
 

III./4.1. Pathological characteristics
An epileptic seizure is a transient disturbance of the electrical
activity of the brain associated with behavioral changes. Both
the pathological electrical activity and the behavioral changes
differ significantly in the various types of the epileptic seizures.

The pathomechanism of focal and generalized seizures is
different.

The knowledge of the pathomechanism is the basis for the
selection of the appropriate medication.

During an epileptic seizure, neurons of the cortex and/or of the
subcortical structures become hyperexcitable.

How does a neuron turn hyperexcitable?

1. Changes of the electrical properties of neurons.

In neurons, the resting membrane potential, which is around -60mV, can
be depolarized by a sufficiently large postsynaptic electrical stimulus. If
the membrane potential reaches the so called action potential threshold,
a spreading action potential is generated according to the “all or none”
principle (regenerative propagation, Fig. 1).

Fig.1: The generation of action potentials

An action potential is generated by ionic currents passing through ion
channels which are glycoproteins in the cell membrane. The
characteristics of ion channels (voltage-dependent, ligand-dependent,
etc.) determine the conditions under which an action potential is evoked.
Paroxysmal depolarization shift (PDS) is an important cellular
mechanism in the generation of epileptic discharges. During PDS, a
group of pyramidal cells synchronously depolarize and fire a series of
action potentials. This can be detected on the scalp as an EEG spike.

The electrical characteristics of neurons may change because of
ion-channel dysfunction. This is a genetically determined condition
where the dysfunction of certain subunits of ion channels leads to
abnormal neuronal functioning. This phenomenon is the basis of
nocturnal frontal epilepsy, generalized epilepsy with febrile seizures,
and the benign familiar convulsions of infants.

Structural damage of the cell membrane (e.g. due to trauma, surgery
etc.) leads to the increase of membrane resistance because of changes of
membrane structure during regeneration. According to Ohm’s law, in
this cell a postsynaptic excitatory stimulus generates a larger



depolarization than under normal circumstances.

2. Imbalance between inhibitory and excitatory neurotransmission.

Two most important neurotransmitters that play a role in the
pathophysiology of epilepsy are the excitatory glutamate and the
inhibitory GABA. Research results show that the number of
postsynaptic glutamate receptors increases, the synaptic release of
glutamate increases and glutamate re-uptake decreases in epileptic
tissues. In line with this, the number of GABA-ergic inhibitory
interneurons and the synaptic release of GABA decreases (e.g. the
direction of the GABA transporters changes), and the sensitivity of
GABA-receptors also decreases. All these factors lead to the increase of
neuronal excitability.

3. Functional and/or structural disturbances of network
connections.

It is well known that complex neuronal networks take part in the
generation of epilepsy. Disturbances in the function and connections of
these networks can cause an abnormally increased activity of groups of
neurons.

4. Disruption of glial functions.

There is a growing body of evidence pointing to the role of glial
dysfunction in certain forms of epilepsy. This can be the basis for the
development of new lines of pharmacological treatment.

The pathomechanism of focal epilepsy

Epileptic foci contain hyperexcitable neurons.

In these neurons, excitatory postsynaptic potentials evoke a paroxysmal
depolarizing shift and a series of action potentials. The overactivity of
“epileptic” cells depresses the activity of inhibitory neurons; therefore
the surrounding cells will be drawn into the abnormal activity.

Focal epilepsy originates mostly from the mesial part of the temporal
lobe.

Imaging studies often show hippocampal sclerosis. In this state, cell loss
in the CA1 region of the hippocampus, glial proliferation, scar
formation, decreased number of dendritic spines, and inhibitory
synapses are seen. Abnormal synaptic connections develop after cellular
necrosis, and due to these changes the balance between excitation and
inhibition is disturbed.

An epileptic focus may be caused by trauma, inflammation or ischemia.
The exact pathomechanism is unknown. Damage leads to axonal lesion,
which affects the electrical characteristics of the membrane, additional
neuronal connections develop during regeneration of the axons (also
called sprouting), which increase abnormal connectivity. In lesions of
nervous tissue, the number of glutamate receptors increases and GABA
receptor modulation changes. All these factors contribute to the
development of an epileptic focus.

The pathomechanism of primary generalized epilepsy

Primary generalized epilepsies have a thalamo-cortical origin. The
opening of voltage dependent Ca2+ channels leads to a long-lasting
depolarization and action potentials. Under normal circumstances, the
thalamo-cortical network produces low-frequency oscillations, but in
epilepsy this activity is abnormally increased and involves the whole



cortex.


