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Fig. 1 Schematic simulation diagram for PSpice.
Two compartment model where a: represents
plasma-liver transfer rate, b : liver-plasma trans-
fer rate, h: liver-bile transfer rate.
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Fig. 2 The two compartment model would be
described by differential equations. Vm (Rmax)
is the maximal removal rate from the blood
compartment to the liver compartment.
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Fig. 3 Semi-log plot of a single intravenous injec-
tion of ICG. The change in plasma concentration
(CP) of ICG consists of two phases and it is
expressed in the form of listed equation.
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Fig. 4 Transient patterns of ICG concentration in
each compartment, and total ICG excreted into
bile.
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Fig. 5 Sensitivity analysis done in 1 and 20 minutes following ICG injection. The
1CG plasma concentration (CP) is recalculated by 1% increase of each parame-
ter value. Bars represent CP changes elicited by the 1% changes.
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Fig. 6 Plasma ICG concentration against time
following successive 5mg/kg and 0.5mg/kg ICG
administration in patient with normal liver func-
tion (semi-log plot). Virtually no additive effect
is observed after 30 minutes’ waiting, indicating
the normal ICG removal would take place as if
the secondary ICG dose was injected on different
day.
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Fig. 7 Successive ICG injections in cirrhotic
patient with impaired liver function (semi-log
plot). ICG (5mg/kg) injection in 30 minutes
results in much higher CP level than it should and
the excretion speed becomes entirely different.
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Fig. 8 Successive ICG injections in cirrhotic
patient with impaired liver function (semi-log
plot). There should be 140 minutes of longer
waiting period to expect the exactly same excre-
tion rate as 5mg/kg of ICG is given intravenously
on another day.
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Fig. 9 Successive ICG injections in patient with
normal liver function (semi-log plot). If 0.5mg/
kg of ICG is administered initially followed by 5
mg/kg dose, 8minutes in long enough for the
removal rate to be same as it is given on later
day. The CP is lowered to negligible level (65ug/
dD in 8 minutes.
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Fig. 10 By constructing the three dimensional
image of the liver, regional volume is well calcu-
lated.
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Fig. 11 Preoperative 3 dimensional image of the metastatic tumor and resected
specimen. This image was assembled from US. In color imaging, a lesion
compressing the adjacent hepatic vein tributary is clearly demonstrated.
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Fig. 12 By utilizing computer graphic technique, various resectional planes are
set and shown on monitor screen. With the set resection plane, computer
outputs liver tissue mass and estimates expected postoperative liver function,
thus leading to reasonable operative procedure.
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Fig. 13 Imaginal resection planes are placed for
this hepatocellular carcinoma (HCC). A: 2cm
apart from the tumor margin, B: lcm and C:
close to the tumor. Computer tells surgeons how
much tissues they are removing.
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Fig. 14 Regenerating (recovery) rate of the liver after hepatectomy. This 64
year old male patient underwent right lobectomy for HCC which occupied 88ml
in volume. Quantitative regeneration mode is well demonstrated.
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Fig. 15 The recovery rate as a function of week,
measured on 10 patients. It was calculated after
dividing postoperative liver mass by preoperative
volume. Not all patients recovered to preoper-
ative level in 6 weeks.
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Fig. 16 Relationship between ICG removal rate
and dose in accordance to Michaelis-Menten
enzyme kinetics. As dose increases, so does the
removal rate and it reaches to Rmax. Km
(Michaelis-Menten constant) is equal to the dose
which provides for half maximal removal rate.
The curve is hyperbolic in nature and is also
provided by Rmax and Km values as the equation
here indicates.
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Fig. 17 For easier understanding of the relation-
ship between ICG removal rate and dose, curves
are shown with Rmax being fixed at 3 and with
Km being variable. Since the curves obtained for
patients with impaired liver function tend to
become steeper, trivial technical failure in CP
measurement often invites notable fallacy of the
removal rate in small ICG dose loading.

(mg/kg/min)
Rmax —e 3.0 Rmax=3 I
Km=|_’ —
% 2 /"/. Rmax=3 : e
: / Km=5 _— ——
] 2,04 / o =
g [ A =
Rmax | S /_--/ Rmax=3
@ B Km=10
(U] 1.04 |[ 7 //
o W/ A
osd! //
1/
b/
0.0-/
L c —————
0 5 10 15 20 25 30 (mg/kg)

ICG dose

To ICG BEMNES L TL 5. Rmax (XfFfilgn 3~
T D receptor N ICG LB L Ex2BRD L
X, o% hEFICCoREXHE L C ICG EIUEEH
BIFUREBIC 7 » RO RARIGE (RER) ¥ EKRL,
Km iZfrdifa o ICG w3 5 B\ <, ICG BREERN
172080 ICGETHS. Lih-TICGKBREER (V)
& Rmax, Km ©BIf%% Fig. 16 © X 3127 5.

Fig. 16 ¥ RT3 L kD 5 DixKh o<,

F1ICCHRERLXBHRE & 0Bk hyper-
bolic ©, *OMiX Rmax ¢ Km THg¥ %, 213,
BREFIEZEBRESKmEcEELTRkETRE
Rmax i&E-5 %, +4/)h 83 ¥ Rmax/Km 275,
#H3KmE NS WEERIBRERY, NED
ICGAMTE CRmax CEZELTLE > Z L& EK
L, FREREEER L b v 25, 413, Len-TICG
AHENAKmEL YR IPNIVEEFBRED N
RIS E L BAIK X B EROBERC RN D Z
ERBHRT S, £ L URBICREBALOEAEL Rmax
YERECRDBICIKmELI Y KEVEFERETH
BIRETROKR, EBILICG OARE20.5mg/
kg #:, ®LWL¥L5mg/kg TRIELTV5, Fig. 1702
ThBOBFEY SR TH %D Rmax E%3.0
CEZLT, KmfEXGx 1, 5, 100 EFHILThL
LDTHS,

FEE, e EEslt & CaF ey S
5BHETH Rmax NEER I N DD, £0 X ) il



8(762) Simulation iz X % FFERED Z BRI THE

X Km{Ed /P, BEBEAEO /N RBEN
Rmax Ok E B EIT Oy, BRI T HER
T&\VWRmax it b ESWTEERMARESE ST 2L
IHELTBELRREENRNDB EL V25,

— A7 Rmax ¥ L& U Km {E{X Lineweaver-Burk
O plot ¥xAVWTEH IR T30, BEHCRIELE:
Mgk ICGEE CP g hiE, Bidhd two com-
partment model I X - THEHEATEET, X b
#§eh ICG /AR (VP), FFICG Mgk (VL), ¥
—MRBTR (D), F—BEIBTRM) LELF215,
ZDL 3L TRDBNK Rmax, Km 7z S35tk
Paumgartner 5 CHRIE L 723 D L RBEE L%
RTEWSHY,

PLICGRBBELC, TomRhDEEY follow
THERTTIRLD RS A — 20 5m5 EThiE #
hIABEICE > TEETH S,

BAFEMHOBRMAERE, i FNRE FHF
MRREOME, REVHAITEREZ L ENRT BN
LThD, LTI TEHIRBHIZa v E 2 -2 kT,
FRAEACICC AREX R 245 Rmax, Km %%
ULHET A8 52— 2 ¥AEMPERL T
fo.

FTORETIRETEER, TLRETREO DL
b3 BEEO ICG BE » LR FEHL < Smg/
kg O F730.5mg/kg A X b, Rmax, Km, m#E
ICG GMBR (VP) i D5 2 — 2 —(HOER M X
<, ERFICG HMER VL) @ZI Ttk b &
2BEEER LMo, EFRFICG H/EHE (VL)
DBENIFE R TH o Z LI VL B L T,
nEFO ICCREIFEIRTTVI EEERLTY
5.

2% HhMifF o ICGRBEOCHR» LIFICG /A
BEr#AlTr0EREL LI VI 2 it B,

S Rmax 3—BICELPEDICGH 2@ L
F3E, e B 1 BERVWTHBEL, OkDH5,
10, 155# sk L CmiHAER (k=0.693/t1/2) %
BH L, X5 Lineweaver-Burk ® BB E 2 53k
HT5, L LIRS, FHERE FEERET
Rmax OBLNE L WEHIC, =0 X 5 inEERI% 203
5D T Rmax DEZELEND, D7 Rmax %
1 BTHETHRAA UL EDH 2729, FORLT
RICG R —HEREBETIZ LEkbDT, B
EROBRFNFRBESMBIC %, ICG BERIM+
BECI-TRREZ1HTHA, ICGHRERIRES

BNt 268 3%

ET5BEbBRCEENC, BEEDOICG A%
Bz TBELILLEZERALUTRBAER ST,

L2LICGC #BETAHBELEL>THITEL
ERIEZRIIATE TRV, Fig. 6 XEBEMEEH
30dl & {RE LIcERI, % 35mg/kg O ICG » &
L, 305%#%120.5mg/kg * KEBELILDOTH B, I
NE 77 CRRBREICGHEETHLIOICRLTY
EEIICCHBE#ROMMBPEE X1mg/kg UL Lz
b, BERICEENCREYEZTCRB L
B KICG 8o h B EHRLTVS,

TR ICG OHEEANENZFBEEEMNTIIERS
DR E, M —FBITEAH0.062/min, FF—IMEBIT
1 0.0092/min, FF—RBH#FTE © 0.0345/min D iE
Bz (Fig. 7, #ESmg/kg O ICG AR#305 K
0.5mg/kg © ICGC #* REHBETAH L, BxHLAHT
0.5mg/kg *EBETHLEETATHA I EE2DLR
% peak fHlmg/dl # KB LB - CTL % 5, ZhTik
RIEGEENE L H0.5mg/kg © ICG Afrext$51E
B KICGEREBORK,, Yiab—vav Tk
% L mfF D ICG BE 2365ug/dl LITicishid, ko
ICGAR Y LTLMFTERFEICCODHEIERTES
ZEBGHBDOT, TOREFTRI0F L LT L
Z ki s (Fig. 8).

# 0iRT4%)E ICG A& %5mg/kg TiX7e <, M
FrLDOBEENELTHA 50.5mg/kg L BETH
W, COBMBEIEEGS 8oL EERS, T
L5453, 107, 550RM K -7-6, BSKRD
ICGAMXT-THBFICG 2 ER T ¥ 5 KICG B
HELhBZ EXERTS (Fig. 9).

WFhIZ LT b ZREFI Tl o ICG & 5365ug/
dl /e THAH 5 timing 12 ICG AR, RFD105
BEoMmEFD ICCGEBEOHBTEHTELEDT, #
D Lineweaver-Burk DEREHIC L 5 HETDH,
BEEDICG ¥ RIBEBET 5 timing, X UZ0DIE
FrxIXThi¥, 18T, Li»bhEaaRkicER
RO 2V Rmax # BH T3 & L AFEETH
5,

REEHFBO STERBICL A $ab—v a vTHh
BH, BECR2ZAEEIERLPTL, TLEEHR
FRHIBND D, BLHE TRLTECT, US,
MRIZR U ETHEEERILOEKRT L ABEE
R XKEREBRELTWBEE 25, Lirdb=ayv
Ea— 2 %FIAL-EBRLEEROESZELL, &
DHRIBBEBFRICIND ZARHABIHEILT 2B 2



19934 3 A

HHRETHD, BHFTEED 2 RTEE»S 3K
TESYEE, EHAEL CHiONES BEFE
BOBRE, HIRBOFFLESRE L SOEBIILE DK
FTHHEMERE BT TES X 51T/t TE e,

TOXIRTEBZL ABBATILED S
EHRRDOTHH 50, KR OHBRERN, Fiotkkc
FHL TBERELYTREnbARRVD, BEOK
KuE@EAL CHE & RE O phantom Z fEE LER L
kR TR, EREL 3IRTEG TOFAIMEL ORI
17.2+0.8%BEH - 12,

&2 A TR HES/ ERFREOBREL, 2L T
Yialb—vaviREo THFENAETEOREFE
BENLEHCEE, WITOFEE FREXZED
CFRAL FHET 5 & ARERETIR e, BRERE T
BLIFRASOBECREAT IR 2 S5 b D,
ThbbLbREARCHTAEBE, ERAIXMECLT
WHELEZLRD, LTHLRAFERELRENL
TEHHRE, »5VIEERBCH T 2RAETE
(maximal restoration capacity) % ¥{E{LCX 58%E
BEE L,

FHEER T T 5 BTV D OREEMHRX
RT3, ABERIE - TRRAGBHYREY 5
HORFTLRRTEIRELEVLBETHS, TOH,
Rmax XfF#iig D ICG receptor &, T 7ni> bEEEERIFT
HlRBECFEHEBELTWB Z ExE LR, Tl
BEOFEE L L<CHRRTHBINTHD LS 25,
Rmax X ICG clearance & T 2B nilc i ¥
b, FIER, FBEOBECHEARENMRES LV
FEEELEYRBT AT TH S, REEREY

9(763)

BL-FHEREL L cfE® Rmax AT 235 0%
BTHSH. Rmax OEAME L FRME L DERI [Fi
B | OBRERXRLTVWADLHMhi,

FrOBRE® T TR X - T ICG clearance % F
57t A B 5O mediator B L T, FFHIMEES
EFERTWBLELEZONRD,

CTFRIZ LT SHEFBOBEN - I av—va v
BIVHREBYHY s av—vaviEay, Thboiih
SR EETE FROFRE $BELLBEED
BREORBEEFCTA, FMECcEsLES.

X R

1) Richards TG, Tindall VR, Young A: A
modification of the bromsulphthalein liver func-
tion test to predict the dye content of the liver
and bile. Clin Sci 18 : 499—511, 1959

2) Stoeckel K, McNamara PJ, McLean AJ et al:
Nonlinear pharmacokinetics of indocyanine
green in the rabbit and rat. J Pharmacokinet
Biopharm 8 : 483—496, 1980

3) BANEHE  CT, US zAVIHEO=®RtE®RD
i & BB ARTOR 2 —EKIE A~ O TEE
#—, E&EE 10 184—193, 1991

4) Rikkers LF, Moody FG: Estimation of func-
tional reserve of normal and regenerating dog
livers. Surgery 75 : 421—429, 1974

5 &)l E, ERETF, BEES ) KSR
R E SRR _FEIL X % ICG kinetics
DOEFEREIZOWT, FFE 29 : 1368—1373, 1988

6) Tl B HFHEECRETFHEEOME I
VRO BIL EBA—., BAREE 82885897
1956

Objective Assessment of Hepatic Pathology by Computer Simulation

Kenji Sakurai
First Department of Surgery, Jikei University School of Medicine

Precise assessment of morphological and functional pathologies of the liver is required during the perioperative
period of hepatectomy, which results in massive liver mass reduction, and/or the period of any operative procedure
in patients with advanced liver disease. For objective and quantitative assessments of the hepatic pathologies, 1)
kinetic behavior of indocyanine green (ICG) injected into circulation, and 2) three dimensional images of the liver
were analyzed. It was feasible to estimate the ICG excretion parameters including liver function and circulating
blood volume. The three dimensional images led me to attain regional liver volume, localization of tumors,
volumetric hepatic tumor ratio, posthepatectomy regeneration modes, and to help surgeons decide optimal
resectional plane and procedure by computer simulation. Hepatic pathology should not be appreciated independ-
ently based on either morphologic or functional tests. Generalized comprehension of results obtained by both tests
and computer simulation is imperative for objective assessment of hepatic pathology. It would be valuable for
accurate estimation of the hepatic reserve in postoperative period of preplanned certain procedure.
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