Basic Study of an Intraoperative Myocardial Laser
Ablation in Arrhythmia Surgery
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Fig. 1. Devices for laser irradiation. In the contact irradia-
tion method, a metal supporter is attached to the laser
fiber (A). In the non-contact irradiation method, the laser
fiber is fixed above the epicardial surface with a metal
supporter (B). During irradiation, 0°C saline solution is
sprinkled continuously to cool the irradiation spot in both
methods. In the new irradiation method, a newly-develop-
ed probe is attached, and sprinkling of watre is unneces-
sary (C).

KEHOBRC TRl L, OECYIBZ M2 DA TEH L.

1.5 *

1. V==Y AF 4

L —+4 — &3 Neodymium; Yttrium Alminium Garnett
(Nd-YAG) v —+—CL50 & (SLT. Japan, Hx) %\ 7. ¥
v A7 MTER0.6mm, LEWTO L —+ —SEOBNKAEH
20° DFHK7 7 A »S—SSRHT & (SLT. Japan) % A\ BRI
TRE L.

2. FEAL

TR A R B OB T AHBER & 0, EALE
R AT O3 BHETRE L.

1) #Efik

AET 74 A-DERE LT Iy 7 ABOEMBHE S = —
7 MT1.5%! (SLT. Japan) %% LIRS L1z, BSIZ7 71
N=RH L2 bh, BERCRRSE MDA Z L2+
DIDRFIC TIER L RHEBYEE L (K1-A, 2-A). #
MBS e - T ORMEIERE 2.2mm FAK BHEEK 3.80
mm?) THH, ThiHEls Lo 2 BEEOBHTOERY
wE LS. RS, BHTET Smm ORI A L LR
EERH HL 200 3 (7 v ¥ v, B & CTOHIE 50T LU T e s

A [ Laser fiber
Contact probe

45 mm

B 2.2 mm

C

New probe Cold water

Thin film

Fig. 2. Schematic diagrams of the three irradiation metho-
ds. In the contact irradiation method, a ceramic contact
probe (2.2mm in diameter) is attached to the lase fiber
(A). In the non-contact irradiation method, the laser fiber
is fixed vertically 4.5mm above the surface, to irradiate at
the same energy density (B). The nwe probe used in the
new irradiation method consisted of a 15mm hollow
conical tube composed of polyvinyl chloride, and a tip
covered with a thin film of polyvinyliden chloride. The
laser fiber is fixad vertically 4.5mm above the surface.
During irradiation, 07Csaline solution is allowed to flow
continuously through the inside of this hollow probe to
cool the cardiac surface (C). In each of these three
methods, the diameter of the circular irradiated surface
area is 2.2mm.
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Fig.3. Myocardial laser ablation in the new irradiation
method.
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Fig. 4. Schematic diagrams of the coagulated volume in the
three irradiation methods. In the contact irradiation
method, the myocardial volume coagulated by the contact
method was an elliptical hemisphere (A). In the non-con-
tact and new irradiation metnads, it was a shallow (i) or
deep (ii) partial sphere. Shaded area shows the coagula-
ted area. D, depth; W, width.
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Fig.5. Microscopic findings for sagittal sections from
irradiated tissue lesions. In each method, the myocardium
was irradiated at 100joules/mm® In the contact irradiation
method, the shape of the coagulated area of the myocard-
ium is an elliptical hemisphere. Charring and tissue defect
(arrow) are found only in this method (A). In the
non-contact irradiation (B) and new irradiation methods
(C), neither charring nor tissue defect is found at the
epicardial side. The shape of the coagulated area in the
non-contact irradiation method is a partial sphere, and very
similar to that in the new irradiation method.
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Fig.6. Microscopic findings for a sagittal section from a
tissue lesion irradiated by the new irradiation method. No
carbonation is found at the surface. The lesion is well
demarcated from the normal myocardium, showing
coagulation necrosis and contraction band necrosis (A).
Azan stain, X10. The contraction band necrosis is found
at the boundary (B). Azan stain, X200. CN, coagulation
necrosis ; CBN, contraction band necrosis.
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Fig.7. The depth of the coagulated area at each energy
density. Each value represents the meantSD. A,
contact irradiation method; @, non-contact method
group; O, new irradiation metho group. a, p<0.05. vs.
the non-contact and new irradiation methods by one-way
analysis of variance with Scheffé's multiple comparison, or
Kruskal-Wallis one-way analysis of variance with Hollander
and Wolfe's multiple comparison; b, p<0.05 vs. the
non-contact and method by F test (test of variance ratio).
J, joules.

J/mm?

1) BEE

BEEILE=RAAF —BECHE VT, SEMERTIZ.240.3
mm, 4.4£0.2mm, 5.8+£0.3mm, 6.420.3mm (50, 100,
150, 200]/mm* i B BExXRT, LTEEE) THole. Feim
E#TI123.520.4mm, 3.9%£0.5mm, 4.5+0.5mm, 4.6+
0.6mm THvz. FBEERH T2 3.320.3mm, 4.1+0.2
mm, 4.4+£0.3mm, 4.6£0.2mm THhol. =F LV F -FE
150]/mm® JA £ CI%, SRR ORBE A MED 2 BT LT

mm
10
= b b
- 3 aI§
—~ a
= s a atl I
itz B
0 . . . v
50 100 150 200 ;,

Energy density

Fig.8. The width of the coagulated area at each energy

density. Each value represents the meankSD. A,
contact irradiation method; @, non-contact method
group; O, new irradiation metho group. a, p<0.05 vs. the
non-contact and new irradiation methods by one-way
analysis variance with Scheff&’s multiple comparison, or
Kruskal-Wallis one-way analysis of variance with Hollander
and Wolfe's multiple comparison; b, p<0.05 vs. the
non-contact and method by F test (test of variance ratio).
J, joules.
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Fig.9. The volume of the coagulated area at each energy
density. Each value represents the mean+SD. A
contact irradiation method; @, non-contact method
group; OO, new irradiation method group. a, p<0.05 vs.
the non-contact and new irradiation methods by one-way
analysis of variance with Scheffé’s multiple comparison, or
Kruskal-Wallis one-way analysis of variance with Hollander
and Wolfe's multiple comparison; b, p<0.05 vs. the
non-contact method by F test (test of variance ratio).
joules.
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Fig. 10. Epicardial mapping. The mat electrode was placd on the irradiated area (A). A schematic representation of the
epicardial mapping is shown. Epicardial potentials were recoded at 15 sites simultaneously. Electrodes 8 and 9 were placed on
the irradiated area (shaded area) (B). ECG and the epicardial potentials were recorded (C). RA, right atrium; RV, right
ventricle ; ECG, electrocardiogram ; *, calibration (Imv at ECG, 200uv at Epicardial potential).



946 X

KBERIC I oD o 70, =X AF —FBE 150, 200]/mm? TI2%
BB TR otztod, 6D EWDWCERE L. 150,
200]/mm? T, JEEEpEREO CV 217.0, 11.7, HREER
D CV 123.3, 4.7, F{EI324.2, 6.23TH o7, H=FRNF—
B 3\ IR B EE R ST BAERC L LIEO D& AR TH -
T (p<0.05) (K 8).

3) EEEREE

BEABEIE -3 F - HEICEC, BMERTI20.8
+4.1mm®, 38.444.3mm®, 60.34+8.5mm’, 83.2+16.3mm’
(50, 100, 150, 200]/mm* e siF A {E% RS, LLTEE) TH-
7o JEBEfhEEEECIL 30.2+8.3mm®, 56.64+13.6mm®, 90.6+
37.2mm?, 114.6+33.3mm® TH - tc. FREHER TIZ29.3+
3.1mm°, 50.8+5.6mm’, 95.1+12.4mm?, 112.9+13.7Tmm* ¢
ot TRTCO=FAF -FELRT, BEREROBRER
BEET, o 2 BIC kLA TH -7 (p<0.05). FEiEmuER L
FRHEFOSEARECIERLr ok, TXTH=F L
F-BETESR TR oD, WHOEFIOWTKREL
#2. 50, 100, 150, 200J/mm’ T, FE#EmMEH O CV 1228.0,
25.3, 38.3, 30.6, HMEEHEDO CV 1x11.2, 11.7, 12.5,
13.1TH b, F{EI26.4, 11.1, 28.6, 26.1THoic. TTD
=R F —EC B CIRERERVFRAERCHE LIZL 0 &
BRTH -7 (p<0.05) (K 9).

I. RR20OR&E

i
Epicardial
potential | -

-—1000 msec-—

A
ECG -~ 1000 msec—~
Epicardial
potential

Fig.11. ECG and the epicardial potential elicited by progr-
ammed ventricular stimulation. Two ventricular premature
beats (S2 and S3) were applied consecutively after
ventricular pacing (S1) with a basic cycle length of
400msec (A). Furthermore, thirteen stimulations (arrows)
of 200~300 beats/min were applied when no prematura
ventricular contractions or ventricular tachycardia were
induced by this method (B). ECG, electrocardiogram.
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Fig. 12. Microscopic findings for a sagittal section through a
tissue lesion irradiated by the new irradiation method in
the chronic phase. Thinning of the irradiated myocardium
is.not found. Transmural fibrous scar with fatty tissie is
seen (A). Azan stain X2. The lesion is well demarcated
from the normal myocardium (B). Azan stain, X40.
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Abstract

An irradiation method employing a new probe was developed to increase the safety and accuracy of intraoperative laser
ablation. This probe consists of a hollow conical tube, with a tip covered by thin film. During the irradiation, 0°C saline was
fed into this probe. Ventricles of canines were irradiated from the epicardial side with Neodymium : Yttrium Aluminium
Garnett (Nd-YAG) laser, in a preliminary comparison of the new irradiation method with the two established methods of non-
contact irradiation, in which irradiation is applied above the epicardium, and contact irradiation, in which irradiation is
applied with a ceramic contact probe. The energy density applied to the beating heart was varied from 50 to 200 joules (J)
fmm?. Charring and tissue defects were observed only in the contact irradiation method. In all 3 methods, microscopic find-
ings included a well-demarcated degenerative area of coagulation necrosis and contraction band necrosis. At an energy den-
sity greater than 150 J/mm’, the mean depth of the coagulated area in the contact irradiation method was smaller than that in
the other two methods (p<0.05). The mean width and volume of the coagulated area in the contact irradiation method were
smaller than those in the other two methods at all energy densities (p<0.05). There was no difference between the new and
the non-contact irradiation method in mean volume of coagulated area. However, the distribution of the volume values in the
new irradiation method was smaller than that in the non-contact irradiation method at all energy densities (F<3.18, p<0.05).
Electrophysiological and histological studies conducted more than six months after irradiation by this method revealed no
epicardial electric potential recorded at the irradiated area, nor was any arrhythmia induced by the programmed ventricular
stimulation detected. Fibrous tissue was observed transmurally. And, the coagulated area between the beating heart and the
non-beating heart infused with 0°C saline via a coronary artery (cold crystalloid cardioplegic model) was compared. The
coagulated volume in blood washed out of the non-beating white blood was about 70% of that in the beating red heart. In
conclusion, in comparison to the 3 irradiation methods, the contact irradiation method was considered to be unsuitable for
intraoperative laser ablation because of the poorer energy efficiency and higher risk of perforation. The ablation with this
new irradiation method could be performed more safely and accurately than that with other methods. The safety of this new
irradiation method was verified during the chronic phase, too. The hemoglobin in blood, the origin of the red color, shows
high absorbance of Nd-YAG laser. The presence or absence of blood in the myocardium is an important factor for accurate
irradiation.




