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Aims The aim of the study was to determine the level of pulmonary vein (PV) isolation achieved with the use of a novel
radiofrequency circular multielectrode ablation catheter [pulmonary vein ablation catheter (PVAC)] in patients with
paroxysmal atrial fibrillation. Although some efficacy data have been presented, the level of PV isolation, which is
crucial both for efficacy and safety of the ablation, has not been defined with this new ablation catheter.

Methods
and results

Detailed sinus rhythm voltage maps using an electroanatomic mapping system and projected on 3D computed tom-
ography-derived reconstructions of the left atrium (LA) were obtained before and after PV isolation with the PVAC.
Left atrium–PV entry and exit block was assessed for each vein. The population consisted of 12 patients, mean age
57+6 years, seven male. After ablation, an extensive zone of potential reduction that included the ostium of each PV
was observed in all patients. Bipolar voltages were significantly reduced in all PVs and in the LA close to the vein ostia,
the mean voltage reduction was .80%.

Conclusion Using the PVAC, (i) PVs are isolated at the level of the PV ostium and, importantly, outside the tubular portion and
(ii) significant voltage reduction is also recorded at various extent proximal to the PV ostium at the level of the antral
region.
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Introduction
Specifically designed catheters have recently been introduced1 –8

to achieve pulmonary vein (PV) isolation that has been established
as the cornerstone of ablation in patients with paroxysmal atrial
fibrillation (AF).9– 13 A number of studies have described the
acute and midterm success rates achieved with one of these
novel ablation tools, the Pulmonary Vein Ablation CatheterTM

(PVAC, Ablation Frontiers, Inc., Carlsbad, CA, USA) an
over-the-wire radiofrequency (RF) multielectrode circular cath-
eter.2,3 However, the level of PV isolation achieved with this cath-
eter has not yet been defined, although it is an important
determinant of both success and complication rates. Therefore,

the aim of this study was to (i) meticulously determine PV isolation
by demonstrating both entry and exit block and (ii) assess by
voltage mapping the level of PV isolation achieved in patients
with paroxysmal AF undergoing ablation with the PVAC.

Methods

Population
The population of the present study consisted of patients with parox-
ysmal AF undergoing PV isolation and consenting to the study protocol
referred to our division from June 2008 to January 2009.
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Electrophysiological study and catheter
ablation
Following oral anticoagulation (INR , 2.5 at the day of the procedure)
or low molecular weight heparin for at least the preceding 4 weeks and
transoesophageal echocardiogram to exclude the presence of left atrial
(LA) thrombi or masses, the electrophysiological study was performed
using standard technique.

All patients underwent transseptal puncture using the electro-
physiological catheters as anatomical landmarks and pressure record-
ing. Antegrade LA angiography was always performed prior to
transseptal puncture and allowed the characterization of the individual
anatomy relevant for interatrial septal puncture. No other imaging
tools have been used.

After transseptal puncture, intravenous heparin was given as a bolus
(usually 5000 U) and repeated if necessary every 20 min in order to
achieve and maintain an activated clotting time between 250 and
350 s throughout the procedure.

Ablation was performed using a novel circular decapolar catheter,
the PVAC (Figure 1).2,3 Briefly, this is a 9 Fr, over-the-wire, circular,
decapolar mapping and ablation catheter. The distal ring has a diameter
of 25 mm. The distal part of the catheter can be steered in a bidirec-
tional fashion, and the circular array, hosting the ten 3-mm electrodes,
can be extended in a spiral configuration. Each platinum electrode con-
tains one thermocouple, and the catheter is used with a specifically
designed multi-channel RF generator (GENiusTM, Ablation Frontiers)
that is capable of simultaneously delivering duty-cycled energy to all
electrodes. The generator has five preset energy settings: bipolar, uni-
polar, and three ratios of bipolar-to-unipolar energy: 4:1, 2:1, and 1:1.
Energy is delivered in a temperature-controlled, power-limited
manner, with a maximum power of 10 W per electrode.

After positioning the wire in one of the branches of the PVs, the PVAC
was advanced at the PV ostium, trying to achieve the best catheter
contact with all the electrodes. Both the fluoroscopic position and the
electrograms were used to assess electrodes–tissue contact prior to
ablation. Anatomical information regarding the angulation of the PVs
with respect to the LA was obtained from the LA angiography and the
computed tomography (CT)-derived LA 3D reconstruction and
guided the positioning of the PVAC. RF energy was delivered for 60 s
with a temperature limit of 608C. The usual ratio of bipolar-to-unipolar
energy used was 2:1 when the catheter was at the antrum of the PV and
4:1 if the position was more ostial. During energy delivery, monitoring of
power and temperature values were used to assess catheter contact: low
power (,3 W) and high temperatures (608C) were considered indi-
cators of excessive pressure, whereas high power (10 W) and low temp-
eratures (,508C) indicated poor catheter contact. In these situations,

the channels showing suboptimal values were switched off after 20 s.
After every single application, the catheter was rotated on its axis and/
or a different PV branch was selectively cannulated with the wire in
order to achieve a different position and ablate the areas not covered
by the previous lesion. Before every energy application, the new catheter
position was checked using biplane fluoroscopy to reduce the risk of an
extreme deviation of the PVAC from the PV long axis in order to avoid
unnecessary applications. Energy was usually delivered from all the
electrodes for the first lesions, while later on only the electrodes still
showing local electrograms were selected for ablation. Ablation was
continued until the demonstration of PV isolation. The same procedure
was repeated for all PVs. In case of large PV ostia, selective cannulation of
different PV branches with the wire, spiralling of the distal circular end of
the catheter, and the use of the steering mechanism of the transseptal
sheath enabled differential positioning of the PVAC, thus allowing com-
plete PV isolation. In order to prevent phrenic nerve injury, particular
care was taken during ablation at the ostium of the right superior PV.
The maintenance of a proximal position of the PVAC during energy appli-
cation was obtained by using sheath torque and selective wire cannula-
tion of different PV branches and was checked at intervals during
ablation. Furthermore, high output stimulation (10 V at 2.0 ms) from
all electrode pairs of the ablation catheter prior to every energy appli-
cation was performed, and ablation was only carried out from the
pairs not showing phrenic capture.

Confirmation of pulmonary vein isolation
Confirmation of PV isolation was always performed using both the
PVAC and an additional decapolar circular mapping catheter
(LassoTM, BiosenseWebster, CA, USA). Entry block into the PVs was
demonstrated by the absence of PV potentials in sinus rhythm or
during pacing from the right interatrial septum for the right-sided
PVs and during pacing from the distal coronary sinus for the left-sided
PVs, respectively (Figure 2). In addition, exit block was assessed by
pacing at maximum output (10 V at 2.0 ms) from all electrode pairs
of the circular mapping catheter positioned proximal in the PV.

Repeated doses of adenosine (6–18 mg) were injected in order to
assess LA–PV reconnection.14 In addition, isoproterenol challenge was
performed at increasing rates (5–20 mg/min with steps of 2 min) in
order to test the presence of extra PV foci triggering AF.15 When PV
‘reconnection’ was observed after drug challenge, additional lesions
with the PVAC were delivered until this response was abolished.

Additional anti-arrhythmic drugs were not used during the
procedure.

Voltage mapping
Computed tomography scans of the heart were obtained 24–48 h
before the ablation with a 64-slice dual source device (SomatomTM

Definition, Siemens AG, Munich, Germany). The 3D reconstruction
of the LA from the digital CT data was performed using the VerismoTM

customized software of the NavX system (EnSite NavXTM, St Jude
Medical, St Paul, MN, USA). The number of PV ostia for each
patient was determined on the 3D reconstruction. A common PV
ostium was defined as the presence of a unique take-off of contiguous
PVs bifurcating more than 5 mm away from the LA–PV junction.16

Demarcation of the PV ostia was obtained on the 3D reconstruction
of the LA prior to the ablation procedure, using the marker tool of
the navigation system tracing a tangential line at the junction of the
PV to the oval-shaped surface of the LA, following previously published
criteria.17 Characterization of the proximal border of the antrum and
the LA was not attempted because no standardized approach is yet
available.

Figure 1 The PVAC catheter is an over-the-wire circular dec-
apolar ablation catheter.
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Figure 2 ECG leads II, V1 and V6 and intracardiac bipolar electrograms (EGMs) recorded (100 mm/s sweep speed) from the PVAC, a hex-
apolar catheter positioned at the anterior interatrial septum (His catheter), and a decapolar catheter placed in the coronary sinus (CS) are
presented. EGMs were recorded by the PVAC at each pulmonary vein (PV) ostium both before (A–D: EGMs in the LSPV, LIPV, RSPV, and
RIPV, respectively) and after (E–H: EGMs in the LSPV, LIPV, RSPV, and RIPV, respectively) successful PV isolation. Before PV isolation
(A–D), a far-field atrial electrogram (A) was recorded �60 ms after either the pacing stimulus (S) from the CS (A and B) or the beginning
of the P-wave in the surface ECG (C and D) in each PV. This atrial EGM was then followed in the PVAC tracings by a sharp PV potential
(P). After PV isolation (E–H ), the far-field atrial EGM was still recorded 60 ms after the pacing stimulus from the CS in the left-sided PVs
(E and F) but was no longer followed by a PV potential. In the right-sided PVs (G and H ), a very small far-field atrial EGM and no PV potential
were recorded after ablation. LSPV: left superior PV, LIPV: left inferior PV, RSPV: right superior PV, RIPV: right inferior PV.

Voltage mapping and pacing to assess the level of PV isolation 935
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The maximum and minimum diameters as well as the area of each
PV ostium were measured using customized NavX tools. The diameter
ratio was calculated off-line, in order to characterize the shape of the
ostium as follows: round ≤1.2; oval .1.2 and ≤1.4; flat .1.4.17

A quadripolar steerable mapping catheter (Livewire, St Jude Medical)
was inserted into the LA for voltage mapping using the NavX electroa-
natomic system. After acquisition of a 3D geometry of the LA and of
the proximal end of the PVs, fusion of the CT-derived LA anatomy
with the catheter-acquired LA geometry was performed. Specific ana-
tomic structures (PV ostia, ridges between ipsilateral PVs, ridge
between left-sided PVs and the appendage, superior, inferior, and
anterior LA walls, mitral annulus and interatrial septum) were then care-
fully visited with the mapping catheter and, if necessary, further fusion
steps were performed in order to obtain the best match between the
generated LA geometry and the CT-derived anatomy of the LA.

In sinus rhythm, a detailed bipolar voltage map was acquired with
particularly dense mapping of the PVs, their ostia and antra (defined
as the rim of LA encircling the PV ostia). Great emphasis was put on
trying to acquire bipolar electrograms from all aspects of the PVs.
The map was projected on the fused LA anatomy, and settings were
as follow: interpolation of 10 mm, internal and external projections
of 5 mm. Voltage maps were displayed using as superior and inferior
cut-offs 0.5 and 0.05 mV, respectively. Normal electrograms were con-
sidered those having a voltage of .0.5 mV and were displayed in
purple. Areas of voltage ,0.05 mV were arbitrarily considered as elec-
trically silent and displayed in gray. The spectrum of colours ranging
from red to blue was attributed to areas of low voltages ranging
from 0.05 and 0.5 mV. The map was considered complete when all
PVs had been visited together with their ostia and antra and a sufficient
surface of the LA. Map points were analysed after the procedure, and
their voltage values in mV were collected in a patient-specific database
where points were assigned to the following different anatomic struc-
tures: left superior PV (LSPV), left inferior PV (LIPV), right superior PV
(RSPV), right inferior PV (RIPV), left-common PV (LCPV), right middle
PV (RMPV), and LA. The same mapping procedure was repeated after
isolation of the PVs with the PVAC. Voltage mapping was accompanied,
in case of the presence of voltages .0.2 mV inside the PVs, by pacing
at high amplitude from the mapping catheter in order to reassess PV–
LA exit block. Pacing was repeated from the mapping catheter at car-
dinal points of every PV ostium, as well.

Follow-up
After ablation, patients were monitored for at least 48 h with a tele-
metric electrocardiographic system, and arrhythmias were recorded.
At discharge, patients were asked to report and preferably document
with an electrocardiogram any arrhythmic episodes during follow-up.

Statistics
Continuous variables are expressed as mean values+ standard devi-
ation. Comparison of bipolar voltages before and after ablation for
every PV as well as for the LA and for the overall maps were
performed using the two-tailed Student t-test. A P-value ,0.05 was
considered statistically significant.

Results

Characteristics of the population
Between June 2008 and January 2009, due to the extensive
additional mapping required, 12 patients participated in this
study. The patient characteristics are summarized in Table 1.

There was a relatively high prevalence of left common PVs
(42%). The size of the PV ostia is shown in Table 2, and the
shape of all PVs is presented in Table 3.

Pulmonary vein isolation
As required by the inclusion criteria, PV isolation was achieved
with the PVAC alone in all patients. The mean number of energy
applications per patient was 24+10 (range 10–46), the mean dur-
ation of energy delivery per patient was 20+ 6 (range 9–33) min.
A total of 44 of 44 PVs (100%) including all LCPVs were isolated, as
demonstrated by (i) pacing showing both entry and exit block and
(ii) the drug challenge with adenosine and isoproterenol at the end
of the procedure. There was no difference between assessment of
PV isolation using the PVAC catheter and the Lasso catheter (data
not shown). In 25% of PVs, additional PVAC lesions were per-
formed after adenosine injection revealed acute reconnection. At
the end of the study, persistent PV isolation was shown for all
veins with repeated drug challenge. Isoproterenol infusion did
not identify any extra PV focus and did not unmask residual LA–
PV conduction.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 General characteristics of the study population

Study group
(n 5 12)

Age (years) 57+6

Gender (M/F) 7/5

Height (cm) 174+9

Weight (kg) 82+11

LA diameters (mm) 37+5

Left ventricular ejection fraction (%) 58+5

Number of anti-arrhythmic drugs ever used 1.7+0.8

CHADS2 score 0.8+0.6

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Dimensions of pulmonary vein ostia in the
study group

Study group (n 5 12)

Maximum
diameter
(mm)

Minimum
diameter
(mm)

Diameter
ratio

Surface
(cm2)

LSPVo 19.2+3.4 13.0+2.3 1.5+0.3 2.0+0.5

LIPVo 17.2+2.3 11.7+3.1 1.6+0.4 1.7+0.6

LCPVo 32.2+5.2 17.8+3.9 1.9+0.6 4.3+0.6

RSPVo 20.2+3.2 16.5+2.8 1.2+0.3 2.6+0.7

RIPVo 17.6+2.8 15.7+3.0 1.1+0.1 2.2+0.9

RMPVo 10.0 8.0 1.3 0.6

LSPVo: left superior pulmonary vein ostium; LIPVo: left inferior pulmonary vein
ostium; LCPVo: left common pulmonary vein ostium; RSPVo: right superior
pulmonary vein ostium; RIPVo: right inferior pulmonary vein ostium; RMPVo: right
middle pulmonary vein ostium.
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No significant complications (vascular access complications
needing operation or blood transfusion, cardiac tamponade, TIA
or stroke, phrenic nerve palsy, PV stenosis, atrio-oesophageal
fistula) related to the ablation procedure occurred. Fluoroscopy
times and X-ray doses were 57+ 16 min and 9406+
2990 cGy cm2, respectively. Approximately half of this was due
to the extensive mapping and catheter manipulation required for
the voltage maps before and after ablation (data not shown).

Two patients (#4 and #8) underwent additional cavotricuspid
isthmus ablation for documented typical right atrial flutter, and one
patient underwent additional mitral isthmus ablation for documented
atypical left atrial flutter (patient #10) during the index procedure.
These ablations were performed with a standard irrigated-tip
(ThermocoolTM, BiosenseWebster, CA, USA) ablation catheter.

Voltage maps to determine the level
of isolation
The mean number of electrograms acquired before and after PV
isolation was 168+55 and 184+57, respectively (P ¼ ns).
Before ablation, voltage maps revealed areas of normal voltages
(.0.5 mV) inside the PVs with different degrees of penetration
into the veins and distribution around their circumference
(Figure 3A and B). After ablation, all voltage maps showed significant
voltage reduction in all PVs and, to different extent, proximal to
their ostia (Figure 3C and D) as demonstrated by the presence of
colours ranging from grey (voltage ,0.05 mV) to red and blue
(voltage .0.05 and ,0.5 mV). Mean voltage reduction expressed
as relative reduction was large: LSPV 286%, LIPV 282%, LCPV
285%, RSPV 290%, RMPV 290%, RIPV 292%.

The quantitative voltage analysis revealed that there was no sig-
nificant difference between left- and right-sided PVs in the average
voltage detected before ablation (1.11+0.40 vs. 0.98+0.36 mV,
respectively, P ¼ ns), whereas a significant difference was present
after PV isolation (0.18+ 0.05 vs. 0.10+0.02 mV, respectively, P
, 0.005) likely as a result of large far-field atrial signals due to the
close proximity to the LA appendage. Moreover, ablation with the
PVAC significantly reduced bipolar voltages in all PVs and also in

the LA itself close to the vein ostia (Figure 4). Although the body
of the LA remained characterized by normal voltages (.0.5 mV,
depicted in purple), atrial tissue proximal to the PV ostia was
often included in the low voltage area. Possibly due to the different
shape of the respective PVs ostia, the antral voltage reduction was
more obvious in the left-sided PVs. Left-sided PV ostia were mainly
flat (13 flat, 4 oval, 2 round), right-sided PV ostia mostly had a
rounded shape (17 round, 5 oval, 3 flat).

Follow-up
During the post-ablation in-hospital stay, two patients experienced
frequent premature atrial contractions and short runs of atrial
tachycardia (,30 s), one patient (patient #1) had early recurrence
of paroxysmal AF, and one patient (patient #6) had in-hospital
documentation of frequent atrial extrasystoles inducing sympto-
matic paroxysmal AF resistant to drug treatment. This last
patient underwent a second procedure 5 days after the index abla-
tion. During the electrophysiological study, the presence of an
extra PV focus at the roof of the LA was detected, and the PVs
were still isolated. Ablation of the extra PV focus was performed.
At hospital discharge, four patients were on anti-arrhythmic drugs
(two patients on Class IC, two patients on Class III). At a mean
follow-up of 235+ 92 (range 135–447) days, no other clinical
arrhythmic episodes have occurred in the study population.

No serious procedure-related complications occurred. One
patient developed a groin haematoma that resolved spontaneously
without sequelae.

Discussion

Main findings
This study shows several important findings: (i) PV isolation
assessed by demonstration of both entry and exit block was
achieved in all patients using the PVAC alone. (ii) Using the
voltage criteria of this study, the level of PV isolation achieved
with the PVAC is ostial, proximal to the venous tubular portion,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Shape of pulmonary vein ostia in the study group

LSPVo LIPVo LCPVo RSPVo RIPVo RMPVo

Pt #1 — — Flat Round Round —

Pt #2 Oval Flat — Round Oval —

Pt #3 — — Flat Round Round —

Pt #4 Oval Oval — Oval Round —

Pt #5 Flat Flat — Oval Round —

Pt #6 — — Flat Round Round —

Pt #7 — — Flat Round Round —

Pt #8 — — Round Round Round —

Pt #9 Flat Oval — Flat Flat —

Pt #10 Flat Flat — Round Round —

Pt #11 Flat Flat — Flat Round —

Pt #12 Round Flat — Oval Round Oval

Diameter ratios ≤1.2, between 1.2 and 1.4, and .1.4 defined round, oval, and flat shapes, respectively.

Voltage mapping and pacing to assess the level of PV isolation 937
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and significant voltage reduction was recorded at the antral level,
particularly in left-sided PVs. (iii) Even left-common PVs were suc-
cessfully isolated proximal to their ostium. (iv) Whereas bipolar
voltages did not differ between right- and left-sided PVs before iso-
lation, there was a significant difference after PV isolation, being
higher in the left-sided PVs due to the far-field recording from
the adjacent LA appendage.

Comparison with other ablation
techniques
The acute success rate in PV isolation with the PVAC has been
recently reported to be as high2,3 as that achieved with
conventional-tip catheters18–20 and similar or higher than that
obtained with other novel ablation tools such as the RF mesh cath-
eter (63%),1 the cryo-balloon (ranging from 60 to 98%),4,5 the
endoscopic laser balloon (91%),8 and the high-intensity focused
ultrasound balloons (87–89%),6,7 and in patients with paroxysmal
AF, arrhythmia-free survival rates at 6 months were between 80
and 86% with PVAC,2,3 similar to that seen with standard
point-by-point RF ablation strategy and new balloon-based tech-
nologies.4– 8,21

The level of PV isolation achieved with the PVAC in our study
seems comparable to that obtained with standard tip-catheter-
based approaches aiming at extra-ostial isolation. However,
whether the level of isolation needs to be further proximal in
the LA remains a matter of debate.22 –28 Indeed, while ostial seg-
mental isolation might leave arrhythmogenic foci proximal to the
LA–PVs junction, wide antral ablation may be followed by higher
rates of subsequent macroreentrant atrial tachycardias.

With new balloon catheters, using different energy sources (i.e.
cryo, laser and high-intensity focused ultrasound), the level of PV
isolation achieved has been recently reported to be relatively
ostial, leaving the antral area mainly unaffected, and the level of

Figure 3 Posterior and anterior views of the voltage maps obtained before (A and B) and after (C and D) PV isolation using the PVAC in
patient #12 and projected on the 3D reconstruction of the LA. The purple colour identifies areas with normal voltages (.0.5 mV),
whereas the grey colour represents very low voltage areas (,0.05 mV). The colours ranging from red to blue correspond to areas with inter-
mediate voltage values (.0.05 and ,0.5 mV). Before PV isolation (A and B), normal voltages were recorded in the PVs with different degrees of
distal penetration and circumferential distribution. After PV isolation (C and D), a dramatic voltage abatement can be seen in all PVs, starting
proximal to their ostia.

Figure 4 Mean voltages before (blue bars) and after (red bars)
pulmonary vein isolation; *P , 0.05. PVI: pulmonary vein
isolation; PV: pulmonary vein; LSPV: left superior PV; LIPV: left
inferior PV; RSPV: right superior PV; RIPV: right inferior PV;
LCPV: left common PV; LA: left atrium.
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vein isolation depends greatly on the interaction of the ablation
catheter with the patient-specific LA–PV anatomy.29 When com-
pared with the findings of Reddy et al.,29 use of the PVAC
results in a similar level of PV isolation and is characterized by
the possibility of successfully isolating even large LCPVs ostia.
Both cryo- and laser balloons require good contact with the
atrial tissue. Therefore, in cases of larger veins, ablation inside
the vein may be necessary in order to achieve sufficient catheter
contact, hence increasing the risk of PV stenosis or phrenic
nerve palsy. The recent introduction of a bigger diameter
(29 mm) cryo-balloon may reduce this limitation.5 Another poss-
ible reason explaining the higher incidence of phrenic nerve
injury using balloon-based catheters might be related to the mech-
anical stretch produced by these catheters at the atriovenous junc-
tion of the RSPV. The distension of the venous wall could increase
the contact area to the phrenic nerve. This particular mechanism
of phrenic nerve damage would not be shared by the PVAC. The
highly focused ultrasound balloon represents an exception to the
other balloon catheters, since it does not need contact with the
tissue in order to effectively ablate, but on the other hand its
use has been limited by the occurrence of complications and by
the difficulty in orienting the ultrasound beam towards the area
of interest.7

In addition, our study showed a difference in the shape of the
ostia between the left-sided and the right-sided PVs, the first
being mainly flat or oval and the second mainly round. This differ-
ence in shape of the PV ostia in our study might explain the differ-
ent amount of atrial rather than atriovenous tissue in contact with
the ring-shaped PVAC at the different LA–PV junctions and, hence,
the difference in the lesion location, PV isolation being more ostial
at round-shaped PV ostia and more antral at oval- or flat-shaped
PV ostia.

In summary, the PVAC seems to be an attractive alternative to
standard ablation catheters and to new catheter designs when
PV isolation is the goal. In particular, standard-catheter manipu-
lation in the LA requires skills and experience, particularly in
order to achieve sufficient catheter contact during ablation at
certain anatomic locations for example at the ridge between the
left-sided PVs and the LA appendage or at the superior aspects
of the upper PVs ostia. Furthermore, standard tip-catheter PV iso-
lation often requires a double-transseptal puncture or multiple
catheter exchanges through the transseptal sheath if confirmation
of isolation using a circular diagnostic catheter is performed.

No serious procedure-related complications occurred in the
present study. No imaging techniques have been used in our popu-
lation to detect asymptomatic PV stenosis during follow-up.
Recently, Fredersdorf et al.3 have reported no incidence of PV ste-
nosis after PVAC-PV isolation. Nevertheless, PV stenosis could
represent a complication of PV isolation using the PVAC if
energy is delivered inside the PV. Therefore, we believe that
careful characterization and understanding of the PV–LA
anatomy (angiography and/or 3D CT reconstruction) is crucial to
avoid this complication. During follow-up, one patient underwent
a second ablation procedure because of recurrent paroxysmal
AF. None of the PVs was reconnected during the second pro-
cedure. No clinical recurrences have been experienced by the
remaining patients except one early recurrence of paroxysmal

AF, well controlled with an anti-arrhythmic drug that had pre-
viously failed.

Limitations
The present study might be limited by the relatively small sample
size and the lack of a control group in whom an alternative ablation
method was used. However, the study population is representing
the population of patients with paroxysmal AF referred for cath-
eter ablation as underlined by the patient characteristics in our
study, and the level of PV isolation has already been described
for some of the alternative ablation tools.29

Although voltage mapping is very useful to understand the level
of PV isolation, low-amplitude signals do not necessarily indicate
evidence of no surviving myocardium. In addition, the far-field
potential from the left atrial appendage can often be recorded in
the left-sided veins. However, confirmation of PV isolation was
not based on the results of voltage mapping but on (i) assessment
of entry and exit block using pacing and (ii) the drug challenges.

Evaluation of the long-term follow-up was not the aim of the
present study but represents key information in order to clinically
judge the usefulness of any new ablative tool. Hence, further
studies are warranted in order to investigate long-term success
rate in treating paroxysmal AF with the PVAC.

Conclusion
(1) The ability of the PVAC of achieving PV isolation is not affected

by the size of the PV ostium. Even large LCPV can be success-
fully isolated with this new multielectrode ablation catheter.

(2) In patients with paroxysmal AF, ostial PV isolation incorporat-
ing antral tissue to different extent is achieved with the PVAC,
similar to conventional-tip catheter procedures not aiming for
wide antrum isolation.

(3) The relatively simple handling of the PVAC as well as the single
transseptal puncture procedure constitute important advan-
tages compared with the standard double-transseptal
approach.

Hence, we believe that the PVAC will be a valuable tool
because of the expected increase in the number of patients eli-
gible for ablative treatment of AF over the next years.
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