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Project Abstract 

Imaging of hemodynamic impairments within the 

brain is highly promising to improve clinical diag-

nostics and treatment indications. The aim of this 

project is, to automatically detect brain areas at 

risk based on already available MRI-data in pa-

tients with carotid artery stenosis by implement-

ing a deep learning-based framework. 

Background and Motivation 

Narrowings of the brain feeding arteries by plaques 

are a major public health issue. Those internal ca-

rotid artery stenoses (ICAS) affect approximately 

1 million patients in Germany with increasing prev-

alence and cause 10-20 % of all strokes.1 

As the brain has high energy demands but has no 

storage capacities, its continuous blood supply is 

crucial.2 ICAS does not only cause strokes by com-

plete blood supply blockades, but we previously 

demonstrated that many patients already suffer 

from cognitive impairments in earlier disease 

stages due to the impaired blood supply.3  

While effective therapeutic interventions are avail-

able, they come with substantial risks. Some treat-

ments are related to a two-year mortality up 

to 32%.4 Thus, there is high clinical demand to as-

sess hemodynamic impairments and individually 

identify patients at high risk of stroke. However, 

there is a lack of clinically applicable methods.5 

We previously introduced and a novel MRI-based 

approach to detect areas at high risk of hemody-

namic impairments.6,7 This project aims at further-

ing its clinical applicability by deep learning meth-

ods. 

Student’s Tasks Description 

The main task is to implement a deep learning-

based segmentation framework that is capable of 

automatically processing of already acquired quan-

titative MRI data.  

Along the way, the student is expected to modify 

the network architecture and the training setup 

with the aim of optimizing its overall performance 

on (labelled) clinical datasets of both healthy volun-

teers and stroke patients. He/she will evaluate the 

predicted segmentation masks against gold-stand-

ard, already existing manual labelling from clinical 

experts. Also, the student will investigate how the 

network performance might influence subsequent 

analyses. 

As this project is performed in close collaboration 

with the Neuroradiology Department, he/she will 

gain practical insights into the principles of clinical 

MR imaging, subsequent signal modelling, and 

medical image segmentation. The student will fur-

ther his/her knowledge in the design, training and 

deployment of (convolutional) neural networks. 

He/she will also learn principles of software devel-

opment and proper documentation of training and 

testing procedures. The latter is of particular im-

portance in this project as the final version of the 

network will be implemented into clinical decision 

support systems. 

Technical Prerequisites 

Solid knowledge of Python is a prerequisite. Previ-

ous experience with deep learning libraries and 

basic understanding of the principles of MRI and 

model-based image analysis is beneficial. 
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