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Abstract
Background Catheter ablation for persistent atrial fibrillation (persAF) is associated with less favorable outcomes than for
paroxysmal AF. To improve success rates, left atrial (LA) substrate modification is frequently performed in addition to pulmo-
nary vein isolation (PVI). The purpose of the study was to compare 4 different ablation approaches using radiofrequency catheter
ablation (RFCA) or cryoballoon ablation (CB-A) for persAF and to evaluate the respective outcomes on a midterm follow-up of
12 months.
Methods We did a propensity score–matched comparison of 30 patients undergoing PVI + LA posterior wall isolation (LAPWI)
with CB-A, 30 patients who underwent PVI + linear ablation (roof and mitral lines) using RFCA, 60 patients with PVI alone
using CB-A, and 60 patients who had PVI alone using RFCA. The endpoint was recurrence of documented atrial tachyarrhyth-
mias (ATas) > 30 s at 1-year follow-up.
Results After 12months, freedom fromATas after a single procedure was 83.3% in the PVI + LAPWI group, 46.7% in the PVI +
linear ablation group, 58.3% in the PVI-alone CB-A group, and 61.6% PVI-alone RFCA (p = 0.03). Moreover, freedom from
ATas was significantly higher comparing the PVI + LAPWI group with each of the other groups.
Conclusions In this propensity-matched comparison of strategies for persAF, LAPW ablation in addition to PVI with CB-A
seems to improve 1-year outcome in comparison to PVI + linear ablation using RFCA and to PVI alone using RFCA or CB-A.
Randomized comparisons are eagerly awaited.
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1 Introduction

Transcatheter ablation is a well-established treatment for par-
oxysmal atrial fibrillation (AF) [1]. Conversely, clinical

outcomes are less encouraging when dealing with persistent
atrial fibrillation (persAF) [2, 3]. In order to improve success
rates, left atrial (LA) substrate modification is frequently per-
formed in addition to pulmonary vein isolation (PVI). In this
setting, various strategies have been proposed [4–8]. In the
present study, we compared 4 different ablation approaches
to PersAF and evaluated the respective outcomes on a mid-
term follow-up of 12 months.

2 Methods

2.1 Study population

Patients undergoing index ablation for PersAF were included
in the study. We considered the following exclusion criteria:
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presence of paroxysmal atrial fibrillation, previous AF abla-
tion or cardiac surgery, congenital heart disease, non-treated
coronary artery disease, intracavitary thrombus, significant
valvular disease, contraindications to general anesthesia, and
contraindication to anticoagulation with heparin, or coumadin,
direct thrombin/factor Xa inhibitors.

PersAFwas defined as lasting longer than 7 days, including
episodes that were terminated by cardioversion, either with
drugs or by direct current cardioversion, after 7 days or more
as per current guidelines [9].

A first group of 30 consecutive patients who underwent
PVI + LA posterior wall isolation (LAPWI) with cryoballoon
ablation (CB-A) enrolled between November 2018 and
January 2019 was considered for our analysis. As from
January 2013, a second group of 55 patients who underwent
PVI + linear ablation (roof and mitral lines) using point by
point radiofrequency catheter ablation (RFCA), a third group
of 608 patients who underwent PVI with CB-A, and a fourth
group of 301 patients who underwent PVI with RFCA were
taken into consideration. The study was observational and
retrospective in nature.

2.2 Propensity score group matching

Propensity score group matching was carried out at a 1:1 ratio
for the second group and a 1:2 ratio for PVI-only groups,
according to the following variables: (1) age; (2) sex; (3)
CHA2DS2-VASc score; (4) LA size; (5) left ventricular ejec-
tion fraction (LVEF); and (6) mean AF duration. Therefore, a
total of 30 patients formed the PVI + LAPWI group, 30 pa-
tients formed the PVI + linear ablation group, 60 patients
formed PVI-alone CB-A group, and 60 patients formed PVI-
alone RFCA group.

The study protocol was carried out in accordance with the
ethical principles for medical research involving human sub-
jects established by the Declaration of Helsinki and was ap-
proved by the local ethics committee of our Institution. All
patients provided written informed consent to the ablation
procedure.

2.3 Cryoballoon ablation

2.3.1 Pulmonary vein isolation

Our standard pre-procedural management and ablation has
been previously described in detail [10, 11]. After having
obtained LA access, through a steerable 15 Fr sheath
(FlexCath Advance ®, Medtronic©, Minneapolis, MN,
USA), an inner lumen mapping catheter (Achieve®,
Medtronic©, Minneapolis, MN, USA) was advanced in the
LA and was positioned in each pulmonary vein (PV) ostium.
A 28-mm CB (Arctic Front Advance ™, Medtronic©,
Minneapolis, MN, USA) was advanced inflated and

positioned in each PV ostium with the aim of reaching an
optimal vessel occlusion defined by total contrast retention
and absence of backflow into the LA after a selective injec-
tion. Our ablation sequence was left superior PV (LSPV) first,
followed by the left inferior PV (LIPV), right inferior PV
(RIPV), and right superior PV (RSPV). After obtaining a sat-
isfactory vein occlusion, a standard 180-s cryoapplication was
started with the aim of reaching −40° within the first minute.
In case the temperature did not attain this value, an extra 180-s
freeze was delivered. During the right PV ablation, diaphrag-
matic stimulation was achieved by phrenic nerve pacing in
order to avoid phrenic nerve palsy. During the whole proce-
dure, heparin infusion was titrated to maintain an activated
clotting time (ACT) value over 300 s.

2.3.2 Posterior wall ablation

In order to achieve the LAPWI, the Achieve® catheter was
placed deeply in the LSPV to anchor the CB, with the distal
balloon-freezing surface oriented towards the LAPW.
Standard cryothermal lesions lasted 180 s. The first
cryoapplication was performed very close the LSPV ostium
in order to mildly overlap the lesion with the previous one
created during LSPV isolation.

By a clockwise rotation and progressive “pullback” of the
sheath while keeping the CB in contact with the posterior wall,
consecutive freezes were applied along the LAPW in an over-
lapping manner. The same maneuvers were performed with the
Achieve® catheter placed inside the RSPV but with a counter-
clockwise rotation. At the end of the procedure, entrance and
exit block pacing maneuvers were used to confirm LAPWI,
while the Achieve catheter was positioned in the posterior atrial
wall. A multielectrode mapping catheter (Pentaray, Biosense
Webster, USA) has been used to create a high-density 3D
electroanatomical map (CARTO 3, Biosense Webster, USA).
Areas of low voltage were defined as < 0.15 mV.

Every procedure was performed under esophageal temper-
ature monitoring: the CIRCA’s S-CATHTM Esophageal
Temperature Monitoring System (Circa Scientific,
Englewood, Colorado). Cryoballoon applications were
interrupted in case of recorded inner esophageal temperatures
of 15 °C or less.

2.4 Radiofrequency catheter ablation

2.4.1 Pulmonary vein isolation

A double transseptal puncture was performed to gain access to
LA. A circumferential mapping catheter (Lasso™, Biosense
Webster©) was positioned into the LA. LA geometry was
obtained using a 3D mapping system (CARTO®, Biosense
Webster©). Furthermore, in the initial series of patients,
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multiple fluoroscopic projections were performed to meticu-
lously delineate the PV ostia.

A 4-mm tip irrigated catheter with contact-force (CF) sensor
(Thermocool, SmartTouch™, BiosenseWebster©) was used to
perform radiofrequency applications in a power-controlled
mode with a power limit of 35 W and at a maximum temper-
ature of 48 °C. Power was limited to 25Won the posterior sites.
Our ablation strategy consisted of the encirclement of ipsilateral
PVs by creating contiguous lesions at a distance >5 mm from
the ostia. The circumferential mapping catheter was used to
confirm PVI and bidirectional block with a waiting time of
20 min after last application. During the whole procedure,
ACT was maintained over 300 s with heparin infusion.

2.4.2 Roof and mitral lines

Ablation of LA roof was performed by creation of a linear line
between the superior PVs while the mitral line was created
between the posterolateral mitral annulus and the left inferior
PV ostium. A total of 35W for the mitral line and 30W for the
roof line were used as power limits for the ablation, performed
using the same aforementioned 4-mm tip irrigated catheter
with a long-sheath (SL-O, St. Jude Medical©). During every
application, RF was applied until the electrogram amplitude
was decreased by > 80% or the local potential split.
Differential pacing from LA appendage versus LA posterior
wall and pacing from the LA appendage versus LA septum
confirmed bidirectional block across roof and mitral line. If
mitral isthmus linear block was not achieved by an endocar-
dial ablation, epicardial ablation from the coronary sinus (CS)
was performed. Ablation within the CS was performed in a
power-controlled mode with a power limit of max 25 W and
RF deliveries of 40–120 s.

2.4.3 Postprocedural management and follow-up

After the procedure, patients were continuously monitored via
telemetry for at least 18 h, and a TTE was performed before
the discharge, to exclude possible procedure-related compli-
cations. Oral anticoagulation was started the same evening of
ablation and continued for at least 3 months. The same anti-
arrhythmic medications that patients were used to assume
were prescribed after the ablation for at least 3 months, and
after that time, their discontinuation was recommended. After
discharge, patients were scheduled for follow-up visits with
baseline ECG and 24 h Holter recordings at 3, 6, and 12
months. After a 90-day post-ablation blanking period (BP),
all atrial tachyarrhythmia (ATa) episodes > 30 s, documented
with standard ECG or 24 h ECG Holter monitoring, were
considered a recurrence. For all the patients complaining dys-
phonia, palpitations, or thoracic pain following the ablation
procedure, an additional Holter monitoring was prescribed.

2.5 Statistical analysis

Continuous variables are reported as mean ± standard devia-
tion, while categorical variables are presented as absolute
numbers and percentages. Comparison of continuous data be-
tween groups was performed with the Student t test for inde-
pendent samples or Mann-Whitney U test, while one-way
ANOVA or Pearson χ2 was used for comparison of categor-
ical variables. Arrhythmia-free survival curves for each group
are presented as Kaplan-Meier plots, and time-to-event anal-
ysis was performed using the logrank test.

All tests were 2-sided, and a p value of 0.05 was considered
statistically significant. Analyses were performed with the SPSS
23.0 statistical software (IBM Company, Chicago, IL, USA).

3 Results

3.1 Baseline characteristics

Baseline patient characteristics are reported in Table 1. The 4
groups were well-balanced, with no significant differences in
patient demographics, antiarrhythmic medication before ad-
mission, and echocardiographic findings.

3.2 Procedural characteristics

At the time of ablation, 97 patients (53.9%) were in AF.
Restoration of sinus rhythm during ablation occurred in 19/
97 patients (19.6%), in 3/16 patients (18.8%) in the PVI +
LAPWI group, in 3/15 patients (20%) in the PVI + linear
ablation group, in 5/35 patients (14.3%) in the PVI-alone
CB-A group, and in 8/31 patients (25.8%) in the PVI-alone
RFCA group (p = 0.71). Procedure characteristics are reported
in Table 2. For PVI procedures with CB-A, there were no
differences in the ablation parameters between the PVI+
LAPWI group and the PVI-alone group. For PVI with
RFCA, characteristics were similar between the PVI + linear
ablation group and the PVI-alone group.

In the PVI+LAPWI group, interruption of the application
due to a luminal esophageal temperature (LET below 15 °C)
occurred in 3 patients (10%), without however jeopardizing
the complete LAPWI.

In the PVI + linear ablation group, a LA roof line block was
successfully created in all patients; a mitral line block was ade-
quately performed in 25/30 (83.3%); in the remaining 5 patients
(16.7%), the block was completed by RFCA within the CS.

Procedure and fluoroscopy time were significantly differ-
ent in the 4 groups (Fig. 1, p < 0.001); these were shorter for
the PVI-alone CB-A group (59.9 ± 11.5 min and 12.8 ± 5.4
min) and for PVI + LAPWI group (93 ± 18.1 min and 20 ± 5.6
min) as compared with PVI-alone RFCA group (142.9 ±
24.6 min and 24.7 ± 7.3 min) and as compared with PVI +
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linear ablation group (164.9 ± 26.8 min and 37.8 ± 8.2 min) (p
< 0.01 for both comparisons). In the CB-A groups, procedure
and fluoroscopy time were significantly lower in the PVI-
alone CB-A group (p < 0.01). Moreover, these were signifi-
cantly shorter in the PVI-alone RFCA group than PVI + linear
ablation group (p < 0.01).

3.3 Procedural adverse events

No deaths or cerebrovascular events occurred in the peri-
procedural period and during the entire follow-up.

Adverse events occurred in 7 patients in the total pop-
ulation (3.9%). Cardiac tamponade occurred in 1 of 180
patients (0.6%); in the PVI + linear ablation group, instan-
taneous pericardiocentesis was successfully performed.
One of the 180 patients had a pseudoaneurysm requiring
surgical treatment (0.6%), in the PVI-alone CB-A group.
In the CB-A groups (n = 90), transient phrenic palsy
(5.6%) was observed in 5 patients, 2 (6.6%) occurred in
the PVI + LAPWI group, and 3 (5%) in the PVI-alone
CB-A group, with complete resolution before the end of
the procedure.

Table 2 Procedure characteristics

PVI + LAPWI (CB-A) PVI + lines (RFCA) PVI CB-A PVI RFCA p

CB-A

Applications to achieve PVI (per patient) 4.96 ± 1.44 - 5.02 ± 1.34 - 0.82

Duration single application PV (s) 183.47 ± 10.91 - 181.55 ± 10.27 - 0.81

Time to isolation PV (s) 40.82 ± 13.79 - 42.23 ± 15.01 - 0.62

Isolation temperature PVI (C°) −30.60 ± 6.54 - −31.25 ± 5.03 - 0.60

Min temperature PV (°C) −52.28 ± 3.75 - −50.67 ± 3.03 - 0.18

Min temperature LAPW (°C) −40.13 ± 3.96 - - -

Applications to achieve LAPWI 8.25 ± 0.8 - - -

Duration single application LAPW (s) 178.4 ± 5.15 - - -

RFCA

Energy application time PVI (min) - 41.72 ± 7.57 - 43.12 ± 9.4 0.49

Contact-force PVI (grams) - 16.15+ 8.3 - 18.7 ± 8.1 0.23

Energy application time roof line (min) - 6.7 ± 2.7 - -

Energy application time mitral line (min) - 11.1 ± 5.21 - -

Fluoroscopy time (min) 20 ± 5.6 37.8 ± 8.2 12.8 ± 5.4 24.7 ± 7.3 <0.001

Total procedure time (min) 93 ± 18.1 164.9 ± 26.8 59.9 ± 11.5 142.9 ± 24.6 <0.001

PVI, pulmonary vein isolation; LAPWI, left atrial posterior wall isolation; CB-A, cryoballoon ablation; RFCA, radiofrequency catheter ablation

Table 1 Baseline characteristics

PVI+LAPWI (CB-A)
(n = 30)

PVI + lines (RFCA)
(n = 30)

PVI CB-A
(n = 60)

PVI RFCA
(n = 60)

p

Age (years) 58.1 ± 11.5 55.5 ± 9.8 55.3 ± 8.6 58.16 ± 9 0.26

Sex (male) 19 (63.3%) 19 (63.3%) 33 (55%) 37 (61.7%) 0.81

CHA2DS2-VASc score 1.2 ± 1.1 1.5 ± 1.4 1.3 ± 1.3 1.5 ± 1.3 0.72

LVEF (%) 57.4 ± 6.2 56.7 ± 5.8 57.5 ± 6.5 56.6 ± 7.9 0.88

LA dimension (mm) 42.7 ± 8.2 45 ± 7 44 ± 9 46.2 ± 6.9 0.19

Mean AF duration (months) 33 ± 21.9 41 ± 38 26.9 ± 21.9 29.8 ± 26.2 0.10

Antiarrhythmic medications

Class IC 5 (16.7%) 5 (16.7%) 15 (25%) 15 (25%) 0.66

Class II 14 (46.7%) 16 (53.3%) 29 (48.3%) 27 (45%) 0.90

Class III 10 (33.3%) 11 (36.7%) 24 (40%) 22 (36.7%) 0.94

Class IV 1 (3.3%) 2 (6.7%) 2 (3.3%) 2 (3.3%) 0.86

PVI, pulmonary vein isolation; LAPWI, left atrial posterior wall isolation; CB-A, cryoballoon ablation; RFCA, radiofrequency catheter ablation; LVEF,
left ventricular ejection fraction; LA, left atrium; AF, atrial fibrillation
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3.4 Follow-up

3.4.1 Freedom from atrial tachyarrhythmia

All 180 patients (100%) completed the 1-year follow-up.
Overall freedom from ATas at 3, 6, and 12 months was
85%, 72.2%, and 61.7%, respectively following a single
procedure. At 12 months, freedom from ATas was signif-
icantly different among the four groups (83% PVI +
LAPWI; 46.7% PVI + linear ablation; 58.3% PVI-alone

CB-A; 61.6% PVI-alone RFCA, log rank p = 0.03).
Moreover, it was significantly higher comparing the PVI
+ LAPWI group with each of the other groups (vs PVI +
linear ablation group log rank p = 0.003; vs PVI-alone
CB-A log rank p = 0.03; vs PVI-alone RFCA log rank p
= 0.04). Otherwise, there was no significant difference
comparing PVI + linear ablation group, PVI-alone CB-A
group, and PVI-alone RFCA group (log rank p = 0.33).
Kaplan-Meier survival curves showing each group’s cu-
mulative arrhythmia-free survival are presented in Fig. 2.

Fig. 1 The histogram shows the
procedural and fluoroscopy times
of the 4 groups. PVI, pulmonary
vein isolation; LAPWI, left atrial
posterior wall isolation; CB-A,
cryoballoon ablation; RFCA,
radiofrequency catheter ablation

Fig. 2 Kaplan-Meier curves
showing time to first recurrence
of atrial tachyarrhythmias after
the 3-month blanking period.
PVI, pulmonary vein isolation;
LAPWI, left atrial posterior wall
isolation; CB-A, cryoballoon ab-
lation; RFCA, radiofrequency
catheter ablation
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3.4.2 Atrial arrhythmia recurrences

During the BP, 67 patients (37.2%) had arrhythmia recur-
rences: 10 (33.3%) in the PVI + LAPWI group, 14 (46.7%)
in the PVI + linear ablation group, 19 (31.7%) in the PVI-
alone CB-A group, and 24 (40%) in the PVI-alone RFCA
group (p = 0.51). Of these, 31/67 (46.3%) were not recorded
after BP, 6/10 (60%) in the first group, 8/14 (57%) in the
second group, 5/19 (26%) in the third group, and 12/24
(50%) in the fourth group. After BP, during follow-up, 69
(38.3%) patients had arrhythmia recurrences: 5 (16.7%) in
the PVI + LAPWI group, 16 (53.3%) in the PVI + linear
ablation group, 25 (41.7%) in the PVI-alone CB-A group,
and 23 (38.3%) in the PVI-alone RFCA group (p = 0.03).

Of these, 10/69 (14.5%) were regular atrial tachycardia
(RAT), and 59/69 (85.5%) were AF. RAT occurred in 2 pa-
tients (6.7%) in the PVI + LAPWI group, 5 (16.7%) in the PVI
+ linear ablation group, 2 (3.3%) in the PVI-alone CB-A
group, and 1 (1.7%) in the PVI-alone RFCA group (p =
0.02). RAT occurrence was significantly higher in the PVI +
linear ablation group in comparison to that in the PVI-alone
CB-A (p = 0.03) and PVI-alone RFCA group (p = 0.007).
Instead, there was no difference between PVI + linear ablation
group as compared to the PVI + LAPWI group (p = 0.23).
RAT occurrence in the PVI + LAPWI group was not signifi-
cantly different when compared to PVI-alone CB-A (p = 0.47)
and PVI-alone RFCA (p = 0.21).

The remaining arrhythmias recorded were AF (10% PVI +
LAPWI group, 36.7% PVI + linear ablation group, 38.3%
PVI-alone CB-A group, and 36.7% PVI-alone RFCA group,
p = 0.04).

In the PVI + LAPWI group, the rate of AF recurrence was
significantly lower when compared with other groups (vs PVI
+ linear ablation group p = 0.01; vs PVI-alone CB-A p =
0.005; vs PVI-alone RFCA p = 0.008). Otherwise, there was
no significant difference comparing the other 3 groups (p =
0.98).

4 Discussion

The main findings of our 1-year follow-up study of ablation
strategy for persAF are (1) PVI using CB-A in conjunction
with LAPWI proved to be superior to all the other groups in
terms of clinical outcome guaranteeing freedom from any
ATas in 83% of patients; (2) PVI alone is comparable to ad-
ditional linear ablation in terms of ATas recurrence; and (3)
procedure and fluoroscopy times are significantly shorter in
CB-A groups than that in RFCA groups.

LAPW may play a non-negligible role in the initiation and
maintenance of AF. In this regards, LAPW and its myocardial
extensions into the PVs share similar embryologic origins and
intrinsic pacemaker activity has been demonstrated in these

myocardial sleeves [12, 13]. Moreover, the significant hetero-
geneity in myocardial fiber orientation within the PV antra
and posterior wall, creates anisotropic conduction, favoring
local reentry [14, 15]. Consequently, the LAPWI with the
CB-A seems to offer interesting clinical outcome in the setting
of persAF, and several studies have reported satisfying results
[6, 7].

In a prospective study, Kuniss et al. [7] technically de-
scribed the creation of a roof line along with its beneficial
effect on the treatment of PersAF; in their study, freedom from
AF appeared to be close to 80% at 1-year follow-up, better
than PVI only. Moreover, electroanatomical maps following
ablation showed that the lesions were extended well beyond
the roof; data confirmed also in the interesting paper byNanbu
et al. [16] in which the mean isolation area, after cryoballoon
roofline, covered about 70% of the whole LAPW. Similarly,
Aryana et al. [6] showed that LAPWI offers additional bene-
fits over PVI alone using CB-A in the treatment of persAF.
The authors indicated that all atrial arrhythmias were lower in
LAPWI group comparing to PVI group at 1 year of follow-up.
A similar finding appears also in a recent paper by Barbhaiya
et al. [17] in which the comparison between LAPWI and a
stepwise ablation technique approach in non-paroxysmal AF,
although showing a similar incidence of any atrial arrhythmia,
reported higher incidence of persistent arrhythmias and repeat
ablations in the stepwise approach group. Our results seem to
be in line with the aforementioned studies, since neither in our
data performing additional linear ablations was associated
with a better outcome.

Up to now, only Aryana et al. [18] provided insights by the
means of a prospective randomized trial. In their work, the
authors prospectively evaluated the short-term and long-term
outcomes of PVI versus PVI + LAPWI using the cryoballoon
in patients with persAF. One group received only cryo-PVI,
while the other group received cryo-PVI + LAPWI. All the
patients underwent also RF cavo-tricuspid isthmus (CTI) ab-
lation. After a 1-year follow-up, the incidence of recurrent
atrial fibrillation was significantly lower with PVI + LAPWI
(25.5% vs. 45.5%).

In accordance with these early findings, our data show rates
of freedom of ATas of around 80%.

Noteworthy, in the same direction, the ongoing PLEA trial
by Romero et al. [19] will provide, in the close future, data
about the comparison between only PVI versus PVI + LAPWI
(alone or in addition to coronary sinus isolation and left atrial
appendage isolation).

The ideal ablation strategy for persAF is still unclear, and
numerous techniques have been proposed.

Despite some studies reporting satisfactory outcomes fol-
lowing substrate modification during AF ablation in this pa-
tient population [4, 5], the STAR AF 2 trial [20] reported that
creating additional lines or eliminating complex fractionated
atrial electrograms in adjunction to PVI does not offer any
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benefit. In our data, performing additional linear ablation was
not associated with a better outcome.

The reasonwhy additional ablations are not associatedwith
a more favorable outcome is still unclear. A potential expla-
nation might lie in the difficulty of creating a permanent linear
block. Reports in the literature state that late reconnection
rates for roof line can occur in up to 40–60% and in 60–
90% for mitral lines, in patients undergoing redo ablations
for clinically overt AF recurrences [21–24]. This aspect, com-
bined with more extensive ablation, might create substrate
areas for arrhythmias [25, 26] and could explain the high rate
of ATas in this specific group in our study. In addition, the
(non-significant) longer duration of AF prior to the ablation
may have influenced recurrence rate. Although in line with
previous randomized data [20], our finding that 1-year out-
come after PVI alone is comparable to PVI with additional
linear ablation should be interpreted cautiously given the lim-
ited sample size and abovementioned aspects.

With regard to outcomes in the PVI-alone groups, we did
not find differences in terms of freedom from ATas, which
corroborates with previous studies [1, 10], reporting freedom
of ATas in approximately 60%. These collective findings fuel
the need for randomized comparisons on outcomes after dif-
ferent ablation strategies for persAF. In terms of procedural
and fluoroscopy times, our data underscore that the shorter
procedural times and lower exposition to fluoroscopy in the
CB-A groups were not associated with worse outcomes.

Finally, data in the literature shows an incidence of recur-
rent atrial tachyarrhythmias within 3 months of approximately
40% and approximately half of these patients with early re-
currence do not continue to have atrial tachyarrhythmias [27,
28]. Our study confirmed these findings. It could be explained
by the potentially reversible mechanisms of arrhythmia in-
duced by the ablation procedure. The consequent inflamma-
tory response to ablation and the modifications of the cardiac
autonomic nervous system, such as acute adrenergic tone, can
cause an early and potentially reversible proarrhythmic sub-
strate [29, 30]. Although more extensive atrial ablation should
provide a greater arrhythmogenic substrate in the first few
weeks, we do not find a significant difference between the
four groups.

5 Limitations

The study was a non-prospective, non-randomized trial con-
ducted in a relatively limited number of patients. Furthermore,
it reports a single-center experience. Although the use of a
propensity score matching is done in order to better balance
the four groups, the potential for residual confounding factors
or uncontrolled selection bias together with a possible tempo-
ral bias cannot be excluded. Some of the procedures were
carried out a few years ago (from January 2013) when some

technological innovations, currently available, were not yet
ready for use. Moreover, the fact of having used multiple
fluoroscopic projections in a proportion of patients in the RF
groups might explain the increased fluoroscopy times in these
groups. Since the absence of use of long-term ECG monitor-
ing (loop-recorder or 7 day Holter), the real arrhythmia recur-
rence rate may be underestimated. In addition, the number of
regular atrial tachycardias is relatively low (n = 10 in the
whole population) to reach clear conclusions; the data should
be considered hypothesis-generating. Finally, since no esoph-
ageal esophagogastroduodenoscopy (EGDS) was performed
after ablation, iatrogenic esophageal lesions might be
underdiagnosed.

6 Conclusions

In the setting of persAF, LAPWI in addition to PVI seems to
improve outcome if compared to the PVI-only strategy using
CB-A or RFCA and if compared to PVI plus linear ablation
(roof and mitral lines) using point by point RFCA, on a mid-
term follow-up. Prospective randomized controlled trials are
warranted in order to confirm our findings.
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