
Comparison of Radiofrequency Ablation vs Visually-Guided Laser Balloon Ablation in Achieving Chronic 
Pulmonary Vein Isolation in a Porcine Model

ABSTRACT
Background: During AF catheter ablation, achieving acute pulmonary vein isolation (PVI) is

feasible in virtually all cases, but this does not always translate to chronic PVI. This study

examined the feasiblitiy of achieving chronic PVI using either radiofrequency ablation (RFA) or

ablation using a visually-guided laser balloon ablation catheter (BAC) in an in vivo porcine model.

Methods: In 14 normal pigs, the right superior PV was targeted for ablation: 4 RFA, 5 low-dose

laser (5.5W), and 5 variable-dose laser (5.5-16.0W). Following transseptal puncture, a

deflectable sheath was placed at the target vein. Baseline PV angiograms were performed to

assess geometry and size. In animals undergoing RFA, circumferential ablation was performed

using an externally irrigated catheter with 3D electroanatomical guidance. In animals undergoing

laser ablation, the BAC was inflated at the PV ostium and an adjustable 30O arc of laser energy

(980nm) was manipulated to create an encircling lesion set. PVI was ascertained using a circular

mapping catheter. At 4 weeks, all animals were remapped to assess for persistent PVI and were

subsequently sacrificed for gross examination.

Results: Acute PVI was achieved in 100% of PVs (4/4 RFA, 5/5 low-dose laser, 5/5 variable-

dose laser). At 4 weeks, the PVs remained isolated in 3/4 (75%) PVs in the RFA arm, 3/5 (60%)

in low-dose laser arm, and 5/5 (100%) in the variable-dose arm (Figure). There were no

significant PV stenoses. On gross examination at 4 weeks, there was no esophageal, phrenic

nerve, or lung injury.

Conclusions: Acute PV isolation does not necessarily translate to chronic PV isolation; balloon

ablation may improve the rate of chronic PV isolation.

INTRODUCTION
Å Pulmonary vein isolation (PVI) can be achieved with a visually-guided laser

balloon ablation catheter (BAC).

Å The BAC (Figure 1) is delivered through a 12F deflectable sheath and has:

1) real-time in vivo visualization using a 2F endoscope

2) an adjustable aiming arc which can be maneuvered circumferentially &

longitudinally

3) laser energy (980 nm) which is delivered at the location of the aiming arc to

ablate tissue

Å We sought to examine the feasibility of achieving chronic PVI using either

radiofrequency ablation (RFA) or the BAC and to correlate this with histological

lesion contiguity and transmurality
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METHODS
Å 14 normal pigs underwent PV isolation (RSPVs) using either:

1) Radiofrequency ablation (ThermoCool, Biosense Webster, Inc) ï4 Pigs

2) BAC with low-dose energy (5.5W/30s) ï5 Pigs

3) BAC with variable-dose energy (5.5-16W/20-30s) ï5 Pigs
ÅOnly the RSPV was targeted for ablation since only this PV has a long enough sleeve

of muscular tissue so as to allow for reliable chronic assessment of PV isolation

Å During laser ablation, there was 30-50% overlap of adjacent ablation ñspotsò

Å At 4 weeks, all animals were reassessed for persistent PV isolation

Å The hearts and surrounding tissue were explanted and examined

Å Portions of the heart including the left atrium, PVs, and atrial septum were placed

in 10% formalin for histological examination.

Å The PVs were opened longitudinally at the superior most aspect (12 oôclock)and

underwent circumferential and longitudinal sectioning, parallel to blood flow.

Å The sections underwent paraffin processing and were cut at 4-5 microns,

mounted on slides, and stained with hematoxylin-eosin, Movat pentachrome and

Massonôstrichrome stains.

Å The slides were examined by light microscopy and evaluated for lesion contiguity

and transmurality

RESULTS
Å 14/14 (100%) RSPVs were acutely isolated using either of the ablation

modalities.

Å At 4 weeks, 75% of RSPVs treated with RFA, 60% treated with low-dose laser,

and 100% of treated with variable-dose laser remained electrically isolated.

Å The procedural and histological characteristics are shown in the Table.

Å On gross (Figure 2) and histological examination, all PVs displayed

circumferential lesions.

Å 100% transmural lesions were seen in 100% of RFA PV sections, 99.9% of low-

dose sections, and 100% of variable-dose sections (Figures 3, 4, & 5)

Å Of the 3 animals with PV reconnections,

Å 1 animal (low-dose laser) had a PV section with 92% lesion transmurality

(wall thickness = 8.6 mm)

Å 2 animals (1 RFA, 1 low-dose laser) showed completely transmural lesions

on all slices suggesting that the areas with chronic conduction gaps were

between sampled PV sections.

Å Collateral injury was seen in:

Å Lung (2 variable-dose animals, 2 low-dose, 0 RFA)

Å Pulmonary Artery (5 variable-dose, 0 low-dose, 3 RFA)

Values are mean±standard deviation

Table.  Procedural and Histological Characteristics

Figure 4.  Histological section (Massonôs 

trichrome) from the 10-11 oôclock position of 

an RSPV treated with low-dose laser is 

shown.  A transmural lesions is seen 

(yellow line).

Figure 5. A histological section of a RSPV, treated with

variable-dose laser, at the 6-7 oôclockposition is shown in

the top panel. A transmural lesion (yellow line) is seen

(top panel, Massonôstrichrome) with extension into the

adjacent lung (lower right panel, H&E 20X). The bottom

left panel shows residual fat necrosis (H&E 10X).

Figure 2. Gross examination of RSPVs treated with

the three different ablation strategies are shown. The

PVs were incised longitudinally, parallel to blood flow,

at the most superior aspect (12 oôclockposition). The

ablation lesions (blue lines) are completely

circumferential around each PV>

Figure 3. An RSPV isolated with radiofrequency energy is shown (Massonôstrichrome). The

histological section is taken from the 5 oôclockposition and shows a completely transmural

lesion with extension into the pulmoary artery (PA) and into the RSPV.

Figure 1. A schematic representation (left panel) and picture (middle panel) of the BAC are shown. The balloon

is variable-radius and compliant with a flexible tip The central shaft of the catheter has a 2F endoscope, a lesion

generator, and two additional lumens to circulate D2O through the balloon. The lesion generator can project an

adjustable aiming point onto the balloon surface and then deliver laser energy at this site. Ablation is performed

under direct real-time endoscopic visualization
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CONCLUSIONS
Å Transmural and circumferential lesions can be created with both

radiofrequency ablation and the laser balloon ablation catheter.

Å Chronic PV reconnections are likely related to non-transmural

injury

Å Laser balloon ablation may increase the likelihood of achieving

chronic PV isolation

Å When using the low energy laser dose (ie, 5.5 W/30sec), it

would be prudent to have more overlap between adjacent

lesions during ablation


