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Abstract
Purpose Complete pulmonary vein isolation (PVI) is the best
documented target for catheter ablation, and different technol-
ogies have shown comparable outcomes. The multielectrode
phased-RF/duty cycled (PhRF/DC) pulmonary vein ablation
catheter (PVAC) and its second generation (PVAC-GOLD)
have shown promising clinical results in single and multicen-
ter experiences. Our aim is to assess and compare the safety
and efficacy in the real clinical practice among two genera-
tions of circular PhRF/DC catheters by performing PVI in
patients suffering from recurrent atrial fibrillation (AF).
Methods Eighty-four AF patients treated with PVAC and 64
with PVAC-GOLDwere prospectively followed in five Italian
cardiology centers in the mainframe of the 1STOP-
ClinicalService project.
Results Fluoroscopic and total procedure timewere significant-
ly different in the two groups. In particular, in the PVAC-GOLD
group, the mean fluoroscopic time was 22.8 ± 12.7 min vs
31.6 ± 18.9 in the PVAC group (p = 0.002), and the mean total
procedure duration was 117.6 ± 36.0 vs 147.4 ± 40.6, in the

PVAC-GOLD group and the PVAC group, respectively
(p = 0.001). Only two out of 148 patients reported a peri-
procedural complication. Over 20.9 ± 12.0 months of follow-
up, AF recurrence occurred in 58 patients. Kaplan-Meier free-
dom from AF recurrence did not differ between the two groups
(64.1 ± 10% in the PVAC group vs 68.2 ± 9% in the PVAC-
GOLD group at 1 year, p = ns).
Conclusions In our multicenter analysis, AF ablation using
two generations of circular PhRF/DC catheters is safe and
effective. No difference was observed in terms of safety and
efficacy of the AF ablation between the two catheters, with the
mean procedural time being shorter in the PVAC-GOLD
group.
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1 Introduction

Several clinical trials have shown that pulmonary vein isolation
(PVI) is an effective therapy for the treatment of paroxysmal
atrial fibrillation (AF). [1–4] The multielectrode phased RF/
duty cycled (PhRF/DC) pulmonary vein ablation catheter
(PVAC) and its second generation (PVAC-GOLD) have shown
promising clinical results in single and multicenter experiences.
[5–8] Procedural performance, times, and overall freedom from
AF recurrence are important issues for healthcare providers and
patients. [9] Since 2012, five cardiology centers in Italy have
been prospectively collecting clinical and procedural data from
patients treated with the Medtronic PhRF/DC system. Clinical
and technical information is stored in a cardiovascular data re-
pository created to monitor catheter performances and patient
outcomes [http://clinicaltrials.gov/ct2/show/NCT01007474].
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The aim of the present researchwas to compare acute procedural
data and long-term freedom from AF recurrence in a multi-
center series of patients treated with multielectrode PhRF/DC
ablation catheter including either PVAC or PVAC-GOLD.

2 Methods

Since 2012, all consecutive patients who underwent PVI for
recurrent symptomatic and drug refractory AF using multipo-
lar a PhRF/DC Medtronic Catheter (PVAC or PVAC-GOLD,
Medtronic, Minneapolis, MN, USA.) at any of the five Italian
Cardiology centers participating in the Italian ClinicalService®
framework [Clinical Trial Registration Information: http://
clinicaltrials.gov/ct2/show/NCT01007474], One Shot TO
Pulmonary vein isolation (1STOP) project, were prospectively
followed according to each center’s clinical practice through
standard in-hospital visits and were included in this analysis.
The Clinical Service Project is a national medical care project
aimed at evaluating and improving the use of medical therapies
in clinical practice. The project consists of a shared environ-
ment for the collection, management, analysis, and reporting of
data from patients in whom Medtronic therapies have been
applied. An independent scientific committee of physicians
prospectively identifies key clinical questions on a yearly basis
for analysis and publication. A charter assigns the ownership of
data to the centers and governs the conduct and relationship of
the scientific committee and Medtronic. [10] The project was
approved by each site’s Medical Ethics Committee or Medical
Director and conforms to the principles outlined in the
Declaration of Helsinki. Each patient provided informed con-
sent for data collection and analysis.

Baseline and demographic data were collected during the
baseline visit. The procedures were performed according to
the clinical practice of each center and there is not a shared
protocol for anticoagulation management. Despite this, intra-
venous heparin was used during all procedures to maintain an
activated clotting time > 300 s. We did not collect data on
cerebral MRI for the purpose of this research. Nevertheless,
since 2012, we adopted the best practices suggested by studies
and researches as the diligent sheath management and the
exclusion of pairs 1–2 or 9–10 in order to avoid the use of
bipolar energy when electrodes 1 and 10 were in close prox-
imity. [11, 12]

Follow-up assessment visits were performed every 3months
or whenever AF related symptoms occurred in the patients. At
each visit, an ECG and AF-related symptom assessment were
performed. The realization of a 24-h dynamic ECGwas done at
the discretion of the referent/electrophysiologist (EP), accord-
ing to the clinical practice. The use of the implantable continu-
ous monitor (ICM) was based on the clinical decision of the EP.

For this analysis, the patient population was divided into
two groups according to the type of PhRF/DC used: PVAC or

PVAC-GOLD. Acute procedural success was defined as the
complete PV electrical isolation confirmed by bidirectional
block. Acute or peri-procedural complications were defined
according to Calkins et al. survey. [1] We considered acute
complications and/or peri-procedural complications to be any
complications that occurred during the procedure until the
discharge from the hospital.

The first 3 months after AF ablation was defined as a
blanking period. Recurrence of AF was defined as the detec-
tion of at least 30 s of AF duration when assessed with ECG
monitoring or at least 5 min when detected by ICM and con-
firmed by a physician, after the blanking period. [1, 2].

2.1 PVI PhRF/DC catheters

All patients underwent PVI using either the PVAC or PVAC-
GOLD catheter. The catheters have been previously de-
scribed. [13–15] In brief, they are nine French mapping and
ablation over-the-wire multielectrode catheters delivering
PhRF/DC energy at relatively low power. The second-
generation multielectrode catheter, PVAC-GOLD, was de-
signed to improve the delivery of PhRF/DC energy compared
with the platinum PVAC [11] and to avoid interactions be-
tween electrodes 1 and 10. Moreover, gold electrodes have
improved thermal conductivity versus platinum electrodes
and so may offer advantages for this system in terms of tem-
perature measurement accuracy and efficiency of energy de-
livery. [11, 14, 15] Energy was delivered via a multichannel,
PhRF/DC generator (GENius, Medtronic, Inc., Carlsbad, CA,
USA).

2.2 Statistical analysis

Baseline characteristics and clinical data have been summa-
rized and compared between the two groups (PVAC vs
PVAC-GOLD) using appropriate summary statistics.
Variables on a continuous scale have been described as mean,
standard deviation, median and interquartile range, minimum
andmaximum. Variables on a categorical scale were presented
as counts and percentages. Summary statistics were reported
with a maximum of two decimals, as appropriate. Continuous
variables were compared using the t test or the non-parametric
Mann-Whitney test, as appropriate. Normality of distribution
was tested, calculating skewness and kurtosis values.
Comparisons of categorical variables were performed by
means of the Chi-square test or the Fisher exact test for ex-
treme proportions, as appropriate.

The annual rates of events were reported (with the 95%
Poisson confidence intervals) and compared between groups
using the Poisson model or the negative binomial model to
account for over dispersion of the data. Since the number of
AF recurrences per patient during follow-up was not available,
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in the incidence analysis, the rate of event should be interpreted
as the rate of patients with at least one AF recurrence.

3 Results

One hundred forty-eight patients underwent PVI ablation, 84
with a PVAC catheter, and 64 with a PVAC-GOLD catheter.

Baseline patient characteristics are described in Table 1 and
are comparable between the two groups. Patient mean age was
57.9 years, and mean CHA2DS2-VASC was 1.73 + 1.30. The
left atrium size was 41.5 ± 5.4 mm. Out of 148 patients, 116
(78.4%) suffered from paroxysmal AF and 32 from persistent
AF. Out of 148 patients, 69 (46.6%) were implanted during the

blanking period with an ICM, 36 (42.9%) in the PVAC group,
and 33 (51.6%) in the PVAC-GOLD group. At baseline, 84% of
patients were treated with antiarrhythmic (AAD) therapy, with
only 12 patients per group not being treated with AADs.

3.1 Procedural and acute outcomes

Procedural duration times are reported in Table 1. Total
procedure, fluoroscopy, and ablation times were 129
(110–150), 24 (17–34), and 20 (15–30) minutes, respec-
tively. In the PVAC-GOLD group, procedure, fluoroscopy
and ablation times were significantly shorter with respect to
the PVAC group. Acute success rate was 97.5% in the
whole population: 95.8% in the PVAC group and 99.6%

Table 1 Baseline characteristics of the population of patients

Baseline characteristics TOTAL
(n = 148)

PVAC
(n = 84)

PVAC-GOLD
(n = 64)

p value

Mean age at first ablation 57.6 ± 11.0 57.9 ± 10.3 57.1 ± 11.9 0.693

Gender (female) 30.4% 31.0% 29.7% 0.868

AF-related symptoms 94.6% 96.4% 92.2% 0.258

Type of atrial fibrillation

Paroxysmal 78.4% 81.0% 75.0% 0.404

Persistent 20.9% 17.9% 25.0%

Long standing persistent 0.7% 1.2% 0.0%

Months from first Atrial Arrh. Episode 57.7 ± 53.8 63.7 ± 62.1 51.5 ± 43.4 0.616

NYHA

1 78.7% 80.9% 76.2% 0.592

2 21.3% 19.1% 23.8%

History of stroke/TIA 4.1% 4.8% 3.2% 0.634

Hypertension 49.7% 55.4% 41.9% 0.108

Valves’ disease 4.8% 6.0% 3.2% 0.899

Any other CV diseases 2.2% 3.9% 0.0% 0.122

Chads2Vasc

0 27.4% 20.0% 36.7% 0.089

1 31.1% 32.0% 30.0%

2 23.0% 30.7% 13.3%

3 14.8% 13.3% 16.7%

4 3.7% 4.0% 3.3%

Diabetes 6.0% 7.6% 3.6% 0.341

Chronic kidney disease 0.7% 1.3% 0.0% 0.388

Left ventricular ejection fraction % 59.4 ± 6.0 59.6 ± 3.9 59.2 ± 7.3 0.186

Left atrial diameter (mm) 41.5 ± 5.4 41.2 ± 5.5 41.8 ± 5.2 0.369

Implantable continuous monitor 46.6% 42.9% 51.6% 0.293

Median procedural time—min
(I–III quartiles)

129.0 (100–150) 140.0 (120–173) 112.5 (90–140) <0.001

Median fluoroscopy duration—min
(I–III quartiles)

24.0 (17–34) 27.0 (18–40) 20.0 (14–28) 0.002

Median ablation time—min
(I–III quartiles)

20.5 (15–30) 28.0 (18–35) 15.0 (11–21) <0.001
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in the PVAC-GOLD group. At the end of the procedure,
96.6% of patients were in sinus rhythm with no difference
between the two groups.

3.2 Safety outcomes

Only two patients out of 148 (1.4%) had an acute complica-
tion: one had a pneumothorax and the other had a hematoma.
Both patients were in the PVAC-GOLD group. No deaths,
ictus, or other major complications were reported as shown
in the Table 2.

3.3 AF recurrence

The mean follow-up was 20.9 ± 12.0 months in the whole
population. No patients were lost to follow-up. During the
follow-up, 58 patients had a recurrence of AF, 40 (47.6%) in
the PVAC group and 18 (28.1%) in the PVAC-GOLD group
(p < 0.016). Freedom from AF recurrence is shown in Fig. 1,
with no differences in the time to first AF recurrence between
the two groups. At 12 months, the unadjusted freedom from
AF recurrence was 64.1% (52.8–73.4%) and 68.2% (52.1–
79.8%) in the PVAC and PVAC-GOLD groups, respectively.
Among these patients, the 12-month unadjusted freedom from
AF recurrence were 65.2% (95% CI 55.0–73.7%) and 64.8%
(95% CI 43.2–79.9%) in paroxysmal and persistent AF pa-
tients, respectively. Moreover, the percentage of freedom from
AF recurrence increased to 70% (95%CI 60.2–77.9%) in case
of patients in AAD therapy.

A total of 7 (4.7%) re-ablations were recorded, involving 1
(1.6%) patient in the PVAC-GOLD group and 6 (7.1%) in the
PVAC group. The rate *100 pt./years was 2.98 (95%CI 1.34–
6.64) and 1.76 (95% CI 0.25–12.51) in the PVAC and PVAC
GOLD groups, respectively (p = 0.32). At 12 months, 28.9%

of patients were treated without AAD therapy, while at
24 months, the percentage increased to 37.4% with no differ-
ence between the two groups.

4 Discussion

PVI is effective in restoring and maintaining sinus rhythm in
patients with symptomatic paroxysmal, persistent, and proba-
bly long-standing persistent AF, as a second-line treatment
after failure of or intolerance to antiarrhythmic drug therapy
[1, 2]. Indeed, one shot PhRF/DC PVI.

creates effective lesions to significantly modify the arrhyth-
mic substrate while avoiding procedure-related complications.

4.1 Main findings

The main results of our analysis are as follows: (1) PVI using
PVAC and PVAC-GOLD is feasible and safe with reduced
procedural time and with low complication incidence to treat
both paroxysmal and persistent drug refractory AF patients,
(2) the use of the PVAC-GOLD catheter reduced procedural
and fluoroscopy times without compromising the procedure
safety, (3) the PVI ablation using both multielectrode circular
mapping catheters is effective. This is the first analysis
reporting long-term ablation-related outcomes comparing
PVAC and PVAC-GOLD PVI from a multicenter, real clinical
practice experience.

4.2 Safety and procedural data

Weber et al. reported the single-center comparison study of 40
patients, half treated with PVAC and half treated with PVAC-
GOLD. The total procedure time from vascular access until

Table 2 Peri-procedural complications

Complications TOTAL
(n = 148)

PVAC
(n = 84)

PVAC-GOLD
(n = 64)

p value

Patients with at least one complication 1.4% (2/148) 0.0% (0/84) 3.1% (2/64) 0.103

Permanent diaphragmatic paralysis 0.0% (0/148) 0.0% (0/84) 0.0% (0/64) –

Transient diaphragmatic paralysis 0.0% (0/148) 0.0% (0/84) 0.0% (0/64) –

Peri-cardiac effusion 0.0% (0/148) 0.0% (0/84) 0.0% (0/64) –

Arteriovenous fistula 0.0% (0/148) 0.0% (0/84) 0.0% (0/64) –

Cardiac tamponade 0.0% (0/148) 0.0% (0/84) 0.0% (0/64) –

Pneumothorax/emothorax 0.7% (1/148) 0.0% (0/84) 1.6% (1/64) 0.250

Femoral pseudo-aneurism 0.0% (0/148) 0.0% (0/84) 0.0% (0/64) –

Stroke 0.0% (0/148) 0.0% (0/84) 0.0% (0/64) –

Thromboembolic event 0.0% (0/148) 0.0% (0/84) 0.0% (0/64) –

Pulmonary vein stenosis 0.0% (0/148) 0.0% (0/84) 0.0% (0/64) –

Hematoma 0.7% (1/148) 0.0% (0/84) 1.6% (1/64) 0.250

Other complication 0.0% (0/148) 0.0% (0/84) 0.0% (0/64) –
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removal of catheters was significantly reduced from
93.8 ± 18.9 min in the PVAC group to 83.1 ± 10.6 min in the
PVAC-GOLD group. Furthermore, the total fluoroscopy time
was reduced from 29.5 ± 9.5 min in the PVAC group to
23.4 ± 7.0 min in the PVAC-GOLD group. [16] In our experi-
ence, the total procedural time was 129 min (140 min in the
PVAC group and 112 min in the PVAC GOLD group), which
was longer than those of Weber et al. However, there was a
significant time reduction between the two groups in favor of
the PVAC-GOLD. The fluoroscopic times were comparable
with those presented by Weber et al. The differences could be
explained by the nature of the two different analyses: Weber
reported a single-center study on 40 patients, while ours was a
multicenter experience on 148 patients. Our data on procedural
time confirmed those presented by Lietz et al., on 128 patients
with their first PVAC-GOLD PVI. [17] In our analysis, the
ablation time was significantly shorter in the PVAC-GOLD
group (15 vs 28 min in the PVAC group). Contributing factors
likely include the increased heat transfer of gold electrode ma-
terial with more efficient cooling and deeper lesions, the 20°
forward tilt, which provides more uniform contact with the PV
antrum, and the use of the PhRF/DC generator. [11, 18] In fact,
the software of the generator could give improved feedback on
contact between the ablation catheter and PVand on the reached
temperature to target an electrode-tissue interface temperature of
60 °C. [18, 19]

In our experience, only two patients experienced a peri-
procedural complication: one patient had a pneumothorax,
while in the second patient, a hematoma in the right groin
occurred. No other major complications were reported.
Concerns have been raised about the safety of the PVAC

system after an increased incidence of acute silent cerebral
micro-embolisms (ASCE) in comparison with irrigated tip
RF ablation or cryoablation was reported [20–22]. PVAC-
GOLD was projected to minimize the risk of interaction be-
tween electrodes 1 and 10 [23, 24], one of the causes contrib-
uting to ASCE formation. The ERACE trial demonstrated that
PVAC procedural changes led to significant reductions in oc-
currence of ASCE (1.7%) [23, 25, 26] and the PRECISION
Gold Study confirmed this result in 51 patients treated with
PVAC-GOLD [11]. Spitzer et al. reported on 384 paroxysmal
and persistent AF patients, only 4 (1%) with relevant early
complications requiring intervention: 3 early complications
occurred in the group of patients with paroxysmal AF and 1
posterior cerebral infarction without long-term consequences
occurred in the group of persistent AF patients. This two-
center registry confirmed the safety of PVI performed with
PVAC-GOLD. [26]

4.3 Efficacy data

Our findings on the efficacy of PVI ablation are in line with the
results of other groups. [26, 27] In particular, Weber et al. re-
ported that at 12 months, AF recurrence rates were similar
between the PVAC (7/20) and PVAC-GOLD (6/20) groups
(35 and 30%, respectively; p = 0.735). [16] Recently,
Lepillier et al. have reported a single-center experience on 77
paroxysmal AF patients treated with PVAC. After a mean
follow-up of 55 ± 11 months, and after a single procedure, the
success rate (absence of symptomatic AF) was 70.1%. [28] In
our experience, at 12 months, the unadjusted freedom from AF
recurrence was 64.1 and 68.2% in the PVAC and PVAC-GOLD
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groups, respectively. It is, however, important to point out some
methodological differences between the two experiences: (a)
the patients evaluated by Lepillier et al. suffered from paroxys-
mal AF, whereas 21.6% of our patients had persistent or long
persistent AF; (b) in our analysis, 46.6% of patients were con-
tinuously monitored using ICM to find AF recurrence, while
the remaining 53.4% and patients studied by Lepillier et al.
were followed with a standard approach consisting of 3-
month follow-ups with a clinical exam and ECG and the real-
ization of a 24-h Holter ECG done at the discretion of the
referent. [28]

Recently, the use of implantable loop recorders to detect
AF recurrence rates has been evaluated in different studies:
the accuracy of rhythm detection is more effective with ILR
monitoring compared to intermittent rhythm monitoring
[29–31]. Lately, Spitzer et al. reported data on 198 parox-
ysmal and 186 persistent AF patients undergoing multipo-
lar phased bipolar RF ablation using PVAC-GOLD. Rates
of freedom from recurrence of AF after a single PVAC-
GOLD ablation procedure, including redoprocedures, were
68.3% with paroxysmal AF and 58.6% with persistent AF
remaining in sinus rhythm and off drugs after 6 months,
showing that PVAC-GOLD appeared to be favorable in
patients both with paroxysmal and persistent AF. [26]
Largely, our patients were treated with AAD therapy both
at baseline and in the follow-up. At 24 months only, 38% of
patients were not treated with AADs. Goldenberg et al., in a
meta-analysis of published controlled trials comparing tem-
porary AAD therapy after atrial fibrillation ablation with no
AAD therapy, suggested that AAD usage did not substan-
tially reduce overall recurrence of AF after ablation in the
mean follow-up period of 8 months. [32, 33] Our research
reflecting the clinical practice of participating centers
showed that the AAD usage is common even after the ab-
lation of AF. Further studies are needed to assess AAD
protocols and correlation with the presence of AF
recurrence.

In the present analysis, despite the similar rate of AF recur-
rence between the two groups, the re-procedure rates were
different. One of the reasons could be the difference in dura-
tion of AF episodes, or the frequency of AF episodes. In this
analysis, we have studied only the recurrence of the first AF
episode and not the duration of the episodes, or the subsequent
AF episodes.

5 Limitations

This was not a randomized comparison, so the limitations of
observational studies applied to our research. Nevertheless,
possible biases are mitigated by the fact that data were collect-
ed prospectively, the analysis was designed before the dataset
was opened, and research endpoints were pre-specified.

6 Conclusions

Our experience suggests that PVAC and PVAC-GOLD proce-
dures are effective for long-term follow-up, with reduced time
of procedure and time of fluoroscopy and low peri-procedural
complications. Our results confirm a low occurrence of AFwith
PhRF/DC systems and a better efficiency when PVAC-GOLD
was used.
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