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/Abstract

activity in epilepsy.

N

Epilepsy is a chronic disease of the central system with a wide range of neuropsychiatric disorders. Cognitive disorders are
quite common with this disease and significantly reduce the quality of life of patients and their families. In approximately 35% of
patients, despite treatment, various impairments of memory, attention and bradyphrenia persist in the interictal period. Causes of cog-
nitive impairment in patients with epilepsy can be directly the underlying factor of epilepsy (genetic disease, structural brain defect,
etc.), epileptic seizures, interictal epileptiform activity, side effects of antiepileptic drugs (AEDs). Modern neurophysiological and
neuroimaging diagnostic methods allow us to identify new features of the course and progression of dysfunctions of higher nervous
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Introduction

Epilepsy is one of the most common severe diseases of the
nervous system, which occurs 10 times more often than multiple
sclerosis and 100 times more often than motor diseases. Epilepsy
takes third place in frequency after dementia and strokes [1-3].

According to the consensus of the International League
against epilepsy (International League Against Epilepsy, ILAE)
and International Bureau for epilepsy (International Bureau for
Epilepsy, IBE), epilepsy is a disease of the brain defined by any of
the following conditions:

e At least two unprovoked (or reflex) seizures occurring >24 h
apart.

e One unprovoked (or reflex) seizure and a probability of
further seizures similar to the general recurrence risk (at least
60%) after two unprovoked seizures, occurring over the next
10 years.

e  Diagnosis of an epilepsy syndrome.

Epilepsy is considered to be resolved for individuals who

had an age-dependent epilepsy syndrome but are now past the
applicable age or those who have remained seizure-free for the last
10 years, with no seizure medicines for the last 5 years [4].

The problem of epilepsy attracts the attention of neurologists
and psychiatrists around the world because of its widespread and
great social significance. The prevalence of this disease in developed
countries is 5-10 cases per 1,000 populations. According to the
results of population studies conducted in developed countries,
the incidence of epilepsy ranges from 0.28 to 0.53 per 1,000
populations. The prevalence of the disease varies from 0.96 to 10
cases per 1,000 populations in the CIS countries. In addition, the
average incidence in men (53.7 per 100,000) is slightly higher than
in women (46.3 per 100,000) [5].

Materials and Methods

There are discrepancies between the prevalence and
incidence of epilepsy in Europe and Ukraine, as well as the
heterogeneity of the prevalence of epilepsy in different regions
of Ukraine. In Ukraine, an average of 50-73 people per 100,000
people suffer from epilepsy. In addition, this disease has a high
level of disability [6].

Epilepsy is a chronic brain disease characterized by repeated
unprovoked attacks of impaired motor, sensory, autonomic,
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cognitive and mental functions resulting from excessive neural
discharges. This disease is one of the oldest recognizable
neurological diseases in the world and is characterized by the
wide distribution in the clinical picture of various neuropsychic
disorders, which are one of the most important components of the
clinical picture of the disease and significantly affect the quality of
life and social adaptation. The leading place among all violations
belongs to cognitive impairment [7].

Cognitive mental functions carry out the process of rational
cognition of the world and purposeful interaction with it. They are
formed as a result of the integrative activity of the brain, providing
the person’s ability to receive, analyse, memorize information,
share it, and also develop and implement an action program.
Cognitive functions include memory, gnosis, speech, praxis, and
intelligence [8]. Their disorders are the most common comorbid
disorders in patients with epilepsy.

Cognitive impairments are a clinical manifestation of
epilepsy, which are most correlated with the volume of affected
brain tissue and determines the quality of life of patients. They are
the bestindicator ofthe dynamics ofthe disease and the effectiveness
of therapy. A specific feature of the neuropsychological profile of
cognitive impairment in epilepsy is the predominance of regulatory
and neurodynamic disorders associated with dysfunction of the
frontal lobes and deep parts of the brain. In some cases, these
disorders can disable the patient more than epileptic seizures [9].

Various factors play an important role in the pathogenesis
of cognitive impairments: the etiology of the disease, the type and
frequency of epileptic seizures, interictal epileptiform activity on
the electroencephalogram (EEG), premorbid factors, the use of
certain antiepileptic drugs (AEDs), psychosocial factors that lead
to aggravation of seizures (Figure 1).

Functional factors
(largely reversibla)

Clinical and demographic factors
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Figure 1: Factors affecting cognitive function in epilepsy.

One of the factors that have a negative effect on cognitive
function is the etiology of epilepsy. The causative factors can be
acquired diseases (traumatic brain injury, stroke, consequences
of neuroinfection, etc.) and genetic diseases (Drave’s, Rett’s
syndromes, tuberous sclerosis, etc.) [10]. At the international
epileptological congress in Barcelona in 2017, the term “epileptic
encephalopathy” was introduced, which means that with
encephalopathies of development, cognitive and behavioural
disorders are caused by the disease itself, and their course does not
depend on the treatment of AEDs [11].

Various characteristics of epileptic seizures act as predictors
of intellectual deficiency. All researchers agree that the age of
the onset of seizures up to 3-5 years of life correlates with a poor
prognosis regarding intellectual status [12]. The duration of the
history of epilepsy affects cognitive function at a sufficiently high
frequency and severity of seizures. In the genesis of cognitive
impairment for any type of seizure, glutamate-mediated excitotoxic
effects that cause damage and death of brain neurons, especially
in the structure of the hippocampus, are currently of particular
importance [13].

According to various studies, there is a clear relationship
between cognitive impairments and the localization of the
paroxysmal focus. For example, in temporal epilepsy, the cognitive
sphere suffers the most when the focus is located in the mediobasal
portions of the temporal lobe. The weakening of various functions
(for example, memory, verbal and spatial functions, etc.) depends
on the dominance of the hemisphere [14].

Cognitive impairments are closely related to the phenomenon
of brain aging. The main causes of the development of epilepsy
are premorbid insolvency plus cerebrovascular pathology, stroke,
trauma and neurodegenerative diseases [15].

Recently, much attention has been paid to the impact on
cognitive status of not only the parasites themselves, but also
interictal epileptiform activity on the EEG. The causal relationship
between the interictal discharges on the EEG and cognitive deficit
is confirmed by the fact that with the effective treatment of seizures
and normalization of the EEG, the intellectual status of patients
is dramatically improved. Syndromes of acquired disorders of
higher mental functions associated with epileptic activity on the
EEG in the absence of clinical attacks indicate the possibility of
an effect on the cognitive functions of the epileptic activity itself.
In experiments, it was shown that during subclinical generalized
and focal epileptic discharges on EEG in 50% of patients, the
implementation of psychometric tests slows down.

Epileptic discharges and cognitive functions have
bidirectional relationships: not only epileptiform activity (Figure
2) affects cognitive status, but mental stress can suppress or cause
epileptic discharges. It is known that epileptic seizures can be
triggered by reading, counting, talking, certain thoughts, mental
stress, etc. Linguistic stresses cause spike activity more often in
the left hemisphere of the brain, tasks for spatial praxis in the right
[16].
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Figure 2: Patient T., male, 39 y.o. A fragment of the EEG.

According to the latest recommendations of the ILAE,
epilepsy can be considered permitted if the patient has not had
seizures for 10 years, and for the last 5 years he has not taken
AEDs, and also if the patient has passed the age at which age-
dependent forms of epilepsy appear [4].

Currently, it is shown that almost all AEDs can affect
cognitive functions, affective sphere and behaviour of patients.
Phenobarbital has one of the pronounced negative effects; dose-
dependent effects on attention, short-term memory, intelligence
and reaction rate, and, most important, on speech skills, are
described. A side effect of carbamazepine is associated with its
metabolite - carbamazepine epoxide. There is evidence of dose-
dependent cognitive impairments when using carbamazepine, as
confirmed by Jokeit [17], which shows a negative dependence of
temporal region activation (according to fMRI) in patients with
temporal lobe epilepsy and serum carbamazepine levels.

Ethosuximide also has a negative effect. The reaction rate,
thought processes, various indicators of attention (including
switching attention) and prolonged auditory concentration are
directly caused by the action of the drug itself. One of the rare,
but most serious complications is the development of psychosis.
According to the literature, ethosuximide can cause psychosis,
suicidal thoughts and symptoms of manic disorder [18,19].

According to the results of some studies, valproic acid
preparations do not cause cognitive impairment, there are no
significant deviations in the memory of the reaction rate and thinking
[18]. Another drug with a good cognitive profile is lamotrigine. In

a comparative placebo-controlled study [20], lamotrigine showed
good results of concentration and mental activity in patients with
epilepsy.

The choice of topiramate in the treatment of epilepsy in
some cases may be limited due to its effect on cognitive function.
When studying the effects of topiramate in epilepsy, a slowdown
in thinking, drowsiness, fatigue, and a decrease in concentration
were recorded [21].

According to the report of the ILAE working group,
levetiracetam has a positive effect on cognitive function, but it
negatively affects behaviour. Apparently, levetiracetam does not
have a negative effect on the cognitive functions, but there are
insufficient data [22].

Results

For clinical trials, it was selected men aged 18-44 years with
epilepsy without topical somatic diseases.

An ethical commission was convened to conduct this study.
After reviewing the research data and discussing all issues, the
ethics committee approved the study.

The purpose of this study is to determine the level of
cognitive impairment in young men suffering from epilepsy, and
to assess their psycho-emotional state. The study was based on an
analysis of clinical symptoms and instrumental research data, and
also included neuropsychological testing using the MMSE (Mini-
Mental State Examination) scale and the STAI (State-Trait Anxiety
Inventory) scale. EEG, CT, MRI were used as screening methods.
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All 40 patients aged 18-44 years noted anxiety, concern about Moderate cognitive impairments were observed in 22 patients
their health, and a decrease in self-esteem. Most patients (28 out of  (55%). Mild and moderate dementia were observed in 4 (10%)
40 patients) complained of a decrease in cognitive functions-short- and 2 (5%) patients respectively (Figure 3).
term and long-term memory, attention. Assessment of indicators of
personal and situational anxiety was carried out according to the
STAI scale (Table 1).

E mild cognitive

impairments
Age Score l!nude_rate cognitive

18-30 33.7+0.2 e

mild dementia
31-40 462+0.3 ,
H moderate dementia

41-44 41.5+04
Note:"differences significant p>0,005.

Table 1: An assessment of personal and situational anxiety indicators on o )
the STAI scale. Figure 3: An assessment of cognitive functions on the MMSE scale.

Cognitive functions were evaluated on the MMSE (Mini- ‘The first factor that has a negative impact on cognitive
mental Score) scale. Analysis of test data from 40 patients (100%) function is the etiology of epilepsy. In patients with symptomatic

showed that 12 (30%) of them had mild cognitive impairments. epilepsy, Fhe iptellect suffers more often than in patients with
cryptogenic epilepsy (Table 2).

Form of epilepsy Mem?ry f}mcnon Attention disorder Speech disorder Thinking disorder
violation
Symptomatic (total 25
people; 15 (60%) 12 (48%) 4 (16%) 18 (72%)
62.5%)
Cryptogenic (total 11
people; 9 (82%) 7 (64%) 2 (18%) 7 (64%)
27.5%)
Idiopathic (only o o o
4 people: 10%) 3 (75%) 2 (50%) - 2 (50%)

Table 2: Indicators of the cognitive sphere depending on the form of epilepsy.

The next factor is the role of epileptic seizures in the focal seizures.
development of cognitive impairments. Continuing epileptic
seizures can cause persistent and progressive changes in neural
connections, and in some cases brain structures. Patients with
generalized tonic-clonic seizures showed worse rates of intellectual
and neuropsychological testing. In patients with generalized and
combined seizures, the indicators are worse than in patients with

Also in the development of cognitive impairments are
influenced by interictal epileptiform activity. Epileptiform activity
alone can contribute to severe cognitive and behavioural disorders,
except and beyond those that are expected in the disease itself and
that may deteriorate over time [Figure 4].
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Figure 4: Patient S., male, 35 y.o. A fragment of EEG.

Epilepsy is a disease that requires long-term (at least 3
years after the cessation of attacks) therapy. The effectiveness of

AEDs is due to their mechanism of action (pharmacodynamics). b
However, the nature of the side effects is also determined to some 3%
extent by the mechanism of action of AEDs. This is especially 3%
true for cognitive impairments that occur during therapy, since,  25% Wyaiprocom
by suppressing epileptiform activity, AEDs affect the areas of the  20%
brain involved in the processes of memory, learning, and regulation ;g W Carbamazepine
of emotional reactions [22]. A B Lamotridgina
Antiepileptic therapy was given to these patients. Valprocom 5% + .
. . . .  Levetiracetam
(valproic acid preparation) was chosen as the main drug for 4 0% ¥ .
patients (10%), 16 people (40%) took carbamazepine, lamotrigine
was prescribed to 12 patients (30%), and levetiracetam 8 people \q‘ﬁ@
(20%) (Figure 5). Patients with epilepsy who took valprocom R

and carbamazepine showed an improvement in mood. Patients
who received lamotrigine noted an improvement in attention and
behaviour. Patients who were prescribed levetiracetam did not
notice any changes other than worsening behaviour.
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Discussion

Thus, the study of disorders of higher nervous activity in
epilepsy remains an urgent problem of modern neurology. The
occurrence of cognitive impairment is an integral part of the
course of epilepsy and affects the general condition of the patient
at different stages of the disease.

Conclusion

Currently, the discussion continues on the role of each factor
in the development of cognitive impairment in epilepsy, attempts
are made to find the optimal ratio of doses of AEDs, which
would not have a pronounced effect on higher nervous activity.
Socialization of patients and assistance in cognitive impairment
remain an important task.

References

1. Temin Ed, Nikanorova PA, Yu M (1999) Epilepsy and convulsive syn-
dromes in children / Medicine. Pp: 656.

2. Shorvon S (1995) The epidemiology of epilepsy // In: Duncan JS, Gill
JQ (eds.) Lecture notes. British branch of the International League
Against Epilepsy-Oxford: Keble College. Pp: 1-6.

3. Brodie MJ, DeBoer HM, Joannessen S| (2003) Epidemiology. Epilep-
sy: safety, excess mortality and sudden death / In: European White
Paper on Epilepsy Epilepsia 44: 17-20.

4. Fisher RS, Perucca E,Scheffer IE, AcevedoC, Arzimanoglou A, et al.
(2014) A practical clinical definition of epilepsy. Epilepsia 55: 475-482.

5. Banerjee PND, Filippi W, Hauser C (2009) The descriptive epidemiol-
ogy of epilepsy. Epilepsy Res 85: 31-45.

6. Litovchenko TA (2010) Epilepsy: terminology, epedemiology, classifi-
cation, etiology, pathogenesis Neuro News 2: 27-33.

7. Perrine K and Kiolbasa T (1999) Cognitive deficit in epilepsy and con-
tribution in psychopathology. Neurology 53: 39-48.

8. Zakharov VV (2005) Cognitive impairment in neurological practice.
Difficult patient 3: 4-9.

9. Toropina GG, Arina AG, ZenkovaAl, Mironova Ml (2014) Modern con-
cepts of the nature and pathogenesis of cognitive impairment in pa-
tients with epilepsy. A review Neurological Journal 3: 36-49.

10.

1.

12.

13.

14.
15.

16.

17.

18.
19.

20.

21.

22.

Holmes GL (2016) Effect of seizures on the developing brain and cog-
nition. SeminPediatrNeurol 23: 120-126.

Scheffer |IE, Berkovic S, Capovilla G,Connolly MB, French J,et
al. (2017) ILAE classification of the epilepsies: Position paper of the
ILAE Commission for Classification and Terminology. Epilepsia 58:
475-482.

Borisova EV, Eliseeva NG, Voytenkov VB (2008) Evaluation of cogni-
tive function in patients with epilepsy. Medical academical journal 8:
59-63.

Hamed SA (2011) Cognitive Aspects in Idiopathic Epilepsy. New York:
Nova Science Publischers Inc.

Vingerhoets G (2006) Cognitive effects of seizures 15: 221-226.

Johnston A and Smith PEM (2010) Epilepsy in the elderly. Exp Rev
Neurother 10: 1899-1910.

Matsuoka H, Takahashi T, Sasaki M, Matsumoto K, Yoshida S, et al.
(2000) Neuropsychological EEG activation in patients with epilepsy.
Brain 123: 318-330.

Jokeit H and Okujava M (2001) Carbamazepine reduces memory in-
duced activation of mesial temporal lobe structures: a pharmacological
fMRI-study. BMC Neurology 1: 6.

Karlov VA (1990) Epilepsia M: Medicine. Pp: 336.

Trimble MR and Schmitz B (2002) Seizures, affective disorders and
anticonvulsant drugs. Guildford: Clarus Press Ltd. Pp: 199.

Meador KJ, Loring DW, Ray PG, Murro AM, King DW, et al. (2001)
Differential cognitive effects of carbamazepine and lamotrigine. Neu-
rology 56: 1177-1182.

Kockelmann E, Elger CE, Helmstaedter C (2004) Cognitive profile of
topiramate as compared with lamotrigine in epilepsy patients on an-
tiepileptic drug polytherapy: relationships to blood serum levels and
comedication. Epilepsy Behavior 5: 716-721.

ljff DM and Aldenkamp A (2013) Cognitive side effects of antiepileptic
drugs. HandbClinNeurol 111.: 707-718.

OPEN aACCESS


https://onlinelibrary.wiley.com/doi/epdf/10.1046/j.1528-1157.44.s6.5.x
https://onlinelibrary.wiley.com/doi/epdf/10.1046/j.1528-1157.44.s6.5.x
https://onlinelibrary.wiley.com/doi/epdf/10.1046/j.1528-1157.44.s6.5.x
https://doi.org/10.1111/epi.12550
https://doi.org/10.1111/epi.12550
https://doi.org/10.1016/j.eplepsyres.2009.03.003
https://doi.org/10.1016/j.eplepsyres.2009.03.003
https://doi.org/10.18821/1560-9545-2014-19-3-36-49
https://doi.org/10.18821/1560-9545-2014-19-3-36-49
https://doi.org/10.18821/1560-9545-2014-19-3-36-49
https://doi.org/10.1016/j.spen.2016.05.001
https://doi.org/10.1016/j.spen.2016.05.001
https://doi.org/10.1111/epi.13709
https://doi.org/10.1111/epi.13709
https://doi.org/10.1111/epi.13709
https://doi.org/10.1111/epi.13709
http://www.novapublishers.org/catalog/product_info.php?products_id=13466
http://www.novapublishers.org/catalog/product_info.php?products_id=13466
https://doi.org/10.1016/j.seizure.2006.02.012
https://doi.org/10.1586/ern.10.170
https://doi.org/10.1586/ern.10.170
https://doi.org/10.1093/brain/123.2.318
https://doi.org/10.1093/brain/123.2.318
https://doi.org/10.1093/brain/123.2.318
https://doi.org/ 10.1186/1471-2377-1-6
https://doi.org/ 10.1186/1471-2377-1-6
https://doi.org/ 10.1186/1471-2377-1-6
https://doi.org/10.1212/wnl.56.9.1177
https://doi.org/10.1212/wnl.56.9.1177
https://doi.org/10.1212/wnl.56.9.1177
https://doi.org/10.1016/j.yebeh.2004.06.017
https://doi.org/10.1016/j.yebeh.2004.06.017
https://doi.org/10.1016/j.yebeh.2004.06.017
https://doi.org/10.1016/j.yebeh.2004.06.017
https://doi.org/10.1016/B978-0-444-52891-9.00073-7
https://doi.org/10.1016/B978-0-444-52891-9.00073-7

