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Background © Acoustic shock waves have been detected during pulsed laser irradiation, howe-
ver, ablation characteristics relevant to the shock waves have not been well elucidated. In this
study. the potential role of excimer laser-induced shock waves and problems associated with
contact-dependent multifiber laser catheter were investigated

Methods - Normal post-mortem human aortic samples were lased with a xenon chloride
excimer laser(308nm. 120ns) using a 1.5mm multifiber laser catheter(40X 100um) at repetition
rates of 25~40Hz and coaxial forces of 0.125~1.5Atm in a saline-filled tubing system. A
total of 160 craters was evaluated. The operative fluence was 40mJ/mm and 125 pulses were
delivered at each crater. Laser-induced shock waves were measured with a strain-gauge pressure
transducer. The ablation characteristics were evaluated by a stereoscopic microscope(x20).

Results - When coaxial force was 0.125Atm. shock waves were less than 0.lmmHg without
significant tissue ablation. The magnitude of laser-induced shock wave correlated with coaxial
force(r2=0.808, p=0.0001) and with repetition rate at 1.0Atm of coaxial force(r*=0.520, p=0.
0001). Assumed pressure relaxation time(or escape time) of laser induced shock wave in the
irradiation site was 51.6+ 32ms at the lowest repetition rate of 25Hz and 1.0Atm of coaxial
force, which was longer than 40ms of the pulse interval(p=0.0001). Repetition rate correlated
with the depth of crater(r>0375. p=00001). the area of crater(r’=0.121, p<0.05). and the
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ablated mass of tissue(r*=20.351. p=0.0001) when significant coaxial forces were applied. Coaxial
force correlated with the depth of crater(r> =0.570. p=00001). the ablated mass of tissue at
repetition rates higher than 30Hz(r’<0.265. p<<0.001). and had inverse correlation with the
area of crate(r*:20.677. p=0.0001). Microscopic observation revealed fusion of single fiber le-
sions and larger crater size at higher repetition rates. which suggested evidences of photomecha-
nical tissue ablation.

Conclusions :

1) Application of significant coaxial force was essential to the effective tissue ablation and
high repetition rate enhanced it; 2) effective tissue ablation was always accompanied by
the significant magnitude of laser-induced shock wave ; 3) photomechanical ablation was
considered as a potential mechanism of enhanced tissue ablation ; 4) application of coaxial
force significantly reduced the area of crater 5 and 5) although single fiber lesions had precise

edge. the final margins created by multifiber laser catheter were very irregular.

KEY WORDS : Excimer laser * Shock wave * Multifiber laser catheter.
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2. B{0|X A} g
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Fig. 1. Diagram of experimental arragements.
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Tissue specimens were cut in the center

of the crater by a surgical scalpel and
measured by an ocular micrometer mounted
on a stereoscopic microscope(x20)

Area of Crater=nd;%/4

Ablated Volume=rh(d3-d,? /4

Fig. 2. Analvsis of ablation characteristics.

Fig. 3. Photographv of aortic tissue sample demonstrating a significant decrease in area of crater as coaxial
force increased. Crater at 0.5Aun(left) and 1.5Atn(right)of coaxial force. The repetition rate was 25Hz.
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Fig. 4. Photography of aortic tissue sample demonstrating a samller crater with more definite crater margin(A ;
left) and more definite “Swiss-cheese” appearance(B ; left) in the base of the crater, which became
indefinite at higher repetition rate(A, B ; right). Although single fiber lesions had precise edge, the
final crater margins created by multifiber laser catheter were verv irregular(A ; left). Craters at 25Hz(left)
and 40Hz(right) of repetition rate. The coaxial force was 1.0Atm.
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Rt FAHE craerd] RYS =9UFH oAU
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(fiberoptics)ol] 2JsiA] HAH o)A wx}e] v
247 28 e 9l single fiber lesionE o] “Swiss-
cheese” ¥-& H Y, crater®] A A single fi-
ber lesiono] ZAAl= W&o HA AL &
gol A Txte] o] 4RFA vl R Y-S HolA
o Bar Atk o] 2| “Swiss-cheese” /gt
BEs AR EFAE  craerd] AAE  coaxial
froce9} repetition rate7} ZF7}3Ho) whEl Y B8
HakA = (Fig. 3, 4A, 4B).

2. Repetition rate@} ZE|M|7{ atol ZHA|

%338t coaxial forceE F318 7ol 9} repetition
rate®] F7to] ME ZAAA &89 Fry #F
g0

Coaxial froce7} 0.1257]19} Y wl = repetition rate 2}
crater®] zio], ¥lo] & A AE 23] ¥ Alo]o
JelglE ABBAE UYTHp=0746, p=0908,
p=0.731). Coaxial force7} 0.57]% o] AL repe-
tiotn rate7} Z7}&o) wal cratere] Zlolst AAH
Z 3] Ryt 718 2(p=0.0001, p=0.0001),
coaxial froce7} 1.0719} o]/ A wl = repetition rate7}
F7tel] watk cratere] BHE F s tH(p<0.05)
(Fig. 5).

3. Coaxial froce@t ZE|M|H 2datol 2HA|

Coaxial froce7} Z7}gtojlula}l cratere)
F 78, cratere] WAL A3 A, EL repeti-
tion rateo| ¥t AAY 2RI} F74sA

R E repetition rateo| A coaxial froce?} F7+gt

Zole

At} cratere] Zol7b F78t 21 (p=0.0001),
coaxial force7} F7tgol] whe}l craterd] WHS %
28}ed A (p=0.0001), repetition rate7} 30Hz ] 3}
AL E coaxial frocest A AH ZF o] Byl A
FAA 7 A2 (p>0.129), repetition rate’} 35Hz
ol A 7ot coaxial froce?} Z7}&hol whal A
A" 2HR I F7HEATHp<0.001) (Fig. 6).

4. Laser Induced Shock Wave

g ol & Ez}ol] 0.125 71 BT} & coaxial froce”}
7437 73 9ol 7k shock waveg] ZHo] 7Me@,
coaxial froce®} repetition rate7} Z71gHo)) wp} shock
wave® F7F8FA Tt Shock waves 1253]9] pulsed
HolAE Al <t HAHoR Frlde &
& B4

Caoxial froce7} 0.1257191¢1 7490l 233} shock
waves= E5 0.lmmHg 19O 2 repetition rateo]]
& shock waved] ¥i3lE vla¥ 4+ Yk 1.0
71349 coaxial forceol| 4] & A& shock wave: repe-
tition rate7} F7hgtell wal ol YA FUEtA
(p=0.0001). ojuf A gt shock wave?] H 7]+ cra-
ter] Zlo], HA g AAE =3 B9} ool
ABBA 7 QA Hp<0.001, p<0.05, p=0.0001)
(Fig. 7, 9, 10).

25Hz2] repetition rateo] A} shock wavex coaxial
froce7t F7Hgtell wre} oo UAl Frhat A tH(p=0.
0001). o]u} crater®] Zlo]+ coaxial froce7} Z7}
Stoll wet £713) crater®] WA o] coaxial forcer}
S7tgel whet FastelA HASE shock waves)
A7)k AAE 239 Foje} ooYe FHIAE
AATHp=0.978) (Fig. 8, 9).

5. Pressure Relaxation Time

107] o] = 2 F E o) A} 25Hz9] repetition rate$} 1.0
719} 9] coaxial forceol) A} 23 3t pressure relaxation
time 51.6+3.2ms2 25Hz¢] pulse 717 Q] 40ms
Bt 29k (p=0.0001)(Fig. 7).
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Fig. 5. Ablation characteristics in relation to repetition rate. Panel A : Crater depth. Panel B . Crater area. Panel
C : Ablated mass of tissue. Data represent the average of 10 points. CF= coaxial force : RC=regression

coefficents.

Aoy, Z A A A WAL repetition rate$} coaxial
forceol] A3 &e wygli], ojlu) WS
shock waveZ} Z & A Aol F 03 IS sl AL
o & A

chkA] glo] A E Ao AbE coaxial forceE F
o =AE Z3 o YHAAA FolAE =AM
73 free beam #|o]&] FAle} v 2 o F
AAA FH o FAsE 27iA & S M8 E

@ Sretel o

F ded, O 239 dolA A F4+ F7t
@ quroz Q% AR i B FolA
Sz A AN, B) ZAAAF T4
shock waved] 7 22| A 9 X3 9 53],
ZZ 9 Yesty Wiy 3 =
HAA Fge ¥sks ojth
Coaxial force7} F7}gto) ule}l glojx ==t}
ZA ko) Yol 2|3 B3}stE oA -z ut

— 817 —



10
2 08}
E
. 0~6_ RR(Hz) RC 12 p
2 oat 25 175 626 0001
2 30 224 570 0001
S 02t 35 258 647 0001
ool A _ _ . 40 485 780 0001
"~ 0125 05 10 15
Coaxial Force(Atm)
16
——~ 25Hz
—o— 30Hz
e 12F ¥ 35Hz
E 40Hz
<
Zos| RR(Hz) RC ) P
5 25 432 781 0001
E oal 30 434 a1 0001
35 400 704 0001
00 B . ) 40 362 671 0001
© 0125 0.5 10 15
Coaxial Froce(Atm)
06
—_ —0- 25Hz
e 05} —o— 30Hz
E t —= 352
g 04F —®= 40Hz
§ 03t RR(H2) RC 2 P
-t 25 006 003 7383
g 02y 30 032 060 1290
201t . 35 066 265 0007
00 L= ‘ , ) 40 22) 625 0001
70125 0.5 10 1.5

Coaxial Force(Atm)

Fig. 6. Abalation characterisitcs in relation to coaxial force. Panel A : Crater depth. Panel B . Crater area. Panel
C ! Ablated mass of tissue. Data represent the average of 10 points. RR =repetition rate ; RC=regression

coefficients.
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Fig. 7. Shock waves recorded at various repetotion rates. Shock wave ends abruptly when a run of pulsed
lasing finished(C, Arrow). Time interval from last rapid uprise to abrupt end represents pressure relaxa-
tion time(T). Coaxial force was 1.0Atm and paper speed 50mm/s.
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.1 0.5atm

Fig. 8. Shock waves recorded at various coaxial forces. Note a gradual uprising of the amplitude of shock
wave and baseline pressure as laser irradiation goes on(C ; Arrow). Repetition rate was 25Hz, sensitivity
of recording 0.lmmHg/mm and paper speed 25mm/sec.
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Fig. 9. Shock waves in relation to coaxial force(A) and
repetition rate(B). RC=regression coefficient.
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Fig. 10. Ablation characteristics in relation to shock
wave. Panel A Crater depth. Panel B : Crater
area. Panel C ! Ablated mass of tissue. RC=
regression coefficient.

TRE JAAAYE & F Usen FF A3zd
Dug 23 i dFxe e s
Karsch!5-9] QAR o A= Al golx] &
BHFA AR 2ALE BE Yo FoqP o] 40%
ekl Afole 712 AlE HolA &AL A

- 821 —



/i 7

The tissue which is doomed to be ablated when coaxial force is not applled.
I The crater created when significant coaxial froce is applled.

Fig. 11. The mechanics of tissue compression by coaxial force. Application of coaxial force compresses the
tissue and cause it to spread-out. The tissue wihich is doomed to be ablated(shaded area) does
not become lased. The tissue restores normal cofiguration by the elastic recoil after removal of multifiber
laser catheter, and the resulting crater(black raea) is smaller than the crater which would have been

created if no coaxial force is applied.
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