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Abstract : The irregular form of surface of liver is one of the important signs in diagnosing fibrosis on images. A

pathologist performs the definitive confirmed diagnosis of fibrosis by evaluating F-Grade with in the hepatic tissue of a

liver biopsy. In this study, we developed a technique of automatically extracting a liver outline on EOB-enhanced

hepatocyte-phase MRI images. After enhancing the liver edges using the unsharp-masking filter, the proposed method

extracts the liver region automatically using the p-tile method. Next, the liver outline is automatically delineated by outline-

determination processing. The F-Grade classification can be performed by the mean SD of the differences in positions

between an outline and its polynomial fitting curve. The proposed technique was applied to 64 cases (FO: 9, F1: 15, F2:

12, F3: 11, and F4: 17). The average error of automatic outlines to the manual outlines extracted by a radiologist was
0.78 mm (FO: 0.70 mm, F1: 0.77 mm, F2: 0.78 mm, F3: 0.71 mm, and F4: 0.86 mm). The mean SD was signifi-
cantly higher in the F3 group than in the F2 group (p <0.05, Tukey test). In conclusion, the proposed technique may be
useful for automatic classification of F-Grade on EOB enhanced MRI images.
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Fig.1 Flowchart of an automatic extraction of liver outline.
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Fig.2 Example of selecting an ROI in fibrosis region.
(a) Manually selected ROI and (b) magnified ROl image.
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Fig.3 Edge enhancement processing using the unsharp-masking
filter.

(a) Original ROI image and (b) unsharp-masking filtered image

(r=6 pixels, w=0.9).
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Fig.4 Example of an automatic extraction of a liver region.
(a) Binary image and (b) “liver region” image.
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Fig.5 Automatic extraction of a liver outline for the same case in
Fig.3 and Fig.4.

(a) Liver region image (same as in Fig.4(b)) and (b) liver-outline

determined image.
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Fig.6 Normalization of angle in an automatic outline determination.
Outline before (a) and after (b) the normalization.

2.3 BHEERFIRD 5> DEHHMENEH
EFRFBOETIZES 0 Tdh L7720, Wfo 7
T7ANIEONTHLEEZONSL, LarL, 40, H
W IFRAELOFEBI 1L, IEH R IZHRIZ L 72 MRI B (A%
T\ ®, FEHEO MRI EE % H v TIER % IR O b 245
& FRRHEIL DSHEEAT L 72 IR O S SR O LB 13 8 L v, 2 2
T, KFFETIE, Fig.7(@) 1RT X1, BEHDHED
b 4) &X(G5) LY RATFEPER T, ZEALM
Mt % SR, SN IEH 2 IR O e 2540 & Rk L 72
(151, ZE=a ok, R6) &Y & B EhRIBM
E{EOPERE R A, D& bRk % Hv7zl16].

— Outline

— Difference
curve

Polynomial
fitted curve

_______ N

y y

(a) (b)
Fig.7 The differences of a polynomial fitted curve and a liver
outline by a radiologist. (a) Polynomial fitted curve and

(b) difference curve between the fitted curve and manual
outline.
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Fig.8 Comparison of the automatic and manual outlines for FO
(upper) and F4 (lower).

(a) ROI image (F0), (b) automatic outline (FO0), (c) manual outline

(F0), (d) ROI image (F4), (e) automatic outline (F4), and (f)

manual outline (F4).
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Fig.9 Liver outlines of FO (upper) and F4 (lower) cases.
(a) and (b): ROI images of FO, (c) and (d): ROl images of F4.
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Fig.11 Comparison of automatic and manual outlines in F2

(upper) and F3 (lower) cases. (a) ROI original image (F2),

(b) automatic outline (F2),(c) manual outline (F2), (d)
ROI original image (F3), (e) automatic outline (F3), and
(f) manual outline (F3).
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