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1) HEERFRERORE

B+=fBEIRL D » 7 — T VEBAR, FOFKM
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AT —TNEDZRRCERML, £EEMEY X550
#ZE (ABL330; ¥4 X —%—Co.Ltd.) ZHWTH
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1) ISR, FIIRE e &5 I PIIREESLOEE)
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$38.5%, 20.5%MET Uiz, PIBREEN, TREECILE
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2) FrEhiRImFEE (hepatic arterial flow ; LAF,
HAF #5350 42 & iz PIIR I & (portal vein flow ;

Table 1 Formulas for hepatic oxygen delivery, oxygn consumption and portal vein

resistance

HQZ delivery = (HAF X Cao,+PVF XCpvo,) /100
HVO,= {HAF X (Cao,-Cuvo,) + PVF X (Cpvo,-CHVO,) }/100

PVR= (PVP-HVP) XPVF
Cao,= (Sao, x HbXx1.34) + (Pao, < 0.0031)

Cpvo,= (Spvo, X Hb X 1.34) + (Ppvo, X 0.0031)
Chvo,= (Shvo, X Hbx 1.34) + (Phvo, X< 0.0031)

(ml + min™")

(ml * min™)
(mmHgsml~!*min)
(ml » dl™")

(ml = dI-%)

(ml - dI-%)

HO, delivery : hepatic oxygen delivery, HVOZ: hepatic oxygen consumption,
HAF : hepatic arterial flow, PVF : portal vein flow, PVR : portal vein resistance,

Cao, : arterial oxygen content, Cpvo, : portal vein oxygen content.

Chvo, : hepatic vein oxygen content, Sao, : arterial oxygen saturation.

Spvo, : portal vein oxygen saturation, Shvo, : hepatic vein oxygen satulation,

Pao, : arteial oxgen tension, Ppvo,: portal vein oxygen tension, Phvo, : hepatic vein oxygen

tension.
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Table 2 Hemodynamics, hepatic oxygen consumption, tissue ATP levels, and AKBR in 60 minutes warm
ischemia group

60 minutes of warm ischemia (n=8)

Before warm | Reperfusion

ischemia | afte_r 15min. | after 30min. | after 60min_ after 120min. | after 180min

Mean ?é?n‘i‘%{ge““e 133.846.8 | 74.447.6 | 75.5%6.8 | 69.4%6.2 | 71.2+7.7 | 73.3+11.4
Car?f}ﬁn‘i’r‘l‘)tp“t 1.8840.39 | 1.23£0.23 | 1.10%0.19 | 0.91+0.24 | 0.93+0.21 | 1.22+0.18
Hepatic arterial flow | 163418 | 14.943.0 13.443.1 | 14.6%2.6 | 13.4%£2.7 | 16.3+4.1

(ml/min/100g. liver weight)

Portal vein flow

(ml/min/100g. liver weight) 25.8+5.8 24.3+2.8 27.4%6.6 246455 | 23.0%5.8 |24.5i5.4

Portal vein resistance
o Hapmesistar 33.7£6.1 | 41.6+7.4 | 39.629.3 | 39.5+14.3 | 42.449.2 | 23.745.0
Hepatic oxygen delivery
(L 1008 ety 1.82£0.49* | 1.40+0.22 | 1.5140.46 | 1.26+0.32 | 1.2240.32 | 1.4240.22
Hepatic oxygen consumption 2.5310.83 | 2.3340.70 | 2.56+0.86 | 2.55+0.42 | 2.70+0.54 | 1.89+0.23

(ml/min/100g. liver weight)
Oxygen saturation of hepatic
vein (Shvo,) (%) 87.3+4.2 81.5+5.2 82.5%+4.9 72.416.6 70.7x7.2 81.6+3.8

Arterial ketone body ratio (AKBR) 1.44%0.21 1.10+0.14 1.2940.13 | 1.24+0.13 | 1.18+0.23 1.30+0.16

ATP levels of heatic tissue
(xmol/g. liver weight) 8.66+1.15 4.39+0.63 5.13+0.60 4.32+0.57 5.30+0.54 4.87+0.49

*:mean+SE, n=8§

Table 3 Hemodynamics, hepatic oxygen consumption, tissue ATP levels, and AKBR in 90 minutes warm
ischemia group

90 minutes of warm ischemia (n=8)

Before warm | Reperfusion

1schemia

after 15min. | after 30min. | after 60min. |after 120min. |after 180min.

Mean blood pressure

| 115.9£6.3 83.4+7.4 87.416.9 84.1%£8.4 84.4+8.0 83.7+8.0

(mmHg |
Cardiac output
dac ou 2.22+0.36 | 1.8820.16 | 1.72+0.21 | 1.600.14 | 127018 | 1.1540.17
Hepatic arterial flow 21.0+1.8 | 21.3#2.2 | 22.0£1.9 | 21.6+2.4 | 21.042.1 | 19.2+43.6

(ml/min/100g. liver weight)

Portal vein flow

(ml/min/100g. liver weight) 30.6+4.9 30.4+6.7 27.9%4.5 27.0+4.0 23.4%£3.5 25.0+4.9

Rk 10.2£2.7 | 22.349.4 | 15.2%6.3 | 14.126.5 | 18.314.6 ‘ 19.7+4.8
&7%2753‘?53;%%30 2.4840.33 | 2.00+0.36 | 1.82+0.23 | 1.76+0.26 1.5320.24 | 1.31%0.32
I}gﬁj‘g?n‘}’l‘g’og;“lif/%‘fg‘ggfl‘g‘ 2.7840.44 | 2.00+0.43 | 2.30£0.36 | 1.76+0.25 | 1.7740.25 | 1.36+0.16
ST i G i 87.042.4 | 85.3+44.7 | 81.4:4.8 | 83.3+3.6 | 8l.444.6 | 82.1+4.4

Arterial ketone body ratio (AKBR) | 1.01%0.14 | 0.79+0.08 | 0.81+0.09 | 0.80£0.09 = 0.84+0.10 | 0.83+0.18
A omcysls of heatic tissue | g 98+0.98 | 1.9520.32 | 3.00£0.69 | 3.2340.70 | 3392051 | 5.13+0.54

*:meant+SE., n=8

LUF PVF EW43R) 0%H) ml/min/100g fFFE &, 21.0ml/min/100g FEETH
Hf7 (100g FEEDH 7 0) F8MRMME S, ik v, MAFERREEOELERD 272, FIRILTE
B WIT 60438, WIT 903EET, BOBDFH15.1 b, MEERH] WIT 6058, WIT 0458T, B0
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Fig. 1 Changes of hepatic oxygen delivery in 60
min. or 90min. warm ischemia and reperfusion

%Changes 20
of Hepatic 10 | Warm Ischemia
Oxygen o u
Delivery 10 1 4
-20 1
-30
-40
-50 |
-60 1
-70 | |
-80 ' |
-90
=100

R e ol

B DF25.8ml/min/100g FFEE, 30.6ml/min/100g
HEETHY, MREHEEEOELERD L o7z,
%7z, HEROTE, PIIRMEE O 2B miig &«
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40.2ml1/min/100g FFE &, 47. 7ml/min/100g fFFER &
MR E 2D sd -7z (Table 2, 3),

3 HERFRIHEOLT

BB RS E (HO, delivery) BIL Tid, M
T B 3 RFE & T ORRFRIE T, WIT 60578 T
Y1924 2% DA %R LTz, WIT 905 BT % Fy
27 8% DIV R L, ZOBWPEZIZIZWIT 6055
LRBETH- (Fig. 1),

BAFFBRINEE (HVO,) &, WIT 60538 Ik
R, F1926.8%MIML 72, WIT 90438 ¢k, ¥y
17.5%DIETF %R L, WIT 605382 T, BEICE
TL%& (p=0.0054, Fig. 2).

4) Shvo,DZEH)

Shvo, i3 WIT 60435 CIMFERTATST. 3% ThH - /2.
MEFRHFREETT 8% &, BEDET 2B o7z,
WIT 9038 T b, MFRERTATS7.0% &  FBRA%S2.7%
LEALERS e dn o 7z, WIT 6053, 909 EED MHEHE
B Ll C b B e 2 % A ie v o 72 (Fig. 3).

5) AKBR 0Z#)

AKBR it WIT 60538 CIMF B %, ¥i1.22+
0.04ThH-o7z,

WIT 904BE T, MEFERE, ¥#0.81+0.01%
21.5%DET 2R U7, MRS, W e
EOBREICLD, ETFEOE (p<0.0001) 2D
(Fig. 4),

6) FHE# ATP {HO%E)

ArfaRs: ATP 813 WIT 608 COni-EWra], F¥y
8.6610.88umol/g FERTH D, MFHEHRK, Fiy

RRLIM RS AT 0 SRR BE RT A ik D #RE
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Fig. 2 Changes of hepatic oxygen consumption
(HVO;) in 60min. or 90min. warm ischemia and
reperfusion
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g FER L67.7%DET 2R LIz, MFEERE, MEER
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Fig. 5 ATP changes of the hepatic tissue in 60
min. or 90min. warm ischemia and reperfusion
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W2 WIT OFvic & 2FMEEDRE I LY, EFX
DFE (p=0.0054) 27 (Fig. 5).

7) HVO,, Shvo,, FFM##&, AKBR, ff4ii ATP
fEDFAEE

HVO,, Shvo,, BRI, AKBR, FFif ATP &
DRICAEENED S 2 LB 2R LT,

Shvo, L M5 E (HAF+PVF) L 0Oz EDHE
B%F» 72 (r=0.268, p<0.02, Fig. 6). AKBR &
Hrieg ATP fEORICIEOMRI 23 ® (r=0.532, p<
0.0001), AKBR »SBHIMPFHERIC & 2 FFfakEs % &
S RBEL T,

HVO, & AKBR O (r=0.543, p<0.0001) %  0f
iz HVO, & FFEE ATP B0 (r=0.549, p<0.0001)
WIEDOHEM%ZED 2. L L, Shvo, = AKBR % & 0
2 Shvo, & FHER ATP EOMIcEZEOMEIZED 2
no iz,

z B

FFREREIZ B 2 ¥+ —F Bz & (i BRIk
&, BYH R - —» o 0B, BIFEMfDORREImE
THICHE D RBEIN, TEFOIRPIEARTR, I
WEEGEUIRR 1 5 3BIE DO FF BRI 7E B 5 13 Pringle
TR S 2 FFHMEEREE 5 £ b o 21
BERER & i PR ORI, RO TRLR4 T
REETHS, InNETHOFEIREELEL LT, &
BRI b SARED, ICG 7 L7 5 v 289, MEGX %
{monoethylglycin-exylidide formation after lidocine
administration) 7% ¥ T TV 228, HI%E i B
REL, BETHRVILBBToND, ZhSDRT
TEIIREC AT, FF RIS ZETRIEE (Shvo,) BIE 1L,
SHOBBETRAV TV LSS, Hig] L DRIk
K7 7 AN—A T — TN EFERCEE, 50
BAEIC B T MEY A T HICZE L T, oxymeter
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Fig. 6 Correlation between Shvo, and total he-

patic flow
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%, BEBR, FRCHRRIME 5 4 % BT, Shvo, 25,
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BIHMEEORE RN EE =7 e LT, B
FHMEEH %2605 & UcBRc e L, /- HemEED
ETNELT, BRHMER 29000 2 Bz, &<
7 A= — R REECHIE U7e, JEFR MR 5604
LVIR0MCEELLEBE LT, b TR O
N MATHER 236053 2 585 HITIZ B VLT, ko
HREEE BB TH- 7 L OWEV2B8H 2 H D
D, KEBRIFFIHRAROFKZELTT437% 4 X FHEFM M+
TNTHB LD, &7z, DEIRE R —5 5 OFFFEH
DE Y VN—THEDTE, OFEREBSREOR
BEEETRTL, FMsC UBREHE2T > wbw 3
controled non-heart beating donor Tit# <, un-
controlled non-heart beating donor (UNHBD), %
L LITEREDRED» 5, FEHEO: Iz, K8
Bk, FIlRD & #EFRT 2 £ CORRBIH105 2 51108 T
Ho 7 14BITH, BIERTTHERAERIC T8 Hlo P —
FFOSBERER N, HFREME%HEITL 72 6 ] (43%) b5
&, 1.4 HEAWI PNF, FF@hiRimieiE, FIRMEET
ERCORRTHBMEL T D, RIFSBREATKEE
RGP 1 BIOARTH 72 LTVRE, ZhsDH
B2 5, R B 2 B R IE A TR 0 2 R A
BB H 2 %z, REBROBEIMERE %6053
HBVIZFRE LT,

RERR T, &b TSRS % AR Bk 3
3 b B OREER ATP HiE, BEMEEORE
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KB L T, WIT 60938 I R THE I WIT 90578
T67.7% D (p<0.0001) 77 L7z, %72 AKBR f#
b RFICEMEEORE® RELL 72, ZhicH~T,
Shvo, it WIT 604F, 904> DFEEE &, IMFEETHTIC
NTHEEOETR2E2728Y, sLHNEEOREIC L
LELFORL T,

— i RS EIRMERETEOET I3, BB E,
TEENR, KA MEBEEITOE K e L2 & 2 MATEIRERE,
R, BEEBEZEOMAD 5 WIZEIRIMERESE
DIETHERE: &SNS, £, ZOEHEE, BREYR
S AEO0HHE, BRERIRA, EERRCLS
RFBOET, ABRHY Y POFEEREREHT N
29, FFBRIC 8Tk, Spiess 570, fiiFHOLH
BEEHER L BSHIRNERGNEOKSTT, MM
KEEBEHBENRLETL, BEHIKMEERSRIMN
EWERTZ, - RAHIRMBERENEIL, BHEE
BEFRE T — R I AT 35 545 % T L, LA
EMENRLEL T 358, SFICEERL T 5 R
NTw3, —Fh, HERE, IWEOTELDH 5E,
S desaturation BBE L ZERF S H B LB T
3.

AERITESFHIIRMERENE TR, FelE
U728 kB ZATAIE (Shvo,) WBEL TTH %25,
Shvo, D& Fid, MFTFERE, KME X 2 FIRED
BT ERIHTEIED S HDOD, 6055251390530
REMFEZECEWT, BERE, MEOEEL TWY
BT, BEDETIXED k5 72, Shvo, i, FFH
VeV P BEELEWZ E LERB TRV EWL S REF
TC, FBEHEE T bbb RFIRE, ~€7 ot
vEERSVCHBREHERIC L - THEEHER, T
Bk & FIRD © (G S M- MMETP OB ERD, FHEs &£
UIRHFNE CHE S B LB THE#IRZ 8-> TR
W B MR OBMERBAETH S, Lizds-> T, Shvo,
WIFFE S X UIESBNBOBERETIG N7 VAR KIS %
kRS, MITEENCE, FBEREKE (HO,
delivery), B E (HAF+PVF), ~®J oty
W (Hb) 725 I FREHEE (HVO,) 1KkoT
HExHsh, ROHERNCCGILUESEDEINS, L
72285 °C, Shov, RFBRFRHHEEOEIMC LY LEL,
H@iﬁ%i@%Mﬂ;of@TTé.

(HO, delivery-HVO,)
(HAF+PVF) X1.34xHb

{HO.delivery= (HAF XCao, +PVF X Cpvo,)/
100}

Shvo, =

WEL 11 s S oD 2 AR BE R 1k D ARG

HEsM &R 31% 105

AKBR f#, A& ATP fEi77 3 h %6053 OEEAH
Rz AT B O R E % 7R 379043 O IR FHLIfL
EETIR, FREsEes, HERREEELSHH
REEOLOEBRCH S LI EBRERL S NIk
A X 5 RSB I B> T, primary non-
function iz £ HEEFRHBEIIEA LI & $538ES
RENS, BRI THS Shvo, IEBERET 2R %
holtFzond, F£i, 05ORMEMEETE,
FOREEZAERZET s 2BEOFEIR, PIRME
EHOBALRESZh-7:2 L&D, SEOFHE
ED D, FBRREESEVET L2729, Shvo, DET
BElakhpolbELbNL, UL, —7F, Spiess
SYDMETH H B L DI, BEL graft failure DIE
T3, coagulopathy 2 & 5 HM, »3wi, ZhiC
3% 7 3 BRI & B 4K Vv Y ANLE &G
WO L 2 RIMLESESCHRL, HOiEs
ZHIZEA LT, Shvo,DET LR T WRER5| &
T IENEFELIOND,

Yoz KoL, SRR & OFFRIMRED
BELT, 7 7A4AN—hF =T VEHWL Shvo,D
EREERNT WSS, KEETH Shvo, ZFFEINRI
E & PR O L 7R iR & B E O
Boonl, ZOKR,S, BEOHIERERE, K
filo Pringle &, THAE MR, FERO T — 7%k,
FFRESBHIER I K 2RI EE T OB s o0
2 MEHF IS OR T i3, FrReiRm 2 ik s 11,
FOET R A, MiPOE=F -V 7, VTNVFTA
LCFFERRBOR(L2BET 2 FERE LT, HPD
PACRAIRR I BT 2 MR eEECIEEICHE T &
Bbhns, ULyL, Shvo fIE I & 2 BIHMEEDORE
OHE X, FHERGEIPEER I EHFRAHEREME
TUL, FERBRANENMET L WERBER» 5K
HrigEang,

AR B 1 B, WEFHO2SRATHREE
DWW T, Swan-Ganz catheter &7z primary
non-function FEFIOEKRBR 25T, FRICEHE
REBEENETL, BRHER L AKBREIZIEOH
BERTIEBMEINTE DY, FRBLHE
FHEE, HOEEOSEREY, FTORBOE
T Znva— AR, PEFEOET, EEAKRENE
T, ZANVF—REOBETIH->TETT S, £/,
FEEIEIC BT, REDH VIR v~ FEOD
BN & b %) R R S EREO/IME L BRRIH
EBEROBLERL VI L3N, HFBREAHEEOH
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EREESHIRC BT 2R BT 2T IO
HE, BEBREFORBICEETH L., XERTII,
HEERHER, 607 OBRMEMIZERTEEREDS
VIOMBRAIB S CHBICET 2R, FPiEh%
KERU 72, &7 RBM60DEE T, ZOREEREL,
AKBREH1.0MA LIz - Ttz 2 e o e
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Prediction of Acute Dysfunction of the Liver after Warm Ischemia
—Evaluation of Hepatic Venous Oxygen Saturation
as an Indicator—
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Early detection of a poor-functioning hepatic graft is one of the most important issues in liver
transplantation and liver surgery, but neither easy or very reliable methods exist. To determine their
capabilities to predict early liver function and/or liver graft quality and the resultant postoperative
outcome, the hepatic oxygen consumption, hepatic venous oxygen hemoglobin saturation (Shvo,), arterial
ketone body ratio (AKBR) and adenine triphosphate (ATP) levels of hepatic tissue were investigated in
warm ischemic models using adult mongrel dogs. In particular information from the Shvo, measurement
could be derived in both real-time and continuously, if it could be a very reliable liver function test. 60
and/or 90 minutes of warm ischemia of the liver were created by temporarily blocking the hepatic artery
and portal vein flow after formation of a porto-venous bypass between the splenic vein and the femoral
vein for hemodynamic stability, The results of the hepatic oxygen consumption correlated well with tissue
ATP levels and AKBR according to the severity of the warm ischemic damage. Shvo, correlated well
with the total hepatic flow (hepatic arterial flow plus portal vein flow) (p=0.011). However, Shvo, was
not significantly reduced according to the severity of 60 and 90 minutes of warm ischemic damage.
Therefore, Shvo, would be reliable to predict the decline of the hepatic blood flow, but it could not predict
the severity of the warm ischemic parenchymal damage to the liver. The hepatic oxygen consumption,
AKBR and/or tissue ATP levels would be a reliable indicator of postoperative liver dysfunction or an
indicator of graft quality after liver ischemia and/or transplantation.
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