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Abstract Neocortical seizures are the seizures in which neocortex is the leading 
structure. They are characterized by spike-wave (SW) or spike-wave/polyspike-
wave (SW/PSW) complexes of 1.5–3 Hz, intermingled with episodes of fast runs 
at ~10–20 Hz. These seizures often develop during slow-wave sleep, transition 
from wake to slow-wave sleep or transition from slow-wave sleep to waking state. 
Intracellular studies on both anesthetized and non-anesthetized cats have shown 
that hyperpolarizing phase of the slow oscillation, a distinct feature of slow-wave 
sleep, is associated with disfacilitation, a temporal absence of synaptic activity in 
all cortical neurons. Periods of disfacilitation temporally increase network excit-
ability. The hyperpolarizing components of SW-PSW complexes are mediated 
mainly by leak current (state similar to discfacilitation), Ca2+- and Na+-activated 
K+ currents. It is proposed that prolonged periods of disfacilitation up-regulate 
neuronal excitability that contributes to the seizure generation. Once seizure has 
started, fast-spiking inhibitory interneurons fire multiple action potentials during 
paroxysmal depolarizing shifts (EEG spike components of SW/PSW complexes). 
During seizure a set of cellular processes induces a shift of reversal potential of 
GABA toward depolarization. Intense firing of GABAergic neurons and depolar-
izing GABA responses largely contribute to the generation of paroxysmal EEG 
spikes. Inhibition does not play a role in other components of neocortical seizures. 
Neocortical trauma, in particular penetrating wounds, produces partial deaffer-
entation of a subset of neurons that decreases excitability of network. Cortical 
neurons display occasional periods of disfacilitation in deafferented cortex during 
all states of vigilance. As in the case of slow-wave sleep, periods of disfacilita-
tion up-regulate neuronal excitability. Synaptic volleys originating from preserved 
axons impinge hyperexcitable neurons of deafferented cortex that trigger seizures. 
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I propose that any physiological or pathological condition that leads to repeated or 
prolonged periods of neuronal silence will increase neuronal hyperexcitability that 
favours development of seizures.

Introduction

All brain functions are executed during three distinct states of vigilance: wake, 
slow-wave sleep (SWS) and rapid-eye movement (REM) sleep. Each of these states 
is characterized by particular patterns of oscillatory activities (Bazhenov and 
Timofeev 2006) that are generated by thalamocortical system and may be recorded 
as field potentials from cortical surface or using intracellular recordings. A distinct 
pathological condition within thalamocortical network is paroxysmal or epilepti-
form activity that can lead to development of seizures (Niedermeyer 2005). During 
seizures, both cortical and thalamic neurons display paroxysmal membrane poten-
tial excursions. A vast majority of thalamocortical neurons do not fire action poten-
tials during neocortical seizures and thus do not contribute actively to the generation 
of neocortical seizures (reviewed in (Timofeev 2010)). Therefore the main focus of 
this chapter will be devoted to neocortical processes accompanying epileptogenesis 
and seizures.

Cortical Neuronal Activities During States of Vigilance

Membrane potential of neurons within thalamocortical loop reveals distinct pat-
terns of activity during waking state, SWS and REM sleep and it is highly corre-
lated with EEG signal. EEG pattern is activated (high frequency, low amplitude 
waves) during waking state and REM sleep (Moruzzi and Magoun 1949), while 
SWS is characterized by generation of large amplitude slow waves of EEG (Blake 
and Gerard 1937). Experiments on anesthetized animals show that during EEG 
depth-positivity, cortical neurons remain in hyperpolarized, silent state, while dur-
ing EEG depth-negativity cortical neurons move to active states, reveal barrages of 
synaptic events and fire action potentials (Contreras and Steriade 1995). The same 
patterns are also found during natural sleep (Steriade et al. 2001; Timofeev et al. 
2001). Intracellular studies on both anesthetized and non-anesthetized cats have 
shown that hyperpolarizing phase of the slow oscillation is associated with disfa-
cilitation, a temporal absence of synaptic activity in all cortical neurons (Contreras 
et al. 1996; Timofeev et al. 1996, 2001). During waking state, REM sleep and 
depolarizing phases of SWS both excitatory and inhibitory cortical neurons are 
relatively depolarized and usually fire action potentials. A certain balance of excita-
tion and inhibition is needed to maintain active network states (Shu et al. 2003; 
Rudolph et al. 2007; Haider and McCormick 2009). However, fast spiking inhibi-
tory interneurons fire action potentials at higher rates as compare to pyramidal cells 
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(Steriade et al. 2001). This imposes important inhibitory influence on their targets; 
during quiet wakefulness, almost a half of regular-spiking neurons (25% of total 
number of neurons) are relatively hyperpolarized, reveal multiple trains of IPSPs 
and do not fire action potentials (Rudolph et al. 2007). Overall, during wakefulness, 
REM sleep and active states of SWS, the membrane-potential activity stems from 
a combination of excitatory and inhibitory synaptic conductances, with dominant 
inhibition in most of the cases (Rudolph et al. 2007).

Neocortical Seizures and Active Inhibition

Neocortical seizures are the seizures in which neocortex is the leading structure. They 
are characterized by spike-wave (SW) or spike-wave/polyspike-wave (SW/PSW) 
complexes of 1.5–3 Hz, intermingled with episodes of fast runs at ~7–20 Hz 
(Steriade et al. 1998; Timofeev et al. 1998; Boucetta et al. 2008). Spontaneously 
occurring SW complexes at 1–2.5 Hz and fast runs at 7–20 Hz develop without 
discontinuity from slow (mainly 0.5–0.9 Hz) cortically generated oscillations 
(Steriade and Contreras 1995). At the focus, the onset of neocortical seizures is 
accompanied with generation of high frequency oscillations (>100 Hz) termed 
ripples, which are not over expressed in other cortical regions at this time (Grenier 
et al. 2003a). During seizure, the ripples can be recorded at multiple cortical loca-
tions. Because of the high likelihood of seizure development from slow oscillations, 
neocortical seizures very often develop during SWS, transition from wake to SWS 
or transition from SWS to waking state. Therefore most of neocortical seizures 
belong to a class of nocturnal seizures. SW/PSW complexes are associated with 
clonic components of seizures and runs of fast EEG spikes that last longer than 
2–3 s are accompanied with tonic components of seizures (Niedermeyer 2005). 
Similar to SWS, both excitatory and inhibitory cortical neurons are depolarized and 
fire action potentials during EEG spikes and are hyperpolarized and silent during 
EEG waves. The hyperpolarizing components of SW-PSW complexes are mediated 
mainly by leak current (state similar to discfacilitation), Ca2+- and Na+-activated K+ 
currents (Timofeev et al. 2004). In about 20% of neurons, a hyperpolarization-
activated depolarizing current (I

H
) is also active and its activity leads network to the 

generation of next paroxysmal cycles. Altogether, this indicates that hyperpolariz-
ing or “EEG-wave” components of seizures are not generated by activity of inhibi-
tory neurons. By contrast, active inhibition is implicated in the generation of 
depolarizing “EEG-spike” components of SW/PSW seizures. This is demonstrated 
by the facts that during EEG-spikes, expressed as paroxysmal depolarizing shifts at 
intracellular level: (1) the fast-spiking inhibitory interneurons fire high-frequency 
(up to 800 Hz) spike trains, while regular-spiking neurons fire usually one or very 
few action potentials, (2) synaptic events easily reversed at depolarizing potentials, 
(3) the amplitude of paroxysmal depolarizing shifts is greatly enhanced by 
intracellular recordings performed with chloride containing pipettes and finally 
(4) antagonists of GABAergic signalling abolished synchronous interictal discharges 
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(Cohen et al. 2002; Timofeev et al. 2002; Timofeev and Steriade 2004). Inhibitory 
interneurons fire very few spikes, if any, during paroxysmal fast runs (Timofeev 
et al. 1998) and therefore do not play a leading role in the generation of this type of 
paroxysmal activities. Despite high frequency firing of interneurons during parox-
ysmal depolarizing shifts, during which paroxysmal ripple activity can be recorded 
from local field potential electrodes, the individual ripple waves and the firing of 
inhibitory interneurons are not synchronized (Grenier et al. 2003a). This stands in 
contrast with perfect synchrony of action potentials of fast-spiking inhibitory cells 
with individual ripple waves during normal slow oscillation (Grenier et al. 2001).

Synchronous cortical drives during SW/PSW complexes induce burst firing of 
inhibitory reticular thalamic neurons that inhibit thalamocortical cells for the dura-
tion of SW/PSW complexes (Steriade and Contreras 1995; Pinault et al. 1998; 
Timofeev et al. 1998; Polack and Charpier 2006). Thalamocortical neurons do not 
fire action potentials and thus do not contribute actively to neocortical seizure 
generation.

Overall, fast-spiking inhibitory interneurons contribute to the generation of par-
oxysmal depolarizing shifts of EEG spike components of SW/PSW complexes, but do 
not play a major role in the generation of other components of neocortical seizures.

Epileptogenesis

Epileptogenesis is a hidden continuous process occurring between the initial corti-
cal insult and the explicit onset of late epilepsy (Fig. 8.1). The trademark of epi-
lepsy is the expression of unprovoked seizures, characterized by paroxysmal 
neuronal activities and high synchronization. Trauma and brain infection are the 
primary source of acquired epilepsy, they can cause epilepsy at any age, and may 
account for a higher incidence of epilepsy in developing countries. Traumatic brain 

Fig. 8.1 Time course of development of epilepsy from brain trauma
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injury is a major risk factor for subsequent development of epilepsy (Feeney and 
Walker 1979; Temkin et al. 1995; Annegers et al. 1998). Acute cerebral cortical 
trauma leads to paroxysmal activities. This is a normal response of brain to the injury. 
Within 24 h up to 80% of patients with penetrating wounds display clinical seizures 
that stop within a 48 h period (Kollevold 1976; Dinner 1993). In human, epilepto-
genesis develops over several months or years (Fig. 8.1). Vietnam and Croatia post-
war epidemiological studies report that 10–15 years after the trauma about 50% of 
patients with penetrating cranial wounds develop epilepsy characterized by sponta-
neous recurring seizures (Salazar et al. 1985; Marcikic et al. 1998). Trauma induced 
epilepsy is poorly controlled by currently available medication. Early administra-
tion of anticonvulsant medication decreases the percentage of early posttraumatic 
seizures but not that of chronic epilepsy (Temkin et al. 1990; Temkin et al. 1999; 
Chang and Lowenstein 2003). The mechanisms of epileptogenesis are not under-
stood. The current treatment is designed to control epilepsy or seizures, but not 
epileptogenesis.

Current Experimental Models of Trauma-Induced 
Epileptogenesis: (Cortical Undercuts and Slabs)

Two major factors with different impacts accompany trauma-induced epilepsy: 
mechanical and hemorrhage components. In some forms of trauma, a resulting 
hematoma can play a key role in posttraumatic epilepsy (D’Ambrosio et al. 2004; 
Messori et al. 2005). This is confirmed by the fact that injection of iron salts pro-
duces electrographic and behavioral seizures (Willmore et al. 1978). However, 
penetrating cortical wounds usually do not induce large hematoma, but still lead to 
epilepsy. Below, I explore possible mechanisms of trauma-induced epilepsy with 
little if any hematoma. I propose that in this type of epileptogenesis, the deafferen-
tation plays a leading role in triggering a number of events that up-regulate network 
excitability and trigger seizures.

Early studies in both human and animals demonstrated that isolated cortical 
islands or cortical slabs develop abnormal hyperexcitability (Echlin et al. 1952; 
Sharpless and Halpern 1962; Echlin and Battista 1963; Sharpless 1969). In vivo 
recordings from acute cortical slabs demonstrated the presence of long-lasting (tens 
of sec) periods of silence, interrupted by brief (about 1 s) periods of activity 
(Timofeev et al. 2000b). These active periods could be easily elicited by low inten-
sity electrical stimulation (Timofeev et al. 2000b). In vitro recordings from chroni-
cally isolated slabs demonstrated the presence of similar events (Prince and Tseng 
1993), which were called epileptiform discharges. Chronically isolated cortical 
slabs in non-anesthetized cats showed the presence of slow rhythmic activity inde-
pendent of brain states (Houweling et al. 2005). Rhythmic electrical stimulation of 
slab was able to elicit electrographic seizure composed of fast runs and SW/PSW 
discharges (Timofeev et al. 1998). This indicates that acute isolated cortical slabs 
can generate seizures, but generate them only when external input is present.
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Partially isolated neocortex (Fig. 8.2) is a well-established model of trauma-induced 
epilepsy (Hoffman et al. 1994; Prince et al. 1997; Jacobs et al. 2000; Li and Prince 
2002; Topolnik et al. 2003a, b; Li et al. 2005; Nita et al. 2006, 2007). In these 
preparations thalamocortical, callosal and some other connections are severed, but 
some horizontal, cortico-cortical connections remain intact that provide sufficient 

Fig. 8.2 Long-lasting silent periods occur in all states of vigilance in the undercut cortex. (a) Cat 
brain depicting the localization of the undercut (arrows), global view – left, frontal section – middle 
and sagital section – right. (b) Intracellular and field potential recordings during different states of 
vigilance. Epochs indicated by horizontal bars are expanded below. Note the presence of large 
amplitude hyperpolarizing potentials, indicated by shadowed area, during REM sleep and waking 
state. (c) Intracellular neuronal recording in the intact cortex. (Form Timofeev et al. 2010)
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external inputs to deafferented (hyper-excitable, see below) part of cortex enabling 
generation of seizures. Our previous in vivo studies demonstrated that paroxysmal 
activities induced by cortical undercut share major features of human penetrating 
wound induced epilepsy. There features are: (a) Immediately after undercut the 
activity in traumatized cortex is depressed (Topolnik et al. 2003a), (b) paroxysmal 
discharges appear in 2–3 h after undercut in 80% of experimental animals and usu-
ally terminates 5–8 h later (Topolnik et al. 2003a). By means of local field poten-
tials, extracellular unit, and intracellular activities (not possible in human brain), we 
demonstrated additionally that acute seizures started at the border between intact 
and undercut cortex and propagated toward more damaged parts of the cortical tis-
sue (Topolnik et al. 2003a). We have shown that (1) increase in the synchrony 
toward the end of seizures induces larger neuronal depolarization, activates Ca2+-
activated K+ currents and terminate seizures (Timofeev et al. 2004; Timofeev and 
Steriade 2004; Timofeev and Bazhenov 2005), (2) at the border of intact and under-
cut cortex the intrinsic excitability of neurons and the network synaptic excitability 
is increased (Avramescu and Timofeev 2008; Topolnik et al. 2003b), (3) in the same 
region of cortex, there is a positive shift in the IPSP reversal potential (Topolnik 
et al. 2003b). In chronic experiments, using multisite field potential recordings in 
non-anesthetized cats, we demonstrated that electrographic seizures reappear at the 
border of intact and undercut cortex (Nita et al. 2007). With time, paroxysmal 
activities involve neighboring cortical regions and at about 4–6 weeks after the 
undercut, paroxysmal discharges are recorded in all electrodes. Like in human, 
these paroxysmal discharges disappeared during REM sleep (Nita et al. 2007). 
Some animals start to display behavioral paroxysmal events 30 days after surgery. 
In our video recordings, we observed (1) absence type seizures, and (2) repetitive 
paroxysmal jerks. Recordings from anesthetized animals with undercut display 
progressive increase in field potential amplitudes in the undercut cortex and propa-
gation of activity from the border of intact cortex toward undercut area (Topolnik 
et al. 2003a; Nita et al. 2006). The most unexpected finding in these experiments 
came from intracellular recordings from non-anesthetized animals. Previously, we 
have shown that during SWS in normal animals (no undercut) neocortical neurons 
reveal active (usually depolarizing or UP) and silent (always hyperpolarizing or 
DOWN) states. During both waking state and REM sleep, cortical neurons remain 
in active state (Timofeev et al. 2000a, 2001; Steriade et al. 2001; Mukovski et al. 
2007; Rudolph et al. 2007). Intracellular recordings from partially deafferented 
cortex during both waking state and even REM sleep revealed the presence of silent 
states that are similar to silent states (periods of disfacilitation) observed during 
SWS (Fig. 8.2) (Nita et al. 2007; Timofeev et al. 2010). We propose that removal of 
a part of excitatory inputs produced by the undercut of white matter temporally 
decreases network excitation; in these conditions cortical network cannot maintain 
persistent active state that leads to the occurrence of silent states.

A critical number of neurons is essential in maintaining persistent active states. 
As it was stated previously, during SWS cortical network oscillates between active 
and silent states with a frequency around the 1 Hz, while during brain activated states, 
cortical neurons are permanently active. In acute neocortical slabs of cats with 
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an estimated number of neurons of ten million (Timofeev et al. 2000b), the active 
states were generated only occasionally and their duration did not exceed several 
seconds. Intracellular recordings from striatal medium spiny neurons of rats 
(Mahon et al. 2006) demonstrated the same pattern of activity in these neurons as 
in cortical neurons of cats and indirectly suggest that cortical network of rats and 
cats behave in a similar manner during waking and sleeping states. However, in 
mice, in which the cortical network is composed of a significantly smaller number of 
neurons, patch-clamp recordings during passive waking state demonstrated unsta-
ble membrane potential, oscillating between active and silent states and stable 
levels of membrane potential were present only during active wakefulness, when 
additional excitatory synaptic drive reached neocortex (Crochet and Petersen 2006; 
Poulet and Petersen 2008; Gentet et al. 2010).

After several weeks of cortical permanent partial deafferentaion, achieved via 
undercutting underlying white matter, the following morphological and physiological 
changes take place: (a) reduction of cortical thickness, accompanied with delamina-
tion and particular reduction of deep layer neurons (Avramescu et al. 2009), (b) a 
preferential loss of inhibitory GABAergic neurons as opposed to glutamatergic 
excitatory neurons (Avramescu et al. 2009), (c) despite that fact the probability of 
connections between neighboring neurons increases (Avramescu and Timofeev 
2008), suggesting intense sprouting of cortical axons (Salin et al. 1995), (d) an 
increase in input resistance and intrinsic neuronal excitability of regular-spiking 
neurons (Avramescu and Timofeev 2008), likely due to a total reduction in the num-
ber of synapses and/or synaptic activity in the deafferented cortex, and (e) increased 
spontaneous burst firing (Nita et al. 2006). In vitro neuronal recording performed 
from chronically undercut cortex in other laboratories reveal similarly increased 
intrinsic and synaptic excitability (Prince and Tseng 1993; Hoffman et al. 1994; 
Prince et al. 1997; Li and Prince 2002; Jin et al. 2006). They also suggested an 
impaired Cl− metabolism in neurons from undercut cortex (Jin et al. 2005).

Homeostatic Plasticity and Trauma Induced Epileptogenesis

When cellular cultures are kept for two days in sodium channel blockers, the ampli-
tude of spontaneous spike-independent synaptic events (minis) is increased as 
compare to control cultures and vice versa, keeping cultures in medium containing 
GABA receptor blockers (a measure that increases network activity) decreases the 
amplitude of minis (Turrigiano et al. 1998). Intrinsic neuronal excitability is also 
regulated by activity. After chronic activity blockade, Na+ currents increase and K+ 
currents decrease in size, resulting in an enhanced responsiveness of pyramidal 
cells to current injections (Desai et al. 1999). These observations suggest the exis-
tence of a fundamental mechanism, termed “homeostatic plasticity” (Turrigiano 
1999), that controls the levels of neuronal activity, such as the firing rates 
(Turrigiano et al. 1998; Murthy et al. 2001). These observations led us to formulate 
a hypothesis that homeostatic plasticity induced by trauma triggers epileptogenesis 
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(Houweling et al. 2005). Deafferentation leads to a reduction of synaptic inputs 
to affected cortex. This condition by itself may be a sufficient factor for the up-
regulation of synaptic efficacy. An additional factor up-regulating synaptic efficacy 
is the presence of prolonged hyperpolarizing (silent) states, which lasts longer in 
deafferented cortex than in intact cortical regions and/or in control animals 
(Topolnik et al. 2003a; Avramescu and Timofeev 2008; Timofeev et al. 2010). The 
presence of these two factors induces a compensatory boost in neuronal excitability 
that leads to seizure generation.

Some Other Related Models of Interest

(1) Several weeks or months after pyramidal tract lesion the responsiveness of cor-
ticospinal neurons was enhanced and this was accompanied with axonal sprouting 
of layer 5 neurons (Tseng and Prince 1996). (2) Similarly to undercut, chronic 
GABA infusion suppresses activity in the region of infusion and upon withdrawal 
from chronic GABA, paroxysmal activities occur (Brailowsky et al. 1988, 1989; 
Silva-Barrat et al. 1992). (3) Neocortical kindling is most efficient when electrical 
stimulation is applied during transition from SWS to waking state, suggesting that the 
presence of silent network states may be favorable in the development of epilepsy (Nita 
et al. 2008a, b). Seizures induced by neocortical kindling are followed by outlasting 
activities that appear as alterations of active and silent network states (see Fig. 8.3, 
upper right panel) and similarly to trauma induced epileptogenesis are associated 
with increased neuronal bursting (Nita et al. 2008a). Overall, this suggests that 
reduced activity in some cortical territories for days, weeks, or months and/or 
increase in the duration or number of silent states favor the occurrence of seizures.

Epileptogenesis and the Onset of Seizures

The neocortex is an important component in many forms of paroxysmal activity 
and it is actively involved in the generation of paroxysmal discharges (Steriade and 
Contreras 1995; Pinault et al. 1998; Steriade et al. 1998; Steriade and Contreras 
1998; Timofeev et al. 1998, 2002a, b, 2004; Crunelli and Leresche 2002; Meeren 
et al. 2002; Timofeev and Steriade 2004). However, the mechanisms underlying 
neocortical epileptogenesis remain largely unknown.

Seizures induced by deafferentation (cortical undercut (Topolnik et al. 2003a, b; 
Nita et al. 2006)) and nocturne seizures (seizures evolving from sleep oscillations 
(Neckelmann et al. 1998; Steriade et al. 1998; Steriade and Contreras 1998; 
Timofeev et al. 1998)) share some similarities. The state of the SWS is character-
ized by the presence of long-lasting periods of disfacilitation associated with neuronal 
hyperpolarization (Timofeev et al. 2001). During periods of disfacilitation synapses 
are likely released from a steady-state depression (Galarreta and Hestrin 1998) 
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and the synaptic transmission is strengthen that could contribute to the onset of 
seizures. The penetrating wounds or acute experimental deafferentation has been 
described as strong epileptogenic factors (Kollevold 1976; Dinner 1993; Prince 
et al. 1997; Topolnik et al. 2003a, b; Jacobs and Prince 2005; Jin et al. 2005). In 
such conditions, some of the axons impinging onto postsynaptic neurons are dam-
aged and not functioning properly, which creates a partial deafferentation that may 
increase the sensitivity of cortical neurons in those foci and in surrounding areas 
(Abbott et al. 1997; Desai et al. 1999a, b). The synaptic inputs from cortical regions 
exhibiting moderate or high levels of activity would then lead to an increased 

Fig. 8.3 Epileptogenesis leading to onset of seizure activity. Upper panels – both trauma and 
kindling induce long-lasting alterations of active and silent states that occur during slow-wave 
sleep and waking states. Silent states are indicated by arrows. Prolonged silent states contribute 
to the induction of homeostatic up-regulation of intrinsic and synaptic excitability that increases 
neuronal firing or bursting. Increase neuronal activity provokes local increase in extracellular K+ 
and decrease in extracellular Ca2+ concentrations that favor electrical coupling. If some threshold 
over passed, pathological ripples are generated that lead to development of seizure. Lower panel – 
progressively increased neuronal firing prior to seizure and decreased neuronal firing toward the 
end of the seizure. The seizure is composed of typical spike-and-wave complexes. Fragment 
indicated by grey box is expanded in right panel. In this panel the lower trace is the same local 
field potential trace filtered between 80 and 200 Hz to show ripples. (Upper Left panel – from 
Fig. 8.2; Upper Right panel – from Nita et al. 2008a; Lower panel – from Bazhenov et al. 2004, 
with modifications)
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responsiveness in those cortical areas where the sensitivity is increased. Thus, both 
factors, the sleep-related disfacilitation and the traumatic deafferentation, may 
increase the probability of seizures via the same mechanism of an increased effec-
tiveness of synaptic transmission (Crochet et al. 2005; Li et al. 2005). The increased 
effectiveness of synaptic transmission depends on higher levels of extracellular 
Ca2+ concentration during silent periods of network activities as opposed to active 
network states (Massimini and Amzica 2001; Crochet et al. 2005), and on synaptic 
facilitation that follows periods of neuronal silence (Galarreta and Hestrin 1998). 
Decreased level of extracellular Ca2+ increases the intrinsic excitability of cortical 
neurons and convert some of them to burst firing (Boucetta et al. 2003). In parallel, 
decreased extracellular Ca2+ opens hemi-channels forming gap junctions, and thus 
increases electrical coupling (Thimm et al. 2005). The synaptic excitability is also 
enhanced by a trauma-related increase in glutamate levels (Sakowitz et al. 2002). 
The neuronal firing increases at the onset of seizures (Bazhenov et al. 2004), which 
generates ripple activity that is highest at the onset in the focus of seizures (Fig. 8.3) 
(Grenier et al. 2003a, b; Timofeev and Steriade 2004). Intense neuronal firing 
increases extracellular K+ concentration that further boost neuronal firing. In 
trauma-related acute seizures, however, factors other than synaptic could be consid-
ered as promoting seizures. These factors primarily depend on increase in extracel-
lular levels of K+ (Moody et al. 1974) that lead to enhanced intrinsic excitability of 
neurons (Traynelis and Dingledine 1988; McNamara 1994; Timofeev et al. 2002; 
Topolnik et al. 2003b). Increased neuronal firing, further increases extracellular 
levels of K+ (Traynelis and Dingledine 1988), and decreases extracellular levels of 
Ca2+ (Pumain et al. 1983) that leads to strengthening of field potential coupling 
between neurons (Grenier et al. 2003b), which together leads to the generation of 
paroxysmal ripple activity and as consequence to seizure generation (Fig. 8.3).

Perspectives

Understanding the cellular and molecular mechanisms of hyperexcitability induced 
by deafferentation will lead to the invention of precise pharmacological tools that 
would prevent development of epileptogenesis. However, we are only at the begin-
ning of this process. From the other hand, it is obvious that increased silence is a 
key factor of trauma induced epileptogenesis. In the short term, a decrease or abol-
ishment of neuronal silence induced by stimulation will not restore trauma-depen-
dent loss of function, but might prevent epiletogenesis. The use of random electrical 
stimulation of deafferented area may be a promising tool, but it may kindle the stimu-
lated area, worsening epileptogenic conditions. An alternative approach would be 
to use viral insertion of channelrhodopsine-2 (Zhang et al. 2006) combined with 
light stimulation or to use any local pharmacological stimulation that diminishes 
hyperpolarizing K+ currents (e.g. cholinergic agonists). The use of these locally 
applied tools may be easy in the case of penetrating wounds, when the damaged 
area can be accessed from the side of the wound. The stimulation of damaged area 
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must start as soon as acute seizures are terminated and last at least for months or 
years. This measure will prevent epileptogenesis and these patients will not develop 
epilepsy at later stages.
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