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Epileptic seizures are often accompanied by large amplitude 
dynamics of a characteristic rhythm in the EEG (i.e. on a 
macroscopic scale). While animal models and computational 
modelling have led to an understanding of the underlying 
neurophysiology, many questions related to the macroscopic 
manifestations are still unresolved. In particular, the robust 
generation and extended spatial distribution of highly synchronised 
spike-wave discharges (SWD) in a large number of epileptic 
disorders appear within seconds or even fractions of a second from a 
variable, high-dimensional and poorly synchronised background 
activity that resembles a filtered linear noise (in the awake state).  

The so called lumped or mean-field neural mass models were 
introduced to bridge the gap between cellular understanding and the 
dynamics of large populations of neurons, A small number of studies 
was devoted to the dynamics of EEG related signals in the case of 
(generalised) childhood absence and (focal) temporal lobe seizures. 
However, neither of these studies involved more than one cortical 
compartment. The assumptions behind the neural mass models 
imply that they describe the action of populations typically associated 
with those of a cortical columns (cortical areas of less than a mm2), 
whereas epileptic EEG signals presumably are created by 
hypersynchronized activity in much larger cortical areas (in the order 
of at least various cm2). 

To explain the transition from background to epileptic dynamics 
on the scale of the EEG we therefore consider existing models of 
cortical and thalamocortical activity and study their extensions into 
the spatial domain. We study two principal routes to explain the 
large-scale macroscopic patterns of epileptic EEG: 

- The transition from a spatially irregular to a spatially 
homogeneous rhythmic patterns in a spatially homogenous medium 
with small parameter variability. Here the epileptic rhythm can be 
either present in the individual unit or it can be generated in a 
bifurcation due to the spatial coupling of similar units. While the 
individual units behave similarly before and after the transition, the 



mean field switches from low-amplitude disordered to a single large-
amplitude rhythm with well-defined frequency. 

- The transitions from desynchronised to synchronized spatio-
temporal rhythms in coupled heterogeneous populations where units 
are in dynamically distinct states, i.e. parameters are distributed 
around at least two distinct mean values. The epileptic process can 
then be understood as a spreading synchronisation of a local 
epileptic rhythm in a spatially heterogeneous medium.  

Our results show that spatial coupling can destroy, preserve or 
enhance features of the neural mass models with a single cortical 
unit. In either of the above cases, the coupling of weakly or strongly 
different subpopulations must either support and even enhance the 
epileptic pattern in order to account e.g. for the widespread 
occurrence of a characteristic epileptic pattern like the spike-wave 
discharge. We conclude that spatial coupling of cortical units must 
form an essential part of the modelling of the SWD and the clinical 
epileptic EEG in general. The arguments will now be tested in 
extended models with detailed physiologically plausible assumptions 
and coupling schemes. 

 
 


