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Direct Visualization of Epicardial Structures and Ablation
Utilizing a Visually Guided Laser Balloon Catheter:
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Epicardial Laser Balloon Ablation. Background: Intrapericardial mapping and ablation can be
utilized to target epicardial arrhythmic circuits. Current epicardial ablation strategies are associated with
risk of damage to adjacent structures, including the coronary vasculature and phrenic nerves.

Objectives: The purpose of this study was to evaluate the feasibility of an investigational, visually guided
laser balloon catheter for manipulation within the pericardial space, visualization of epicardial structures,
and delivery of laser ablation lesions to the ventricular myocardium.

Methods: Pericardial access was obtained in 4 anesthetized swine by subxyphoid puncture. The laser
balloon catheter was introduced into the pericardial space via a deflectable sheath, and was manipulated
to predefined regions in all animals. Visually guided laser ablation was performed on the ventricular
myocardium, with post mortem examination of lesion size and depth.

Results: The laser ablation catheter could be manipulated to all targeted regions in all animals. Associated
structures, including epicardial coronary arteries and veins as well as an endocardial catheter in the left
atrial appendage, were easily visualized. A total of 9 laser energy applications at varying power/time
settings were performed. Ablation utilizing moderate (7–8.5 W) power produced relatively uniform lesions
(diameter 5–12 mm, depth 6–9 mm), while high (14 W) power produced a visible “steam pop” with a large,
hemorrhagic lesion (22 × 11 × 11 mm).

Conclusions: The investigational laser balloon catheter can be manipulated within the epicardial space,
allowing for direct visualization of surrounding structures during ablation. Titration of laser power can be
utilized to create moderate-sized ablation lesions while avoiding steam pops. (J Cardiovasc Electrophysiol,
Vol. pp. 1-5)
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Introduction

Catheter ablation is widely utilized as a treatment for both
atrial and ventricular arrhythmias. Most current ablation pro-
cedures are performed from the endocardial surface of the
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heart, accessed via the venous or the arterial circulation. Re-
cently, there is increasing clinical utilization of epicardial
mapping and ablation, accessed via subxyphoid puncture
or via direct exposure of the heart with a cardiac surgical
window.1-3 Advantages of epicardial ablation include im-
proved proximity to epicardial arrhythmic circuits, avoidance
of clot and char formation within the heart leading to throm-
boembolism, avoidance of vulnerable endocardial structures,
immediate access to the pericardial space if a pericardial
effusion develops, and access to the heart when traditional
endocardial access is not available due to vascular or valvular
abnormalities.4 Disadvantages of current techniques for epi-
cardial catheter ablation include distance from endocardial
arrhythmic circuits, the risks of obtaining epicardial access,
postprocedural pericarditis, and the possibility of damaging
structures adjacent to the pericardial space, including the epi-
cardial coronary arteries and veins, the phrenic nerve and the
lungs.2,5

The risk of damage to structures adjacent to the pericar-
dial space results, in part, from difficulty in visualizing the
anatomic relationship of structures such as the coronary vas-
culature to the ablation catheter. Furthermore, the pericardial
space is a “potential space,” which can result in proximity of
an epicardial ablation catheter to adjacent structures outside
the heart such as the phrenic nerves and lungs.2,5 Recently, an
investigational balloon-based laser ablation catheter has been
developed intended to deliver endocardial visually guided
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laser ablation to isolate the pulmonary veins for ablation of
atrial fibrillation, and feasibility of this technique has been
demonstrated in both animals and humans.6-9 Although this
laser balloon catheter has been developed for endocardial ab-
lation adjacent to the pulmonary veins, this technology could
potentially offer important advantages for epicardial ablation
as well. These include direct visualization of the coronary
vasculature and adjacent structures during mapping and ab-
lation, as well as a design that would direct ablation directly
to the epicardial surface while simultaneously pushing ad-
jacent structures such as the lungs and phrenic nerve away
from the ablation site, thus minimizing risk of damage to
these structures. In this study, we tested the feasibility of the
use of the laser balloon catheter to be manipulated within the
epicardial space, to directly visualize epicardial structures
and vasculature, and to deliver epicardial ablation lesions
under direct visual guidance.

Methods

The study was approved by the Massachusetts General
Hospital Subcommittee of Research Animal Care based on
the standards of the American Association for Laboratory
Animal Care.

Four fasting Yorkshire swine (40–55 kg) were placed un-
der general anesthesia and mechanically ventilated (anes-
thesia induction with Telazol 4.4 mg/kg, and maintenance
with isoflurane 1–4% with 2–3 L/min O2). Vascular access
was then obtained by cutdown, including the internal jugu-
lar and the femoral vein and artery, and a coronary sinus
catheter was placed. Transseptal access was obtained with
the use of intracardiac echocardiography and an 8F SL-1
sheath. Percutaneous pericardial access was obtained with
contrast and fluoroscopy guidance as previously described.10

After placing a 0.032 J tipped wire through the needle, an
investigational deflectable guiding sheath (Cardiofocus Inc.,
Marlborough, MA, USA) was placed over the wire into the
pericardial space. This was performed by “up-sizing” the
wire to an Amplatz Super-Stiff 280 cm 0.035 exchange wire
through which the sheath was advanced. The investigational
sheath is unidirectional and is 15 Fr outer diameter and 12 Fr
inner diameter. Through this sheath, the laser balloon catheter
was advanced into the pericardial space. Of note, in order to
avoid damage to the heart and/or pericardium by the sheath,
the sheath was only advanced in the pericardial space over
the wire, or over the balloon catheter.

The balloon catheter was then partially inflated with 1:1
saline and contrast medium, and manipulated by means of
the deflection mechanism on the catheter and sheath to pre-
determined locations in the epicardial space (based on flu-
oroscopy and direct visualization of epicardial structures via
the balloon endoscope) including the right and left ventricu-
lar free walls, the ventricular apex, the left atrial appendage
and the left and right A–V grooves. In addition, a 4 mm
tip traditional mapping/ablation catheter (Biosense-Webster,
Diamond Bar, CA, USA) was placed into the left atrial ap-
pendage from the endocardial surface, and visualized from
the epicardial surface with the balloon endoscope. Ablation
was then performed over the right and left ventricular sur-
face with direct visualization via the endoscope, at either
moderate (7–8.5 W) or high (14 W) power. Multiple (4–5)
ablations (20–30 seconds per ablation, for a total ablation
time of 80–150 seconds at each site) were performed at each

site until a visible, uniform ablation lesion was present based
on visual inspection from the endoscope. Each ablation was
performed as a “spot ablation” without intentional movement
or dragging of the balloon catheter during the lesion.

Earlier versions of the investigational laser balloon
catheter and deflectable sheath have been previously de-
scribed.6 The current version involves a deflectable catheter
with an expandable/inflatable balloon containing an endo-
scope that allows visualization of the end of the balloon and
a laser arc generator that can be manipulated by twisting and
extending/retracting the generator to direct the laser ablation
based on visual guidance from the endoscope.

At the end of the procedure, animals were euthanized
with Euthasol. Post mortem examination was performed to
evaluate for damage to adjacent structures, including the peri-
cardium, heart, lungs, and mediastinal structures. Evaluation
of ablation lesions (diameter in the long and short axis and
depth) was performed.

Results

Navigation

Pericardial access was obtained in all 4 animals. There
was no significant delay in advancing the sheath over the
guidewire, or in advancing the balloon catheter through the
sheath into the pericardial space. Navigation to all 4 major
chambers of the heart was easily and rapidly accomplished
in all 4 animals using a combination of the deflection mech-
anism on the balloon ablation catheter and the deflectable
sheath, with typical techniques used in epicardial mapping
including extension/retraction as well as manual torque of
the catheter and sheath. Placement of the balloon catheter in
various positions in the epicardial space as assessed by flu-
oroscopy is demonstrated in Figure 1. Of note, the ablation
catheter could be navigated through the epicardial space with
the balloon both inflated and deflated, but in general it moved
most easily when the balloon was partially inflated.

Visualization

The epicardial surface of the heart, as well as the pari-
etal pericardium, could be easily visualized with the balloon
catheter inflated in the pericardial space in all 4 animals.
In addition, epicardial coronary arteries and veins could
be visualized, and could also be distinguished based on a
darker color of coronary veins compared to a redder color of
coronary arteries. Pericardial vessels within the parietal peri-
cardium could also be visualized. A predetermined plan was
made to visualize the following structures in each animal: (1)
right and left A–V groove and associated vessels, (2) anterior
interventricular groove and associated vessels, (3) left atrial
appendage, and (4) atrial and ventricular myocardium. All
of these structures were easily visualized in all animals. In
addition, a traditional 4 mm ablation catheter manipulated
within the left atrial appendage from the endocardial sur-
face could also be visualized from the laser balloon catheter
placed within the epicardial space due to the translucency of
the left atrial appendage myocardium (Fig. 2A). Structures
external to the pericardium, such as the phrenic nerve, di-
aphragm and lungs, could not be visualized due to opacity of
the parietal pericardium.
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Figure 1. Fluoroscopic image of epicardial manipulation of the laser bal-
loon catheter. The laser balloon catheter has been placed into the epicardial
space via a deflectable guiding sheath, and the balloon has been inflated.
The balloon catheter has been placed over the right ventricular free wall
near the apex.

Ablation

Ablation was performed with direct visualization of ab-
lation formation on the right and left ventricular epicardial
surface, adjacent to the coronary vasculature (Fig. 2B and
C). The technology employed allows the ablation lesion to
be targeted by the operator to most regions visualized by the
balloon, by extending/retracting and twisting the inner core
of the laser catheter, just as is done when the catheter is used
for pulmonary vein isolation. A total of 9 ablation lesions
were performed. Of these 9 lesions, 7 were delivered with
moderate power (7–8.5 W), while 2 were delivered with high
power (14 W). All of the moderate power lesions produced
uniform ablation lesions; formation of the ablation lesion
could be observed in real time with the balloon endoscope.
The distance of the forming ablation lesion from adjacent
epicardial vasculature, as well as patency of the vasculature,
could also be visualized during and after ablation. Of the
2 ablation lesions performed at high power, 1 of these le-
sions resulted in a “steam pop” with a clearly visible burst of
bubbles, resulting in a large, irregular myocardial lesion.

Post mortem examination of the hearts demonstrated no
identifiable damage to the epicardial surface of the heart or
to the pericardium, other than the ablation lesions and the
pericardial puncture that was performed for access. In ad-
dition, no damage could be identified to the lungs or other
mediastinal structures. The moderate-power laser ablation
produced relatively uniform ablation lesions, with an oval
shape similar to the dimensions of the laser beam used for
ablation, a diameter of 5–12 mm and a depth of 6–9 mm
(Fig. 3). The high power ablation lesion that resulted in
the steam pop resulted in a much larger lesion (22 × 11 ×
11 mm) with a visible disruption in the myocardial tissue
and significant hemorrhage into the lesion (Table 1). Of the

Figure 2. Images from the laser balloon endoscope placed in the pericar-
dial space. (A) The blue epicardial guiding sheath, as well as a separate
4 mm traditional ablation catheter that has been placed inside the left
atrial appendage (from the endocardial surface). Note that the endocardial
ablation catheter is easily visible from the pericardial space through the
translucent myocardium of the left atrial appendage. (B) The laser balloon
positioned over the left ventricular epicardium, with laser ablation turned
on. The green dot is a visual landmark to identify the site where the laser
ablation is applied. A coronary artery is visible near to the site of ablation.
(C) The visible ablation lesion resulting from the laser application shown
in 2B near the coronary artery.

9 lesions, only the lesion resulting in a steam pop was trans-
mural and could be identified on the endocardial surface.
None of the other 8 lesions were transmural. Despite careful
examination, no ablation lesions were evident on the parietal
pericardium or on the lungs.
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Figure 3. Post mortem pathologic analysis of ablation lesions produced by
the laser balloon catheter. (A) Ablation lesions on the epicardial surface of
the left ventricle. (B) The depth of the ablation lesions shown in 3A with
an incision made in the wall of the left ventricle through the center of the
ablation lesions. Note on the lower ablation lesion a dark spot representing
local hemorrhage within the ablation lesion.

Discussion

This study has produced several important findings. First,
the laser balloon catheter, which was designed for endocar-
dial pulmonary vein isolation, can be placed into the peri-
cardial space and can be manipulated to specific atrial and
ventricular locations, with ease of manipulation that is qual-
itatively similar to a typical point ablation catheter. Second,

TABLE 1

Ablation Lesions

Lesion Size
(mm, Length ×

Lesion No Power (W) Duration (s) Width × Depth)

1 14 W 80 s 10 × 8 × 9
2 14 W 80 s 22 × 11 × 11

(∗steam pop,
transmural
lesion)

3 7 W 150 s 12 × 8 × 9
4 7 W 120 s 9 × 7 × 8
5 8.5 W 150 s 7 × 7 × 7
6 8.5 W 150 s 10 × 8 × 9
7 8.5 W 150 s 11 × 7 × 7
8 8.5 W 150 s 6 × 6 × 6
9 8.5 W 150 s 5 × 9 × 7

cardiac structures such as the A–V groove, the atrial and ven-
tricular myocardium, and the epicardial coronary vasculature
can be directly visualized with this balloon. Third, ablation
can be delivered by this technology under visual guidance,
with real-time visualization of the formation of ablation le-
sions. Fourth, power titration will be necessary using this
ablation technology to maximize safety and efficacy, as po-
tentially dangerous steam pops can be created by this system,
similar to those observed with traditional ablation catheters.

Epicardial ablation is now an accepted alternative to ab-
lation of arrhythmias that cannot be easily or safely targeted
by a traditional endocardial approach.11 Complications from
epicardial ablation remain an obstacle to widespread adop-
tion of this technique, however, including but not limited to
the potential for damage to structures adjacent to the epicar-
dial space, including epicardial coronary vessels as well as
the phrenic nerve and the lungs.2,12 A technology such as
the laser balloon described in this study may help to over-
come some of these challenges. Currently, epicardial abla-
tion is typically performed with coronary arteriography to
determine if a major coronary artery is in close proximity to
an ablation site. In contrast, the laser balloon allows direct,
real-time visualization of the epicardial coronary vasculature,
both before and during ablation, and the relationship of the
forming ablation lesion to the vessel can be assessed during
ablation. Additionally, coronary veins can also be assessed
with the laser balloon. It is not clear whether ablation over a
coronary vein poses a real risk to a patient, but clearly epicar-
dial coronary veins in addition to arteries can be visualized
and avoided using the laser balloon.

Structures outside the heart, including the phrenic nerve
and lungs, can also be damaged by traditional epicardial ab-
lation. Structures such as the lungs may receive collateral
damage during epicardial ablation, although in most cases
this damage is not recognized and the clinical consequences
have not been established. In regard to the phrenic nerve,
high output pacing is typically performed prior to traditional
epicardial ablation at sites that may be adjacent to the phrenic
nerve, with ablation avoided if phrenic nerve capture is noted.
In some cases, this leads to failure to ablate an arrhythmia. In
other cases, techniques such as infusion of air/fluid or place-
ment of balloon into the pericardial space have allowed for
ablation with a traditional catheter at an epicardial site adja-
cent to the phrenic nerve.13,14 In contrast, the laser balloon
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naturally pushes structures such as the lung and phrenic nerve
away from the ablation performed at the epicardial surface.
We observed no damage to the lungs or other adjacent medi-
astinal structures during epicardial laser ablation. Although
we did not test for phrenic nerve damage, it is highly unlikely
that it would occur with this technology, given that the highly
directed laser ablation is targeted directly toward the heart
and held away from the phrenic nerve by the balloon.

Visualization of catheters within the left atrial appendage
was surprisingly clear through the thin, translucent my-
ocardium (as shown in Fig. 2A), and this could offer
another potential use for this technology, in guiding endo-
cardial procedures within the atria (it is not possible to visu-
alize catheters placed within the ventricles from the epicar-
dial space using existing technology, given the thickness and
opacity of ventricular myocardium).

The investigational laser balloon catheter that we utilized
in these procedures was designed for endocardial pulmonary
vein isolation, and this design has clear limitations for epi-
cardial ablation. However, this study demonstrated that it
can be used easily in the in the pericardial space with good
maneuverability, visualization and ability to deliver ablation
lesions. It does not, however, have any electrical mapping
or pacing capabilities, which would necessitate the use of a
separate catheter to map the epicardial surface and determine
sites of ablation. A laser balloon catheter able to electrically
map, pace, and create electroanatomic maps would vastly
improve the usefulness of such a system for epicardial abla-
tion. This would require a substantial redesign of the current
balloon technology.

Limitations

This is a small animal study, and our findings will need
to be validated in larger studies before consideration could
be made for clinical use of this technology for epicardial
ablation. In addition, the limitations described above to the
current catheter design, with its lack of mapping and pacing
capabilities, limit its current applicability for epicardial ab-
lation, which generally requires these features. We did not
study the electrophysiologic properties of the ablation lesions
created by this system (for example, by placing an EP record-
ing catheter over the site before and after ablation), although
post mortem analysis did reveal dense lesions as shown in
Figure 3, similar to lesions demonstrated in the pulmonary
veins when this catheter is used for pulmonary vein isola-
tion. Given published data on the ability of this system to
isolate the pulmonary veins, it is likely that these lesions
would have similar effects to traditional ablation lesions on
the epicardium, but this will need to be proven in subsequent
studies. Finally, ablation was performed over only the ven-
tricles and not the atria, and so this study does not provide
data on the effects of epicardial laser ablation on the atria.
We chose to focus on ventricular ablation as we feel that this
tool, if adapted for epicardial ablation, would be used most
often for ventricular rather than atrial arrhythmias, but there
are potential atrial ablation applications for epicardial laser
ablation as well.

Conclusions

The investigational laser balloon catheter can be manipu-
lated through the epicardial space, where it allows visualiza-
tion of epicardial structures and delivery of ablation lesions.
Further redesign of this technology could provide a powerful
tool that could potentially improve the efficacy and safety of
epicardial ablation.
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