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Evaluation for sensitivity of kinetic
macro-parameters estimated in ['*F][FDOPA

PET study to changes in dopamine metabolism.*

Keisuke Matsubara

Abstract

['8F]JFDOPA PET (Positron Emission Tomograph) has been investigated for
research and diagnosis of Parkinson’s disease, and several approaches have been
developed for the quantification of ["®F][FDOPA PET data in order to estimate
physiological macro-parameters. The uptake constant K; estimated by Patlak
analysis, which is used the most popularly in ['*F]JFDOPA PET, may be affected
by dopamine metabolism and its metabolites clearance, which are assumed to
be negligible in Patlak analysis. To improve the sensitivity and interpretation
of [®F]FDOPA studies, it is desirable to construct a parameter that is closely
related to physiological process of interest. For example, a reduction of dopamine
synthesis, and vesicular storage, as well as upregulation of dopamine metabolism,
have been observed in patients with Parkinson’s disease. The purposes of this
study is to suggest the useful and sensitive macro-parameters for the diagno-
sis of Parkinson’s disease. For this purpose, I tried to evaluate the influences of
dopamine metabolism and its metabolites clearance to K;, and compare the sensi-
tivity of several [®8F]JFDOPA macro-parameters to physiological changes that are

associated with Parkinson’s disease. In this study, a compartment model that

*Doctoral Dissertation, Department of Bioinformatics and Genomics, Graduate School of In-
formation Science, Nara Institute of Science and Technology, NAIST-IS-DD0761026, February
4, 2010.
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describes the detailed ["*F]JFDOPA kinetics in brain (Detailed FDOPA kinetic
model, DF model) was introduced. We performed a monkey PET study with
["F]JFDOPA. Based on ['|F]FDOPA PET data of the monkey, the tissue time-
activity curves (TACs) in the presence of variable change in dopamine synthesis,
storage, metabolism and its metabolites clearance were simulated with the DF
model. As obtained by Patlak and Logan graphical analysis, and the multilinear
method by Kumakura et al. (Kumakura method), the macro-parameters (K
Vi, kioss) were estimated and compared. In analysis of TACs simulated in the
presence of variable change in dopamine metabolism and its metabolites clear-
ance, the changes of K; value to these pathways were observed and these results
suggest that we should interpret the uptake constant on account of the influence
of dopamine metabolism and its metabolites clearance. Analysis of TACs simu-
lated in the presence of changes in Parkinson’s disease suggests kjoss estimated by
Kumakura method is the most sensitive to the changes in dopamine storage and
metabolism in early phase of Parkinson’s disease. However, by the voxel noise in
parametric image, the sensitivity of k¢ was affected and became insignificant.
These results suggest K; and Vp are more useful in the voxel-wise evaluation of
dopamine synthesis, storage, and metabolism. In conclusion, simulation with the
DF model may help in the development of strategies to evaluate ['|FJFDOPA
PET studies to optimize the sensitivity to physiological changes that may occur

in Parkinson’s disease and the other neurological disorders.

Keywords:

PET, pharmacokinetic analysis, ["*F][FDOPA, Parkinson’s disease, compartmen-

tal model
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