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Inria center of Bordeaux University (since 2008)
▶ 270 employees (180 scientists) ▶ 21 project-teams

Transversal themes
▶ Societal challenges: climate, education, health
▶ Specific applications: energy, aeronautics, aerospace, defense
▶ Methodological approaches: experimental approach, interdisciplinarity

Main research axes
▶ High Performance Computing and Big Data
▶ Automatic Learning - linked to Neurosciences and Cognitive Sciences
▶ Digital Health - Personalized Medicine
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▶ MEMPHIS team 
Modeling Enablers for Multi-PHysics and InteractionS

Research interests
▶ Numerical simulations of Partial Differential Equations (PDE)
▶ Finite volume schemes for hyperbolic PDE
▶ Model Order Reduction

Applications: fluid dynamics
▶ Geophysical flows
▶ Aerodynamics
▶ Blood flows
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Figure 1: Examples of meningioma geometry (a,b,c,d) from MRI T1 sequences with

gadolinium-based contrast media. Tumor boundaries are highlighted in red. (e)

Anatomical view of a meningioma: 3D reconstruction with a homemade segmenta-

tion tool from the medical images. The head, skull, brain and meningioma geome-

tries are delineated in 3D from the MRI examination.

Clinical information (age, gender and meningioma position) of the cohort and times and
volumes of available MRI examinations are given in Table 1. The cohort is composed of 40
patients with between 3 and 6 MRI acquired during follow-up. We have excluded Patient 24
because it was not possible to properly quantify the evolution of his meningioma, due to
poor quality of his MRI examinations.

The lesion, as well as the skull are segmented using homemade software developed by
B. Taton that relies on a deformable model in the principle of [35]. Illustrations of the
segmentation process are given in Fig 1. Using this tool, we have extracted for each patient
of the cohort the volumes and the shapes of the tumor at each time.

Using these data, we want to answer two questions:

• Can we model the dynamics of meningioma evolution?

• Using only two MRI examinations, can we predict the volume and the shape of the
tumor, at a later time?

To answer the first question, we build two 3D mechanical models of tumor growth. These
models depend on parameters which have to be estimated for each patient. As these models
can be reduced to ODE systems corresponding to the volume evolution with respect to
time and depending on the same parameters as the PDE systems, the estimation process
can be performed on these 0D equations. To validate the models, the full cohort with all
the available times will be used to fit the ODE systems to the data and then assess their
descriptive power.

To answer the second question, we use only the 2 first available MRI examinations to
estimate the parameters of the models and then predict the volume and the shape of the
tumor at a later time corresponding to the time of the third available examination. This
allows us to evaluate the predictive power of our models.
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Internship project
▶ Mathematical Modeling of meningioma growth using Latent Equations
▶ Follow both volumes and imaging texture
▶ Combine Differential equations and Neural Networks
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