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Abstract
Atrial fibrillation ablation has evolved considerably over the last few years. In this article we review current and past catheter ablation 

techniques, with a special focus on new simplified systems that allow a faster and simpler procedure, so called “one-shot” atrial fibrillation 
ablation.
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Introduction
Atrial fibrillation (AF) is the most important tachyarrhytmia in 

the developed world, due to its high prevalence, incidence and impact 
on morbidity and mortality.1–3 Ablation is the only potentially cura-
tive therapy for this disease.
AF Ablation: The First Steps

AF ablation originally developed as a surgical procedure consist-
ing of a series of trans-mural incisions on the left atrium (LA), first 
performed by James Cox in 1987, creating an atrial “maze”, and thus 
named the Cox-Maze procedure. The procedure evolved until what is 
known today as the Cox-Maze III.4 Due to its reported high rate of 
efficacy, with freedom from AF at 12 months > 90%,5 this procedure 
has been advocated by many as the gold-standard in AF ablation.5–7 

However, despite the fact that a less aggressive modification of this 
procedure, using other techniques such as radiofrequency (RF) and 
cryoablation was developed - the Cox-Maze IV procedure8 - pub-
lished experience is limited, and the procedure still heralds an inva-
sive surgical approach.
Pulmonary Veins As Triggers For AF: The Cornerstone Of 
Ablation

Despite the fact that the Cox-Maze procedure used incisions 
around the pulmonary veins (PV), it wasn’t until the 1990’s, with the 
pivotal work by Haïssaguerre et al,9 that its major role in the initi-
ation of AF was clearly recognized. His team established that focal 
ectopic beats originating in the PV could trigger AF (representing 
94% of atrial ectopic beats foci), and that catheter focal ablation of 
the pulmonary veins could halt its initiation. This discovery spawned 
the beginning of the catheter-based procedure for the ablation of AF.

One initial strategy consisted of pulmonary vein disconnection by 
isolation of the pulmonary vein ostium using a guiding loop shaped 

multipolar catheter (Lasso, Biosense-Webster). Using this strategy, 
Haisaguerre et al yielded a 71% freedom from AF and AAD at 8 
± 5 months post-procedure.10 A similar technique, using intra-car-
diac echocardiography, to precisely determine the PV antrum, was 
also developed by Natale et al.11 Kuck et al also developed a strate-
gy consisting of circumferential PV isolation, yet isolating not each 
PV individually, but rather the LA around the PVs, i.e. the PVs an-
trum. This technique (known as the Double Lasso) used the catheter 
around each pair of ipsi-lateral PVs. Using this method, 31 (75.6%) 
of 41 patients were free of AF and AAD 4 weeks after the procedure. 
Repeat procedure was performed later in an additional 8 patients, 
resulting in a total of 95.1% of patients free of PAF after ablation 
(mean 131±12 days of follow-up).12

Pappone et al13 used a new ablative technique by creating circum-
ferential lesions around the PV ostia, based on an LA anatomic map 
created by a 3D non-fluoroscopic mapping system (CARTO; Bi-
osense Webster). In a large series of 251 consecutive patients with 
paroxysmal (n=179) or persistent (n=72) AF, the procedure had an 
AF freedom (mean follow-up 10.4±4.5 months) of 85% in patients 
with paroxysmal AF and 69% in patients with persistent AF.14

A different approach, also using a single trans-septal puncture, has 
been described, the so called pace and ablate technique. Using this 
strategy, PV isolation is carried out by simultaneous pacing and ab-
lation allowing the confirmation of PV bidirectional block using a 
single tip catheter.15

Therefore, in spite of these different ablation techniques, the com-
mon goal in paroxysmal atrial fibrillation ablation is the complete 
isolation of the PVs.

The AF Ablation Registry undertaken in 2009 provided very im-
portant data on the usefulness and safety of these procedures. Over-
all, a total of 85 centers, comprising 20.825 ablations and around 
16.309 patients, were included. Freedom from AF and AAD was 
observed in 70% of patients and another 10% were free from AF us-
ing previously ineffective AAD, over a mean 18 months of follow-up. 
Major complications occurred in 4.5% of patients. The most common 
procedures were PVs isolation, be it circumferential ablation (48.2%) 
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perature in each electrode pair with the capacity to shut off in case 
of suboptimal application. The application of energy can shift from 
unipolar (deeper lesion) to bipolar (more contiguous lesion). Figure 
2 depicts intra-procedural electrograms before, during and after PV 
isolation.

Initial results were from a single center trial that used this catheter 
in a population of 98 patients with paroxysmal AF. Freedom from 
AF was 83% at 6 months. Mean procedure time was 84 ± 29 minutes, 
and fluoroscopy time 18 ± 8 minutes.18

Another trial included 102 consecutive patients with either parox-
ysmal or persistent drug refractory AF. Freedom from AF and AAD 
at a mean follow-up of 12.2 +/- 3.9 months was 60.8%. Total mean 
procedure time was 139 ± 38 minutes and mean fluoroscopy time 17 
± 12 min.19 Other similar trial showed identical results.20

A multicenter trial in 5 European centers comprising 50 patients 
with persistent atrial fibrillation assessed the efficacy and safety of 
this procedure. Success rates at 6 months showed freedom from AF 
with AAD of 80% and freedom from AF alone in 64%. At 20 ± 4 
months after the last procedure, 66% of patients had a >80% reduc-
tion in AF burden, with 45% free of AF and with AAD. Repeat pro-
cedure was required in 50% of cases. Procedure time and fluoroscopy 
durations were 155 ± 40 min and 55 ± 35 minutes, respectively. No 
adverse events were noted.21

A recent systematic review and meta-analysis of this type of proce-
dures, which included patients with paroxysmal AF or short-lasting 
persistent AF, reported a 98.9% acute procedural success, a 6-month 
81,4% success and a 12 month 59.6% success.22

Finally, a randomized trial compared the clinical outcome of pul-
monary vein (PV) isolation using a multipolar circular ablation cath-
eter (PVAC group), with conventional PV isolation using an irrigat-
ed-tip ablation catheter and the CARTO mapping system. This trial 
included 102 patients with paroxysmal atrial fibrillation. The efficacy 
regarding AF ablation was similar in both groups, yet the total proce-
dural and fluoroscopy times were close to half in the PVAC group.23

Despite these favorable results, the PVAC catheter ablation tech-
nique is not free of problems. Due to its non-irrigated technology, 
this catheter may be more prone to clot formation during ablation 
as showed by Gaita et al.24 A comparative study reported a higher 
incidence of subclinical cardioembolic cerebrocascular events detect-
ed by MRI. Specifically, 4.3% of the irrigated RF group of patients 
developed this complication, while 37.5% of the PVAC group devel-
oped such an event. Clinical neurological examination, however, was 
normal in both groups.25 Although the actual clinical significance 
of these events remains to be defined, the results certainly warrant 
caution.

In order to overcome this limitation, a trial with specific procedural 
changes was carried out. The procedure was undertaken under ther-
apeutic vitamin K antagonist and heparin for an activated clotting 
time > 350 s, the catheter was loaded into the introducer while sub-
merged to prevent air entrance, and the distal or proximal electrode 
of the circular catheter was shut off to prevent bipolar RF interaction. 
Using this strategy, the rate of subclinical cerebral embolism was re-
duced to a much lower 1.7%.26

Thus, the PVAC procedure offers the advantage of similar efficacy, 
with simpler, cheaper and faster procedures. It is, however, limited by 
anatomical variations such as the presence of accessory pulmonary 
veins or common pulmonary ostium, and possibly a higher rate of 
cerebrovascular embolic events.

or Lasso-guided ostial electric disconnection (27.4%). The net clini-
cal benefit was 80%.16

The publication of this registry and of several randomized trials 
favorably comparing catheter ablation with anti-arrhythmic drug 
treatment lead the acceptance of pulmonary vein isolation (PVI) as 
a first line PAF treatment, with a Class I, level A indication in the 
HRS/EHRA/ECAS consensus for “PAF refractory or intolerant to 
at least one Class 1 or 3 anti-arrhythmic medication”.17

A Simplified Approach To Pulmonary Vein Isolation: One-
Shot AF Ablation?

AF ablation conventional techniques using RF irrigated catheters 
and point-by-point ablation are complex, lengthy procedures which 
require extensive LA mapping and the use of multiple catheters. Also, 
gaps in the ablation lines can occur. The potential complications of 
collateral esophageal damage and pulmonary vein ostial stenosis are 
noteworthy as well. All of these result in a slow learning curve, with 
success and safety quite dependent on operator experience. Therefore, 
the use of a simpler, faster and less expensive technique for PV iso-
lation is desirable.

In the last few years, efforts have focused on developing ablation 
techniques which overcome these limitations, namely the so-called 
single-shot ablation with the possibility of a single trans-septal punc-
ture and the simultaneous application of energy in order to perform 
easier, faster and safer procedures with less complications and in-
creased success. The types of energy studied for this purpose were 
radiofrequency (initially with the PVAC system and more recently 
the nMarq system), cryo-energy, laser and ultrasound.
The PVAC System?

One of the new catheters is the pulmonary vein ablation catheter 
(PVAC, Medtronic), a decapolar, circular, over the wire mapping and 
ablation catheter designed for pulmonary vein (PV) isolation (figure 
1). It is a non-irrigated catheter, with duty cycling to facilitate cool-
ing. It has a lower input power (10 W), temperature sensor in each 
electrode, and also an automatic power adjustment to control tem-

Figure 1: Fluroscopy imaging of the PVAC catheter in the left inferior 
pulmonary vein (arrow).
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effects, PV stenosis occurred in 3.1% of patients, phrenic nerve palsy 
in 12.3% (with the majority resolving within 1 year, resulting in a 
1.8% persistent palsy), and procedure related stroke in 0.4% of pa-
tients.30

Thus, the cryoablation technique appears to be another promising 
one-shot ablation technique, with similar advantages to the PVAC 
catheter, albeit with a greater risk of phrenic nerve palsy, yet an ap-
parently reduced risk of stroke.
Ballon-Based Laser

This technique uses a laser balloon aproach (HeartLight®, Car-
dioFocus). The clinical trial Pivotal Clinical Study of the Cardio-
Focus Endoscopic Ablation System - Adaptive Contact (EAS-AC) 
(HeartLight) in Patients With Paroxysmal Atrial Fibrillation (PAF) 
is currently underway.31 Trial results are expected at the end of 2014. 
This technique is therefore still considered as a research procedure, 
not yet ready for widespread clinical use.
Ballon-Based High-Intensity Ultrasound

This is a balloon-based ablation technique which, despite similar 
success rates to traditional RF ablation, was abandoned because of 
a high rate of esophageal colateral damage, with documentation of 
atrio-esophageal fistulae.32

The PVAC Experience: Data From Hospital De Santa Maria
Our initial experience with the PVAC system included 30 patients 

with paroxysmal or persistent AF, submitted to PV isolation from 
March 2009 to October 2010. The acute success for PVI was 94.7%, 
(108 of 114 ablated pulmonary veins, after 41 ± 17 RF applications) 
with procedure and fluoroscopy duration of 170 ± 73 min and 35 ± 
17 min respectively. There were no acute clinical complications. After 
a follow-up of 13 ± 5 months, 69% of our patients were free from AF.

These encouraging results prompted the initiation of a comparative 
randomized trial between the PVAC system and the classical point-
by-point 4 mm-tip irrigated-catheter ablation with electro-anatomic 
mapping, currently underway in our institution. The study population 
includes patients with paroxysmal or short-lasting (less than 1 year) 
persistent atrial fibrillation. All patients are submitted to cardiac 
MRI to evaluate left atrium and pulmonary vein anatomy and extent 
of atrium fibrosis. AF ablation success is evaluated with clinical and 
7 day event recorder at 3, 6 and 12 months. Thus far we enrolled 102 
patients (50 in the PVAC group and 52 in the conventional group), 
and the survival curves free of AF between the two techniques are 
similar between 70-80% at 1 year (Fig 3). Among PVAC group, there 
was no difference in the ablation result between patients with per-
sistent or paroxysmal AF (Fig. 4).

The nMARQ: All In One?
The nMARQ® (Biosense Webster) is a RF irrigated circular multi-

polar catheter which allows for simultaneous irrigation, mapping and 
ablation. The catheter is integrated into the CARTO electro-ana-
tomic mapping system. It is currently under research in a randomized 
trial since March 2013. Primary completion date is estimated in Sep-
tember 2015 while study completion is expected by September 2018 
(“nMARQTM Pulmonary Vein Isolation System for the Treatment 
of Paroxysmal Atrial Fibrillation”). Preliminary results of this mul-
ticenter Revolution Study have been presented in 160 AF patients 
with an acute success of 98.7%. The mean procedure time was 172 ± 
58 min, the fluoroscopy time 26 ± 13 min and the ablation time 91 
± 46 min. After a mean follow up of 8 months the success rate was 
70.8%. Similar results were reported in a single center experience28  in 
43 patients with 98% of acute success with a procedure duration of 
133 minutes, without any clinical complication. A mean of 4.8 RF 
applications per vein was needed for effective PVI. Cerebral MRI 
and esophagus endoscopy were performed in all patients to identify 
potential collateral damage. Endoscopy identified sub-clinical ther-
mal esophageal lesions in 14 patients. A total of 26 silent cerebral 
lesions occurred in 14 patients (mean diameter of 2.3 mm). Deneke 
et al also reported one fatal case of esophago-pericardial fistula using 
this technique.29

In conclusion, although nMarq technology efficacy seems very 
promising, long-term results are still lacking and its safety profile 
needs further investigation.
Cryoballoon Ablation

Another single-delivery approach to PVI is the cryoballoon (Artic 
Front®, Medtronic) ablation. This technique relies on a nitrogen bal-
loon capable of reaching temperatures of -50ºC. The ballon is insert-
ed into the ostium of the PV allowing a one-shot delivery. A more 
recent development includes a multipolar wire distal to the balloon 
to allow electrogram recording and evaluation of PV isolation during 
the energy application.

A recently published randomized controlled trial (STOP-AF) 
evaluated this technique in a population of 245 patients with parox-
ysmal symptomatic AF refractory to at least one AAD. Patients were 
randomized in a 2:1 fashion to cryoballoon ablation or drug therapy, 
but an additional 65 patients crossed over, resulting in a total 228 pa-
tients in the cryoablation group. Freedom from AF at 12 months was 
achieved in 63.4 ± 4.1 % (in intention to treat) patients and 61.6 ± 
7.3% of crossover patients. Mean procedure duration time, including 
31 repeat procedures, was 371 minutes, total cryoablation time was 
66 minutes and fluoroscopy time was 63 minutes. Regarding adverse 
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Figure 2: Intra-procedural electrograms before (A), during (B) and after (C) ablation (the latter also depicting PV pacing after obtaining sinus rhythm 

with no atrial capture, therefore confirming PV isolation). 
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One-Shot Ablation For PVI: Conclusion
PV isolation is the cornerstone of paroxysmal or short-lasting per-

sistent atrial fibrillation ablation. Single-shot devices have several 
theoretical advantages over conventional ablation. Their use is sim-
pler, procedures can be faster and the learning curve is steeper, mak-
ing operator experience dependency less of an issue. Several devices 
with different forms of energy are available in the market but some 
are still undergoing research studies (for example the laser-based bal-
loon technology). Studies have showed that single-shot devices have 
equal success compared t o the conventional ablation and can be eas-
ier and faster in achieving PVI.

However, the presence of complications, mainly collateral damaged 
is noteworthy and may somehow be related to the energy source: 
esophageal damage with high-focus US, phrenic-nerve palsy with 
cryoenergy-balloon and cerebral ischemic lesions with non-irrigated 
RF energy. And despite its theoretically superior safety profile, both 
cerebral embolization and esophageal lesions can also occur with ir-
rigated RF energy.

This type of devices can also face difficulties with left atrium an-
atomic variations (for example common pulmonary vein ostium or 
the presence of accessory pulmonary veins) or if there is a need for 
additional linear or focal lesions to complete AF ablation, after PV 
isolation. For example, if rotor, complex fractionated atrial electro-
grams, ganglionated plexus or right isthmus ablation are required 
during the procedure, tip catheters must still be used. Finally, other 
atrial arrhytmias may occur following AF ablation, such as left atri-
um macro-reentrant tachycardia, that also require the use of conven-
tional tip catheters.

In spite of these limitations, the advantages of single-shot devices 
are very significant, and we believe they will be the dominant tech-
nology for PV isolation in the near future.
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