=x): A4 591949 Holmium-166% 71E 7F A7 el =3 913 = vehte 43t
of thek = —1 VA 2747 MR 34 £75 goliuzt 33t

CHAH QU g 1200)9] 7FE 2] 7 2 Woll Holmium-166 %A 5994 10~25 mCiE
E °‘r°ﬂ Z9)H F9) ¥, MR 94 A7) ol AdsiA] ek 8419 7HE F- 40l
E FA71(1-25)0ll, U A] 4ofl= obgA7] (3-4F )0l MR 345 Al383E 3= 3|41, =4
RS °é°49—‘74, MR <348 AJe8s}7] Aoll At 4ol F 1ol F4710ll, 3ell= okgAl 710l
ZA s Al

Azt 7 P—.«A“ FAFo stz Ao} kel 37 H*}(Coagulative necrosis), 4 4
A2l A%, &9 9 WsE Bgov, gFelels Sotzde YA AR} HE=Egi=),

A o3l LA 7| Ko} olFA 7)ol A] oﬂzﬂ 1tt. Holmium-166 F4943 7 A4 9] A viA
= vlesls A 5014 MR <dAbollA] HApe) Fokii= T1 ZzgdolliE AA1S, T2

7AzGANE TATE Yebyor, 23F AFH Gdolrs 2dFte) HiA ?%%’k il
B T] Zzadidis 5 A% wE ozt A3 T2 Zzad4llis AL Eﬁi =N

o AEH oI ARl SR %9 S7je] YA B, AR TI
rzed ol AAE, T2 2 IAE AL, 2dF 954 AlAE 27l 42t =
Z7em, F7)ole Bl 294F70] FAE £ Bleh

4 2ol A2 Holmium-166% FUSHE o, Q=02 FIFt o

s34, FHRE oA, el o} 24, 4R3, 28t A Uxte) Aol 9

sigior, MR 34-e 24HaHE Gk ol §-88 Ao Az,

oN
¥

e o2
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Fgo] 24 REE FUsHA EX3A 7] ol W
N B Aol A= GNEE FHHCE AAY F ¢l BF
(1, 2). 2 WetdE wEste A d£ P-32 col-
22220] o]F & 7Ht Bxld) t)d oz @A AFstm  loid, Y-90 colloid, Re-186 sulfur colloid, Holmium-166
e 7HEW x@WoF 7T g8 M AL (transcatheter 5% % WE HA FY3t A7|qA FEEH= W
arterial chemoembolization, TACE)ol\} AFA Zfoel  24S FYdd A ezd AETHE Folds A=}
= F¢I9 (percutaneous ethanol injection, PED)5°] At ol2oAl 3 9t} (3-6). WAAEHN YA Holmium-1662
PEIE ZUYUWE Ffoehsd Fstd o] Axazgs & Aoz Z%WW Fdeted 2 gske Ao g TR}
MR A2 FFE Mgl o, 4EE FYA ¢ dou (7, 8), WKl & WESE A% «Pﬂ b A4 s

chEixt7| 3ol nfsts]x] 5:43-48(2001)
‘o eet L ofahehd ARkt Al
2o et olaesk uq;x,]sh,}ﬂ-vg
o] {'—‘v}% 199413 48] dFH|e] B2 E o] ZolF S
A 20019 29 14%, A9 20014 549 124
EAAR - AEA, (120-752) AE ANEF A1ES 134 el AchgAbdst
Tel. 82-2-361-5843 Fax. 82-2-393-3035 E-mail: kimnex@yumc.yonsei.ac.kr
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| Holmium-

w3 ogxd It Qo 7tE A3 T AAY
R 974 vlw

SR EEEER R

ChAS B s

=
FAHe g Hop GFAol st FHoR Holg AF
2-3 Kg9 7IE 1271 & & 74 glo] AEFER o] §3%
o, @ 9" dF4dA 9 A4S Holmium-166
(Emax : 1.84 MeV, Half-life: 26.9 hr)& 7]EAHchi-
tosan) % AEA1Z &AL AHYEH, AFA (dosimeter) 2
10-25 mCi=lAl 1 cc FAF719l Eejste] skt nlA 2
© frdl®(ethyl carmamate, Junsei Chemical Co. Tokyo,
Japan)& AH&atded nA el fagE 300 mg/ccd
A BegAd g &lAA 488 7129 B0 400
mg/Kgg FAH8t vl & Adadn, H85F vi3dA 7)
o} U® 200 mg/KgE WAl 574U FAlste] w3 & X469
o wE F 7S A Y9z nysin 48R €9
AEGE g3 A WHOeZ 3.5 MHz probe(Aloka,
Tokyo, Japan)®] &3 #Fx=3td] 23 G vhsS #3431 cc
A1) Eo19l= Holmium-166 10 mCiE 7FE 14, 20
mCig 49, 25 mCig Tolo 7h) 9 x5} A& 71 A
Aol FU3A Y.
7tE 126 & SAAA 2 22 & A1, BE TEAA MR
s

e AR F T 2L dedn goy, 69, 1Y, 114,

Fig. 1. Microscopic finding of 10 days after Holmium-
166 10 mCi injection(40X).

There showed central liquefactive necrosis{small arrow)
and the peripheral coagulative necrosis{medium arrow).
The boundary of lesion showed linear arrangement of
dark granules (small arrow, double thin arrow) and thin
fibrous band (large arrow). Hemorrhage(thin long ar-
row) is noted in the interphase of the lesion and sur-
rounding liver parenchyma.

d Yl EHoE Fof o]E2 MR I4E AF &
ata zF AT A9 UnR) 8dlel] tistd M 1-2 FAl 4
o, 3-4FA ol 49 thste] MR 94& Aldsta, 2 4] 3
AAA t24E& dJh. MR 948 15T 2358 23
(General Electric Medical systems, Milwaurkee,
Wisconsin, USA)E AHE3IR oM, 5R 37U & Al8ste] 54
H gAg AUt A¥dl= T2 ZFxgAe whEAZE 3500
msec, NFAZF 105 msec, 49 16x12 cm, BEF
256%256, 97184 2, Add $A 5 mm, 29AEA 0
mm, ZEZo] 16, FAUY 16 kHzZ 39t T1 229
F& e #EA A Z(multiplanar spoiled gradient re-
called echo)lg& AH&&F 3, ¥HEAIZE 200 msec, o2 A)
2 1.8 msec, ¥4 70°, FE 256x128, 7)FF 1, F
Al 32 kHz2 stgon, d4d9n, g 2 k42 T2

HEGAI T St 29A T1 Zxdde 42 ¥,

=
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gadopentetate dimeglumine (Magnevist®, Schering AG,
Germany) 1 cc® 71E Aol £E3 Ao £o g FEHF3}
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Fig. 2. Microscopic finding of 32 days after Holmium-
166 25 mCi injection(5X)

The central portion of lesion showed liquefactive necro-
sis(small arrow). The peripheral portion showed small
portion of coagulonecrosis (medium arrow)calcification
{dark granules, double thin arrow} and hemorrhage(long
thin arrow). The most outer peripheral portion of the le-
sion showed dense fibrosis (large arrow).
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T 2384 2437 MR 944244 9 2skch. Holmium-
166 10mCig 7IE 1del, 20mCiZ 449, 25mCig 79|
7434 ¢ F Holmium-1662] F92 A ok AL w4
< Hagoth AA wAL SgmHoz Add 24 FdA 7HF
HAol W& FEE sFEAY7] (morphometry) S o] £35}e]
2334 Holmium-166 )3t WA <3} v) magi o},

#2

77371 bellgk olgA7] TelolA He 2AgY 27L B
3Tt BE oA 7k A9 WalE god 4 glglen, o
st Ab(liquefactive necrosis) ¢t 23 3 AH(coagulative
necrosis) R A, AFA dxte A2 28 T wygE
wEE AT (Fig. 1, 2). dagAe F2 e £4
A BEEder, R SHAle} g HFA YAt
A2, aela 28 Fol RkEAR, AR HAAzte] AA
HolM e Fotzde] 4 9 HR3E A2 4 It st
FArtek SnAA, EY, Soj2A PA L Afste A oo
FEEAND, FHY AR AL Too) FRAHYAD A #3
T 3471 e b5 g wel v sta FEHe 2 Yehgtou

FFHY71olE A& Aol n TRA vEgeh e, oskeAbst

2 1x

MR 93272 223l 388 Has Jepioic) 7a}
BEGEANE Ads, T2 22930 E

Rkl lo
oM
o2
-
fr
H
—

ATE Yo, 29F 45 Qe 29570 ¥
A gkt (Fig. 3). FHRE T1 22N E 55 2z
Ee ot ANE, T2 Zx9ddME AXNLE BYon, =
BT 4FH A AD7NA G 2YF7 o] T2
A BZHYY Q5 e T1 22980 ANz, T2 22
AN e AMS, 29T 454 AL 2719 F 2
B8, Tl F O 2957 AR 21L HY
o}

Holmium-166 ¢ WA ¢34 2jAte WA 2

A2 10 mCig F44e 1
delA 9.78 mm?, 20 mCiE FAIE 3ddlM HF 21.09+
2.5 mm*(mean+SE), 25 mCiE FAIZ 44d A FF
25.91£12.35 mm® (mean*SE)Z 2499} Holmium-166
FUT PALAFT 7 A4 YAE WAL ALY F7) Fo}
FATAR 98 2E = gidey, N vdEste A
2o (Fig. 4).

" Fig. 3. MR image of 7 days after
| Holmium-166 20 mCi injection

4 (Left upper = T2-weighted image;
" right upper = precontrast T1-
weighted image; left lower = early
enhanced T1-weighted image; right
lower = delayed enhanced T1-
& weighted images) The central por-
tion (black arrow) showed high on
. T2-,low on T1-, low on enhanced
T1 weighted image. The peripheral
portion showed iso on T2-, low on
T1-,low on early enhanced T1-,
isointense on delay enhanced T1
weighted images with peripheral
. thin rim (open arrow) showing low
on T1 and T2 weighted images.
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Holmium-166< &= #z8 AFLdA A5
Holmium-166-MAA (macroaggregate)2te A &
AE it g St A AHEETZE &9 AAZ HHE
Holmium-166 71EAH(chitosan) £do2 AlgE 1 gt}
Holmium-166 7|E4 §d& B4 23 ] Aoz
Holmium-1662} ¥71e 26.834)7F, Hlel Ay gt 2} of
U & A s =d, wE o|A] 9] FagtE 0.67 Mevel L 7
o oA & 81 KeVE AT (9). F&o A& ¢ &
A9 AgY o2 PEVF AMEH 2 gl &
ANed F AT dHo2E FY Yol &
S]A] o} FHF| HE A EI} ol gl
A Aol 9= Holmium-166°] %42 54
Bl TAA TFS LA HANE F Az 7t oy
12 A7) Wil 7ol FhEE 2299 Holmium-166
EXG HAGE 3T F Avke Aol H

Felth (10).
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3 B oelE U F 3 AEH HAE NP 9, ¢
2o WA ZAEY $RIAMNE BIT F 99x,
Bartolozzi & (12)& TA XS] AHA PEIF HA XL
SIS B2 F dotn Bty B A7) s
Holmium-166 71 B4t §4E FU3 F9oM S Fr9) &
A F% 49 AgIrrt Fukd AE & S e, oe
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Fig. 4. Area of parenchymal necrosis according to the
dose of the Holmium-166 injection measured by mor-
phometry.

Bartolozzi 5 (12)
ME AAE
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2 E B AN EE BYT Ly

AZ7 EAE A& BRI, T2 293 ANZE
Holm 7tEelE 29 F 954 d3dA 233740 8 FE
& T A FEoleH, T2 ZxGAdA 1Az
ANE7L EA o] A 2 Fe] He Fide Fde] dot
Ade AFE LAY, B AT E 3R E T2 7
ZGANN 1AZ, T1 Z2F3eM A4lag Bolu 29F
A= HA @F v, R SuIARE T2 242G d
A A37h A At R Y, T1 2297449 A5
£ 43yt o7t e b 8 7 AAugE o9t v
L AZAEE Yehden], 2Yx7de 2952l F3lst
A & WA, 3] R o] He e ERoy, #E
#A oz YehA & gt} HFe R T2 72943 Tl
2298 B Aart weka, 2 x7ld S vl ekski
ou, AA7ldE FA 2t 2AEY Sl A Jehith £
ATte % 270] gle 3 429 Holmium-166 71 EAF &
B FALG T FAG FlolojA] FY HEAE & T UL
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Hepatic Parenchymal Changes After Percutaneous Injection
of Holmium-166 in Rabbit

Byung In Choi', Myeong-Jin Kim', Young Nyun Park?, Joo Hee Kim!,
Byoung Wook Choi', Jong Doo Lee', Hyung Sik Yoo!, Jong Tae Lee!

'Department of Diagnostic Radiology, Yonsei University College of Medicine
*Department of Pathology, Yonsei University College of Medicine

Purpose : To evaluate changes in rabbit liver parenchyma on MR images following percutaneous
Holmium-166 injection, and to correlate those changes with histologic findings.

Materials and methods : Holmium-166 (10-25 mCi) was percutaneously injected into the liver of rabbit
(n=12) under sonographic guidance. MR images were obtained between one to two weeks (acute phase)
after the injection in four rabbits, and between two to four weeks (subacute phase} after the injection in
four rabbits. Tissue specimens of these eight rabbits were obtained immediately after MR imaging.
Tissue specimens were obtained without MR imaging in four rabbits {between one to two weeks in one
rabbit and between three to four weeks in three rabbits).

Results : Tissue specimens showed central liquefactive necrosis and peripheral coagulative necrosis con-
taining deposition of small particles and hemorrhage. The peripheral margin of the lesions showed forma-
tion of the granulation tissue with fibrosis, which tended to be more prominent in subacute phase. The
area of the necrosis tended to correlate with the dose of the radioactive Holmium-166. On MR images,
the central portion of the necrosis showed hyperintensity on T2-weighted image, hypointensity on the
precontrast T1-weighted images, and no enhancement on the dynamic MR images. The peripheral por-
tion of the necrosis showed hypointensity on T2-weighted images, iso or mild hypointensity on the T1-
weighted images, and mild peripheral enhancement on the delayed dynamic MR images. The peripheral
margin of the lesion showed hypointensity on both T1- and T1-weighted images with increased enhance-
ment on the delayed phase images of the dynamic MR images.

Conclusion : After percutaneous Holmium-166 injection into rabbit liver parenchyma, the central portion
showed liquefactive necrosis, the peripheral portion showed coagulative necrosis with granulation, fibro-
sis, hemorrhage and depostition of small granules. MR imaging may be helpful in evaluation of the histo-
logical change of the liver after percutaneous Holmium-166 treatment.

Index words : Liver, MR imaging
Liver, interventional procedure
MR, experimental
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