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Purpose: To provide data on acute and long-term outcomes from pulmonary vein isolation 

with the pulmonary vein ablation catheter (PVAC) in patients with paroxysmal or persistent 

atrial fibrillation (AF).

Methods: This was a single-center, retrospective, nonrandomized, case control study. Patients 

with documented symptomatic paroxysmal or persistent AF were treated with PVAC or with point-

by-point radiofrequency ablation guided by the NavX™ mapping system. All follow-up visits 

were conducted in our center at 1 month, 3 months, and 6 months, and then at 6-month intervals. 

Electrocardiography and 24-hour Holter monitoring were performed at each follow-up visit. 

The endpoints included procedure times, acute and 24-month outcomes, and complications.

Results: Of the 539 patients that were enrolled consecutively, 388 were ablated using PVAC 

and 151 using radiofrequency ablation. More patients with paroxysmal AF were treated with 

PVAC than with radiofrequency ablation. Acute success rates were .99% with both methods. 

Procedure duration and fluoroscopy times were significantly (P,0.001) shorter with PVAC than 

with point-by-point ablation. Rates of freedom from AF at all follow-up times available (up to 

24 months) were significantly higher after PVAC ablation than with radiofrequency ablation 

(64.2% versus 48.2% at 24 months). With both ablation strategies, the rates of freedom from 

AF were higher in patients with paroxysmal AF than for persistent AF. Two posterior cerebral 

infarcts occurred in the PVAC group within 2 days of the procedure. No phrenic nerve injuries 

and no esophageal injuries were recorded. Data on embolic lesions were not collected.

Conclusion: PVAC ablation achieved higher 24-month rates of AF-free survival than con-

ventional radiofrequency ablation. Procedure and fluoroscopy times were shorter with PVAC, 

although the differences between groups may have influenced the results.

Keywords: arrhythmia, atrial fibrillation, catheter ablation, pulmonary vein isolation, long-

term follow-up, safety

Introduction
Atrial fibrillation (AF) is the most common cardiac arrhythmia in the general 

population.1,2 Estimated prevalence rates range between 1% and 2%, and true 

rates including asymptomatic AF may be significantly higher than the diagnosed 

rates.3 Circumferential pulmonary vein isolation (PVI) by irrigated point-by-point 

radiofrequency (RF) catheter ablation is a highly effective intervention against AF at 

the paroxysmal AF (PAF) stage. In persistent AF, additional linear ablations are often 

needed to increase success rates and to improve long-term outcomes.4
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The pulmonary vein ablation catheter (PVAC)5,6 was 

developed as an alternative to conventional RF ablation – in 

particular, to overcome the recognized difficulties in gen-

erating contiguous transmural lesions with a single-point 

catheter. PVAC is based on anatomically designed catheters 

that enable circumferential ablation across a wide area, 

encircling the pulmonary vein (PV) antrum without the 

use of additional sophisticated mapping systems to guide 

ablation.

Available data comparing PVAC with irrigated point-

by-point RF ablation suggest similar acute and short-term 

ablation success rates with both methods in patients with 

paroxysmal or persistent AF.5,7,8 However, the number of 

patients in published reports remains limited; there are few 

publications that outline experiences with PVAC under condi-

tions of actual care, and comparisons with Carto® (Biosense 

Webster, Inc., Diamond Bar, CA, USA) and NavX™ (St Jude 

Medical, Inc., Saint Paul, MN, USA) are rare.9,10 In addition, 

there are few data available on the technology in patients with 

persistent or long-lasting AF. As with all recent technologies, 

more studies with long-term follow-up are needed.

The aim of the present study was to perform a retrospec-

tive analysis of AF ablation procedures with PVAC and 

conventional RF catheter ablation for PVI in patients with 

paroxysmal or persistent AF treated at our center between 

2005 and 2011. The endpoints included acute and long-

term outcomes (over .24 months), procedure times, and 

complications.

Methods
Study design
This was a retrospective, nonrandomized, case controlled 

study conducted in patients treated at our center between 

October 1, 2005 and December 31, 2011. The study was 

conducted in compliance with Good Clinical Practice guide-

lines and consistent with the Declaration of Helsinki.11 All 

patients provided written, informed consent.

Patients had documented symptomatic paroxysmal or 

persistent AF with a history of failed treatment with $1 anti-

arrhythmic drug. None of the patients had undergone ablation 

for AF previously. All patients were screened with cardiac 

computed tomography (CT) to define the PV anatomy and to 

exclude the contraindications for ablation used at our center  

(a significant reduction in left/right ventricular systolic func-

tion, coronary heart disease, tachycardia-mediated cardiomyo-

pathy, left atrial [LA] appendage thrombus, atrial enlargement 

.55 mm, or mitral insufficiency higher than grade 2).  

Patients were enrolled consecutively and were treated with 

PVAC or conventional point-by-point ablation guided by the 

NavX mapping with the choice in each individual case at the 

discretion of the treating physician. There was no protocol 

that detailed standardized recommendations.

PVAC
The PVAC is an over-the-wire, circular, decapolar map-

ping and RF ablation catheter with a 25 mm diameter array 

at the distal tip. The diameter of the electrode array can 

be increased or decreased by engaging the array against 

anatomical structures, allowing for the creation of circular 

lesions around up to ten electrodes. Rotating the catheter 

shaft changes the diameter of the array, enabling ablation 

around smaller or larger veins. PVAC is employed together 

with a multichannel RF generator (GENius; Medtronic, 

Minneapolis, MN, USA) that enables synchronous uni- and 

bipolar RF energy delivery to any combination of PVAC 

electrodes.7,8 Mapping is performed by bipolar recordings 

through adjacent electrode pairs.

PVAC procedures
Oral anticoagulation was stopped before the procedures, 

and low-molecular weight heparin was used as a bridg-

ing anticoagulant. Intravenous heparin was used dur-

ing the procedures to maintain an activated clotting 

time .300 seconds. After a single transseptal puncture, 

a fixed-curve, long 10 F sheath (Frontier Advance; Medtronic) 

was inserted into the LA. Angiography with selective  

contrast injection was performed to visualize the PV ostia.

The PVAC was inserted via the 10 F sheath. A 0.032 inch 

guide wire was placed inside the PV and was used to advance 

the catheter until it was wedged within the antrum, proximal to 

the ostium, to record local electrical activity at the veno–atrial 

junction prior to RF energy application. When the PV fit the 

diameter of the PVAC, the catheter was pushed against the 

PV antrum. In cases where a large PV ostium or a common 

ostium was noted, the PVAC was sequentially repositioned 

around the ostium of the PV or at the antral site of the com-

mon ostium to achieve PVI. Prior to ablation, electrical signals 

from all veno–atrial junctions were recorded using the PVAC 

to provide reference PVAC signals for the recordings made 

after every RF application. RF energy was delivered with the 

GENius generator. Energy was applied in a 4:1 bipolar/unipo-

lar ratio initially, titrated to 2:1 as necessary if the PV potentials 

were not eliminated. Energy was delivered in a temperature-

controlled, power-limited manner with maximally 10 W per 

electrode. Each energy application lasted for 60 seconds with 

a temperature target of 60°C for each electrode in the selected 
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Figure 1 Pulmonary vein ablation catheter electrograms from the left inferior pulmonary vein.
Notes: (A) Conductance pattern before ablation; (B) entrance block demonstrated after successful ablation with pulmonary vein ablation catheter; (C) during stimulation 
before ablation; and (D) exit block demonstrated after successful ablation with pulmonary vein ablation catheter.
Abbreviations: CS, coronary sinus electrode; PVAC, pulmonary vein ablation catheter.
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pairs. If the temperature did not rise above 50°C within 15 

seconds, or in case of power oscillation, the application was 

discontinued and the position improved.

All PVs were mapped with the PVAC 15–30 minutes 

post-ablation. PV isolation was defined as entrance and 

exit blocks (Figure 1). If PVs appeared to be incompletely 

isolated, additional RF applications were delivered until PV 

isolation was achieved based on PVAC signals. Patients who 

failed repeated ablation attempts (as defined by the treating 

physician) were put on antiarrhythmic drug regimens.

Point-by point ablation
Access to the LA was obtained with a single transseptal 

puncture. The three-dimensional (3D)-geometry of the LA 

was reconstructed using the EnSite™ NavX™ and NavX™ 

Fusion systems (St Jude Medical, Inc.). RF energy was 

applied to encircle the right and left PV guided by the NavX 

system using an externally-irrigated-tip catheter (Celsius® 

ThermoCool®; Biosense Webster, Inc.) and an EP-Shuttle 

generator (Stockert; Biosense Webster, Inc.). The applied 

power ranged from 20 W to a maximum of 35 W, to target a 

maximal temperature of 45°C.

Circumferential ablation was performed on the posterior 

wall (.1 cm) and on the anterior wall, .5 mm away from the 

predefined PV ostia. In patients with persistent AF, additional 

linear lesions at the LA roof and mitral isthmus were gener-

ated to eliminate additional arrhythmogenic substrate and to 

prevent large atrial re-entrant circuits. The diameter of the 

circumferential catheter was adjusted to the diameter of the 

PV antrum. Successful isolation of all four PVs was confirmed 

as an entrance and exit block. A complete block was defined 

as the presence of double potentials along the entire ablation 

line.12 Other details were the same as in the PVAC group.

Follow-up and outcomes
Patients were discharged from hospital 1–2 days after the 

procedure. Oral anticoagulation was administered to all patients 

for 3 months after the ablation procedure, targeting an internal 
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normalized ratio of 2.0–3.0. All follow-up visits were held in 

our center, and they were scheduled at 1 month, 3 months, 

and 6 months, as well as at 6-monthly intervals thereafter. 

Electrocardiography and 24-hour Holter monitoring were 

performed to confirm sinus rhythm at each follow-up visit, 

consistent with the recommendations of the Heart Rhythm 

Society/European Heart Rhythm Association/European  

Cardiac Arrhythmia Society (HRS/EHRA/ECAS) expert Con-

sensus Statement on catheter and surgical ablation of AF.13 In 

the PVAC group, redo ablation procedures were performed with 

PVAC. In the NavX group, and if a second redo procedure was 

necessary in both groups, point-by-point ablation and NavX 

was used. At the 12-month follow-up, a 4-day Holter was 

performed in addition to the 24-hour Holter monitoring in all 

patients. No event recorder was used. Antiarrhythmic medica-

tion was prescribed for patients with electrocardiography- or 

4-day Holter-documented AF recurrence.

The primary outcome was maintained sinus rhythm with 

freedom from AF recurrence. This was defined as a sinus 

rhythm with no AF of .30 seconds duration documented 

on a 24-hour Holter, and no documented AF during the 

intervals between follow-up visits. Secondary outcomes were 

procedure times, number of RF applications, and peri- and 

post-procedural complications.

The majority of the procedures were conducted before 

concerns about the potential for subclinical embolic events 

during PVI were published.14 No brain magnetic resonance 

imaging (MRI) was carried out in our patients, but throm-

boembolic events were recorded in the safety analysis.

Statistical procedures
SPSS for Microsoft Windows (IBM Corporation, Armonk, 

NY, USA) was used for the statistical analyses. Continuous 

variables are expressed as means ± standard deviations. 

Categorical variables are presented as percentages. 

Comparisons between the two groups were made with the 

χ 2 test and the Student–Newman–Keuls test, as appropriate. 

A univariate logistic regression analysis was performed 

for the variables listed in Table 3. A multivariate logistic 

regression analysis was conducted, and it included the fol-

lowing variables: type of ablation; type of AF; atrial size; 

ejection faction; and number of ablations. For all analyses, 

a P-value ,0.05 was considered statistically significant.

Results
A total of 539 patients were enrolled consecutively. The 

PVAC catheter was used in 388 patients and point-by-point 

ablation with NavX mapping in 151 patients – 68 of whom 

were treated utilizing the NavX Fusion system with integrated 

CT. Baseline characteristics are shown in Table 1. Patients 

treated with PVAC were, on average, older (average 61 years 

in the PVAC group versus 58 years in the NavX group), and 

they exhibited a greater prevalence of mitral insufficiency 

and a greater prevalence of PAF (80% in the PLAC group 

and 54% in the NavX group, respectively). There were no 

differences between the groups in terms of sex distribution, 

duration of AF, or LA size.

Procedures
On average, 17.5±4.5 applications were needed in the 

PVAC group and 53.7±22.6 applications were needed in 

the NavX-guided ablation group (Table 2). In the NavX 

group, roof-line and LA isthmus ablation was performed 

in 54 patients; a box lesion and LA isthmus ablation were 

necessary in 81 patients. Acute success rates for PVI 

were .99%; only two right superior pulmonary veins and 

four right inferior pulmonary veins in the PVAC group could 

not be ablated due to their close proximity to the phrenic 

nerve. There were no differences in acute PVI success rates 

Table 1 Baseline characteristics

Variable NavX-guided  
ablation  
(n=151)

PVAC  
ablation  
(n=388)

P-value

Age years ± SD 58.1±9.3 61.7±9.7 ,0.0001
Male sex, n (%) 107 (70.8%) 249 (64.2%) 0.17
Hypertension, n (%) 73 (48.3%) 147 (37.9%) 0.03
LA size mm ± SD 43±5 42±6 0.02

LVEF % ± SD 53.4±7.2 59.5±8.1 0.54
Mean duration of AF 
years ± SD

1.79±3.5 2.23±3.2 ,0.0001

Type of AF n (%) 
  Paroxysmal 
  Persistent 
 �L ong-lasting (.1 year)  

persistent

 
82 (54.3%) 
47 (31.1%) 
22 (14.6%)

 
310 (79.9%) 
68 (17.5%) 
10 (2.6%)

,0.0001

Coronary artery  
disease, n (%)

19 (12.6%) 48 (12.4%) 0.003

Cardiomyopathy, n (%) 6 (4.0%) 6 (1.5%) 0.1645
Mitral insufficiency, n (%) 88 (58.3%) 219 (73.6%)a ,0.0001
Previous antiarrhythmic 
medication, n (%) 
  Flecainide 
  Propafenone 
 A miodarone 
  Dronedarone 
  Verapamil

54 (35.8%) 

30 (19.9%) 
8 (5.3%) 
14 (9.2%) 
2 (1.3%) 
0

198 (51.0%) 

83 (41.9%) 
23 (11.9%) 
32 (22.3%) 
59 (15.2%) 
4 (1.0%)

Note: aData were missing for nine patients.
Abbreviations: n, number; PVAC, pulmonary vein ablation catheter; SD, standard 
deviation; LA, left atrium; AF, atrial fibrillation; LVEF, left ventricular ejection 
fraction.
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between the methods employed. The total duration of the 

procedure was significantly (P,0.01) shorter with PVAC 

technology (67.0±18.0 minutes) than with point-by-point 

ablation (142.2±35.0 minutes). Differences were greatest for 

the ablation of PAF (67.4±18.2 minutes with PVAC versus 

147.0±36.8 minutes with NavX), but a similar time advan-

tage was observed for persistent AF (65.5±16.8 minutes 

with PVAC versus 136.5±31.9 minutes with NavX). 

Notably, average fluoroscopy time with PVAC (15.6±5.7 

minutes) was almost half that with NavX-guided ablation 

(29.3±9.8 minutes; P,0.001 for the comparison).

Follow-up data for $1 month were available for all of 

the treated patients. In the NavX group, the mean follow-up 

was 51.9±13.4 months and 89 patients were followed for 

60 months. In the PVAC group, the average duration of 

follow-up was 15.6±10.4 months and 161 patients were 

followed for 26 months.

Overall, redo ablation procedures in paroxysmal as well 

as persistent AF within 1 year of the initial procedure were 

necessary in 42 patients (10.7%) treated with PVAC ablation 

and in 23 patients (15.1%) treated with NavX-guided ablation, 

respectively. The differences were not significant. At 3 months, 

6 months, and 12 months after PVAC ablation (including 

redo procedures), 70.0%, 67.9% and 64.0% of patients were 

free from AF; the percentages of patients free from AF after 

NavX-guided ablation were 45.0%, 37.8%, and 45.6% at the 

same time points, respectively (P,0.005 for all comparisons; 

Figure 2A). The percentages of patients free from AF were 

maintained at 24 months (Figure 2A). These differences in 

outcomes were less emphasized among patients with PAF 

(Figure 2B), but in patients with persistent or permanent AF, 

the rates of freedom from AF with PVAC were consistently 

around twice those with NavX-guided ablation (Figure 2C). 

Because of the low numbers of patients in the subgroups with 

persistent/permanent AF, standard deviations were large and 

the differences were not statistically significant.

Predictors of successful ablation
Predictors of outcomes were analyzed at 12 months for 

the entire patient collective. The improved outcomes with 

PVAC compared with NavX-guided ablation were confirmed 

(P=0.017), as were the higher rates of AF-free survival 

Table 2 Procedural data

NavX-guided  
ablation (n=151)

PVAC ablation  
(n=388)

P-value

Procedure time  
minute ± SD

142.2±35.0 67.0±18.0 ,0.001

Fluoroscopy time  
minute ± SD

29.3±9.8 15.6±5.7 ,0.001

Number of  
applications ± SD

53.7±22.6 17.5±4.5 ,0.0001

Energy applied  
W/second ± SD

46.0±16.1 38.3±10.5 ,0.001

Abbreviations: n, number; PVAC, pulmonary vein ablation catheter; SD, standard 
deviation.
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Figure 2 Percent of patients free from AF at different time points during follow-up.
Notes: Blue bars indicate patients treated with the PVAC; grey bars are patients 
treated with NavX-guided point-by-point ablation. (A) All patients; (B) patients with 
paroxysmal AF; and (C) patients with persistent/long-lasting persistent AF.
Abbreviations: PVAC, pulmonary vein ablation catheter; AF, atrial fibrillation;  
n, number.
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Table 3 Univariate analysis of predictors of long-term freedom 
from ablation

Variable Odds  
ratio

95% confidence  
interval

P-value

Age 0.9998 0.9809–1.0189 0.9795
Sex 1.2962 0.8811–1.9067 0.1861
Hypertension 0.9896 0.6820–1.4360 0.9563
Coronary heart disease 0.7892 0.5365–1.1611 0.2288
LA size 0.9698 0.9367–1.0041 0.0796
EF 1.0295 1.0051–1.0545 0.0164
Ablation method 0.6988 0.5419–0.9011 0.0056
AF type 0.4836 0.3506–0.6670 ,0.0001
Duration of AF at inclusion 0.9855 0.9342–1.0395 0.5917
Number of ablations 0.3448 0.2406–0.4944 ,0.0001
Antiarrhythmic drugs post- 
ablation

1.19 0.7164–1.9820 0.5003

Duration of ablation  
procedure

0.9939 0.9895–0.9983 0.0061

Abbreviations: LA, left atrium; EF, ejection fraction; AF, atrial fibrillation.
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post-ablation in patients with PAF when compared to those 

with persistent/long-lasting persistent AF (P,0.0001). 

A univariate regression analysis showed that the type of AF, 

ablation method, and the number and duration of ablations 

were significant predictors of long-term AF-free survival, 

together with ejection fraction (Table 3). The predictive value 

of the type of AF (P=0.0002) and the number of ablations 

(P,0.00001) were confirmed in a multivariate regression 

analysis.

Complications
There were no deaths. Two posterior cerebral infarcts 

occurred in the PVAC group within 2 days of the procedure. 

In both cases, patients recovered, and long-term neurocog-

nitive performance was not affected. Three pericardial 

tamponades occurred with PVAC and four with NavX. In 

each group, there was one post-procedural femoral aneurysm 

that needed intervention. One case of pericardial effusion 

occurred in each group. No phrenic nerve injuries and no 

esophageal injuries were recorded.

In a separate analysis of a subgroup of the PVAC popula-

tion, CT data from 49 patients and 192 PVs were analyzed 

for the presence of PV stenosis 6 months from the procedure. 

One mild case of PV stenosis (left superior pulmonary vein; 

a ,50% reduction in PV diameter) was identified in these 

patients.

Discussion
The results presented here from a large patient cohort treated 

in our center under conditions of actual care showed that 

PVAC is associated with favorable rates of AF-free survival 

over a mean follow-up of 26 months. Notably, the PVAC 

procedure was highly successful in long-lasting persistent 

AF, with a significantly greater percentage of freedom from 

AF at 24 months in PVAC-treated patients than in patients 

treated by point-by-point ablation. In addition, the data 

confirmed the short fluoroscopy and procedure times with 

PVAC that have been reported by other investigators in vari-

ous study settings.9,10

To our knowledge, the duration of follow-up in our cohort 

is the longest reported to date for PVAC, particularly in 

patients with persistent/long-lasting persistent AF. The rates 

of freedom from PAF after 12 months of follow-up were 

highly similar to those reported for the technology in a recent 

meta-analysis.15 Interestingly, the rates remained at similar 

levels throughout the rest of the follow-up, which indicates 

that most AF recurrences happen early – an observation 

that has been made earlier both for PVAC16 and for other 

ablation techniques.17 The phenomenon may be related to 

pathology rather than to the technology used. If patients at  

greatest risk of AF recurrence tend to experience the first 

occurrence within the first 12 months, then patients who 

remain AF-free for a year may have a different pathology, 

making them less likely to develop AF over longer periods of 

time. The underlying differences in pathology would warrant 

further research and thorough analyses of patients pre- and 

post-ablation.

As this was a nonrandomized observational study, direct 

comparisons between the two groups shall be made with 

some caution. Within the limitations of the study design, 

we note the significant differences in success rates between 

PVAC and point-to-point ablation. These differences were 

greatest in patients with persistent/long-lasting persistent 

AF. In this group, 12-month rates of AF-free survival after 

PVAC ablation were .15 percentage points higher than what 

two earlier studies have reported.18,19 It appears unlikely that 

underreporting of events during follow-up would be a reason 

for these remarkably high success rates, as long-term rates for 

our patients in the NavX group were not different from those 

in other studies. Some of the low rates observed with point-

by-point ablation may be attributable to the mapping methods 

used to confirm PVI in the earlier cases, but this is unlikely 

to account for all of the differences between the systems. The 

number of patients with persistent/long-lasting persistent AF 

in our cohort was 82, which is more than twice the number 

in the studies cited. The greater rates of freedom from AF 

with PVAC than with point-by-point ablation in these patients 

is remarkable, and we can only speculate the reasons for 

these results. The depth of the lesions created with PVAC 
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can be influenced by the bipolar:unipolar ratio;20 however, 

any explanation remains unproven at present, and we note 

that the total number of patients with persistent/long-lasting 

persistent AF treated with PVAC is still relatively small.

There were large and statistically significant differences 

between the groups in terms of the number of applications and 

the total procedure and fluoroscopy times, all of which were 

in favor of PVAC. While the differences in our center were 

greater than some others have reported,21 the finding of shorter 

times, especially with respect to fluoroscopy times associated 

with PVAC, is consistent with the findings from several other 

investigator teams in different study settings.9,10,19,22

Differences between the groups at baseline may account 

for part of the differences observed during the study. 

However, when analyzed separately, procedure times with 

PVAC remained shorter for all types of AF. One reason for 

these short times is that no separate mapping catheters are 

needed when using PVAC. More patients had persistent/long-

lasting persistent AF and more complex procedures were nec-

essary in the group using point-by-point ablation. Persistent / 

long-lasting persistent AF typically needs additional linear 

lesions to interrupt re-entrant wavelets, and  often a roofline 

and a mitral line in addition to ensure long-term freedom of 

AF recurrences.4 Thus, the main factor is most likely the com-

plexity of the point-by-point ablation procedure itself, even 

when using high-quality mapping systems. The rationale for 

the design of the anatomically designed catheter was to enable 

the generation of reliable contiguous transmural lesions over 

long distances. Our shorter procedure times corroborate the 

soundness of these considerations.

Comparing NavX with NavX Fusion (Figure 3), it is not 

clear that procedure and fluoroscopy times improved with 

the change from NavX to NavX Fusion in our experience. 

The integration of CT images into 3D mapping systems is 

intended to simplify the creation of lesions and to shorten 

procedure and fluoroscopy times. In part, the lack of differ-

ences may be due to the learning curve with the new CT-

Fusion system,23 although the integrated system reduced the 

number of applications without an obvious learning curve.

The safety profiles were favorable for both procedures. 

In particular, we found very low rates of PV stenosis, which 

was recently flagged as a possible complication of PVAC 
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ablation.24 We did not systematically assess PV stenosis in 

all patients, but a retrospective analysis of 192 PVs showed 

only one mild case, corresponding to an incidence rate of 

0.5% overall. This is considerably lower than the rate of 

7%, as reported in 410 PVs in the study by von Bary et al.24 

Other investigators have reported no PV stenosis in smaller 

patient groups.10,21 Detailed imaging and anatomical analysis 

of the PV anatomy is clearly important in reducing the risk 

of complications. All patients in our center undergo CT/MRI 

scans as a matter of routine to define the PV anatomy before 

the ablation procedures – a procedure that may have contrib-

uted to the low rate of PV stenosis that was observed.

Recently, there have been concerns about the potential 

for subclinical intracranial embolic events during PVIs that 

go unrecognized in everyday clinical practice, but that can 

be detected with brain MRI.14 Although no data on clinical 

thromboembolisms are available at present,25 a greater poten-

tial for subclinical events with the PVAC catheter has been 

suggested, as compared with other RF ablation methods.22,26,27 

PVAC relies on passive circulatory cooling from blood flow 

without active irrigation during “off-periods” of duty-cycled 

RF-current delivery, and it has been questioned whether 

thrombus formation and charring can be minimized routinely 

by relying on this mechanism with no irrigation.28

In our retrospective analysis, thromboembolic events were 

recorded, but no MRI data on embolic lesions were available. 

There were two cases of cerebral infarcts among the 388 

patients in the PVAC group within 2 days of the procedure. 

The relationship of these events to PVAC is unclear. Rates of 

around 1% neurologic events, including symptomatic transient 

ischemic attack/stroke, with duty-cycled RF ablation were 

recently reported in a large survey.29 These rates are in the same 

range as those reported with conventional RF.30,31 Asymptomatic 

cerebral infarction rates of ∼14% with irrigated-tip catheters 

have been reported.32 Recently, the multicenter Evaluation of the 

Incidence of Cerebral Lesions Post Pulmonary Vein Ablation 

Catheter (ERACE) study33 showed that applying procedural 

changes to multielectrode radiofrequency ablation significantly 

reduced the incidence of asymptomatic cerebral emboli to 

1.7%, which is as low as the reported rates of any technology. 

Multicenter studies such as the ongoing PRECISION GOLD 

trial (ClinicalTrials.gov identifier NCT0176755834) comparing 

the long-term clinical safety of conventional and duty-cycled 

multipolar ablation will be needed to lay the issue to rest.

Limitations
This was a single-center retrospective study, and the indi-

vidual physician’s experience and choice of ablation method 

for individual patients may have influenced outcomes. The 

two treatment groups were not balanced for all variables at 

baseline, with a greater percentage of persistent/long-lasting 

persistent AF patients in the NavX group and higher rates 

of mitral insufficiency in the group treated with PVAC. 

Procedure times for PAF are typically shorter than for other 

forms, which would have favored the PVAC group for these 

outcomes. Mitral insufficiency is linked to increased risk of 

developing AF,35 but it is difficult to say how such differences 

between the groups may have affected the outcomes.

The observational nature and consequential enrollment 

mean that the data represent a historical comparison, and that 

ablation procedures from the mid-2000s were included in 

the analysis. AF ablation methods and the operators’ experi-

ence have progressed with time. On the one hand, this is a 

weakness of the analysis, but on the other hand, it permits a 

view of the dynamic, real world of AF ablation, as performed 

over a long time period. The consequential enrollment may 

have affected the outcomes, but we believe the comparison 

retains validity. Over a study population of .500 patients 

and 6 years, initial learning curves will have mostly evened 

out for both techniques.

The follow-up time of 24 months does not quite meet the 

recent definition of .36 months for long-term freedom from 

AF36 and it may have been too short to detect differences 

in long-time safety. However, in contrast to several other 

long-term studies, monitoring for AF after 1 year was no 

less thorough than during the first 12 months of follow-up. 

Moreover, the number of patients ablated with PVAC was 

an order of magnitude larger than in published random-

ized studies. Most follow-up visits utilized 24-hour Holter 

analyses, and the rates of PAF may be underestimated in 

our data.37 Four-day Holter analyses at all time points might 

have increased detection rates. Finally, no specific safety 

studies were conducted, except for the subset of patients 

assessed for PV stenosis; subclinical embolic events were 

not monitored.

Conclusion
In this large cohort of patients treated as per clinical 

practice, PVAC ablation was associated with similar or 

superior long-term rates of AF-free survival compared with 

point-by-point ablation using conventional 3D mapping, 

and it was associated with significantly shorter procedure 

and fluoroscopy times. The safety profiles were favorable 

for both techniques. Data on embolic lesions were not 

collected, and this issue would need to be evaluated in 

separate studies.
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