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This dissertation intensively focuses on a quantitative evaluation of liver fibrosis based on
probability distribution properties of ultrasound echo envelope. A quantitative diagnostic
method of liver fibrosis using ultrasound B-mode image is highly required because of its
noninvasive and real-time properties. The terminal objective of this dissertation is to
establish a quantitative evaluation method of liver fibrosis which effectively works in a
clinical environment by using a probability distribution model of ultrasound echo envelope.

We first propose a multi-Rayleigh model to express the probability distribution of ultrasound
echo envelope from the fibrotic liver. The multi-Rayleigh model is a combination model of
Rayleigh distributions with different variances and each Rayleigh distribution expresses each
tissue in the fibrotic liver such as nodule, normal and fibrotic tissues. Using fibrotic
component's parameters in the multi-Rayleigh model, the quantitative liver fibrosis
parameters which correspond to the amount and progression of fibrotic tissue can be
estimated.

We next address the several challenges to establish a quantitative evaluation method of liver
fibrosis based on the multi-Rayleigh model which effectively works in the clinical
environment. First, we quantify an effect of ultrasonic beam width. Then, we propose a
removal method of high intensity signals from a small vessel wall and an estimation method
of a number of tissue components. By combining these methods, the tissue structural change
caused by liver fibrosis can be quantitatively and accurately evaluated using the
multi-Rayleigh model.

We finally propose quantitative visualizing methods of fibrotic tissue. Using fibrotic
component's parameters in the multi-Rayleigh model, the ultrasound B-mode image is
converted to a quantitative fibrotic probability image. Evaluation results for simulated
ultrasound B-mode image and clinical data reveal that the fibrotic probability imaging method
has high detection capability at an initial stage of liver fibrosis compared with a conventional
dynamic threshold processing for ultrasound echo envelope.

This dissertation concludes that evaluation methods based on the multi-Rayleigh model give
quantitative information to diagnose progression of liver fibrosis.
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