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Hierarchical Organ Segmentation using Location Information
based on Multi-atlas in Abdominal CT Images

Hyeonjin Kim', Hyeun A Kim',

ABSTRACT

Han Sang Leew,

LAAA
Helen Hong

In this paper, we propose an automatic hierarchical organ segmentation method on abdominal CT
images. First, similar atlases are selected using bone-based similarity registration and similarity of liver,
kidney, and pancreas area. Second, each abdominal organ is roughly segmented using image-based
similarity registration and intensity—based locally weighted voting. Finally, the segmented abdominal
organ is refined using mask-based affine registration and intensity—based locally weighted voting.
Especially, gallbladder and pancreas are hierarchically refined using location information of neighbor
organs such as liver, left kidney and spleen. Our method was tested on a dataset of 12 portal-venous
phase CT data. The average DSC of total organs was 90.47+1.70%. Our method can be used for
patient-specific abdominal organ segmentation for rehearsal of laparoscopic surgery.

Key words: Hierarchical Organ Segmentation, Multi—atlas, Atlas Selection, Registration, Locally—

weighted Voting
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Fig. 1, Characteristics of the abdominal CT image at portal venous phase: (a) adjacency of abdominal organs, (b)

intensity similarity of abdominal organs,
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Fig. 2. The pipeline of the proposed abdominal organ segmentation method.
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Fig. 3. Segmentation results in abdominal CT images: (a) Abdominal CT image, (b) Method A, (c) Method B, (d)

Method C, (e) Manual segmentation,
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Fig. 4. Segmentation result in Abdominal CT images: (a) Method A, (b) Method B, (c) Method C,
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Table 1. Accuracy evaluation of abdominal organ segmentation

Sensitivity Specificity

Method A 89.95+2.72 91.65 + 2.36 99.34 £ 0.28

Liver Method B 91.42 + 1.98 87.64 +3.72 99.78 + 0.06

Method C 91.45 £ 1.99 87.69 = 3.75 99.78 = 0.06

Method A 83.77 £2.38 86.87 + 8.17 99.87 +0.04

Left kidney Method B 88.69 + 3.48 88.78 + 4.79 99.92 + 0.03

Method C 88.69 + 3.48 88.78 £ 4.79 99.92 £ 0.03

Method A 83.86 £4.17 85.60 £ 7.58 99.89 £ 0.04

Right kidney Method B 87.31 £ 3.66 86.77 £ 5.78 99.93 +0.05

Method C 87.31 £ 3.66 86.77 £ 5.78 99.93 £ 0.05

Method A 83.82 + 3.29 83.31 £5.17 99.90 + 0.03

Spleen Method B 87.07 + 362 81.26 + 595 99.97 £ 001

Method C 87.07 £ 3.62 81.26 £ 5.95 99.97 + 0.01

Method A 68.63 + 6.20 72.35+9.53 99.97 + 0.01

Gallbladder Method B 7350 + 6.92 79.15 + 7.06 99.97 £ 0.01

Method C 75.79 £6.55 76.41 £5.35 99.98 £ 0.01

Method A 58.74 = 8.44 7769 £8.13 99.72 +0.09

Pancreas Method B 63.07 £ 6.37 71.71 £9.36 99.83 £ 0.07

Method C 65.97 + 5.08 73.23 £9.30 99.85 + 0.06
AR £ Ao &4 Grt Aot ZE A7) 9l AL AHETOEN 20 AL FojHA A
ol 4] Method CE& 3 8< o DSC7| 7H =& A FAGEE FAS F IEE GV A & vt
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7% Method B7HA 8 3191& Wl Method AS A7) 27 B An 5 ES A9} 5 1 FH5
S wol vlsl] DSCrF ZHzh 1.47%, 4.92%, 3.45%, A7 v gyl A7) 27|71 ol 7] ®&ol
3.25% SFAFE T, gt Aol A Method CE 4 A9 YA AT w2 w@d 2 YXe FEHY o
g3 & o, Method BE 33 wel ®ls] DSC7}+ FFor 7] FE BEETt F Hol el &
7y7k 2.29%, 29% P AL So 2 AP S uf 7183t 91X BAE ol &= A IHE F

#7) 4ol opd Folx FHAYD ol P ;o] N 2 AFEE FYAA

27} ZE AL #91F 4 Q) A A3 AA A7) 2 Al tske] Al
He| ASH 55 A7) 28 Ao} dEIH 9%
474 =2 TR A5 7+o] DSC7F 9047% S RP o, 7
= A5 A, 5 A, v A 94 7N AEs
B =FoAEs X CT FAolA w 71w FA % 27 28 AF v w23 e AEE $5
Ay FAE S-S T FAF ol 5T AE A B3 A Axt 3o DSCrV 242 1.47%, 4.92%,
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