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B—EDORFEIZE SN TR,

EHEREEORI o 12, (EEERIME P BEHGERE
E 3% EH O hypovolemia & ODEELIER I LT
BY, ASEROETEMREORSCIEELE52T
WHEEZONE™Y, Lal, £ETEBREBOBE
D OERBROBRTEMBBBLER T 2 2 & i@
T, PR LBRIE2ZITHEIbAREY
ZEREDPS, REEFNEETICE T 3 1ESEEE
OEENZ D W TIIRE P Thh Tz,

SH, EESZLIFEREEOIGE L L TULERE,
EEERE, BAWRIBRENEL COBREI LR
Y5 LFRIC, AFBRRBEMREREOIRE: LT

<19954F 1 AIIHZHE > RIRIGE R - 5% {58

T020 BETAMNII—1 BEFERKFEEFIE ]
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BIRMBEFRENE LI bay R 7P xvF—
EARELR KT 2 8RMT s oA EEEL, &
BEREFMERETCB U 2 HEREEHERERL Y 4
7o, MBEBCYNVE VMEOKREBICOWTHEN L
7‘—: 12)13).

NREFE

19924 1 A4 519944 4 H £ TORARICHE TRER
Lz MR A IR EREA 0 > b, Ml aERE 2
EoT, HETIEENELALIMMENREL
7z (Table 1),

i iz 2f AR MBEREC X 2 W RELE
&, SEER, LHE, BEOV) v EB el oAl
JEEUR GERETI O & B RID OFM 21T, BRERRE
BRI 2GRETEYE 21T /. +=iEEES
T, EAFITRRAT, TREER T 21T - IERIZ o - e,

FAWAAEEEIE, MATRE0ER, BEXErif
HALT, MEEYFETHRAREBEZOEVWEIICE
H L7, MiRiESIRIC 7V a— R %5~10g/hr T
BEL, FEIRHLIVEBE»S 7 ) =3 —1ODF
E%5kcal/kg/day 2 S8 L, 10~14%% H iz 30kcal/
kg/day O full strength 25 U 7=,

FREEIE GO TR/ BRER 2 1TV, SRS B I MRS
HERF &2 WTh12~15ml/kg/hr, #2% H5ml/kg/hr, 1
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Table 1 Clinical characteristics of the patients

n=237
Variable =
Mearn| SD Range

Age(y) 61 9 52-68
Operative time (min) 343 71 270-530
Fluid administered 12.8 | 3.1 | 9.64-16.3
intraoperaoperatively (ml/kg/h)
Estimated blood loss (ml) 596 | 264 | 290-1,250
Time for which ShvO2 was 29 32 0-118
below 60% during
intrathoracic procedure (min)

Time for which ShvO2 was 35 37 0-95
below 60% during

intrabdominal procedure (min)
Total time for which ShvO2 56 49 0-180
was below 60% (min)

ShvO2=hepatic venous oxygen saturation
SD=standard deviation

WHEU#1.5~2.5ml/kg/hr 285 L7, FHROAL
WREE 2 2T o o,

RS 7 b > 4&LL (arterial ketone body ratio :
AT, KABR) O#IEid Williamson 5 DIz Uz
7 vy 7 X [=ZF] (SFMuERrgERn 2£H/L, #
FEEFLEHS KETO-34011 ic THIE L7, HIEE
IZTRT 2 BERE (Pre), i (Op) 1ZFAMES & BAE
BOEE, itk 6 B {Do), UBE1, 2, 3, 5,
TRB#EOEERSR LI,

FRITFID 5 H1993F 1 AR 02261 2w T ik
Baxter # 845 = Bt F# £ B Swan-Ganz catheter

Hiistsit 28& 45

(&7 V93A-750H-7.5F) B KBRREIR L DAL, fER
R REFNCEIE T 3 L RCREHIRME RN
BrEfe=y— Lk, %, ITERIRESREMEER
=% —(BLF, Shv0,) ix, Abbott #3 OPTICATH
catheter (&7 P7110-EH) %f#H L, Abbott 5
Oximetrix 3TEFEREL 2, AT —F V>V T
YERTCHETHRIRE VA E 7 EPAFEIRICEAS
EL7 (Fig. 1).

M A LFARTE & MR A 5047 13 B B R AR
Wiz TITo 72,

HEHER 7y FrarBa—siiley by
Y23 V¥ a— —FEENT Sy 7 — ¥ StatView
4.0 (Abacus Concepts, Inc.) ZHR L7, BEHNE
1k, 2 BRIDJEIZ D> Tid meantstandard deviation
THEL, BEEORTIL student t-test TITo7z, 2D
O ZE ¥ O BB O B E 13 Pearson’s correlation
coefficient TfTo7:. ZhZh p=0.06%2FEL L7,

FEIRA 7 — 7 VA OB OB TTY, RAESE
~DELERBIT:,

w R

1. RGO BT

MNEIEFNIZITH T, FHIEREL. 319, 75, FHHFR
3437143, HidpHME596 +264ml, AT EKE12. 8+
3.1ml/kg/h, g A TIPREHERG365.3 17 . 5isfH
Thol:. BERERBIUH LT IEBLMBREHHE
DOFERE L, FERFECI G o7 (Table 1),

Fig. 1 Continuous monitoring of hepatic venous oxygen saturation was perfor-
med by implanting an optical catheter into the right or middle hepatic vein.
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Fig. 2 Serum bilirubin level peaked on day 5, but
significant increases continued to be seen until
day 7. Direct bilirubin exceeded indirect bilirubin
during the study period. Asterisks indicate
significant differences versus preoperative value.
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2. MIBE Y AVE AHOEEH

MEBE VLV E EIEE 5 HED1.68+11.79mg/dl
BEE—2 LT, WEE»SE 7HEE CHRETEL D
BRICEELZR LU, Mk 2 8RUACiERE Y v
EUAED € — 2 332 .5mg/dl BA L & 7% o 1 EEFE 7 )
(17%) THotz, PETREZEC YNV E VY 3BAT
bot: (Fig. 2),

3. BREBEOEH

DRELUF, CD OEEYEM123.55+0.77/min/
m? & R(EAE %2R U708, MR IRATRiiE & » BE TR
L, B1HRETERLH 2HBERMEE2ED . M
o CI Ttk 6 B, 25 196 H, $ 2 HORE S
HRERCEETH- 7. AERHE (LT, RVEF)
BCl R HERTRAL, MhOREESL.9+
9. 19613975 6 B, B 1WA NGB EBETH -
7z (Fig. 3). AEIREIAEEME LT, RVEDVI)
35 2 W H A BRICRAEE150.6+31 . Iml/m* %2 = L 72
B, Whr B 2 RHTFE CIRRE LEBIIRD L
» o7z (Fig. 4), 6, BEEHRMEEFME 2+,
i %38 U CO60% AT AT LIERIZ v o 7z,
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Fig. 3 Cardiac index and right ventricular ejec-
tion fraction values showed their lowest values
during the surgery.
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Fig. 4 Right ventricular end-diastoric volume
index peaked on day 2, but significant changes
were not seen.
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4. AKBR OZ&)

i AKBR G BIECHERBEECETL,
0.65+0.40 & BEM 2R L7248, 55 155 HLIRIZER
WwERL, EI3IWHCRSEMHEL.73£1.01%R 072, M
BEOEEIIMAMERERC X 2HETCEEETRLT
W7z hS, Miki3150mg/dl L ETHR L T (Fig.
5).

5. ShvO,
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Fig. 5 Arterial blood ketone body ratio was
lowest during surgery, but increased significantly
on the first postoperative morning. From the start
of the operation, blood sugar level were
maintained over 150mg/dl. Asterisks indicate
significant differences versus preoperative value.
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B Ed D ShvO, 60% LA T{E T K 1345+ 3553
(BE MR ERFE180 +4257), BAREIRIEF @ ShvO.{ET
R IX26 £235 (BAREIRIEREHI16014647) TH oz,
SEHFMTRE 343 £ 712 U, Hi b AT R IREs SR ET
D360 % LU TIAE T U 7 M O $BFIZ56 £493 TH - 7z
(Table 1),

6. i AKBR L fifgllIE ) VB BREE

i 1EEUAOBE Y L E v EEE (T, Peak-
Bil) &xi#gE#al 727 AKBR f#& log (AKBR) 21X
FIBAREK0.464, p=0.0034DEFEOHE2REH . H
JEBAR Peak-Bil=1.047—3.904{log (KBR) } 1z it p=
0.00380EEEEHERD Tz (Fig. 6).

7. ShvO, 60% L ™K THEE & Peak-Bil

ShvO, 60% LA TE TR & Peak-Bil iz iz tHBE %L

H#s=it 28% 45

Fig. 6 Regression analysis revealed a significant
correlation between the intraoperative arterial
blood ketone body ratic (log (AKBR)) and the

postoperative peak serum bilirubin level.
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Fig. 7 Regression analysis revealed a significant
correlation between the total time during which
the ShvO, was below 609 and the postoperative
peak serum bilirubin level.
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0.499, p=0.0169DEE 2B 2T 1. EIRFEIK
Peak-Bil=1.219+0.009ShvO,Z i3 p=0.0181D H &
nESHERD L (Fig. 7).

8. ShvO, 60% LA T{E TR & log (AKBR)

ShvO, & log (AKBR) < i3 # B 1% $40.486, P=
0.02000 EE ZMHE 2 ZE» 7. B 7 M Hlog
(AKBR) =—0.151—0.002ShvO,iZ i3 p=0.0217DF
BEi#EEStE2RD 1z (Fig. 8). %7z, ShvO, 60%LLF
ETEBROFESEICLD 2B TA5 L, ShvO,
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Fig. 8 Regression analysis revealed a significant
correlation between the total time during which
the ShvQ, was below 60% and the intraoperative
arterial blood ketone body ratio (log (AKBR).
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60% LA TETREEI555 A L DEE1X log (AKBR) 86 &
WIEETH -7 (Fig. 9).

9, ShvO, & log (AKBR) & D &7z Peak-Bil

BHRFID log (AKBR) OFEIC & D 2Bz T T
Et L7z, log(AKBR) —0. 23R OB I HE I Peak-
Bil 25 87 - 72, FKE ShvO, 60% A TE TR D
FMEIZ X Y 2 BRI TREF L 72, ShvO, 60% AT
& T EERE554 LA E D B i3 E B 12 Peak-Bil i B AT
H-7- (Fig. 10).
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EWMEINTWEY, ZOFNBHERORETH—F
DRBEBESRTHRY, Tihbb, B0 —#HK
HITFTRCKRERA MV ANMb S Z &, BREELEBE
T3 itk 2 HBERTOMS, REMRETNNC X
LIHH 3 - %, BERKK L 2MIRIROME > - i

Fig. 9 Comparison of the intraoperative arterial blood ketone body ratio (log
(AKBR)) in terms of the total time during which the ShvO, was below 60%.
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Fig. 10 Comparison of the postoperative peak serum bilirubin level in terms of
the total time during which the ShvO, was below 60% and the intraoperative
arterial blood ketone body ratio (log (AKBR)).
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ERREINTVLETY, ZHL I s DERE S
EZ2725 2T, 19914, RETHOHEASEHE L
TE O —BREHAY S, B3mE L Rs
FRIBT 2 EEEIT->C &, ZOF L 2HA
EEFMBOLEY VE VHE2.5mg/dl L EOEHEY
WE VIMFEDOFEEEIX14% T, FBROME L VIE
ETHo708, HRELUTHREHEBIEL # DRIk
RHHZ 5% s,

S EEREEBORET» 513, MBREPHOBEBI ¢ L
SEHRRAHBEROETIMEEIHEORECEE LT
VB ZEDBEBENTHEION, UL Lgsss, g
B TERXETICH D, SR REEEEL
T3 Z s REBTHRET CONEREEOE
BRI D X D 2B EREZ TV 3001
BEsh Ty,

TS RIS T i /NE & DT 38 1) 2 SR R 3
DEXBEHETH D ATPER AN F—RB3 v
> F U7 OB ITIK ENADY/NADH (redox
state) KWHESN T3 Z LIcEHL, BRSO 7
MR L -t Fo X VERBEOLARIET S 2 L T
redox state 2HEETEX 2 2 LRSIz L1919,
#, AKBR B+4% 70 a0 —A&8FHO b L TORFS b
YR T PRECIEE L U T S N8, BT
i, ZRERETEBVCI FIVFY T AN F—
BEAEIRIT (LUF, energy charge) 2832 X\ 3 5
»5 5 AKBRHEIZOHFRESHE SN T30,

AKBREE*E5 X 5RFELL T VaI—X§
B, 4>y aV rawEeblihic b ERENRE, EREM
i, BAMER, RBamersEfshTtes, 9H
OXREG O MEEEEE % 45 &, FEIHEECLD
100mg/dl Bk TH D, WEiD AKBR OfEiz >wTik
RINEOEEZEE L i okw, Larl, F
M2 OMBIEVLITRORERIC b 150mg/dl BLE
TH Y AKBR %25l ¥ 2 EClEEORE I W
LEZoNL, SEHRMNL-AEETHEET O
AKBR OZEE, fd i {EE %R U fe SRR 51
TFRUMNEE 1RBEICIIWATEEZ K E B2 3 over
shoot HEVFED SNz, ZOEWBOKE I FHI b
IR YT OBENTHABRIFCRILTWS 2k
ERLTWAEY, ULhrl, —#@Erizvz, ABKRD
critical point £ #F 2 5150 4L TFIET T 2EH b
FNTIERZ 27249, 7O redox state HSEEIZ K
& ETTREAEO L FRE, F3 har Py 7HEE
PEEIA TR wET 3L, BERGRORD &,

BEEMEE YL E CIFEORS

H#s &5 288 45

Wh ¥ % surgical diabetes 2k 2 A NVF—HBD
Ea EBBELTws eF 2z o6h5, BHTH,
ShvO, DIE TR SRV ER T AKBR DET 25K &
W Z &R, AKBR OE TR —@EE o2 ey
25, FRANOBRUHEEETIC L 2 FKAE
il HSHF energy charge (K F 25| &I Lz b D L& 2
bhb,

—7, FGIFIIRINE v 5 BRESERE DD R LIk
PORFERCBMERBRL T, BRENETR
BE T AR D ShvO, DET #3792 72 5 1 FFRE MR
BERLTWS LIRS 2w, BEMEEORTHE
FREHELMRED 2 DOERD» 5 AT EORERE
ENDLO0VEERBELFEZ 515, Larsen 5D
BRI & B &, hypoxemia 2 DWW Tk, Pa0, 40
mmHg £ TEFBREBEZE I BRI T
722, %z, BEAKRBI T b PaO, 50mmHg i T 13
AKBR iHETLTWARWEDIHRE D H D, EBEOME
M EHIZ BT, hypoxemia % £k & 2 FFRE R
BROBETREIDVIZS wEEbA2, —F, FILR
LY A5, BIKRGIOBE CIRERWLWN, BUIBRH
BT HIMH R I1Z25~50% R R A L Tus % 232929,
Lutz & DFEERIZ X 2 &, FFMREB0% ATl 5 &
HFERHERRMRE AL THETT 2 2 L0550
BTS20, IholmE ESEORIHBRL D
H5E, EREEEHOKXE 2BEEF M3
BOETHHERFEMRHEREOTELFER
BoTwdbDrEbhi:,

SEIOKRNTIX, £FEREEOLE £, Shv0,,
AKBR O &) 3 #FHFRIRRBRIEHD s 07, i
BRBEBOLE 2 2 FWBREHE,» & FHT 2 2 L 13E
BThol. HREER LD A5 L, RVEDVI Offfh
ETiRE L, HorEREREMTbh: L Bbh 523,
hitha C1 ®° RVEF & T ¥ 2MEM %2R, firfis
BEIMETLTWwab0LEbhs, Larl, EBEHIK
M REIFE I I E#H I 5y, ShvO, DK E %
FE - ORICEROSED s hiz, ZOFER, BEIC
35 EERIE L U T OBSEMMREELS OfFR =%
Z ohiz s, BRSO TH I L T
TLLEFRERKICE R L BEbhid o, &
D& BIRBEHMRFES IS FCRKET 0, &
STEREEL SRR A HET 5 2 L 3RE - Bb
no, Liehi>T, HBBREARBREONKEDO—D &
L TR FEMEEEE D supranormalization DEES L ERIE
EhTBY, MPOL2BHEREHEE2HEL, hyper-
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dynamic state Z#REd 2 2 & BB REEMRH
HEFOREN LMK L Bbh 32,

SEORE D 5, PIIREEAOKRE L > T
2 DRI b FMREMET LT3 Z &8
AANT:, BEIFEHERSBERRATH L2, 47
I—NT I REEEERTF LD EERN N
PHIfE B ALGE, 1L IR ERENELT 2
ZEBREDLSNTEY, MOBMERR LHF, &
HEFREET IR 2 BEMEEROBR G b 3EHE
NEREEOEBCES L T3 D L Bbhiz?®,

F/INERIZ 81 2 MWETEER & 84 O AIfIRE 3 &
UHAFIRED 53771 1% heterogeneity BEEL TW 3 &
oo, FERESECERS 2 HEEORE, R,
EESRUHR B OB I - TR L 01878 2§17
T5H0LBbh3,

Rappaport & OFEME U 7z gk O 5/ NEE B AT liver
acinus OBEEIC X #Lid, PIIREL zonel IXEER B & %
BralsF-—HEOBERMESHB IR 53, dul
BRI zone SIBERSERO L VAL LT 22T
THY, FFERMEEIZIZ zone 30 & BEENETT 2 2 &
PREMBERIC LT o TWB2 g1 BT
WM ER S OEEBERES I zone 3THNWI &
RELHEINTLE®, HERH#H LD A5 L, zone
3% T 2 BRI EHBRIE KRB e B 5
LTEY, ERNIME L E35 R B 2550 L%
THEEBIREE R b > TV 230, ZORHBEEEE
DA & 5 zone 3HEKIEED energy charge D{ET
25, MOAFRREREE I AT T 2R S - ¥ %5 &
BMITHDOELEZOLNEDD X512, EYLEGH
DEHEEREE, AR EYVE CORMBEESEL
TOBEHFR~OHEMER TH Y, b energy
charge WK 3 2 REBIRURIE TH 29, Wy, iR
BAIZ energy charge (R TI12 & 2 BV L E v HREAES
£U 2L, BB omm, B, HSEGEL K
X 3 Y L E AR IL energy charge BlIE# b 8
e FREL, KEEOEEBT ) VE» OEH
37 OEAHEMEE % 88 2 72 B CHEAE 2 & i
R 50, BEEHCYVEVEERRNER LY
LERHEBL ThrosBHsbIzrb b0 L Bbhi,

¥z, & bar Y7 ORREER Kupffer fifdDO&
BHEC X EEHIFIO energy charge IWKFEL TWwW3 Z
EDHE I T W53, BF energy charge OD{E Tk Y
LNVAT A NBEYE OB BET R, dtRS
D358 U 72 & B BT O non-septic endotoxemia &
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B L e ) VE VIEORKEICDES L Ty
5HDEEZ SN,

PlE, AEEFMCBY 2MHBREE YV E VIEED
RHEESER L 2, BEEFMCBVT, MPOHER
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HHLERT S, EBBEROE, Bk CoRFMNb
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&, BA0) @Rt TREEFTLD L, PR
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bn%35)~37).
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Hepatic Mitochondrial Redox State and Hepatic Venous Oxygen Saturation in
Relation to Hyperbilirubinemia after Esophageal Cancer Surgery

Nobuhiro Sato, Keisuke Koeda, Kenichiro Ikeda, Kouki Ohtsuka,
Yusuke Kimura, Kaoru Ishida and Kazuyoshi Saito
Department of Surgery, I, Iwate Medical University, School of Medicine

The influence of an intraoperative hepatic blood supply disturbance during esophageal cancer
surgery for postoperative hyperbilirubinemia was investigated in 37 postsurgical patients. The arterial
blood ketone body ratio (AKBR) and hepatic venous oxygen saturation were determined by using an
optical catheter implanted into the hepatic vein for continuous monitoring, and both were found to be
markers of hepatic oxygen demand and supply. The postoperative peak serum bilirubin level (peak-Bil)
of each patient correlated with the intraoperative systemic hemodynamics, the intraoperative systemic
hemodynamics, the total time during which the hepatic venous oxygen saturation was below 60% (ShvO2),
and the AKBR. Regression analysis revealed a significant correlation between the log (AKBR) and ShvO2
(r=—0.486, p<0.05). a significant correlation was also noted between the peak-Bil and log (AKBR) or
ShvO?2 (r=—9,464, p<0.01, r=0.499, p<0.05, respectively). However, despite these significant peak-Bil
and AKBR or ShvO?2 correlations, no relationship was found between the systemic hemodynamics and
these parameters, suggesting that the AKBR and ShvO2 may be useful for monitoring latent liver hypoxia
during surgery. These findings thus support the hypothesis that intrahepatic cholestasis occurring after
esophageal cancer surgery results from a hepatic energy charge disturbance due to liver hypoxia during
the surgical procedure.
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