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Objective: Recently, epicardial ablation on a beating heart has been conducted as a minimally invasive surgical

procedure for atrial fibrillation. We have developed a suction support adapter with the aim of ensuring contact

between the ablation probe and the atrial wall to obtain transmural coagulation, and we evaluated the effectiveness

of the adapter in electrophysiologic and histopathologic procedures.

Methods: To ensure contact between the radiofrequency ablation probe and the atrial wall, we designed and

fabricated a suction support adapter. Twelve pigs were used in this study. A comparison was made between a group

in which the ablation probe alone was used (group C, n¼ 6) and a group in which the ablation probe was used with

the adapter (group S, n¼ 6). In both groups, epicardial ablation was conducted on a beating heart. An electrophys-

iologic evaluation was conducted to determine whether there was electrical isolation. Histopathologic evaluations

were performed to identify the range of coagulation in the resected atrial wall specimens.

Results: The coagulation range was significantly deeper in group S than in group C, and the breadth was

significantly narrower. Transmural coagulation and electrical isolation of the atrial wall were seen in 1 case in

group C and in all cases in group S.

Conclusions: Using the suction support adapter, we were able to maintain good contact between the ablation

probe and the atrial wall. This device is thus thought to be useful for the safe and reliable performance of epicardial

ablation on a beating heart. (J Thorac Cardiovasc Surg 2010;139:1618-22)
Cox and associates introduced the maze procedure for surgi-

cal treatment of atrial fibrillation in 1991.1 Since that time,

modifications have been added to create the maze III proce-

dure, and various other modified procedures have been de-

vised.2-4 Ablation has been conducted using cryothermia,

radiofrequency (RF), or microwave energy as a technique

to replace incision and suturing of the atrial wall in the

maze procedure. With ablation using each of these different

types of energy, transmural linear coagulation of the atrial

wall can be performed rapidly, producing an electrical block.

In recent years, the epicardial approach has been used for

ablation on the beating heart, and surgical treatment for atrial

fibrillation has become less invasive. With an epicardial ap-

proach on the beating heart, however, it is difficult to ensure

good contact between the ablation probe and the atrial wall,

and the area of atrial wall ablation varies. In the present

study, we developed a suction support adapter to reliably

attach a unipolar RF ablation probe and conducted epicardial
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ablation on the atrial wall with beating pig hearts. The effects

were then evaluated electrophysiologically and histopatho-

logically.
MATERIALS AND METHODS
Ablation Device and Suction Support Adapter

The Cobra surgical probe (Estech Inc, San Ramon, Calif) was used as an

RF ablation device. A suction support adapter was developed to ensure that

the ablation probe remained in good contact with the atrial wall. The mate-

rial used for the suction support adapter was a cylindrical silicone tube 8 mm

in diameter with a thickness of 1 mm. The ablation probe was fitted inside

the silicone tube. Seven electrodes, 12 mm in width, were attached to the

ablation probe, and an elliptical side hole was made in the silicone tube cor-

responding to the ablation points of the two leading electrodes, allowing ab-

lation to be conducted (Figure 1). A suction tube was connected to the

silicone tube, and the side hole could be suctioned against the atrial wall

by applying continuous suction to the suction tube during ablation (Fig-

ure 2). Ablation was performed after confirming that the tube probe was

in good contact with the atrial wall with suction pressure of�200 mbar.

Experimental Animals
Twelve pigs weighing 30 to 40 kg (mean, 33.5 � 3.2 kg) were used.

There were 2 experimental groups: group C (n ¼ 6), in which Cobra device

alone was used, and group S (n ¼ 6), in which the suction support adapter

was used with the Cobra device.

All animals received humane care in accordance with the ‘‘Principles of

Laboratory Animal Care’’ formulated by the National Society for Medical

Research and the ‘‘Guide for the Care and Use of Laboratory Animals,’’

prepared by the Institute of Laboratory Animal Resources, National Re-

search Council, and published by the National Academy Press, revised in

1996.
gery c June 2010
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FIGURE 1. Cobra surgical probe and suction support adapter.

Abbreviations and Acronyms
RF ¼ radiofrequency

TTC ¼ triphenyltetrazolium chloride
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Ablation Technique
Pigs were given intramuscular injections of ketamine hydrochloride (20

mg/kg body weight) and underwent endotracheal intubation. Anesthesia

was maintained with inhalation administration of halothane (0.5%–

1.5%), and intravenous administration of pancuroniumbromide (0.1 mg/

kg) was given as a muscle relaxant for inactivation. With the animal lying
FIGURE 2. Schema of suction support adapter. With the use of the suction

support adapter, the atrial wall folds into an inverted-U shape and is suc-

tioned into the silicone tube.
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on its right side, the chest was opened with a lateral incision made at the

left fifth intercostal space. An incision was then made in the pericardium

and the left atrial wall was exposed so that ablation could be performed.

Heparin (200 units/kg) was administered intravenously to prevent thrombus

formation within the atrium. An ablation line of approximately 5 cm was set

so that part of the left atrial auricle could be electrically isolated (Figure 3).

In group C, the ablation probe was placed directly on the ablation line. In

group S, the ablation probe was fitted with the suction support adapter

and suctioned onto the ablation line with continuous suction of �200

mbar from the suction tube. In both groups, the ablation temperature was

set at 80�C and the ablation time was set at 90 seconds. Ablation was con-

ducted from the epicardium while the heart was beating.

Electrophysiologic Findings
After ablation, stimulating electrode S and bipolar electrode A1 were set

inside the isolation area, and bipolar electrode A2 was set outside the isola-

tion area. Pacing was conducted through stimulating electrode S set at 120

beats/min, 15 mA, and an electrocardiogram was taken with electrodes A1

and A2 on the surface of the heart and a limb lead (Figure 3). Electrical iso-

lation was successful when electrode A1 was synchronized with the pacing

electrode, the electrocardiogram with electrode A2, and the limb lead was

not synchronized.

Gross Evaluation with 1% Triphenyltetrazolium
chloride (TTC) Staining of Cardiac Muscle

After ablation was completed, animals were humanely killed with intra-

venous administration of pentobarbital and potassium chloride. The left

atrial wall, including the ablation site, was then excised. Immediately after

removal, an incision was made in the direction perpendicular to the ablation

line in the portion where the atrial wall was thickest. Cross-sectional sec-

tions were stained with 1% TTC and the range of coagulation was evalu-

ated. Atrial wall thickness and depth and breadth (millimeters) of the

coagulation were measured in the coagulated portions.

Histopathologic Evaluation of Cardiac Muscle
Extirpated specimens contralateral to the TTC stain were fixed in 10%

formalin and sections (2 mm) were prepared in a direction perpendicular
FIGURE 3. Schema of the epicardial ablation line (viewed from dorsal

side). SVC, Superior vena cava; IVC, inferior vena cava; RA, right atrium;

LA, left atrium; PV, pulmonary veins; A1, A2, and S, electrodes.
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to the ablation line. These sections were stained with azan and observed un-

der a light microscope to assess the range of coagulation.

Statistical Analysis
SPSS (version 10.1.3) software (SPSS, Inc, Chicago, Ill) was used in sta-

tistical analysis. Median values and ranges were calculated for the depth and

breadth of the coagulation range, and Wilcoxon sum rank test was used to

test for differences between the groups. Analysis was conducted by c2 test

for the presence of transmural coagulation in the 2 groups.
RESULTS
Intraoperative Assessment of the Effects of the
Suction Support Adapter

During the ablation procedure, the ablation probe could

be steadily maintained against the atrial wall with the use

of the suction support adapter, with almost no gap, despite

the beating of the heart. When the suction support adapter

was not used, however, some gaps occurred between the

atrial wall of the beating heart and the ablation probe. No

serious complications, such as damage to the tube from

the heat load, popping of the atrial wall, or damage to the

surrounding organs, occurred during the procedure in either

group. No thrombosis within the atrium was seen in either

group.
Electrophysiologic Evaluation
In models in which there was successful electrical isola-

tion from ablation, electrode A1 in the isolated region was

synchronized with the pacing electrode, and the electrocar-

diogram waveforms of electrode A2 and the limb lead out-

side the isolated region were not synchronized (Figure 4).

In group C, successful electrical isolation was seen in only

1 of 6 cases, the case with transmural coagulation; in the

other 5 cases, electrical isolation was not successful. In

group S, there was successful electrical isolation in all cases.
FIGURE 4. Electrophysiologic evaluation. In the group in which the suc-

tion support adapter was used, electrode A1 inside the isolation area was

synchronized with the stimulus electrode (arrows) and electrode A2 and

the limb lead outside the isolation area were not synchronized with the stim-

ulus electrode (arrows). This indicates that electrical isolation occurred.
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Gross Myocardial Findings
In both groups, the ablation line on the epicardial surface

was discolored immediately after ablation, but the border

with the healthy tissue was more distinct in group S. On

the endocardial surface, distinct border discoloration was

seen in all cases in group S and transmural coagulation

was confirmed, but in group C, no changes were seen on

the endocardial surface.

Normal cardiac muscle was stained red with TTC, and

a distinct border was seen with a region of yellowish coag-

ulation (Figure 5, A and B). The thickness of the atrial

wall was not significantly different between the 2 groups.

The coagulation range was significantly deeper in group S

than in group C, and the breadth was significantly narrower.

Transmural coagulation was seen in 1 case in group C and in

all cases in group S (Table 1).
Histopathologic Findings in Cardiac Muscle
In the cardiac muscle specimens stained with azan, the re-

gion of coagulation was stained blue. Transmural coagula-

tion was seen in only 1 of the 6 cases in group C.

Transmural coagulation was seen in all 6 cases in group S

(Figure 5, C and D).
DISCUSSION
In recent years, advances have been made in ablation ther-

apy for atrial fibrillation, and various methods have been de-

vised for the approach, ablation site, and type of energy. In

1998, Haı̈ssaguerre and associates5 indicated that repetitive

atrial premature beat with a short coupling interval is a trig-

ger for paroxysmal atrial fibrillation; they devised a method

for electrically isolating the site of origin of the atrial prema-

ture beat within the pulmonary vein by ablating the opening

of the pulmonary vein with a percutaneous catheter. Surgical

procedures have also become more common to electrically

isolate the origin of the atrial premature beat within the pul-

monary vein by cryoablation or RF ablation in surgical treat-

ments for atrial fibrillation.6,7

One issue in epicardial ablation on a beating heart is assur-

ing that the ablation probe remains in contact with the atrial

wall as the heart beats. Bipolar RF ablation or unipolar RF

ablation using a fixed support instrument has been reported

to reliably maintain the ablation probe against the beating

atrial wall.8,9 Recently, coronary artery bypass grafts have

been conducted with a beating heart, and the introduction

of a suction type stabilizer made fixation to the ventricular

wall possible. It has thus become safer and simpler to con-

duct coronary anastomosis while the heart is beating.10 If

epicardial ablation can be conducted while the heart is beat-

ing, with the chosen site reliably immobilized during surgery

for atrial fibrillation, establishment of a minimally invasive

technique is expected that does not require the heart to be

stopped.
gery c June 2010



FIGURE 5. Normal cardiac muscle was stained red with triphenyltetrazolium chloride, and a distinct border was seen with a region of yellowish coagulation.

A, In group C, the area of coagulation was large and transmurality was not seen (arrows). B, In group S, the area of coagulation was narrow and there was

transmurality (arrows). In the azan-stained specimens, the area of coagulation was stained blue. C, In group C, the area of coagulation was large and trans-

murality was not seen (arrows). D, In group S, the area of coagulation was narrow and there was transmurality (arrows).
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In the present study, we developed a suction support

adapter for an RF ablation probe (Cobra surgical probe)

with the aim of performing reliable transmural linear coagu-

lation on a beating heart. This device has a silicone tube of 8

mm in diameter with a side hole for suction fitted over the

ablation probe and connected to a suction tube. When abla-

tion is performed with this device, the hole in the silicone

tube is suctioned onto the atrial wall using by continuous

suction, and it was demonstrated that the ablation probe

and atrial wall remained in steady contact. It is difficult to

use bipolar RF ablation devices on free wall portions of

the atrium, but with our device, the ablation probe can be

kept in steady contact with the beating atrium regardless

of location, even during ablation conducted against the atrial

free wall. Another major advantage of this device is that, un-

like clamp-type devices, such as the Atricure device (Atri-

cure Inc, Cincinnati, Ohio),8 linear ablation can be

performed on a thin ablation line on a free wall. Thus it is

easy to perform a technique in which a line can be made

in addition to pulmonary vein isolation, with almost no ef-

fect on structures (coronary artery, ventricle) and other

counter portions.

Progress has been made in endoscopic surgery techniques

and devices, and clinical studies of epicardial ablation using

a thoracoscope are occasionally conducted.11-13 By reducing

damage to the thoracic wall, thoracoscopic surgery has
TABLE 1. Evaluations of the resected atrial wall specimens with

1%TTC stain

Group C

(n ¼ 6)

Group S

(n ¼ 6)

P

value

Thickness of atrial wall (mm) 6.0 (5.0–7.5) 5.5 (5.0–6.5) .310

Depth of the coagulation (mm) 3.0 (2.5–5.5) 5.5 (5.0–6.5) .015

Breadth of the coagulation (mm) 11.0 (10.0–12.5) 8.0 (8.0–10.0) .011

Transmurality (no.) 1 6 .003

TTC, Triphenyltetrazolium chloride.
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attracted attention as a minimally invasive surgery with

few postoperative respiratory complications and quick

recovery. However, the visual field is limited in thoraco-

scopic surgery, as is the mobility of forceps, so that there

is a need to develop an ablation device that is suited to thor-

acoscopic surgery. The developed suction support adapter is

a silicone cylinder with a diameter of 8 mm. The device is

also flexible and can readily be applied to thoracoscopic sur-

gery. Moreover, the ablation probe is completely covered by

the silicone tube, except where it contacts the atrial wall, so

that there is no risk of heat damage to surrounding tissue.

Ablation can be safely performed, even with the limited vi-

sual field encountered during thoracoscopy. Moreover, the

device can be attached to identically shaped probes that

use other types of energy; it is therefore promising in the

field of robotic surgery, another focus of recent attention.14

One further issue in epicardial ablation on a beating heart

is the cooling effect from atrial blood flow. Using the suction

support adapter developed in the present study, the atrial wall

is folded into an inverted-U shape and suctioned into the sil-

icone tube. It is thought that this makes it more difficult for

the cooling effect to reach the endocardium. The present re-

sults indicate that with the use of the suction support adapter,

the area of coagulation was significantly narrower and went

deeper. Transmurality was seen in 1 of 6 cases in group C,

but in all cases in group S. This suction support adapter

has the two advantages of ensuring contact with the atrial

wall while the heart is beating and avoiding the cooling ef-

fects from atrial blood flow. It is thus considered to be an ef-

fective device for conducting sure transmural linear ablation.

The temperature and time settings for unipolar RF abla-

tion in previous reports were 60� to 80�C and 60 to 120 sec-

onds for endocardial ablation.7,15 However, because there is

no consensus on the proper value of these parameters, the

settings for epicardial ablation vary.16,17 In general, it is

thought that deeper coagulation can be achieved with longer
diovascular Surgery c Volume 139, Number 6 1621
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ablation times, but excessive prolonging of ablation time

carries the risk of producing serious complications, such as

atrial thrombosis or atrial wall perforation. With reference

to previous reports,15-17 we set temperature at 80�C and

time at 90 seconds in the present study, and no complications

with atrial thrombosis or atrial wall perforation were noted.

Moreover, transmural coagulation was possible in all cases

using the suction support adapter, and these are therefore

considered to be good settings for unipolar RF ablation of

the atrial wall in pigs. Optimal temperature and time

settings for epicardial ablation of the atrial wall of humans

with the heart beating have not yet been determined. Finding

the best settings to achieve sure transmural coagulation

without complications such as thrombosis or perforation is

an issue for future studies. In the present study, we investi-

gated the effects of ablation in the acute phase, but future

studies will investigate the effects of ablation in the chronic

phase.
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