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Цель. Изучение механизмов вегетативной регуляции и вегетативного обеспечения 

при фокальной лобной и височной эпилепсии.  

Материалы и методы. Обследовано 36 человек (19 мужчин и 17 женщин, средний 

возраст 33,7±1,4 лет) в контрольной группе (лица без эпилептических приступов в анамне-

зе, эпилептиформной активности на электроэнцефалограмме) и 68 пациентов (32 мужчин и 

36 женщин, 34,1±1,5 года) с фокальной эпилепсией (36 пациентов с лобной эпилепсией, 32 

– с височной). Оценены физиологические показатели вариабельности сердечного ритма и 

показатели вызванных кожных симпатических потенциалов. 

Результаты. Выявлено преобладание симпатических влияний в обеих группах паци-

ентов, в то время как, согласно данным анализа вызванных кожных симпатических потен-

циалов, определяется высокая активность супрасегментарных вегетативных центров в 

группе пациентов с эпилепсией. По результатам корреляционного анализа в группе паци-

ентов с височной эпилепсией, исходное состояние характеризуется повышенным внутри-

системным напряжением, что отражает высокий уровень физиологических затрат. Модель 

логит-регрессионного анализа позволяет на основе показателей вегетативной поддержки 

активности распределить пациентов с фокальной эпилепсией по группам с различным те-

чением заболевания.  

Заключение. В группе пациентов с фокальной эпилепсией преобладают симпатиче-

ские влияния, а также большая активность надсегментарных центров вегетативной регуля-

ции. Внутрисистемные соотношения показателей вегетативной регуляции демонстрируют 

увеличение внутрисистемного напряжения и ограничение функциональных резервов в 

группе пациентов с височной эпилепсией. Комплекс показателей вегетативного обеспече-

ния позволяет на основе метода логит-регрессионного анализа распределять пациентов в 

группы с различным течением фокальной эпилепсии. 

Ключевые слова: фокальная эпилепсия; вариабельность сердечного ритма; метод 

вызванных кожных симпатических потенциалов; вегетативное обеспечение деятельности. 
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Aim. This study aimed to investigate the mechanisms of autonomic regulation and  

autonomic support in focal frontal and temporal lobe epilepsy.  

Materials and Methods. Thirty-six individuals were examined (19 men and 17 women; 

mean age 33.7±1.4 years) in the control group (without history of epileptic seizures) and 68  

patients (32 men and 36 women, 34.1±1.5 years) with focal epilepsy (36 patients with frontal lobe 
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epilepsy, of which 32 had temporal lobe epilepsy). Physiological parameters of heart rate  

variability and of skin sympathetic evoked potentials were evaluated. 

Results. Predomination of sympathetic influences in both groups of patients was found.  

According to the analysis of skin sympathetic evoked potentials, a high activity of the  

suprasegmental autonomic centers was determined in patients with epilepsy. Based on the results 

of the correlation analysis, the initial state in patients with temporal lobe epilepsy was  

characterized by greater intrasystemic tension that reflects the high level of physiological  

costs. The logit regression analysis model makes it possible to distribute patients with focal  

epilepsy into groups with different disease courses on the basis of the parameters of the autonomic 

support of the activity. 

Conclusion. In patients with focal epilepsy, predomination of sympathetic influences was  

observed, as well as greater activity of the suprasegmental centers of the autonomic regulation. 

Intrasystemic ratios of autonomic regulation parameters demonstrate an increase in the 

intrasystemic tension and a limitation of functional reserves in patients with temporal lobe epilepsy. 

A complex of parameters of autonomic support allows, based on the logit regression analysis, to 

distribute patients into groups with different courses of focal epilepsy. 

Keywords: epilepsy; heart rate variability; method of skin sympathetic evoked potentials; 

autonomic support of activity. 

______________________________________________________________________________ 

 
The study of the mechanisms of auto-

nomic regulation and autonomic support  

of the activity in focal epilepsy is determined 

by the inclusion of autonomic phenomena in 

the structure of epileptic seizures and obligate 

change in the mechanisms of autonomic  

regulation in both ictal and postictal periods 

[1]. Obligation of the autonomic dysfunction 

and insufficiency of autonomic support  

(including the ictal period) in patients with 

focal epilepsy determine the increased risk of 

ictal asystole and sudden death [1-3]. 

The hierarchical and antagonistic organi-

zation principle of the autonomic nervous 

system suggests the selection of the 

ergotropic and trophotropic parts at the supra-

segmental level that correspond to sympathetic 

and parasympathetic mechanisms (at the 

segmental level) responsible for the integra-

tive support of somatic functions [1,4]. 

In general, in patients with focal  

epilepsy, relative sympathicotonia is deter-

mined in the autonomic testing; however, its 

severity directly correlates with the disease 

duration and frequency of seizures and is  

determined by the dysfunction of the 

catecholaminergic systems participating in 

the activity of antiepileptic systems [5].  

However, a number of cardiac disorders 

(bradycardia, ectopic rhythms, and blocks) in 

patients with focal epilepsy are associated 

with increased parasympathetic influences, 

which is important in the compensatory  

suppression of the generalization of the 

pathological neuronal activity of the cerebral 

cortex [6-8]. 

One of the most widely used methods 

for the study of the autonomic support in  

focal epilepsy is the analysis of heart rate  

variability (HRV), which demonstrates a  

decrease in the variability of cardiointervals 

in temporal epilepsy and is one of the  

biomarkers of the autonomic dysfunction and 

predictors of sudden death in epilepsy [9-11]. 

Recently, in the study of the autonomic 

sphere, the method of skin sympathetic 

evoked potentials (SSEP) has been actively 

used, reflecting the activities of both the  

suprasegmental formations of the limbic-

reticular complex and the peripheral segmental 

level [7]. Interrelations between enhancement 

of synchronizing stem effects, epileptiform 

activity on the electroencephalogram, and a 

decrease in ergotropic effects according to 
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SSEP data in patients with epilepsy are 

demonstrated, that is, impaired autonomic 

regulation in epilepsy occurs by central supra-

segmental mechanisms [3]. 

Aim to study the features of the  

mechanisms of autonomic regulation in focal 

frontal and temporal epilepsy. 

Materials and Methods 

We examined 36 individuals (19  

men and 17 women) in the control group  

(individuals without history of epileptic  

seizures and epileptiform activity on an  

electroencephalogram) and 68 patients (32 

men and 36 women) with focal epilepsy.  

Patients with focal epilepsy were divided  

into two groups – 36 patients with frontal  

epilepsy and 32 with temporal lobe epilepsy. 

The average age of the participants in the 

control group was 33.7±1.38 years and that  

in the epilepsy group was 34.1±1.54 years. 

The epilepsy group included patients 

with focal frontal and temporal lobe epilepsy 

who had at least one seizure within 1 year 

preceding the examination and who, after  

preliminary instruction, were able to follow 

the examination protocol. All patients included 

in the study complied and signed informed 

consents reviewed and approved by the  

Ethical Committee of Ryazan State Medical 

University (Russia, Ryazan). The study was 

conducted in accordance with the World 

Medical Association’s Declaration of Helsinki. 

The method for studying HRV is one  

of the most common methods for assessing 

autonomic regulation and autonomic support 

of the activity of an organism in both normal 

and pathologic conditions [12-14]. Electro-

cardiography (ECG) was recorded using 

Varicard 2.5 device (RAMENA, Russia) and 

ISKIM program (version 6.0, RAMENA). 

ECG was recorded in I standard lead (in II 

lead in patients with the vertical electrical  

axis of the heart) in a sitting position. Statistical 

and spectral methods of HRV analysis were 

used to determine the heart rate: the standard 

deviation of the dynamic range of RR intervals 

(SDNN), stress index (SI) of regulatory  

systems, power of the spectrum of oscillations 

of RR intervals in the range of respiratory 

(high frequency, HF), low frequency (LF), 

very low frequency (VLF) waves, total power 

(TP), and PARS (parameter of activity of  

regulatory systems) [15]. 

SSEP is a suprasegmental somato-

autonomic reflex, the effector link of which is 

the sweat gland, and the «generator» of the  

response is the posterior hypothalamus. The 

reflex arc consists of the afferent and efferent 

parts and hierarchical structures of the central 

nervous system, modulating the response 

[16,17]. SSEPs were recorded with the use of 

an eight-channel digital electroneuromyo-graph 

with the registration of evoked potentials on 

Neuro-MVP (Neurosoft Company, Russia). 

Statistical analysis was performed using 

the Statistica 10.0 Ru software package 

(StatSoft Inc., USA). For the descriptive 

characteristics, the median (Me), upper  

(UQ), and lower quartiles (LQ) were used. 

Comparative analysis of the parameters was 

performed using the nonparametric Mann-

Whitney test (U) for paired independent sam-

ples, as well as a nonparametric analog of 

analysis of variance (Kruskal-Wallis test – H) 

at p<0.05 [12]. For a statistical study  

of the relationship between phenomena,  

correlation analysis was used using Spearman 

coefficient. To assess the probability of  

the distribution of patients with epilepsy into 

different disease course types, logit regression 

analysis was used, and the regression analysis 

equation was presented as 

Y=b0+b1*X1+b2*X2...+bn*Xn, 

where Y is a dependent variable, b0 is a constant 

(free member), b1, b2…bn are regression  

coefficients for independent factors; and X1, 

X2... Xn are independent factors (predictors). 

The probability of the distribution of patients 

in groups was estimated by the formula 

P(y)=e
y
/(1+e

y
). 

To assess the convergence (confidence) 

of the model, the chi-square test (chi2) was 

used, with an error level less than 0.05 [10]. 
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The course of the epilepsy was  

determined on the basis of 6-month follow-up 

observation and expert assessments (with a 

decrease in the frequency of seizures after 

correction of therapy indicates a favorable 

course, with preserved or increased frequency 

of seizures indicate an unfavorable course). 

Results and Discussion 

The study of HRV parameters revealed 

the following significant differences between 

the groups (Table 1). A significantly higher 

level of SDNN in the control group was  

determined, and a higher SI is logically  

found in patients with epilepsy. At the  

same time, a decrease in the VLF power  

of the spectral analysis of the HRV in the  

epilepsy group is detected. With this, pairwise 

comparisons of HRV parameters between  

the focal frontal group and focal temporal 

lobe epilepsy group based on the nonparametric 

Mann-Whitney test did not reveal any  

significant differences. 

 

Table 1 

Parameters of HRV (Me (LQ; UQ)) in the Studу Groups 

 

Parameter 
Control Group Frontal Epilepsy Temporal Epilepsy 

Н p 
Me, LQ, UQ Me, LQ, UQ Me, LQ, UQ 

SDNN 42;29;60 32;21;43 38;25;45 5.72 0.043 

SI 173;90;378 205;141;623 212;147;613 5.63 0.045 

HF 341;129;989 296;99;789 428;97;659 0.28 0.870 

LF 428;219;819 277;127;558 413;159;794 3.30 0.192 

VLF 216;137;411 138;74;227 181;93;322 6.90 0.030 

PARS 4;2;5 5;3;6 4;3;6 4.20 0.120 

 

Table 2 presents the characteristics  

of SSEP in the studied groups. As shown  

in Table 2, a significantly higher level of  

amplitude 2 of the SSEP components is  

determined in patients with epilepsy. 

No significant differences in these  

parameters were found in the pairwise  

comparisons between the focal frontal group 

and focal temporal lobe epilepsy group. As 

there was no significant differences between 

individual parameters of HRV and SSEP  

between the focal frontal group and focal 

temporal lobe epilepsy group, correlation 

analysis was used to study the peculiarities  

of the interrelations of these parameters. 

Figures 1 and 2 show the interrelations of 

the of HRV and SSEP parameters in the groups 

as graphical models (correlation pleiades). 
 

Table 2 

Characteristics of SSEP (ME, (LQ; UQ)) in the Study Groups 

 

Parameter 
Control Group Frontal Epilepsy Temporal Epilepsy 

H P 
Me; LQ; UQ Me; LQ; UQ Me; LQ; UQ 

A1 left 1.1;0.3;1.5 1.2;0.9;2.6 1.7;1.1;2.5 5.1 0.078 

A2 left 0.7;0.2;1.6 2.1;0.7;5.1 2.6;0.9;5.0 14.8 0.001 

 

Note: A1, amplitude of the first phase of SSEP; A2, amplitude of the second phase of SSEP 

 
 

The following notations were used in 

the figures: HRV parameters include VLF, 

LF, HF, SDNN, and SI; and characteristics of 

SSEP are A1, A2. Solid lines reflect positive 

correlations and dotted lines indicate negative 

correlations. The following relationships  
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between HRV and SSEP parameters were 

identified in the temporal epilepsy group 

(Figure 1): A1 SSEP on the right, VLF  

(R=-0.690; p=0.047); A1 SSEP, HF (R=0.714, 

p=0.047); A2 SSEP right, HF (R=0.667; 

p=0.048); A1 SSEP, PARS (R=0.730; 

p=0.039); A2 SSEP, PARS (R=0.756; 

p=0.029); SI, LF (R=-0.833; p=0.010); SI 

(R=-0.809; p=0.015); SDNN, LF (R=0.667; 

0.048); SDNN, VLF (R=0.690; p=0.047); 

SDNN, SI (R=-0.910; p=0.028) (10 correla-

tions). 

In the frontal epilepsy group, the  

following reliable links were established 

(Figure 2): A2 SSEP, SI (R=-0.942; 

p=0.005); A1 SSEP, SI (R=-0.829; p=0.042); 

A1 SSEP, VLF (R=-0.829; p=0.041); SDNN, 

HF (R=0.857; p=0.857, p=0.013); SDNN, LF 

(R=0.869, p=0.014); SDNN, IN (R=-0.929, 

p=0.023), and SI, PARS (R=0.810, p=0.027) 

(7 correlations). 

A significantly greater number of  

correlation relationships were determined in 

patients with focal temporal lobe epilepsy, 

which might reflect a greater conjugation  

in the activity of physiological mechanisms; 

an increase in the intrasystemic tension  

in patients with focal temporal lobe epilepsy 

reflects a significant limitation of functional 

reserves in this group. 

To establish the relationship between 

the course of focal epilepsy and autonomic 

support parameters, a logit regression analysis 

model was created. The parameters of this 

model are given in Table 3. 

As regards the characteristics of  

convergence of the model, the chi-square  

value was 9.4 (p=0.024; we used maximum 

likelihood loss function), and the correct  

prediction in group 1 was favorable in 83.3% 

and unfavorable in 72.5%. 

The prevalence of sympathetic influ-

ences, as a manifestation of the function  

of stress-realizing systems [18-20], is evident 

in both groups with epilepsy. With this,  

according to the analysis of SSEP, a higher 

activity of the suprasegmental autonomic  

centers in the group of patients with epilepsy 

was determined, which agrees with the results 

of other authors [21]. 

 

 
 

Notes: upper quartile, UQ; lower quartile, LQ; VLF, very low frequency (domain of HRV 

spectrum analysis); LF, low frequency (domain of HRV spectrum analysis); HF, high frequency 

(domain of HRV spectrum analysis); SDNN, standard deviation of normal to normal R-R  

intervals; SI, stress index of HRV; SSEP, skin sympathetic evoked potentials 

 

Fig. 1. Relationship between parameters in patients with focal temporal epilepsy 

А1 

А2 VLF 

LF 

HF 

SDNN SI PARS 
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Notes: upper quartile, UQ; lower quartile, LQ; VLF, very low frequency (domain of HRV 

spectrum analysis); LF, low frequency (domain of HRV spectrum analysis); HF, high frequency 

(domain of HRV spectrum analysis); SDNN, standard deviation of normal to normal R-R  

intervals; SI, stress index of HRV; SSEP, skin sympathetic evoked potentials 

 

Fig. 2. Relationship between parameters in patients with focal frontal epilepsy 

 

Table 3 

Characteristics of Logit Regression Model for Distribution of Studied Individuals in Groups 

with Different Course of the Disease 

 

Parameter Coefficient Chi-square p Odds ratio 

Intercept term -0.18 3.9 0.048 2.35 

A2 amplitude  0.046 4.0 0.047 0.77 

SDNN -0.107 3.9 0.048 0.98 

VLF 0.259 4.0 0.047 1.04 

 

According to the results of the correla-

tion analysis, in the temporal lobe epilepsy 

group, the initial state is characterized  

by greater intrasystemic tension, reflecting  

a high level of physiological «costs» in  

comparison with the frontal epilepsy group. A 

meaningful analysis of individual relation-

ships in groups is complicated and should 

take into account a complex of hierarchical, 

functionally antagonistic relationships bet-

ween different levels of autonomic regulation 

and of latent (not clearly evident) variables 

reflecting differences in the functional state of 

the examined individuals [19]. Along with 

similar relationships reflecting the functional 

antagonism of sympathetic and parasympa-

thetic autonomic regulatory influences  

(negative correlations of RMS and IN),  

attention is drawn to the peculiarities of the 

relationship between the suprasegmental  

(A1 and A2) and segmental (HF) autonomic 

regulation circuits in patients with temporal 

lobe epilepsy (positive correlations reflecting 

the role of trophotropic suprasegmental  

influences in the activation of segmental  

parasympathetic influences), as well as  

negative correlations of the parameters of  

suprasegmental influences and SI, characte-

А1 

А2 VLF 

LF 

HF 

SDNN 

 
SI 

 

PARS 
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rizing a decrease in the role of suprasegmental 

centers in the regulation of sympathetic  

influences in patients with focal frontal  

epilepsy. 

At the same time, the logit regression 

analysis model allows, on the basis of  

indicators of autonomic support of activity,  

to effectively distribute patients with focal  

epilepsy to groups with different disease 

courses, which reflects significance of these 

parameters in the description of the clinical 

and functional characteristics of patients, 

while the parameters of the activity of the  

suprasegmental centers of autonomic regula-

tion had the greatest «odds ratio» characteris-

tics [22]. 

Conclusions 

1. Sympathetic influences predominate 

in the focal epilepsy group; with this,  

informational regulatory insufficiency of  

the inclusion of autonomic centers in the 

mechanisms of vegetative support of the  

activity is determined. 

2. The characteristics of SSEPs reflect 

the higher level of activation of ergotropic 

mechanisms in patients with epilepsy. 

3. The intrasystemic relationship bet-

ween the autonomic support parameters 

demonstrate an increase in the intrasystemic 

tension and a limitation of functional reserves 

in patients with temporal epilepsy compared 

with that in patients with frontal epilepsy. 

4. The logit regression analysis model 

demonstrates the importance of both segmental 

and suprasegmental mechanisms of autonomic 

support in the separation of patients with  

focal epilepsy into groups with different  

disease course. 
______________________________________________________________________________ 
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