Automatic segmentation of lumen in Intravascular Ultrasound Images: An evaluation of texture feature extractors.
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Segmentation and understanding of images is a very wide field in Artificial Intelligence and Computer Vision. One of the main areas of interest in this field is medical imaging and application of artificial intelligence procedures for segementation, retrieval, characterization, etc.

Intravascular Ultrasound Images (IVUS) are an excellent tool for direct visualization of vascular patologies and evaluation of the lumen and plaque in coronary artheries. However, visual evaluation and characterization of plaque require integration of complex information and suffer from substantial variability depending on the observer. This fact explains the difficulties of manual segmentation prone to high subjectivity in final results. Automatic segmentation will save time to physicians and provide objective vessel measurements.

Nowadays, the most common methods to separate the tissue from the lumen are based on gray levels providing non-satisfactory segmentations. This leads to use more complex measures to discriminate lumen and plaque. One of the most wide spread methods in medical imaging for such task is texture analysis. The problem of texture analysis has played a prominent role in computer vision to solve problems of object segmentation and retrieval in numerous applications. Two approaches are used for texture analysis, supervised and unsupervised analysis. However, texture analysis has an important problem in both approaches, the precise location of textured object boundaries. 

In this paper we analize some of the most wide spread methods for texture segmentation in intravascular ultrasound images, and propose and evaluate an automatic framework for discrimination of lumen and plaque.

The method is divided in 4 steps, corresponding to preprocessing step, feature extraction, dimensionality reduction and classification, and higher level organization of data using deformable models. 

The preprocessing step is dessigned to deal with image artifacts. Intravascular ultrasound images suffer from different kind of artifacts: the guide effect, due to the echogeneicity of the guide some echoes appear in the IVUS image, this effect is the most important artifact because data in the guide directions is not reliable; the echoes of the  catheter wrapper, this echoes are well located in the image space and therefore easy to remove. The preprocessing step is dessigned to remove these effects as well as change the coordinate system of the image for better performance of the texture feature extractors. Original IVUS image are displayed in polar coordinate system and therefore non-invariant to rotation feature extractors can respond different to the same pattern depending on its orientation. Therefore, a coordinate system correction is performed and the IVUS image is transformed into a cartesian coordinate system. Supervised learning is performed for the system to model the plaque and tissues. Four methods are used as feature extractors, Co-ocurrence matrices measures, DoG filters bank (Derivatives of Gaussians), Wavelets and Accumulated Moments.

All these methods lead to large feature vectors. In Co-occurrence matrices measures, we use 6 measures (Energy, Entropy, Inverse Different Moment, Shade, Inertia and Promenance) for each orientation ( 0º, 45º, 90º, 135º ) given a cerrtain distance, ( usually 2 or 3 ). In DoG filter bank, we use up to a third derivative basis of filters (10 filters per scale) for each scale. We use five different scales leading to a 50-dimensional space. In Wavelets, a wide variety of wavelets has been tested. The decomposition tree used 4 levels of detail (13-dimensional space). In Accumulated Moments, moments up to (9,9) are computed (81-dimensional space). These high-spaces are composed of correlated redundant data, so a dimensional reduction step is considered. We have used Fisher Linear Discriminat Analysis for reduction of dimensionality as it ensures lower space preserving high discriminability. At the end, a classification step is performed using Mahalanobis distance. The resulting classification provides a serie of unconneted regions associated to the plaque and tissue texture model. To organize all this information a higher level tool is used. A deformable model is laid over the image and let to deform to give a compact representation of the boundary between the lumen and the plaque. We have used open parametric deformable models, in particular, B-snakes. 

An objective evaluation of the different approaches is made and validated by the physicians in a wide variety of patients with different pathologies and images with different topologies. 
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