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A Study of Acquisition Time using
Compartment Analysis with
#mTc-GSA Liver Scintigraphy

Hiroyuki Shinohara, Yasuo Niio, Shin Hasebe,
Shin Matuoka, Masao Oobuchi, Timothy Suminori
Higashi, Morihisa Yamada, Tutomu Takagi,
Kenji Takizawa, Shin Suzuki and ‘Yoshio Kuniyasu

#mTc-galactosyl human serum albumin (*™Tc-GSA )is a newly
developed receptor-binding agent specific for the asialoglycoprotein
receptor, which resides exclusively on the plasma membrane of
mammalian hepatocytes. Liver scintigraphy using *"Tc-GSA
was performed on 13 patients with liver disease. Dynamic data
were obtained by gamma camera during 40 min after the intra-
venous injection of 3 mg (185 MBq) of ®Tc-GSA. Heart and
liver time activity curves with acquisition times of 40,30 and
20 min were created, and two different compartment analyses
were examined. One was a nonlinear five-compartment model
adopting the Michaelis-Menten type for the transfer of *"Te-
GSA from hepatic blood to receptor, and the other was a linear
five-compartment model assuming a linear rate constant (P(2)
*)for the transfer of *"Tc-GSA. The maximum removal rate
obtained by the nonlinear model, P(2), was found to be inde-
pendent of the change in acquisition time, while the maximumn
removal rate obtained by the linear model, P(2)*Km, which
was given by the product of P(2)* and the Michaelis constant
Km, increased with shortening acquisition times from 40 to 20
min. For both models, the liver blood flow rate decreased with
shortening acquisition time. The maximum removal rate and
liver blood flow rate obtained by the linear model were signifi-
cantly correlated with those obtained by the nonlinear model.
It was concluded that linear model with an acquisition time of
20 min was applicable to liver scintigraphy with *"Tc-GSA.
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Fig.1 9"Tc-GSA compartment model proposed by Kawa et al?- 2. It is composed of five compartments that are 1)extrahepatic blood, 2)
hepatic blood, 3)receptor, 4)interstitial fluid, and 5)urine. Km is the Michaelis constant. The amount of ligand (D1~D5) in each compart-
ment is expressed as mg of **"Tc-GSA. This model is dencted as“Non-Linear Model”, while“Linear Model”denotes the linear compart-
ment model, where the rate of removal of the ligand per min from the hepatic vascular space to the receptors in the sinusoidal membrane
of hepatocytes is assumed to be in proportion to the amount of the ligand.
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Table 1 29mTc-GSA uptake ratio of the liver to whole-body for
acquisition time of 40 min

Eﬁ‘_'e"‘ Age/Sex | Diagnosis")| LV/WB? | "*f;;]’m) T?"‘]‘;‘;’ Y:—.T}
1 MF | LC 0475 | 098 | 6376 | 5585
2 | 68F |CH 0.61 | 0963 | 4820 | 4043
3 | e7m |Le 0.404 | 0.554 | 4559 | 4112
4 | soM |Lc+Hce | 0272 | 0381 | 3783 | 3475
5 | 41M | AH 0527 | 0.819 | 4833 | 4173
6 | 60M |CH 0.662 | 1.035 | 4501 | 3665
7 | 40F | AH 0.602 | 1.375 | 5537 | 4427
8 | s5F |N 0.665 | 1.104 | 4132 | 3241
9 | 45F |LC 0.668 | 1.216 | 5150 | 4169
10 15/F | FH 0.113 | 0403 | 4820 | 4495
11 18M | AH 060 | 1.126 | 4611 | 3702
12 | aoF |AH 0.605 | 1.105 | 4832 | 3940
13 | soM |FH 0.088 | 025 | 4249 | 4047

1) LC: liver cirrhosis, CH : chronic hepatitice, AH : acute hepatitice, N : normal,
LC+HCC : liver cirrhosis+hepatocellular carcinoma, FH : fulminant hepatitice

2) #nTc-GSA uptake ratio of the liver (ratio of liver counts to whole-body counts.)
at 40 min after injection of **Tc-GSA. This is denoted as LV (40) /WB (40) in the text.

3) Hepatic volume-corrected Michaelis constant.

4) Total blood volume estimated by the height and weight.

5) Extrhepatic blood volume.
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Table 2 (A) Correlation coefficients (r) for nonlinear and linear
models with the acquisition time of 40 min

E::t_'em Age/Sex | Diagnosis” | Nonlinear (r) Linear (r)

Heart | Liver | Heart | Liver

HD (1) | LD (1) | HD (1) | LD (1)

1 41/F LC 0.978 | 0.986 | 0.979 | 0.992
2 G8/F CH 0.979 | 0.990 | 0.979 | 0.985
3 67/M LC 0.963 | 0.992 | 0.972 | 0.995
4 60/M LC+HCC | 0.989 | 0.983 | 0.989 | 0.990
5 41/M AH 0.962 | 0.973 | 0.964 | 0.901
6 60/M CH 0.980 | 0.938 | 0.982 | 0.968
7 40/F AH 0.972 | 0.975 | 0.978 | 0.989
8 B5/F N 0.980 | 0.942 | 0.982 | 0.971
9 45/F LC 0.979 | 0.958 | 0.982 | 0.978
10 15/F FH 0.929 | 0.899 | 0.928 | 0.859
1" 18/M AH 0.974 | 0.976 | 0.978 | 0.997
12 30/F AH 0.989 | 0.965 | 0.997 | 0.975
13 50/M FH 0.915 | 0.981 | 0.939 | 0.799

1) See the note in Table 1.

Table 2 (B) Correlation coefficients (r) for nonlinear and linear
models with the acquisition time of 30 min

E::uent Age/Sex | Diagnosis® | Nonlinear (r) Linear (r)

Heart | Liver | Heart | Liver

HD (t) | LD (1) | HD (1) | LD (1)

1 41/F LC 0.986 | 0.578 | 0.987 | 0.587
2 68/ CH 0.989 | 0.978 | 0.988 | 0.999
3 67/M LC 0.8974 | 0.986 | 0.978 | 0.994
4 60/M LC+HCC | 0.983 | 0.987 | 0.982 | 0.993
5 41/M AH 0.864 | 0.983 | 0.961 | 0.990
6 60/M CH 0.976 | 0.961 | 0.978 | 0.990
7 40/F AH 0.977 | 0.976 | 0.982 | 0.990
8 55/F N 0.983 | 0.951 | 0.983 | 0.980
9 45/F LC 0.979 | 0.980 | 0.987 | 0.982
10 15/F FH 0.831 | 0.765 | 0.951 | 0.910
1 18/M AH 0.972 | 0.974 | 0.974 | 0.992
12 30/F AH 0.895 | 0.969 | 0.996 | 0.983
13 50/M FH 0.943 | 0.770 | 0.946 | 0.876

1) See the note in Table 1.

Table 2 (C) Correlation coefficients (r) for nonlinear and linear
models with the acquisition time of 20 min

Ez;"e"' Age/Sex | Diagnosis” | Nonlinear (r) Linear (r)
Heart | Liver | Heart | Liver
HD(t) | LD (1) | HD () | LD (1)
1 41/F LG 0.986 | 0.993 | 0.983 | 0.988
2 68/F CH 0.988 | 0.985 | 0.993 | 0.994
3 67/M 1.C 0.984 | 0.988 | 0.985 | 0.993
4 60/M LC+HCC | 0.984 | 0.970 | 0.984 | 0.972
5 41/M AH 0.984 | 0.974 | 0981 | 0.999
6 60/M CH 0.983 | 0.964 | 0.981 | 0.999
7 40/F AH 0.980 | 0.990 | 0.984 | 0.996
8 55/F N 0.984 | 0.953 | 0.983 | 0.983
9 45/F L.C 0.994 | 0.994 | 0.999 | 0.988
10 15/F FH 0.994 | 0.952 | 0.940 | 0.954
" 18/M AH 0.978 | 0.979 | 0.979 | 0.994
12 30/F AH 0.998 | 0.976 | 0.994 | 0.996
13 50/M FH 0.980 | 0.987 | 0.979 | 0.991

1) See the note in Table 1.

47




9IMTe.GSANF Y > F 557 4 D= kA Mg

3mg -
.\ Linear Model
'é’ \ D3 (1) rooe
Y
~ 1.5} .J“"
F o
“eq
; ag,, D1 (t
Fopa sl O
a0® LIIII] (L L] L o
Z s0e D2 (t)
( besessssn = 50 » ssisssssssie D5 (1)
0 10 20 30
Time (min)

976
3mg -
Non-Linear Model
q
= D3 (1)
€ gL e
< 15 \ oo
Qg :
4}4 I SR
P44+ L]
Lol D2 (1)
0 Yosese sos seccessesassss D5 (t)
0 10 20 30
Time (min)
(A)
Fig.2(A)

An example of the compartmental dose curve (D1 (t)-D5(t)) derived from nonlinear compartment model 40 min after injection
(Patient No.2 in Table 1). The data (@) are expressed as mg of ®™Tc-GSA every 1 min and the solid lines represent fitted curves.

(8

Fig.2(B) An example of the compartmental dose curve (D1 (1)-D5 (1)) for the same patient in Fig.2(A)derived from linear compartment
model.
ar 6
8L
=7 8 : : i 0 .
2 5 3 0 O S 4 8 8 ;
~ 4L £ 8 }
S 31 3y O O T .3 O
g 8 8 g £ © 8 ¢
S = 8
s-r I 2f
—~ 0 o 1o Ll
ST o
e | o+ A O O (@]
9 8 8 S o &
20 30 40 20 30 40
Acquisition Time (min) Acquisition Time (min)
6
i @]
Sr A | c
e 3 o
=4 8 8 .
B ) ]
E:“; 3r ) 8
3 S
Zc-“\ 2r
o Fig.3(A) Dependence of maximum removal rate by norilinear com-
AF €] 8 O partment model (P (2)-Michaelis) on the change of acquisition times.
O Individual and mean values of 13 patients are shown.
0 ! : ! Fig.3(B) Dependence of the transfer rate constant by linear compart-
20 30 40 ment model (P (2)*-Linear) on the change of acquisition times.
Acquisition Time (min) Fig.3(C) Dependence of the maximum removal rate by linear com-
partment model (P (2)-Linear) on the change of acquisition times.

5., HEHEAHBOMES 0K E 213405, 309, 200D L &
0.64, 0.695, 0.773 & INHRFHE ORI VBN L 72,
Fig.6 (A)id 3 FEEOIERM O 7 — ¥ 1361 (§1397— %)

EEbET, WEETNVORITREER T IFRELET VO

RBRFERE B L7 b O THERE 2120.854 ThH o 7.

E#RDP SN TV B BITHREE-A VL oh

48

BOLND

%, FRCKmE T TRABRERICET LFig.6(B)D &9
I2r2= 0.939 & JEMIEE 7L L OMMIEE L LML L.
Fig.7 /XM € 7V O FF L 8: O B R % 7R Li2i20.925TH o
7=

HAERSE 555 145



(A)

(A)

IR ILAT 104 977

2750
22501 0 8 o o . o)
< o7 6 »—E 2250 - g
.__E 1750 = o)
E , E 1750} o)
2 0 5 g 0
@ 1250 ®) £ (
pe O 3 1250
L — ®) Q
; gl :
= sl 8 O 750t 3 8 o)
Tl 8 o g o ¢
250 ! Q 250 3 L 1
20 30 40 20 30 40
Acquisition Time (min) Acquisition Time (min)
(B)
Fig.4(A) Dependence of the liver blood flow rate by nonlinear compartment model(Cl (1)-Michaelis) on the change of acquisition times.
Fig.4(B) Dependence of the liver blood flow rate by linear compartment model (Q (1)-Linear) on the change of acquisition times.
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Fig.6(A) Correlation of the transfer rate constant by linear compartment model (P (2)*-Linear) and the maximum removal rate by nonlin-
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Fig.6(B) Correlation of the maximum removal rate by linear compartment model (P (2)-Linear) and the one by nonlinear model (P (2)-

Michaelis) for 13 patients with three different acquisition times (n = 39).
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Fig.8 Correlation of the integral dose of **"T¢-GSA in the hepatic
blood D2 by linear compartment model and the one by nonlinear
model. The integral dose with the patient No.2 in Fig.2 is shown,
as an example.
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