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Abbreviations: ALP, alkaline phosphatase; BF, bypass flow; Ca, hepatic arterial oxygen content; Cp,
portal venous oxygen content; Cv, hepatic venous oxygen content; GOT, glutamic oxalacetic transaminase;
GPT, glutamic pyruvic transaminase ; HAF, hepatic arterial flow ; Hb, hemoglobin ; HE, hematoxylin-eosin ;
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Fig.1. Schematic diagram of experiment. A, the control group (n=5); B, the hepatic artery ligated group (n=5); C, the
partially arterialized group (n=5). Resected part of the liver is represented by mesh. Cholecystectomy was performed in all
groups. The hepatic artery was ligated and dissected in the hepatic artery ligated group and the partially arterialized group.
Dissection of the hepatorenal ligament, the hepatogastric ligament and the hepatoduodenal ligament except the portal vein and
the common bile duct were performed in the hepatic artery ligated group and the partially arterialized group. PV, portal vein;
HA, hepatic artery ; GB, gall bladder.

HPT, hepaplastin test; PaQ, arterial oxygen pressure; PpQ, portal venous oxygen pressure; PVF, portal
venous flow; PvO, hepatic venous oxygen pressure; PVP, portal venous pressure; SaQ,, arterial oxygen
saturation ; SpO,, portal oxygen saturation ; SvO,, hepatic venous oxygen saturation
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HEH L.

Ca=(Sa0,xHbX1.34) + (Pa0,x0.0031)
Cp=(Sp0,xHbXx1.34) + (PpO, X 0.0031)
Cv=(SvO;xHb x 1.34) + (PvO,Xx0.0031)
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Fig. 2. Changes in serum GOT levels after operation. Each
point represents mean£S.D. in five dogs. O, the control
group; A\, the hepatic artery ligated group; ©, the
partially arterialized group. =**1, P<0.01 vs the control
group ; *1, P<<0.05 vs the control group; *%2, P<0.01 vs
the hepatic artery ligated group.
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Fig.3. Changes in serum GPT levels after operation. Each
point represents mean+S.D. in five dogs. O, the contral
group; A\, the hepatic artery ligated group; ©, the
partially arterialized group. #**1, P<0.01 vs the control
group ; *1, P<0.05 vs the control group; **2, P<0.01 vs
the hepatic artery ligated group.
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Fig.4. Changes in serum ALP levels after operation. Each
point represents mean=S.D. in five dogs. O, the control
group; /\, the hepatic artery ligated group; ©, the
partially arterialized group. #*#*1, P<0.0]1 vs the control
group ; **2, P<0.01 vs the hepatic artery ligated group.
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Fig.5. Changes in HPT activities after operation. Each ?g. Q

point represents mean+S.D. in five dogs. O, the control 0 .

group; /\, the hepatic artery ligated group; ©, the % o

partially arterialized group. #*x1, P<0.01 vs the control
group ; **2, P<<0.01 vs the hepatic artery ligated group.
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Fig. 7. Comparison of hepatic arterial flow and bypass
flow. Each bar represents mean®S.D. in five dogs.
Range of meanxS.D. of hepatic arterial flow in five
normal dogs is represented by mesh. [ ], the control
group; W@, the partially arterialized group.
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) i ‘ Fig. 8. Comparison of portal venous flow. Each bar
PFig.6. Aortography 7 days after operation in the partially represents mean=+S.D. in five dogs. Range of mean=+S.D.
arterialized group. Intrahepatic portal vein is fully in five normal dogs is represented by mesh. =[], the
demonstrated through the femoral arterio-portal bypass control group; FZA, the hepatic artery ligated group;
(arrow). B, the partially arterialized group.




886 R Lo

W %10% w1~ ) v ol BEEEE, SRYA2ERL
ARV ) v d O v REI I VREERENREY R
7o, YA ERUIFFREOFFFIE, RS, LB BT
JFFIERAEAE D Rl 3t L CEREF A 5 mm BOYA 2/ER L
7o, R 220 v v REOE(L, FEEOE(LIZow -t
T’L, HBIRGEETE & Do OPIREIIR b5 % LBy Lz,
1 XOREDHECOWTIE EA® OSFETHE, KBRS,
fREEMEIEE, NERIEBW 5V, ThEhORERMENEL
oW THRE L.

V. ¥EEtEaouE

BERENF I PHE L RERETEL, METEHBREITEY
B, SRBRE, FBIRGHE, So0PIREIIRMCFEOLBEOR
EMEE GBSO, Scheffée DFER & b FHMCH-TH
BEERERTV, PLO.0SREREERD LHE L.

15

Portal venous pressure (cmH 20)

0- m &
Fig.9. Comparison of portal venous Ipgres.sure. Each Sbar | . SEREEC &£ BRE
represents mean=+S.D. in five dogs. Range of mean+S.D.
inpfive rzorgal dogs is representid by riesc;i. [, the 1. GOT o%ft
control group; [7Z7, the hepatic artery ligated group; miE GOT OEBNELr A s E, SBHETR1IAE
B, the partially arterialized group. 209+180IU/ml & tH L7cay, 3 HEBELBIER LY (K2).
(B) (%))
mbﬁMn.‘ ml,/min %
60 : 60-
: % % 1,% %3
! 2
501 104 50- %
.:._ ': %
3 o
: %
3 é
40- 3; 40 |
5 %
- %
- %
30 2 30y
g %
5471 %
| -
20 : .;.
L
SReany ¥
oo ._.:::::
[ ":I::Z:.' .....
10- 104 Z
%
o
%
7
0 —

Fig. 10. Comparison of hepatic O, supply, hepatic O, consumption and hepatic O, consumption rate. Each bar represents
mean+S.D. in five dogs. Range of mean+S.D. in five normal dogs is represented by mesh. (A), hepatic O, supply. (B),
hepatic O, consumption. (C), hepatic O, consumption rate. - [/Z4, the control group; [_], the hepatic artery ligated group;
B , the partially arterialized group. **1, P<0.01 vs the control group; *1, P<0.05 vs the control group; **2, P<0.01 vs the
hepatic artery ligated group; *2, P<0.05 vs the hepatic artery ligated group; **3, P<0.01 vs normal range; %3, P<0.05 vs
normal range.
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418+2501U/ml 4B & HEILEX B Ieh o e, ¥ fFEIR
BEBELOMETIINE T HM2 B L TEBEM[L R L
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3. ALP 0%t

miE ALP 0 &ERNELx A% E, WERHETIZLIBE
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B 6660+3180IU/ml, 5 B B 8830+5480IU/ml, 7 A H
5790£3470IU/ml & MfAREW R LT 3 B HLME B EELT

(B) ©

Fig. 11. Comparison of pH, PO, and PCO; of the hepatic vein. Each bar represents mean+S.D. in five dogs. Range of
meant8.D. in five normal dogs is represented by mesh. (A), PO, of the hepatic vein. (B), PCO, of the hepatic vein. (C), pH
of the hepatic vein. [ ], the control group; [Z4, the hepatic artery ligated group; HEl, the partially arterialized group. =1,
P<0.05 vs the control group ; *2, P<0.05 vs the hepatic artery ligated group; *3, P<0.05 vs normal range.
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Fig. 12. Comparison of lactate levels of the hepatic vein.
Each bar represents mean®S.D. in five dogs. Range of
mean=+S.D. in five normal dogs is represented. by mesh.
[, the control group; ZZ, the hepatic artery ligated
group; BEE, the partially arterialized group. *1, P<0.05
vs the control group.
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Fig. 13. Changes in energy charge between preoperative
state and 7 days after operation. Each point represents
mean=S.D. in five dogs. O, the control group; A, the
hepatic artery ligated group; ©, the partially arterialized
group. #*x1, P<0.01 vs the control group ; #*2, P<0.01 vs
the hepatic artery ligated group. #**3, P<0.01 vs preoper-
ative state.
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Fig. 14. Cholangiogram of the specimen on 7 days after operation. Paucity of intrahepatic bile duct is noted in the hepatic artery
ligated group (A). Intrahepatic bile duct is demonstrated normally in the partially arterialized group (B).
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Fig. 15. A, macroscopic view of the liver in the hepatic artery ligated group on 7 days after operation. The entire surface of the
liver is found tinged with a dirty reddish livid color, involving some areas of yellow or black color. B, macroscopic view of the
liver in the partially arterialized group on 7 days after operation. Color and consistency are kept normally. C, cross section of
the liver in the hepatic artery ligated group on 7 days after operation. Necrosis exists at the whole area of the liver. D, cross
section of the liver in the partially arterialized group on 7 days after operation. Color is kept normally at the whole area of the

liver.

Fig.16. A, hepatic parenchyma in the hepatic artery ligated group on 7 days after operation. Hepatic parenchymas arround the
central veins are necrotic all over the liver. (HE stain X100). B, hepatic parenchyma in the partially arterialized group on ‘7
days after operation. Hepatic cells show no damage and there is no destruction of the structure of the liver. (HE stain

x100).:
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BRI LW LD IRIEMI INIHREL>TUL B DD,
FBREBEIFEOCEETHE S HBEFAL BRI
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Fig. 17. A, microscopic view at the large intrahepatic bile duct in the hepatic artery ligated group on 7 days after operation.
Epithelia of the bile duct are kept almost normally. (HE stain X 100). B, Glisson’s capsule at the region of the septal bile duct
in the hepatic artery ligated group on 7 days after operation. Epithelia of the bile duct disappear. (HE stain x250). C,
Glisson’s capsule at the region of the intralobular bile duct in the hepatic artery ligated group on 7 days after operation.
Epithelia of the bile duct are markedly damaged. (HE stain X250). D, microscopic view at the large intrahepatic bile duct in
the partially arterialized group on 7 days after operation. Epithelia of the bile duct are kept normally. (HE stain Xx100). E,
Glisson's capsule at the region of the septal bile duct in the partially arterialized group on 7 days after operation. Epithelia of
the bile duct are kept normally. (HE stain x250). F, Glisson’s capsule at the region of the intralobular bile duct in the
partially arterialized group on 7 days after operation. Epithelia of the bile duct are kept normally. (HE stain X250).



892 &

T BIIRE N T o3 B SR BOPIR B AR b ik 0 B AT >
WTHE LTV, ORI ARBEIR & PIRESHUE OBIC
KA RARF o —THBELAL A RY TERATC—EDAA
AFEAHE L LOTHBE, EFAEREIBMETOR
HHMOBRHTHD. SEILE VERCH LR EHL LT
FREh B 7 A b » TEORRMBER L BER L.
FOtesd, TFAERTIRABER L FAMKR A A9
Frowrsr—EEBEATF-FAXECTI A ERICE
DAL HEY & ot TiebboAM F Ry 7 OEFATTRERRE
BLFBBELEhTWA2 2L, 1 XORREREL, ¥ —
TOBNBSECIRBYETATEEIB N LIER LS.
SEMER L7y v 47— YEE(LS 7 - Frikiimgic 3 <
hTHh, UABCEEE S Hh, BERER L OCRESE
WCRIETHERI & TR TWADY, EERW B b MR
4 RERCTKBBRC L ORDOF . —72HFBLTED
M ELHE Lids, 9Fr OF 2 — 7B\ TH 100ml/min
THots. FIE™ T 100ml/min & 200ml/min D3 %A M
BB UC 3 BREIO&E T 100ml/min AEHKRETH S
ELTWAY, SED T AMOKH Th, ZOEHRELHR
THEMNTIFr # . — 7 2FR L. o OPIIREIIR ML HF
D7THBEDAL AR 11349.8ml/min THH, 7 HME
ChihhERMFEENB bR, TOXI5HEFNIOHRIT
I - THBIRERRRC 3513 5 82 B PINRBIR i f Lok oD e B
TEEY T RMchlhRET A LA Lo .

FEIREN 2 T BuE T8 B) LT, Haberer™ 84 X
e X ORBIREYERTSE 100 3 BEFEFR X hFETT
B ERRELTUR, FOBEMCHENERCI IRER
nTER. L L Markowitz® 2 KBEOR=v ) V5L LD
BERHNI00% A HBF~KIFTET Lo LT, FEIRERT
Lo ChHEFTERBEVIH I LERLE. K ELY
RABFTRA MT LS 3T BIR % MRt L C b BAAR
B b OFRMOEEAEINT A DT TRMETTHEHREL
T3, SEORN CHBIRE /L L SEAT BRERFLR
N, AR LT rere 7 T AECHHBRELES 2
THSRBEERET LI E L, FEANERERLCZ &
IhTHEOEFEXBLhDLEELLNS.

— BB ERE, F~0MBImTHOREZC & 9 BIROIT
NEET S L DBPETE Y. FAOEIMTH & L TiL,
=B R O i MBI O £ B Bjlikds H 0 ZEBIFF B
RisERETHI NG, & ZAHAF+IBHES IR T
MR NS ORIEIMITRISERER Eh s Z Ll b, 4E
DEFAERIZECTH AR I h b OEREREEL ML T
. Lal, ThODENRELINL Tk, BFRMICET
AREIMTROFEEIHEL VEHRIA TS, ZO/EIMFT
BELTA REACERHCEOCTIRAEE 2 LD ELTT
BRERASOL— F BEERIA TS, ZOTHEBR?
LD~ MIZink Popper B BEBBRM-ALDL -},
Jefferson 5%, Grindlay H™ 12T k#E%, BRE Y b OR/NE)
IR, IR 34584 C A & OfER» S OBIRNMLIER L
TV, BELNRTEEBIR» O FEREHE~E» S5 L —
b, AEREED D TABIREVICRAET 5 NBIRCBEEE D
BN, BRAERVICIFRRE~E2 5 Bk, Z B BRSO
BlmfF% a2 BIFCvb. iz, MEIMITERASEET S F TOMH
iz ouTId, Jefferson 5%12 3 § E, Popper 51X 5 HE,

%

e BRI CRBIMTRORELRDIZE LT, B
BN B Tik, Michels? i ZF~DOHIBEIMTEE & LT280D0~ |
BEDLND EHELTED, Plengvanit® THBESRK, B
TEIR, BEK, EEBR:SOMEILTHEILEET, #ikl
BEMLEOREXTDIE LTS, Lt TIhbHE
MmMAFRAET B TORME, FEZORAYENIETLIEL
ZAEFOROMELTHP/FLL5L0EEXLRD. L5
O ZhSMEImMTREPEET S E TOMMIIIAERL]
BRI EIRTWAZ EMD, SEOT AR E 5 BE R,
HEIMITHRATETHOTHTHo&ELLRS.

=B FIR B IR M f L3k BE U C v AR B IR IS I % D B B8 585 11
EELCBRYERECEFTIBHROLFIRNCHEAZLS
E#9C Narath® REBBIRE MIRA~NELA L TELX LD, £
DB D CHE LT\ 5. F i Shilling H™ LEFS
IR OEAL A PRI OGA L HET, TOREDEERRELT
WB . KB BT SR AEEIRTAIO T ARRE LB
RIEEIR L ey s, & Hch KRB IR BB IR & £+
MUEFETOEDGERRELTVHOEIILD, W2HhD
WENZSLN D™, LT AERLE Y FBRBESCTE
FHEREE, FOREARENELEFL B LcRER:
WL AEDY rFF—EREIELY T - TFAEBEC L VDT
PR D B4 B BHIR M1 L 25 D BRI T BUE 3 8% 7 BRI
iz h R E LB,

¥FTIPaBERC L v X OBEYRFT 2L, PN IFE
IRkE3iz X h GOT, GPT iZ#Em LR AR LI ERELT
WA, SEOKRE TS FEBREHFIMNEL B B2 5 GOT,
GPT MRELIEMEERLTHE) SHBCILIC EREYRLE
MlaREE 2 e L. —HEamPIlREIR ML S Tk

BB GOT, GPT © LE* R icb0n 3 A B URETHA
#REL, TAECEHBREELRDIh oI & X 0 FRE
EEI—EHHTHH, POEETETH-LZ &ERLTY
5. DEREEREECHS ALP R X0 RET5H L, Z0DE
12X DEEC, FERGEERBECIIMAEIAE X W EWLLRY
Wt DR L, BAGIPIREIIR ML BT 7 BRI A
CCHBR L EYRDT, BEROBEERZHCMEI L.

FAREBETHSD HPT 1k h FFEEL I+ 5 &, L™
BRI S EE A R Lt L BE LTV B S EOKRET
b RS B IRAS SRR 36\ T3 7 ARS8 U CEM & Fi L
fo. ThicHR LIS mPIRBIRICBC LTI T BAKIRE
B3 1009% W EIE LT3 D FOBEABMED E A2 5 b FBED
EE A S i,

ST FFEIRIL S A 5473 X O pH, FLERER X B FFAR
B et s &, BIEY FBIRGS 3 RS Rikn 0. 7
Fi219%ETF, CO, & FEi232% LR, pH 2717 TETLL
EL, FESY REAEES I X BRET, FFA p0:
BHIRTENT 1556520 % RIS DEIC ¥ TET L, FFP pCO: (28
IR 304 I 1 2200% 1 E THE L EBE LTS, Ih
& DR T BIR ORI X 0 R~ ORI E L
PO pO, BMET 5 & & I pCO: BERLT ¥ F -
ARETTHZ ERRLTWE. $EOKE Tk O, HERK
BRI B TR BRI LEBICET Lie. ¥ 7 pH iXFBIK
RAREETT.23 L E T L, FFBIIRAS IR R0 54 U % PO, DB
F, pH OETFTEVCORANTHBE TR LA EERLT
Wh. F R RFRIR R OFUBE D B T B RS R THR




AT =T VBB X 2 HAHFIREIRI LD MRET 893

B LCEBICER L, FBREEIC X 0 FRAFEHR
BWEHETERS VBRI RBCB T LAt RLTSE
n, COHBODERIZL ) pH DETFTHE LS DEEL SR
%, —H S FIREIR M (LB ds W CRFBIR D+ PO,
PCO,, pH, ABETERE, WBEE L ZLBDHTHSHMRK
BRmILIC X D 7 BEWC 7 b IF SR MR 5 = & AT
EThoT.
FABARBOFMEE LRz F—F & — SR AL,
it Atkinson" A= XV F—DELELEBEDO AT v AR R
THOLLTRBLABMATHS. EFTRELLTTF=
V- P EF—EIZ L DIZIF0.SSRIEDOMECHREL X5 LT 518
Er@E, TOETIL ATP EADETELIEBOTELE
KTAEIRTWD. FOKOTLER 1T > & RO =%
NE—F 5 = VIERFOIO~ISF URICEENDEHCET
L, bAHERFMYBL =R F—F » - CHNBEREEBBLS
L3 ha v R ) TRATMEOBENE Z b BTG
Y, COFMRCETAERRZ0.TEELLR TV, FF
BIRGEEREIC BT D T RO =3 AF —F & — 2130.67£0.05
THH, WBEE, FOMFRDIKROEHECHLTERCET
L, LhbZOBEREETEbok. —F, HOMPIIRENIR
EBICHRIT A T HERD = 2L F —F 5 — 2130.82£0.005TH
b, NBELABREZROTIHMRIBE T ACLE =%
FoRREEIRIZERRLTOS.,
DERFORBEBENFT RN FEECREY M+ 5
&, FBRGEERBCRSWTHREDRHIEEY R, REE%
BE, NEMBECORE EROBEIE, WEIEBPTH 1.
ZRAF—F o — DIKBWTFHROBE, BECNEicox
NME-PEEBEIN T WS ERERTH L, TOHL M
R, B¥LRO%EIE, REILETL, BTS2 I 9ECT
HZLERTFREINA. R ULABBEECSCUIRE RO
7, MERFRERDLh o7, BERBCREEREDTE
(peri-biliary plexus) & MR A M7 MEWRELE LS, Th
BEIRCFIR BN L TEE LTV, FBREHL
RIZ B3 bR HEE R B o0 IR A B I 3 1+ — fR B Rl
bOZEBIC & 0 BIR MO HEAE S MIFRABBE D ERITAA
5UTEREERERcbDEELLRS. LirL, & bhRMYD
FREEME IR o/ NERIE S B 5 T RE oMM E\ e T
BTwaZ &b RERARMMEEY N 58RO & T
ACHAL CHABBEDIZ R ERTHCEEE oD EE
2bhd. HoMFIREBIRMCEIC I TR RIIE, ek
BE, NERBEOTRTOBEFLER I OFEEMROBE
EROTRAF -5 5 - COBIICh D » TR BEL R,
REABEMOTREC B\ C b BIRESIFC ST 3 500k
IR b DB B2 FED DIz,
EZATHERZZFOREOHIBE L 5D 5 &L R TE
DT, FBIRE & 2 BMEHEE T SFFHEREOWX ¥ 5D 5
ED|ERL LD, SEORBE, EHEHEEFORNTLH
0% &3 RERTH - 1. FBIRARC X 2FMIROKE DL L
2\ T2 Andreen 5% 1391% 184>, Hasselgren 5™1282%
A, FRIS® 21129 8n, PIEM L LA Rd i o7
EBELTBY—FE Lisy. BRI L 2BEEGEE
DE(IZ-2W Tz Andreen H® 12 JFBIIREE R4S B 64% 1T 15
T, BIE™ B IRAS A, 3 B II60% I E T L s BE LT
WA, SEORE CRIFBIRERET 7 BEOMIR LK RN

BELELRDILh o 7ot, BREBEINBRDI3% &8
WAET Uiz, Ll THBIIRENTC & & 75 5 PIIR i = FF
RERBEOHCRATBEOEER T HEDOB A TIEH AL
ot FOBBHEEREINBHEIZLRDT, LidisTH
BIIRER T FEOBEERERIEELR L. FE2MRDS
B EHTHMECRVHRTI LI X » THEXHEL LS &
Wbl ELLRD. —F, BOWPIRBIRMLLBETIET A
BOMIRMTE, FBREAE, HBEENEEO - ThinE
HER IONBRLELRDEN T, DE VME T HE OB
RTRAROMROF R PEL 52 52 LT F0+47s
BRMBETVELZ L AEN Lo 1.

DAl & b BOMPIRBIR M LEDOH Al 2R Lo, 0
MECO2WTIITAHEETALEND 5. ThbbPIRBIRG
fkEw & 5 BEIR{LFE %12 Rather 5, McCredie 5%,
Zuidema H¥ W L o THEINTE D, FIRES LR TS L5
eBIR I EIED 2 » TS OB B EERE 2T L ERT
WhL Lichi- TRIROBAMEIRMLIZ B TPRED L&
PET I EZETALESA DS, FTEDIE 100ml/min DEHHY
FIRBIIRIM(L T 3R OMIIRER A B LB 28D T, 0
# GOT, GPT @ LA % F»inh - 7248, 200ml/min DEHH
FINREIIR MW & - T 3 RERIEPIRE L 22.1emH0 ¥ Tk
AL, {E GOT, GPT OBEX RO TEIEEELF 22 L
T EBE LTV A, SEOKREHC I TE S MIRBIIR m{ LB
CHTAH7THEOMIRER 12.8cmH0 ThH, EEME, W&
BEEXRDIEMh o, Tiehbb 9Fr O v v+ — FREIEL
HF—FA L b, 113+9.8ml/min OB L 52 58P0
BiRO{E T2 7 BEDOPIREICN T2 BEL Do, L
Tetio THEIOKRREF VIZEEFKEK & 5FREIRMmL & U
S5&EE LML TE Y, BRENFFCHTAHRENEE L
THEHIEh R >t HIRELELONR S,

i -]

HEIREMREOF AL ILOENTIFr v r$r —LEHFE
b7 =7 vigdk Ao WMIREIR ML s> THRE
L, UTFoHEEX.

1. GOT, GPT RHFBIREHETE O ERVEL LDl
L, BAWPIRBIROEBETIIMNE L ABC ERYADL L
DOREWETLTHBRIIABEE L E2 DI, -1,

2. ALP BFBIIREHMC3 HEURBIBECH LTES
WCER LS, SHowPIIREBIROCEE T2 7 AMEYE L TR
BLEXRDIM T,

3. HPT @RS CHRET HR2 B L THBECH
LCHBET Licdd, SomfiREBIRO(EHETIZTREKS
11009 EE L.

4. BHOBOMRBRNEFECKTIETEADY » 3 — £
EiLHF—F A DM ER 113ml/min TH H, HBRLKED
EFER L ONBREOFEGIROAR L 2B o1

5. MIRMmEE, PIIREGFEIIRESREE, 520 PIIRELIR M
(LR SIERME, WHBEELEXRADIL 1.

6. FBRHSEIFBRGRECERE, ARECLE
BIET Lich, S 0PIRBIRMILETRREFCRIch:.
FBREERIFERAERNECESE, SRR LTEER
LR L, SoRNFIRBIRMCECIX LR E2RBD ko,

7. FEROABEITFHRGERFECIBEFCL LTERR



894 R

ER LD, SHomPURBIRO{EFE T EREEDIL T,
FeiRm pH AFBIRERBETE T T 2EALAD L, B
BOFIR B IR M LI CET Lish - .

8. =% ¥—F + — CRFBIRERE TR
LTHBICET Lo, Sa0MIREIIRIDS LE T RIFICRT
h, FBREEECE L CEBECEEYR L.

9. FEEEKEHERC BV TIFBIREEE ko
I, 7YY VERROEE EEOEYE, HEE, BiEsERC
Wb bhicht, HAMFIREIRN{EE TS X OIRE
EOBEIRFICHFAT .

Llbd sy rndr — CEELD T — T VEBERC L HH5H
FRRRBIIR 1 Lk 2 T BIIR 3 & OFF~ O R Bl 17 85 e 7 H
M, ML SO TREE, FRERZHREE, FEMRRH
BIUOFOREEGYOTEY BIFCHFELZ . TichbA
IR, RSB T 2 - EBRESTRTC R
THBE T AEIE L S BN RER LTS 5 X TERRSA
hEELLRD.

# f3d

iz s, B L AREYBRD ¥ L BEiERR LRI
BEOBMEYELET. i, BEEHNFEEXAL Y Lo EBE—Htc
ECRMOBALRLET. SLCHBET SV Lt SRAFEREH
KEBOXINERNEICOr LEE L LET. e TRELAEERY
EEE LESRARE 2ABEE IV - 7OREFCE BB L E
7.

HRARTOESIIFRE A FABESRS CFR4EIA) BBV
TRELIE.

X L3

1) PEELE, FikEw, 2 EH: BEEOEREA»L
AicFHEMA. 1B LB, 8, 123-131 (1987).

2) #PEERA, R, sREET, tABRM, BR B, ¥
B PSR OLREAR L R EORES. FFIRRE,
14, 375-384 (1987).

3) sJiEfn, Tk ETREIC T AR ABERET
%%w%m‘m&ﬁ,me4%0%w

4) =R A, & Tk SREM, REZXST, Ealh, 5
xE—, R, FEEZ: BERCT B I BB REIR
LU0 KRREIR - FIRBES 3 X O L IBMABRRIR - KBR# IR
DEAAARRAEIC LB, FHlF, 41, 161-165 (1987).

5) PEEk, PRRE, F)IED: EERE RN — AT
A, [+ 45BN, BT IRBYIBRMT. SARHEE, 59,
12-21 (1988).

6) FIRBR: FFBIIRAETEE O RSB T 2 RERITISE. &
REKRE, 76, 1205-1230 (1961).

7) Popper, H. L., Jefferson, N. C. & Necheles, H.:
Interruption of all arterial blood supply to the liver not
compatible with life. Am. J. Surg., 84, 428-431 (1952).

8)  Jefferson, N. C., Proffitt, M. M. & Necheles, H.:
Collateral arterial circulation to the liver of the dog.
Surgery, 31, 724-730 (1952).

9) Grindlay, J. H., Mann, F. C. & Bollman, J. L.:
Effect of occlusion of the arterial blood supply to the normal
liver. Arch. Surg., 62, 806-811 (1951).

10) CFRARED: i ROHRERHAY . ﬂ%%%#k%

i

THHE 0 1. FOEROEEHFUEARR. Lok,
8, 454-469 (1959).

) EE #, BEAS, -8, REEE F28E, @
MigE—, ERE=, tBIEE, AR, aBE 18, LRR
%,EE%?,KMéh.HﬁW%%G%ﬁmﬂ%.%EE%
2k, T1, 1424-1434 (1956).

12) Michels, N. A.: Collateral areterial pathways to the
liver after ligation of the hepatic artery and removal of the
coeliac axis. Cancer, 6, 708-724 (1953).

13) Plengvanit, U., Chearanai, 0., Sindhvananda, K.,
Damrongsak, D., Tuchinda, S. & Viranuvatti, V.:
Collateral arterial blood supply of the liver after hepatic
artery ligation, angiographic study of twenty patients. Ann.
Surg., 175, 105-110 (1972).

14) [FEHEBAL : FUBRATH O£ 5 miTEIC B3 % BRI H
- ﬁkﬁﬁﬁﬁﬁﬁﬁLOLf AA<EE, 86, 6272
(1985).

15) Hughes, R. L., Mathie, R. T., Campbell, D. &
Fitch, W.: Effect of hypercarbia on hepatic blood flow and
oxygen consumption in the greyhound. Br. J. Anaesth,, 51,
289-296 (1979).

16) REEE, =ZMh—, SERE, ME—, A £ R
LR OMBRE X s L OCHFRRERE~OFE.
BREE L BRAE, 22, T1-T4 (1986).

17) Atkinson, D. E.: The energy charge of the adenylate
pool as a regulatory parameter. Biochemistry, 7, 4030-4034
(1968).

18) _LAIEE : IBERYC &5 SR ESE O ERWITE.
+4£BE4£5E, 98, 841-862 (1989).

19)  skJl=e, WE—R, AKHX, ®HEE, LBE— K
EE, RUSH, EEEH, ZERk: BRERELIEOR
2. &, 7, 951-959 (1986).

20) hEMEA, A A BEREEERC R S MIRE 5
W, BB LB, 8, 57-62 (1987).

21)  HiEE—: BIRENFC T 5 858 PR B IR f{k O
M BT B KERMBIGE. AAb&Ek, 92, 697-706 (1991).

22) Henry, F. O., Thomas, D. M., George, A. L., Sang,
B. P., John, A. B. & George, J. M.: Use of the Biomedics
centrifugal pump in traumatic tears of the thoracic aorta.
Ann. Thorac. Surg., 38, 586-591 (1984).

23) WTRAS, MILBE, SADE, vUgR: ve¥r—t
BB S TR O M. 38348, 108, 44-49 (1988).
24) BBILUBSE : v =+ — YEE(LHMEH AR OB LB
KIS, SHREREEHR = 2 —A, 18, 271-279 (1986).

25) Haberer, H.: Experimentelle Unterbindung der Leber
arterie. Arch. fiir Klin. Chir., 78, 557-587 (1905).

26) Markowitz, J., Rappaport, A. & Scott, A. C.: The
function of the hepatic artery in the dogs. Am. J. Digest.
16, 344-347 (1949).

27) kARET, HE M, KXRZER, FABAEMR, KER—, A
BALD, SRELMER, WhTh=, JIIEPRE, KE—X: ke
FFmfT—EA. BRI, 31, 167-174 (1973).

28) Narath, A.: Uber Entstehung der andmischen

Lebernekrose nach Unterbindung der Arteria Hepatica und




B 7 — T ARBEIC LB MIREIR M Lk DBES 895

ihre Verhutung durch arterioportale Anastomose. Dtsch. Z.
Chir., 135, 305-379 (1916).

99) Shilling, J. A., Mckee, F. W. & Wilt, W.: Experim-
ental hepatic-portal arteriovenous anastomoses. Surg.
Gynecol. Obstet., 90, 473-480 (1949).

30) chiliEsE : PIRFORERO KRR, HitRE, 91,
491-499 (1990).

3) EBHEE: FAEURGEOFMEIRE L LCMIkn&R
goFEL @IR{L) wouT. HiEEE, 85, 2624-2632 (1988).
32) F B HLVWCPURMPEARR  FIRMBDIRILEE. HILE
#4EF, 11, 1838-1839 (1988).

33) @A, Sk, FuEE, MEEE, AR, O
# & FAFASEORBHRE - BABRRRELEL. B
OEFFEA ML NT O FUE -+ 8o T. Bab&aE, 86, 304-318
(1985).

34) St. Cyr, J. A., Bianco, R. W. & Ascher, N. L.:
Consequences of ischemia on organ energy metabolism.
Transplant. Proc., 17, 1468-1470 (1985).

35) ZEW—EB, BEERAA, KE=HA, WWAZE, VRFE, W
A, BERE, BEHET, UMELE, A B: F=%r
FRB I b R TF D FRME. AERK, 39, 1826-1832

, 48, 1391-1405 (1988).

37) Tygstrup, N., Winkler, K., Mellemgaard, K. &
Andreassen, M. : Determination of the hepatic arterial blood
flow and oxygen supply in man by clamping the hepatic
artery during surgery. J. Clin. Invest., 41, 447-454 (1962).

38) Greenway, C. V. & Stark, R. D.: Hepatic vascular
bed. Physiol. Rev., 51, 23-65 (1971).

39) Andreen, M. & Irestedt, L.: Decrease of oxygen
consumption in the dog liver during temporary arterial
occlusion. Acta Physiol. Scand., 98, 103-109 (1976).

40) Hasselgren, P. O., Almersjo, O., Gustavsson, B. &
Seeman, T.: Liver circulation and oxygen metabolism during
short time ligation of the hepatic artery in the dog. Acta
Chir. Scand., 145, 471-477 (1979).

41) Rather, L. J. & Cohn, R.: Some effects upon the
liver of complete arterialization of its blood supply. Surgery,
34, 207-210 (1953).

42) McCredie, J. A., Doggart, J. R. & Welbourn, R.
B. : Total arterialization of the liver. Brit. J. Surg., 45, 83-100
(1957).

43) Zuidema, G. D., Gaisford, W. D., Abell, M. R.,

(1990). Brody, T. M., Neill, S. A. & Child, C. G.: Segmental
36) HET ¥ ERMNFBIRERTEOFAM/IMEOEL portal arterialization of canine liver. Surgery, 53, 689-698
COWT—HHEEE FEEEERC I 2R —. BREREHE (1963).

The Effect of Partial Arterialization of the Portal Vein Using Urokinase Immobilized Catheter Bypass between the
Fral Artery and Portal Vein on the Dearterialized Liver Tatsuo Nakano, Department of Surgery (II), School of
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Abstract

The present study was performed to examine the effect of partial arterialization of the portal vein in dogs with biliary car-
cinoma on the dearterialized liver using a urokinase immobilized catheter. The catheter was used for 7 days after the opera-
tion to prevent hepatic failure caused by hepatoduodenal ligamentectomy. Adult mongrel dogs weighing about 10 kg were
divided into the following three groups: The control group; dogs in which the collaterals to the liver were obstructed and the
hepatic artery was ligated (the ligated group); and dogs in which a left femoral artery-portal vein shunt was produced using a
9-Fr urokinase immobilized catheter in addition to the conditions in the ligated group (the partially arterialized group).
Serum GOT, GPT, ALP and HPT activities were measured for 7 days after the operation, and hepatic circulation, tissue
metabolism and pathological changes were investigated on day 7. GOT and GPT activities in both the ligated group and the
partially arterialized group were increased on day 1 compared to preoperative values. GOT and GPT activities remained
high throughout the 7-day period in the ligated group, while they gradually decreased in the partially arterialized group. ALP
activity from day 3 to day 7 in the ligated group increased significantly compared to that in the control group, while that in
the partially arterialized group did no differ from that in the control group. HPT activity in the ligated group decreased sig-
nificantly compared to that in the control group throughout the 7-day period, while it recovered to the control value on day 7
in the partially arterialized group. Hepatic oxygenation in the ligated group (16.243.1 ml/min) was significantly lower than
that in the control group, while that in the partially arterialized group (39.9+10.5 ml/min) was not different from that in the
control group. The pH of hepatic vein blood was decreased (7.23+0.1) in the ligated group, while it was 7.3540.12 in the
Partially arterialized group, the same as that in the control group. The lactate level in the hepatic vein in the ligated group
(34.4£13.0 mg/dl) was significantly higher than that in the control group, while that in the partially arterialized group
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(18.8+4.1 mg/dl) was the same as that in the control group. Energy charge on day 7 (0.67+0.05) decreased significantly frop
the preoperative value of 0.85+0.004 in the ligated group, and significantly lower than that in the control group. However, in
the partially arterialized group, energy charge showed only slight and non-significant change from 0.85+0.006 prior to opera-
tion to 0.82+0.05 on day 7. With respect to pathological findings, severe necrosis and degeneration of hepatic cells and the
epithelium of the bile duct were found. in the ligated. group, while no significant changes were found in the partially arteria].
ized group. In conclusion, while ligation of the hepatic artery and all the collateral pathways to the liver induced severe hep-
atic damage, partial arterialization of the portal vein using a urokinase immobilized catheter maintained hepatic circulation,
tissue metabolism, and histological structure of the liver for 7 days after dearterialization of the liver. Partial arterialization
of the portal vein by this method is useful in preventing postoperative hepatic failure caused by hepatoduodenal ligamentec.
tomy in this model for up to 7 days.




