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A =T TIIBV DL,
MR BT IE E ER L.

THEREOERNGHEEZ B E LT, EEMEHIERD 2 FEE W
Z Ok, Blongvist HAMEE L/ EIEM DI R/ 2 Tk E v

W3 a2 8= b A2 FEFIVOMRITE % “"Te-GSA FHERBIOBRECICH L2 0T, £FN/8
TA=FTHHIFMiKE THERBIIELBEICKDOLLDTHL. KEIIBIT LT — B EDHENT

A= 7@“@w§%/\lb~?a/L X512,

IR/ 2 FeE R B L 72, FR,

3ISPIORHBEE 2 RIIRE ETERETH LHIE
— ¥ DMFHEBC D (REDOKENL, ERLE, BRLY L L

Fr b, T, BN S N ZEREIREI WS LM T RAF LA AEED 5 17z (12 >0.96,

p<0.0001). AEFEHHICEEL/XT A — ¥ OUHERCHE Y K

Lat# 4 B8 M@ CIFmR, SaAads

TEORENTTRETH ), WK EFHAZHREEZ LN,

L 0 &I

#mTc-Galactosyl human serum albumin (*"Tc-
GSA) (&, FFMILICOARFIES T ¥ 7 ulidkn
TERICHFRIIHET 5 128 ) FRIC %R
L, TOEMIEERIFFHE L CHETLZ L
DHHNTWVDD, O ¥ Tc-GSA DEBUNE &
WEHEED 1 DIZT =AY FETIVEHW
PR 3 ), TERETINIST A= DPSE
IR RN 2 EDH VO T 5. FERIERK

* B BEAY A BT R
o [ TR B 5 P
ZfF 99 H8H
WA D104 1 A 13 8
BURIEE RS @ BN 4 4% 5 %5 (T 078-8510)
JENBEFF K2 SR 5 2
F B & §

(FEE%- 35: 85-91, 1998)

N2 L, ARG BETH LN, TORMHERRE
A2 7% 0 JEHET, FRATICHRERIAS D A B D DYFEIK T
HbH. FIT, A0, LR FEELT,
Blonqvist 5 %% L 7C EAER D #E I 2 Fe ik
PRV 3 28—k A 2 NETFTIVOIRITE
x 9nTe-GSA FHER R OIS H L, FFm
biv SHEREIREL BEIRO D ks EEL

. KT, KEICBT AT — 2 MEDHE
/\7X—71ﬁ’\0)$§’§0)/\11/—73 M
A, & SICHERDIEMI R/ 25k & DRI
DWTHET 5

I x &%
AHIE, @M EEE 35 B (#2775
i, S 20 B, izrézlsﬁu, T2VERFR 10 B, BF
%5 16 B, $nBEPERTRE OB TH 5.
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k1 >
Ca(t) A(t) > A2(t)
ke

Ca(t) : GSA concentration in extrahepatic blood
compartment (input function to liver).

A,(t) : GSA amount intrahepatic blood compartment

A,(t) : GSA amount bound with the receptor

K, : Hepatic blood flow (unit volume/min)

k,: Back flux rate from intrahepatic to extrahepatic blood
compartment (1/min)

k,: Binding rate with the receptor (1/min)

Fig. 1 Schematic representation of the model. The
model consists of extrahepatic blood compart-
ment (Ca(t)), intrahepatic blood compartment
(Ai(t)) and receptor bound compartment (Ax(t)).
Three unknown parameters (ki, ko, and ks) are set
to be adjustable.

. A =

1. 7—2&

F—F YU, EIE, BT ROV ¥ — @Rk
D) A—FERELLTIINT YA RAT VA
7 4 (A3 A% RCISODT) & B 7 — & L4 &
(H 45 RP200) 2 V72, 12 BERLL B #Efr
%, BEZHESLIC LTI L OAREFIZIEVS X
IWEHYTH AT RRHEICEEL, * "Tc-GSA
(185 MBq/3 mg) % JH##IR & 1 SoE L7c. #E
BEEIO 1DEITIETIL—a 4628, 1 5Hh
5207 T30HDOEMHTT, 20 55 MaEkt L T
64X64 7 M) v 7 ADTF—F R L. BS
N7z BT, B L OISR L E R ETR,
Z NENORE U RE AR % 1572,

2. BETNL

FFD GSA D534, BRI, THEES
D2oO0Da Y= FA Y MEIREL (Fig. 1), 3
DDOXRHOEEEE, k. FFMFE (unit volume/
min), k, | FFILGE/FFAMEE (1/min), ks 5%
RS S EE (1/min) T “"Tc-GSA DEHfE% £ T
B3I 8= AV PEFLTH L. FOMLTE
DA 8=k A Y MIEFIVIHKIEED AT
ELTHRY, ZFERFEEGI =AY I HLD
WnTc-GSA Okt 5 VI IREEIZERTE LD
EL7. TOEFIVIZBWT kiki/k; (unit volume/

35 % 2 5 (1998)

min) 13, FEBIEETNICBIT S 2 KOS EE
EZHREORIIIGL, MIORTZBRIL
SERERIELEZONS. EROGETIIAD
B L LT, LOREBBETREMARZER L T\ 5
72912, unit volume (LD ELEBO R E & 7
5.

B ¢ IS B ARSI T Vo 8s— X Y b D
GSA % Ca(t), FFRME I > /8= b X2 D
GSA % A1), XAKREEI /- D
GSAE Y A) & T B E, TOETFIIZBITS b
L= A2 RIS RN TOX TS 2 5
i,

dA,(t/dt=k,Ca(t) — (ko +ks3)A(t) (1)
dA(O/dt=k;A (1) ()
FRCFFAET %A GSA OFE (A®) &, AL, Ax)

DfELTEREINS,

3. Bt ®|

(1) EHEESHI R 2 Fik

Blonqvist 5% 2525 L 7 B o) 2 5
EERHOEBIE3 38— F A Y N EFIVOIRNT
FEC LD, FekoButie Aw) id, MTFToXT
£ahs.

A=k, fo ‘Ca(t)dt— (ka+k3) fo ‘A(ndt
+kiks [ [ *Ca(n)drd6 3
.344 a() 3)

::Tﬁ@)@%lﬁ@ébdﬁh,%zﬁw
A%mm,%3ﬁ®£4%ummwm,%n%n,
L ORI RERAR DA,  BF O R T R A%
Dy, LORFHBATREIIARD 2 R TH LD
T, BIREEHVT, ZREFhOBRBETEELE
POBEMI KDDL ZENTESD, LoT, A
13785 A =% (ky, katks, kiks) (BT B8R &
AHIENTEDLDT, AM) 2 EBEH, &R
A AR E T 28R LD ki, katks, kiks
AR/AN2EMELTENEIRD, ki & kks £ D
ky %, TD ks & kytks D k, Z3RKDIFBY.

(2) MR 2 ik

KETNV AR HEX G ), 2) % T
ML TR 5 1L A FFD Impulse response function
(Ai() WU ToRX TR (X 14),
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ks k
kotks kotks
A 1, ANBETH S Cat) & Ai(t) D Convolu-
sion TR IS G (9).

)dr

A0r=4|thﬂ( .
(5)

ko +ks

DR (5) 18T A —F (ki ke, ks) (2B L TIERR
B Th L7290, AW HHFORFERETRE AR &8
BT 5 &) IIERIER/ 2 Fik (damping Gauss
Neuton %)Y # W Tk, ky, ks TRE L7z, LLE,
FTRCOFEIERHEFB OB EEET, =V
FNar¥a—4% (NECHH, PC9801,DA) LT
1To 7.

—(kyt k)t

Ai(t)=

€

(C))

ks

e (atk) (-4
ko t+ks

severe disfunction

1810 *

moderate disfunction
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4. YIalL—alilLBRET

BEHEESHRIERN 2 RETRCICHBEDT—%
FEHEEDHETE /AT A — FENO BRI L
7o, BRRE, PERE, WEERREREETH, £—6lo
RN 2 B L DG ONIHEE T A—F
% HWT, EFMIZEDWTIFORMETHE
WrxIal—T3rL7 (Fig.2). 55 N7hF
O RETEEdAE B & AN B E L L oRERH
B RE iR O B 2 Poison AR D T ¥ ¥ A
MEEMR, FRENOFEFICBVTHEEYGA
MDY IaL—YarF—y RERL.
CDVIal—arF—yhoEER TR
N2 e, FEEERN 2 FEE VTSI A= %
fEXMEEL, bLOFRENNTA—FHELEL,
IR E RO 7.

mild disfuncton

1810 *

1410 * pdeeaee 1410 * ="

1210

Counts /30 sec
Counts / 30 sec

Counts /30 sec

iV

0 )

Time (min)
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.

Time (min)
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Fig. 2 Simulated liver time activity curves and cardiac blood pool time activity curves of
mild, moderate and severe liver dysfunction.

Table 1 Effect of the data error on the parameter estimate. Parameter values estimated from the simulated liver data set
by NLS method or DILS method are listed by their mean and standard deviation (CV %: constant of variation)

NLS DILS
Parameter Parameter value

mean (SD) CV% mean (SD) CV%
ki 3.67 3.65 (0.04) 1.12 3.67 (0.05) 1.47
k2 0.84 0.83 (0.02) 24 0.84 (0.02) 2.25
k3 0.15 0.14 (0.01) 392 0.15 (0.002) 1.79
Kk, 9.61 9.56 (0.11) 1.1 9.57 (0.10) 1.03
k2 0.96 0.95 (0.03) 3.36 0.95 (0.02) 2.21
ks 0.29 0.29 (0.01) 3.26 0.29 (0.004) 1.61
ki 14.89 14.95 (0.18) 1.22 14.95 (0.31) 2.09
k> 1.04 1.05 (0.03) 2.72 1.05 (0.05) 4.53
ks 0.38 0.39 (0.01) 217 0.39 (0.01) 1.94
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35 % 2 %5 (1998)
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Fig. 3 Examples of curve fitting from one patient. Observed liver time activity curve was
fitted equally well by either DILS method or NLS.
k, k,
» 4 )
/// ,
- 2 A
o ¢
3 . g,
be 2
J A . /

| r=0.92
° no 1 ll 3 “
o 5 Bils 0 s DS
ks, ki ks/ k,
* . Fig.4 Correlation of estimated parameters
between DILS and NLS methods.
o4 O . Both hepatic blood flow (k) and the
" // product of receptor amount and
= a2 —= < 2 . ;/ forward binding rate constant (kiks/
I / k,) showed significant correlation be-
o 2 “ tween two methods (r2=0.96, p<
ré=0.54 r2-0.99 0.0001; r2=0.99, p<0.0001, respec-
o, 018 ols 045 os L I lively).
piLs ° ! DI‘LS * ’
BHERAEL, RENTA—VELOREE &/

Iv. # 4

3ialb—v a3 IlLBKRE Table | IR
. mEEEAL 20O I -3 ryT—
y b O EERE AR 2 e, IR RN 2
ERHOTHE L7387 A — Y EOEL L O

A—FBIZFLOLDTH D, EIEHEIEIE K
N2 B L ORI RN 2 BRI h oK EC
BWTHRHEENT A — ¥ IIRITT T — ¥ DHaEt
EEICED CREDOREIL, Wb EBREK
5% LT THo 7.
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35 GO RF O RE R REIAR &, EIERR D FE
B/ 2 Fek & ERIE R/ 2 ek VTR 2
1T o 746%, 2B W TR 7% fitting 2515 51
7o GERTERN 2 FlE L r>0.96, I D r>0.95,
fitting 3P0 : 20 #~10 %), —BlZ2IERT % (Fig.
3).

BRI 2 ik B X ORI RN 2 3
EEHVWTRESINIE/ST A =5 2BT 54EH
% (r) 1, ki (r2=0.96 p<0.0001), k; (r2=0.92
p<0.0001), kiks/k, (r2=0.99 p<0.0001) & Bif7%
MDD LNz, ks IZ2WTiEdH T ) B
(r2=0.54 p<0.05) 231% H L% H o 72 (Fig. 4).

V. # ES

T 7 A7 LEERED Galactosyl serum albumin
(*"Tc-GSA) i3, FHIRLICOAFEST 2T 70
BEEOSBRIHFRNICEST A2 LICX DRI
L, ZOEMIFREEZOMKIEE L <A
BT a2 EpMOENTVED, T *Tc-GSA D
EBWERWFEED 1 DICa 8= XY+ E
TN & VTR A ), THIRERD k
L —HEpEEA R B ISR L, P L —H DR
HAGEHE & FFME, ZEERED 2 DDOERI5 B
L CHETRETH S, TDETURITICBNT,
INT A — FEOPE IR IR/ 2 FelL A HEk
WHENTWSD, FHEEZETT L, RET IR
ENT A= YEOMIEEE LE L L, ZD5t
HiltEd, e 0EMTHY, o, LT LI
WO NDIRIEE 2. —F, IES RN 2
Feit: & V3712 9 Te-GSA D FFERE LA AT & K
ETAHIET, X0EEICHTT 2 HELES
NTWwao, EELIZELE, BEETVERHOV
TKD 72 JF D uptake constant 2SIEFIZE TV IZ &
N KO I-ZHERERES L O REEEER IC&HV
MHEEZRT Z EPHEIrOLN TV LD, 4, b
b g, Blonqvist 59 23E% L - E A5
BN 2R EEZRM I3 a v =AY bET
W DFEHTE % “Te-GSA FHER RO BYEE IS
L, Fifis S OSERERIEL BEICRO L)
BaERLIC. ZOHEL, BEEY R L

THSL, ZoOMMMEix b LIZET VAL /T
A—F T AR L, BEERICLY
REEMERETHLDOTY, MELFET/IT
A—FEEEHBERETE, T/, 38—k R
YFEFVERGE LI LT, RERIESIER/N 2
FeiE &V TIT » TO A RTILGTEIE & Ak E1s
KR 57 MERTA & fE 24T & & 2BEER ETTRE & 7%
5. WERET D B IFHRI IR/ 2 Feh | 5 HHE
FED MR/ 2 FEOFFHIE, £ OFMTEOMfEN
WZhb, 72k z2E, NT A=y EGEOERIZBW
TREET VT EIEERIT) TEPULETH
D, BEEESHEERD 2 BEOBERIEIZOL)
LHEEFICERATHLEEZONS,

HEE/NT A —FIIRITT 7 — & DRI K&
DA BRI AL -2 a X OREL
ToAER, RS HIRN 2 FiEB L OIERIEK
N2 FHEOT RO HEICBWTHEBHREL 5%
DFThh, EBRLE EBRL)ZEEZEZLN.
e /NT A — FEIC B 2 BRI RN 2
L IR 2 FHEO BT, MR (1)
i, ki (r2=0.96 p<0.0001), k, (r2=0.92 p<
0.0001), kiks/ks (2=0.99 p<0.0001), ks (r2=0.54
p<0.05) TH Y, ki, ko, kike/ky (ZEVFIBIAE S
N7z, TRHEDNRTA—5D) LK EEETD
B RFMGEEE (k) B L L+ 7 BHHE (kikvk)
T EAERE I RN 2 R WD 2 LI K D
fEIZROD ZEDTRETH D EEZ LN kS
DWTITHMTIESH T ) RO O h o
725, FOHMBE LT, LEFIIBITA ML
DIRNEIEER 20 FE ] 72, VDY D delay DR,
dispersion DR E03E 2 b b A5, FEAIICD
WTIESHBORGTEE W D, T, £8T
A — gl & BFRERE AR & OMBSE, BR LD
RO W TR T Th 5.

AEOFHE T, ANBEKE L Lo
REMAR A ZDF FMH L T 572912, unit vol-
ume (LD LHEBOEREE %), ML EE
DAL (ml) E % LR VANMES L LTEITLN
505, ZhiE, B, LoRRHBGTRetgED 5, E
BB, M dose  HEET D HE & AE
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TUIN—MX Y MNEFVOBHEZIGHL, /85
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XA ER Q) IRAL, oS =TV,
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C THEWOESEE (A®D) (& A=A+ A1)
&iéhé@f, Jc(s)mfﬁ A EINZ,
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R @), 5) £ AW RUToRXTEEINL (X
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Summary

Simple Kinetic Analysis of "Tc-GSA by Direct Integral Linear Least
Square Regression Method: Calculation of Hepatic Blood Flow
and Receptor Index Based on Three-Compartment Model

Ryuji Katapa*, Noriyuki SHUKE*, Yasuhiro Sarton*, Wakako Yamamoto*,
Tamio ABURANO*, Junichi SATO** and Yukio ISHIKAWA**

*Department of Radiology, Asahikawa Medical College
**Radiological Service, Asahikawa Medical College

To obtain both hepatic blood flow and an index of
asialoglycoprotein receptor amount by simple calcula-
tion in the asialoglycoprotein receptor imaging with
#mTc-DTPA-Galactosyl Human Serum Albumin
(*"Tc-GSA), we have tested the applicability of the
direct integral linear least square regression (DILS)
method based on a linear 3-compartment model
(Brongvist, 1984) to the kinetic analysis of “™Tc-GSA
scintigraphy. DILS method can provide hepatic blood
flow (k) and the product of receptor amount and for-
ward binding rate constant (k ki/k,) as a receptor in-
dex, without requiring iterative calculation and initial
estimates of the parameters. To compare DILS method
with nonlinear least square regression (NLS) method
as a standard, data from 35 patients with liver dysfunc-

tion were analyzed by both methods. The effect of the
data noise to parameter estimate were simulated, and
both DILS and NLS method could provide reliable
parameter estimate which is relatively insensitive to
the data noise. In estimated model parameters, both
hepatic blood flow (k;) and the receptor index (k;ka/ks)
showed significant correlation between 2 methods (r?
=0.96, p<0.0001; r?=0.99, p<0.0001, respec-
tively). We concluded that DILS method was compa-
rable to NLS method in determination of the model
parameters and could be useful in the asialoglycopro-
tein receptor imaging.

Key words: *™Tc-GSA, Direct integral linear
least square regression method, Compartment model
analysis, Liver.

Presented by Medical*Online



	0085
	0086
	0087
	0088
	0089
	0090
	0091



