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Fig. 1 Mean absolute differences between true and
estimated rate constants of KI, k2, k3 and k-
complex obtained from the 120 minute tissue
curve with various noise levels in "*F-FDG
simulation study of the brain. One hundred
simulation data with K1=0.102, k2=0.132 and
k3=0.058 were used at each noise level. See text
for definition of “variable noise.”
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Fig. 2 Mean number of FFT iterations in the modified
Marquardt method (solid line) and the Simplex
method (broken line) for rate constants estimation
from the tissue data at various noise levels in '*F-
FDG simulation study of the brain.
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Table 1 The allowable range of initial values that lead
to convergence in the parameter estimation
using the Simplex method and the modified
Marquardt method in '*F-FDG study of the
brain. The base values are set to be K1=0.1,
k2=0.1, k3=0.01. Wider range of initial
values are allowed in the Simplex method.
Three patient data sets were analyzed

Data Simplex modified Marquardt
Data 1 0.02~20 times 0.1~5 times
Data 2 0.02~ 14 times 0.5~8 times
Data 3 0.02~35 times 0.2~ 14 times
45 min data sampling
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Fig. 3 Mean values of AIC with parameter estimation by using 3-parameter model (solid line)
and 4-parameter model (broken line) for study duration of 45 min (left) and 120 min
(right) in "®F-FDG simulation of the brain. The x-axis shows the noise levels of the

tissue curves.
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Fig. 4 Mean absolute differences between true and estimated values of K1 (a), k2 (b), k3 (c) and k-complex (d) obtained
from the tissue data with various noise levels by using 3-parameter model (solid line) and 4-parameter model
(broken line) for study duration of 120 min (right) and 45 min (left), respectively, in ®F-FDG simulation of the brain.
One hundred simulation data with K1=0.1, k2=0.1, k3=0.05 and k4 =0.005 were used at each noise level.
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Fig. 5 Standard deviations of the estimates of K1 (a), k2 (b), k3 (c) and k-complex (d) obtained from the tissue data with

various noise levels by using 3-parameter model (solid line) and 4-parameter model (broken line) for study duration
of 120 min (right) and 45 min (left) for the same simulation data in Fig. 4.
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Fig. 6 Mean absolute differences between true and estimated values of K1, k2, k3 and k-
complex obtained from the tissue data with 5% noise levels by using 3-parameter
model (left) and 4-parameter model (right) for study durations of 30, 45, 60, 90 and
120 min, respectively, in "®F-FDG simulation of the brain. One hundred simulation
data with K1=0.1, k2=0.1, k3=0.05 and k4=0.005 were used at each study

duration.

Table 2 Converging frequency of k-value estimation using 3-parameter model and 4-parameter model
for 45 min and 120 min acquired data with various noise levels in '®F-FDG study of the brain.
The estimation was performed for 100 simulation data at each noise level

Data Model Noiseless 1% 3% 5% 7% 10%
45 min. 3-para 100 100 100 100 100 99
4-para 100 72 36 26 16 13

120 min. 3-para 100 100 100 100 100 100
4-para 100 100 97 93 86 69
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Summary

Comparison of the Number of Parameters Using Nonlinear Iteration Methods
for Compartment Model Analysis with *F-FDG Brain PET

Atsushi TacucHr*, Hinako ToyaMa**, Yuichi KIMURA*®**
Michio SEnDA** and Akihiko Uchiyama*

*The School of Science and Technology, Waseda University
**Positron Medical Center, Tokyo Metropolitan Institute of Gerontology
***Institute for Medical and Dental Engineering, Tokyo Medical and Dental University

In the analysis of the brain kinetic images with '*F-
FDG, compartment models with 3 or 4 parameters and
an estimation method of nonlinear least squares (NLS)
have been applied. We compared the Simplex method
and the modified Marquardt method as an iterative
NLS algorithm on the simulation data with variable
noise. The estimated k-values were equal in the both
algorithms. The calculation with modified Marquardt
method was three times faster than that of the Simplex
method. The dependence of modified Marquardt esti-
mates on the initial values was larger than that of the
Simplex, but the permissible initial value range was

wide enough for clinical data. Therefore, the modified
Marquardt method was found to be more suitable for
the compartment model analysis of '®F-FDG than the
Simplex method. We also compared the 3-parameter
with 4-parameter models for 45 min and 120 min data
acquired after administration. The 3-parameter model
was suitable for the 45-minute data acquisition, and
the 4-parameter model was suitable for the 120-
minute data acquisition.

Key words: Compartment model, Simplex
method, Modified Marquardt method, *F-FDG, Rate
constant.
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