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External elastic membrane border detection based on sequential learning

and prior shape information for intravascular ultrasound images

Lin Mudan', Yang Feng', Liang Shujun', Zhao Haisheng', Huang Zheng’, Cui Kai’
1. Biomedical Engineering School of Southern Medical University, Guangzhouw 510515, China;
2. Department of Cardiology, Nanfang Hospital, Southern Medical University, Guangzhou 510515, China

Abstract: Objective This paper presents an improved method based on sequential learning and prior shape information for
detecting the external elastic membrane (EEM) in intravascular ultrasound (IVUS) images to overcome the problems of in-
terference factors, such as calcified plaque and acoustic shadow. Method Multi-class multi-scale stacked sequential learn-
ing was applied to divide an IVUS image into seven tissues. Subsequently, critical points on the external elastic membrane
border were selected based on the classification results and the prior shape information of the vessel. Finally, a snake model
combined with gradient and phase information of the IVUS images was used to obtain the final external elastic membrane

border. Result In the experiments, the algorithm was implemented on 153 typical IVUS images from 22 in vivo clinical

5 B #7:2015-11-11;{&E HHF:2016-01-11

EEUA: EEKBAR AT H (61271155)

E—IEEE T MEFH(1990— ), 2, Wy RIS AE Y R 22 TR LA PSR AR, BRI SE 5 1) S B2 R AL B
E-mail ; linmd2012@ 126. com

BEEE B, 4%, E-mail; yangf@ smu. edu. cn

Supported by : National Natural Science Foundation of China (61271155)

© h H R B AR AT A



F21E/5E5H8 /2016 FE5 8

MR, 8, ZiNE, RigH, &, £
SEEARPMREEMFREFEINOMERBERINEES

IVUS sequences. Statistical results showed that the average JACC measure of EEM borders detected by the algorithm was

88.5% ; thus, the algorithm could meet clinical demands, and its performance was better than those of algorithms in recent

studies in China. Conclusion The proposed automatic algorithm is simple and effective. Compared with existing Chinese

algorithms, it has improved capability of recognizing calcified plaque, fibrous plaque, and acoustic shadow and can be

applied to IVUS images with calcified plaque, fibrous plaque, or catheter eccentricity.

Key words: intravascular ultrasound; external elastic membrane; sequential learning; shape information
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Fig. 1  The framework of the proposed algorithm
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Fig. 5 Detection of concave and convex segment of vessel region ( (a) IVUS images;

(b) classification results of M*SSL; (¢) binary images of original vascular versus non-vascular region;

(d) binary images of new original vascular versus non-vascular region)
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Table 1 Classification performance of the M*SSL
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/%%
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Fig. 6 Classification result of M*SSL ( (a) IVUS images;
(b) output labels of classifier C; (¢) output labels

of classifier C,)
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Table 2 Accuracy evaluation of the detected EEM contour

WiRiS Jaccard/% Hausdorff/mm PAD/%

V'S 88.50 £9.617 0.3755 +£0.3640 8.830 +9.730
SCHER[11] 81.32+13.78 0.7356 £0.5695 24.183 +2.73

FRUEREER KRR IR R — Rl A AR R

112 13
(a) SCHR[11177#%

(b) A7k
Bl 7 ARG SCERE L SR i EEM 48 BT HL gL

Fig. 7 Comparison of EEM contours extracted by the proposed

algorithm in this article and that in the reference [ 11 ]
((a) method proposed in reference [ 11]; (b) method

proposed in the article)
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Fig. 8 Examples of EEM detection
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Table 3 Synthetical ratio of confusion
/%
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