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Abstract
INTRODUCTION: Early seizures are considered complications of stroke, and late seizures are a type of structural 
epilepsy. If they are separated as a new independent nosology unit, the problem in the diagnostic – treatment 
approach will be solved.

PHYSIOLOGY: Cerebral blood flow is regulated by local factors such as carbon dioxide and oxygen content. Brain 
activity is also an important factor in the regulation of the volume speed of the blood – with locally increased neuronal 
activity, the local blood flow increases. Neurons in the CNS are subject to a variety of effects mediated by membrane 
receptors of two types – ionotropic and metabotropic.

PATHOGENESIS: Early seizures are due to transient biochemical dysfunctions, while late seizures are due to gliosis 
changes affecting neuronal excitability.

HISTOLOGY: The highlighted histopathological aspects confirm and support the results of clinical and radiological 
studies with dead nervous tissue, replaced by numerous newly formed capillaries, and surrounded by lipid-laden 
macrophages.

CLINICAL PICTURE: This is represented by a complex combination of excitatory epileptic manifestations and 
residual focal symptoms depending on the localization of the lesion.

LABORATORY DIAGNOSTICS: A very typical group of patients with post-stroke seizures have a high risk of 
recurrence when some of the studied biomarkers for this are available in the blood. In summary, the additional 
expanded package of studies of stroke patients should include screening diagnostics for the risk of epileptic seizures, 
namely: IL-6, IL-1β, TNF, Mg2+, Ca2+, CD40L, and Hsc70. IMAGING: Transient periodic MRI abnormalities have been 
demonstrated, possibly as a result of cerebral edema induced by seizure activity. Routine MRI in stroke patients is 
recommended.

TREATMENT: It is possible that rt-PA may increase the risk of early seizures after stroke. Levetiracetam (LEV) as a 
neuroprotective agent in stroke has been proposed as the drug of first choice, based on safety and efficacy profiles. 
The usual practice is to treat recurrent early-onset seizures with short-term (3–6 months) treatment with antiepileptic 
drugs.

CONCLUSIONS: Separation of stroke-epilepsy as a new independent nosology entity will solve the diagnostic-
treatment problems in this area by changing the minimum package for laboratory tests, as well as routine MRI in 
patients with clinical evidence of stroke. LEV is the first-line agent for the treatment of these patients, in combination 
with correction of registered laboratory parameters.
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Aim

The aim of this study was to justify the 
identification of a new nosology entity by recording 
the challenges in the diagnostic-treatment process of 
seizures in stroke and to propose solutions.

Introduction

The object of the study is early epileptic 
seizures in stroke. Up to now, science has had difficulty 
in clarifying the mechanisms of their occurrence, as 
well as in their management. At present, early seizures 
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are classified as complications of stroke, and late 
seizures are a type of structural epilepsy. The problem 
arises from the differences in the treatment-diagnostic 
approach in these cases, as they are not categorically 
positioned in any nosology unit. Nosology is the study of 
diseases, their classification and nomenclature, which 
allows solving the main tasks of private pathology and 
clinical medicine: knowledge of structural-functional 
relationships in pathology, biological, and medical bases 
of diseases. Therefore, it could solve the problems in 
this area, if seizures in stroke are considered as a new 
independent nosology unit. It is proposed to drop the term 
“post-stroke epilepsy” and introduce “stroke-epilepsy.”

Physiology

Cerebral blood flow is regulated by local factors 
such as carbon dioxide and oxygen content. Metabolic 
phenomena are associated with changes in the partial 
pressures of oxygen and carbon dioxide. If, by means 
of hyperventilation, the partial pressure of carbon 
dioxide is reduced, cerebral blood flow is reduced, 
while an increase in the partial pressure of carbon 
dioxide increases cerebral blood flow. Brain activity is 
also an important factor in the regulation of the volume 
velocity of blood – with locally increased neuronal 
activity, the local blood flow is enhanced. Neurons in 
the CNS are subject to a variety of effects mediated 
by membrane receptors of two types – ionotropic and 
metabotropic. On stimulation by an inhibitory transmitter 
(GABA or glycerol), the chloride ion channel opens and 
potassium and chlorine flood into the neuron, reaching 
the resting potential (-90 mV) at which the cell has a 
lower concentration of sodium and chlorine. Since the 
neuronal membrane is 20 times more permeable to 
potassium than to sodium, potassium leaves by passive 
diffusion and large anions cannot follow them, sodium 
enters passively and replaces potassium, reaching the 
final depolarized membrane potential (-10 mV). This 
process is called hyperpolarization. Repolarization is 
the restoration of the resting state by energy-dependent 
active movement of sodium from the inside-out against 
the concentration gradient and it is replacement by 
potassium. The process is served by the sodium/
potassium-dependent adenosine 3-phosphatase and 
ATP energy derived from the oxidative metabolism 
of sugars in the mitochondria. GABA opens chloride 
channels and facilitates hyperpolarization, and glutamate 
opens sodium channels and facilitates depolarization.

Pathogenesis

The brain’s normal electrical activity is out of 
sync. In epileptic seizures, due to structural or functional 

problems in the brain, a group of neurons begin 
abnormally hypersynchronous emission of impulses. As 
a result, waves of depolarization are produced, known as 
paroxysmal depolarization changes [1], [2]. This is due 
to the prolonged depolarization of the membranes with 
the increased sensitivity in hypoxia and hypoglycemia. 
A possible mechanism for the development of epilepsy 
in the course of a stroke may be the down-regulation of 
inhibitory neural circuits after brain damage [1], [3]. In the 
primary damage to the brain tissue, the integrity of the brain 
vessels is lost. Impaired function of the blood–brain barrier, 
allowing substances from the blood to enter the brain, 
can also be a cause [4]. It also increases the release of 
neurotransmitters, which disrupts ion channel function and 
gene expression. Over a period of time, these processes 
lead to secondary damage, represented by chronic 
inflammation in the nervous tissue, gliotic conversion, 
angiogenesis, and abnormal synaptic plasticity, which are 
the cause of the formation of an epileptic focus [5]. Neurons 
in the amygdala and hippocampus can be such a focus 
in partial seizures, and in generalized seizures, these are 
foci in the cortex-thalamus-cortex oscillating circuit. In the 
primary generalized non-convulsive seizures (absences), 
thalamic neurons sending projections to the cortex activate 
GABAergic inhibition in the reticular nucleus and lead to 
hyperpolarization. A pacemaker current is triggered that 
depolarizes the membrane potential to −50mV, thereby 
activating potential-gated T-type calcium channels, which, 
further, depolarize membranes and thus induce volley 
discharges projecting to the cortex. Bursting activity in 
these circuits further augments GABAergic inhibition 
mediated by the reticular nucleus of the thalamus. Primary 
generalized or focal convulsive seizures are accompanied 
by changes in the membrane potential, the extracellular 
ionic environment, a shift of water from the extra-to 
intracellular space, and marked hyperemia. This leads 
to increased glucose consumption and acidosis with the 
risk of damage. The early seizures are due to transient 
biochemical dysfunctions, while late seizures are due 
to glial changes affecting neuronal excitability [6]. The 
excitatory neurotransmitter amino acid glutamate is also 
involved in the pathophysiology of symptomatic post-
stroke epilepsy. It increases at the expense of the inhibitory 
gamma-aminobutyric acid. A disturbed balance between 
them leads to excitotoxicity, electrolyte imbalance, 
destruction of cell membranes, and release of free fatty 
acids [7], [8]. The seizure threshold can be lowered by the 
accumulation of intracellular calcium and sodium [9]. The 
process of epileptogenesis is slow, with a cumulative risk 
of 30% in the 5th year after the stroke [10], [11].

Histology

The histological specimens from patients 
died after showed cerebral infarct at 3 weeks from its 
onset as dead nervous tissue, replaced by numerous 
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newly formed capillaries, and surrounded by lipid-
laden macrophages. The highlighted histopathological 
aspects confirm and support the results of clinical and 
radiological studies [12].

Clinical Picture

They are represented by a complex 
combination of excitatory epileptic manifestations and 
residual focal symptoms depending on the localization 
of the lesion.

Excitatory symptoms

They depend on the localization of the 
pathological process. One of the most common 
symptoms is due to rupture of hemorrhagic artery with 
cerebral hematoma and variety of excitatory symptoms 
of the temporal lobe. Seizures resembling transient 
ischemic attacks were reported in 7.1% of cases [13]. 
Clinically, seizures are characterized as generalized, 
partial, or status epilepticus.

Generalized seizures

They are characterized by bilateral simultaneous 
clinical and EEG manifestations, as a result of excessive 
discharge involving neurons from the cortex, thalamus, 
and reticular formation. In all generalized attacks, 
consciousness is necessarily disturbed; possible 
accompanying respiratory, circulatory, pelvic-reservoir, 
secretory, and other autonomic manifestations; and 
as well as bilaterally symmetrical tonic, clonic, tonic-
clonic seizures, loss of tone, and movements (motor 
manifestations). Bilaterally synchronous, symmetrical, 
generalized EEG paroxysms. Generalized seizures 
account for 25% of all seizures [13].

Partial seizures

Clinical and EEG manifestations are an 
expression of involvement of a population of neurons 
located in a certain cortical (epileptogenic) area. As 
a result of propagation, they may evolve into another 
species. Partial seizures with or without secondary 
generalization occur in about 50% of cases, while 
complex partial seizures with or without secondary 
generalization occur in 25% of cases [13].

Epileptic status

A life-threatening condition occurring with 
an attack duration of more than 20 min or a series of 
separate attacks without recovery of consciousness 

between them; or expressed by continuous epileptic 
activity in the EEG. Children and the elderly are more 
prone to developing status epilepticus. It develops in up 
to 12% of stroke patients [13].

Waste symptoms

Depending on the cause and the place of 
their occurrence, they can be combined in symptom 
complexes in relation to the vascular blood supply, in 
which the disorder occurred in stroke or in relation to 
the brain lobe, in which the cerebral hemorrhage is 
located. To a large extent, they overlap, but significant 
differences are also noted.

Blood supplies

Cerebral infarctions in the ACA blood supply 
occur with contralateral to the lesion pyramidal and 
leg sensory disorders, frontal ataxia, pelvic-reservoir 
disorders, apathetic syndrome, and Moriah syndrome. 
Strokes in ACM blood supply proceed with pyramidal 
damage contralateral to the lesion with sensory 
disturbances of an organic type, more pronounced 
for the hand, contralateral lesion of the facial and 
sublingual nerves of the central type. Aversion of the 
head with looked paresis in the direction of the injury. 
Aphasias occurs in dominant-hemisphere damage and 
autotopagnosia with anosognosia in non-dominant-
hemisphere damage. Strokes in ACP blood supply occur 
with homonymous hemianopsias, quadrantanopsias, 
visual agnosia, Dejerine Roussy thalamic syndrome, 
and alternating midbrain syndromes. Strokes in VA blood 
supply occur with cortical blindness, diplopia, vertigo, 
dysphagia, dysarthria, hemiplegia, hemianesthesia, 
discoordination syndrome, bulbar palsy, and alternating 
bridge syndromes. Strokes in BA blood supply 
occur with discoordination syndrome, hemianopsia, 
quadripyramidal syndrome to Locked in syndrome, 
respiratory disorders, hyperthermia, and quantitative 
disorders of consciousness to coma.

Cerebral lobes

They are manifested in brain hemorrhages. 
They have an apoplectic onset and are accompanied 
by arterial hypertension and meningeal syndrome 
with headache, nausea with vomiting, muscle rigidity, 
papilledema, changes in cerebrospinal fluid, and the 
symptoms of the corresponding brain lobe. Frontal lobe 
syndrome occurs with personality changes, pyramidal, 
pelvic, speech and olfactory disorders, and epileptic 
seizures. Temporal lobe syndrome occurs with auditory 
or olfactory hallucinations, a sense of fear, memory and 
speech disorders, contralateral temporal hemianopsia, 
and temporal epilepsy. The syndrome of the parietal 
lobe proceeds with sensory and motor disturbances 
contralaterally and epileptic seizures of Jacksonian 
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character by sensory or motor type. Occipital lobe 
syndrome presents with quadrantopsias, photopsias, 
and visual agnosia.

Diagnostics

Laboratory diagnostics

A very typical group of patients with post-stroke 
seizures have a high risk of recurrence when some 
of the studied biomarkers for this are available in the 
blood. ALDH2 rs671 polymorphism is a reliable index 
that can be used to predict post-stroke epilepsy [14]. 
The mutations of the A gene could lead to a decrease of 
90% in the enzyme activity of ALDH. The mutated genes 
induce seizures by suppressing ALDH2 activity that may 
lead to decreased proteolysis of 4HN. 4-HNE serves as 
a specific biomarker for oxidative stress. The continuous 
increase of 4-HNE promotes inflammatory reactions, 
which enhance free radical production, increase 
excitability of neurons, and induce epilepsy [14], [15]. 
Recent studies suggest that inflammatory mediators, 
such as interleukin IL-1β, IL-6, and IL-10, play a significant 
role in the underlying pathophysiology of early seizures 
during stroke [16], [17], [18], [19], [20], [21], [22], [23]. 
The high level of tumor necrosis factor associated with 
the inflammatory response after stroke is an important 
cause of post-stroke epilepsy [24], [25], [26], [27]. 
Transient receptor potential cation channel subfamily M 
member 6 (TRPM6), belonging to non-selective cation 
channel families, is the key regulator responsible for 
the transportation of the body’s Mg2+ balance. Serum 
calcium level as a possible non-epileptic cause of 
seizures should also be investigated. Mutation of the 
gene encoding TRPM6 can decrease blood magnesium 
levels due to the imbalanced ion transport in intestinal 
and kidney tubule epithelia. Some studies have reported 
that a homozygous variant genotype of the polymorphism 
of TRPM6 was associated with an increased risk of post-
stroke epilepsy [28], [29]. CD40L is also thought to be a 
prognostic marker for unfavorable outcomes. Elevated 
CD40L levels were associated with a worse prognosis 
in post-stroke epilepsy patients [30]. The low level of 
heat shock protein is a biomarker that can be used in the 
prediction and detection of post-stroke epilepsy [31], [32]. 
In summary, the additional expanded package of studies 
of stroke patients should include screening diagnostics 
for the risk of epileptic seizures, namely, IL-6, IL-1β, TNF, 
Mg2+, Ca2+, CD40L, and Hsc70.

Imaging

The Alberta Stroke Program Early CT Score 

(ASPECTS) program is a rapid screening method 
for ischemic stroke patients suspected of developing 
symptomatic epilepsy. Research has shown that a high 
risk of seizures is associated with few scale points with 
the involvement of cortical structures [33].

Magnetic resonance imaging (MRI) is the test 
of choice in patients with seizures. With it is high spatial 
resolution, excellent intrinsic soft-tissue contrast, and 
lack of ionizing radiation, MRI imaging has emerged 
as one of the primary tools in the evaluation of seizure 
patients [34]. Reversible functional abnormalities have 
been demonstrated, possibly as a result of cerebral 
edema induced by seizure activity [35], [36], [37]. 
These abnormalities are described as transient periodic 
MRI abnormalities (TPMA) [38], [39]. TPMA should 
only be considered if two conditions are met: brain 
MRI signal abnormalities demonstrated periodically 
must be due to seizures; and second, that these 
abnormalities fully or partially recovered on 
subsequent MRI studies, as described in several 
papers [40], [41], [42], [43], [44], [45], [46], [47], [48], [49]. 
TPMA can be found in patients with seizures triggered by 
systemic factors such as alcohol withdrawal, infections, 
or post-traumatic lesions. Seizures can cause damage 
to gray matter structures, particularly in the thalamus 
and frontal lobe. The impairments of the thalamus and 
frontal lobe in patients with different types of seizures are 
different with the progression of the disease, suggesting 
that the influence of different epileptic seizures on the 
thalamocortical network is different [50]. Routine MRI in 
stroke patients is recommended.

Magnetoencephalography (MEG) directly 
measures the magnetic fields created by neural 
electrical activity. Unlike functional magnetic resonance 
imaging (fMRI), which detects a tertiary effect of neural 
activation (a change in local blood oxygen level due to a 
change in blood flow), MEG is a more direct measure of 
brain functional activity. The current systems are capable 
of speeds enabling real-time assessment of brain 
function. This includes normal endogenous oscillatory 
activity (such as alpha oscillations in the occipital lobes) 
and isolated “spikes” or electrical discharges in epileptic 
conditions, both of which require a temporal resolution 
measured in milliseconds. The high temporal resolution 
also allows the determination of the propagation of 
brain activity to aid in the identification of epileptogenic 
foci in the setting of rapid generalization.

Instrumental Diagnostics

EEG is not widely used in the diagnosis 
of stroke and lacks specific signs of this disease. 
Regardless, in acute and chronic cerebral ischemia, the 
lack of oxygen and metabolites causes EEG changes 
of different nature and intensity [51]. EEG remains the 
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main diagnostic method of epilepsy.
The quantitative EEG (qEEG) is a test that 

analyzes the brain’s electrical activity to measure and 
display patterns that may correspond to diagnostic 
information and/or cognitive deficits. In 1997, the 
American Academy of Neurology and the American 
Society of Clinical Neurophysiology noted that qEEG 
techniques are very prone to false positives, and 
qEEG, except in epilepsy, should be used clinically 
only in concussion, and psychiatry spectrum [52]. The 
current guidelines from leading medical professional 
organizations do not recommend the use of qEEG 
as a screening test for neurological and psychiatric 
conditions.

Treatment

Recombinant tissue plasminogen activator (rt-
PA) has neuroprotective but also neurotoxic effects. It is 
possible that rt-PA increases the risk of early seizures in 
stroke [53], [54], [55]. An increased risk of developing a 
seizure after stroke may be inherent to the therapy itself. 
A number of mechanisms may explain this – sudden 
changes in cerebral perfusion have been described as 
a cause of a convulsive syndrome [56], [57], [58]. When 
perfusion is improved by revascularization procedures, 
a cascade of reactions contributing to the development 
of the reperfusion syndrome, followed by seizures, has 
been suggested to be a sign of good reperfusion [59].

 There is still no convincing evidence to support 
the use of antiepileptic drugs (AEDs) to prevent seizures 
after stroke. Several drugs have been suggested to have 
neuroprotective properties in these cases. These are 
valproic acid [60] and levetiracetam (LEV) [61]. Some 
cases of early seizures in stroke do not require specific 
antiepileptic therapy [6]. Post-stroke status epilepticus 
is an urgent indication for intravenous treatment, 
occurring in less than 1% of stroke patients over the 
next 8 years [62], but when it occurs that the mortality 
is high [63], [64]. The usual practice is to treat recurrent 
early-onset seizures with short-term (3–6 months) 
treatment with antiepileptic drugs [6]. Therefore, a model 
has been developed to identify patients at high risk of 
seizures: seizure occurrence with neurological deficit 
and/or abnormal electroencephalogram [65], [66], [67]. 
There is a lack of reliable evidence in the literature 
regarding the selection of the most appropriate AEM 
for the treatment of patients with stroke-epilepsy. 
Overall, LEV, lamotrigine, and carbamazepine appear 
to be effective, with LEV and lamotrigine being better 
tolerated than carbamazepine [68], [69], [70], [71], [72]. 
When choosing a drug, it is important to consider the 
presence of comorbid conditions. Elderly patients are 
particularly prone to these adverse drug effects, and 
therefore, it is always advisable to start with a low dose 

and increase slowly. The use of certain antiepileptic 
drugs (phenytoin, phenobarbital, and benzodiazepines) 
complicates recovery after stroke [6].

In the use of AEM to prevent recurrent 
attacks after cerebrovascular accident, LEV has been 
proposed as the drug of first choice, based on safety 
and efficacy profiles [70]. Kutlu et al. administered LEV 
monotherapy in individuals over 60 years old and a 
minimum of two late-onset seizures after stroke [69]. 
Each day, patients received doses of 1000–2000 mg, 
in which 82.4% of them were seizure-free, but 
7 (20.6%) had side effects. These results suggest 
that LEV treatment is effective and well tolerated in 
elderly patients. Consoli et al. compared the efficacy 
of LEV treatment with that of carbamazepine (CBZ) 
in patients with post-stroke seizures in a multicenter, 
randomized, and open-label trial [71]. There was a 
trend toward a longer interval to first seizure recurrence 
in patients receiving LEV. Furthermore, LEV causes 
significantly less side effects than CBZ, such as deficits 
in attention and frontal functions. “Daily Living” activity 
indices were significantly poorer in patients receiving 
CBZ [71]. Phenobarbital treatment increases the 
QT-interval, probably through the modulation of sodium 
channels [73], [74], [75], [76], and phenobarbital is a 
strong inducer of CYP enzymes [77], [78].

Conclusions

Early seizures are considered complications 
of stroke, and late seizures are a type of structural 
epilepsy. If they are separated as a new independent 
nosology unit, the problem in the diagnostic – treatment 
approach will be solved. A possible mechanism for 
the development of epilepsy in stroke may be the 
downregulation of inhibitory neural circuits after brain 
injury, increased neurotransmitter release, impaired ion 
channel function, and gene expression. In summary, 
the additional expanded package of studies of stroke 
patients should include screening diagnostics for the 
risk of epileptic seizures, namely, IL-6, IL-1β, TNF, 
Mg2+, Ca2+, CD40L, and Hsc70. Routine MRI in stroke 
patients is recommended. The treatment including LEV 
for 3–6 months is recommended.
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