Experimental Study on the Hepatic Artery
Embolization Therapy for Hepatic Tumors
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AFEOBWE, FRCHT 284 ONBIRERBEONROEZER :EBRNCHLMILTHIET
53, REMEREE LT, BEFSIRERC X 5EERE U TREEE L, Gelfoam powder (99.3%
gelatin) 2 & % FRIHrZERE: (LT GFP B L B) 3 J U absolute ethanol 12 & % AR 2= (AT Etha
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BB X o THRS N IFEE & v ¥ ¥ ICRFIRIE B & hie VX2 FFEB IR L THIATL, BRE
DIFNMEROEL, FESES L UREESICS5 2 3@EC OV THERE L, 7 v MERHTE
FANERCELEs ¢, $REEREE LRy, BEOEBEFTEME R 2. GFP BT RIEMZH
W EHIROEIZE % 50, B peribiliary plexus DR, FFFIERENNR—PIVRERE OB, BASERMEH T O
R BIRER & v - L OFRAERORME R, BECEETERD ), FREBEEIEET
%7, Etha Buc B 225613 GFP B FHETH - 1228, ITAGEBIRHERIE L O TRT, FREEER
RRMETH 5T, THETIRTATOBTLERFNEIRAZESTED &, FRRAERETRETRT,
FEEREEREETH 7. 15z Etha BT I A5 0EIEHE, >, VX2 FIES N T 2 BERWTON
SRR | Etha B CR L EE TH o745, DAB FFESIZLL L, GFP 5 & U Etha B CIEBSBTORE
WiED 572, BIEX D GFP i X 3 FFBIIRERAT (RRIGIERE) sHEERIA E (, TREREI L
B DA TR R YR L EL SNk, L, BYOEES X CEBOEIC L > TERITDZ
Bk nERinssh, s DERINFIEOERKICH WL TREENLETHZ EELZSNT.
absolute ethanol REARR HEORN CERRERYEL LD > E o0
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Experimental Study on the Hepatic Artery Embolization Therapy for Hepatic Tumors:
With Special Reference to Differences of Effects among Proximal, Intermediate and
Peripheral Embolization Procedures. Isao Kawamura, Department of Radiology, School

of Medicine, Kanazawa University.
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HoOTDENL, ZOEBOFEI-F3TbhTws
LRBFVEL, IhE THE Sh BRI L LT
i, BIMERIFCNT 2 TAEOBLZEYT 2 40
-9 EEIFEENT 2 TAEOHRCHET 2 60
AL DB B 50, TN b BMOERYE CIES
DEFEORECERENOELERH LD THS,
W TAEREOHR L LW 2 EETARGEELH
FTH2ERWE X, FEIZX L TiE Goldstein 59
D& LI Gelfoam i £ 2 DELME R ER s 1
Tway, ZOMReBTEEEMORRYE (bow»
%) LA-FEBRRTHELREIIFA L 20,
EE X, P T 5 Gelfoam 12 & 2 TAE #iE0
TUEBRIR L BB IC S 2 2 8%, L 0iTMER
WHEB L URBUERYE CO TAE B L F—E5
RTHBLILOTHRET 5.

MWRE & UFHE

1. SEER#HH

1. EEBHY

B3 RER 150 g D Wister %5 v M, B L MK
B 2.5kg AXAOBERELZERL, UT, 270
v rBLUTYFET S,

2. REREE

1) EFEMEAEE

Zv MW REEAE £ LT, ¥-methyl-4-dimethyl-
aminobenzene (LAF DAB L B§) % EREEIZ 0.06%D
FIeRUC 20 BRIAB L, RAEMTEE +RE s
DAB Fffge L.

DAB FFIEB 0 5348133 1 10 R ¢ Z & < Bannasch
S LB LDOREST.. INE TOMERRESZC
LoTESTBUF—ah Tk, ZhiT—RY

WIERA &N T 5534 % Bannasch 5D 3HEICH T
s e, FFERERID (A), (B), (C) g, BE
MBI (D) RN 5, £, BEEEXR, B
KEEHH L EhbNnTw 3 b D3, 11O Neoplastic
nodules (LA NN L) B4 T2, 2 EEDSE
121V ® cholangiofibrosis (LAF Cho & #) WAHHY ¥
5.

2) ERTEMERTIER

X VX2 BB R REMIRE D EA LERBE
rEEsFEEsT VX2 R Lz,

e, VY ¥ REBHN~BER 3 AMEOE
BEEE L, YR M2 CTRRASY 2t & ¥ 0k,
R EENE T 5, ERLEEEY r— VR
THITIL Fo FofREEwZ & TF 5. ZhiZ phos-
phate buffer saline (J{F PBS &#8) ¥4 10 ml %11
ZEBBRLEE, Bl —¥2REOEEEE TR
fxiEek (1000 rpm, 10 234fH) LEEERTS, Ch
% PBS CHE B ICHIRL Lml P ICHHIBERT 1 X109
EFEOLICHE L, vHFRAY TSI - (R
PNV ESF — L 50mg/ml) 1ml/kgBiEIC L2258
FREL R ATV, BERCKBBEESREL D VX2 EE
HMBIEEHE 0.5 ml (HEARHRY 0.5 X 10°M@) =B A L7z,

II. FBRERK &

AR AR L THITBBNCRELEL 6N
EEFEREREITo /. & PRNATFEIIRER Tk
¢ LT Gelfoam® powder (Upjohn #:#4, 99.3%
gelatin, BAF GFP £ B8) %, RMMUERKE L T
absolute ethanol (B\F Etha L B¢) ®2#ERALL, &8
GFP R 7O K & S IIFZIBEIFT 65%230.12~0.2 mm
KT, GFPIC & 5 ERMTIZAIZEB T3 Gelfoam A
W AERMIEYUT R EELLONS,

Table 1. Recommended classification of specific hepatocellular

lesions in rats

1. Foci of cellular alteration
A. Clear cell foci

B. Eosinophilic or ground glass foci

C. Basophilic foci
D. Mixed cell foci

II. Neoplastic nodules

1. Hepatocellular carcinoma
A. Well differentiated

B. Moderately differentiated

C. Poorly differentiated

D. With glandular and/or papillary formation

IV. Cholangiofibrosis

(byBannasch P. : Cancer Research 35 : 3214-3223, 1975)
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1. Zvh

7 VIRAW & 32 HFRE T B U BEE T Bk
BHEETol, AROMBICLD, B+ IEBERS
D 27 G 2 HTHECEBFEARICEAL, GFP
¥/ Etha ic X 2 ERM 2T L2, WFhbEE
HEROMFEMTERICA S 72 { 2o IREE P TR
TEULi, #EHREIXGFP#0.25mg, Etha#70.1ml
ThHolz,

2. ¥

2 VT Y=V & B2 ERET THE L ESFER
Wik x{To7. £72 GFP B X U Etha i & % &M
TAEDFE T2/, ThbbAVy 7y —NIick3
2 BRREEIT, HEMI CHEREE 2 V0B L CAREIR
LEBEBH LY T — T LV ERBIRICEA L, RIZE
MTTAHT—7 VEEEFBRCEAL, BEET-
T BICERYE 2 EA L, BT CEE BRI
MNALNEL B oA TERPRT UL, ERER
GFP#0.5mg, Etha#0.15ml Th -7z (K1),

Il. Microangiogram & & URGHAKEHES &

1. Microangiography EA{EH Ak

Fig.1. Angiography in normal rabbit (arterial
phase).
a . Proper hepatic artery is visualized (arrow).
b. The intrahepatic arteries are occluded
immediately . after the embolization with
Gelfoam powder (arrows).
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SHKRET CHEL, FIREs & CRBXER >
BEREEIIRESIREIC A 7 — F VR FEAL, PIREIS 7 —
TADEDSEREZEAL LA S T AR 2 0I5
B, EMEEAEIRESY 7 —F S bR e,
i THIBRARBINR 2452k L7278, HESORERAI D 7 —
FA»SERBEALTFAME 2 RH S 272, ik
REIH F—F & DovY 2 (50%micropaques 5 %
Y75 CREER) RFFRENSEICN) v ATERT
LETEAL., RICEIREIZ 7 —F v L D REER

(5%H1 35 %ETF AT & BEEREEIIR
BERCINVEBTIETEALL, EARK, P
TR L UCFRE &0 i+ iE B8 2 ik L
o, FERBIHHL 0% hr =) VIEENICEE S 2
~ 3 HMEEEE (4°C) HKE L EEHOBELS LU
BABEERIT o/, RICHIHF 2R CHEEL, Th
FNOEKYIR (Zy biE2mmE, YY £ 5mm
B) BERLIL 7,

2 . P9B% microangiogram MO{EH

HRYIF % Softex Type CBMW iz TH L 72, 1%
WM IZ24KVP, 2mA, 168, FE#E60cm T
KODAK X-OMAT TL Film 2{FEMA L 7.

3. RUEBEMBRESE

XiRRstk, BYMEERL D VY FABA 50 TEH
AR ER U EEEMEE (Y > A8, model SZ-
Tr) CTEHEL..

IV. HERHEARES

HEYHEA X Y Hematoxylin-Eosin #8112 & 2 #Hi#
BREERUBELT.

V. BiRER

1. EBEEROXEME OBt

AL E O DAB R B B X OF VX2 I # 12 micro-
angiography % 7TVt microangiogram, FE{EHEHK
RER S & CHEBFERS THIEB O XEMmE % #~
e,

TR DAB FF#F 5 UCAEEIS 41 B, 270 VX2 P8
2 VCiEEis 1028 TH 5.

2. HEltfEkE & U GFP, Etha o & 52 220
HRIZ DT

Zv b, VYFOERERICIZ TS v b DAB ITE,
T3 ¥ VX2 O 4 BT BIIRE R (AT R
B&) & & ' GFP, Etha i & 2 %&£ (LIF GFP #,
Etha B¢ & B8) %HFE7TL 7z,

1) ERMEOFNMEROEICHET 2R

MRIZT v MERIE6E (EXE#OA), GFPE1T
VC (E®BEOIT, DABAT#8/E), Etha B 15 (IE
HEESIE, DABIBETIO)TH Y, v+ Flakit
S5VC (EEEE 2, VX2 HF#30E), GFPH 10 L (GE
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WEEA VS, VX2 BFEE 6 V), Etha BF 11 V5 (IE2 5 3 I,
VX2 ITRESIE) T %, HRMTE®R» 5 30 HOETE
BL, FRERBEZEOGES X CHIBBE I D PR
microangiogram, EEBEMERE B L UVEBEHR
RET oM. FLMBE L THRLERESS » 218,
7 4 ¥ 2 [LIZ microangiography % 1T\ A% i B2
L7,

2) BN T 2 fEBESR 0K

DABHT Rt 5 L O VX2 IR B 1ot U AT B IR M2 &
GFP, Etha iz & 2 ZERMEHITL, EHE»5 30 HD
B L, BEEECEBETORE » HBEmich
ML ENETNOBMLBRD 7N L L 72,
IRAEEIE T v b 1058, vHF 317/T, WRI
Z v bERALERE 41 1A, B 168, GFP & 29,
Etha 8 19 T, 7 ¥ FABEE 102 H, %9 8,
GFP 3% 101 {8, Etha B 105{@TH 2,

3) FEMEIRICE 2 5 BEORE

Zy MERBE1LE (EHEB 60T, DABRFRES L),
GFP R 14 IS (IEH B 6 VT, DAB JTE£8IC), Etha B
127E (IEE#E 505, DABAFEETIC) T, w4 KK
SIL(IEHRE2IE, VX2 FFEES IT), GFP &6 IT(VX2
D7), Etha BE8IE (VX2 FEDA) #afskE L

THBEIIC BT 5 F 2 EHFEH I HRET L,

B 5

. EBRFEZEOXENE

XECUME S Y — > & 4 B HEL 77,

T3 BRI D & ) BB EIRAD & D fRkE
BREOAT, FIREIDAS DAY 2 AZEDH T D,

T8 | BHIRSTED + MEE P INR R | IR R
Ry 5 OHREER LD 5 DIz TIEE TG
FFRE S D NY 7 AREDH B H O,

A B2 BRI ESRED > DFREEREL
FARRMI 2 & DY) 7 ADNBIET 3 b O,

IVE]  FIIRSZECD & o IEHAERICPIIREID & D /v Y
VLDHEDHB LD,

HEF R, FTREMCEESREREL, RIZPR
microangiogram 2 & D EBEAD ) T ADEHE R &
5, k7, EEEMET CHRE»>OREEES &
UFIRE 2 5080 Y ADHF%: 4%, BBIGET
NV ADEBERIZADRATHYEEIRAZSHD
&, HBFHCEBOIRICBI ) Y ADEES
FERR U7z, 72, TRTOESICD W THEBES £/
AR 2T 7.

Table 2. Correlation between the blood supply and the size of induced liver tumors in rats

Pattern of blood
Size of supply 1 II I v
tumor (mm)
=2
0 o 0 0 0
2< ~%4
e3¢} 0o 0
i<—<6 0 0 A 0O 0 0 O
B o A ©0 0 0 o0
G<—=<8g o 0 AN e}
0 —_ =
o) N
§<—=<10 © ©
o)
1< —=12 © o a ©
6] NN 0]

O : Neoplastic nodule
A Hepatocellular carcinoma

A*: Mixed hepatocellular and cholangiocellular carcinoma

TypeI:

Supplied with blood exclusively from hepatic artery

Type I :  Supplied with blood mainly from hepatic artery, but from portal vein in the marginal

parts of the tumor

Type II : Supplied with blood from both hepatic artery and portal vein

Type IV :

Supplied with blood exclusively from portal vein
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1. DABRFE: (%2)

41 EOREEIC W THRINE 2 e L2, AFRE
HCC 818, NN 33{ETH 2. HCC ik 8{@¥ ~TIUA
RmRU7% (K2)., NN CRRITE & A (B3) #8&IE
Ffc@mo s, ZONRECIBEEMHEED LU
Cho BT bdehnho7:0T, SEOFEEROTIR,L S
Bt L7z,

T S, T ] S 4

Fig. 2. Hepatocellular carcinoma (HCC) of rat,

Type II.

a . Portal microangiogram shows a HCC nodule
as a round portal perfusion defect (arrows).

b . Photogram of microstereoscopy of the same
tumor as Fig. 2a. Barium injected via portal
vein is seen in the marginal parts of the
tumor (arrows).

¢ . Histological picture of HCC. HCC is shown
in the upper left half of the picture and
nontumorous liver tissue in the lower right.
Barium is seen in the marginal parts of the
tumor (arrowheads). X50.

i

Tt

2. VX2 Hr#t

102 EOREENC DWW TXERME 2 R L7, EBEE
0.25mm~3mm TITXRTIBTHot, 2L 2
mm KT OREH T REERET THRERAZ 5
EETYH, HBRFNCIROBREERTELVES
%ot (H4).

II. FFEIRAEZ S & U GFP, Etha (2 & 2 BERFO

L ol LS : X
Fig.3. Neoplastic nodule (NN) of rat; Type IIL

a . Portal microangiogram shows sinusoid-like
spaces and portal veins filled with barium
(arrows) within the tumor (arrowheads).

b . Photogram of microstereoscopy. Barium in
sinusoid-like spaces and portal veins (arrow-
heads) and red dye in artery (shown as black
in the picture, arrow) are seen within the
tumor.

¢ . Histological picture of NN. NN is shown in
the right half of picture. Barium is seen
with the sinusoid-like spaces of the nodule
(arrowheads). X50.
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R
1. ERMHBOFNOEROEIZDWT
1) ERRESRS L HERE

EMBS v+, v XL bEEREREIREDORE
HEZNZN1ERTDICHET 2. BEEHET COH
ETEBEFBRE DR T2~ 3RHBOER, T v
FTIEHI 100 4, Y F TR 200, TH B, 7-FFH)
PRB & UPIIRIZFFRE NI AN E X % h 2 niEfT
LTED 28I E>THET 3. PRI Lic
ZOREEZFWL, BICERBISIBLTRFANZET
eI R < 2 B8, IFEIIRR I 7 nIBEE T

S et
§ o ek, ER L OIS LR S v“fgr i .«.“«Li‘ﬁiu ¥
Fig. 4. VX2 carcinoma of rabbit, Type I.
a . Portal microangiogram shows a VX2 tumor
as a round portal perfusion defect (arrows).
b. Photogram of microstereoscopy. Artery
filled with red dye (shown as black in the
picture, arrow) and no vessels filled with
barium are seen within the tumor.
¢ . Histological picture of VX2 carcinoma. No
barium is seen in the tumor. x50.

ZRRICHIL 25, FFEREIE 7D Y Y BBRTE S
DOHFE % H LU PIFREE A DREIME 8 & UREE BB O I
BREEEHT 2. MERBEICHART, MERIEC
EERLTBYHEOENIRETHZ, —MINICIh
S5 —¥E L THEE ABMEM (Peribiliary plexus, LA
TPbP &) EMEN 5, ZHIEEEMRET Clm
EREEONESI0 p VRVETR Iy b, U F
ELEEaND(K5). 2RMREA»S DY 7 AR
Sinusoid R IZ¥—IZ T & 1, BREID & OFRBBERE
WD ErcBRaND (6).
HEFEE LT, FORASOEREEEEMST
TiTof. ThbbERFBRD S BT 4R
ATHREBRIGRIEL, £ORBICMBORRTE 3
FEEMEYL Uz, 4RSBRUETRERFTLEE
M REaRESALNE LIRS, Lo TEAZE
PEMLERICL 2 3D OUENEHEL - HTH
3 ERNTHETE, BEFEROMmRS A shix k>
TS EERKTELTWA Z L LD, RKEE THE
EBEFROIGETEBBE L L, MBIREOMIIR— 8
PRiEHE (LAT P—A shunt & B8) i3HERSERIC FAEER
FFEIRANC N Y 7 A 2 BB B8, % Bk —PIIR

Fig.5. Photogram of microstereoscopy in normal
rabbit shows typical pattern of distribution of
hepatic artery (large arrow), portal vein (small
arrow) and peribiliary plexus (arrowhead).

Fig. 6. Photogram of microstereoscopy in normal
rabbit. Red dye (shown as black in the picture,
arrowheads) is seen in the sinusoids of parts of
the lobule.



18 i

& (LT AP shunt LB 3 EEPOHEFELE
BRIC, BEPIERED SEAZ RN 7 ARKKRER
REED, FIHEMHEH» S FROARDBAL ARV
BTH3, TRbOBIFENES» ST CRREGENEA
LTWw2EEE, BEOMERENL T2 AEEMES
KEVOTEHRHM LI, P—A shunt RIEEBETIZED
SNV, A—P shunt & U PP BIEHBETHH
HENDB, LitttoT, ZhdDERNHETEE
T, TOHMERLEBEROMBF L LKL ZhFhDOE
hid 2 WIidRE R L 72,
2. v (F3A)

T

1) ket

FEIRREEL 2 BB L b D 4L, 30 HER 21T
T, MRZEEHOATH D, FHERETTERE
¥ TCHROAEZRLROEHEOD S Z L E2R L, &1
SR+ BRIz B8\ T PP DR ZFED 1
Z ek, WA O PbP 2N L CHAMATEE
TV Z L %EW®RT 5.

2) GFP

GFP iz & 2 ERMEHRKER LD 3K, 2 HE
105, 3H%8ME, 7THH®%IE 9B% LK, 30 H#%&
1EC, SHRIGIEEEEII, DABIFHSETH S, &

Table 3A. Effects of the embolization procedures on intrahepatic vasculature in rats

Group Ligation GFP Etha
(No. of rats) 6) (17) 15)
o I 1 I 11 I 11
Findings (0) (6) (3) (14) (3) (12)
Occlusion within 4th order branch of
hepatic artery 0 0 3 10 3 8
No occlusion 0 6 0 4 0 4
P—A shunt 0 0 3 9 0 3
Intrahepatic I
collateral nereased 0 0 0 6 1 4
pathways A—P shunt
Dilated PbP 0 6* 3 9 0 3
Table 3B. Effects of the embolization procedures on intrahepatic vasculature in rabbits
Group Ligation GFP Etha
(No. of rats) (5) (10) (1D
o I II I I I 1
Findings (0) (5) (4) (6) (3) (8)
Occlusion within 4th order branch of
hepatic artery 0 5 4 3 3 8
No occlusion 0 0 0 3 0 0
P—A shunt 0 0 0 1 0 0
Intrahepatic
collateral Increased 0 0 1 0 1 0
pathways
Dilated PbP 0 3* 3 0 2 0

Ligation : Ligation of proper hepatic artery
GFP : Arterial embolization with Gelfoam powder
Etha : Arterial embolization with absolute ethanol

P—A shunt ;: Porto-arterial shunt in peripheral area

A—P shunt : Arterio-portal shunt in hepatic hilus
PbP : Peribiliary plexus

I: Examined immediately after the embolization procedure
I : Examined more than 2 days after the embolization procedure

* . Dilation of PbP in the hepatoduodenal ligament
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REZO IRV TALFNEIROME ST, &
Bz T TICEREE W P— A shunt @ H 3 & fF 9 PbP
DR ERDI, BB 2HLUETRR L 4IETI
10 TS FABIIROBAESZD o (F 7)), B0 475
I HHEE RS, BB I HBICRELLFTT
TIRD S Nlz, GFP 3B 50~150 4 DL~
VTR SN (R8), EHEEL DAB FE O/
UEDBTERE BT,

3) Etha #%

Etha (C L 2 ZBRMTEBZICEZ L2 D 3L, 3HE
405, SHEBIUE, 7H®%IME, 14B%1L 30HE
LT, MRIGIEHEFESIE, DABIFRETIETH 2,
BRERICERZRURELL SEC VTR FFNEIRD
PAZEA£E® L HlD A A— P shunt DEEME W1, 2=
Bi%2 HUBTHRE L 1208 T 8 M AFREIRD

Fig.7. Photogram of microstereoscopy 3 days

after the embolization with Gelfoam powder in
normal rat. Peribiliary plexus (arrowhead) is
well developed due to thrombosed hepatic artery
(arrows) after the embolization.

o N . " B AR R # 3
Fig. 8. Histological picture of the liver 3 days
after the embolization with Gelfoam powder in
normal rat. X50. Imflammatory cells are
accumulated around occluded hepatic artery and
portal tract. Angiitis is seen in hepatic arterial
wall occluded by Gelfoam powder (arrow) (right
half).
Barium injected via portal vein fills the cavity of
one of the peripheral hepatic arteries (arrow-
heads) (left half).

FAERREo o, B 4AKCIEREL2RO L, BHE
BT RTTAMEOHTH -7z, & SICKBEP -
A shunt i3 3 /5iZ, A— P shunt O #h0it 4 ftic, PbP
DERIZ ICED o, EEHE DABF#LD
MM EO S TCERI R b T2,

3. YHF¥ (£3B)

1) fEgkEE

FFEhIRSES: 2 HERIC B L2 4 D 3L, THE 2T
T, NRIEFBE2IE, VX2HFHSIETHS, 2Fi
FFRENRDREZE % mévﬁﬂﬁﬁtiﬂﬂemf’f;bm
oo ST A T PoP DILR 252D
(B9). EE#yr VX2 Tt GJF‘aEJMiLJ\_E:ODﬁ'C%
Ridnhoie,

2) GFP B¢

GFP 1z £ 2 TAEE®RICEZ L2 LD 415, 7 3%
6ICT, MRIIEFIELL, VX2ITH6ETHS, B
REZRICEZURE L. 4 Bz 20 FFRERO R
E2AY, 3EICT TIC PhP DIES R DT, ERE
2HLETHRE L 6ETid 1L P— A shunt %
R, EEFE VZH#-OMzRERE o
7z,

3) Etha %

Etha iz k2 TAEBEZBICEHRL-bO 30E, 2 A%
5PE, TH#®IET, HRISEEB ML, VX2 S
ETHbd., ERERICEZRLARL L IEIIELF)IC
FREROBAZE 2580, 2 L2 TiZ PbP OILEE %5
mt.ﬁﬁﬁzﬂu%?ﬁ%LHSE?méwkﬁw
BROMAZE LB o4, BERZEEIRIIED 5>k
Hotz,

. FEBCNT HESDE

1. v b

REIOR & & CEBEFEOBECRFBE R 4 0RL

Fig.9. Photogram of microstereoscopy 2 days
after the ligation of proper hepatic artery in
normal rabbit. Hepatic artery (white arrows) is
thrombosed and peribiliary plexus (black arrows)
in hepatoduodenal ligament is well developed.



Table 4. Correlation between the degree of necrosis and the size of the induced liver tumors
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BRSS9 2 IFSIIR SRR v o) ZERE IO 20 21
C. GFP group
Degree of
necrosis of
Size of tumor (%) 0 ~20 ~40 ~60 ~80 ~100
tumor (mm)
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=2
00 ]
2<—54 0 o
Q [s]
O ) A o
4<—-56 ¢} ]
o o)
6<—=38
A =
8§ <—=10
AN
10<—-=12
O
12<—<14
o) 0
14<— <16
(@] AN [u}
16<—=20
VAN [}
20< — =30
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O : Neoplastic nodule

&t Hepatocellular carcinoma

o : Tumor of unknown origin because of complete necrosis
Ligation: Ligation of proper hepatic artery

GFP: Arterial embolization with Gelfoam powder

Etha.: Arterial embolization with absolute ethanol
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& 118 T 3B 10~30% D EFEESE 2 T 72,

3) GFP# (®4C)

Fig. 10. Histological picture of neoplastic nodule
in rat 7 days after the embolization with Gelfoam
powder. Moderate degree of necrosis about 50%
of the entire tumor is seen (arrowheads). X10.

Fig.11. Histological plcture of hepatocellular
carcinoma in rat 7 days after the embolization
with Gelfoam powder. Massive necrosis about
90% of the entire tumor is seen. Small focus of
the remainning viable tumor is seen around non-
occluded vesseles surrounded by the massive
necrosis of the tumor (arrow). X5.
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0% FDEEFER LI DR THTH -7 (12).
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ZRLELOR2ETH > (K13).

UO ik 2 {BTH -7, IEEHEILERD % H o /o HEER
DOEEIME ¢ Y — iz NN 3 @E» I, HCC 11#
HIETH 7.
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Fig.12. Histological picture of neoplastic nodule
in rat 3 days after the embolization with absolute
ethanol (0.1ml). Massive necrosis about 90% of
the entire tumor is seen (arrows). X25.

Fig.13. Histological picture of hepatocellular
carcinoma in rat 3 days after the embolization
with absolute ethanol (0.1ml). Massive necrosis
about 90% of the entire tumor is seen (arrows). X
10.
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Table 5. Correlation between the degree of necrosis and the size of the VX2 carcinoma of the liver

in rabbits transplanted via portal vein
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Ligation: Ligation of proper hepatic artery

GFP: Arterial embolization with Gelfoam powder

Etha.:

Arterial embolization with absolute ethanol
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g, 30 BBRO 3B Y Y Y BNCBERE
MREREO» 2 Rd . & BHHE
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Fig. 14 Hxstologmal picture of VX2 carcinoma

transplanted in rabbit liver without the emboliza-

tion procedures. The tumor is shown in the

right two third of the photogram. Necrosis

about 5% of the entire tumor is seen in the
marginal part of the tumor (arrow). X20.

Fig. 15. Hlstologxcal plcture of VX2 carcinoma in
rabbit 2 days after the ligation of proper hepatic
artery. Necrosis about 40% of the entire tumor
is seen (arrows). X20.

§ Ay i

Fig. 16. Hxstologu:al picture of VX2 carcinoma in
rabbit 7 days after the embolization with
Gelfoam powder. Massive necrosis about 80%
of the entire tumor is seen (arrows). X25.

Fig.17. Histological plcture of VX2 carcmoma in
rabbit 3 days after the embolization with abso-
lute ethanol (0.15ml). Massive necrosis about
90% of the entire tumor is seen (arrows). X 20.

embollzation with Gelfoam powder. Scattered
areas of focal coagulation necrosis are seen in the
liver. X10.

Fig. 19. Histological picture of the liver in DAB
rat 3 days after the embolization with absolute
ethanol. Hepatic artery is occluded with
accumulation of imflammatory cells {(large
arrow). Portal vein is partly thrombosed (small
arrow). Necrosis is seen in the portal tract
around hepatic artery and in the marginal part of
the lobule contiguous to the necrotic area of the
portal tract (arrowheads). X 25.

DAB rat : rat fed by 3’-methyl-4-dimethyl-amino-
benzene.
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i 705, Etha BEW 6 525 iz, BiRiC < 2BICERD
BEER/ING % 7203+ ZHERR/ VB OIS A S NEFL LR
ERCAYRE R 7z, I AIREC EERRE
FIERH s od:,
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&L (20~80%), %7 GFP B, #5%kE, Etha #0OJE

Table 6. Histological changes seen in nontumorous area of the

embolization procedures

f

WESEORENE Ko7,

Microangiography HETHIICFET L 72BlHS 7 & E
b 27 ik 8 Bk - 7o, $EAkEE 1 UE, GFP 3% 4 IE, Etha
B3 THD, HRTE PEiz &R st LT 60~90% D
BB AT, DM 3 LIRS X UFIRAIC
gas B EH 72 (K 20). T h 2 VUi FREESEIS 10% 2R 7S
M, 7v b R EBOg RS,

& =
— g B T 5 TAE SRR & HEH

liver in rats after 3 type of

i Group Ligation GFP Etha
NN R R e i
logical

findings \No. of rats 9 2 12 1 1 8 1 3
No changes 1 2 0 0 0 0 0 0
Atrophy of hepatocyte 3 0 3 0 0 0 0 0
Focal coagulation necrosis 0 0 9 0 0 8 0 0
Angiitis of hepatic artery 0 0 9 0 0 2 1 0
Ductlar and dueta prolfera- |5 | g | w0 | 1 | 1 b7 1|0
inieation o imfammiors | | o | o | 0 | 1 |0 | 0 |3

Ligation: Ligation of proper hepatic artery

GFP: Arterial embolization with Gelfoam powder

Etha: Arterial embolization with absolute ethanol

Table 7. The degree of necrosis in nontumorous area of the liver in rabbits after 3 type of embolization

procedures
Necrosis (%)
Group 0 ~20 ~40 ~60 ~80 ~100
(No. of rabbits)
Ligation 0 0 3 2(1)* 0 0
Cre 0 5(1)* 0 0@)* 1 0"
Etha 0 1 2 5 0 02)*

* Death before microangiographic study

Ligation : Arterial embolization with Gelfoam powder

Etha : Arterial embolization with absolute ethanol
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Fig. 20.
which was dead 1 day after the embolization with
absolute ethanol. Necrosis is seen in the entire
liver with gas formation.
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1) DAB FEE T3, neoplastic nodules (NN)
EAFBIRR & FIIROTIE »ERE I ZE T 2 b O (I18)
DYERCTE D S EUIFEIR DS EET, WRIFIRO X
EC (II#Y) %52 /2. Hepatocellular carcinomas
(HCC) B3t TH- 7.

2) VX2 FFIEB I3 T N THEIRZE (18) Th-
7z,

2. ERMBEOFAMERDELIZOVT

1) v ORBEFHTEFNTEZSCERIAT
AMERICEEZTD R »ro7. GFPEES X U Etha
BTRIFEBROMAELED Y, —HTHEES A5
7z, FFAEIEIE & L T peribiliary plexus (PbP) @
38, FFF9%R arterio-portal shunt (A— P shunt),
SHGER porto-arterial shunt (P— A shunt) O HIRHS
AN, BIC GFPETERTH -2, ch b0k
DABRFEEERTER I b o7,

2) THETRTRTOERM CEEDFNEIRD
ME»sED o h, FRERIRERL TR TH 7.

3) R—0ERETHBOBEIC X - THALE
ROTLWERNA SN,

4) GFP % % \» i3 Etha iz X 2 ERWEOP - A
shunt ODHBIFHFLVWHBETH 2. ERMEOIRL
DOREF THEEREL, SHOFEREHRENLETHS.

3. FUEBEZRICOWT

1) Sv b TIRERET HCC CEE O EEHEED
BN 8, GFP 845 & U Etha B Tl 60% IR DIE
B 80% U LD EBEFET D72,

2) % v b GFP # 8 & O Etha B CIEBEELE TS
Tedr o 2RI TE E SREmE /5 — AT, PR
FEROBEOKE WEE CIRERMONBENR»S
WiERMN A SN,

3) UHFTIREAER I USRS, GFPEL
Etha BOIECEBBRIEOEENRE» o7,

4) DAB FIE# (R¥ME) OFH VX2 FiE% (&
B W LERINIC X 2EROHBESEHET, BE

BIEGb HHERD S,

4. FEBEHICE LB IZOWT

1) 7 v P CRERBETHERRIZED R P DK
L, GFPETIX 75%12, Etha #Tizeflic£ffic
MU T 5 BT OESEEFED 7, FHEFIC X 5 IS
iEhdot:, DABIFEEEBRFTERII b o7

2) vHFTRTRTCOETIHEFEDOESIZHS,
FORREZL2FICL 20~100%TH -7, EFETH
BEFT & ABOEH 2 W 72, i Etha B CIFEE S
oz,

3) v, vHFE iz GFP#, Etha BTEHEE
B L BFHTEHABEDHONR, Thbb, Ihsl
L BERMTIZ, ERVWEOMFROZ VL D ITHLD
EEXLETHILELEZ OGN,

UEDRER L DV IROBHEMBRE S NI,

1. ERRSCHBIIRZERMIC Gerfoam Ml (B2
Wit GFP) 2 RT3 L BBH TRYUTH S, TH
LHFEBHRIKE L, FRENLHEN Y 2vhrs
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Experimental Study on the Hepatic Artery Embolization Therapy for Hepatic Tumors: With
Special Reference to Differences of Effects among Proximal, Intermediate and Peripheral Em-
bolization Procedures  Isao Kawamura, Department of Radiology, School of Medicine,
Kanazawa University, Kanazawa, 920 — J. Juzen Med. Soc., 93,12 —35 (1984)

Key words: Transcatheter arterial embolization, Experimental hepatic tumor, Absolute ethanol
Abstract

The purpose of this study is to clarify the differences of effects among various kinds of
hepatic artery embolization therapies for hepatic tumors experimentally. Three representative
methods were chosen. These included the ligation of the proper hepatic artery as proximal
embolization procedure (ligation group), embolization with Gelfoam powder (99.3% gelatin) as
intermediate embolization procedure (GFP group) and embolization with absolute ethanol as
peripheral embolization procedure (Etha. group). These embolization therapies were performed
to the hepatic tumors in rats induced by 3’-methyl-4-dimethyl-aminobenzene (DAB) and VX2
hepatic tumors in rabbits transplanted via portal vein. The comparative studies were carried out
on the changes of intrahepatic vascular system, the degree of tumor necrosis and the damages of
the liver parenchyma induced by the embolization therapies described above. In the ligation
group of rats, there was no change in the intrahepatic vascular system and the liver parenchyma
and the degree of tumor necrosis was slightly increased. In the GFP group of rats, the obstruc-
tion of intrahepatic arteries with dilated peribiliary plexus, the increased arterio-portal shunt in
hepatic hilus and the appearance of peripheral porto-arterial shunt were prominent and the high
degree of tumor necrosis with slight damages on the liver parenchyma was observed. In the Etha.
group of rats, almost the same changes as in the GFP group were observed, but the development
of intrahepatic collaterals was poorer and the damages on the liver parenchyma were severer
compared to those seen in the GFP group. In rabbits, all of the embolization procedures broug-
ht diffuse obstruction of intrahepatic arteries with poor formation of collaterals and severe liver
damages. The increased degree of tumor necrosis was observed in all groups of rabbits, especially
in the Etha. group, but its degree was lower than that seen in DAB tumors of the rats in the GFP
and Etha. group. As a results, GFP was considered to be most reasonable material for the hepatic
artery embolization therapy because of its strong anti-tumor effect with relatively weak damages
on the liver parenchyma. But care should be taken not to directly apply the results of ex-
perimental embolization therapy to the clinical use, because they are different among species of
animals and among kinds of tumors. It is possible that absolute ethanol becomes a useful em-
bolic material under the proper method of injection with its optimal amount.



