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Epilepsy is one of the most common and treatment-resistant neurological diseases; it has heterogenic manifestations and requires 
individual approaches to its diagnosis and treatment. The ground for such approaches has been laid by modern science-based technologies, 
currently available in clinical practice. The aim of this review is to analyze publications on personalized approaches to the diagnosis and 
treatment of epilepsy over the past 10 years. In this review, we discuss the issue of individual markers of epilepsy and their predictive 
power, new approaches to localizing the epileptic foci, the relationship between the left-sided, right-sided and interhemispheric asymmetry 
and epileptogenesis, the role of comorbid disorders in epilepsy, as well as the available options for identifying the predictors of treatment 
efficacy.
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Introduction

Epilepsy is one of the most common and treatment-
resistant neurological diseases, which can significantly 
reduce the patient’s quality of life [1, 2], and in some 
cases lead to sudden death [3–5]. According to the WHO 
estimates, there are more than 50 million people with 
epilepsy worldwide [6]. About 10% of world population 
can expect at least one epileptic attack during their 
lifetime [7]. Despite the wide use of new antiepileptic 
drugs, about a third of patients with epilepsy suffer 
from seizures that are resistant to therapy [8, 9]. The 
situation is complicated by the fact that 50% of patients 
with epilepsy suffer from affective, cognitive and other 
psychiatric disorders with no specific treatment options 
[10]. Therefore, studies on the pathogenesis, diagnosis, 
and treatment of epilepsy continue to attract a great 
research interest.

In recent years, the concept of clinical heterogeneity 
in patients with epilepsy has been recognized [11, 12]; 
therefore, the development of personalized approaches 
to the treatment of epilepsy is needed [13, 14]. 
Thanks to the introduction of modern science-based 
technologies into clinical practice, the prerequisites 
for this development are already available. Among 
them are newly proposed individual markers [15–17] 
and predictors of the course of the disease [18, 19]. 
The dependence of epilepsy on various individual 

characteristics, such as sex, age, localization of the 
epileptic focus, the time of the debut etc. has become 
appreciated. It is important to consider these factors to 
ensure that the personalized therapeutic approach will 
result in a successful outcome of the disease.

The review presents a summary of published data 
on the development of personalized approaches 
to the diagnosis and treatment of epilepsy over the 
past 10 years. In this review, we discuss the issue of 
individual markers of the disease and their predictive 
power, new approaches to localizing the epileptic 
foci, the relationship between the left-, right-sided and 
interhemispheric asymmetry and epileptogenesis, 
the role of comorbid disorders in epilepsy, as well as 
the available options for predicting the antiepileptic 
treatment efficacy.

Localization of epileptic foci

In recent years, new structural and morphological 
data have been obtained by using up-to-date diagnostic 
modalities, such as magnetic resonance imaging (MRI) 
and voxel-based morphometry; these data indicate 
different susceptibilities of the cerebral hemispheres 
to epileptogenesis. Thus, a decrease in the volume 
of amygdala [20] and abnormalities in the white [21] 
and gray [22] matters have been observed in patients 
with left temporal epileptic foci. The authors explain 
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the findings by the destructive impact of the epileptic 
focus on the left hemisphere, which at an early age is 
functionally less active and more susceptible to injury 
induced by epileptic discharges.

The most effective method for determining the source 
of epileptogenesis is the MRI and its modifications [23]. 
Thus, according to the functional magnetic resonance 
mapping — the standard method for revealing 
lateralization of the speech function in patients with 
epilepsy [24] — the dominance of the left hemisphere 
in this function is reduced in focal epilepsy [25]. The 
motor activity pattern is another good index of epileptic 
focus localization. For example, authors [26] studied 
the interhemispheric differences manifested in muscular 
seizures by monitoring muscular artifacts in the EEG. 
They found a more pronounced muscular activity in 
the hemisphere contralateral to the localization of the 
epileptic focus. In another study [27], the significance of 
the ictal automatisms in the upper limbs was assessed. 
It was shown that in patients with lateralized epileptiform 
EEG discharges, the ipsilateral motor automatisms 
were more pronounced than the contralateral ones. 
Some authors believe that by improving the currently 
used methods of motor analysis it is possible to better 
characterize the focal seizures by motor automatism [28].

Along with the results of video EEG monitoring, 
neuroimaging and functional magnetic resonance 
imaging, the individual symptomatic signs of the disease 
are of great importance in determining the localization 
of epileptic foci [29]. For example, in patients with focal 
epilepsy, the characteristics of prosody (perception of 
intonation, rhythm, and expressiveness of speech) were 
found abnormal during the ictal periods. In all these 
patients, the seizures were localized in the non-dominant 
hemisphere (most often in the right temporal zone); 
these findings suggest that the prosody criterion can be 
used for localizing the source of epileptic seizures in the 
temporal zone of the non-dominant hemisphere [30].

A certain diagnostic value for the detection of the 
epileptic focus is attributed to the head and eye aversion 
at the time of seizures. Thus, in the epileptic status, 
the direction of the head rotation during a seizure can 
indicate the lateralization pattern: in the examined 
patients, the head turned in the direction opposite to 
the side of the lesion [31]. A quantitative analysis of 
individual parameters of the head movements during 
seizures (time of onset, direction, duration, and angular 
velocity) revealed significant differences between the 
frontal and temporal locations of the epileptic foci [32].

A rapid and relatively reliable index of the focus 
lateralization in epilepsy is the test for dichotic listening 
applied to patients preparing for surgery [33]. In children 
with rolandic epilepsy and with the left-sided focus 
localization, the left-hemispheric dominance (a sign of 
phonologic imbalance) ceased to manifest when the 
patients were tested for their articulation competence 
[34]. According to the results of dichotic listening during 
and after seizures, in children with the left hemispheric 

speech dominance, epileptic discharges lead to a 
sharp decrease in the level of word recognition (when 
listening with the right ear), whereas in healthy kids, the 
recognition ability increased with word repetition [35].

Left-sided, right-sided,  
and interhemispheric asymmetry  
and epileptogenesis

With its external symmetry, the human body is 
characterized by many anatomical and functional 
asymmetries, which have a great clinical significance. 
In a fundamental review [36], a number of differences 
between the hemispheres of the human brain are 
presented; those pertain to structural, functional and 
behavioral characteristics. The asymmetries in the 
brain functions, cytoarchitectonics and neurochemistry 
correlate with gender, age, genetic factors, and hormonal 
influences; this asymmetry is also reflected in person’s 
behavior, left- or right- sidedness, auditory perception, 
motor preferences, clarity of sensory analysis, etc. 
We believe that the knowledge and understanding of 
these asymmetries are important for making a correct 
diagnosis and drawing up a well-based treatment plan 
for patients with epilepsy.

Since the number of patients with a non-right 
functional asymmetry can reach 30–40% among those 
hospitalized in a psychiatric hospital [37], the side 
dominance factor and its predictive power may play a 
significant role in patient management. However, there 
is conflicting information in the literature on the relations 
between the function asymmetry and epilepsy.

A group of authors [38], after examining 478 
patients with epilepsy, found no correlation between 
the sidedness and patients’ clinical characteristics 
such as sex, age, type of seizures, age of onset of 
the disease, types of EEG and MRI abnormalities and 
others. However, most authors note a certain connection 
between the left- or right- sidedness and epilepsy. In one 
study [39], the degree of left-sidedness correlated with 
a more pronounced atypical (right-sided) lateralization 
of the speech function in temporal epilepsy. Another 
recent study [40] found a relationship between the left-
sidedness and the left-sided localization of the epileptic 
focus. In our studies [41], there were more left-sided 
individuals (30% of cases) among patients with temporal 
epilepsy than in the total population (10%).

There is also evidence that, with temporal epilepsy, 
structural and functional abnormalities extend far 
beyond the epileptogenic temporal zone. Thus, diffusion-
weighted MRI images of the conducting pathways 
revealed the presence of impaired frontal-parietal white 
matter tracts located on the side of the lesion in patients 
with temporal epilepsy [42]. The authors believe that 
recurrent epileptic seizures impair primarily the cortical 
zone integration within the affected hemisphere. In 
another study [43], patients with temporal epilepsy 
demonstrated lateralization patterns that concerned four 
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brain structures; in three of them (anterior and middle 
temporal zones and the cerebellum), these deviations 
were ipsilateral, and in the frontal-parietal zone — 
contralateral to the epileptic focus. An EEG monitoring 
revealed that the epileptiform activity recorded from the 
area outside the epileptic focus can disrupt cognitive 
processes, such as remembering words [44].

Comorbid disorders in epilepsy

Comorbidity is the presence of two or more syndromes 
or diseases with different etiology, pathogenesis, 
and pathophysiology that occur in the same person 
concomitantly. Studying comorbid disorders in epilepsy 
is extremely important, as it can contribute to the 
understanding of pathogenesis of the disease, making 
the correct diagnosis and prognosis, and choosing an 
adequate treatment [45–48].

There are different opinions as to what kind of 
comorbid conditions go along with epilepsy. Some 
authors [49] believe that patients with epilepsy suffer 
from migraine, diabetes, chronic fatigue, depression, 
anxiety, personality, and cognitive disorders 2–5 times 
more often than those without epilepsy. Other authors 
[50] suggest that the list of comorbid disorders in 
epilepsy should include depression, anxiety, psychotic 
disorders, cognitive and intellectual dysfunctions, 
disorders caused by antiepileptic drugs, suicidal 
conditions and consequences of surgical interventions.

Depression is one of the most frequent disorders in 
patients with epilepsy; it occurs in 20–55% of cases 
with recurrent seizures and in 3–9% of cases in the 
absence of seizures [51]. Depression in epilepsy can be 
associated with stress: the patient is chronically stressed 
due to the “burden of epilepsy” and the acquired 
helplessness against the threat of recurrent seizures — 
those psychological factors present an obvious risk of 
depression [52]. There are markers that may indicate 
a predisposition to depression: those are the baseline 
asymmetry of the EEG alpha-rhythm (the right parietal 
activity is lower than the left one) [53] and a relative 
decrease in the EEG activity in the left frontal zone [54].

Anxiety in epilepsy can occur even more often than 
depression: from 10–25% in some reports to more than 
50% in others [49, 55]. Most authors consider these 
comorbid disorders as negative affective conditions 
that accompany epilepsy [56–59] and occur in 33% of 
patients [60].

Epilepsy is often accompanied by suicidal disorders, 
which requires special attention during the initial patient 
examinations [61]. Magnetic resonance imaging of the 
brain showed a significant white matter loss in the right 
frontal zone and a gray matter gain in the left temporal 
zone in patients with epilepsy and suicidal disorders [62].

By using video EEG monitoring and neuro-
psychological tests, it has been shown that the 
degree of cognitive and mental dysfunction increases 
with an increase in the number of interictal epileptic 

discharges [63]. The negative impact of seizures on 
the development of mental functions is mediated by 
dysregulated signaling pathways and neural networks 
[64]. The unfavorable prognosis of mental abilities in 
epilepsy correlates with the early onset of the disease, 
the presence of focal seizures, the predominance of 
large and serial epileptic seizures, the occurrence of 
epileptic status, the deep disturbance of consciousness 
in the post-ictal period, the frequency and severity 
of twilight conditions in the inter-ictal period, and the 
existence of day- and night-time seizures [65].

Cognitive disorders in epilepsy, by most authors, 
include memory and performance impairments, 
intellectual disability, reduced processing speed, slow 
reaction times, attention deficit and other functional 
abnormalities [66–69]. Cognitive defects are observed 
in epilepsy both in children [70, 71] and in adults 
[72, 73]; these defects are thought to be caused by 
genetic, molecular and cellular mechanisms common 
to epilepsy, intellectual disorders and autism spectrum 
disorders [74].

The course and severity of cognitive impairment in 
epilepsy are influenced by a number of factors, such 
as etiology of the disease, age of the patients, type 
and frequency of seizures, hereditary and psychosocial 
environmental factors, consequences of surgical 
intervention, and adverse effects of antiepileptic drugs. 
An important role in cognitive dysfunctions in epilepsy 
is played by the factors of location and character of the 
cerebral lesion [75].

In epilepsy, psychiatric and psychosocial complications 
are more frequent than in other chronic diseases [76]. 
They occur in about a third of patients; nevertheless, 
they have yet to be well studied to develop appropriate 
methods of treatment [77]. Some authors indicate that 
antiepileptic drugs can provoke psychopathological 
symptoms in epilepsy [78, 79]. Other authors emphasize 
that the risks of psychosis in epilepsy correlate with the 
early age of epilepsy debut, the presence of epileptic 
status, hippocampal sclerosis and structural/functional 
disorders of the left hemisphere [80].

Current options of identifying predictors  
of the antiepileptic therapeutic efficacy

In recent studies, the issue of drug resistant 
epilepsy has become one of the most important. 
Pharmacoresistance is found in about 30% of patients 
with epilepsy and is often accompanied by increased 
traumatism, psychosocial disorders, and deterioration in 
the quality of life [81].

It has been established that the main clinical 
predictors of pharmacoresistance are the presence of 
psychiatric [82] and depressive [83, 84] disorders, as 
well as organic brain pathology diagnosed with the MRI 
[85, 86]. In adults, the predictors of pharmacoresistance 
in epilepsy include the early age of the debut, frequent 
seizures, failure of previous therapy, diffuse epileptiform 
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or abnormal baseline EEG activity, and gradual 
development of brain damage [87].

According to some authors, an adequate choice 
of pharmacotherapy considering the possible drug 
interactions and the individual characteristics of the 
patient may be the way to overcome pharmacoresistance 
in epilepsy and concomitant diseases [88, 89].

Earlier, we demonstrated that the therapeutic 
dynamics of seizures can become an important 
prognostic index of treatment efficacy [90]. In patients 
with a right-sided profile of interhemispheric asymmetry, 
the number of complex partial seizures (under 
antiepileptic therapy) dropped 3 times more than that in 
patients with a left-sided asymmetry profile [91–93]. It 
was also established that the profile of interhemispheric 
asymmetry had a significant impact on the efficacy of 
anti-seizure therapy in patients with pharmacoresistant 
epilepsy [94].

In recent years, it has been found that many 
antiepileptic drugs may have psychotropic effects, 
which must be taken into account when choosing the 
treatment strategies. Studies on the latest generation of 
antiepileptic agents are now under way [95].

Conclusion
The reviewed publications demonstrate that by the 

present time, thanks to the innovative technologies, 
a number of individual markers and predictors of 
epilepsy have been proposed. Along with that, data 
on correlations between manifestations of epilepsy 
and individual patient‘s characteristics has been 
accumulated. According to the commonly shared 
views, these factors should be taken into account when 
deciding on the patient-oriented treatment of epilepsy; 
such an approach is expected to ensure positive 
outcomes of complicated and drug-resistant epilepsy 
[88, 96].

The findings described above may contribute to 
the development of personalized approaches to the 
treatment of epilepsy, whose motto is to treat a particular 
patient and not a disease in general [97]. Due to the 
poly-etiological nature of epilepsy, most epileptologists 
agree that such approaches will pave the way to high-
efficacy antiepileptic therapy [98, 99].

It is worth mentioning that in recent years, an 
additional approach to personalized diagnosis and 
treatment of epilepsy has been developed. Specifically, 
a rapidly developing technology of neurointerfaces has 
been put forward (see our earlier publication [100]). 
This technology is based on the feedback signals from 
the individual bioelectric characteristics of a patient; 
the method provides highly personalized information 
that can be used in planning the therapeutic strategy. 
We have already reported on using the neurointerface 
technologies to activate cognitive functions [101], for 
the treatment of attention deficit hyperactivity syndrome 
[102], and for suppressing stress-induced disorders 

[103]. We tend to believe that the brain-computer 
interface and neurofeedback technologies can also be 
successfully used in the treatment of epilepsy.
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