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Multi-scale mathematical modeling of Cortical Spreading Depression (CSD)

Summary of the project. Cortical Spreading Depression (CSD) refers to a wave of depolarized electri-
cal activity that is generated in specific brain regions and propagates through large parts of the cortex1. This
is associated with pathological states of the brain that can correspond, depending on the case, to migraines
or stroke. Our team for this project consists of three mathematician/modelers and one electrophysiologist.
We have already derived a model accounting for the initiation of CSD, following a biological hypothesis for
which the experimentalist of the team has preliminary data. This is a micro-circuit composed of two neural
populations (each of which representated by one average neuron), one excitatory and one inhibitory. We also
consider evolution equations for pump dynamics and slowly-varying ionic concentrations, which are known
to play an important role in this ignition process.
The successful candidate will have the task to investigate numerically the current model and derive a math-
ematical reduction under the form of a slow-fast dynamical system. This will then enable a full timescale
analysis of the model and its bifurcation structure. The second part of the PhD will be devoted to extend
the model to a spatially-extended system taking the form of a slow-fast neural field model, where both a
theoretical analysis and link with experimental data will be part of the work.
The main objectives of this PhD project are
1. to study computationally a network model based on our preliminary work2,
2. to reduce the model to a minimal dynamical systems for a thorough bifurcation analysis,
3. to derive and study a multi-timescale neural field version of the model.
4. to compare both the local ODE model and the spatially-extended model with experimental data from the
Mantegazza lab, in link with both healthy and pathological states, so as to further enlighten the mechanisms
underpinning CSD in the case of certain forms of migraine.

Team. This PhD will be co-supervised by Mathieu Desroches (Inria Sophia Antipolis, mathneuro team,
web) and Martin Krupa (uca, ljad laboratory, web). The work will be done in close collaboration with
electrophysiologist Massimo Mantegazza (ipmc, Sophia Antipolis, web). The project will benefit from an
interaction with our collaborators Daniele Avitabile from the University of Nottingham (UK) and David
Terman from Ohio State University (USA).

Background and profile for this project. Candidates should be familiar with dynamical systems
theory: differential equations, equilibria, stability, limit cycles, invariant manifolds, etc.. Some notions of
bifurcation theory are desirable but could be learnt during the early phase of the project. A background
knowledge in neuronal modeling (conductance formalism) will be seen as very positive, as well as some no-
tions of programming (e.g. in matlab, C++, python, julia). In any case, candidates should be interested
in deepening their preliminary knowledge in all the above topics.
Candidates should be motivated by a multi-disciplinary project involving applied mathematics (dynam-
ical systems, bifurcation theory), scientific computing (numerical simulation, numerical continuation) and
computational modeling at various temporal and spatial scales (micro-circuits, networks, field models). Can-
didates should be interested in applying mathematical theories and techniques to a given biological problem,
interact with a biologist and manipulate experimental data.

Contact. mathieu.desroches@inria.fr, martin.krupa@unice.fr.

1see for instance here
2see the hal e-print: hal-01520200
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