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Introduction: Machine learning (ML) techniques have been applied in medical imaging as computer-

aided diagnosis (CAD) support tools. Their goal is to aid specialists in diagnosis by providing 

quantitative information, improving decision making, and reducing subjectivity. Their output is often 

less subject to error and to inter-operator variability. [1-3] We propose a ML-based CAD tool that 

distinguishes carotid artery atherosclerosis patients from healthy controls.  

 

Materials and Methods: Experiments were performed on a multi-center dataset containing T2-

weighted FLAIR images. Data (Fig. 1a) were acquired from 270 controls (Calgary Normative Study, 

CNS [4]) and from 61 carotid artery atherosclerosis patients (Canadian Atherosclerosis Imaging 

Network, CAIN [5]). CNS data were acquired at one site on a 3-T MR scanner (Discovery 750, GE 

Medical Systems with 3 mm slice thickness, TR = 9000 ms, TE =141.4 ms and TI = 2250 ms). CAIN 

data was acquired at three sites: two with the same 3-T scanner (Discovery 750) and one with a 

different 3-T scanner (Achieva, Philips Medical Systems) using the same acquisition sequence with 

similar parameters. The proposed supervised ML method was trained to distinguish controls subjects 

from atherosclerosis patients by only using brain images. Our method had three main steps (Fig. 1b): 

1) pre-processing (image normalization); 2) feature extraction (combining texture handcrafted and 

convolutional features); [6] and 3) classification using support vector machine (SVM). [7] 
 

 

  

 

 

 

  

 

Figure 1: (a) Sample MR images from each class; (b) flow-chart of the proposed method; (c) resulting confusion matrix; 

and (d) visualization of the most relevant features to classification. 
 
  

Results: We achieved a 98.5% ± 1.9% accuracy rate when distinguishing control subjects from 

atherosclerosis patients (Fig. 1c). This degree of accuracy was achieved even though the dataset was 

heterogeneous, comprising images acquired with scanners from different MR vendors. Convolutional 

features were the most relevant features to accomplish the proposed classification task (Fig. 1d). 

 

Discussion: The usage of robust and discriminative features allowed the identification of patients 

based only on structural MR imaging; a task that may be challenging even for expert specialists. 

 

Conclusion: The present work serves as proof-of-concept that ML-based CAD tools have a role in 

multicenter studies. They can aid diagnosis and direct additional analysis of patients. Future work 

includes examining other brain pathologies and the application of combining other MR image data. 
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