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MAIN MECHANISMS AND FEATURES OF EPILEPTOGENESIS OF POST-
TRAUMATIC EPILEPSY

S. A. Antonenko

City Hospital Ne 5, Odessa

Abstract

One of the most frequent and formidable consequences of traumatic brain injury (TBI)
is post-traumatic epilepsy (PTE), which is the main identified cause of symptomatic epilepsy
at a young age.

The work highlights the "trigger" mechanisms of brain damage, including oxidative
stress, leading to the disintegration of all levels of the central nervous system, contributing to
the development of neuropathological syndromes, and especially PTE.

The questions of differentiation of PTE from other epileptic paroxysms, the
dependence of the development of PTE on the severity of TBI, the main risk factors for this
type of epileptogenesis, its phasing, as well as disorganization and damage to the antiepileptic
system are considered. The place of a nonspecific response to damage in the form of
immediate and early seizures, their metamorphosis as the formation of PTE was determined.

The existing spectrum of convulsive seizures is described, including partial, taking
into account the localization characteristic of TBI with a predominance of lezional forms.
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OCHOBHBIE MEXAHU3MbI 1 OCOBEHHOCTHU ITWJIENITOT'EHE3A
IOCTTPABMATHYECKOM SNITMJIENICUA

C. A. AHTOHEHKO

I'opoackas 6oabHuna Ne 5, r. Onecca

OpnuM u3 HauOoJiee YacThIX M T'PO3HBIX IMOCIEACTBUM YEpPENMHO-MO3TOBOM TPaBMbI
(UMT) saBnsercs mocrrpaBmaTtuueckas snuiencus (I1TD), xoropas sBisercs OCHOBHOM
UICHTUPUIMPOBAHHON MPUYUHON CUMIITOMATUYECKON SMHUIICTICUU B MOJIOJIOM BO3pacTe.

B paGote ocBemarorcs "TpurrepHsie" MeXaHWU3MBI TOBPEXKICHHUS MO3Ta, B T.4.
OKHCIIUTENBHBIM ~ CTpEcC, MNpUBOJAIIME K JAe3uHTerpanuu Bcex ypoBHed LIHC,
CHOCOOCTBYIOUINX Pa3BUTHIO HEHPONATOJIOTHYECKMX CUHAPOMOB U B IiepBYyIo ouepens [1TD.

PaccmarpuBatorcss Bompocsl muddepennmanuu [ITD oT mpyrux snuienTHYECKUX
MMapOKCU3MOB, 3aBHCUMOCTh pa3Butus I1TD or Tskxectn UMT, ocHOBHBIE (aKTOpBI pHCKa
TaKOro poja SMWIEHTOTEHEe3a, €ro JTANHOCTH, a TAKKE AC30PTaHHU3ALMH U IMOBPEKICHUS
aHTHANMIENTHYECKOH cucTembl. OIpeneneHo MecTo Hecnenu(uyeckoro oTBeTa Ha
MOBPEXJICHHE B BHJE HEMEUICHHBIX M paHHUX IPHUIAAKOB, MX MeTamopdo3 mo mepe
dhopmupoBanus [1TD.

Onucan CylECTBYIOIIMM CHEKTP CYIOPOXHBIX NPUIAAKOB, B T.4. MApLUUAIBHBIX C
yuetoM xapakrepHoi st YUMT nokanuzanuu ¢ npeo6iiajaHueM JIe3UOHAIbHBIX (OPM.

KiroueBbie cji0Ba: mocTrpaBMaTH4YeCcKasi dNMMJICIICHS; JMHJICNTOreHe3; (pakropsl

pHCKa

Currently, various medical aspects of the consequences of traumatic brain injury
(TBI), their study, diagnosis, and treatment approaches remain relevant for a large contingent
of doctors and scientists from various fields of health.

High socio-economic significance is associated with the fact that head injury occurs
mainly in young people at the most working age. The mechanisms of development of

traumatic brain injuries in modern medical science continue to be studied and refined.
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Naturally, the formation of the long-term consequences of head injury begins with
pathological processes in the acute period.

In addition to direct brain damage, neuronal ischemia is an essential component in
brain injury. In this case, the “trigger” mechanisms are hyperactivation of glutamate (mainly
ionotropic, for example, NMDA) receptors, an increase up to toxic levels of intracellular
concentration of free calcium, nitrogen-containing components (including highly reactive
nitric oxide), activation of the cytokine response system, and a sharp increase the formation of
active alternating radicals with a simultaneous decrease in the severity of the enzymatic and
non-enzymatic units of antioxidant protection [1]. The latter mechanism is known as
“oxidative stress”, initiating the propagating death of neurons [2, 3]. A vicious pathological
circle is formed in which a cascade of interrelated pathological reactions can be clearly traced:
traumatic injury neurons helps to increase the production of exciting neurotransmitters,
deficiency of macroergic substances, the accumulation of free calcium, nitric oxide, pro-
inflammatory cytokines, endogenous cannabioids and other substances, which together
“triggers” enhanced lipoperoxidation processes. At the same time, active radicals destabilize
the functioning of cell membranes and, thereby further accelerating lipid degradation,
contribute to the excess intake of glutamate, calcium ions, and other altering components
through microdefects into the cell [4].

The disintegration of the functioning of various organs and systems is developing,
which, according to academician G.N. Kryzhanovsky, is the leading mechanism for the
development of the main neuropathophysiological syndromes [5].

According to the WHO, the number of head injuries increases annually by 2% and
amounts to 35-40% of all injuries [6].

One of the most formidable and fairly frequent complications of TBI is PTE.
According to the definition [7-9], PTE is a chronic disease that developed after a brain injury
and is characterized by repeated unprovoked attacks of impaired motor, sensory, autonomic
and mental functions resulting from excessive neural discharges.

However, there is an opinion [10] that the term PTE does not disclose the entire
complexity and diversity of paroxysmal conditions that may accompany a head injury. It is
necessary to take into account the mechanisms, conditions of damage, the diversity of
interested structures and systems, the locality or diffusion of the lesion, as well as their
combination; static and dynamic effects of the type of impact or impulse with contact or
inertial phenomena, deformations, changes in the volume of the skull, variants of linear,

angular rotational acceleration, the effect of compressive and tensile forces and other
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mechanical effects; disturbances of cerebral circulation, cerebrospinal fluid dynamics,
neurodynamic processes with the release of excitatory amino acids, hyperactivation of
glutamate receptors, an increase in the concentration of free calcium, nitrogen-containing
components, active alternating radicals to toxic levels, as well as a decrease in antioxidant
protection, the initiation of neuron death, etc. [11, 12]; Neuroendocrine and immune systems
are necessarily involved in the pathological process [13].

The difficulty in interpreting the terminology lies in the fact that, according to the
latter, under “PTE” any episindrome occurring after a head injury has been considered [10].
The diagnosis is based only on the existing fact of the development of epiparoxism after head
injury [10] without taking into account its occurrence in the parallel development or existence
of various factors, as well as their combination affecting epileptogenesis.

PTE refers to symptomatic epilepsy (E), which is mainly associated with a certain
localization of the pathological process.

Nevertheless, various mechanisms of the development of PTE imply and are
accompanied by a variety of clinical and paraclinical manifestations, including the frequency,
delayed occurrence and coverage of the entire known spectrum of epileptic paroxysms [14].
Various combinations of epidemic seizures with other pathological manifestations of the
consequences of TBI are possible [6, 16].

In continuation of the foregoing, E of the early TBI period should be distinguished,
when changes in the metabolism and functioning of the brain under extreme conditions come
to the fore with the development of damage to blood vessels, axons, changes in intracranial
pressure, vasoparesis, vasospasm, changes in blood supply, electrolyte balance, acid-base
balance, and liquorodynamics, edematous and dislocation syndromes [6].

V.N. Grimailo and T.A. Litovchenko (2015) [17] indicate a direct relationship
between the severity of TBI and the risk of developing PTE, especially during the first 5 years
after brain damage.

In the general structure of E, post-traumatic forms account for 5-7%, and of all newly
registered forms, 10% [18] with a maximum value in young people. PTE is the most common
cause of E in the age group in the range of 15-30 years, in these cases it accounts for 20% of
all symptomatic forms of E [8, 9]. There is similar evidence that PTE is most common in
people 15-24 years old, and, depending on the severity of TBI, these indicators range from 1.9
to 37% [14]. According to Kin Ding [13] in the USA, the prevalence of PTE, depending on
the severity of TBI, is from 2 to 50%.
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The criteria for assessing the degree of brain damage can be the duration of loss of
consciousness, post-traumatic amnesia, and brain neuroimaging data. In this regard, a mild
TBI includes loss of consciousness up to 30 minutes with amnesia for less than an hour and
normal neuroimaging; with moderate TBI - loss of consciousness from 30 minutes to a day,
amnesia 1-7 days, pathological changes in CT, MRI are possible; severe head injury is
characterized by prolonged coma (more than a day), amnesia for more than a week, and
pathological neuroimaging, including with bruising, bruising, etc. [14].

According to general population studies, a severe head injury increases the risk of
developing PTE by 29 times compared to mild, in which this indicator increases by only 1.5
times [9, 19]. In children under 14 years of age, the specific gravity of PTE can be up to 14%
[14], while at the same time in people over 65 this indicator is 8%.

Car accident is the main cause of PTE (47% of cases in the population) [14],
especially in childhood - reaching 64.3% [18]. In cases of head injury due to a drop, PTE
develops in 30%, during rest and sports in 14%, and in attacks in 7% of victims.

The neurophysiological polymorphism of PTE is that traumatic brain injury is
characterized by a predominantly focal nature of the development of the pathological process,
however, a lot of clinical and experimental evidence of the presence of diffuse brain damage
has accumulated lately. These morphofunctional changes coexist and interact with each other
with varying degrees of predominance [14]. Given the mechanisms of brain injury and the
mild excitability of its neurons, it can be argued that TBI directly or indirectly affects all
epileptogenic, including and deep subcortical zones of the central nervous system [14].

The epileptogenesis of PTE, the possibilities and conditions for the generation of
spontaneous activity of neurons are not fully understood. However, it is known that a cascade
of transformations, such as adhesive-inflammatory process, gliosis, neurogenesis,
synaptogenesis, neuronal proliferation, collateral sprouting, as a kind of morphofunctional
“remounting” stimulate the formation of an epileptic focus [20-22]. This occurrence of a
pathological determinant explains the possible long latent period of PTE manifestation [14].

According to KB Magnitskaya (2007) [23], it is necessary to take into account the
staged formation of a pathologically enhanced excitation generator (violation of the plasticity
of interneuronal processes, failure of the ensemble activity of neurons; genetic predisposition
and existing anomalies of brain development; trophic disorders; kindling; impaired production
of inhibitory mediators; electrolyte metabolism; changes in the composition of glia). An
imbalance in the concentration of endogenous bioactive substances and the presence of

epilepticized neurons induce intact cells, combining and synchronizing their activity, but in
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the early stages it is not enough to realize paroxysm. In the later stages, the inhibitory
mechanisms are weakened, and the power of the pathological excitation generator increases,
which makes it possible to activate it with weak stimuli. Activity is maintained and increased,
facilitating the occurrence of subsequent paroxysm. An important point in epileptogenesis is
the possibility of the emergence of secondary generators, which over time can dominate,
thereby determining the diversity and transformation of paroxysms in the structure of PTE, as
well as under the influence of antiepileptic drugs. The number of secondary generators can
increase, and the foci of epiactivity can "migrate” and change roles.

The hyperexcitation generator forms a pathological determinant that implements
relationships with other central nervous system subsystems and “epilepticizes” the brain.

During the formation of PTE, disorganization of work and damage to the antiepileptic
system are possible, which is manifested in anatomical and functional changes in the caudate
nucleus, thalamus, hypothalamic sclerosis, cystic formations in the cerebellar space,
cerebellum, unusual position of the tonsils, etc. [23-24].

In turn, immediate (during the first day after a head injury) and early (during the first
week from the moment of brain damage) seizures can be interpreted as an immediate
nonspecific (presumably stem) response to rather intense damage [10]. Such a CNS reaction
cannot be attributed to E, which is a long-term developing chronic disease. Early convulsive
seizures occur in 6-10% of victims [8], in severe TBI in 10-15%, especially in people over 30
[14], and in the presence of risk factors, in 30%.

In 5% of patients hospitalized due to head injury, and in severe trauma with
neurological complications and penetrating wound of the meninges, in half the cases.

Most often, such clinical phenomena manifest themselves in children (2-17%), with
severe trauma they reach 30-35% and usually have a favorable prognosis, which is confirmed
by EEG data. More likely to cause paroxysms in children in cases of impressed fractures of
the skull, penetrating head injury, intracranial, especially subdural hematomas. A close
correlation with the severity of TBI was noted [14]. Half of the early paroxysms are recorded
in the first week, and most of them manifest on the first day after a head injury (72-84%) in
the form of generalized tonic-clonic seizures. In the future, they become focal (more than
50% - simple partial, often motor manifestations of clonic seizures on the side opposite to the
focus) or secondary-generalized. Yu.V. Alekseenko [10] does not exclude the occurrence of
one type of paroxysm in one patient. In children, quite often (10%) an epistatus develops [8].

There are options for the occurrence of early paroxysms against the background of a

reduced threshold for convulsive readiness and the presence of premorbid burden. It is known
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that chronic alcohol intoxication, withdrawal symptoms, the onset of delirium will contribute
to the appearance of a developed and other convulsive attacks provoked by a head injury.
Convulsions of withdrawal symptoms take the second place in frequency (15%) of all
seizures. Perhaps this is due to the occurrence of total brain damage against the background of
a neurotransmitter balance altered by ethanol and its metabolic products, intracellular
transport of minerals, etc.

There is an abstinence hypothesis of the stimulation of epileptogenesis due to the
periodic abolition of ethanol resembling a kidding model E. The role of the total effect is
assumed when the stress factor of alcohol withdrawal is superimposed on traumatic brain
damage.

One of the possible options is the occurrence of paroxysm in patients with E provoked
head injury.

There is evidence that epileptogenesis depends on the nature of the brain injury with
some differences. In cases of open TBI, cicatricial changes in the area of the convexital parts
of the brain, and especially the cortex, prevail and interfere with the formation of E. [8].

With a closed head injury, multiple bruises occur, including in the hippocampus. As a
result, regardless of the foci in the neocortex, epiactivity in the damaged hippocampus begins
to gradually dominate. [8].

In the distant period, delayed secondary brain damage occurs, including with the
accumulation of glutamate and the appearance of excitotoxicity, the damaging effect of free
radicals, etc. An important role is played by disorders in the immune system, as well as
disorganization of the CNS [10, 25, 26]. The correlation of the occurrence of E. and the
degree of development of hydrocephalus, hypoperfusion of the temporal lobe are described.
PTE may occur if the glial barrier is insufficiently formed at the site of brain damage [27].
The above will undoubtedly contribute to the gradual formation of convulsive activity of the
CNS with the manifestation of paroxysms after several years, i.e. a long latent period is
possible. This position is confirmed by statistics on the development of a second seizure over
two years in 18-86% of people who have had a head injury, which provides all the reasons for
diagnosing PTE.

In terms of the manifestation of paroxysms, PTE is distributed as follows: 40% in the
first 6 months; 50-60% - during the year and 80% - during two years from the time of the
head injury. The connection of paroxysms with the transferred brain injury is completely lost

and reaches the background value with a significant time interval - up to 10-15 years [14].
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The structural features of the skull, the causes and mechanisms of traumatic injury
determine the most frequent localization of the focus of altered neuroactivity in the frontal
and temporal regions of the brain, which in turn are highly epileptogenic zones [14].
According to the video of EEG monitoring [8], it was found that foci of epileptic activity are
localized in: temporal (56%), frontal (36%), parietal (5%) and occipital (3%) lobes.

Based on the presence of anatomical and physiological correlations of brain injury and
epileptiform activity, the lezional form of PTE is distinguished when pathological activity
occurs perifocally in the area of damage.The non- lezional form of symptomatic E refers to
damage to the hippocampal departments and predominates in the structure of acquired E.

As mentioned above, PTE covers the entire spectrum of existing convulsive seizures:
without a change in consciousness, partial - with confusion, as well as symptomatic and
secondary-generalized. Nevertheless, primary-generalized convulsions as well as absences are
much less common and, possibly, TBI is not their cause [14].

According to V.O. Generalov [28, 29], lezional form is the main type of seizure,
which includes partial seizures, secondary-generalized ones with slow clinical and
encephalographic generation. The author indicates a frequent combination of such attacks
with simple and complex partial paroxysms, while any of them can be generalized a second
time. Partial or focal seizures are very diverse in their clinical picture - from deviations in
behavior to tonic-clonic seizures. They are easy to miss because of possible subclinical
manifestations when only subjective experiences and the presence of behavioral correlates are
noted.

An important feature of temporal convulsions is that in 2/3 of observations there are
vegetative, psychotic, somatosensory, olfactory, taste and other types of aura. Manifestations
of simple seizures are diverse and associated with contralateral discharges in the
corresponding fields of the temporal cortex of the brain and associated with the aura.
Complexes are accompanied by impaired consciousness and can begin with simple.
Localization of the focus in the frontal lobe rarely provokes the development of an aura,
motor components predominate [30].

It is worth noting that not every patient who has had a head injury even with the
presence of risk factors develops PTE. Apparently, genetic determination should be
considered. It is known that a family history increases the risk of developing PTE by 6-17%
compared with 3-4% without it. However, a congenital and / or genetic predisposition is a
relatively weak provocative factor for PTE, compared with the severity of the injury [14]. The

most significant of them for early convulsions are: young age, especially children under 5

353



years old; acute intracerebral hematoma; diffuse cerebral edema; intracranial foreign body;
focal neurological deficit; skull fracture; loss of consciousness at the time of injury for more
than 30 minutes [8].

The main risk factors for the development of PTE include: the duration of coma after
head injury for more than 7 days; lack of response to the light of one of the pupils in the acute
period of the injury; the presence of early seizures in history (in adults); penetrating head
injury; dented fracture of the skull; brain contusion; focal neurological deficit; displacement
of the median structures of the brain more than 5 mm; premorbid chronic alcoholism; multiple
neurosurgical interventions; subdural hematoma; age over 65 years; brain tissue loss [30, 31].

According to the formula for "weighted categories of injuries” [31], a significant
incidence of PTE is associated with centro-parietal localization of head injury; early attacks
the presence of intracerebral hematoma.

As mentioned above, in severe TBI with the presence of neurological complications,
late seizures can be recorded in 50% of patients. The highest risk of PTE is associated with
gunshot wounds of the brain, penetration of the membranes by a bone or a metal object, while
the risk of PTE formation increases to 60% [8].

There is also evidence that the likelihood of PTE increases with extensive lesions,
involving the frontal and temporal lobes [17], multiple bilateral concussions (up to 66%) [8],
and non-linear gunshot damage to two lobes of the brain. Also, the risk of PTE is increased in
patients after hemorrhagic heart attacks [32], spontaneous intracerebral hematoma [33], which
may be confirmed by Willmore L.J. (1978) [34] the hypothesis that bleeding in contact with
nerve tissue is an important factor in the development of PTE [35].

In the first year after a head injury, the likelihood of developing an epileptic seizureis
12 times higher than in the population [34]. During this period, convulsive paroxysms debut
in 57% of patients suffering from PTE. Perhaps the mechanism of long-term compensation is
triggered (even with a mild CNS injury) or an attempt to regenerate, which leads to the
formation of pathological neural connections, while the critical time for the occurrence of
PTE is up to 2 years [15]. After 5 years from TBI, the correlation between the occurrence of

epileptic seizures weakens and no longer has a linear relationship [17].
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