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Ilens. VI3yuyenue pacnpeneneHuss (QU3MOIOTHUECKHX PECYPCOB IpH IelIeHANpaBIeHHON
JESATENIbHOCTH Y MallMeHTOB ¢ snuiencueil. Mamepuanst u memoowt. O6cnenoBano 70 370pOBbIX
mun 1 160 manueHToB ¢ nuiencueid. Y uccleayeMbIX MOCIMPOBAach IeJICHANPABICHHAS Jes-
TEIbHOCTh C OIpejesieHueM e€ pe3ynbTaTUBHOCTH mpu nomoinu Tecta Lllynsre-I'opboBa. B nu-
HaMHUKE MOJIEIUPYEMON JIESATENbHOCTH OLEHUBAINCH IOKA3aTeNIM 3JIEKTPO3HILEe(arorpaMmbl U
BapralOeIbHOCTH CEPJICYHOI0 PUTMA; B UICXOJAHOM COCTOSIHUHM (TpeaiecTBytoieM Tecty Llynbre-
['op6oBa) onpeaensiuch XapakTepUCTUKHU 3PUTEIIbHBIX BBI3BAHHBIX MOTEHIIMAIOB, KOTHUTUBHBIX
notrenuuanoB P300, ycnoBHO-HEraTUBHOTO OTKIOHEHHs. OCYIIECTBIISAIOCH UCCIEIOBAHKUE B3au-
MOOTHOIIIEHUHN TOKa3aTenei anekTposHuedanorpaduu u xapakTepUCTHK BapuaOETbHOCTH Cep-
JEYHOTO PUTMa METOJIOM KOPPEISLUOHHOIO aHAIHM3a C UCIIOJIb30BAHUEM PAHTOBOrO K03 uIiu-
eHTa Koppensuuu CrupMeHa; MPOBOJAMIICS CPaBHUTENIbHBIN aHAIM3 XapaKTEPUCTHK Bapuadellb-
HOCTU CEPJICYHOr0 PUTMA U XapaKTEPUCTUK BHEIIHETO JBIXaHHUA, a TAKKe MPOrHO3UPOBAHHE pe-
3YJIbTAaTUBHOCTH IMOBCACHHA Y ITAITUCHTOB C SHUJIEIICUEN MCTOAOM JIOTUT-PETPECCUOHHOI0 aHAJIN-
3a. Pe3ynomamal. Y CTaHOBJICHO IIPe00OIajaHie CTPYKTYPHO-METa00INYECKUX (POPM SIUTIETICHH B
rpyIIe NalUEHTOB ¢ HU3KOW Pe3yJbTaTUBHOCTBIO EATEILHOCTH. B HU3KOpE3yabTaTUBHOU TPyII-
e MAlUMEHTOB C JMUJICIICHEH BBISIBICHA OOJNbIIAs COMPSIKEHHOCTh (PU3UOIOTUYECKUX MOKa3aTe-
JIe ¥ BBICOKHMI YPOBEHb XapPaKTEPHCTHK, OTPAKAIOIINX aKTHUBAIIUIO CTPECC-PEATH3YIOIINX CHUC-
teM. /s ahdexTruBHOrO pacnpenencHus MalUeHTOB C AMHUICIICUEH Ha TPYIIIbLI ¢ pa3InYyHON pe-
3yIBTATUBHOCTBIO MOTPEOOBAIOCH BKIFOUCHUE B MOJIETh JIOTHUT-PErPECUU XapPaKTEPUCTHK 3pH-
TETHHOTO BBI3BAHHOTO MOTEHIIMANa, KOTHUTHBHOTO moTeHnuaia P300 u ycioBHOTO HEraTUBHOTO
OTKJIOHCHUS, YTO OTPAXKACT POJIb aq)(l)epeHTHI)IX " aCCOIMMATHBHBIX MCXaHHU3MOB B PCHICHUU JaH-
HOH 3aJ1a4ui. VYBennmueHue (1)H3HOHOFI/I‘~I€CKOI\/'I «CTOUMOCTH» U CHHUIKCHUC PE3YJIbTATUBHOCTU ACs-
TETHHOCTH B TPYIIE OOJNBHBIX dMUIeNncuell yMeHbaeT e€ 3(pPeKTUBHOCTD, YTO CBSI3aHO C MPE00-
JalaHueM CTPYKTYpHBIX GopM 3aboneBanus. 3axaroyenue. llpennonaraercs posib SNUIENTOTEH-
HBIX 30H TOJIOBHOTO MO3Ta y MallMeHTOB C dMUJIeTICHel He TOJIbKO B CHIDKEHUU Pe3yIbTaTUBHOCTH
JESTENIbHOCTH, HO U B M30BITOYHONW MOOMIM3ALUN (PU3UOJIOTUYECKUX PECYPCOB U YBEIWYEHHUU
(bU3HONIOrHYECKON CTOUMOCTH ACSITENTbHOCTH, YTO YMEHBIAeT e€ 3 PEeKTUBHOCTD.

Knrouesvie cnoea: snunencus, no2ucmuyeckuli auaius, 3@oexmusHocms 0esmenbHoCmu,
pacnpeodenenue pecypcos.

DISTRIBUTION OF PHYSIOLOGICAL RESOURCES AND EFFECTIVITY
OF PURPOSEFUL ACTIVITY OF PATIENTS WITH EPILEPSY

R.A. Zorin, Yu.l. Medvedeva, I.S. Kurepina, M.M. Lapkin, V.A. Zhadnov
Ryazan State Medical University, Ryazan, Russia

Aim: to study distribution of physiological resources in purposeful activity of patients with
epilepsy. Materials and Methods. 70 Healthy individuals and 160 patients with epilepsy were ex-
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amined. In the examined individuals purposeful activity was modeled with evaluation of its effec-
tiveness using Schulte-Gorbov test. In the dynamics of the modeled activity, parameters of elec-
troencephalogram, variability of heart rhythm were evaluated; in the initial condition (before
Schulte-Gorbov test) parameters of evoked visual potentials, P300cognitive potentials and of a con-
ditionally-negative deviation were estimated. Interrelations between parameters of electroencepha-
lography and of variability of heart rhythm were studied using correlation analysis with Spearman
rank correlation coefficient; the comparative analysis of variability of heart rhythm and characteris-
tics of respiratory function was performed, and effectiveness of behavior of patients with epilepsy
was predicted using logit-regression analysis. Results. Predomination of structural-metabolic forms
of epilepsy was found in the group of patients with low effectiveness of the activity. The low-
effective group of patients with epilepsy showed a higher correlation of physiological parameters
and a high level of characteristics refecting activation of stress-realizing systems. For effective dis-
tribution of patients with epilepsy into groups with different effectiveness of behavior, it was neces-
sary to include characteristics of visual evoked potential, P300 cognitive potential and conditionally-
negative deviation into logit-regression model, that reflects the role of afferent and association me-
chanisms in this task. Increase in physiological «cost» and reduction in the effectiveness of activity
in the group of patients with epilepsy is associated with prevalence of structural forms of epilepsy.
Conclusion. Epileptogenic zones in patients with epilepsy are supposed to play a role not only in
reduction of effectiveness of activity, but also in excessive mobilization of physiological resources
and in increase in physiological cost of activity, that diminishes its effectiveness.
Keywords: epilepsy, logistic models, effectiveness of activity, distribution of resources.

Physiological cost of behavior in integra- tions [5], and from the point of view of sys-
tive physiology is included into determination temic physiology that associates development
of the effectiveness of activity [1,2]. Effective- of epileptic seizures with functioning of physi-
ness of activity is a basic concept of systemic ological neuronal ensembles [6].
analysis in physiology and pathology and is Aim of work: identification of peculiari-
determined as a ratio of the result of activity to ties of distribution of physiological resources
its physiological cost. In pathology the term and of physiological cost of the activity of pa-
«effectiveness of activity» is closely connected tients with epilepsy and of their association
with concepts of deficit of the useful adaptive with clinical characteristics of the disease.
result of behavior [3], of probabilistic organi- In accordance with the stated aim the
zation of the environmental events and rein- following tasks were set:
forcement, insufficient informational about 1) to identify differences in the efficien-
different stages of behavior, modeling of func- cy of the modeled activity in groups of patients
tional systems in the conditions of probabilisti- with epilepsy in comparison with control
cally determined environment and of emotion- group of practically healthy individuals;
al stress [4]. Here, reduction in the effective- 2) to determine peculiarities of intra-
ness of the activity may be a key factor pro- systemic relationships in the studied groups;
voking  manifestation of  pathological 3) to assess peculiarities of the autonom-
processes. Of importance is a problem of ef- ic regulation in the studied groups;
fectiveness of activity in neurological disord- 4) to determine physiological predictors
ers, in particular, in epilepsy, which is asso- of the efficiency of the activity in groups of
ciated with a possibility of analysis of the giv- patients with epilepsy using method of logistic
en disease both from the point of view of pa- regression analysis;
thological systems including functionally hete- 5) to identify differences in the physio-
rogeneous structures of the nervous system logical cost and to assess effectiveness of the
united by permanent and temporary connec- activity in groups of patients with epilepsy.
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Materials and Methods

The study was conducted on the base of
Ryazan State Medical University in 2012-
2017. Seventy healthy individuals were ex-
amined (control group — 40 males and 30 fe-
males with average age 33.0+0.55 years) and
160 patients with epilepsy with equal gender
distribution with average age 35.1+1.1 years.
The group of patients with epilepsy included
patients with genetic epilepsy (n=10), with
structural epilepsy (n=90) and with probably
symptomatic (of unspecified etiology/ crypto-
genic) epilepsy out of remission (n=60) [7].
From the study there were excluded patients
with pathology of respiratory and cardi-
ovascular systems, pregnant females. From
the control group there were excluded indi-
viduals with indications to the past parox-
ysmal disorders and with pathological alte-
rations in the electroencephalogram (EEG).
The study was approved by the local ethical
committee of the university, the participants
signed informed consent.

For modeling of functional load and pa-
rametrization of efficiency of the activity,
Schulte-Gorbov test was used. EEG was rec-
orded on computer electroencephalograph
Neuron-spectrum-3 (Russia) in the monopolar
commutation in 19 leads (with ear electrodes
as reference electrodes). There were per-
formed spectral analysis of EEG (determina-
tion of the power and frequency of theta-, al-
pha-, beta-1 and beta-2 oscillations), exami-
nation of cross-correlation function (determi-
nation of cross-correlation coefficients and of
the mean frequency of function) [8].

Heart rate variability (HRV) was studied
using Varicard 2.51 device and ISCIM 6.0
program (all — Russia), EEG was recorded in |
standard lead. Statistical analysis of HRV in-
cluded determination of standard error of nor-
mal to normal R-R intervals (SDNN), stress-
index (SI), power of oscillations in high-, low-
and very low-frequency ranges and of the to-
tal power (HF, LF, VLF, TP) [9]. Characteris-
tics of respiration were studied on spirometa-
bolographic complex Fitmate Med (Italy) and
on ultrasound capnograph CP-01 Elamed
(Russia). The following parameters were de-

termined: the average value of lung ventila-
tion (ventilation — Ve), respiratory rate (RR),
level of oxygen, energy expenditure, partial
pressure of carbon dioxide on expiration.

Visual evoked potentials (VEP) to
check board pattern were recorded on soft-
ware-hardware complex Neuro-MEP (Rus-
sia) with the frequency of changing stimuli 1
per second, with active electrodes positioned
in leads O1, O2, Oz; and with reference elec-
trode in Fz. Latency of peaks N75, P100, N145
and interpeak amplitude N75P100, P100N145,
N145P200 were analyzed, subelectrode im-
pedance was below 5 kOhm. Endogenous
evoked potential P300 was recorded in leads
Fz, Cz, Pz with application of a relevant sound
stimulus (2000 Hz pitch) and of an irrelevant
sound signal (1000 Hz pitch), the response of
participants was recorded in the form of press-
ing the button. Latency N2, P3 and amplitude
P2N2, N2P3 were determined. Contingent
negative variation wave (CNV) was studied
with application of a warning (sound of 2000
Hz pitch) and triggering (sound of 1000 Hz
pitch) stimuli. The amplitude of the wave was
evaluated in leads Fz, Cz, Pz [10].

For statistical processing Statistica 10.0
program was used. Cluster analysis included k-
averages procedure (distribution of participants
into clusters). Descriptive statistics of the
groups of studied individuals suggested de-
scription of the mean value and of 95% confi-
dence interval. Analysis of variations (ANO-
VA) was conducted to identify differences be-
tween samples using F-test. In comparison of
the quantity of patients in subgroups contin-
gency tables and 3 criterion were used. To
examine relationships between parameters,
Spearman correlation coefficient was used, the
relationship was considered reliable at p<0.05.

To create a model of classification of
patients with epilepsy into clusters with dif-
ferent effectiveness of performing the test,
logit regressive analysis was used with de-
scription of dependent variable (probability of
distribution into a group), of absolute term of
an equation, of regression coefficients for in-
dependent variables and of independent va-
riables as such (predictors). As a function of
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losses, maximum likelihood method and
Hook-Jeeves pattern were used; as a criterion
of agreement ¥* test and achieved p-level
were used; relations of chances were deter-
mined for independent variables as a charac-
teristics of their significance [11].
Results and Discussion
Two groups of patients with epilepsy

were defined on the basis of Schulte-Gorbov
test. The first group included patients with a
fast choice of numbers including mistaken
answers, and patients with less mistakes;
group 2 included patients with opposite cha-
racteristics, in this context group 1 (n=91)
was considered efficient, and group 2 (n=69)
— low efficient (Table 1).

Table 1
Characteristics of Load Test in Studied Groups
Patients with Patients with epi-
Characteristics epilepsy, group 1 lepsy, group 2 (avergoemg)%lo/ cn F p
(average, 95%CIl) | (average, 95%Cl) ge. 0
Average interval, s 1.5 (1.4-1.7) 2.2 (2.0-2.3) 1.2 (1.0-1.3) 120 | 0.001
Interval after error, s 0.6 (0.3-0.7) 1.9 (1.5-2.0) 0.7 (0.5-1.0) 40 0.001
Interval before error, s 0.2 (0.1-0.3) 0.9 (0.6-1.1) 0.4 (0.3-0.5) 28 0.001
Number of errors, n 0.7 (0.5-0.9) 2.2 (1.7-2.5) 0.8 (0.6-1.0) 26 0.001

Note: Cl — confidence interval

Difference of clinical characteristics of
groups of patients with epilepsy in the defined
groups was found: in group 2 there were reli-
ably more patients with structural epilepsy
(43%) in comparison with group 1 (74%,
¥*=9.8, p=0.002).

Relationships of parameters of ECG and
HRYV in the studied groups in the form of cor-
relation pleiades are given below in graphic
models. The following designations are used:
1, 2, 3 — characteristics of spectral power of
frequency components of EEG in the left fron-
tal and occipital leads; 4, 5, 6 — frequency pa-
rameters of EEG in the left frontal and occipit-
al leads; 7, 8, 9, 10 — correlation of EEG in F3-
F4, 01-02, F3-C3, P3-01 leads; 11, 12, 13, 14
— frequency of cross-correlation function of
F3-F4, 01-02, F3-C3, P3-01,; 15, 16, 17, 18,
19 — parameters of HRV: VLF, LF, HF,
SDNN, SI; solid lines showed positive, dotted
lines showed negative correlation relation-
ships. From the pictures paired correlation
were excluded, that were the same in all
groups, in particular, correlations of parame-
ters of statistical analysis of the dynamic set
of R-R intervals and spectral characteristics
of HRV.

In Figure 1 the dynamics of intrasystemic
relationships in the group of practically healthy
individuals are given. In the background condi-
tion reliable correlations between parameters of
EEG and HRV were not determined, after cog-
nitive load two reliable correlation relationships
were determined: between frequency of alpha-
oscillations of EEG O1 and VLF of HRV
(R=-0.264, p=0.042), and between intrahe-
mispheric correlation P3-O1 of EEG and VLF
of HRV (R=0.274, p=0.039) (Fig. 1).

In group 1 of patients with epilepsy the
background condition was characterized by a
high level of interrelation of physiological
parameters: reliable correlations of beta-1
oscillations of EEG with LF parameter of
HRV (R=-0.223, p=0.026), interhemispheric
cross-correlations of EEG in frontal leads
with mean-square deviation of HRV (R=0.278,
p=0.012), interhemispheric cross-correlation
of EEG in the occipital leads with HF para-
meter of HRV (R=0.347, p=0.001), cross-
correlation frequency of EEG in the occipital
leads with SDNN of HRV (R=-0.236,
p=0.001). After cognitive load the amount of
reliable correlations significantly decreased:
interhemispheric correlation of EEG in O1-
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Fig. 1. Interrelation between characteristics of EEG
and VCR in healthy individuals

Note: in figures 1-3 continuous lines show direct correlations, discontinuous lines show
negative correlations; designation of used parameters numbers is presented in the text

02 — HF of HRV (R=0.272, p=0.007) was
determined (Fig. 2).

In Figure 3 the dynamics of alterations
of interrelations of EEG and HRV characte-
ristics in group 2 of patients with epilepsy is
given. In the background condition 4 reliable
correlation interrelations were identified: in-
terrelation between theta-oscillations frequen-
cy of EEG in the left frontal leads and VLF of

HRV (R=0.316, p=0.014), between intrahe-
mispheric cross-correlation of EEG in the
frontal-central leads and HF of HRV (R=0.317,
p=0.015), between intrahemispheric cross-
correlation of EEG in the frontal-central leads
and SDNN of HRV (R=0.304, p=0.033), be-
tween frequency of cross-correlation of EEG
in the left parietal-occipital leads and SDNN
of HRV (R=-0.236, p=0.001). After cognitive
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Fig. 2. Interrelation between characteristics of EEG and VCR
in the efficient group of patients with epilepsy

load the structure of interrelations changed,
but their number remained the same: relation-
ships between power of theta-oscillations of
EEG and LF of HRV (R=-0.266, p=0.043),
between interhemispheric cross-correlation in
the occipital leads of EEG and LF parameter
of HRV (R=0.287, p=0.031), between intra-
hemispheric correlation of EEG in the left pa-
rietal-occipital leads and SDNN of HRV
(R=0.270, p=0.043), between correlation fre-
quency of EEG in P3-0O1 leads and LF para-

meter of HRV (R=-0.279, p=0.037) were iden-
tified. In the analysis of parameters of HRV, a
reliably higher Sl level and reduction in varia-
bility of cardiointervals were found in patients
with epilepsy.

In the background condition a reliable
reduction of SDNN in group 2 of patients with
epilepsy was found in comparison with group
1. Parameters of tension index in the control
group moderately increased in cognitive load
and then deceased, while in groups 1 and 2 of
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Fig. 3. Interrelation between characteristics of EEG and VCR
in the low-efficient group of patients with epilepsy

patients with epilepsy the level of Sl of regu-
latory system after cognitive load remained
high (Table 2).

Parameters of respiration reflected a
higher level of lung ventilation in patients
with epilepsy in group 2 after cognitive load.
To predict distribution of patients with epilep-
sy into groups with different efficiency of the
activity, a method of logistic regression was
used with inclusion of characteristics of visual

evoked potential, of cognitive evoked potential
P300 and of contingent negative variation
(CNV) into regression model (Table 3).

Convergence of this model in y*=23.5
p=0.0006; assessment of parameters were sta-
tistically significant. The correct classification
of patients to groups was 83% in group 1 and
70% in group 2.

Analysis of parameters of modeled
activity in patients with epilepsy showed that
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Table 2
Dynamics of Parameters of VCR and of Characteristics of Respiration in Groups
Patients with Patients with
. . Control (aver-
Parameters epilepsy, group 1 | epilepsy, group 2 age, 95% Cl) F p
(average, 95% CI) | (average, 95% CI) ’
SDNN background, ms 35 (31-38) 29 (26-31) 50 (44-55) 21.6 | 0,001
S| background, conventional units 501 (401-601) 575 (378-772) 247 (174-320) 6.5 | 0.002
SDNN cognitive load, ms 35 (31-38) 31 (27-34) 42 (37-48) 7.8 | 0.001
S| cognitive load, conventional units 515 (403-626) 541 (365-717) 297 (218-375) 41 | 0.018
SDNN after load, ms 34 (31-38) 30 (26-34) 50 (44-56) 22.7 | 0.001
Sl after load, conventional units 617 (332-903) 585 (426-744) 223 (163-283) 3.1 | 0.046
Ve after load, L/min 8.4 (7.9-8.7) 9.4 (8.7-9.9) 8.3(7.9-9.1) 3.2 | 0.040
RR after load, per min 15.1 (14.3-15.9) | 17.0(15.8-18.0) | 14.9(13.7-15.9) | 4.7 | 0.010
Table 3
Characteristics of Logit-Regression Load for Classification of Patients
with Epilepsy in Groups with Different Efficiency of Activity
Parameters Regression Coefficients XZ p Odds ratio
Intercept coefficient 9.0 8.8 0.037 28

Alpha-rhythm frequency of EEG in O1 -1.0 9.0 0.022 0.71

Cross-correlation of EEG in F3-F4 -0.36 4.2 0.045 0.69

Ilgégrpeak amplitude of N75P100 VEP in Oz 2022 8.0 0.036 0.80

Interpeak amplitude of P2N2 P300 in Cz 0.04 4.3 0.044 1.04

CNV amplitude in Cz -0.04 4.2 0.045 0.96

SDNN VCR -0.02 4.2 0.045 0.98

differences in them were associated both with
the speed of activity and with the level of se-
lective control. Insufficient efficiency was
associated with domination of patients with
structural epilepsy in group 2 with existence
of the respective morphophysiological basis,
and also with peculiarities of integrative ac-
tivity of physiological mechanisms [12].

The dynamics of intrasystemic interrela-
tionships in the group of healthy individuals
and in patients with epilepsy was evaluated in
the analysis of correlations between characte-
ristics of EEG and HRV during the test. In
healthy individuals there were no reliable cor-
relations in the background condition which
indicates a low level of interrelation between
physiological mechanisms and functional ten-
sion [13], which was manifested only after a
cognitive load (this reflects reliable correlation
relationships after performing the test). In
group 1 of patients with epilepsy the function-
al condition before the test was characterized
by a higher intrasystemic coupling in compari-

son with healthy individuals, coupling between
parameters decreased after the functional load.
Group 2 of patients with epilepsy was charac-
terized by a high background correlation of
EEG and HRV that was preserved after the
load, that is, by a high intrasystemic tension
reflecting a high level of physiological «costs»
in realization of the activity.

A study of mechanisms of the autonom-
ic dysfunction on the basis of data of HRV
showed that maximal activation of ergotropic
mechanisms as a component of stress-
realizing system [14] was determined in low
efficiency of activity of patients with epilep-
sy; this phenomenon was traced through all
stages of the modeled purposeful activity. Af-
ter the functional load in group 2 patients
with epilepsy, a buildup of stress-index was
determined. Taking into account these facts, a
non-specific character of the above mentioned
interrelations between EEG and HRV can be
suggested that reflects neurophysiological
correlates of distress.
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For classification of patients with epi-
lepsy by efficiency of the activity it was ne-
cessary to include characteristics of exogen-
ous evoked potentials of cognitive potentials
P300 and of CNV into the model of logistic
regression, which indicates the necessity of
taking into account not only the level of the
activity of non-specific mechanisms deter-
mining its cost, but also afferent and associa-
tive mechanisms specific of the modeled ac-
tivity, in the assessment of effectiveness of
the activity [15]. Classification of the tested
individuals into groups was carried out with
sufficient reliability.

It may be reasonable to speak about in-
fluence of epileptogenic zones on the key be-
havioral mechanisms of patients with epilepsy
which impairs comparison of parameters of
the realistic result of the activity with its in-

formation model, influences excessive mobi-
lization of physiological resources and in-
creases physiological cost of the activity even
with reduction of its efficiency, and is asso-
ciated with the reduction in the effectiveness
of activity in epilepsy.

Conclusions

1. Effectiveness of the purposeful activ-
ity in patients with epilepsy is decreased both
due to reduction in its efficiency, and to in-
crease in the physiological cost.

2. High physiological cost of the mod-
eled activity of patients with epilepsy exist in
all stages of the functional load.

3. One of basic characteristics that re-
flects specificity of systemic organization of
purposeful activity in healthy individuals and
in patients with epilepsy is effectiveness of
the activity.
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