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A Study of the Development of Occluded Hepatic Arteriography,
A New Method of Hepatic Arteriography
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The author has developed a new hepatic arteriography in which the hepatic artery is temporarily
occluded by a balloon catheter and contrast medium is injected from the occluded portion into its
peripheral side. The purpose is to visualize the peripheral fine hepatic artery branches and tumor stains
more clearly than the conventional method. The results of experimental and clinical tests on its safety
and effectiveness are reported hereunder.

1. Study on the safety

Experiments were carried out on dogs by using a catheter, instead of a balloon catheter which is too
thick to be injected into the hepatic artery of a dog, in such a manner that the catheter was inserted into
the hepatic artery until it was occluded. Affects on normal livers and gallbladder walls were dependent
on the injection volume and rate of the contrast medium,; i.e., these organs were free from histological
affects when the injection volume and rate of contrast medium are less than 0.064 ml and 0.0048 ml/sec.
per gram of the liver. When exceeding these values, however, the hepatic arteriogram showed ex-
travasation of the contrast medium in both the livers and gallbladder walls, corresponding to the
macroscopic bleeding and necrosis.

Balloon catheters whose balloons can occlude the hepatic arteries were applied to the clinical tests.
The contrast medium was injected in a range from 30 to 40 ml in volume and from 2 to 3ml/sec in rate. In
determining these values, reference was made to the results of the above-mentioned experiments and
the weight of a human liver. Under these conditions, no extravasation of the contrast medium was
recognized in the arteriogram, and further the hepatic function tests resulted in a negligible variation
before and after implementation of this method.

This arteriography was proved from the above-mentioned test results to be safe at the appropriate
injection volume and rate of contrast medium.

2. Study on the effectiveness

The balloons of the balloon catheters can be smoothly advanced into the peripheral vessels together
with blood flow, thus facilitating superselective catheterization. After interrupting hepatic arteries by
the balloons, the contrast medium can be injected without being diluted by blood flow. Therefore,
peripheral vessles of livers and gallbladders and their tumor vessels can be visualized more clearly and
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densely. It is noticable that only tumor stains can be viewed much more in focus after one minute from

the commencement of contrast medium injection.

Trials on the hepatocellular carcinomas collected since 1980 have verified that this arteriography is
superior to the conventional method in visualizing main tumors, their capsules and the extent of
development, and especially effective for detection of minute intrahepatic metastases. These ar-
teriograms correspond well to the macroscopic view of the liver portions extracted through operation
regarding the shape and development extent of main tumors and the number and location of minute

intrahepatic metastases.

This new arteriography is effective and indispensable to detection of intrahepatic metastases which
may dominate the judgement of operation and the determination of the portion to be resected.

# 7

Frifafn g, AP LR T 5 EREREO— T,
LEHHORTEATHHiIT LA HD T
BY, FHEE s B3 L #588EE & LT transcath-
eter arterial embolization? (LLF embolization
LEET) BERLo2oBH b, SIBRAREERER
LTHRIFRERERENEOhB X Tl sie,
LoL, EEOREHEE2ZHHE, FHRRK
LAABHEIBRY RO EEhH Lz ATHS, R
TBARIEIERN O FIG PR O RE I, EFOILN
h PHAEBREOHE, IOLAMHTATICIERICIEE
THZEHVBDTHETHS, HFEECEH
FTAHRATHHFFHELZFLIETLTWAENS
<, BHEELEDIR/NEEOFIBRILER I
5., f-T, BEOERERIND R, NN
EREYRETEIREOR VW 2ENLETH
5, WK, coXiBECELhABNELL
THESERT ChERBEELHFTELY, L
L, RMUmEEF T, To&EFHEkc b2l
BECidnde h oENRZBRY, EkomEEFo
LZTEAT LA To & vz iown, F 2 T#EEIT,
FFORESF R * Sl 5 - L2 BEY
L LT, —AMER TR EEE 2R L
799, R, MEEN TSR 2T 5o,
EASRIEFHPMBIZ X - THRREhBZ &
i<, B<RACHEL, EEEO KD
KR EIh D, FEI, AEIFLOCIFBIREE
BELTHERMCEDSTERTHA Z LXMDY,
F OREWLHEIGIT DT b FEDE D TifsET
5,

AEFI60F10 25
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II. ARHRBUFE

1. EEREVHTFE

1) SEBHH

EEREYD | MEREREN T R} (4 =) 258H (HE21EH,
4 5D FE11.5—21.0kg

I 5 5 — 5 4 | Formocath 7644 (Becton-
Dickinson #18) #+#0.075inch, F£E0.055inch
A C 76%Sodium & meglumin diatrizoate
KB (T6% T w7574, v=—Vv i)
REEL3E © Pentobarbital sodium fEHE (v 7
£ =, KARBIEGRASHED
¥ | Cefalotin sodium (# 7 9 v,
7 FREIEEASHED

2) KRBT

a) ¥ &EPE

A RCFR v 7 & — L EHEE25me/ kg OB IRH
P X B B R TR\, KBRES % Povidone-
iodine (f v v WHEMEERILSHEE) K TH
Bk, KBRBIRAYVBELN 35, ME» 7 -7 1%
KEREIR IR A Lcts, XEBR T CHBRNI
FTEDRAL, AT —FAhBEPFRERLAS
OBk IC ¥ TRE XY, » 7 -FALEHTM
B PAZE L, Mm%l L (Fig. 1D, & DIRE
T, 6% v w574 viEEYZY0.8ml (0.8
ml/kg) DT, 13BHETEHBEAL G- THE
AGEE AT 1 kg 2479 0.06ml/sec & 7 %),
HEEHY QEABME 2, 68, 108, 158,
3080, 14 2177 otc, HEABRITERR T
WA kR L, HEWHE (r 7Y v50mg/kg) %
il kit U A

b) EEBRFEDOKX S (Table 1)
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Experimental case (dog)

— IRFRY M FEE R T I BhIRE B s oo B 26 1 B 5 5 B 8

Clinical case

atin

N\

balloon catheter

Fig. 1 Occluded hepatic arteriography

Table 1 Number of dogs used for experiments classified by the time after arterio-

graphy
P
ime after lhour  5hours 1day  3days 7days  Total
angiography
Number of 5 5 5 5 5 25
dogs

1 R2BEAX BEHFAEABRER X TOREIRX D
SEECOT. Thbb, 1RMEE(SE), 5
WPfJEREF (580D, 1 BB (58), 3 HHBREE(S
B, THHEM (55) OFS5HTHS,

c) MMEARDIER

RBEBHYE X v 7 £ — L EHKI0me/ kg Bk
NS 5L EHEBTCBIEL, TABIRE
CEIOWEHRL, EbcHFr¥RE LT, 10%+=L—<
) EBRRICE D EIE L, &8 S/ MESA 2
FERLCERLETR YW T~=bE2 ) v
=4 v Rh (LU HE %) B 08 PAS $efa i
L, X, =8 A & v Ul e h 2177 - THER
L7z,

IS RERBYOBBITEI - T, BEHTEAN
fTlebh R CEEY 5 —FAREAL,
BRERNIERFIEARRRO BE & U ChiE
Vo amEALL, BHFTRZOMEE-Y v 2
DR BB, EREIEANFR & I AR H
EOHLE«OERYRIELL.

2. FRPEEYBTZE
D BFgessg

(16)

HHERIE, BRFNS5EE10 8 L IEFNS84E 8 B ¥ T o
2 4£10% Az Swanganz type @ double-lumen
SAN—V H T =T e T — BRI R TR
BRE# L (balloon-occluded hepatic arterio-
graphy : LIF BOHA & B§-9) %177\, A HICfT
%o T @ -—~fEFI TR O MEEF L (EEEIR
B, FEFBIREE) & ks LSk
HE12801 (BHE1074, wik21®) Th5, Bl
OB IHEARSENRE (BB - S - FFE
BB X 5 0206, BRMESR (NF a-
fetoprotein, HEHE I # 2, computed tomography,
BEFERE, MEEFEICI 50090 TH 5.
BERPLTRLATVIEEOMEE Y
Ordinary angiography (LAF OA & B&3) w3,
I8 FEEhiRE R Celiac angiography (LT CA L BE
7)) & FFEDIR:EH Hepatic angiography (LT HA
EEET) REEATVS,

2) FHtk

a) IEREEhRER LS X O BIRE M

Seldinger %2 T#& B i A BEBIIR 2> &> %
T—7AuEAL, CA, HA Tt - =, CA 138
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¥ #140ml % 8ml/sec, #& FF B R & ¥ 13.25—30ml
#5—6ml/sec T, [ElHHFEIIRSE #1320-—25ml %
3—4ml/sec T, LFFBINREH 1315—20ml %#2—3
ml/sec THBIEAL, ®¥E7r 77 23 Thi
2H/BTc 2 B, ke l1i/BT 3P, kil
¥/ 2 Brel0M o124, 14. 5B R o Bt iR »
Tisote, FicPFEREEER L TH % infusion
hepatic angiography (LAF IHA X B%3) &,
HHPDITEICEE L TITIRN, T6% 9 v 75 7 4
v 40—50ml % 3—4ml/sec THEIEAL, 3072
WL 1 g EToEREY YTk,

b) BOHA ©oF#H

Seldinger 1 T KBREIIRA ~3# i BH [ Fr 14 &
BikH 7 -5 2> — A+ v | (Check-Flow type
sheath sets, 6 French, Cordis#h#L) #HiA T 5,
KNTZ D —ZADOMNEE%R A L T Swan-Ganz type
DAN— 51T — T NM(SGA, 4.8French, Cook £
B 1x, Wedge Pressure catheter with balloon,
5French or 6 french, Marcom ##) (Fig. 2) %
BIRAA~BATS, “r—vhT—F113, &Y
FIFEAH lumen &~ — v HE5E lumen & 255
72 % double-lumen B % 2 Tk b, LM
ERLICAN-—VRILREREE, 7 -5

FRpSTERS
Plilii
e

Fig. 2 Double-lumen balloon catheter and sheath
set

FEFI604E10 H25H
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Fumel (SEF) X W EFREALTLD Z LT
&5,

B i Uil & Buiici2 U CHFE AR JT e
H < XS R TR Wz h 5 — 5 A % [EEEEIRRF
BAL, BE#SIRN O T —F18FLD £
OSSR ED D BIIR S B A RS T, BN o
A= EBELGREER S, S — iRk
h, KE~EEBCER, ZDAr— v s
TR S T —F b Eiricd, BB %
TOBERN Y 7 - FAEABRBE BT Iebh %
(Fig. 3). ki — v ILIZEEERTHE
TR 2T L, 5 — 5 A2 flns b BRI A8
HICEFH 2 EATS (Fig. 1), chba5y—F
NVEIE, A — v ORERITNT X RBR T FT
Tt ofe, BRETIXT6% 7 = 275 7 4 v 30~40ml %
2—3ml/sec DEETHBEEAL, EABKE 3

B, 4%, 6%, 108, 128, 158, 208, 30%,
45%, 14, 24, 344 o0EHI12%, i3 4MoE
TR 2 A

¢) BOHA Di&52a81 B3 % #int

@ BOHA o4

FFBEGI D\ T, 12861 S B3 o JA#E o b3
iz Y HIERECH -7 TAYEL 1217, BE
BRI O T b Frig g s 370 U 2 712141, fB 3EEE
BEICOWCTIEIEDR, BERREEOERLD
TR T dH - 122761 % Bk < 10141 © BOHA i<
DWTHE LI, ¥, SEFEALREE L 608
BCOFFEY, IHIEEERY, BEEBRLOHBE D
BE L7,

Q@ D MBS - O iR

BOHA, OA (CA, HA), THA o gEm Hig
ZIFBIRFERE O, EWEEDIRE ORI,
IEFEEERLHAEORKE O 3THA KDV T
s o,

d) o T OZEREICBIT 5 B
Q@ ko MEEKE & o kT

FF# B dig128¢ i 3\~ T BOHA * QAL X %
EEFHEOMMAE, NEEEOBHEEY LERE
L, EEFHEORHECEL T, EHE, %
DOHIE, EEERTEORKHOBE » KK
DT SRR Ufn, F - - M RRSE 184 5\~ T,
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BOHA & IHA 02 M0 b R U H ¥ ©1fF
Te o7z,

@ YIBREF DY REERIRT R b b Zic 2 HiEE D

BOHA JafT#, FFiER 53T fed i 72 1961 o\~
T, BOHA D&#AT R & YT o WIRFT R & 2 1
L, 19BloRREEHELH, Ltk26lc, x
EBEEOHE S L OCHENBREORE, NESE
DAL, EBUZ >\ T YIERIF O WIRFT R & BOHA
AT R & % s Hedat Ui,

e) FrmERERRcRETHE

— iR M FEEERT T FF SRR S St o B R 1 B 3 % B 7

B8 e AR 2R (E A SR ] 1 B E T & 7o 166 s T
7 5 M AT il # o 1M Glutamate oxalacetate
transaminase (GOT) fE, Glutamate pyruvate
transaminase (GPT) fii, Alkaline phosphatase
(ALP) fE, Cholinesterase (ChE) &, Total
Bilirubin (T. Bil) {E%#IE L, Z OBz
THREI L,

ITI. WTZeAkifs

1. E®A X TO—EHIGER T AFERis

D IMmE&E#Fw X 585 (Table 2)

BEHEE AR5 s X 060 E DT X Ot

Table 2 Transition of contrast accumulation in dog’s liver and gallbladder walls

(15 and 60 seconds after injection of contrast medium)

= Arteriogram

15 seconds after injection

60 seconds after injection

Contrast accumulation Contrast accumulation
. Gallbladder . Gallbladder Granular stain
Dog number e wall Liyer wall in the liver
1 # # + + +
2 # / + ! +
3 # # . + #
4 # # + # *
5 # # + # *
6 # + - + +
7 # / + / *
8 H # - + ES
9 # # + H *
10 # # - # +
11 # / - / -
12 # # - + -
13 # / - / *®
14 n / + / +
15 # / - / *®
16 H# / - / *
17 # / = / -
18 # / - /
19 # / + / +
20 # ! - ! ik
21 # # - + -
22 #+ / = / -
23 # / - /
24 # + - -
25 # # - + *

* Could not be evaluated due to diffuse abnormal stain in the liver
/" Cystic artery was not opacified due to the position of catheter tip

(18)
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Fig. 3 Superselective catheterization by balloon catheter
3-a The hepatic artery bends so sharply that superselective catheterization is
hardly done. Hepatic arterial branches are thus visualized vaguely by OA.
3-b  Superselective catheterization is facilitated by the balloon catheter, and
hepatic arterial branches are clearly visualized by BOHA.

B REBER YL DRI L 60 TRIC, —HD A X TR
bhicFFRELUAOFRRRE OB R & ORE
R LI, Bk X ORCRE O BE 1T oW T,
OOV DH (=), bThic@dbhsdb
D% (), Worc@Bdbhasbow (+), i

(ROLIBED% (H) O 4BREICKS LT
fili L 7.,

WA AR TEB ORI 57 5 1 ABA1S
BB, FlRRI26 (H) 2@ bhi,
AEBEBER Fei3 = DRFHNICHE  BRD bt 2, iR
Je b BEic W HECLRETH - 1o,

EARHOOB I, FEY IR & 72025
BHFISHT (—) &ifrofcd’, HIEBELIRE
L, LhBREE LTRDLRAHNE ST
(Fig. 4. HABIH60REE o B CHF#Y: & 18 JEEE
BYORE NI T X 11>\ TERT 5 &
(Table 3), FF® (+) 186, () 48, (—)

Table 3 Number of dog's livers and gallbladder
walls classified by degree of contrast accumulation

(60 seconds after injection of contrast medium)

Grade of
contrast accumulation - + + # Total
Organ T
Liver 6 4 1 0 11
Gallbladder 1 3 3 4 11
FEFI604E10A25H

(19)

6L, MRFEBERYT (H) 488, (+) 3,
(£) 38, (=) 1H:HLICELRD SR,
—7, FREOHALT 26085, FHICERD
BEYLBBEPITHIC L bh, FORBER (£)
1258, (+) 33, (H) 2ETH -7 (Fig. 5).

2) Lo BRI (Table 4)

A R2GBADHHNF, HEHE = o\ T WIRAIZ LA
BETHE, BEFSEHE GEREIBE2EH 5
K5, 1H, 3HBOK1EILGRD) CHEREO
ROR7R W LBEIR 0 H 1 3 53389 & hoie (Fig. 6).
VTR NFR T, oMo iiRE i E iR
bifehotz, Thb 5 EOMEERE T, IF
NORERIRELLBICRD B, FOREIR
(+) 38, () 2HTH -7, MWO20TEIZIL,
Rz IRAYR B AT R 23 b h 3 (Fig. 7) ME#S
FREORBERRELED LR (— 8 »
BE (X120 Thote, ¥ -MEEH ClEJERE
D E e D128 T, = o 1 Ho JEFERE Gk
BEF) w58 b hich, o115
AR R BT LD S e o 1o,

3) EMFAIRE

a) [EHA  FFMcRIzT5% (Table 5)

HFA i DL LD bl A %1325
BPI0BFEL, 35 GERE 1R, 45 (A
SEEfED, 1R 1A), 1W|A3H), 1H(A
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7H) b Tuwi, ZhbOEIRITEICNE
BBk oRE R R L (Fig. 8) &R A
% RS VT, Zof~0Efila%o
BE, EENLEL, HEE-TLOHEMIREH
fo. ERESREDAMOFEMCE, &Y L EEMN
BE0ih 5 EEBhh b BE BEFHRIZD L
hizhotc,

(20)

— B I FEEE BT T B IR S o B S B3 % B3R

Fig. 4 Occluded hep-atn, arteriography of a dog
(normal view)
4-a Two seconds after the commencement of
contrast medium injection : The catheter is inser-
ted into one of the hepatic arterial branches.
4-b Fifteen seconds after the commencement or
immediately after the completion of contrast
medium injection : The liver and the gallbladder
wall are clearly recognized.
4-¢ Sixty seconds after the commencement of
contrast medium injection : Accumulation of the
contrast medium has disappeared from the liver,
while that in the gallbladder wall is still clearly
seen.

—J7255R R 15B I L ML AR I R B o SR SR 1.
RabhT, chooflTilERE 1R-»G 7
¥ co&ER0 1 2 fFic, &F LEEBRRD
B & Bbh B AT EMFENAT RIED b
note (Fig. 9).

b) ME#EE S =T E (Table 5

SERFRINA S I CIABEE S S s 128A1C
DL THEENE LY B L, 128118 Cl
fEBEEE - BH RSO RILEEALRD LA
Tedso 7o (Fig. 10), e 1 BEGEEHE 3 HOwi,
PEEEBEN CRERRP, fRE RIBR RS -&/P) 1
B SN A DR, KB EROKERTR S
Wbt ok, MESFEE, RRIERH

HABEMEEE #$45% #1005
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DN ICRFERRE 2R D1-01T, AR H
MERL BRI,

4) BARFEE M D OBRHIOEAR GEE
b BB LD

A 2 FrEhRE: o —BRFAY ML BT T &8 %2177 5
B, »7 =7 A THIREOPENAEShAREE
CETH T — 7T ADFEIREREICEA S hi,
TR, BE¥FAVEAShICFEECER X

5b

AEFIE0E10 A 250

(21)
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5c

Fig. 5 Occluded hepatic arteriography of a dog
(Appearance of abnormal nodular accumulation
of contrast medium in the liver)
5-a Two seconds after the commencement of
contrast medium injection : The catheter is inser-
ted into one of the hepatic arterial branches.
5-b Fifteen seconds after the commencement or
immediately after the completion of contrast
medium injection: The liver and the gallbladder
wall are clearly recognized.
5-¢ Sixty seconds after the commencement of
contrast medium injection: Accumulation of
contrast mediurn has disappeared from the liver,
while that in the gallbladder wall is still clearly
seen. Abnormal nodular accumulation of contrast
medium appear in the right lower part of the
liver.

fxD1 2 CREBEYR L. 2T, EFH
RHEALICHEBOFEEIg Y o FH &
(ml/FFlg) &R, RREDBBFMEOBEREE K
L7 (Table 6),

FrHIfaEse s, Frlg w3 5 A S KHF & (ml/
FFlg) »nd 5t~ T, TOHBREAE -BE
OEMARBD LI, LT, FFHREELHE
SRS OBEERE /g ik, 1 2HE2
@0.064ml/fFlg TH b, Zh X b i EEFE
T, BFMER - BREEEEDBEIE TS Sh B HILAF
HELieh i,
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— RFA I T T P BhAR A R o B S BT H B %R

Table 4 Macroscopic findings of dog's livers and gallbladders after injection of contrast

medium
No. Liver Gallbladder
{‘lftler Bleeding Recro: Bleeding Ty
injection Hog Granu- Nodu- Dif- Granu- Nodu-  Dif- sis
lar lar fuse lar lar fuse
1 + — = — o = — —
2 - - - = / ! f !
1 hour 3 + + - - - - - -
4 = = = = / / ! !
5 - = = = = = = i
6 - - - - ! / / f
7 - - - - / / / !
5 hours 8 = — - - - - -
9 - - - - - - - i
10 + - - - / / !
11 - - - - / ! / !
12 - - - - - - -
1 day 13 = = = = = = =
14 + - - - / ! / !/
15 — — - - / / / !
16 — — - - / / / /!
17 = = = = = — —
Jdays 18 - - - - / / / /
19 + - - - + + - -
20 = = = = / / / /
21 = = = = = = =
22 - - - - / / / /
7 days 23 - - - = / / / /
24 - = = - = = - =
25 - - - - / / / /

| Cystic artery was not opacified due to the position of catheter tip

—75, FrARaEEsE LISt OB » JE3E D #2210t
REBUFFERY ) OSKFE L OB, B
BB EIIERD bt otz, £ T, B
EREYCYoBEHOEARE, SOCHF - 0%
B E LS 25 EE 2 Sh b ERHIE A KE
(ChHBEFATEARELERCL, FFlg O E
DA RTRIL-TWR) OMENLART, B
T ER AR SRV ERLBA LT B % b
DF & 1T -7 (Fig. 11),

MR ENT I S 2 i FFRREEZE 2 78D vt A
2 DEFHITEARROIF1g M7 b o AR, HE

(22)

DI/ MEE, 0.112ml, 0.0084ml/sec T, L# o
FFRE D ZITEBIE LR bt 14 X OR/MEI,
FFlg 27z b I AR0. 064ml, ¥ JE0.0048ml/sec T
Hoto,

5 MAE &G LMt & oB# (Table
D

A BRIG60R o MBS B LR b i i
HEBRREORE (—~+) gk oiE
B (—~+) &4 225FIC o\ T HBIIRE L,
TOMRE FARENREOBESHENTSIC
B > CEFEIME - T AR BN A A b hic,

H AR ER B H45%

LG
I= ol

B0



Fig. 6 Macroscopic view of extracted dog’s liver.
The black and white spots in the liver (arrow)
are petechiae and barium sulfate injected into the
hepatic artery, respectively. (The barium is in-
jected to identify the portion with the contrast
medium being injected.)

s 3 ... -

Fig. 7 Mscroscopic view of extracted dog’s liver.
Neither bleeding nor necroses are found in the
liver and gallbladder. The white lines and spots
in the gallbladder and its surroundings are
arrived at by the barium which was injected to
identify the portion with the contrast medium
being injected.

FIHFRARERRET (1) Y RLE3ESIO
(xR 2 EHDE 5 FITiE 3T & o e B
MIAEE L BD bhic, —F, FRAESEREN
D Ohith -7 § T, FRREEOE L
oF (Ao N1 SR N S O

2. BRERGIC 5 1) % —B A0 M7 UE T A B ARE
FEDRE

1) BOHA D &#EE1B3 2 #at

FEFI60E10H 25

(23)
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Fig. 8 Microscopic view of extracted dog’s liver
five hours after injection of contrast medium.
Necroses of hepatic cells are seen around the
Glisson’s capsules.

one day after injection of contrast medium.
There is no significant finding in the view.

a) BOHA 0i&g# (Table 8)

WY, BEERLIc S T12141, B3
BRI\ TIRI016Ii 2T, BOHA K X 538
HHEALR, 608HORMBMHBIC OV TS
L.

RHROBEIRD 4 BER 5 Uiz, Tichb,
BOLAIRWbDER(—), bIFHBEDLRS b
D (1), Borz@EDdLhBL0% (+),
{RDBABLD% () & L1 (Fig. 12).

ERAEABBISDEOEFETIL, WTho
BRLES RS Hhiopd, JRPERE . BE K
BTN DOMNE L, (H) L2 1014k
5447 (53%), HE 12160111941 (98%) TH -
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: 2 Injection speed|
0.015-
Fs
A
&’
0.0104 s
"'
0.0084/=
&
? : o
LN T '-';’-‘ ..’_lf_, l ?f
. . N 00054,

Fig. 10 Microscopic view of extracted dog’s gallb- 0.0048 P
ladder one day after injection of contrast o P s
medium. Neither bleeding nor necrotic changes (,5 I v
are recognized in the gallbladder wall. The ves-
sels are filled up with barium sulfate. (The bar- - T G'l‘l'”z 15
ium is injected to identify the portion with the ’ Injection volume
contrast mediumn being injected.) utfliver 1g

Fig. 11 Correlation of injection volume and rate
of contrast medium versus appearance of ne-
croses of hepatic cells,

Table 7 Correspondence between extravasation in
arteriogram and microscopic view of hepatic cell

Necroses
Granular y . ) .
contrast 7o, EARBBHOEHE T, WwTholEl
sGeikhion A LT e, HEBIFFERIC DTik12l
Necrosis - * +,4 Total i ) ‘
of BIFR37HI (31%), ABIEREEEZIZ D\ Tik1014+
heﬁaﬂc 861 (8%), EEHEEYI2>\TiX1216I% 3 Fi
cells ; . % .
- R ; 5 T (1%) wibht, —F, () LEDOdH\ ER
. P i3, BRRRA12101% 361 (2%), iogeaeysn
) T E— PI01GIF1661(16%), MR UEH»3 121515614
Total 8 12 5 25 (B0%) @D b, frks, HABIBRHE DM
Table & Transition of contrast accumulation in clinical arteriograms
(15 and 60 seconds after injection of contrast medium)
Arteriogram 15 sec. after injection 60 sec. after injection
Cmtrﬂ S Gallbladder ;. i Gallbladder | = Extravasa-
accumulation wall wall tion image
o 20 54 119 3 16 61 0
(17%) (53%) (98%) (2%) (16%) 50%) (0%)
5+ 79 41 2 15 53 48 0
(65%) (41%) (2%) (12%) (52%) (40%) (0%)
. 22 4 0 66 24 9 0
(18%) (4%) (0%) (55%) (24%) (7%) (0%)
_ 0 2 0 3 8 3 121
(0%) (2%) (0%) (31%) (8%) (2%) (100%)
Total 121 101 121 121 101 121 121
(26) HAERSFE #4558 FS
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FEgT, BORRICALNI X 5 R
Frel@Bobhlhsic,

b) kD MEEH L & o Ll

@ FFBlRKRME ORHE (Table 9)

FrHuRasE 12851, A — Bk TR EIIRE: o o
2. BOHA & CA, HA Wit IHA cHiEFcE
b OILE 286, T2fl, 14GITH -7, Hoiks
DXR E LI FFBRE i X EHEFSc 635 %

l2c

Fig. 12 Clinical occluded hepatic arteriography
(hepatocellular carcinoma)—balloon occluded
hepatic arteriography (BOHA)

12-a BOHA four seconds after the commence-
ment of contrast medium injection (arterial
phase)

12-b  BOHA fifteen seconds sfter the commence-
ment of contrast medium injection in the same
case : Accumulation of the contrast medium is +
in the liver and + in the gallbladder wall and the
tumor.

12a 12-¢  BOHA sixty seconds after the commence-

ment of contrast medium injection in the same

case: Accumulation of the contrast medium has
decreased : in the liver, while that in the gallb-
ladder wall and the tumor is still clearly visual-

ized H.

DR, BEESFFPNCIREICE D5 ER LR
T,

BOHA, OA, THA & & HIEA 4 B0
BHEBWT, BETIHERE L AREOKREY
BRE R RTIFBIRKEE (£&# & bRA—ico
WTBR L) 23, BERFBIRY b iz CEmK
AL T 5 2SS, BOHA & OA-IHA
ECxOGKBOE (LIT “OBEE" LB
LA L7z, 7ods, BOHA o F0MBR T\ 5
1 bOE+(+1~3),FE>TBbD%—(—
12b 1) ¢LTHEbLI.

FEFI604E10 A 25 H (27)
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Table 9 BOHA compared with OA and IHA in visualizing hepatic peripheral arteries

*Dfp]:i c:fu;ahon Comparison of opacification of peripheral branches
— in BOHA and OA
artery Total
Meheadal +3 +2 +1 0 -1
angiography
CA 2 35 33 16 0 86
0A ?
HA 0 12 30 30 0 72
THA 0 4 7 1 14

+, BOHA is superior to OA and THA
-, BOHA is inferior to OA and IHA

BOHA & CA o l#Tix, oB8E. 2 U ED
b D A386FF3TH (43%) wRDbhis, Zhic
%t L BOHA & HA-THA o l# T3, SUEEEH
2Ll kDb DA% 272610 1261(17%), 14614 2
il (14%) EEA L, SEHEEF DL DL A
726150304, 14 7 41 & #EIn L 7=, —77, BOHA
& THA o th#ciz, BOHA o o FFBiRF M
ORHEPTREIER (HHEHE— 1 OEFD #1
BIFFEEL e,

@ IEHEEESIRE: OREHEERE (Table 10)

FF B 2 1286 b A BEGIBR Bl 3 & OSFFFIa < @
BEROFEI L ) REBHIROBIVERETH -
72TPIx B, EHIRELFT5 L E 2 Hbhi101
Bz oW T&iEF I X 5 (R EB R oo 17 H T
RS Ui, dEEE CA (T041), HA (G641,
IHA (12#1) % X O*BOHA (10141) TH 5. %
fEFl &, HBioi-» BOHA & & bic CA, HA,
THA owThd L ~ 3ERETEhT\w5, (B2
Bk EEALY LT O 5 B S Lz, 37
bbb, BE--FEEO 2T TLIRDLAIL
WwWhorkt, ThEUTobox—&L, HEXH
X S IETT A HESIRFOL/20HE £ THl
HEhsbok+, 3/4FTOLORH, LA
HXh?dorHe L, HEERRTER,
CA Tix704151161 (16%) &4 7 <, X vERH
7t ¥ T H H HA - THA T b £ 45641 F2001
(36%), 126 46 (34%) TH o1, Zhich
L, BOHA Tlix-H-LL EA3 1016158461 C, 83% & \»
3 BERICAD bR, £ OAHA101415541(54%)
TH-iz,

@ FE¥IEFEEERY ORI (Table 11)

(28)

Table 10 BOHA compared with OA and [HA in
visualizing cholecystic peripheral arteries

Opacification

\ of the cystic
artery = + + + # | Total
Method of
angiography
o | 11| 6] 2085|101
BOHA (0% | (13) | ¢ 6%) | (29%) | (54%6)
ca | 73022 o] 2] 70
on (0%) | 3% | 31%0) | (133 | € 3%)
: Ha | 5 |13 18] 14| 6| 86
(9%) | (23%) | 32%) | (259%) | (11%6)
0 a| a| 2| 2] 112
IHA (0% | ase) | (3ase) | 17%) | (179%)

7 3% /7 Qg

Table 11 BOHA compared with OA and ITHA in
visualizing gallbladder walls

Opacification
\ gla:;:s.--i'::lg'n — + + +#+ H Total
Mathod of
angiography
2| 3 g | 9|79 [ 101
BOHA (2% | (3% | Ce%) | (o) | (78%)
ca |an 83|l s 3| 70
(s9%) | (19) | (19%) | € 7%) | ( 430)
0A
ba |19 e [12] 11| 8| 56
@a%) | (19 | @1%) | c20%) | (1a9)
2| 1 2| 3| al| 12
IHA (7% | 83y | (7o) | 25%) | (339%)
«"’? 4/ f‘/?
N
+ + # "

NEZIBESREOHS LA TH S, [HPEEE
PR ORI HEEIILL T O 5 Bz S L, <7
bbb, 2{MHshitvwbor—, PEELRAD
/AL T ot % &, 1/2LFofit %+, 3/4LLF
DM+, /4L Eofit R HE L,

AAREKEE $H45% H0F
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+H L o f ik CA Tix11%, HA Tix34%,
IHA TUE58%i1ic &btz L, BOHA T
87% & BERICLED BRI, —H, —0flik CA Tk
59%, HA Tix34%, THA Ti17%icibhicd
XL, BOHA T 2 %ic@Bdbhicic ¥
fehhaic,

2) PR 3513 5 ZEie Bl 3 A iR

a) ek MEEFE & o R

(1) BOHA & OA & o tEgisd

LUF oA 3T R 3 FFlRESN s U 5 mEE
¥LETcoBEERORRIFELYORBRGEY
e, TN Y Hick->T3ica@Lic, +
ftbhb, 1. BRI WEEEHEORBTLADL
h, BEERROSRY RO BHEd o,
A3 2 @ Lo SR EEEE o LIRRSE SO
BHENALIELERH SIS, 2. BEH  UFA

Bk 1337

e, BEMHCHEEL, RIFE®E OBERNARE
fRind o, 3. BAH | REBERO P lZREH
HrRELTWSb0, 03B THB,

O FEZHEOZWEE (Table 12)

FRES R BER U 1 1% BR < FTHIReE
12780 kT, MBS R b EEFROER
By, BB, ToEkE EEERREOMED
SE BT BOHA & OA % HBetasd Lz,
R L LT, iR T B RRE RO &
BIOBEY, BECHEFELEEYEGY S

CEB b A radiolucent rim? OREHEE 2, [ES
HEEFECREERBROILA D 4 L Y HIF:,

Wihd BOHA TOLBHATRETH - b D%
55 (excellent), BOHA @58 b F DHE
HiERTich 0% BIF (better), BOHA &
OA OMBEBTH L ZEERRDILD>Tc b D% R

Table 12 BOHA compared with OA in visualizing tumor stains

\Ofpm_ﬁc: tion BOHA compared with OA _y
2 Tam umor Excellent Better Same Worse e
Items examined

Tumor opacification 12 74 36 5 127
Tumor capsule 10 27 40 5 82
Tumor extension 17 33 73 4 127

13a

13b

Fig. 13 Comparative views of main tumor in BOHA and OA
13-a Late arterial phase by the common hepatic arteriography : The tumor is

not detected by OA.

13-b A tumor (arrows) is clearly visualized in the left lobe of the liver by

BOHA.

AEFI605E10 7250
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% (same), BOHA it X 2 OA iclb~T R
BTHoTcbDo%RE (worse) &L, Zhb 4B
M X4 L CRIEE 3THE i L e,

D EEEOHH

BOHA 7 OA & b [EZHEORHEECEL T
Tob DIk, 127#186%1 (68%) T, = DHI12FIIX
BOHA To L IEETH - 7= (Fig. 13). F 7,
FEE3641, RARILSFITH o, TEO S I
Wb MTEEERAL & b Rz h & WaET
HEIRET (BIERFEIIR 160, 5B B 3 M, K@
Bk 14D Ho5FOMBEHHKAL, HERIH
WEhich, WERIHLORAECATCHEND
FFRBICEEF % 0D A ied - EFT
Hote,

i) [ 18 s o> i 1

WA M & | radiolucent rim & L TH#HEH
T& 7o b OR127H14826 <, BOHA 2% offi
CER T e b 08261374 (45%) FFEE L 7c.
¥, ZOHFEBOHA To LT T
Hoto, TEBRAZEXAE, FRIESHATH .
REO 4G D &R, MEBEWEAL L b EE
BERATEYWEE»LOLEDOMBIHADEL
EEFITH D, 14k BOHA 1T X % B8 3 i
BEDTHL, P> THEEOHHEITE Lk -

1

4a

TEGITH - 7.

iii) e REE O H

BOHA ¢ X b A T & 7o b 0 1X12764
50 (39%) T, ALTHITIE BOHA IZX - TD &
HHETEGERGEYEET 2 LTk, &
CRERSCREENOBEE CIERN X Bk
TAHEMICH -7z, Tk, FASRT3H, FRIT4
FITH-Te, RED 4AFN D, i) & REREMT
BHoie.

@ /NESZ B OBHIEE

FREBR LD, PMNEEREIME SR LR
THPMRRE (MEFELELORDLORBRAL
7o) ELTHIHIh AN, ZoHiErownwT
BOHA & QA % Hltkat Uiz,

128F/NEEE (FRNEBEL L) YT

Table 13 BOHA compared with OA in visualizing
small hepatic tumors

Number of tumors
detected by BOHA More  Same Fewer Total
compared to OA

Number of cases 55 27 1 83
(10)

(); Number of cases in which tumors were detected by
only BOHA

14b

|IL

Fig. 14 Comparative views of small hepatic tumors (hepatoma) detected by

BOHA and OA case I

14-a  The main tumor is seen only in the lower part of the right lobe of the

liver with an arterio-portal shunt by OA.

14-b  Even a small tumor is visualized in the left lobe of the liver (arrow), and
consequently a curative operation has been judged to be impossible.

HAERSE H45E HU5
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THEFIE OA TRT361 (57%), BOHA Ti38341
(65%)C, 45PITRVThoBEFECL > T/
BHEE T EHE I, 2T, BOHA, OA
DUWFThirie T MNEBE » B C % 72836l
DT, WE OB EECE B ES L 7z (Table
13).

OA T/NEBRE D & HE & h 556151041
I BOHA & X » T/PNEBHE D LR F1- 11515
T&ic(Fig. 14), %7, OA C/NEBEIH 5 &
HE TN AT3 O F T 45601k BOHA 0 X » T
Fricio/NEBRVBRIEEh, L& o/NEBR
PEET B EHMEBE R (Fig 15), hbd
BOHA iz X B # 1=/ MNEBE B H X 57556
DA, BOHA Iz & % /NESBHEIE R 01z IR B
FrE0BR D REETH 5 & HIBA UICEERIAS 5 BIFETE L
o, Tak, MBIV THRHEZEZEYRDh -
b DR2THITH -7z, —F, BOHA, QA & bic
NEBEI B X R, Fo%izs\ T BOHA
L o TOIEGIN L BIFEE LT, Zoflik, A
FF8ARD 1AM B+ 48B8IR L b S+ 5L R
DFE LI, MITERATRIEES & it TR
Thotz,

(2) BOHA & THA & o thiskst

15a

Table 14 BOHA compared with IHA in visualizing
tumor stains

acificati .
AN Opacification BOHA compared with ITHA

of main tumor ; Total
Items examiﬁ\ Better Same Worse
Tumor opacification [5} 8 2 16
Tumor capsule 2 9 0 11
Tumor extension 4 12 1] 16

BOHA & THA OWjE % [ HwfTiey, &E#e
% LEBRES T & 1o MBS 184 i > W TR R 2 7T
Te o7,

O FEHBHEOEYE (Table 14)

186, EEFHEOBHIC O\ THE %
ATELDORIHTH -7, o 2 FliEEBED
HHBRCEE I Tiobhl: 141 L, THA 2 EEES
RO llies LCiTebhic 161THh -1, &
ARER, D EBEEOME, i) BEHEE KL,
i) EFERBEOMED IHETHS, T
FHHEEBOHA L OA LD BEOHLIALTH
5.

i) EHEE O/

SR ORI IHEOEIRD b -

Fig. 15 Comparative views of small hepatic tumors (hepatoma) detected by

BOHA and OA case II

15-a After transcatheter arterial embolization, main tumors have completely
disappeared and daughter tumors are vague in the angiogram by OA.

15-b  BOHA visualizes not only main tumors in the ring-shaped accumulation
of contrast medium but also many minute tumors of the liver in the angiogram.
The diameter of the smallest tumor stain is one mm.

60410 /250



1340 — WA I T T P BhR & vk BB T 2 B4

fo. ESEOELE 116415 6 1T BOHA »#
hT\wic, RAZR8H, RERE2HATH 7. T
Bo 1 fIREEHEAR - EE L DA THIE
B - ERTH D, o 1 Gl mTEETER
X b KR AT Y EROFEC X D MK
FEUWT DSARGE S L 7 » TOREFITH - 12,

i) EEHE O

WEic X 2 MAEEK E, radiolucent rim & LT
WEA KT &b 016FIPIFITH -T2, 11
Btk 2 flic BOHA i X » T X b B /o @B o fif
Haimabh, 9FICIRBmEICELRD LRI
fo.

iii) A R AP o R

B 1o, BER 26, REE MO 46
123\~ T BOHA iz ) % [EEHE B F o R 2 X
hRIFTHot., MORATIHECELRD
haitz,

@ /NEBHEOKHEE (Table 15)
FAREBED X 5 iv/NEFRZHE TRINTE
T REFNE18BIR 1261 T H - T, filld 6 HlIRME &
b, /NESE D IR EHIE S R IERITH - T,
BOHA, JHA o WFhmic s W TNEBR 2K
HC & 7126l o\ C, T35 OB ERRE R LhEL
Lic. 12¢9p1160cix, THA i© X » TNEBER
B Ehieh, Zollfld 6 Flic, BOHAWZX -
T bt/ MNEBE R S hic (Fig. 16).

' -
A ]
& iy
e
i

16a

Fig. 16 Comparative views of small hepatic tumors (hepatoma) detected by

BOHA and IHA case |
16-a Five tumors are visulized in the liver (JHA).

16-b  One more tumor (arrow) can be detected by BOHA.

Table 15 BOHA compared with IHA in visualizing
small hepatic tumors

Number of tumors

detected by BOHA More Same Fewer Total
compared to THA

Number of cases 7 4 1 12

(1)
( ), Number of cases in which tumors were detected by
only BOHA

7012007 1 flcik THA 10 X » C/NESF R > 4
HTE¥, BOHAILL o TR UDTL DFELH
bk fe o 1o (Fig. 17). Tods, WH OB HHER
CERBDED oL ABTH T2, —7H,
BOHA 7' THA X W IR B E L Vi dhotc 1
B, MFEEEA L » REBRAT H5YERK
DEEIC L b M A R5ELE & Te- A ER T
BoTo,

b) YIERFF O REEAIT R b Al B HEDOKR
% (Table 15)

BOHA # )8 & b7 FF i K194 > T I
HEEE T RO ARG X ) EHE A
SETBE, bR ch, Thb
19%1o BOHA & »&¥ &Y, TEFRE/DE
B ¥ 07 hF oW T EIBRIFO WHERRYRAT R &
BRET LA,

(1) EMEEEOHHIEE

BAERSE #H46%E HUFT
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17a

1341

Fig. 17 Comparative views of small hepatic tumors C(hepatoma) detected by

BOHA and IHA

17-a Four months after the operation (enucleative resection) : No tumor is

visualized in the liver by THA.

17-b One small tumor is detected in the right anterior-superior segment
(arrow) by BOHA performed after IHA at the same contrast medium injection

volume and rate.

FEHFHR BT 2 BEEOE R, BENSREOE
oW TRRE Le, AIRAVIZIX 196 1851
DA ED bhi-oicx L, BOHA 194l
SR OFLE % "% % radiolucent rim 23
wH LI, ¥ EENRE AR5 8
PlhiziBd b hich, BOHA K WTHE LT, M
FEiIx—FL T,

(2) /NEESFRE O g

&5 > FAE R AL 1 Couinaud D 48N HE - T
e 8 BKiE (5;~Se) wmEIL, WThoKigic
BT 50 TrLi, BHZEMTDO 1617k < 1841
EEWCTHBRACMEERE (FAEBE LIRS
) 2358 bR 0131061 ¢, BOHA wB\\Th
18I 10 B 3L & 7o X E B OB E A BTz, *
h b DOFIERAL I X OMEEL1065 8 Flic s\~ T
MET—HL T\, ERLITTE, NMNESE2E
2, BEARACEEERCE - THEELTW
DT, IMEEH (BOHA) ok » T Tk
Dotz FEFI 8 TRARKCEEMMIE (S,

FEFI604EI0A 258

(33)

b IFHE AL Liohs, BOHA Tidh 5 — 5 A48
PEFBIRACE VT VSR, EFER~0E
FHIB/APAR E RV EH S hithote, s,
BOHA Iz X h B ShIFBERICTHE»D 5
nic/PEE B O K 2 E AR em, &/MR0.2
cm (Fig. 18) TH -1z,

3) BIfEH ¥Rt

(1) E¥FROBEMEIFROHE

A L BEEECE, BYonEEEEzd
HZONBHEHOBMBARD L, TOREHN
FPLMFIARFELL, LrLEERBRCIZZOR
RUTEPLHICHEL, o EEHERLR
Hbhhnirh o,

(2) FaRABE IR x5

AR AT LA IaRE 12860\ T, iR
DMEEHR, ik, FoHOEBBPICHT S
hic 2 B HoMEE#ico\ T, MERECHRE
OELEAE LMENECRECOFELHRA L
7z,
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Table 16 Comparison of findings in macroscopic views and BOHA. for resected livers

Macroscopic findings Findings from BOHA
Type and Inf?]" Small Im'-.l - Small
Cases 5 tration . - tration .
size of Capsule tsid hepatic Capsule tside hepatic
tumor outsice turnors R tumors

capsule capsule
expansive +1 +1
+ + +

1 68 9.5x10x9.5 * (Ss) (Se)
expansive B _

2 oM 4x3.5x3 * T
expansive

S 20x20x11 * - *
expansive ’ _

S 5.5x4x4.5 * M * )
expansive +many +many

+ + +

S 5.5%6.5%5 * (Sens) (Sens)
expansive _ i i

6 54M 1.5x1x1 + +
expansive +1 +1

+ - + -

¢ S 3x3x3 S (S)
expansive +5 +4

§ 49M + - + =
6.5%6x5 (Se.s.5.9) (Se.5.8)
expansive +5 +5

69M + = + o

! 6.5%5.5x3.5 (Ss.s) (Ss.s)
expansive +many +many

10 61M + + + +
5.5%6x4.5 (Ssns8) (Ssns)
expansive

2M - = + = =t

i1 B 0.7%0.7x0.7 *
expansive +3 +3

12 GGM -+ + + 4=
9x9x8.5 (Ss6.0) (Ss.6.8)
expansive +2 +2

+ + + +

18 BIM 4.5%4x3 (Se) (Se)
expansive

il 4.4x3%4.3 * - *
expansive . -

LA 1.9x1.9%2.3 * *
expansive _ y i

L 3.5x3x2.5 * * * )

17 Bakk expansive " + +3 + + ey
5.5%5%3.5 (Ss) (Ss)
expansive _ _ i »

13" 1M 2.8x3x2.7 : *
expansive N

19 50M 6.5x5.5x4 + / + /

Case 19, enucleative resection of the tumor was performed

HERF O MBS MBI T, 12841 2 Flic e EE
NEFFIRTEE & 6N G Y R,
¥, BB RONII28FIFRIBIFAEL 1A, Z D
A 3 Flic MENECERE OR/MEr & b iz,

(34)

ThbOBE, A — v RERE IR E
Tk A — v h T —F AR LIl F O KE
@b oh, BERI» T - FAEHRLGERS
NIEHAIDMERE BN 5 - L T

HAERSE $45% F105
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Wi,

(3) &R O #EREHEOLE (Fig. 19
REOK « BECRIETHEY L DD, Kk
WATHT 3 & OWafTH 1 38R LA i SR N i 3 44 b
FERBE T icbh 166z su T, GOT, GPT,
ALP, ChE, T.Bil % #l5E L7z, 16611z k13 5%
GOT, GPT oi#iifEIx4 «&E274KU, 151
KU, B&{&26KU, 20KU TH - 73, BEHH1~ 7
AEIOZELIZIZE A LYRED BRI -7, ALP D
& B8 (X166 B E26.4KAU, B{E6.5KAU

18a

18b

BRFI604E10 A 25

(35)
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18c

Fig. 18 View of small hepatic tumors (hepatoma,
case 9detected by BOHA
18-a Parenchymal phase (OA) : QA can visual-
ize only main tumors and three small tumors in
the liver.
18-b Another two small tumors (arrows) are
detected by BOHA.
18-¢  Macroscopic view of the right resected
hepatic love in the same case : A minute tumor (2
mm in diameter) corresponds to that detected by
BOHA (left arrow in Fig. 18-b).
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Fig. 19 Variation in GOT, GPT, ALP, T. Bil and ChE after BOHA
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