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Résumé

Localizing and recovering electrical activity of the brain from M/EEG measurements is
known as the M/EEG inverse problem. Solving the inverse problem is the key to identify
anatomical location of sources that produced the observed measurements [1]. In this work,
cortical activity is modeled using a linear distributed source model. This means we need to
estimate amplitudes of a predetermined number of sources with xed positions and orienta-
tions. Since there are innitely many current source congurations that can produce the same
measured electric and/or magnetic eld, this problem is ill{posed. Therefore, prior assump-
tions or constraints need to be introduced.
The majority of the methods based on this model use spatial and/or temporal constraints,
without taking account of long-range connectivity. This long-range connectivity can be ob-
tained non-invasively using diusion MRI (dMRI) tractography through the reconstruction
of white matter ber tracts. Each such ber tract is a streamline, which represents a direct
long-range connection between brain areas. The goal of this work is to include supple-
mentary information coming from dMRI into the MEG source reconstruction process. The
information used is anatomical connections and transmission delays between cortical regions.

Traditional methods yield solutions that are smooth in space and/or time only along the
cortical surface. Low resolution brain electromagnetic tomography [2] (LORETA) assumes
simultaneous and synchronous activations of neighbouring areas. The obtained solution is
the ”smoothest” current density capable of explaining the measured data. In other words,
the current density at any point on the cortex is maximally similar to the average current
density of its neighbours. The solution is maximally smooth in the sense that the norm of
discrete Laplacian of the current distribution is minimized.

We propose a new connectivity-informed spatio-temporal approach to constrain the inverse
problem and estimate the dipole intensities. This approach modies the LORETA method
to take into account long-range connectivity incorporated via the Laplacian matrix. Time-
evolving block diagonal Laplacian matrix is constructed according to both short-range and
long-range connectivity. Short-range or local connectivity is considered to be the connectiv-
ity between adjacent brain areas. The inuence of delayed activity coming from other brain
regions is added into the model via long-range connectivity.
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For example, imagine there are two spatially distant regions P1 and P2 connected by a
streamline. The transmission delay can be calculated based on the length of the streamline
and the information of signal speed along ber tracts. In traditional methods, solutions S(P1;
t) and S(P2; t+) would be independent. In this work, we use spatio-temporal metrics which
accounts for brain regions with long-range connections, making these two solutions depen-
dent.

Since ground truth of the source-level brain activity is unknown, validation of the accuracy
of the proposed method is achieved using simulations. Those were preformed using MNE-
Python software [3] based on realistic subject anatomy from Human Connectome Project
[4] dataset. The cerebral cortex was parcellated into neuroanatomical regions of interest
according to the Desikan-Killiany atlas [5], that has 34 parcels per hemisphere. In previous
work [6] each cortical region was considered as a source of activity and it was assumed to be
constant over that region. In this work, each vertex of the cortical mesh is considered as a
potential source. Its activity is simulated according to a multivariate autoregressive model
whose order is chosen according to delays found in the streamlines. Results of the recon-
struction of this activity from simulated MEG measurements are presented and compared
to original Loreta method.
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