central shaft of the balloon. Once ablation is completed
in the visible tissue around the PV, the balloon is ruptured to
complete the ablation circumference.
The console controls several parameters, among them, the
energy administered (5.5-12 W), application time (20 or 30 s), and
balloon diameter. The console has 2 images: a real-time image and
a side-by-side image of previous and current applications to ensure
continuity of the ablation line.
Ablation Procedure
Two operators (J. Osca and O. Cano) handled all cases
simultaneously. All cases were treated by cannulation of the
coronary sinus with a decapolar catheter (reference for transseptal
puncture and right diaphragmatic stimulation) and use of an
esophageal thermometer (SensiThermTM, St. Jude Medical; Minnesota, United States). Double transseptal puncture was performed
by a modiﬁed Brockenbrough technique using 2 sheaths of 8.5 Fr
(SL1; St. Jude Medical). A decapolar circular catheter was inserted
through 1 of the sheaths to map the PVs (LassoTM, Biosense
Webster; Diamond Bar, California, United States), whereas the free
SL1 sheath was switched to a deﬂectable sheath (CardioFocus),
always infused with heparinized solution. After transseptal
puncture and throughout the rest of the procedure, heparin was
administered to achieve an activated coagulation time > 300 s.
Selective angiography was then performed on the PVs, and after
venography, the laser balloon was introduced through the
deﬂectable sheath and advanced to the PV to start ablation. The
purpose of ablation was to focus the laser beam on the area closest
to the antrum, to the extent possible. Each application was
overlapped with the preceding application by 30% to 50% to
achieve a continuous ablation line. The energy administered was
adjusted according to the anterior or posterior position of the
application (8.5 W in the posterior wall; 10–12 W in the anterior
wall), according to the width of the tissue visualized (higher power
for wider tissues), and by reducing the power in the case of blood
retained or trapped by the balloon. Once ablation was completed
around each PV, the presence of bidirectional conduction block
was conﬁrmed.
Due to persistent conduction between the PV and the left
atrium, additional laser applications were performed according to
the records obtained with the LassoTM catheter.
Once the persistence of PV electrical isolation in the next
20 minutes was conﬁrmed, the procedure was ﬁnished. Adenosine
was not used in any patients to conﬁrm reconnection.
Postablation Follow-up
After ablation, patients received follow-up in the arrhythmia
outpatient clinic every 3 months. The information obtained during
follow-up included an electrocardiogram and a 24- to 48-hour
Holter at each visit. Recurrence was not considered to include
arrhythmias that appeared within the ﬁrst 3 months after ablation

Document downloaded from https://www.revespcardiol.org/?ref=192549765, day 04/12/2022. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.

490

J. Osca et al. / Rev Esp Cardiol. 2016;69(5):488–493

(blind period). Antiarrhythmic therapy was discontinued thereafter and anticoagulant therapy was maintained according to
CHA2DS2-VASc score.
The primary efﬁcacy endpoint of ablation was AF/atrial
tachycardia recurrence-free survival during follow-up. Recurrence
was deﬁned as arrhythmia episodes > 30 s on Holter monitoring or
conventional electrocardiogram.
Statistical Analysis
The statistical analysis was performed with SPSS 15.0.
Categorical variables are expressed as a percentage. Continuous
variables are expressed as mean  standard deviation.
The categorical variables were compared using the chi-squared
test. Quantitative variables were compared using the Student t test
and ANOVA.
Kaplan-Meier curves were used to analyze AF/atrial tachycardia
recurrence-free survival, and the log rank test was used to compare
survival curves for patients with paroxysmal or persistent AF.
P values < 0.05 were considered statistically signiﬁcant.

RESULTS
Patient Characteristics
Laser balloon ablation was performed in 71 patients diagnosed
with paroxysmal (57 patients) or persistent (14 patients) AF and
referred between February 2013 and March 2015 for ablation
based on clinical criteria. Mean age was 56  11 years (women,
31%), and all patients had been unsuccessfully treated with at least
1 antiarrhythmic agent. The other characteristics of the sample are
listed in Table 1. A total of 6% had a history of typical atrial ﬂutter
(prior ablation of cavotricuspid isthmus) and 1 (1.4%) patient had
undergone AF radiofrequency ablation.
The PV pattern was assessed by magnetic resonance imaging in
78% of cases and by angiography in all patients during the actual
ablation procedure (Table 2). Imaging revealed a conventional
position in 85.9% of patients, a left common trunk in 5.6%, a right
common trunk in 2.8%, and another pattern (right accessory vein)
in 5.6% of cases.
Short-term Efficacy
The procedure data are listed in Tables 3 and 4. The mean
procedure duration (from catheter introduction to withdrawal)
was 154  25 minutes, with a mean ﬂuoroscopy time of 34.4 
14 minutes. Isolation was possible in 275 of 278 (98.9%) PVs, and
isolation of all veins was achieved in 96% of patients. The isolated
veins included 100% of all veins, except the right inferior PVs, in which
case 95.6% (65 of 68) were isolated. Effective isolation was achieved in
all cases of common venous trunk, whether right or left. In 89.2% of
PVs, electrical isolation was achieved with completion of the ﬁrst line
of ablation. In the remaining 10.8%, additional applications were
necessary. The mean time used for isolation of each vein, considered
to be the time from balloon introduction to vein isolation, was 16 to
19 minutes per vein. The left common trunk was the venous structure
requiring the highest number of applications and the longest ablation
times to achieve isolation. The mean power level used and the mean
number of lesions needed to isolate each vein are listed in Table 4.
The learning curve was assessed by analyzing the procedure
time every 20 patients (Figure 1). The total procedure duration and
ﬂuoroscopy time were shortened by an average of 10 minutes
every 20 cases, differences that were statistically signiﬁcant in the
case of ﬂuoroscopy time (P < .0001). The reduction in times

Table 1
Population Characteristics
Total population
(n = 71)

Paroxysmal AF
(n = 57)

Persistent AF
(n = 14)

Age, y

56  11

55  11

10  9

Women

22 (31)

20 (35)

2 (14)

Years of AF

4.9 [1-23]

45

76

Hypertension

36 (51)

29 (51)

6 (50)

Diabetes mellitus

6 (9)

5 (9)

1 (8)

Dyslipidemia

26 (37)

20 (35)

5 (42)

Active

6 (9)

5 (9)

1 (8)

Former

19 (27)

11 (19)

8 (57)

BMI

29.2  6

29  6

31  7

CHA2DS2-VASc

1.15  1.14

11

11

CrCl, mL/min

92  26

92  28

92  17

Beta-blockers

41 (58)

33 (58)

8 (67)

Flecainide

37 (52)

32 (56)

5 (42)

Propafenone

4 (6)

4 (7)

0 (0)

Dronedarone

6 (9)

5 (9)

1 (8)

Amiodarone

18 (26)

11 (19)

7 (58)

Coumarin derivatives

31 (44)

20 (35)

11 (79)

NOACs

10 (15)

7 (12)

3 (21)

ASA

10 (15)

10 (18)

0 (0)

LVEF, %

62.1  11

63  12

59  10

Left atrial area, mm2

26  8

24  7

32  10

Smoking

Treatment

ASA, acetylsalicylic acid; AF, atrial ﬁbrillation; BMI, body mass index; CHA2DS2VASc, congestive heart failure, hypertension, age  75 (doubled), diabetes, stroke
(doubled)-vascular disease and sex category (female); CrCl, creatinine clearance;
LVEF, left ventricular ejection fraction; NOACs, new oral anticoagulants.
Data are expressed as No. (%) or mean  standard deviation or median [range].

plateaued at patient #40, and remained stable at procedure and
ﬂuoroscopy times of around 145 and 25 minutes, respectively.
Complications
Three (4.2%) patients had minor femoral bruising that resolved
with noninvasive treatment, and 1 (1.4%) patient had a femoral
Table 2
Vein Anatomy
Pulmonary vein pattern
Normal

61 (85.9)

Left common venous trunk

4 (5.6)

Right common venous trunk

2 (2.8)

Right accessory vein

4 (5.6)

Left atrium
Diameter, mm

36.7  8

Area, cm2

26  4

Maximum indexed volume, mL/m2

55.4  18

Pulmonary vein ostial diameter, mm
LSPV

8.5-25.0

LIPV

7-30

RSPV

9-26

RIPV

10-28

LIPV, left inferior pulmonary vein; LSPV, left superior pulmonary vein; RIPV, right
inferior RIPV, right superior pulmonary vein.
Data are expressed as No. (%) or mean  standard deviation or ranges.
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Table 3
Ablation Data (n = 70)
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180
160

275/278 (98.9)

140

Veins isolated at first attempt

248/278 (89.2)

120

Time, min

Veins isolated

Attempts per vein
RSPV

1.12  0.4

RIPV

1.13  0.4

Right common trunk

10

LSPV

1.2  0.5

LIPV

10

Left common trunk

1.5  1

Ablation lesions per patient

113.15  28

Fluoroscopy time, min

34.4  14.7 [9-81]

Procedure time, min

154  25 [94-220]

163

156
145

100
80
60

45

36

40

24

20
0

First 20 cases

Second 20 cases

Procedure time

Final cases

Fluoroscopy time

Figure 1. Mean procedure (P = .1) and ﬂuoroscopy (P = .05) times.

Time to insulation, min

Clinical Result During Follow-up

RSPV

18.3  10.7

RIPV

17.9  10

Right common trunk

16.5  0.7

LSPV

18.8  7.2

LIPV

15.7  6.1

Left common trunk

43.3  16.4

LIPV, left inferior pulmonary vein; LSPV, left superior pulmonary vein; RIPV, right
inferior pulmonary vein; RSPV, right superior pulmonary vein.
Data are expressed as no./No. (%) or mean  standard deviation [range].

pseudoaneurysm that required surgery. Two patients (2.8%, cases
#23 and #54) had pericardial effusion related to manipulation of
the ablation sheath: in one, this occurred during ablation attempts
on the right inferior PV (after complete ablation of the other veins)
and resolved with pericardiocentesis, and in the other, the
procedure was complicated after sheath introduction in the left
atrium and before ablation began. The latter required surgery for
laceration of the base of the left atrial appendage.
Four (5.6%) patients experienced right phrenic nerve paralysis
at the end of procedure. These cases appeared in the ﬁrst
18 ablations undertaken, but there were no additional cases of
diaphragmatic paralysis thereafter. Due to the complication, a
change was made in the ablation techniques for the right superior
PV, with particular attention given to performing antral ablation
and controlling the power at a maximum of 10 W in the
anterosuperior segment of the right superior PV.
There were no cases of atrial-esophageal ﬁstula; 6 (8.5%)
patients showed elevated esophageal temperature during laser
application to the posterior wall. This ﬁnding required a change to
the ablation line (toward the interior or exterior of the vein) and a
reduction in the energy applied but did not hinder PV isolation in
any case. No patient experienced stroke.

The ﬁrst 59 patients treated were followed for a mean period of
420  193 (range, 121-753) days; at the time of follow-up, 30% were
receiving antiarrhythmic therapy. A total of 12% of patients with
paroxysmal AF had at least 1 recurrence of AF/atrial tachycardia,
compared with 30% of patients with persistent AF (P = .155). Figure 2
shows the AF/atrial tachycardia recurrence-free survival curves
(Kaplan-Meier) for both patient groups. Patients with paroxysmal
AF showed greater arrhythmia recurrence-free survival: 21 (95%
conﬁdence interval, 19.6-23.4) months, compared with 12.9 (95%
conﬁdence interval, 9.9-15.8) months (log rank test, P = .20).
One patient was treated by a new ablation procedure 4 months
after the initial ablation, due to recurrent atrial ﬂutter crises (not
observed before the initial ablation). During the study, isthmusdependent ﬂutter was induced and then ablated. Lastly, the left
atrium was accessed to conﬁrm electrical reconnection of the left
inferior PV only, followed by point-by-point isolation of the ﬂoor of
the vein antrum. One of the other patients was pending repeated
ablation, whereas all others had arrhythmia recurrence while not
receiving antiarrhythmics but became stable and asymptomatic
once they were reintroduced. In keeping with patients’ preferences, a new ablation procedure was not ordered.
During follow-up, no additional complications were detected
other than those at 24 hours after ablation, and recovery from
diaphragmatic paralysis was observed in 3 of the 4 cases.

DISCUSSION
This study describes the experience at our hospital with a
balloon catheter designed for PV electrical isolation by laser in a
series of 71 patients with paroxysmal or persistent AF. The main
ﬁndings of the study were as follows: a) the laser balloon was

Table 4
Number and Type of Pulmonary Veins Isolated (n = 278)
PVs

PVs isolated by laser

PVs isolated at ﬁrst attempt

RSPV

68

68 (100)

61 (89.7)

9.6  0.9

30  11

RIPV

68

65 (95.6)

57 (83.8)

9.1  1

26  10

RCT

Applied power, W

9  1.41

Applications per vein

2

2 (100)

2 (100)

LSPV

66

66 (100)

55 (83.3)

9.5  0.7

33  11

LIPV

66

66 (100)

66 (100)

9.4  0.8

28  8

LCT

4

4 (100)

3 (75)

Other (right accessory vein)

4

4 (100)

4 (100)

9.25  0.4
8.6  0.6

31  10

71  30
20  7

LCT, left common trunk; LIPV, left inferior pulmonary vein; LSPV, left superior pulmonary vein; PVs, pulmonary veins; RCT, right common trunk; RIPV, right inferior
pulmonary vein; RSPV, right superior pulmonary vein.
Data are expressed as No. (%) or mean  standard deviation.
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1
Paroxysmal AF

treated by laser balloon achieved a short-term ablation success
rate of 98.8% of PVs.9 All these results show that the laser balloon is
an effective system to achieve complete PV isolation.

0.8

AF/AT-free survival

Persistent AF

Procedure Times

0.6

In our series, the mean ablation procedure and ﬂuoroscopy
times were 155  225 minutes and 34  14 minutes, respectively,
similar values to those previously described for AF ablation by laser
catheter.7–9 Likewise, the procedure duration was similar or even
shorter than that published for other AF ablation techniques.13,14
Lastly, a reduction in the mean procedure and ﬂuoroscopy
times of around 10 minutes was observed every 20 procedures
performed, with stable times achieved around 145 and 25 minutes,
respectively.

0.4

0.2

0
0

2

4

6

8

10

12

14

Time, months
Figure 2. Atrial ﬁbrillation/atrial tachycardia-free survival curve (KaplanMeier) during follow-up after laser balloon ablation in patients with
paroxysmal atrial ﬁbrillation or persistent atrial ﬁbrillation (log rank test,
P = .2). AF, atrial ﬁbrillation; AT, atrial tachycardia.

highly effective in achieving PV electrical isolation; b) its design
allowed adaptation to different PV anatomies with a single
catheter; c) the device had a rapid learning curve; d) the main
complication associated with use was phrenic nerve paralysis,
with overall complication rates similar to those published with
other ablation systems, and e) good mid-term clinical efﬁcacy is
achieved, with arrhythmia recurrence-free survival > 85% in
paroxysmal AF and > 70% in persistent AF.

Short-term Efficacy
The purpose of paroxysmal AF ablation is PV electrical isolation.
Several recently published studies provide deﬁnitive evidence on
the need to achieve complete bidirectional conduction block to
reduce AF recurrence. Similarly, the COR10 and GAP-AF11 studies
compared an ablation procedure to achieve complete PV isolation
compared with a simpliﬁed ablation procedure aiming at
incomplete isolation. In both studies, the most important
independent predictor of arrhythmia recurrence was the absence
of complete isolation of all PVs during the initial ablation
procedure.
Ablation in persistent AF is less standardized, however, and the
guidelines recommend substrate ablation additional to pulmonary
electrical isolation.3 In this context, the role of the balloon catheter
would be less deﬁned. Nonetheless, there is no clear evidence of
the superiority of more extensive ablation in persistent AF. In
addition, the STAR AF II study12 raises questions regarding the
performance of ablation lines or the elimination of fragmented
potentials and conﬁrms that the main purpose of ablation of
persistent AF, as in the case of paroxysmal AF, is to achieve
permanent PV electrical isolation. Consequently, the balloon
catheter could also play a therapeutic role in persistent AF.
The laser ablation catheter is an alternative to conventional
ablation using radiofrequency or cryoablation. In our experience,
which also considered the learning curve with this system, the
balloon catheter adapted to each patient’s vein anatomy allowed
successful ablation of most veins and all venous trunks. These
outcomes reﬂect the capacity of the laser balloon to modify its
diameter by adapting itself to the diameter of each PV, including PV
trunks and smaller-diameter veins. These ﬁndings are consistent
with those published by other groups. In addition, a multicenter
registry that collected experience with the ﬁrst 200 patients

Safety
In our series, the most common complication was diaphragmatic paralysis, which affected 4 (5%) patients. However, the
disorder was transient, and recovery was observed in 3 of the
4 cases. This ﬁgure is slightly higher than that published by other
studies that have evaluated the laser balloon (incidence, 2%-4.5%).
In our study, the learning curve for the technique was seen to be
related, as all diaphragmatic paralyses appeared in the ﬁrst
18 cases.
Diaphragmatic paralysis is a known complication of other
cardiac ablation procedures.14,15 For cryoablation, the main
complication is AF, with published ﬁgures of up to 10%.14 This
complication has been related to the use of the smallest
cryoablation balloon located in the right superior PV, which would
be associated with a higher risk of cooling of the adjacent anatomic
structures. Likewise, excessive balloon pressure against the atrium
at the juncture with the right superior PV could shorten the distance
to the phrenic nerve.16 Both hypotheses may also explain the
appearance of diaphragmatic paralysis during laser balloon
ablation. Once we changed our practice in ablation of the right
superior PV, there were no new episodes of phrenic nerve paralysis.
The second most common complication was the appearance of
vascular complications, most without adverse consequences. Only
1 (1.4%) patient required surgery for a femoral pseudoaneurysm,
with good postoperative outcome.
The most important complication was pericardial effusion in
1 patient who required surgical treatment.
There were no cases of stroke or transient ischemic attack.
Other studies with the laser balloon have shown a low incidence of
stroke and peripheral embolism. A multicenter series with
200 patients reported no strokes, and a study to compare
cryoablation with laser-balloon ablation observed only 1 transient
ischemic attack with the latter technique.9,16 Apart from diaphragmatic paralysis, these ﬁgures are consistent with those published
previously, with an incidence of relevant complications after the
ablation procedure around 4% to 4.5%.17
Mid-term Clinical Results
In our series, laser-catheter ablation was associated with an
arrhythmia recurrence-free survival during a mean follow-up > 1
year of 88% of patients with paroxysmal AF and 70% of patients
with persistent AF. Compared with the results from early studies
on the laser balloon (around 65% of recurrence-free survival at
12 months of follow-up),8,9 our study observed greater mid-term
efﬁcacy. These positive results may be due to the routine use of
more energy in areas at higher risk of electric reconnection,
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particularly at the ridge between the left atrial appendage and the
left PV (applying 10 to 12 W). In addition, previous studies with the
laser balloon have identiﬁed excessively ostial ablation as a
possible cause of arrhythmia recurrence. In our series, particularly
after the ﬁrst few cases, particular attention was paid to applying
the laser in a proximal position in the vein antrum. It was also
impossible to exclude differences in the populations assessed due
to the differences found. However, the overall results of our series
were obtained in a population that also included patients with
persistent AF who had been excluded in the initial studies.
Lastly, we have no data to indicate the superiority of any
particular ablation method. The results obtained with the laser
catheter in our series were at least as good as published results
obtained at highly experienced facilities using radiofrequency or
second-generation cryoballoon. Only 1 study has compared laser
ablation with cryoablation in patients with paroxysmal AF.14 In
that study, both strategies showed similar results after a 1-year
follow-up. However, a tendency toward greater recurrent-free
survival was observed in the laser treatment group, which had a
lower incidence of reconnected veins after the performance of a
second ablation procedure.

Limitations
This study reﬂects early experience obtained with the laser
ablation catheter at a single facility, with no comparison to a
control group. Prolonged monitoring (7-day Holter or insertable
Holter) was not performed and, therefore, arrhythmia recurrences
could have been underestimated, particularly due to asymptomatic episodes. Moreover, the small sample size requires that larger
prospective and randomized studies with various ablation
techniques be conducted to evaluate possible differences in
efﬁcacy and to determine which subgroups might beneﬁt from
particular techniques.

CONCLUSIONS
The laser balloon is a safe and effective system for PV electrical
isolation. Its advantages include the capacity to adapt to PV
anatomy using a single catheter, the efﬁcacy of pulmonary
electrical isolation, the good mid-term outcomes in patients with
paroxysmal AF, the promising results in patients with persistent AF
(which should be conﬁrmed in future studies), and the overall
complication rates, which are similar to those published with other
ablation systems.
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González-Ferrer JJ, et al. The COR trial: a randomized study with continuous
rhythm monitoring to compare the efﬁcacy of cryoenergy and radiofrequency
for pulmonary vein isolation. Heart Rhythm. 2014;11:8–14.
11. Kuck KH, Willems S, Breithardt G; GAP-AF Study Investigators. GAP-AF AFNET-1
trial. Europace. 2013;15:ii270–92.
12. Verma A, Jiang CY, Betts TR, Chen J, Deisenhofer I, Mantovan R, et al; STAR AF II
Investigators. Approaches to catheter ablation for persistent atrial ﬁbrillation. N
Engl J Med. 2015;372:1812–22.
13. Arbelo E, Brugada J, Hindricks G, Maggioni A, Tavazzi L, Vardas P, et al; Atrial
Fibrillation Ablation Pilot Study Investigators. ESC-EURObservational Research
Programme: the Atrial Fibrillation Ablation Pilot Study, conducted by the
European Heart Rhythm Association. Europace. 2012;14:1094–103.
14. Andrade JG, Khairy P, Guerra PG, Deyell MW, Rivard L, Macle L, et al. Efﬁcacy and
safety of cryoballoon ablation for atrial ﬁbrillation: a systematic review of
published studies. Heart Rhythm. 2011;8:1444–51.
15. Bai R, Patel D, Di Biase L, Fahmy TS, Kozeluhova M, Prasad S, et al. Phrenic nerve
injury after catheter ablation: should we worry about this complication? J
Cardiovasc Electrophysiol. 2006;17:944–8.
16. Bordignon S, Chun KR, Gunawardene M, Fuernkranz A, Urban V, Schulte-Hahn
B, et al. Comparison of balloon catheter ablation technologies for pulmonary
vein isolation: the laser versus cryo study. J Cardiovasc Electrophysiol. 2013;24:
987–94.
17. Calkins H, Reynolds MR, Spector P, Sondhi M, Xu Y, Martin A, et al. Treatment of
atrial ﬁbrillation with antiarrhythmic drugs or radiofrequency ablation: two
systematic literature reviews and meta-analyses. Circ Arrhythm Electrophysiol.
2009;2:349–61.

