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Basic Consideration of Diffusion/Perfusion Imaging
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SHIGEKAZU NAKATSUGAWA! and YasusH1 ISHII*
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In magnetic resonance imaging (MRI), microscopic motion of biological system such as
molecular diffusion of water and microcirculation of blood in the capillary network
(perfusion) has been proposed to cause signal attenuation as an intravoxel incoherent
motion (IVIM). At present, quantitative imaging of the IVIM phenomenon was attempted
to generate from a set of spin-echo (SE) sequences with or without sensitization by motion
probing gradient (MPG). The IVIM imaging is characterized with a parameter, apparent
diffusion coefficient (ADC), which is an integration of both the diffusion and the perfusion
factor on voxel-by-voxel basis. First of all, hard ware was adjusted to avoid image
artifact mainly produced by eddy current. Then, feasibility of the method was tested using
bottle phantom filled with water at different temperature and acetone, and the calculated
ADC values of these media were corresponded well with accepted values of diffusion. The
method was then applied to biological system to investigate mutual participation of
diffusion/perfusion on the ADC value. The result of tumor model born on nude mouse
suggested considerable participation of perfusion factor which was immediately
disappeared after sacrificing the animal. Meanwhile, lower value of sacrificed tissue
without microcirculation was suggested to have some restriction of diffusion factor by
biological tissue. To substantiate the restriction effect on the diffusion, a series of
observation have made on a fiber phantom, stalk of celory with botanical fibers and human
brain with nerve fibers, in applying unidirectional MPG along the course of these banch
of fiber system. The directional restriction effect of diffusion- along the course of fiber
(diffusion anisotropy) was clearly visualized as directional change of ADC value. In spite
of premature state, the present method for tissue characterization by diffusion/perfusion
on microscopic level will provide a new insight for evaluation of functional derragement
in human brain and other organs.
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