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Fig. 1 Joint histogram generated from early

and late arterial phase CT images.
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(a) Before registration

(b) After registration

Fig. 2 Registration result. (a) and (b) are gen-
erated by combining registered early and late
arterial phase CT images. Both CT images are

placed as the checkerboard.
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Fig. 3 Examples of CT slices and CT value

histograms in early and late arterial phases.
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Fig. 4 Joint histograms for extracging liver, HCC, and other organs.
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Fig. 5 Liver region obtained by combining initial liver, HCC, and other organ regions.
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(g) Case 17

(j) Case 20 (k) Case 21 (1) Case 22

Fig. 6 Extraction results of liver regions by the proposed method.
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Table 1 Coincidence rates of the extraction

results against manually traced regions.

Case No. 1 2 3 4
94.8% 91.1% 93.3% 93.3%

Coincidence

Table 2 Evaluation results of extracted liver
regions by visual inspection.

o The result contains whole liver region and HCC.

O The result contains HCC region and the liver region
has some under or over extraction.

x The result does not have HCC region or the liver
region has large under or over extraction.

CaseNo. 1 2 3 4 5 6 7 8 9
O O o o o

10 11 12 13 14 15 16 17 18
O O O o o o o x [

19 20 21 22 23 24 25 26

o X 0 o O o O o

O O O O

Case No.

Case No.
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(a) Initial liver region £ (b) HCC region ‘H

Fig. 7 Extracted initial liver region £ and
HCC region H of Case 13.

Fig. 8 The result of HCC region H extracted
from Case 19. (a) HCC regons H are extracted
by using thresholding and morphology opera-
tion. (b) HCC regionss H are eliminated by
evaluating distances from liver region £’ and

circularities.
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(e) Estimated distribution ¥y

Fig. 9 Estimated distributions ¥,;, ¥,,, and ¥, from the joint histogram of Case 1.
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A method for automated liver region extraction basing upon

estimation of CT value distributions from multi-phase CT images

Daisuke Deguchi*! Yuichiro Hayashi*! Takayuki Kitasaka*! Kensaku Mori*! Yoshito Mekada*?

2

Yasuhito Suenaga™! Jun-ichi Hasegawa* Junichiro Toriwaki*?

*I Graduate School of Information Science, Nagoya University, Furo-cho, Chikusa-ku,
Nagoya, Aichi, 464-8603 Japan

*2 School of Life System Science and Technology, Chukyo University, 101 Tokodachi,
Kaizu-cho, Toyota, Aichi, 470-0393, Japan

Abstract

This paper proposes a method for automated liver region extraction by analyzing distributions of CT values from multi-phase
3D abdominal X-ray CT images. A simple thresholding method does not work well for extracting liver regions from single phase
CT images, since CT values of a liver region are very similar to those of other organs such as the spleen and muscle. The proposed
method estimates CT value distributions of liver, spleen, and muscle regions using early and late arterial phase CT images. We
assume these distributions as Gaussian and their mixture, and estimate the distributions by the EM algorithm. The estimated
distributions are used for determining the optimum threshold values for extracting initial liver region, Hepatocellular carcinoma
(HCC), and other organs. Then, the liver region is obtained by combining initial liver region and HCC region, and other regions
are used for eliminating over extraction of the liver region. Finally, the surface of the extracted liver region is smoothed along the
border of the liver region. We applied the proposed method to 26 cases of multi-phase abdominal CT images. The experimental

results showed that the proposed method succeeded in the satisfactory extraction of liver regions.
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