M2 Internship: Recanalisation prediction for stroke patients
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Context

According to the World Health Organization, stroke is the second cause of death, the first for women, and
the leading cause of chronic functional disability in adults, with 17 million victims. In France, around 150,000
people are hospitalized yearly for a stroke, one every 4 minutes. It represents a financial burden of about 2.8
billion € /year; in reality, 10 billion over five years due to the cost of disability. 1 over 6 people will have a stroke
in their lives.

Ischemic stroke is caused by a blood clot (thrombus) that blocks a brain artery, causing a lack of oxygen to
brain tissue supplied by that artery. There is an urgent need to diagnose and determine the choice of treatment.
It produces damage in the brain (lesion) in which some parts of the tissue can be recovered (penumbra) and
another is dead (core). Localizing the cause (thrombus) and the consequence (lesion) is key to choosing the
treatment. Its recovery depends on several factors: delay, type of treatment, diseases, age, size of lesion and clot,
etc. Neurologists make the decision thanks to magnetic resonance imaging (MRI). The clot and the lesion are
located in several modalities where different information is available. Deep learning techniques could optimize
this long procedure.

Objectives

The final objective is to do a deep learning model that helps to make the treatment decision. To do that, the
recanalization prediction should be predicted. If a patient is going to recanalize thanks to the usual treatment
(thrombolysis), no other treatment is needed, and its use is recommended. To obtain that, useful information
from the MRI should be extracted. In Figure 1 we can see the segmentation of the lesion and in Figure 2
the one of the thrombus. An automatic segmentation model based on deep learning is needed to obtain this
segmentation with the highest Dice possible without missing any patients. Once this information is extracted,
the treatment outcome could be predicted.

Groundtruth

Figure 1: Lesion segmentation using ADC and DWI

modalities. Figure 2: Thrombus segmentation using SWAN.



Methodology and expected results

There are several possible approaches: once Transform-
ers segment the lesion and thrombus [1] or CNN-based
architecture [2], some features from the image could be
extracted. These features can be inputs for easy mod-
els: logistic regression/random forest [3]. Another pos-
sible solution is to directly predict the outcome from
the image: how the lesion and the thrombus evolve, for
example, [4]. The Dice score is used to compare the
models. For that, some public and private datasets will
be used in multimodal 3D images with segmentation
masks.

Figure 3: Lesion growth over time

Profile and skills required

Ability to understand and develop adaptive learning algorithms and process medical data, index it, and use
it in an operational system to achieve the above-mentioned mission. Programming skills: Python and Linux
language. A practice of Tensorflow and Pytorch would be a plus. Basic knowledge of computer vision is needed,
and some experience with a real problem would be a plus.

The practice of French is not compulsory. The work will be done at the IBISC Laboratory on the Evry
campus of the Université Paris-Saclay. IBISC develops multidisciplinary, theoretical, and applied research
in information sciences and engineering, with a strong orientation towards health applications. The selected
candidate will be integrated into an interdisciplinary team with a consortium of data scientists and clinicians
from the CHSF. The project is multidisciplinary, at the interface of machine learning, science, and medicine.
Several datasets as computer servers are available for the project.

Scientific and material conditions

Sofia Vargas Ibarra and Vincent Vigneron will supervise the students from the IBISC laboratory (Université
Paris-Saclay, campus d’Evry). All master machine learning, signal, and image processing.

Contact

Send resume and grades of bachelor+master to Vincent Vigneron and Sofia Vargas Ibarra.
{sofia.vargasibarra,vincent.vigneron}@univ-evry.fr
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