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Fast Two-compartment Model Analysis with
9mTe-GSA Liver Scintigraphy

Hiroyuki Shinohara, Yasuo Niio,
Shin Hasebe, Shin Matsuoka,
Masao Obuchi, Timothy Suminori Higashi,
Morihisa Yamada, Tsutomu Takagi,
Kenji Takizawa, Minoru Honda
and Yoshio Kuniyasu

The use of a numerical integration method (N. INT) was
evaluated in determining parameters by two-compartment
model analysis from liver scintigraphy. Among the 15 sub-
jects, 14 had liver cirrhosis or chronic hepatitis, and one was
normal. When using N.INT, the sum of two exponential
functions on heart regression curve following intravenous
injection of *"Tc-galactosyl human serum albumin (*"Tc-
GSA)was promptly calculated. The parameters obtained from
N.INT, including transfer rate of **"Tc-GSA from extrahe-
patic blood to liver (k1), dissociation rate from liver to ex-
trahepatic blood (k2), and excretion rate from liver to
gallblader (k3), were significantly correlated with those
obtained by the nonlinear least square method (NLS). k1/
k2 was related with the maximum removal rate of *"Tc-GSA
obtained from nonlinear five compartment model analysis
(r* = 0.705, n = 15)and also with the severity score of liver
disease as classified by the First Department of Surgery, Mie
University Medical School (* = 0.686, n = 13). In terms of the
time required to obtain these parameters, including the blood re-
tention rate of ®™Tc-(GSA at 15 min after injection (%ID15), N.INT
was faster than the traditional method (NLS).
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Table 1 (A) Effect of sampling interval on the estimated parameters

(30

by numerical integration method for curve A in Fig.1

Sampling 1 . !
Interval (sac) Ratio (Estimated/True)
ai b1 az bz

10 0.999 1.002 1.001 1.003
15 0.996 1.008 1.005 1.011
20 0.997 1.004 1.002 1.005
30 0.997 1.002 1.002 1.004
60 0.988 1.008 1.006 1.013

Curve A : (a, by, az, b:) = (10193, 0.271, 11945, 0.0239)

Table 1 (B) Effect of sampling interval on the estimated parameters

by numerical integration method for curve B in Fig.1
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Fig.1 Representative biexponential regression time-activity curves
of heart observed in the liver scintigraphy with *"Tc-GSA. Curve
A is made from the mean parameter values of biexponential curve
fitting for patients with maximum removal rate P (2):> 0.6 (n = 3).
B and C correspond to the patients with 0.3 < P(2) < 0.45(n =6)
,and P(2) < 0.2(n = 6), respectively.

Table 2 (A)  Effect of weights on the estimated parameters
i by numerical integration method (a1 +az:=1000)
ﬁ?:rﬂl‘“?sec) Ratio (Estimated/True) y g o=
Weights (W(t)) Ratio (Estimated/True)
ai b1 az bz
a b1 az be -
1 0.98 (7.4) 0.98(12.2) 1.0 (1.8) 1.0 (3.9
C

10 1.006 0-989 0297 0991 1y () 0.96 (8.2) 0.95(13.8) 0.99(2.1) 0.99 (4.4)
L egg .00 00000 11y (12 0.92 (89) 0.90 (15.2) 0.99 (2.5) 0.99 (4.9)
& E0SRN OIS NG S 0 as 1F® 101 (7.2) 1.03(132) 1.0 (26) 1.0 (4.1)
30 0992 1011  1.003  1.009 1/G (1) 1.04 (7.6) 1.12(27.6) 1.0 (42) 1.01(9.5)
60 0.984 1.018 1.005 1.014 1/t 1.01 (7.2) 1.05(14.9) 1.0 (200 1.0 (4.6)

Curve B : (ai, b, az, b:) = (4456, 0.249, 12540, 0.0167)

Table 1 (C)  Effect of sampling interval on the estimated parameters

by numerical integration method for curve C in Fig.1

sSampling Ratio (Estimated/True)
interval (sec)
a b1 az b2

10 1.006 0.972 0.998 0.989
15 0.997 1.012 1.00 1.00
20 0.998 1.00 1.00 1.00
30 0.990 1.062 1.004 1.021
B0 0.997 1.196 1.011 1.051

Curve C: (a, bi, az, bo) = (2345, 0.327, 13865, 0.0121)

FH.8E2H25H

(an, bu, &, ba) = (400, 0.353, €00, 0.033)
Values in parenthesis express the standard deviation (%) with 20 iterations.

Table 2 (B) Effect of weights on the estimated pararneters
by numerical integration method (a1 +az=10000)

Weights (W(1)) Ratio (Estimated/True)
at b1 az b2
1 1.0 (26) 1.0 (48 1.0 (06) 1.0 (1.3)
1y () 0.99 (26) 1.0 (59) 1.0 (0.7) 1.0 (1.5
1y (1?2 0.99 (3.9) 099(8.1) 1.0 (0.8) 1.0 (0.6)
1/F (1) 1.0 (22) 1.01(3.3) 1.0 (05 1.0 (1.2)
1G (D) 1.01 (21) 1.04(7.4) 1.0 (140 1.01(3.2)
14 1.0 (22) 1.02(38) 1.0 (06) 1.0 (1.4)

(ar, bu, &, b2) = (4000, 0.353, 6000, 0.033)
Values in parenthesis express the standard deviation (% ) with 20 iterations.
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Table 3 Accuracy of the estimated rate constanst for two compartment model
analysis by numerical integration method

Combination of
Parameters

(31, by, ae, b‘i)

(400, 0.4, 600, 0.02)
(4000, 0.4, 5000, 0.02)
(6000, 0.3, 4000, 0.05)
(5000, 0.6, 5000, 0.1)
(4000, 0.4, 6000, 0.04)
(4000, 0.5, 6000, 0.08)
(3000, 0.3, 7000, 0.01)

g5, RS LTeGSAIZZ AT

Ratio (Estimated/True)
k1 k2 k3
1.05 (16.0) 1.05 (16.1) 1.0 (6.5)
1.02 ( 4.8) 1.02 ( 4.9) 1.0 (2.2)
1.01( 2.9) 1.03( 6.3) 1.01 (3.3)
1.01 ( 4.9) 1.04 ( 8.8) 1.01 (2.2)
1.01 ( 4.7) 1.03 ( 6.5) 1.01 (2.2)
1.02 ( 5.6) 1.04 (10.7) 1.01 (2.7)
1.02 ( 6.3) 1.02( 6.4) 1.01 (3.6)

HETHEATHY, FFE 1 EEET
5 BEO N ATICG R il D FHAR 2R 2K
D¥Te-PMTR""Tc-Sn I T 1 K & X D & vbhTn
B, TORR, KIS & SBEEBEOm 2 a4 L
BRE 4. WHICHWES a2y = b A2 FEFMILE
Dk1% TcGSA DJF ML & % 7R3 FFMALHE A S P~
BAITHEEERP (1) (min?) &, ZSEEEYETRAKR %P
(2) (mg/min) (25 BEFII S 2 & DT, FAKREROHHIZIZ
3 BSOS DOMichaelis-Menten 7. % VW T 5.
5aUR=FA Y MEFVORKEEEOEHICIE, Hl
T & A1 R OB & IR 2 T ) K
LEHHZ1T) T, EEHS OROBIES T — & Wik
TH#I 2 G308 Do TWabE. ZD0R KRR % KL+
HEELRIBESL TN, R TS HRER AT
fETH 2 38—k X2 FEFIETcGSADIEYBHEE 12K
EL, TOBITHEEERK ~k3%ID15E BABRELRLED
MBZRRZ L 2HME L. ZOMOMABETCGSAR
METRERRIZ 2 D DRBBIB DM TH B, 71 97127
WAL, EE, FEMIER/DN 2 FESH WO NA DS, Bk
EESEIC L D ERILE R 572, 2B, TcGSAD I H R
BURBEREHRRIZ, &Y= 2 5 THISE L 720 R s fe dhis
W& D FTEDERELT.

MRKD(a, b, a:, b)IZLLTF®D 7 #(400, 0.4, 600,
0.02), (4000, 0.4, 6000, 0.02), (6000, 0.3, 4000,
0.05), (5000, 0.6, 5000, 0.1), (4000, 0.4, 6000,
0.04), (4000, 0.5, 6000, 0.08), (3000, 0.3, 7000,
0.01) & 5-2, B% bkl ~k3% b2 e fustae i 2 VeRk
L7z, ZREN20:8 1) OMES DI L 72 U IR i
IZoWT, HEA%x 1 & LIHERSEIZ X Dkl ~3% kD
BAE & L7,

5. #¥"Tc-GSARFY > F 757 4M2 a2 iN— kx> hEF
JUERHR

FF%EE % 5D W TTcGSAREE % 1T L 72 155EH 12D\
T, BEfEs3: L IR/ 2 FiEIC LY, 2 a v 8— b
AV PETVOI~B3%ROIBL 72, J8R 2 Fik
\Z{3Damping Gauss-Newton{:#% vy, EAaZw(r) = 1/y (1)
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Values in parenthesis express the standard deviation (%) with 20 iterations.

Ki_|, LVER
EXTRAHEPATIC K3
BLOOD T

K2

(A)

7500 - P7 3298.63 Bl: 168415 f2: 2353.€  B2: .0108389
Numerical Integration
5000 \
2]
=
BN
Observed
2500 -
Fitting Curve
L J
00 20 40 min
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(B)

Fig.2 (A) Two compartment model for " Tc-GSA liver scintigraphy.
k1 is the transfer rate of **"Tc-GSA from extrahepatic blood to liver,
k2 is the dissociation rate from liver to extrahepatic blood, and
k3 is the excretion rate from liver to gallbladder. The unit of these
parameters is 1/min.

(B) An example of the fitting time-activity curve of heart by nu-
merical integration method for **™Tc-GSA liver scintigraphy.
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Fig.3 (A) Correlation of the transfer rate k1 of ™ Tc-GSA by numerical
integration method (denoted as k1-N.INT)and the one by nonlinear least
squares (denoted as k1-NLS3).

(B) Correlation of the dissociation rate of *"Tc-GSA by numerical integration
method (k2-N.INT) and the one by nonlinear least squares (k2-NLS).
(C)Correlation of the excretion rate of *™"T¢-GSA by numerical integra-
tion method (k2-N.INT)and the one by nonlinear least squares (k2-NLS).
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Fig.4 (A) Correlation of the ratio k1/k2 by numerical integration method and the maximum removal rate P (2)of ®"Tc-GSA from hepatic
vascular space to the receptors in the sinusoidal membrane of hepatocytes by nonlinear five compartment model analysis.
(B) Correlation of the ratio k1/k2 by numerical integraton method and the severity score of liver disease by first department of surgery,

Mie university medical school (denoted as MIE SCORE).
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°® and the one by nonlinear least squares (denoted as %ID15-NLS).
T s 4 5 6 s (B) Correlation of the %ID15 by numerical integration method and the
’ ’ N ) ) ' ’ maximum removal rate P (2)by nonlinear five compartment model analysis.
P(2) (mg/min) (C) Correlation of the %ID15 by numerical integration method and the
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