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Multi-functional Medical Imaging Based on a Biologically Inspired Novel Kinetic Model

Abstract

Dynamic [18F]fluorodeoxyglucose (FDG) PET has the potential to provide detailed insight into
glucose metabolism in vivo, yet existing kinetic models often lack physiological interpretability
and robustness. We propose a novel dynamic [18F]FDG PET model that explicitly quantifies
glucose transporter (GLUT) and hexokinase activities, the key drivers of cellular metabolism. By
integrating these molecular mechanisms, the model enhances estimation of kinetic parameters
(K¢*, ko*, ks*) and metabolic rate (MR) derived from irreversible two-tissue compartment
analysis. Voxel-wise fitting to human brain data yielded high-resolution maps of GLUT,
hexokinase, and derived rate parameters, clearly delineating brain structures and revealing
region-specific metabolic patterns. This physiologically grounded framework improves the
reliability and interpretability of dynamic FDG PET, potentially advancing quantitative imaging
of neurological disorders and metabolic research.
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