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Fig. 1 Schema of this experiment
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Table 1 Calcuration methods of systemic and
hepatic hemodynamics and oxygen metabolism

c1 T mi/minekg
PR %RA_P memHgmin-kg/mi
AVD O, : Ca0,—Cv0, mi/dl
Systemic-0, DEL : 9%'— ml/minvkg
Systemic+0, CON : %ﬁxc' ml/minekg
. . Systemic+0, CON
0:ER " Systemic-0, DEL X 'O %
Liver -0, DEL ! M + M mi/min-kg
100 100
Liver -0, CON ! {Ca0,—Chv0,) X H?;F + (vao,—crwo,)x% ml/minskg
. Liver+0, CON

Liver -0, ER Tiver-0, DEL X 100 %

W I weight 0-DEL : oxygen detivery

8,CON © oxygen consumption 0-ER . oxygen extraction ratio
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Table 2 The effect of billiary obstruction on sys-
temic hemodynamics

Control Jaundice

(n=6) (n=12) T test
MAP(mmHg) 116114 106t 11 NS
RAP(mmHg) 5.210.7 5.010.7 NS
C 1(mifmin-kg) 100117 124128 £<0.05

TPR(mmHg-minkg/ml)  1,1240.21 0.8510.23 p<0.05

Meant SO
NS : not significant

Table 3 The effect of biliary obstruction on sys-
temic oxygen metabolism

Control Jaundice

(n=6) (=12 [Tjtest

Systemice0, DEL (mi/min-kg)  18.512.8 228145 p<0.05
Systemic-0, CON(mmn-kg)  3.2110.92 4.2511.28 NS

Systemic:0, ER (%) 17.4149 18.613.7 NS
Ca0, {mirdty 187116 185+1.7 NS
cvo, (mivat) 15.512.2 149118 NS
AVDO, (mi/d) 3.210.7 34106 NS
Meant SO
NS : not significant.
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Fig. 3 The effect of biliary obstruction on hepatic oxygen metabolism
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Fig. 4 Ratios of hepatic oxygen delivery and
consumption to systemic oxygen delivery and
consumption

Liver/Systemic0. DEL Liver/Systemic-0. CON

a0 %

30r

20

=
- s
— -
-

-]
=

min-kg, FEF6.55+0.93ml/min kg & HEEEA L
FP<0.0D LT, FoBENEECSO-TLAE
BRI, IE% $0.42+0.09ml/min-kg, 3 F0.95+
0.50ml/min<kg L EHEBEN LH (p<0.01) LTu iz,
FOBEFIRARICOWTIRIEER.6+2.2%, HERE
14.5+7.3% CHBZEIRD L -7 (Fig. 3.

4, £HENTIABERKE, BELEBE HS

ITHREH R OVTLRB L, FEBECRLED
23.8t3 AR TR/ L T B0 L, BER T
29.726. 2% %P ~EHA L T3 b, BEBEDIE 5 1T~
DBRBHEEOEIS 238N (p<0.05) LT F, B
HEBCOWTHL EEEHTRLEDIL.1+5.4%
PHCHBLCWAOKNL, BEBRTRISED

271.1+173% % FCHBL Tk, RROBEFEDOR
SBFTCOBENEEDE ST (p<0.05) LT
7= (Fig. 4),
Iv. £ ==

AR MR ST 5 S X E ROy e
KRABHCE T 2 MTHRBOEEH I BEELCV5
EREL LHMEINT &, BP9, B2y
THREREL, FRBETCRERRLET BN
LEOMTHEOEHIC O TOWMENK S < b
h, BERICKT 2 28BE L OBE SR YED
Tw5, —7, FFMEFEREER c ks 52 50Mm
THROEBCOWVTh, FEL< Dnnifiga~-12ne
BIRIhT5, ZOHECSTHD L HEEEE
RFCo£H 0 MITEREEF AL e & T 53 E®
L H 57, % U T hyperdynamic state b % &35
WEHRE L 5 TH B, hyperdynamic state 125
LELEBERTRNTAREACLLDOTHEM, &
EOKEBRTHMRIBERL « K 2 BRI B =%
HOCTBRHEZ T, 20RR, HENSERCIIE
BBRECE b oo, LEREER, %
MEEFLIET LD, 2HOMTHEIZRED
hyperdynamic state T& - 7o, Cid e ¥ A MR
JEHFIC hyperdynamic state # 23505, =0 A%
HOIT BB S EDORBRTIRE T O MITERE &
FTLC, FeomfTaiitin b R ELEEE LA
EL, SLIBEE#DEEE L LT,
HEEREO 1 2 OXFEBR KT 2 MTHEOLS
oW Tid Aronsen L' BRI BER T - T\ 5,



19914 5 B

FOHE T LB EF TR HMTEHROEE T, FHE
Ve 1 BRR I EIR, FIRMIRE & b EFER
I oEBCHEML, 2ARBCEFESRK, PMIRLEE
e b LBMEL H ol L, 3BMBICIIER
BRIV EBCEATHELTVAS, ELELON
MR E O RIEHEFO Kupffer #18TD clearance
FRIELEBAuz e A FEPRXFERLLLOTH
n, ZhEFOERFMEESRIE L b o ceffm
HEYRELLSO TRV, —BCEEORET
AR E & RS & 3T 5 & 3T
57, FEED DA SAEREERO X 5 R
BRI B W CREZERLAT UL MBI L 2V &
PHELTELLENDAH S, LI TEHSEOEBR TR
TSR EH T AR, ROk OMRE
YHEHELLFLREYEN T L L b, FoR
EELBEOE»S b hb R TRART o, T0OMK
B OEEERE 2 BB FBRnGEE, FIIRMT
ELLREERI»ENLTRY, £2FLKEETENR
ML T e, ERAME SR EER RS 58
FEBBRBICOWT LS EEEF TIBREHEENE
BiciEmlL <k b, FTOBRMEENCEIE S EFR
BT 2 2 24 014.145.4% 5 527.1£17.3%~
Bl Tkb, FAMEESEEERCECTRIFTO
BEEEITELTVBZ EAHBE L, Iz CEE
HFToBREBEOTEVNF~OBFRMEEEOHEM, 2
BICRF~DOHAMBE OB DI ~Tedb D LE
x2bhb, —7F, FBRFAREWTAHBE, HE
B L EERCIEBERRD TV, DO END
FAAESEERCRFTCOBETERITLL T
50, FCOBREFBRY LA IR CIBAED Y,
FADOHAMEERIELR XD 2 & CHADBELES
BEYHMAIRTWLAEENRS D Z LRBRI AT
EEFTOBEZTEOHMORER L LTXEFIFTo
EOAROITHE, EBARBOTE? 2RI TFOh D, ¥
B bV P ) 7HERRIzoVTIE, BAEMTFHEER
Bz 2 A ¥ - ELEEIRENCETS 00,
FOBIET LA ¥ -EEGRREFLIEESR
L ERMEBVI TS, IHIHAEBEERK
BPRAEHO =Y P F o v RN ERTH I L
LXX N TED, HEFTCRPBARAEELLTVS
AT RS, DXy sBHIRL D, FAMH
FEMEERICRITCR 2BEFENTLEL TS
PDEEZLRS,

HERoBECL DL, FAEHAERRERICETS

43(1205)

hyperdynamic state DJRE & LTik&H THORLD
T, EHYEREPI Y BDOBIRHEED LA,
BHEFWEIBIRS + v P OB X A TERIK
EofEkir EAREIh TS, FRFEYNIRKMI
BERMOETYEERER L LA CEh, KB
EEAOETIFHEREERCRTS 2725 $ v{
HEEICL O TRHERECO /= X7 ) VAR
DL T WAL REL T3, SEOERERD:
L, FHENEERCIZEFRTOBETESTEL
TEIF~OBBEHBEI ML Tl EFRFAD
BEHBEOE SR EFRICILE TS5 L 2E023.8+
3.4%5:529.7+6.2%~HEMLTEY, O LEDBE
EoBEEBEOEME SN scbDtE L LA
5, —F, BIROBFEEECOWTAREE, RERL
EREETIRENMLEL, T Erb2yOBRES
Eoinc e b OEREATTELTWDH T LA h
Bbhb, ThbbFMEAEREERCIFTOR
FEEENTLELTCED, 20 LHLETO hyper-
dynamic state D KX RERD 1D LigoTWBHT &
PRI i,

4 B¢ o MfTEAE S hyperdynamic state ¥ 2T %
EARE LTEFBESERLCabh T w5, FEEE
Iz 3513 % hyperdynamic state DFER & LT, OFF
BELECRFA~OKAMBEEDETICE $ 7 5 AR
DEA®E L= A ey v, BUBELREY
B Sofinc k bR » v FABAKL, BRM
BENEMLTWAZE, QFERE TR L& TOR
FHEEHBINL TV 5500, ik 2BRERKD
ET, vr» vV VX HEEHROBFREEREOET
D HOBELKE, BEFIHEIMETL TS, X
ORMEE L TUREAERLTWAME IR TS,
Chick L CHENEER R BBIRNERBERKE
O OBEFARIEFRE &KL TEIRDTE
LY, 25 TOBEHEB/EIIEML TV, MATOH
FREAOERE L THEEF COBREEDTUES
KELBEELTVAZ ENRBI N, ZDOEHNE
R2OLIEH/LT5 L 5 CHFERE E QRENCR
LEZATHAY, ThbLIFEFETIHOALD
F&HTCOBRERBHRBOPREL L REMTORED
ERLTWBDERL, B REREE CIBRE
ELBRRITELTED, 202 ERLERO LRI
Do TWA EE L bRD, FAENEE, HEERE
i3 & % 1 hyperdynamic state ¥ ET2EETHD &
W2 B, FOEERBRA-IRETHE LRI D



44(1206)
Hbhb,
X #®
1) Dawson JL: Acute post-operative renal fail-

2)

3

4

5)

6)

()]

8)

)

10

~

1D

12)

13

149

15)

16)

ure in obstructive jaundice. Ann R Coll Surg
Engl 42 : 163—181, 1968

MEME  FRERBCET 2BEENIR - =R
Bprge, HALE3E 70 0 1576—1574, 1969

Silen W, Skillman JJ], Hein M et al: The
effect of biliary obstruction upon canine gastric
secretory activity. ] Surg Res 2 : 197—200, 1962
MADA  FAENRECHET AR ERENE
BRAYBFSE — BRI & B HEEBIPT DR S 2
Iw—, B4tk 77013251341, 1976
EREIESL, SILAH, HAEZ e H»  HEREED
Fitvay 2 EDODHDPZ 86 674—680, 1973
Williams RD, Elliot DW, Zollinger RM: The
effect of hypotention in obstructive jaundice.
Arch Surg 81 : 334—340, 1960

Kowalski HJ, Abelmann WH: The cardiac
output at rest in Laennec’s cirrhosis. J Clin
Inavest 32 : 1025—1033, 1953

Claypool JG, Delp M, Lin TK: Hemodynamic
studies in patients with Laennec’s cirrhosis. Am
J Med Sci 234 : 48—55, 1957

AHERIE | BAZEMBE © hyperdynamic BB O
REBLLTOBHCHT AR BitLx 52
483—496, 1981

Shasha SM, Better OS, Chaimovitz C et al:
Haemodynamics studies in dogs with chronic
bile-duct ligation. Clin Sci Mol Med 50 :
533—537, 1976

Bosch J, Enriquez E, Groszmann JR et al:
Chronic bile duct ligation in the dog
—Hemodynamic characterization of a portal
hypertensive model. Hepatology 3:
1002—1007, 1983

FERE— A AENREROERBRICET %
KRB, AW 19 2365—2373, 1986
Aronsen KF, Nylander G, Ohlsson EG: Liver
blood flow studies during and after various
periods of total biliary obstruction in the dog.
Acta Chir Scand 135 : 55—59, 1969

Ohlsson EG: The effect of biliary obstruction
on the distribution of the hepatic blood low and
reticuloendthelial system in dogs. Acta Chir
Scand 138 : 159—164, 1972

Latzing A: Hepatic blood flow alterations
following bile duct ligation. Surg Forum 19 :
340—341, 1968

Lozano DR, Andrews WHH : Changes in the
hepatic vascular pattern that following ligation

HOAMAEREERICR T 22 570 6 W FITEIRE, BETRERE

17

18

19

20)

2D

22)

23

24)

25)

26)

27

28)

29)

300

3D

B2 4% 55
of the common bile duct ligationin rabbits. ]
Pathol Bacteol 90 : 471—477, 1965

SEEER, f« R, MHE LI | FHEMEZEER
R 2EHEEBC S VW TOERNTR, B E
MBI DA T, BEASEE  85: 298—303,
1985

Better OS, Aisenbrey GA, Berl T et al: Role
of antidiuretic hormone in impaired urinary
dilution associated with chronic bile-duct liga-
tion. Clin Sci 58 : 493—500, 1980

Vetter H, Falkner R, Neumayr A: The dis-
appearance rate of colloidal radiogold from the
circulation and its application to the estimaion
of liver blood flow in normal and cirrhohic
subjects. J Clin Invest 33 . 1594—1602, 1954
HEERE HFRB-TOBEKNES L£4BE
28 1 981—989, 1979

Lundberg H, Hamberger A: Amino acid
incorporation into liver proteins during extra-
hepatic cholestasis in the rat. Eur Surg Res 6 :
95—109, 1974

REEF  AEMEREFc R 32 EBASc oL
T, BB 14 442—453, 1973

MLUBEZ, REREER, BF Blied  AESEER
DbV Py TEEOVT, FE 20:
579—586, 1979

IR, AR, MEF . S b v F ) 7
ErDLALCHERLEE BEOobD L 86
499—503, 1973

Bailey ME: Endotoxin, bile salts and renal
function in obstructive jaundice. Br J Surg 63 :
774—778, 1976

& £ AROEECH T b g, Rk
T/ BOWE E2%). BHALE 66!
151—170, 1965

Ohlsson EG: Changes in liver morphology,
function and circulation in dogs subjected to
lobar bile duct obstrution. Acta Chir Scand
138 : 279—287, 1972

Murray JF, Dawson AM, Sherlock S: Circula-
tory changes in chronic liver disease. Am J Med
24 © 358—367, 1958

Heinemann HO: Respiration and circulation
in patients with portal cirrhosis of the liver.
Circuration 22 : 154—159, 1960

Fischer JE, Baldessarini R]: False neurotran-
smitters and hepatic failure. Lancet 2 : 75—80,
1971

Ruff F, Hughes JMB, Stanley N et al:
Resional lung function in patients with hepatic
cirrhosis. J Clin Invest 50 | 2403—2413, 1971



1991%£ 5 A 45(1207)

Experimental Study of Systemic and Hepatic Hemodynamics and Oxygen
Metabolism in Extrahepatic Obstructive Jaundice

Seiji Ohhigashi, Tomomitsu Kikuchi, Kenichi Kumazawa, Kohichi Kubota, Shuichi Yoshizawa,
Toshihiko Hosokawa, Motohisa Nakajima, Toshinori Ohishi, Yohichi Ohtani,
Kenji Ogawa, Shunsuke Haga and Tetsuro Kajiwara
Department of Surgery, Tokyo Women'’s Medical College Daini Hospital

The systemic and hepatic hemodynamics and oxygen metabolism in extrahepatic obstructive jaundice were
studied experimentally. Twelve dogs with jaundice 2 weeks after ligating and cutting off the choledochus were
compared with 6 normal dogs. The findings in the dogs with jaundice were as follows: (1) Although the mean
arterial pressure (106 = 11 mmHg) was similar to the control value, the cardiac index (124 £ 28 ml/min- kg) was
increased and the total peripheral resistance (0.85 + 0.23 mmHg-min-kg/ml) was decreased, indicating a
hyperdynamic state. (2) The hepatic arterial blood flow (9.07 + 1.30 ml/min - kg) and portal venous blood flow 304
+ 4.7 ml/min - kg) were increased. (3) Although the oxygen delivery to the liver (6.55 = 0.93 ml/min -kg) and the
oxygen consumption in the liver (0.95 + 0.50 ml/min - kg) were both increased, the oxygen extraction ratio in the
liver (14.5 + 7.3%) was similar to the control value. (4) The ratios of the oxygen delivery (29.7 + 6.2%) and
consumption (27.1 + 17.3%) in the liver to the systemic oxygen delivery and consumption, respectively, were
increased. Thus, the oxygen demand in the liver was increased under the condition of obstructive jaundice,
suggesting its close relation to the hyperdynamic state.
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