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Automatic hepatic vessel segmentation algorithm

in multi-phase contrast-enhanced CT

Yuan Rong', Shi Shuyue', Xie Qingguo'"
1. College of Life Science and Technology, Huazhong University of Science and Technology, Wuhan 430074, China;
2. Wuhan National Laboratory for Optoelectronics, Wuhan 430074, China

Abstract: Objective In liver surgical planning, accurate and effective vessel segmentation is the basis of necessary topolog-
ical analysis for preoperative volumetric assessment and surgery simulation. An algorithm is proposed for automatic hepatic
vessel segmentation in multi-phase contrast-enhanced CT. Method First, segmented CT images are processed with anisotro-
py filter for noise reduction. With the segmented mask, the influence of related organs, such as ribs, is avoided, and the
computational expense is reduced. An improved Hessian-based enhancing filter with intensity information is designed to
overcome the discontinuity of the junction region. Intensity information is used for noise reduction rather than Frobenius ma-
trix norm. Finally, an adaptive multi-scale region growing method is implemented for vessel segmentation in the enhanced
result. The mean values of current segmented target and background are used for the adaptive threshold selection. A multi-
scale iteration is implemented in the growing region to avoid intensity inhomogeneity. Result Five sets of clinical multi-
phase contrast-enhanced CT images were used for the evaluation. In Casesl — Case4, images from portal phase were chosen

as input, and only portal vessel systems were segmented. Topological analysis shows that fifth-stage bifurcation or sixth-
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stage bifurcation could be detected with good accuracy. In CaseS, images from the delayed phase were chosen as input, and

both portal vessel and hepatic vessel systems were extracted. Topological analysis of a single hepatic vein demonstrated that

fifth-stage bifurcation could still be detected. Experimental results indicated that the trunks and branches of hepatic vessels

were completely segmented. Conclusion This paper presented a novel automatic segmentation for hepatic vessels. Different

parameters were assigned for the region growing on different multi-scale enhanced images. The results showed the algorithm

was effective and accurate. In addition, it provided the corrected topological structures of hepatic vessels.

Key words: multi-phase contrast-enhanced CT; hepatic vessel segmentation; enhancing filter; region growing
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Fig. 7 Results of pre-processing ( (a) original CT image; (b) segmented liver mask; (c¢) noise on liver;

(d) noise reduction result)
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(a) FrangiJ7 ik (b) A T7ik:
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Fig. 8  Example results obtained with Frangi’ s multi-scale filter and with our multi-scale filter

((a) Frangi’s method™’; (b) our method)
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B9 el TRR DXl 1 Uy ik 5 AR SCHR A 1936 AR 13 1 X T EE R L
Fig. 9 Example results obtained with Connected Threshold and with our method ((a)w =0.2; (b) w=0.15;
(¢) w=0.1;(d) our method)
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Table 1 Topological analysis of the extraction results

e A 051 ISV % 159y 290 3G 4 Py 5 B 6 %3

Casel 195 1 4 9 33 44 104
Case2 201 1 5 14 24 53 104
Case3 150 1 5 11 26 29 78
Case4 67 1 6 11 15 34 0
Case5 49 1 5 9 10 24 0
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Fig. 10 Results of the experiment ( (a) shows final results of vessel extraction; (b) shows 2D results on original slices;

(¢) shows 3D results on original slices) )
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