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Abstract:   

Cortical spreading depression (SD) is a pathological phenomenon of the brain characterized by a 

complete but transient loss of neuronal function and massive redistribution in intracellular and ex-

tracellular ionic concentrations.  It is closely related to many brain pathologies including migraine, 

stroke, traumatic brain injury and seizures. We  derive a model of SD that couples electrodiffusion 

and osmotic water flow in a thermodynamically consistent fashion. After briefly reviewing the 

structure of point models (ODE models) of SD and seizures, we will write down a spatially extend-

ed model (PDE model) for SD propagation. This derivation is performed in such a way that the re-

sulting model satisfies the principles of mass conservation, electroneutrality (or the charge-

capacitance relation) and free energy dissipation. The PDE model is simulated in one spatial di-

mension to produce SD waves. In particular, our model can successfully compute the DC signal 

(extracellular voltage deflection), an important experimental signal for SD. We also show that neu-

ronal gap junction coupling leads to extremely fast propagation, possibly ruling out contiguous 

neuronal gap junctional coupling as a principal conduit for SD propagation.  
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