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Abstract
Purpose The combination of left atrial appendage (LAA) oc-
clusion with pulmonary vein isolation (PVI) potentially rep-
resents a comprehensive treatment for atrial fibrillation (AF),
controlling symptoms while at the same time reducing the risk
of stroke and the need for chronic anticoagulation. The aim of
this randomized clinical trial was to assess the impact of LAA
closure added to PVI in patients with high-risk AF.
Methods Patients with a history of symptomatic paroxysmal
or persistent AF refractory to ≥2 antiarrhythmic drugs,
CHA2DS2-VASc score ≥2, and HAS-BLED score ≥3 were
randomized to PVI-only (n=44) or PVI with LAA closure
(n=45).
Results Six patients in PVI + LAA closure group crossed over
to PVI-only group due to failure of LAA closure device im-
plantation. On-treatment comparisons at the 24 month follow-
up revealed that 33 (66 %) of the 50 PVI group and 23 (59 %)
of the 39 PVI with LAA closure group were AF-free on no
antiarrhythmic drugs (p=0.34). The PVI + LAA closure treat-
ment was significantly associated with a higher AF burden
during the blanking period: 9.7±10.8 vs 4.2±4.1 % (p=
0.004). At the end follow-up, there were no serious complica-
tions and no strokes or thromboembolic events in either group.
Conclusions The combination of LAA closure device implan-
tation with PVI was safe but was not observed to influence the

success of PVI in patients with symptomatic refractory AF.
Early AF after ablation, however, is increased by LAA
closure.
Clinical Trial Registration URL: http://www.clinicaltrials.gov.
Unique identifier: NCT01695824.
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1 Introduction

Cerebral stroke is one of the major complications of atrial
fibrillation (AF) because of formation of atrial thrombi. The
left atrial appendage (LAA) is the source of thrombi in more
than 90 % of patients with non-valvular AF, [1] and thus
percutaneous catheter-based devices have been developed to
close and thereby effectively exclude the LAA from the sys-
temic circulation. Pilot studies have shown acceptable risk-to-
benefit ratios for these non-pharmacological alternatives to
chronic warfarin therapy [2].

Catheter ablation using pulmonary vein isolation (PVI) has
been shown to be an effective therapy for the treatment of
drug-refractory AF. However, several studies have shown that
together with the PVs, many extra-PVareas may be the source
of initiation and maintenance of AF [3, 4]. Indeed, the LAA
has been reported to be a potential trigger for AF, and electri-
cal isolation of the LAA may enhance the success of ablative
treatment of AF [3, 4].

The combination of LAA occlusion with catheter ablation
might be a comprehensive way to ameliorate the symptoms of
AF while at the same time reducing the risk of stroke and
abolishing the need for vitamin K antagonists (VKA) or other
anticoagulants. In a recent study in patients with non-valvular
AFwith a moderate to severe risk of stroke or contraindication
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for VKA, it was demonstrated that the combination of PVI
with LAA closure device implantation could be safely per-
formed [5]. It was also reported that LAA closure produced
acute reductions in LAA unipolar and bipolar voltages, sug-
gestive of LAA ischemic necrosis. If these changes were a
marker of long-term electrical LAA isolation, there is the po-
tential to improve the efficacy of PVI [6].

We hypothesized that LAA closure implantation could
have a salutary effect on AF patterns by reduction of the elec-
trical activity in the LAA, recognizing the possibility that AF
could worsen by a mechanical irritant effect. The aim of this
prospective randomized open label study was to assess the
impact of LAA closure implantation added to PVI in patients
with a history of AF.

2 Methods

The study protocol was approved by the local ethics commit-
tee and conducted in compliance with the protocol and in
accordance with standard institutional operating procedures
and the Declaration of Helsinki. All patients enrolled in the
study provided written informed consent.

2.1 Patient eligibility

Patients with a history of symptomatic paroxysmal (P) AF
and/or persistent (Pers) AF and CHA2DS2-VASc score ≥2
and HAS-BLED score ≥3 were eligible for this study.

Inclusion criteria are as follows:

1. Symptomatic drug-refractory non-valvular AF (with his-
tory of failure of ≥2 class I or III antiarrhythmic drugs) in
patients referred for catheter ablation of AF

2. PAF with ≥1 monthly episodes or PersAF in patients who
had already undergone ≥3 electrical cardioversions: PAF
was defined as episodes lasting less than 7 days with
spontaneous termination. PersAF was defined as lasting
more than 7 days before being terminated pharmacologi-
cally or by electrical cardioversion

3. CHA2DS2-VASc (acronym for congestive heart failure,
hypertension, age ≥75 years, diabetes mellitus, and prior
stroke or transient ischemic attack, vascular disease, age
65–74 years, sex) risk score ≥2

4. HAS-BLED (acronym for hypertension, abnormal renal-
liver function, stroke, bleeding history or predisposition,
labile international normalized ratio, elderly 65 years,
drugs or alcohol concomitantly) risk score ≥3

Exclusion criteria include the following:

Comorbidities other than AF that required chronic
warfarin use

Congestive heart failure with NYHA II–IV symptoms
Left ventricular ejection fraction <35 %
Transverse left atrial diameter >60 mm on transthoracic
echocardiography
Previous AF ablation procedure
Treatment with amiodarone
Type 1 diabetes mellitus

Patients were randomized to PVI only (n=48) or PVI with
percutaneous implantation of the LAA closure device (n=48)
using a coded envelope system opened on the day of the
procedure. All patients were followed for at least 24 months
to assess maintenance of sinus rhythm by means of an im-
planted cardiac monitor (Fig. 1).

The primary endpoint of the study was time to first recur-
rence of >30 s of atrial tachyarrhythmia, including AF and left
atrial flutter/tachycardia, after a single ablation procedure on
no antiarrhythmic drug over 24 months of follow-up. The
blanking period (the first 3 months after ablation) was exclud-
ed from endpoint analysis [7]. The secondary endpoints were
safety data at 3, 6, 9, 12, 18, and 24 months after procedure,
AF burden during the blanking period, and AF burden during
the 24 months follow-up based on implantable loop recorder
(ILR) findings.

2.2 Pulmonary vein isolation

The ablation procedure has been defined in detail previously
[8]. At the beginning of the procedure, patients could have
either sinus rhythm or AF. All procedures were performed
under conscious or moderate sedation.

The left atrium and PVs were explored through a
transseptal approach. Real-time 3D LA maps were recon-
structed by using a nonfluoroscopic navigation system
(CARTO, Biosense-Webster Inc.). The ipsilateral left and
right PVs were encircled in one lesion line by circumferential
PVI. Radiofrequency energy was delivered at 43 °C, 35 W,
and 0.5 cm away from the PVostia at the anterior wall and was
reduced to 43 °C, 30 W, and 1 cm away from the PVostia at
the posterior wall, with a saline irrigation speed of 17mL/min.
RF was delivered continuously at each site until the local
potential amplitude decreased by >80 % or RF energy deliv-
ery exceeded 40 s. We did not perform either complex frac-
tionated atrial electrogram ablation or LAA isolation. Patients
with PAF and PersAF were ablated using the same lesion sets.

The endpoint of ablation was complete PVI; this was con-
firmed when Lasso catheter mapping showed the disappear-
ance of all PV potentials or the dissociation of PV potentials
from LA activity. We performed monitoring for PV
reconduction at 20 min following the last ablation. We did
not use isoproterenol or adenosine to assess for dormant PV
conduction.
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The protocol included burst pacing (25 impulses with step-
wise reduction of pacing cycle length from 300 ms down to
200 ms). Sustained rhythms were defined as those lasting
greater than 2 min. For patients with induced left atrial flutter,
additional RF ablation lines were created by connecting the
left inferior PV to the mitral annulus (mitral isthmus) and the
roof of the LA between the two superior PVs, depending on
mechanism of induced flutter. No empiric lesions sets were
created in the LA. In the case of registration or induction of
typical atrial flutter, the cavo-tricuspid isthmus was ablated.
Bidirectional conduction block across the lines was assessed
in all patients by differential pacing. If still in AF at the end of
the procedure, patients were converted to sinus rhythm
electrically.

2.3 LAA closure procedure

The design, structure, and method of deploying theWatchman
device (Boston-Scientific, MapleGrove, MN) have been de-
scribed previously [9, 10]. Briefly, the device consists of a
self-expanding nitinol frame with fixation barbs and a perme-
able, polyester fabric covering. The Watchman implantation
was performed immediately after the ablation procedure by
using fluoroscopy and transesophageal echocardiographic
guidance. All measurements of the LAAwere performed after
ablation. A device size approximately 20 % larger than the
largest diameter of the LAA body (as measured by angiogra-
phy and TEE) was chosen to have sufficient compression for
stable positioning. An appropriately sized Watchman device
(21–33 mm in diameter) was advanced to the ostium of the
LAA through a 12-F sheath. Proper positioning and stability
were verified by transesophageal echocardiography and angi-
ography before device release.

2.4 Implantable loop recorder

The ILR (Reveal XT, Medtronic, Inc., Minneapolis, MN) was
implanted on the day of the ablation procedure. The ILR pro-
tocol has been defined in detail previously [8]. The device

stores the amount of AF per day (daily AF burden, hours of
AF in 1 day) and the AF burden of the overall follow-up
period, defined as the percentage of time spent in AF
(AF%). In addition, the ECG is stored for the visual confir-
mation of AF episodes. AF was visually verified by investi-
gators through the analysis of the stored ECGs. By accumu-
lating data frommultiple follow-up sessions, it was possible to
discern the trend in the AF burden over prolonged periods.

2.5 Follow-up

In both groups, patients received warfarin at least 1 month
before ablation (with international normalized ratio (INR)
maintained between 2 and 3). On the day of the ablation pro-
cedure, patients did not receive warfarin. Patients were fully
heparinized with a target ACT >300 s immediately after
transseptal access in both groups. The use of warfarin just after
procedure was based on the INR value.

All patients were treated with antiarrhythmic drugs
(propafenone or flecainide) for 6 weeks after PVI; these drugs
were subsequently withdrawn, regardless of the cardiac
rhythm, in order to prevent their influence after the blanking
period.

In PVI + LAA closure group, patients were treated with
warfarin for 45 days to facilitate device endothelialization.
TEE imaging was done at 45 days, 6 months, and 12 months
to assess residual peri-device flow and device stability and
position. The TEE interpretation at the time of the procedure
as well as TEE during follow-up was performed by the same
echocardiographer. Patients discontinued warfarin therapy if
the 45-day TEE showed either complete closure of the LAA
or if there was limited residual peri-device flow (jet <5 mm in
width). After stopping of warfarin, daily clopidogrel 75 mg
and aspirin (81–325 mg) were prescribed until the 6-month
follow-up visit, at which time clopidogrel was discontinued
and aspirin alone was continued indefinitely.

Patients in the PVI only group received warfarin for the
duration of the study (target INR between 2 to 3).
Monitoring of the INR was done by the patient’s treating

Fig. 1 Study design and patient
flow
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physician at least every 2 weeks for 6 months and at least
once a month thereafter.

Weekly ECGs were obtained for the first month, and
24-h Holter recordings were performed at 3, 6, 9, 12,
18, and 24 months. Patients were instructed to report
symptoms suggestive of AF and to undergo prompt
ECG recording. Patients were provided with the patient
assistant, a tool that allows each patient to store the
ECG through the implanted device during symptoms,
in order to analyze heart rhythm during symptomatic
events. Holter, ECG, and ILR interpretation was by
consensus of two physicians blinded to the phase of
the study (i.e., baseline or follow-up) and assigned
study treatment.

2.6 Statistical analysis

The primary endpoint of the study was time to the first
recurrence of any atrial tachyarrhythmia >30 s after a
single ablation procedure when the first 3 months fol-
lowing ablation had elapsed. A secondary endpoint was
AF burden, the duration of AF divided by the total time
in study in percentages.

Results are presented as mean values±standard devi-
ation (SD) or as absolute values and percentages, as
appropriate. Continuous variables were compared by
Student’s t test or the Mann–Whitney U test when the
nature of the data did not assume normal distribution.
The analysis for categorical variables was conducted
using the chi-square test.

For the primary endpoint, Kaplan-Meier analysis was
performed to determine the probability of success and
estimated as the percentage of patients with first recur-
rence of any atrial tachyarrhythmia. Differences in
arrhythmia-free survival, i.e., time to the first AF onset,
were assessed by using the log-rank test. Linear and
Cox regression analyses were used to evaluate indepen-
dent predictors of AF burden and AF recurrences, re-
spectively. The baseline characteristics, presented in
Table 1, were included in the regression models. The
results are presented as hazard ratio (HR) and 95 %
confidence interval (CI) for the Cox regression and
treatment difference and 95 % CI.

The comparison of outcomes in study groups follow-
ed the intention-to-treat principle. In addition, because
several patients were unable to have successful LAA
closure performed, we have also provided on-treatment
endpoint analysis.

All reported p values were based on two-sided tests, and
p values less than 0.05 were considered significant. All statis-
tical calculations were performed by using the SPSS version
13.0 software (SPSS Inc, Chicago, IL, USA).

3 Results

3.1 Study Patients

We enrolled 96 patients (48 randomized to PVI only and 48 to
PVI with LAA closure device), all of whomwere followed for
24 months after ablation. Four patients (8 %) of the 48 in the
PVI only group and 3 patients (6 %) of the 48 in the PVI with
LAA closure device implantation group were lost to follow-up
without outcome data and were excluded from analysis
(Fig. 1). The remaining 89 patients and their outcomes are
presented. Table 1 shows the baseline characteristics of the
patient population; the clinical characteristics of patients in
the two groups did not differ significantly.

3.2 Procedural results

Complete disconnection of the PVs from the LAwas success-
fully achieved in all 89 patients. Cavo-tricuspid isthmus abla-
tion was successfully performed in all 37 patients with a his-
tory of atrial flutter, 20 in the PVI only group, and 17 in the
PVI with LAA closure group. Three patients (two in the PVI
only group and one in the PVI with LAA closure device im-
plantation group) with induced LA flutter during the proce-
dure had additional mitral isthmus and/or roof line created.

The LAA closure device was successfully implanted after
PVI in 39 (87 %) of the 45 patients assigned to this interven-
tion. Six patients in PVI + LAA closure group were crossed
over to PVI only group due to failure of LAA closure device
implantation (Fig. 1).

The mean total duration of the procedure was 151±24 min
for PVI-only group compared to 189±29 min for PVI with

Table 1 Characteristics of patient groups

PVI only
(n=44)

PVI + LAA
closure (n=45)

p value

Age, years 60±6 60±5 0.82

Sex (M/F), n 26/18 28/17 0.76

PAF/PersAF, n 25/19 24/21 0.74

Hypertension, n (%) 33 (75 %) 38 (84 %) 0.27

Diabetes mellitus, n (%) 11 (25 %) 9 (20 %) 0.58

Prior stroke, n (%) 6 (14 %) 4 (9 %) 0.48

LVEF, % 61±4 62±5 0.46

LAD, mm 48±7 49±6 0.69

AF history, years 4.4±2.3 4.6±1.8 0.21

Prior AADs, n 3.6 (2–5) 3.7 (2–5) 0.38

HAS-BLED score 3.4±0.8 3.5±0.8 0.66

CHA2DS2-VASc score 2.3±0.7 2.2±0.6 0.84

LVEF left ventricular ejection fraction, LAD left atrial diameter, AF atrial
fibrillation
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LAA closure group (including 36±7 min for LAA closure
device implantation) (p=0.16).

Eighty-seven patients (98%) agreed to receive ILR implan-
tation, 42 patients (95 %) in the PVI only group and 45 pa-
tients (100 %) in the PVI with LAA closure device implanta-
tion group. The other two patients refused ILR implantation.

3.3 Time to the first recurrence of any atrial
tachyarrhythmia (primary endpoint)

By intention-to-treat, at the 24-month follow-up examination,
29 (66 %) of the 44 PVI-only group and 27 (60 %) of the 45
PVI with LAA closure group were AF/AT-free on no antiar-
rhythmic drugs (p=0.49, log-rank test) (Fig. 2a).

Six patients in the PVI with LAA closure device implanta-
tion group were effectively in the PVI-only group after failure
of LAA closure device deployment. The on-treatment com-
parisons at the 24-month follow-up indicated that 33 (66%) of
the 50 PVI only patients and 23 (59 %) of the 39 PVI with
LAA closure patients were AF/AT-free on no antiarrhythmic
drugs (p=0.34, log-rank test) (Fig. 2b).

Six patients (12 %) in the PVI only group and four patients
(10 %) in the PVI with LAA closure with recurrent AF
underwent re-ablation (p=0.79) due to sustained episodes of
AF recurrences associated with antiarrhythmic drug failure.

3.4 AF burden

During the 3-month blanking period, 38 patients (43 %) were
AF-free. Of these, 23 patients (46 %) were in the PVI-only
group, and 15 patients (38 %) were in the PVI with LAA
closure group (p=0.48).

Based on ILR data at the first month follow-up, AF% was
significantly higher in the PVI with LAA closure group than
PVI-only group, 9.7±10.8 and 4.2±4.1 %, respectively (p=
0.004) (Fig. 3). At the end of the blanking period, the AF%
dramatically decreased in both groups, and AF% was similar

in the PVI with LAA closure (2.8±2.6 %) and PVI-only
groups (2.2±2.7 %) (p=0.31).

After the blanking period, the AF% during the next 21-
month follow-up was similar in both groups (Fig. 3).

3.5 Predictors of AF burden and recurrences

On multivariate linear regression analysis, higher AF burden
was associated with the type of the treatment and was signif-
icantly higher in the PVI + LAA closure treatment group
compared to the PVI only during the blanking period. The
regression slope for interaction between the time and treat-
ment was highly significant 2.46 (95 % CI 1.35–3.58,
p<0.0001). Similar analysis of AF burden during the
follow-up did not show significant interaction between type
of treatment in both groups and time after the procedure,
−0.02 (95 % CI −0.1 to 0.06, p=0.58; Table 2).

Cox regression, adjusted to prespecified baseline character-
istics (AF type, hypertension, age, CHA2DS2-VASc score),
did not identify an association between AF recurrence and the
type of treatment either during the blanking period or during
follow-up with HR 0.89 [95%CI 0.51–1.55; p=0.69] and HR
0.76 [95 % CI 0.37–1.55; p=0.45], respectively (Table 3).

3.6 Safety data

There were no procedure-related complications either to LAA
closure device implantation or PVI procedure in PVI + LAA
closure group. In one patient who was assigned to PVI-only
group, cardiac tamponade occurred (p=0.38). The patient re-
covered uneventfully after immediate pericardiocentesis. One
patient (2 %) in the PVI-only group and two patients (5 %)
PVI with LAA closure device implantation group developed a
groin hematoma (p=0.42).

At the 45-day follow-up, 31 (79 %) of 39 patients with
LAA closure device met TEE criteria and were able to stop
taking warfarin. One (3 %) of the 39 patients had spontaneous

Fig. 2 a Incidence of AF recurrences by intention-to-treat at the 24-month follow-up examination. b Incidence of AF recurrences in regard to on-
treatment comparisons at the 24-month follow-up
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contrast in the left atrium (device embolization), requiring
continuation of VKA therapy. In the other seven patients,
there was minimal residual flow. At 6 months, all of them

demonstrated complete occlusion and the VKA was
discontinued. None of the patients had dislocation of the
LAA closure device.

Fig. 3 The trend of the monthly
AF% in patients within each
group. Asterisk: In patients who
had undergone further ablation,
their level of AF burden was fixed
(level of previousmonth) until the
end of follow-up

Table 2 Multivariate linear
regression analysis (predictors of
AF burden)

Blanking period (1–3 months)

Coefficient 95 % CI p value

Interaction between treatment (PVI only
vs PVI + LAA closure) and time

2.46 1.35–3.58 <0.0001

PAF/PersAF −0.06 −3.59 to 3.45 0.97

Hypertension (y/n) −0.42 −3.38 to 2.53 0.78

Age, years 0.18 −0.13 to 0.49 0.26

CHA2DS2-VASc score 0.44 −1.35 to 2.22 0.63

Chronic follow-up (4–24 months)

Interaction between treatment (PVI only
vs PVI + LAA closure) and time

−0.02 −0.1 to 0.06 0.58

PAF/PersAF 1.76 −1.67 to 5.21 0.31

Hypertension (y/n) 1.02 −1.86 to 3.92 0.49

Age, years 0.01 −0.29 to 0.3 0.03

CHA2DS2-VASc score 0.07 −1.68 to 1.82 0.08
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At the end of follow-up, no thromboembolic events and no
severe bleeding events had occurred in either group.

4 Discussion

To the best of our knowledge, this is a first prospective ran-
domized study for assessment of the long-term outcome after
PVI only vs PVI with LAA closure device implantation. The
main findings of this study were as follows: (1) LAA closure
device implantation did not have any impact on AF recur-
rences in refractory AF patients with CHA2DS2-VASc score
≥2 and HAS-BLED score ≥3 who also underwent PVI; (2)
combination LAA closure device implantation with PVI was
associated with an early higher AF burden during the blanking
period; and (3) LAA closure implantation added to PVI in
patients with AF was safe and did not alter the incidence of
postoperative complications.

The results of PROTECT AF and PREVAIL trials have
demonstrated that LAA occlusion with the Watchman device
is noninferior to systemic treatment with warfarin in terms of
thromboembolic event prevention and cardiovascular death
even in long-term follow-up in patients with AF [2, 9, 10].
However, there is only one report from a nonrandomized pro-
spective registry regarding feasibility of the LAA closure de-
vice implantation in combination with PVI [5].

Previously published studies have shown that the single-
procedure ablation success rate in patients with PAF and
PersAF varies from 20 to 70 % and dramatically decreased
during long-term follow-up, especially in patients with non-
PAF [11–13]. Theoretically, the implantation of the LAA clo-
sure device in combination with PVI could increase the effi-
cacy of the ablation procedure, prevent thromboembolic
events, and eliminate adverse effects of chronic warfarin.

The increase of the ablation procedure efficacy could be
achieved by elimination of non-PV LAA triggers, which can
be responsible for initiation and maintenance of AF [14–17].

Di Biase et al. have suggested that the LAA is responsible
for recurrence of AF/AT in at least 27 % of patients [3]. The
optimal treatment was found to be complete circumferential
LAA isolation. Because the Watchman device lies within the
LAA itself, the combination of PVI isolation and LAA closure
could lead to two possible, non-mutually exclusive, outcomes:
(1) deterioration of results due to the irritating influence of the
device or (2) salutary effect on AF patterns by reduction of the
electrical activity in the LAA. Moreover, a high-risk patient
group might especially benefit from LAA closure by reducing
the risk of stroke and abolishing the need for chronic antico-
agulant therapy.

There is a concern that LAA isolation via loss of LAA
contractility could induce thrombus formation. However, it
is still not clear regarding the influence of LAA electrical
isolation and long-term thromboembolic events [4, 17].

Interestingly, PVI performed in combination with LAA
closure device implantation resulted in higher AF burden in
the blanking period, possibly from inflammation or mechani-
cal irritationwithin the LAAwith trigger activity due to lack of
electrical isolation of the LAA. Nevertheless, the AF burden
in both groupswas comparably decreased at the end of follow-
up. Epicardial LAA closure can potentially lead to electrical
and mechanical isolation of LAA [18, 19].

It is important to emphasize as well that the combined
procedure, i.e., when adding LAA closure to AF ablation,
was completed in the vast majority of patients, was not asso-
ciated with additional complications, and incremented proce-
dure time by only a small amount. This paradigm will un-
doubtedly undergo further scrutiny in future investigations
but is attractive for its potential as a combined antiarrhythmic
and anti-embolic intervention in high-risk patients.

4.1 Limitations

In our study, the implantation of the LAA closure device did
not improve long-term efficacy in terms of AF recurrences;
however, we did not perform formal electrical isolation of the
LAA nor test for it. Also, the results of our study with regard
to periprocedural safety were in accordance with previous
published data [5]. None of the patients in either group devel-
oped thromboembolic events during follow-up regardless of
the presence or absence of the AF recurrences. These findings
need to be studied in a larger patient cohort with long-term
follow-up and focused on this critical outcome. This was the
first randomized study of combined LAA closure implantation
and AF ablation so that a limited number of patients were
enrolled. Although the study was randomized, the results will
require validation in additional and larger trials. As our data
refers to a follow-up period of 24 months after the ablation

Table 3 Multivariate Cox proportional hazard modeling (predictors of
AF recurrence)

Blanking period (1–3 months)

HR 95 % CI p value

PVI only vs PVI + LAA closure 0.89 0.51–1.55 0.96

PAF/PersAF 0.68 0.21–2.16 0.51

Hypertension (y/n) 0.82 0.33–2.1 0.67

Age, years 1.1 0.94–1.16 0.40

CHA2DS2-VASc score 0.95 0.54–1.67 0.87

Chronic follow-up (4–24 months)

PVI only vs PVI + LAA closure 0.76 0.37–1.55 0.45

PAF/PersAF 1.32 0.29–5.92 0.71

Hypertension (y/n) 2.76 0.59–12.92 0.19

Age, years 0.99 0.87–1.13 0.98

CHA2DS2-VASc score 1.48 0.62–3.51 0.37
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procedure, we cannot extrapolate our results to the long-
term maintenance of sinus rhythm or prevention of
thromboembolic events.

5 Conclusions

The combination of LAA closure device implantation
with PVI was safely performed but did not seem to
influence the long-term success of PVI in patients with
symptomatic refractory AF.

Conflict of interest The authors declare that they have no competing
interests.
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Clinical Perspectives

After catheter ablation for atrial fibrillation, some patients with high risk of
thromboembolic events are required for continuous use of oral anticoagu-
lants, despite the rhythm status. In the present study, all patients were ran-
domly assigned to receive either pulmonary vein isolation or pulmonary
vein isolation combined with left atrial appendage closure device implanta-
tion. The findings suggest that left atrial appendage closure device implan-
tation added to pulmonary vein isolation did not significantly increase the
freedom from atrial fibrillation recurrences. Atrial fibrillation burden within
the blanking period detected by implantable loop recorder was higher in left
atrial appendage closure device group, but there was no difference at the end
of follow-up in both groups of patients. The results are also demonstrated
that in such category of patients with refractory atrial fibrillation and high
risk of thromboembolic events and bleeding, who are scheduled for pulmo-
nary vein isolation, left atrial appendage closure device could be safely
implanted and did not increase the incidence of postoperative complications.
Although the study was randomized, the results need to be confirmed in
future larger scale trials with long-term follow-up.
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