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Experimental Studies of Intrahepatic Portal Vein
Embolization and Embolic Materials
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The auther has developed the intrahepatic portal vein embolization for the treatment of liver
cancers. The purposes of this new method are 1) extension of indications for surgery by causing
compensatory hypertrophy of non-embolized lobe, 2) prevention of dissemination of the tumor cells via
the portal vein, 3) causing complete ischemic necrosis of the tumor together with arterial embolization,
and 4) blockade of centripetal extension of tumor thrombus. The feasibility and safety of this method
were studied experimentally.

Three kings of materials were prepared for embolization of the portal vein; a Lipiodol-thrombin
mixture (Lp-T), a Lipiodol-fibrin adhesive mixture (Lp-F), and a mixture of Lipiodol with isobutyl-2-
cyanoacrylate (Lp-IBC). The portal vein was embolized in 31 dogs, 6 with Lp-T, 14 with Lp-F, and 11
with Lp-IBC. Lp-F was used 30 to 90 seconds after preparation, which had been found to be best in an
in vitro study. Lp-T and Lp-IBC could be used at any time after preparation. Embolization was done
safely and reliably, except in two cases of Lp-F, by use of a balloon catheter for Lp-T or Lp-F and a
coaxial catheter for Lp-IBC. Follow-up portography showed recanalization in one week in the dogs
embolized with Lp-T. The obstruction was maintained for two to four weeks in the dogs embolized
with Lp-F, and for four weeks in all dogs embolized with Lp-IBC. Damage in the liver was slight both
macroscopically and histologically. Changes in liver function and elevation of the pressure of the
portal vein were transient.

The author concluded that the intrahepatic portal vein embolizaiton was both feasible and safe
when the materials testd were used, and could be an effective method for liver cancers. In clinical
cases, Lp-T would be suitable for short-term occlusion, Lp-F for a moderate term, and Lp-IBC for
long-term. The material should be selected with regard to the purpose.

I # & BHZERIRH 7 — 7 VREO B S Bk T L O
MEA T — 7 A ROBRAEENL, F& LTE BRI S W OEFRACTHAh, BEFEO—4

PR 5 A25R (39)



594

Bl LToMMLEEo2BHYY, —F, »7 -7
A DMENNDIFEANE S TiRVWPIRFR TR EZD
REIERT e, I, BEEEEXRAV3
Z L X D Be o RESRE T iR R IR R A3
I - CEie, £CT, BERXOEH»T —F
AT OFIIRFR~OH I IIGHE & LT, FEEEERRT
HP9IRE 2R (PTPE : percutaneous transhe-
patic portal vein embolization) ##HZEL, K
OEBEETH  EEE 2T,

PTPE 0 iBERI, 1D EREOEH LI
EREORBEHERIC X BFEMEILOILK, 2) &
FalRpEESE Mo, 3) BiREREGFAL,
& b SE& iR X % B R RO R, 4 Pk
EFEOFFIfl~oERBHEIED 4 5T, BEMR
BEERTH it h oG ER L2 B
BTb0THD, S0, FEFIERWHELTH
vy, 747V, AV TFA-2-T
77V Vv— TR ThimtEEPHR Y €4 F—
Newn I FERELE=ZEOHERZE
£ EBlLI. T, ZhboWERPIIRPI
EAZhEBEOE LE IESEY L L OCEMFEY

RBEL, SLEEAEOFRIETEECOWT
EWOBETETY, BRICATRE & oL Hi
DT|MET 5.

II. HIsEsRsE & UAE

1. =&t

1) SERREMY | MERERK (LITR) 31E, #&E
8.5~21kg.

2) 1f&H 5 — 5 . (D Double lumen balloon
catheter 6Fr., 80cm, MARCOM International #:
W (LLFAr—vrF—F1), @ Long tapered
TORCON BLUE CATHETER 6.5Fr., 80cm,
COOK #HBLITFrv 7 F—r=nF7—71), B
Infusion catheter 2.5Fr., 100cm, COOK #:#L (LA
T2.5Fr.h 7 —521),

3) EFH © 76%Sodium & meglumin diatr-
izoate 7K %¥#, SCHERING #H8 (LA F76% ¥ = 7
574 V),

4) ERHBEOERME . rrvEY VY,
FFVHFHBUEUT ey EY), 707V 7%
voIFY, s FYVFEHE BT Ty 28
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v), FF<r—n, BAYER ##, 0.5M CaCl,,
IRV FFERE, f Y TFA-2-0T7 7 F o
-+, ETHICON #8(LLFIBC), V€ a K-
e b Z 7N, INEHBEATY eF F -
), HEHTREAEEK, PV -FFEHE

5) JFE:EE | Pentobarbital sodium &8, *
AABIELR LITFxv 72 —0),

6) FidBHE .+ 75~ v, EEFEBIEL
",

2. EBREE

1) ZEkeE OfFH

D verrF—nebrvey GFLpT): b
7 v eV H00BAL A A RS Iml I #EL, &
BB R TS| L, ki, AfED0 Y & K —
N O TESERC TG [#% 2 RO ES Y = HiEk
FAHALTERL, tevEVvREVEFF—1%
RHICEALDWHFEMLTER LI,

@ Vet r—ne7+ 70 (LIFLpF):
9, FFoe—abml(5HEA), 0.5M CaCl,
1.5ml, EHBEZREK1Zm] ORESHOBIEIZ =
VEVEBRLUTLELRRED b v v &V REF
LA, ki, 74 70 27 v1g R ESHBEREK
12mliCERL, 6.2~7%D7 4 79 /7 7 vilk%
ER LA, HEHBCEYED 74 7Y 2 5V,
FOIL2EDO VAN -, AEBD e v EVER
TSI LERSBEYHLIRET 2 &, BROBRAEH
MEKBCERALLTCLpFARTEDLNE, 0
Lp-FAEACE LB Xiciz-fo EICFERAL
7z,

@ IVEFF e vV FTFAL-2-F 7
— (LA FLpIBC) | WV EF F—n & IBCER %
NnERRETSHEHEBR%S L, Lp-T & At
=HERE N L TEMLER L,

2) Lp-F OfEAL&M0#E - Lp-T, Lp-IBC ik
FEHEBA TIREL L o3, Lp-F i RE&ER &
L BRI L T L fe D EADRBEEDME
BRrARIC, T, b e EVREN 2 BfI/m], 5
Hr/ml, 10B6r/ml, 20347/ml, 508Z/ml @
FevEVEZMI XBEAREL, kWTEhTERY
74797 VM)l VEF F—alml LRSS
LToml D Lp-F&EIER LA, 747V 7 ¥ v
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L b e v EVERREESHEI0E, 308, 608, 908,
1208}, 2408 T4 Lp-F ok, “Sr—vhs—F
L OFBEOTH TR L7,

3 Fillk» 7 — 7 Aflf - K3t L, v 7
2 — L HEHH0.25mg/kg D#EIRAESIC L 54
SRRER A T, BREE T v b G R R IR R R %
cutdown LTIE» 57 —F A2 A L, FFRFIIR
BACED:, FHLIEYTF—FAE - r—v D
F—FN, BAEVERY I T =BT —F AT
b5,

4) PIlRERE:  MEH 7 — 7 L2 FIRAR I
BELTHEEMLHYI.mIDT6% e 757 4 v
¥ 2MHMTFEEAL, EMES S HEED 11,
it A BB TRIIRE O B ERE 2 1T - 1o, B3]
Ve e, PINRE R AT X OV ERERIZIT - 1o,
31D A FRVE Lp-T BEAS 6 P8, Lp-F B A314)E,
Lp-IBCEA 1L TH -7, Ehe, 1:8% (Lp-T
B3, 28% (LpTH 1K, LpF&E4m,
Lp-IBCH##31L), 48% (Lp-F# 4P, LpIBC
B3N Kb FERY LT,

5 FAMIRE~OERDEOEATE

@ LpT: XBEBRTTAA—VvHTF—F A%
BN PIRER D, 0% 7102 — AW
dml #FEA L, ST —vd+SEES ¢
TR AER L, XRBERTCHR4LpT 2
AL7, Lp-T AFREAECEB ThiEEAYR
FIEL, ORI GEAN -V EBEESRLE R
[l D el

@ LpF: LpToHELAELr—vHTF—
7 VR FIRERICED, S —vic k5 m e
T LpFZEAL, FIIREBIA BT S 8. &
AFIER 1 GEB ALV — v 2RISR L
T,

@ LpIBC: v /5= —hF—F AL EED
WNEEI2.5Fr. 0 7 —F A2 BAT 5 _ESEY B
Wie, FIIRERICEDIr v /T = —h F—F
AR X D #lem 4 F T2.5Fr.h 7 —F LB H
L, 5%7va—2WTHEXHEWELLE, X
BEGR T C Lp-IBC 23K 5 H 7 — 7 AL
FITHERLTL BT, R4 LpIBCREAL
T,

SERCTEEE 5 A25H

(41)

F=

595

D EwFhofaicksnwid, ERYEE s
AEWE EHANRS L,

6) FFEEEs X OTIIREE D MU © PIDRE: Zke i
MifTHI# o Mm% glutamate oxalacetate trans-
aminase (GOT) {#, cholinesterase (ChE) {f,
total bilirubin (T. BiD {&%, AEHETHE2, 4
H B TERRREMR B R [ 2 A EN
FTE 6 (LP-FHE3P, LPIBCE 3L ©
WEL, TOEBERF L, T, PUREARA
ChT—FAREEL, ER, BEREHSIV
BEYRICMREXHELCEOLEH % 6T
(LP-FE3PE, LPIBCHE3PC) CHE L,

D) HEBEAROMER | R2PE R v 72—
H¥0.25mg/ kg BRI IC & 5L H BT I
BEREL, TABARGIEICL b BB L. HbICk
ZBEL, 10%+1r=Y vEBKCX hEZE L,
HRED D S ~ TEO/NMABRE #HRL, ~<
Fr)vezdovif (T HERE) LK
FEREIT, Fo—Hic PTAH 38, Weigert 34
PEARMER A BF AT, ERYE YOI ER
Rt OFRAEE, FIlkEES X 0% o BEASOE
IbxE Lic, ZOANRIE Lp-THE6 L, Lp-F &
9FE, LpIBCRESIETHA, Xbhic, ELEH,
2BHB I U4 BEOMESEY CHERBY R
TwicboDdbrhrh 3L, 50 5O
1BECRFREOE oW TH A LA,

II1. #A7e A

1. Lp-F @ AHKEDRE (Table 1)

LpF oEALOBER LT O 3 BB S8 L
R Lz, Ticbbh, BEAYEHBALTELT
KETHZSO% “liquid”, BHECERETL
hignb o% “soft”, ¥7 5 vIRICEF - - kA
Z'hard” & Lz, #72, 57— 7 AR08 ITES
BEAN— VI T -FACERLFETLpF %
FALTc8E, Bk EATETHIIE easy”,
B D 2 AT TH UL “difficult”, FE
TIXEATBE LA % “impossible” & L=,

be v e VRE 2 AL /m] TIE, 2408441 Lp-
Fix “hard” oR@Bici -, #5—-FLr08
BIETTRETH 272, Lp-F ' “hard” okfBic iz v
OB T = FNRBHBFRETH - FoDIL, b rY
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Table 1 Changes in Lp-F with various thrombin concentrations

Seconds after

preparation

Condition

of Lp-F

Concentration 10 30 60 90 120 240

of thrombin

(U/ml) In jection State In jection State Injection State In jection State In jection State In jection State
2 easy liquid easy liquid easy soft easy soft easy soft diffcuit hard
5 easy soft easy soft difficult hard difficult hard impossible —
10 easy soft difficult hard  impossible -
20 difficult hard  impossible =
50 impossible —

€ 5 BAr/ml 3608 &£ 908, 10847/ml Tk
308, 20 4Z,/ml TIX10ETH b, 5087 /m] Tix
10881 BEic “impossible” T#H - 7z,

7e35, “hard” DRAED Lp-F O RGEERIC
BWFhotr VEVRERSWCTHRETH -
o, LITOEB TR v v IBES 5 BA/mi
L, BAEEIE»L60MOMTEAL, #L &
90BN EA R 2B Z it L,

2. ERF R L UERAIIERNIEET (Table
2)

ERM AT U 3icknwT, ERYET L
CERMMEOMEEH B Y BRI H LD
i, EROETREZBELL,

LpT v 6 R eflcEREXVDEE T
KB 2L BREIIT, EREHOMIRE O
£FZ ) L1 (Fig. 1a,b), Lp-F Tix14ptsh
12/C TR ) Lic A3 (Fig. 2a), 2 lLIXEREH G
¥ CRMEO—MrEE I h, EEEMNOMIRE
DATLEAE Kb -7, TEIHHIE Lp-F O
ABPTRTGTH o 1K, BIOALr—v ol
RO+ AR A — v AP~ RE -
fefcdEARFLEL, EROCEARTRICR -
1l THoTe, o8, Lp-Fid-r—vichTn
CEET DN, ~L—vIIRBREBRS » T -7
AERETHIE LpF s T —FAricfELTL
5Z Eidichoiz, ¥z LpIBC vl
ERCZh Lz (Fig. 3a). L L, 2087 Lp-IBC
BAT—TARBRELCHEYRZ L, hEED
T — 7 AR Lp-IBC 23 LT 5 DA E

(42)

Table 2 Rates of successful portal vein occlusion
immediately after embolization evaluated by
angiography

Embolic

material Lp-T

Lp-F LpIBC

Success  6/6(100%)  12/14(86%) 11/11(100%)

L3hi.

HERDEOERRIEZEFER Tt THIZL
fo. W OWE T b A HFIREA T
Wi L CPAENEL, ERYEIOEARIGLTM
BRENC— 3 U 7 BRIk o IR 25 b R Uiz,

3. MEEF IS & 2 FAEIFEHIM 0&ET (Table
3)

ERIETH 18, 28, 4BE THEMKE
EAT\, HERWE D LERFIREOEBED
HELHEFL, MERETR» LT O 3 B
SGE LI, Tiebb, ERIhPRERERE
BEAFEEEF S v O % complete
occlusion, & & A EFOFIRKAHELTE D, —
MORKMFIRB O ZE¥ Eh % b O % incom-
plete occlusion, (& & A K OFRE SR Eh b
1}, © % recanalization & L7, #ENSITERE
B ERFIRE A2 B Ihith -l s &
L, BRI REFIIRE 23852 S hiclikBRst L,

Lp-THIZ4AIT, £0 55 1@ 3E, 28
BR1IEChote, WThoML B X BEHEE
T Lp-T &4y L, &8 T recanalization T

AAERSE H#49% $5%5
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Fig. 1 Embolization with Lp-T (case 4)
(a) Portograph before embolization. (b) Plain film obtained immediately after
embolization. The left branch was embolized and Lp-T has spread out into a
tree-shape. (c) Portograph one week after embolizatiorn. The mass of Lp-T has
bocome smaller and revisualization of branches of the portal vein is seen.

Table 3 Evaluation of duration of occlusion of the portal vein by angiography

Periods after

embolization
o%:tﬁﬁesigfl N\ 1 week 2 week 4 week
e o ot oot Comple Mlouples Becwul: Ootpets Tionrieks Recamll
Lp-T 0 0 3 0 0 1 - - -
LpF = - — 3 1 0 1 1 2
LpIBC — - — 3 0 0 3 0 0
& -1z (Fig. 1c), DEIFEDNSE {, EFE T 3 ILiX complete occlu-
LpFRL 8T, 284K, 4BF4L4CT sion (Fig. 2b), 1P incomplete occlusion %

Hole, 2EABTIEM X BEE L4&4T Lp-F
SERLCE 5 A25H

(43)

ALz, L, 4 8B CRedl Lp-F ol »nE
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Fig. 2 Embolization with Lp-F (case 9)
(a) Plain film obtained immediately after emboliza-
tion. The left branch was embolized and Lp-F has
spread out into a tree-shape. (b) Portograph two
weeks after embolization. Occlusion is still persist-
ent, although the mass of Lp-F has become slightly
smaller.

B, IME&E¥ 1P complete occlusion, fif!
@ 1 FE % incomplete occlusion T & - 7z @ 12 %f
L, %Y 2 Uik recanalization TH - 7z,

LpIBC#ix 6tz 28300, 4 83T
Hotc, £HITHEM X ##EE L LpIBC 20E4
27e ERER L RO D BRLTEY, &
B THTTH complete occlusion #7= L7
(Fig. 3b).

4, FromEERRRE

KL A EREE, 18, 2,8 4BRCER
L, ER%1T- HMEHMRATOEERYED

(44)

Fig. 3 Embolization with Lp-IBC (case 23)
(a) Plain filin obtained immediately after emboliza-
tion. The left branch was embolized. (b) Porto-
graph four weeks after embolization. The mass of
Lp-IBC is unchanged and occlusion is still persist-
ent.

Motk WIRANCBE L

Lp-T B CREHH TR PRI B 7
WL TWieh, PIIREE: DRIBRAE S Th -1,
1 BREER LU 2B CIABCIBREER I
<, HEOHEMRASR T,
LpFETE, BEALFREEEYILLAT LD
Tt 7 F VIERWE S FIRABEC A b h, EER
kX O2 B, 4BBECHERERR S TV H
BT IRERYE I PIRA TR LT e,
LaL, PIDREEL B LTy, 8L
WHBATHFORES L OCHBREREC, AF
HIFERE R TH -7, BIBHATI, ERWHEM

AFERSIE H498 E55
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HNEEZFEH L TV B0 AR SR d - o,
LpIBC#H T, MO/ HREFHLE U B
ARV THRPBELPIRAEC SR b hi, BEER,
2B%E LU 4 BROLPI TERYWE VRS
LTk Y, FIPREEEL OMFFLGE S FAFHHIEE
HEETH -7,

wic, BREROMEEY CERREI RN
Tl DT O (L2 B2 Lz (Table
4), 13purh, EHEFEO 3 i ixBIRRIC RERT R
R@ED ORI oTen, 2BBEOSIEE 48D
5 EICXERIEDEN L FEREDIANED B
fic (Fig. 4. 2:BBFcIbl 4 BRECRER, iE
KEDLOBE B ETICH -7, F 238
FO3IE, 4B 4ICIZERED S 5 IMAEED
bhte, LaL, 130U£flcHBMCIIEESR T

7,

Table 4 Macroscopic findings of the liver

Periods after

embolization [mmediate 2 weeks 4 weeks
No. of dogs 3 5 5
Atrophy of

embolize(!:iF lobe 0 3 5
Congestion of

embolized lobe 0 3 4
Infarction of

embolized lobe g 0 0

Hypertrophy of 0 5 5

non-embolized lobe

Fig. 4 Macroscopic view of liver of dog (four
weeks after embolization, case 23). The embol-
ized lobes (left side) are atrophic and dark red in
color (indicated with arrows). The non-embolized
lobes are hypertrophic.

FEUTTE 5 A25H
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5. FFoi#aissakst

1) #E¥RBFTOZE{ (Table 5)
R2CIZ2T, FERFATOFIIRPIEE, FiREE
FBLULORBEEBROTL 2 EBFM TR L
o, PIRABEOHAZZEANEF O O, EAY
B L TR S il L O h & 0388 L
ShicRAFHEBIc L 20 Tho7, AEDES
PAZEYH, TE2HEY+, ABCTh bR
DYBBELTWA O+ E L, PIRAKEICE
FrRRHbhibor — kL, ¥, PiREE
& DA TEE LT 2WE L PINREE & 12iE 2 /F
TELTWAEEY+, —BOTELC\588
Tk, BLTWBEORWBEEY — & L,

O Lp T HEAR
FIIRAIBEIZIE ) € o F — AR & te it fie o
R bh, BEHRFEO 2IETEE S ICHECT
LT, LaLl, 1EBIESL 02881
ETR—MEBEFETL22HEE LT, FIIREEL $
BEHL TV AHEELEr o7, 1 BRI V28
Fici, BET 0BRCKRMBOBEYH>H
FHBC L 2 BEASBD b, FoREL
T<Roh, BREALIBHAIALVE EFON
BThote, PIIREES L O o BEEMCI1E, W
BT B IZERD B i - e,

@ Lp-F AR

FIIRA I ic HE Zu6s C BRI R 7 R AT i
REIhHBHERBLRDHh, BHEZRATC
Y EF F—ABEAREL, RIMEESRELE LT\
H01% Hbhie, BEHEEE 1L CPIIRPRE LG
S X b iFPA%E X h(Fig. 5a), ¥ &K
THIZRREA MR I h Ty i 2 8BED 4 ik 3|,
BLW4EFO 2ETH B Z S BTN
PIREIRIEFEIE LT (Fig. 5b). Lo L, M4
B CHBDOA bR GERED 2 LG, B8
2SRRIV ENRET 2055 W ixe<
wD LT, AEOKHREIR+S5TH -1
(Fig. 5¢), BAF3 % BRAERBUIL LB T ARk
DOEE, WML HELARORE, BIEK
MEOHIFE R F 5 BEAN A b hi, 28O 1E
EABEO 1R TREAYENELICBRE[LX
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Fig. 5 Histological view of embolized areas with Lp-F
(a) Immediately after embolization (case 7). Fibin mingled with small spheres of
Lipiodol is seen in the portal vein. (H & E, x80). (b) Two weeks after emboliza-
tion (case 11). The peripheral part of thrombosed material including spheres of
Lipiodol has become organized (arrows). (H & E, %200). (¢) Four weeks after
embolization (case 12). Only a small amount of Lp-F remains in the portal vein.
Hepatic cells are atrophic. (H & E, x200)

h, AFEBCEERboT i, ¥4, 288
D 2 I FREEZE LR BT, FIREES X OF
O RIEEBIIX 28R X 0 4 BRI KA -
VY RNHROBEEZBHDD - o h, BRSO
RIAFPDOhehr ot Ll, EAWEORE
b, FIIREE®S X % o BEAS O & b £E4k
FOENRKEL, 2:BFL BT ER
F Bﬂtﬂ’ot.

@ Lp-IBC &= AR

FIRA R HE LB cRE S hicWlBE RO
BEYILEHB L TR DY, LR X OABICKEMm

SERLTEAE 5 H25H

(47)

RO ERD bhi-(Fig. 6a), - OMKEEEL
2B EER, 2BHR X 04 BEED L)
TPINREE L 3E L&A TMHF LT b, Lp-F AR
EHELTRBEN&E» -7, 2 88 (Fig. 6b)
L0 4B (Fig. 60) wixlign & o 588
Lrimbhich, BEREEDIBELCLSITT
Wiphho o, BEALRITCR 2 BRECIFRER, *
B0 BEN B - 7208, 4B IMRER
REMT, b LABEREOMERETE - 1o,
FIIREE S X Ut o EBRA i 12 2 BRE i kA
Ay v RRoBER AR, FREOBEL A
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Fig. 6 Histological view of embolized areas with Lp-IBC

(a) Immediately after embolization (case 16). A poorly stained mesh-like structure
accompanied with thrombosed material is seen in the portal vein. (H & E, X80).
(b) Two weeks after embolization (case 17). The thrombus is organized. Cell
infiltrations in walls of the potal vein branches and surrounding tissue are notable.
(H & E, x400). (¢) Four weeks after embolization (case 23). The mesh-like
structure is still persistent. Collagen fibers are increased in number in organizing
tissue as well as in surrounding tissue. (H & E, X 400)

Bhhien, 4EFCITHREETE LA EED 2) FF/hEDZAL (Table 6)
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Table 6 Histological findings of the embolized lobe

ngﬁs No. of e c.ells -~ : Congestion ~ Edema of
embolization dogs Atrophy cleggnaggtion (l))flscs:ltl::gg:%r; Cli-nae%ﬂ}astilson of sinuses  Disse’s space
Immediate 3 0 0 0 0 0 0
2 weeks 5 3 1 2 1 4 0
4 weeks 5 3 3 1 0 5 2
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