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Magnetic resonance imaging (MRI) & %
DM TH AWBEOLEN, Bhi-Z2Hik &
UHER S 1REE, FEFBRME L OB ELVE
BELTWA. Tt —7 /&4 7 MREE,
MR ®IGHES, MR 74 B 2o —y—4r v
Z, BEEZX YV 7EEL EOFREICLD,
MR F# T intervention 3% L \» MR & KK &
HAELT, FFICERSOh, BRLTETY
5. —F, V—¥—IC L 5{EEE T minimal
invasive therapy & L CTEHSINTWAR, T
OEFEIGAETEB CTPh a2 &, BE
RORE EFITEBRCBEERICEKET S LY, &
SR DREDRC AE EFEHBAOZ M
FHIMEZS TIRECE VWS R XD, BED
RO VITOTEPRETH 7. COMBER%
RETHHEES L TMRICEAREE=XY
VIBEREEINTNA.

BET-XU VZEEICE TiERMEIC L5
b DI, JREERFEGRIC &L B & D28 ks
FUMIAERIC £ % 02910585 5. TiigR
Bl T BRREH:BEH—HICEIWTE
D, RELAERS &R T BAREOLEERE
EHEE—HOERTIC LY, BREMICIIEED
ET3%5. 2o T ERREEELICS LERD
AL, ZOEITEBICLDELR LM,

5~12ms/°C & D#E R B 52909 Lip L
TifE L REORBERIY, ERCKRRTEER
bl xR EROEESSTEHETH
BIDD . LGE « d— R A — 7 2 A
~7 MR % & C i /T X 11 % interventional MRI
TORHZBEL, BET-X U VIEEDD
B, BRIREE CRlREREEHmEEICER L, 7
Z TS JOHERIR & AV C U —FRETER D
BELL X EZE/LLY MR BE, AR, K
BRI L TGRS, RET=-XU V7D
FREMEIC DWW TR LD THET 5.

MRELVHE

T T X ORMEI 7 /8 & I AERR 2 @
TH5.

B L/ MR B EERS TR 0.3T kA
WHRA—7v %4 7 MRZEE (AIRIS, Bir
) T, BRI/ NVIIEBHAOLOH A/,
—%—7 5 4 /)N—{1 Neodyum : Yag L' —¥
— (1064 nm) (HERCULES5100, Laser Son-
ics#)C, HJJ10W/s, 1sHRTREAT-
7z.

WA TIE, MRAIGa T FY v VERIEH
BARCBASIN/ LV —Y =T 74 1=k D,
250 ] /%5 1500 ] %= ¢ 250 ] fif@ CRE %17 -
7z. Gradient echo (GRE) images (TR/TE/ex-

*—TJ— K tissue monitoring, laser ablation, interventional MRI
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citation=80/35/1, FA=20°, FOV=200 mm,
slice thickness=8 mm, matrix=128 x 128, &
GEFE 10 70, FEREREH 1.5 8) TREFH
108 IcERER L. VP —RHFD
5 EE I % 13 thermometer (HEH-TM4 OMU-
RON#) # U —PF—T7 74 N—Fmif L O &
T RETT 2 cm ICEEE L CTHT - 7o BB
spin echo (SE) T1i@gEE & (SETWI) (250/
20/4, FA=90°, FOV=200 mm, slice thick-
ness=4 mm, matrix =256 x 256) & SET:2 557§
Eif& (SET:WI) (3000/117/4, FA=90°, FOV
=200 mm, slice thickness=4 mm, matrix=
256x256) 1%, V—Y—7 v A4 N—KETFTR
WA TcE, RREETHRE L. ARV X
UYREEBG oY, MR ER &R 5E
HTT - 7. &REE-AREMNEBOXEXOD
BAPRZ EROHTIC X D e Lz, TaWI TeWI
B XU GRE EEOFTNTEERE L7 7 #HAIZ
BT, BEFLOKE X ETREHEBRE L&
MR @ CHEE L, K& DBk % Pear-
son’s correlation coefficient TR 7-. GRE
BEEIZBI5E5EE, GRE E#£ LT ther-
mometer DEHIC—F§ 5D ROT (4 pix-
el) #FES, BHEMOBEMER 1 & LcHE
TERL, BEZEOHE®TT -7z, i
IR Tk —F—B&F50] 25 1400 ] £ T
GRE B %#BE L. FILd 5> —D>OHERMIK
T3 CT CU—V—REROMERRZHE L,
V1 — BB A OHERIIR C R IREIRRRZE OB
g%ﬁ'o 7=.

] R

WHIFO L —Y—IC L AABEEEO K X &
VY —BHEBICIEORWVERE (2=
0.83) (Fig.1) 7dbbh, V—F—RBEEOH
mcENEBZEEORBAROK & SIFHAL
7z

GRE @Ef& TIIBHBRMRIC LV ——7 7 4
N—DEmICFEEETEARH I, TO%B
FEHENE & DITEESHEBIIEA L Fig.
2).

V—H—BHIC L 2B FOEBARGIL
270 L 3BREMABEN O, REMABREC
B THLTITZERIC L A RIE, SRS
BHEIEIC & 520, BAVBILFRER & IEEEHK
L OBITER LHERIN. ARRICBT 54
BE TOEMEMMDKE XL GREEHE,
TIWL B LU T:WI D O RDIZFTRADEBE
LR ORESIERETEL, InHOMEIES
& % Pearson’s correlation coefficient T3 &7z
RS, HBERE () X2 £ 0 0.75, 041,
0.79 &7z v, GRE @, T:WI i\ %
w7z (Fig. 3). L L TWWILI3HEIA 587 5
7. GRE B{IZ B AEFE{LOXE3TAH
BEROEWERWMA & LE LT, FiH580.8%
(52.8~107.3%) /& hoiz. BRICOWT
i3 GRE @& 75 TiWI 2 ToWI THREEHTH -
TR SEFBER E LTRIFICHS 2, &
LEL LT (Fig. 4). %72 GRE HE Tl
I 5 BETE LA OB A EEE(L
ELTEICHDLZbN T (Fig. 5).

y=6+0.01x
5 12=0.831

Macroscopic length (mm)
@

0 200 400 600 800 1000 1200 1400 1600
Laser energy (Joules)

Fig. 1. Correlation between long axial length
of laser-produced area and laser energies
Comparing laser energies and long axial length
of macroscopic laser-produced area, good corre-
lation (r2=0.83) was found.
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Fig. 2. A series of GRE acquired
before and during laser ablation in
pig-liver in vitro. After 400 J irradia-
tion, low signal area clearly appear-
ed and increased in proportion as
the laser dosage increases.

Fig. 3. Correlation of long axial length of laser
induced area between on macroscopic view and
on GRE image (a), TiWI (b), T2WI (c).
Good correlation were found on GRE image
and T2WI.

RBHEIFIC BT 5 V—F—7 57 £ N—D 5
P HBRE I 2 cm OFMORE IR EDOHE
ICEW ER Le. —F, ®IGd 5D
GRE E{& D fE B RE I RABR» DR DR
B LR 6.8°CIckt LTHEK0.25 £ CABITIK
T L7z (Fig. 6). BHHERIRO LV —Y — R4
T3 GRE BT 3\ T 200 ] & 0 BB DK
EEEARDON, V—F—REBOHEINC L
DAL, BEERICHD L (Fig. 7). #EMH
WOV —Y—BEh, 50 BAHRICHEY S
N7z CT B CRERIC T AEABEE SN, B’
SEOHMCHETOERITHEA L (Fig
8a). 390 ] B4 oD CT HEICB VT T 7 A
IN—EIC R E R A F /IR L, O
FABRSHEOHEMEIC X DB L. 1390 ]
FB AT OHE IR EIE CRETALITRAL U7 &
e s/ (Fig. 8b). HAMHEITFOERTIE
ZErOFE» L TR NBHIRAL & IR 5 R4
Wars R 5N (Fig. 9).
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Fig. 4. Macroscopic view (A, B)
and magnetic resonance images of
laser-induced area in pig-liver ex
vivo. GRE (C), T'WI (D) and
T:WI (E). GRE images showed
barb like low signal area (arrow)
that observed on macroscopic view
(B), but this area not detected on
TiWI and T2WI.

Fig. 5. Consecutive GRE images
with thermometer (arrow) obtain-
ed. Low signal area also become visi-
ble at the point of laser fiber. After
200 J ablation, band like low signal
area (arrow head) appeared. Macro-
scopically this area corresponded a
vessel. Probably heated air passed
into this vessel structure.

Fig. 6. Correlation between MR
signal change and temperature
change during laser irradiation of
pig liver ex vivo. MR signal dropped
for initial temperature change of
about 7°C. Afterwards, MR signal
was plateau.
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Fig. 7. A series of GRE images acquired before, every 200 J and after laser irradiation in disk.
Low signal intensity area (arrow head) to the tip of the laser probe (arrow) increased with laser
ablation. The other hand, after irradiation this area has tendency to decrease.

z 3

ZDGRE ¥ —4 AL, Russer HiIT £ D
ex vivo & invivo CIREZAL L EFZELOER
BrB@RARINTWAEY., HHEOERIV
— P —H 74 W/20 5O L —H —nEER TR
DOFFIEE{# - T in vivo 1 LU ex vivo TfTbh
7z, Fa ORBRTIE, W LR SRR %
Av, V—F—HNH10W/s Ths. ZOX
51T ex vivo ¥ in vivo DE, FicA XART X
LWV e KO BORCHHFEL, FOFHMEIC
BEEBRFNIREAIEN. LAL, EBHD
EEETH U——RBENC L AREHRBEIE
BETHRELTHOZO6NTEY, FxDER
TIRARMERE DA E X & GRE BEOK E
TR WHEBE R D - 7o, £/ TIWI 2 TWI
TRAD SN - -HABHEERL (Fig.
4) 4 GRE B3 6 2 T D EEORRIT
BLEL LT\, ZOEBETEIL Fig. 8

ICRY &5 ICBHBICITZF OB ME/N LT
5T D OREEICHES AL LD 2
TWwsEEbh%. L L GREEHRICKT S
EHMALOKEIFREOHRBHAET I LDIT
EAEDRRI20BBENS SR INTED,
EG IR LA E2HO 2 Th Qnkdo
720, OO TCORBEEICK LT, 70%
EVEMEEEET S, TORICESHERH,
K ERATAEFHEAEON, HERERLE
RIELEWERLEO LN, BREEEZES
SREDOZAL L L CEEL T 505k (B 5 HREE)
Tk, THEOBEEILEFESIHERE . —
¥, BaBEWIZGRE V—4 v R, Wl
FIStIC L2 BBETE®M O 20, BEENKL
TiWILic N, TRZE L, S/NHhZREL
TWwb. ZOGRE OFEBIRAQ)~@) TR
N5, Hx OERICET B/ TCOBELELH,
5INGOREFF L CEBMm OB SE e
BLTABE, Fig. 10Ic R T X510 3.2% &
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before

P

13901

Fig. 8. a) A Series of CT images during disk ablation. Air density area (¥%) was observed adja-
cent to needle (arrow head) after 50 J ablation. At 390 J image, low density area (arrow) newly
observed at tip of laser fiber. These areas were increased in proportion to the increase of the
laser dosage.

b) Macroscopic image of disk after 1390 J laser ablation. Carbonated portion (*) was seen as
black area, which was consistent with low density area (¥%) on CT image.

bENTH 5. (S : signal intensity, M : magnetization, 7 &
DFICRIT A Tt & T EITSY LD 2hZTh
S=Mxsin(a) (1—exp(—TR/T1)/
268 ms, 43 t4%5. TR/TE/a=80/35/20
(1—cos(a) x exp(—TR/T1)) s, fms /TE/2=80/35/20)
X eXp(—TE/TZ*) ........................ (D T1=T1 (FHHE) +2.5ms/°CP ---evvvven 2)
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Fig. 10. Correlation between signal change
and T1 value on GRE sequence

Signal intensity slowly and linearly decreased
with increase of T1 value. In our case, the ratio
of signal change theoretically may be only
3.29%. This value contradicts our experimental
pattern.

TrZE L =T1 LR X AT oo (3)

L7choT, 2O &b EKRGRE Vy—4
VATOREEED, TiUNOERSETH
HEHEREINS. bbb, ARG LORE
Ak TR OLN-POLIO R k5 H OB
A, R OBEEIGIC k5 T HOEL, &
BT X B ABEASKS OB & 5 TH O
Pl EREZLND. TOHAEEICOWTIE
MR O LY — R OER LD, CT EE
FBRO e AEEDER SN (Fig. 7).
L7z > T, GRE =47 VATHIDH AN
Bt Wb EEZLNA.

SE, fast spin echo (FSE) ¥ —#4 /X &N

Fig. 9. GRE image during laser ab-
lation with 750 J, before (left) and
end point (middle and right). On im-
ages (right), white line and round
which described represented direc-
tion of fiber and predicted ablation
area (white round), respectively.
Laser-induced area in true displac-
ed from predicting area. This assum-
ed that laser fiber bent or reflection
of laser ray happen.

% & GRE ¥ —7 vV ARSB A —DOFEI &
D, EEMETTA. COT LS GRE V—
b/ ADEE E SE R FSE v —7 VA LD
BOEBNBENTNE LD EEbNA. Fah
1T - 7o BRI EIRHEIR CfT - QW S HERIR L —
Y—EEHoOTo Fa—LEZOETEAVTHY
A7-%, Russer H5OERICHNFWLY —F—
B TRV E—ZANTND. FDIdH AR
M, RILZEMMREBIZKESEELT
WhHEEZLNA.

L L, GRE ZEiZHEMICIIBEETAOR
EAEBICED 2, V—Y—REER LM E
DB SR HAREETH A V2 5. filz
¥ Fig. 5 TIXWBEMICEE®HOFE L1
BHD, BXOLEDOLNIHALEBbhbK
BEBEZBHPICHO 2T\ 5. F/ Fig. 10
THEHOH AP LFHINEHALITRL S
BETMEEZBHEL, V—F—T7 74 N—DBH
2V —YP—HDOK A7 81T & % MBERAL O TE
EIFRFHRTETCNWAS. FiZ Fig. 1 TRLE
E2 I V= —BHEOZEITHIE L CHRA#
EEfHTETWALET &nb, BEMME LU
FEABOREEBEOE_ XV VIITRD
TERThAEEZLN.

CDOEDICGRE V=45 VAERWIEEHE
BEEILEAV—TF—RHTOE_X Y VI,
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Open type MR scanners, MR fluoroscopy sequences and MR compatible instruments allow MR-
guided interventional procedure. On the other hand, with increasing interest in hyperthermal abla-
tion using laser or radio frequency as minimally invasive therapy, monitoring of laser induced tissue
change is very important to avoid damage of normal tissue and consider therapeutic efficacy. To
evaluate the feasibility of MR tissue monitoring on hyperthermal treatment with clinical MR equip-
ment, we performed experiment with 0.3T open type MR scanner and acquired the images using
gradient echo (GRE) sequence during laser ablation of pig-liver and vertebrae ex vivo. Extension of
laser induced lesion correlated power of laser and size of signal changed area. GRE images are feasi-
ble and useful to monitor laser-induced area on clinical field.
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