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Modelling of intracerebral network interactions 
that co-occur with interictal epileptic discharges
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Interictal epileptic discharges (IEDs) that occur in stereoelectroen-
cephalography (SEEG) recordings are difficult to interpret due to 
the complex network interactions.  A three-step framework is de-
veloped to model the network interactions 
that co-occur with IEDs and to provide the 
clinician with the spatiotemporal pattern of
the irritative zone.

An analysis framework was developed to provide the clinician with 
an overview of the interacting brain regions involved in the IEDs, 
with the potential to identify the region that initiates these dis-
charges, which most likely is related to the SOZ.
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• Is the brain activity underlying the IEDs synchronized? 
The non-linear correlation h2 is applied to estimate the coupling 
strength between all combinations of EEG signals (Fig.1, top row). 
A regularization procedure is introduced to robustly estimate the 
delay by maximizing the average correlation of all IEDs while en-
forcing smoothness.

• Which brain regions are significantly involved in the IEDs?
The General Linear Model (GLM) is used to model the likeliness of 
a region to generate epileptiform activity [1]. To this end, the varia-
tion in correlation over time and the IED density function are con-
sidered (Fig. 1, bottom row). EEG signals with significant GLM 
outcome are considered to be involved in the epileptic network 
and are further analyzed.

The SEEG recordings were analyzed retrospectively for patients 
(N=5) who underwent successful epilepsy surgery (Engel class 
I-II).The findings were concordant with the electroclinical hypothe-
ses of each of the five patients studied and with the successful 
outcome of epilepsy surgery. Shown in Fig. 3 is the result of the 
analysis for the example patient for whom two independent spike 
clusters were obtained (see Fig. 2). The color coded spatial distri-
bution of these spike clusters indicates maximal activity at the 
electrode targetting the right hippocampus (RH). The yellow box 
indicates the overlap with the seizure onset zone.  The right insular 
region targetted by electrodes RP/RO reflected independent and 
continuous spiking.

• What is the interdependency of the sources underlying the 
IEDs?
Spatiotemporal independent component analysis (stICA) is ap-
plied for each individual IED (Fig. 2, top row). Hierarchical cluster-
ing of the spatial pattern of the independent components is ap-
plied to investigate whether independent focal regions can be 
identified (Fig. 2, bottom row).
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Figure 3: The results of the analysis are visualized against the patient’s 
brain anatomy in a 2D- and 3D viewport.

Figure 1: Overview of the synchronization analysis (top row) and the general 
linear model analysis (bottom row) demonstrated for the example patient.
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Figure 2: The procedure of independent component analysis applied to in-
dividual IEDs (top row) followed by hierarchical clustering and estimation of 
the number of clusters using the gap statistic (bottom row).
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