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Abstract
Purpose Pulmonary vein isolation with radiofrequency ener-
gy is widely used as a strategy for catheter ablation of atrial
fibrillation (AF). Anatomically designed catheters have been
developed to increase the efficiency of AF ablation proce-
dures. The second-generation circular ablation catheter,
PVAC GOLD, was re-designed to improve energy delivery
and mitigate emboli. We investigated the procedural efficien-
cy, biophysics, and chronic efficacy of PVAC GOLD in pa-
tients with AF.
Methods Weconsecutively enrolled40patients (60±11years)
with highly symptomatic, drug refractory AF. The first 20
patients were treated with the first-generation PVAC. The sub-
sequent 20 patients were treated with the second-generation
PVAC GOLD catheter. All patients were followed up at 3, 6,
and 12 months.
Results All 164 targeted PVs were successfully isolated.
Ablations performed with PVAC GOLD showed a significant
reduction in total number of ablations needed for PVI, fluo-
roscopy, and procedure times compared to PVAC (34.7±7.0
vs. 27.0 ± 6.5; p=0.009), fluoroscopy (29.5 ± 9.5 vs. 23.4
± 7.0; p=0.026), and procedure time (93.8 ± 18.9 vs. 83.1
±10.6; p=0.033). PVAC GOLD showed improved biophys-
ics including a reduction of low power ablations and an in-
crease in mean effective energy delivery. At 12 months fol-
low-up, AF recurrence rates were comparable in the two

groups (35 vs. 30 %; p= 0.735). There were no adverse
events.
Conclusions The redesigned PVAC GOLD catheter demon-
strates a reduction in radiofrequency ablation and procedure
time and improved biophysics while maintaining chronic ef-
ficacy compared to the first-generation PVAC.
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1 Introduction

Atrial fibrillation is the most common arrhythmia encountered
in clinical practice, accounting for approximately one third of
all hospitalizations for cardiac rhythm disturbances [1, 2].
Pulmonary vein isolation (PVI) is currently the most well-
accepted ablation strategy for patients with paroxysmal or
persistent atrial fibrillation (AF) [3].

Initially, AF ablations with focal RF catheters were associ-
ated with long procedures and extensive RF applications.
Anatomically designed, Bsingle-shot^ catheters were devel-
oped to reduce procedure times and RF applications. The cir-
cular, multi-electrode, pulmonary vein ablation catheter
(PVAC) was one anatomically based catheter for PVI. The
PVAC simultaneously delivers unipolar and bipolar energy
to create contiguously transmural lesions. Studies using
PVAC demonstrated promising chronic efficacy in paroxys-
mal AF patients [4–7]. However, early studies evaluating the
incidence of asymptomatic cerebral emboli (ACE) after AF
ablation showed an increased detection of ACE on MRI post-
ablation with PVAC compared to focal RF and cryoballoon [8,
9].

Recently, Verma et al. demonstrated in the multi-center
ERACE study that simple procedural changes including
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continuous therapeutic anti-coagulation and catheter manage-
ment result in a low 1.7 % incidence of ACE post-ablation
with PVAC [10]. Further, the second-generation phased RF
catheter, PVAC GOLD, was developed to improve energy
delivery using gold electrodes and removal of the tenth elec-
trode to avoid the formation of emboli through the interaction
of electrodes 1 and 10 [11–13]. The multi-center PRECISION
GOLD trial was an acute study that demonstrated that the new
PVAC GOLD catheter is associated with one of the lowest
rates of ACE (2.1 %) for any AF ablation technology [14].

Recent pre-clinical work fromHocini et al. has demonstrat-
ed that PVAC GOLD electrodes maintaining a temperature
≥50 °C and ≥3 W of power for greater than 30 s have a
99 % positive predictive value for lesion transmurality [15].

This is the first study investigating procedural efficiency,
RF biophysics, and chronic efficacy for the new PVACGOLD
catheter in comparison to the first-generation PVAC.

2 Methods

2.1 Study group

In this study, we included 40 consecutive patients with highly
symptomatic and drug refractory AF presenting to our depart-
ment for PVI. The patients were subdivided into two groups
(PVAC and PVAC GOLD). The first 20 patients were treated
with the first generation of the circular ablation catheter PVAC
and utilized the same embolic lowering procedural changes
identified in the ERACE study including using only electrodes
1–9 [10]. The subsequent 20 patients were treated with the
second-generation PVAC GOLD catheter as it became com-
mercially available. In both groups, the newest software ver-
sion for the ablation generator was used (GENius ContactIQ
software version 15.1). All 40 ablation procedures were per-
formed over 4 months. All patients included in this study were
treated unsuccessfully with at least one antiarrhythmic drug.
All patients with paroxysmal AF had a history of recurrent
arrhythmias of at least 6 months. Patients with persistent AF
had received at least one cardioversion within 6 to 12 months
to maintain SR. Written consent was obtained from all the
patients, and the study protocol was approved by the institu-
tional review board of Bayreuth Hospital.

2.2 Electrophysiological study

Electrophysiological studies and PVI were performed with
patients in the fasting state. A transesophageal echocardio-
gram was performed in all patients before the procedure to
rule out intracardiac thrombus. In all patients, conscious seda-
tion with propofol was used during the procedures. All pa-
t ients underwent ablat ion under continuous oral
anticoagulation. Vascular access was obtained through

femoral vein. An octapolar diagnostic catheter (Inquiry™,
St. Jude Medical Inc., St. Paul, MN, USA) was positioned in
the coronary sinus for recording electrograms and differential
atrial pacing during the ablation procedure. After transseptal
puncture, systemic anticoagulation was achieved with intrave-
nous heparin to maintain an activated clotting time of ≥350 s.
Direct selective angiography of all pulmonary veins was per-
formed to obtain a geometric reference for positioning the
PVAC catheter.

2.3 Pulmonary vein ablation catheter PVAC and PVAC
GOLD

The PVAC is a nine French mapping and ablation catheter
with a 25-mm circular electrode array (Fig. 1). The first-
generation PVAC catheter was composed of ten 3-mm plati-
num electrodes with 3-mm spacing. The novel PVAC GOLD
catheter is composed of nine 3-mm gold electrodes with 3.75-
mm spacing. The tenth PVAC electrode was removed in order
to eliminate an interaction between the first and tenth PVAC
electrodes that has been shown to be a significant source of
emboli with the first-generation PVAC [11].

Gold electrodes have improved thermal conductivity ver-
sus platinum electrodes and so may offer advantages for this
system in terms of temperature measurement accuracy and
efficiency of energy delivery. Additionally, the array of the
PVAC GOLD catheter is tilted forward by 20° relative to the
catheter shaft in order to improve electrode to tissue contact.
Catheter navigation and positioning are supported by both
bidirectional steering and over-the-wire technique. The circu-
lar array can be extended to assume a spiral configuration
which allows for various tissue contact positions. Each elec-
trode contains a thermocouple located adjacent to the elec-
trode surface in contact with the endocardial tissue to maintain
temperature accuracy.

2.4 Ablation generator and ablation

The GENius™ generator (Medtronic Inc., Minneapolis, MN,
USA) is a multi-channel duty-cycled RF generator capable of
independently delivering energy to the catheter electrodes. In
contrast to standard ablation generators using RF energy de-
livered only in a unipolar circuit, the GENius generator is able
to provide simultaneous bipolar as well as unipolar current
from energized PVAC ablation electrodes. The phased RF
technology has been previously described in detail elsewhere
[4, 5]. All cases were performed using the GENius with
ContactIQ software version 15.1.

2.5 Mapping and ablation protocol

A team of two very experienced physicians (>1000 PVAC
cases) performed all 40 procedures together. The PVAC was
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forwarded to the left atrium via the steerable transseptal sheath
and deployed in the left atrium. For catheter positioning, a
0.032 guidewire was introduced into each targeted vein and
the PVAC advanced over the wire to the antral region of the
pulmonary vein (PV). The position of the PVAC was con-
firmed by biplane fluoroscopy and compared to the anatomi-
cal landmarks defined by previous PVangiography. For opti-
mal tissue contact, positional changes of the PVAC were ac-
complished by rotating the array, using the steering mecha-
nism of the catheter and the transseptal sheath. An optimal
ablation position was always defined by local electrograms
and fluoroscopic position.

Isolation of large PVs or common ostium exceeding the
diameter of the PVAC was achieved by repositioning the
guidewire into different PV branches (commonly upper and
lower branch) to achieve optimal and stable catheter position.

RF energy was usually delivered for 60 s per application
with a target temperature of 60 °C for circular as well as
segmental ablations. When electrode temperature did not rise
above 50 °C within 20 s or the power was below 2 W, this
electrode was switched off. If the majority of selected elec-
trodes did not reach target temperature or had low energy
levels, the application was discontinued to improve position.
In most cases, all electrode pairs were activated during the first
applications to create overlapping lesions rings. After these
first applications, residual potentials were ablated using select-
ed electrode pairs.

Ablation success was defined by disappearance of all PV
signals. Further testing of PV isolation was performed by the
use of adenosine at the end of the procedure to reveal dormant
PV-LA conduction.

Before commencing ablation in the right superior PV, high-
voltage stimulation was applied to consecutive electrodes. On

instances of right phrenic nerve capture, the catheter was
repositioned and pacing resumed prior to RF application.

2.6 Evaluation of ablation performance

In addition to number of RF ablations, procedure, and fluo-
roscopy time, the following biophysical parameters were
measured:

2.6.1 Low power ablations (≤3 W)

The low power analysis counts the number of electrodes with
≤3 W out of the total number of activated electrodes during
ablations.

2.6.2 Effective contact (s)

Effective contact is the cumulative time within each 60-s ab-
lation where each electrode reached a temperature ≥50 °C and
power ≥3 W. In the analysis, the number of electrodes with
effective contact greater than 30 s is counted for each ablation.

2.6.3 Effective energy

Effective energy is defined as the total energy (J) delivered for
when each electrode meets the Effective Contact criteria.

2.7 Post-ablation management

All patients were instructed to continue oral anticoagulation
for at least 3 months after ablation. Patients with a CHA2DS2-
VASC score ≥2 were continued on oral anticoagulation
throughout the study. Patients were followed up in our

Fig. 1 Design differences of
PVAC GOLD and PVAC.
Electrodes were switched to gold
from platinum, number of
electrodes reduced to nine for
PVAC GOLD from ten with
PVAC, inter-electrode spacing
increased from 3.00 to 3.75 for
PVAC GOLD, and PVAC GOLD
includes a 20° forward tilt of the
array
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outpatient clinic at 3, 6, and 12 months. Ablation success was
defined as freedom from atrial fibrillation/atrial flutter/atrial
tachycardia as determined by 7-day Holter monitoring (no
episodes ≥30 s) and additional anamnesis with respect to
rhythm disturbances.

2.8 Statistical analysis

Data are presented as mean ± SD or as percentages.
Differences between groups were determined by t test,
Fisher’s exact test, or test of two proportions. A p value of
<0.05 was considered significant.

3 Results

The complete characteristics of the two study groups are given
in (Table 1). PV isolation was performed in 40 consecutive
patients, 15 were female. Mean patient age was 60.8
± 11.1 years (range 30–79 years). Coronary artery disease
(CAD) was present in 15 patients (37.5 %), a history of hy-
pertension in 32 patients (80 %), and diabetes in 11 patients
(27.5 %). The baseline characteristics did not significantly
differ in between these two groups of consecutive patients
(Table 1). The median left atrial diameter was 39.4±8.8 mm
(range 26–54 mm). Left atrial enlargement was documented
by echocardiography in 17.5 % of patients. Twenty-three pa-
tients had paroxysmal AF and 17 patients had persistent AF.
There were two left-sided common trunks (one in each group),
two LA-roof-veins (one in each group), and two right-sided
middle veins (both in PVAC group). All 164 targeted PVs
could be isolated successfully using only the PVAC or
PVAC GOLD catheter.

Comparison of procedural parameters between the second-
generation PVAC GOLD and the first-generation PVAC
showed a significant improvement in procedural efficiency.

The median number of RF energy application for successful
isolation of all PVs was reduced from 34.7±7.0 in the first-
generation PVAC group to 27.0 ±6.5 in the PVAC GOLD
group including all circumferential and segmental ablations
(Table 2). All PVs, except the left inferior, were associated
with a significant decrease in RF energy applications. The
improved procedural efficiency was also reflected by a reduc-
tion in total RF duration from 32.1±6.5 min with PVAC to
24.8±6.7 min with PVAC GOLD (Fig. 2a). Due to the re-
duced number of ablations and ablation duration, the total
procedure time from vascular access until removal of catheters
was significantly reduced from 93.8±18.9 min in the PVAC
group to 83.1±10.6 min in the PVACGOLD group (Table 2).
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
PVACGOLDgroup (Table 2). No char or thrombus formation
was observed on any of the catheters used in this study.

Analysis of the RF applications show that the number of
electrodes which only reached a power ≤3 W during ablation
was significantly reduced from 6 % using the PVAC to 2 %
using the PVACGOLD (Fig. 2b). Analysis of the RF biophys-
ics shows a significant 9.7 % increase in effective energy
(130 J) with PVAC GOLD compared to PVAC (Fig. 2c).
Evaluation of the electrodes with effective contact showed
no difference between PVAC and PVAC GOLD (Fig. 2d).

3.1 Follow-up

All patients completed a 12-month follow-up visit, including a
7-day Holter to evaluate AF recurrence. 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). During the follow-up, none of the patients devel-
oped left atrial flutter or left atrial tachycardia after AF
ablation.

3.2 Safety

No procedure-related complications were observed during the
patients’ hospital stay. There were no access-related bleeding
complications and no cardiac effusion or tamponade or phren-
ic nerve palsy. At the time of hospital discharge, all patients
were free of any neurological symptoms.

4 Discussion

This is the first study reporting chronic clinical outcomes with
the novel PVAC GOLD catheter. The main findings of this
study are that the redesigned PVAC GOLD catheter is associ-
ated with improved procedural efficiency and RF biophysics
while maintaining similar efficacy compared to the first-
generation PVAC.

Table 1 Patients baseline characteristics

PVAC GOLD PVAC p value

Age 61.8 ± 11.7 59.9 ± 10.7 0.595

Sex Male = 11 Male = 13 0.746

AF persistent 8 9 0.749

AF paroxysmal 12 11 0.749

CAD 8 7 0.744

Hypertension 15 17 0.692

Diabetes 4 7 0.478

EF normal >50 % 15 17

EF mild red 4 3

EF severe <35 % 1 0

Left atrial size 39.1 ± 9.3 39.7 ± 8.4 0.831
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Our clinical follow-up data for PVAC and PVAC GOLD
are in a line with results of other groups reporting about the
clinical outcomes with the first-generation PVAC catheter.
These include three randomized comparisons of PVAC versus
a conventional electro-anatomic approach [16–18]. All three
of these studies demonstrate no difference between the two
techniques in freedom from AF at follow-up, but all show
statistically significant reductions in procedure time and

fluoroscopy time with PVAC. Other head-to-head compari-
sons of PVAC versus the conventional approach demonstrate
equivalent freedom from AF at the 3-year follow-up [19] and
5-year follow-up [20] but also improved procedural efficiency
with PVAC. The present study demonstrates that the proce-
dural efficiency with PVAC GOLD is further improved over
PVAC. The use of PVACGOLD resulted in significantly few-
er RF applications and significantly less procedure and

Table 2 Procedural and ablation
data PVAC GOLD PVAC p value

Procedure time (min) 83.1 ± 10.6 93.8 ± 18.9 0.033

Fluoroscopy time (min) 23.4 ± 7.0 29.5 ± 9.5 0.026

Total RF duration (min) 24.8 ± 6.7 32.1 ± 6.5 0.001

Mean number of RF applications—total 27.0 ± 6.5 34.7 ± 7.0 0.009

Mean number of RF applications—LSPV 7.5 ± 3.0 10.2 ± 4.0 0.021

Mean number of RF applications—LIPV 6.3 ± 2.6 7.9 ± 2.7 0.064

Mean number of RF applications—RSPV 6.6 ± 2.8 8.9 ± 2.4 0.008

Mean number of RF applications—RIPV 5.4 ± 1.4 6.7 ± 2.2 0.032

Fig. 2 Improved RF biophysics with PVAC GOLD. a Ablations with
PVAC GOLD showed a significant decrease in the number of electrodes
with low power. b Mean effective energy of PVAC GOLD was
significantly greater than the mean effective energy of PVAC. c No

difference in the percentage of electrodes with >30 s of effective
contact between PVAC GOLD and PVAC. d Mean RF duration was
significantly decreased with PVAC GOLD compared to PVAC
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fluoroscopy time. These improvements in procedural efficien-
cy may be related to the thermal properties of gold electrode
material versus platinum [13, 21].

Comparison of RF biophysics through analysis of genera-
tor files demonstrates that the PVAC GOLD delivered energy
more efficiently than did PVAC. On the GENius generator,
power ≥3 Wand temperature >50 °C are visually displayed as
green bars and referred to as BEffective Contact.^ In this study,
we did not observe a difference between the two catheters in
this aspect, potentially because electrodes with low tempera-
ture or low power were switched off by the software algorithm
or manually by the physicians. However, we did observe that
more power was delivered during ablations with PVAC
GOLD (BEffective Energy^). This may explain the reduction
in RF applications required for PVI in our study. We also
observed a significant decrease in low-power ablations with
PVAC GOLD versus PVAC (2 vs. 6 %). Decreased rates of
low-power ablations have been shown to reduce acute PV
reconnection (with adenosine challenge) and improve clinical
AF recurrence at follow-up [22]. In our series of patients,
PVAC GOLD was associated with a decrease in low-power
ablations yet resulted in similar freedom fromAF at 12months
as PVAC. This may be due to the limited sample size and mid-
term follow-up.

There have been concerns over safety with the PVAC cath-
eter, particularly with respect to reports of asymptomatic ce-
rebral embolism and neurological complications. The ERACE
trial demonstrated that PVAC procedural changes, in particu-
lar avoiding close proximity of electrodes 1 and 10, led to
significant reductions in occurrence of ACE (1.7 %) [10].
The PVAC GOLD catheter has only nine electrodes which
avoids this potential source of emboli. Further, results of the
PRECISION GOLD study show a low 2.1 % rate of ACE
with the novel PVAC GOLD [14]. In the current study, no
significant adverse events using either the PVAC or PVAC
GOLD catheter were reported.

5 Study limitations

The study has a relatively low sample size as it was
designed to compare the performance of the second-
generation PVAC GOLD to the first-generation PVAC.

Also, this study was not randomized because these two
catheters (first- and second-generation PVAC) were not
commercially available at the same time; however, all
procedures were consecutive and performed by the same
operators. Finally, we did not perform post-procedure im-
aging to assess the prevalence of ACE or asymptomatic
PV stenosis in this study. Future studies are warranted to
assess the longer-term effectiveness and safety of this
second-generation catheter.

6 Conclusion

The PVAC GOLD system allows a reduction in radiofrequen-
cy ablation time, higher energy delivery, fewer low power
ablations, and improved biophysical efficiency when com-
pared to the first-generation PVAC system. This measureable
effects during the procedure did not improve the AF recur-
rence rate at the 6-month follow-up. Further studies are need-
ed to rule out the long-term effect of improved ablation pa-
rameters with regard to freedom from AF.

Compliance with ethical standards Written consent was obtained
from all the patients, and the study protocol was approved by the institu-
tional review board of Bayreuth Hospital.
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