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Atherosclerotic Plaque Characterization Using Deep Learning Methods

OBIJECTIVE

The automatic extraction of US features such as carotid plaque is essential to pre-estimate the risk of
atherosclerosis progression and stratify patients as a high/low risk in terms of plaque stability or
vulnerability [1]. Image analysis has the potential to extract valuable information about the plaques and
thus to identify more accurately the patients at risk of plaque rupture. The main aim of this study is to
characterize atherosclerotic plague components within carotid artery applying deep learning methods
which do not require intensity thresholds and imaging features [2], leading to an optimal use of
information and improved prediction power.

METHODS

Clinical US images, obtained in the clinical study of the TAXINOMIS project, have been used as an input.
The US images were annotated by expert clinician possessing large experience working with carotid US
data. The U-Net, SegNet, and Pyramid Scene Parsing Network (PSPNet) architectures for multi-class image
segmentation task have been applied. The original and annotated US images were used for model training
and testing. For the training phase we performed 100 epochs, with batch size 2. The problem of
atherosclerotic plague components segmentation was defined as multiclass segmentation model, where
four classes should be detected in images: background (black area outside the atherosclerotic ring, pixel
map “0”), fibrous (yellow color, pixel map “1”), lipid (blue color, pixel map “2”) and calcified (green color,
pixel map “3”) areas of annotated plague components.

RESULTS

Comparing U-Net, SegNet, and PSPNet architectures for multi-class image segmentation, PSPNet showed
a good accuracy in prediction of lipid, fibrous and calcified carotid plaque types based on US images, a bit
better than other two architectures. Metric which was recorded during the training phase is mean loU
(Intersection over Union).

CONCLUSIONS

Our preliminary results showed promising accuracy for atherosclerotic plaque type classification, but risk
stratification of carotid atherosclerotic patients remains challenging due to complexity of the tissue and
additional risk factors which contribute to the stratification. Therefore, this study will be extended to
larger patients’ database in order to create more robust model to larger variability applying data mining
techniques and US data.
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