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Context and objectives

According to the World Health Organization, stroke is the second cause of death and the leading
cause of chronic functional disability in adults, with 17 million victims, 31% of whom were under
the age of 65. More than 6 million people die from stroke worldwide each year.

In France, each year around 150,000 people are hospitalized for a stroke, one every 4 minutes
with an average cost of 19 k€. It is estimated that 750,000 people have survived a stroke, two
thirds of which will have disabling consequences, which represents a financial burden for the
state of around 2.8 billion €/year... in reality 10 billion over 5 years due to the cost of handicap.

The ischemic stroke is caused by a blood clot (thrombus) that blocks a brain artery causing lack
of oxygen brain tissue supplied by that artery (Fig. 1). There is an urgent need to diagnose and
determine if treatment with thrombolytic drugs (anti-coagulants) can “reverse” the stroke. The
response time is limited and should not exceed 3 to 4 hours after the onset of symptoms.
Confronted with the management of a stroke, the doctor then asks 3 questions to which the
imagery provides particularly relevant answers: is it really a stroke? Is the stroke ischemic or
hemorrhagic in nature? If thrombolysis is considered, are there any radiological contraindications
to this treatment? There is consensus that magnetic resonance imaging (MRI) is the gold
standard for eliminating non-vascular diagnoses because of its sensitivity and specificity in acute
ischemia.
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(a) Image de SWAN (b) Lesion showing an intensity comparable
to that of normal tissue

Figure 1: (3) Visualization of a lesion on a diffusion MRI showing the different stages of
development. Most publications deal only with well-developed lesions that take advantage of
high intensity boundaries (2b) For the hyperacute phase, weak or zero borders and low
intensities complicate the task of segmentation.
Hospital reception therefore favors the speed of access to the neurovascular unit (NVU) and MRI
to confirm the diagnosis of cerebral infarction or cerebral hemorrhage: early treatment (<3h)
limits the severity sequelae. If MRI makes it possible to search for the cause of the lesion, it
raises many methodological
difficulties linked to the very progressive pathophysiology of stroke in the very first hours. There
has not been a complete automatic tool for the simultaneous segmentation of lesions to date.

Objectives

The solution that we want to implement is based on the automatic segmentation of irreversible
infarctus areas and ischemic tissues at risk. The application of these algorithms to the analysis of
solid images makes it possible to work on a large amounts of data in a more relevant way than
conventional statistical methods.

The objectives are to validate the results on a large patient database and to integrate the model
into clinical application software with a user-friendly interface.

Methodology No method of automatic segmentation of the lesion has been published to date.
There are a few publications on semi-automatic segmentation of the lesion by angiography [4,
10,7, 12, 11]. Only the last three relate to the segmentation of the lesion in the brain. What they
all have in common is that they need a “manual” seed to run the algorithm, that is, they cannot
find the position of the lesion on their own.

Qazi et al. [10] study segmentation via thresholds, but this is not adaptable to MRI because the
lesion in a SWAN is not segmentable by a simple threshold.

Among current segmentation algorithms, the CNN has been much tried for the segmentation of
lesions. For example, almost all of the ISLES 2017 brain injury segmentation challenge
submissions were based on CNN with variable architecture, and with rather poor results (the
best reported DICE was 0.31 [3]).

An example of an efficient architecture for assigning a probability of injury to each voxel was
proposed by Chen et al. [2] with good segmentation results over a wide range of lesion sizes and
intensity variations.

But their algorithm cannot separate lesions and artifacts if they are connected to the image. And
they missed some of the very weak parts of the lesion.

The reason is the lack of large MRI ischemic data sets available due to their cost of acquisition
and anotation. The difficulty of obtaining a sufficient amount of reliable class-specific training
data For a supervised automatic approach requires the study of new strategies. A solution
suggested by very recent studies [3], proposes to develop new generic salience functions or to



use the data augmentation method to build a robust classification as well as other parameters
such as texture or shape.

Learning by neural networks inspired by ladder networks or regime networks or adversary
autoencoding, curicular model, etc. will be privileged in this project.

Expected results

The expected solution will better characterize stroke by associating multiple weak signals with
the definition of pathology, which can therefore lead to replacing complex clinical scales (CPSSS,
NIHSS, LAMS, VAN, etc.), which are tedious to calculated in current practice. It will improve the
quality of reading of current images, for example, by performing analyzes which are not
currently carried out because they take too long to execute manually such as the volumetric
measurement of the lesion, the extraction of textures, etc.

This solution will be able to determine what information in the image implies certain treatments
leading to better results for patients. Al can help the radiologist prioritize urgent cases by
determining in advance which imaging tests to assess first. Al can do an initial assessment and
escalate cases if necessary. Ultimately, the technique should give more information than the
human eye on the texture of the thrombus and its accessibility for recanalization treatments.

Expected performance criteria:

Evaluating the new procedure against a referenced procedure raises many methodological
difficulties. The expected performance indicators are

1. the repeatability of the (deterministic) segmentation process in a degraded situation or not,
2. the efficiency of the tool to be tested on a ground truth basis and quantified with DICE [3] to
measure performance in segmentation,

3. a speed of execution of a few minutes.

4. the robustness between different dataset

5. Comparison with state of the art segmentation architectures as SegResnet [13], UNETR[14]
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Profile and skills required

The recruited person will be in the 3rd year of engineering school or Master's. It will be able to
understand and develop adaptive learning algorithms and to process medical dataset, index it
and use it in an operational system to achieve the mission described above.

Programming skills: Python or C/ C ++. A practice of Tensorflow and Pytorch would be a plus.
The practice of French is not compulsory. His(her) English is Fluent. The work will be carried out
at the IBISC Laboratory located on the Evry campus of the UPSaclay. IBISC develops
multidisciplinary, theoretical and applied research in the field of information sciences and
engineering, with a strong orientation towards health applications. The selected candidate will
have the chance to work in an interdisciplinary team and with a consortium of data scientists and
clinicians from the CHSF. The project is multidisciplinary, at the interface of machine learning,
computer science and medicine.

Encadrement et conditions scientifiques et matérielles

The student will be supervised by Sofia Vargas Ibarra, Vincent Vigneron and Jean-Philippe Congé
from the BISC laboratory (Univ d'Evry, Université Paris-Saclay). All master machine learning,
signal and image processing.

Remuneration: €3600/6 months
Contact: send CV+grades to

{sofia.vargasibarra,hichem.maaref,vincent.vigneron}@univ-evry.fr
Phone: +33 1 694 775 45
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