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Fig. 1 A schematic representation of the models.
Model 1 is a simple 1 compartment model,
where 2 parameters (kuy, ke) are set to be
adjustable. In model 2, another adjustable
parameter (Vn) representing non-specific
volume of distribution is added.
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28 3% 42 (1991)
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. Model 2
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0 Time(min)

Fig. 2 Simulation curves. Generated tissue curves (1, 2, 3) and input blood curve(i) are
shown. Each curve is generated adding random error (CV: 10%) to theoretical
curve data calculated by the model equations.
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Fig. 3 Estimated parameters from simulation data. Mean and 2*SD of estimated param-

eters from various weighted regressions are shown in logarithmic scale. In each
graph, dotted lines represent 1SD of prefixed parameter values. [1: NLS (Wt=

1/L(t)?), 2: DILS (no Wt), 3: DILS (Wt=l/(S; L(z)dr)?), 4: DILS (Wt=1/
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(1) Model 1
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. . E M
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Fig. 4 Correlations of estimated parameter values between NLS method and DILS
method on simulation studies. In every parameter, strong positive correlation was
noted between NLS method and DILS method.
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Fig. 5 Correlation of estimated psrameter values between NLS method and DILS
method on 170 hepatograms. The estimated parameter values from NLS method
and DILS method also showed good correlation in actual hepatogram analysis.
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Summary

Direct Integral Linear Least Square Regression Method for Kinetic
Evaluation of Hepatobiliary Scintigraphy: Theory, Basic Analysis
and Comparison with Non-linear Least Square Regression Method

Noriyuki SHUKE

Department of Nuclear Medicine, Kanazawa University School of Medicine

In hepatobiliary scintigraphy, kinetic model
analysis, which provides kinetic parameters like
hepatic extraction or excretion rate, have been
done for quantitative evaluation of liver function.
In this analysis, unknown model parameters are
usually determined using nonliner least square
regression method (NLS method) where iterative
calculation and initial estimate for unknown
parameters are required. As a simple alternative to
NLS method, direct integral linear least square
regression method (DILS method), which can
determine model parameters by a simple calcula-
tion without initial estimate, is proposed, and
tested the applicability to analysis of hepatobiliary
scintigraphy. In order to see whether DILS method
could determine model parameters as good as
NLS method, or to determine appropriate weight
for DILS method, simulated theoretical data
based on prefixed parameters were fitted to 1
compartment model using both DILS method with

various weightings and NLS method. The ob-
tained parameter values were then compared with
prefixed values which were used for data genera-
tion. The effect of various weights on the error of
parameter estimate was examined, and inverse of
time was found to be the best weight to make the
error minimum. When used this weight, DILS
method could give close parameter values to those
obtained by NLS method and both parameter
values were very close to prefixed values. With
appropriate weighting, the DILS method could
provide reliable parameter estimate which is rela-
tively insensitive to the data noise. In conclusion,
the DILS method could be used as a simple alter-
native to NLS method, providing reliable param-
eter estimate.

Key words: Hepatobiliary scintigraphy, Hepa-
togram analysis, Direct integral linear least square
regression method.
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