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Impairment of health, especially in technologically
developed regions of the world, is a problem of high
priority. According to the information of WHO,
decrease in the level of health in children and young
people, the main productive force of the XXI century, is
of especial urgency. In this connection, when discuss-
ing problems of training and education of the rising
generation it is practically impossible to ignore the gen-
eral growth of the numbers of children with subclinical
forms of pre- and perinatal CNS pathology.

Investigation of physiological backgrounds of poor
tolerance of current mental and physical loads by chil-
dren and young people resulted in a substantiated con-
cept of the basic significance of pre- and perinatal dis-
orders in the control of oxygen-dependent systems of
energy supply in a decrease in stress resistance of an
organism and restriction of compensatory-adaptive
CNS possibilities [1, 2]. The literature data for exact
perinatal injuries, which can be responsible for the
development of oxygen-dependent hypoergy, bear wit-
ness to the advanced and developed concept. Among
such injuries are late gestosis, intrauterine fetal
hypoxia, intrauterine microinjuries of the brain that
affect the development of brainstem structures and res-
piratory center, and subclinical forms of perinatal inju-
ries of brain and cervical part of the vertebral column.
The latter injuries subsequently lead to chronic cere-
brovascular inferiority, including the gradual develop-
ment of chronic insufficiency of cerebral and spinal cir-
culation with respective disorders of adaptive behavior
of the children [3, 4]. In cooperation with neonatolo-
gists, in our study of infants after intrauterine hypoxia
or birth asphyxia, we demonstrated the role of these
factors in disorders, first of all, of the brainstem control

of wakefulness and impairment of adaptive reactions in
the early postnatal period closely associated with disor-
ders of the central regulation of the oxygen-dependent
of energy supply of organs and tissues [5, 6]. A.Yu. Rat-
ner [3, 4] discovered the mechanisms of remote conse-
quences of birth microinjuries of the cervical part of the
vertebral column resulting in early development of
chronic cerebrovascular insufficiency.

Analysis of the literature shows that the major part
of examinations of children with perinatal hypoxic-
ischemic CNS injuries was carried out at the early
stages of ontogeny [3–10]. However, even at the mini-
mal perinatal cerebral dysfunctions in newborns, early
formation of the astheno-circulatory and astheno-neu-
rotic symptom groups, light diffuse neurologic symp-
toms, moderate sensorimotor and speech disorders,
perception disorders, increased distractibility, behav-
ioral problems, immaturity of cognitive skills, and
learning difficulties were observed at subsequent develop-
mental stages (especially in the critical periods) [11–15].

Thus, the long-term studies proved that pre- and
perinatal CNS disorders produce a decrease in compen-
satory-adaptive possibilities of children from the
moment of birth and determine their poor tolerance of
sociobiological information loads and any other stress
stimuli in the following developmental periods [3–5,
15–20]. An increase in numbers of children with such
kinds of disorders, especially, during transition from
preschool to school periods, brings the threat of dysad-
aptation at early stages of social development of a child.

In the absence of manifest delays in motor and
speech development, children with minimal brain dys-
function, as a rule, become a problem for teachers and
parents only at their entering school. In this connection,
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Abstract

 

—Central disorders that determine a decrease in stress resistance and compensatory-adaptive possi-
bilities of six- to eight-year-old children with remote consequences of a perinatal hypoxic-ischemic CNS injury
were comprehensively characterized on the basis of literature data and results of the complex psychophysiolog-
ical and neurophysiological examination using complementary integral indices. The main factors responsible
for constraints of adaptive possibilities of such children at a preschool age and aggravation of the central regu-
latory disorders during the transition to school period of their life were revealed.
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there are a lot of psychological–pedagogical studies of
children’s adaptation to school loads including forma-
tion of school skills [21–26].

It is known that the common procedure of determi-
nation of child’s preparedness to school is basically
restricted by the frames of psychological-pedagogical
criteria (motivational, intellectual, and cognitive func-
tions of a child), with the exception of cases of mani-
fests developmental delays. However, the requirements
of modern education make these criteria insufficient for
neurobiological justification of school adaptation with
the maintenance of mental and physical health under
new conditions of vital activity, especially, in practice
of early teaching of junior children.

In recent years, the number of clinical-psychologi-
cal and neurophysiological investigations of minimal
brain dysfunction in children with remote conse-
quences of perinatal CNS pathology substantially
increased [8, 9, 27–33]. The active search for neuro-
physiological and neuropsychological criteria of school
dysadaptation in the first years of education is on [30–
32, 34]. Age-related features of brain mechanisms of
organization of cognitive processes and influence of
functional maturity of the cortex on the cognitive activ-
ity of a child are studied with application of EEG and
evoked potentials' techniques [33, 35–37].

Current clinical and neurobiological studies of chil-
dren (including the junior ones) both in our country and
abroad are largely focused on the attention deficit and
hyperactivity phenomenon. The contribution of studies
of other widely distributed manifestations of the mini-
mal brain dysfunction (MBD), which are responsible
for restrictions of compensatory-adaptive possibilities
of children to everyday mental and physical loads
(determined by psychological characteristics of toler-
ance and stability). Among such MBD manifestations
are hypertensive-hydrocephalic and cerebral-asthenic
syndromes, muscular dystonia etc. [29, 31, 38–43].

The present order of priorities in studying the mini-
mal brain dysfunction and the role of this factor in the
sociobiological dysadaptation of children may be con-
sidered as a stage of data accumulation, and the current
views of early development of psychosomatic disorders
in the remote period of perinatal lesions of the central
nervous system in children (including those with mild
CNS injuries more frequently of hypoxic-ischemic ori-
gin) are conflicting.

Thus, at the variety of modern medical, psychologi-
cal, and psychophysiological methods of assessment of
the state of health of children of different age groups,
investigation of physiological backgrounds of a
decrease in stress resistance in children with remote
consequences of perinatal CNS pathology is among the
burning and virtually undeveloped aspects of dysadap-
tation and early development of nervous and mental
diseases.

The aim of this work was the study of physiological
backgrounds of a decrease in sensory stability and con-

straints of compensatory-adaptive possibilities of six-
to seven- and seven- to eight-year-old children with
remote consequences of perinatal CNS pathology dur-
ing transition from the preschool to school periods of
vital activity.

METHODS

Results of complex psychophysiological and neuro-
physiological examination of 61 six- to eight-year-old
children are presented in the work. Of them, 29 children
(13 girls and 16 boys) aged six to seven were preschool-
ers and 32 children (14 girls and 18 boys) were pupils
of the first form at the age of seven to eight years.

All the children were examined because of their par-
ents' complaints of hyperactivity, restlessness, emo-
tional lability, undue fatigability, sleep disorders (prob-
lems with falling asleep, interrupted sleep), and peri-
odic headaches. Some children suffered from motor
disorders (obsessive movements, tics) and speech and
writing problems (dysarthria and dysgraphia). Half of
the examined children in early ontogeny had a diagno-
sis of perinatal encephalopathy of hypoxic or mixed
origin. In the remaining children, in the absence of this
diagnosis, the following risk factors of pre- and perina-
tal cerebral insufficiency were present: the absence of
the vagitus, cord entanglement round the neck, long
duration of the dry labor stage, incomplete pregnancy,
stimulation of delivery due to uterine inertia, cesarean
section etc.

The children were examined in the daytime (from
13 to 16 hours). The first graders were examined in dif-
ferent periods of the academic year as complaints
appeared or general state impaired. According to the
aims of the study, it was important to specify the psy-
chophysiological background of changes in the child’s
state in correlation with widening the scope of sociobi-
ological loads in subjects whose the baseline state of
health was decreased due to pre- or perinatal CNS
lesion. Psychophysiological and neurophysiological
examination was performed under comfortable condi-
tions in daylight after the child’s adaptation to situation
and personnel. A child was sitting in a comfortable
armchair.

To attain the aims of the study, we used a complex
psychophysiological approach. Developing such an
approach we were guided by the principles of comple-
mentarity and commensurability in the choice of the
integral psychological and physiological indices, which
would most comprehensively determine the informa-
tional and control functions of the CNS in regulation of
wakefulness, stress resistance, and organization of adap-
tive behavior of children of different age groups [44].

With consideration for age-related features of the
examined children, we used the index of anxiety and
psychoautonomic index in Luscher’s test as the integral
psychological indicators of emotional state and set to
active activity.
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Superslow physiological processes (SPP) were used
as a basic integral physiological index of the wakeful-
ness level and psychoemotional stability. The SPP were
recorded using a DC amplifier (Krasnodar, Russia) with
input resistance of 100 M

 

Ω

 

. EVL-1-MZ liquid nonpo-
larizing Ag/AgCl electrodes [45] were used for SPP
recording from the head and body surface (vertex—the-
nar). In the state of rest, a sign and value of a kind of
SPP, millivolt-range steady potential (

 

ω

 

-potential (OP))
were measured after reaching the plateau. The presence
and degree of psychoemotional instability and capabil-
ity for spontaneous relaxation of children in psychoe-
motional tension, or, on the contrary, development of
psychoemotional tension were judged from the differ-
ence between the initial and end values of the 

 

ω

 

-poten-
tial (

 

ω

 

i

 

 – 

 

ω

 

e

 

) before reaching the plateau, time of reach-
ing the plateau, and the character of dynamic changes
in initial values of the 

 

ω

 

-potential [46]. The amplitude,
regularity, and stability of superslow potential oscilla-
tions (SPO) with the period 

 

T

 

 = 2–4 min recorded in the
same lead were used as an indicator of spontaneous
fluctuations of realized and unconscious mental pro-
cesses. For analysis of spontaneous SPP dynamics in
the resting state we used the technique developed by
V.A. Ilyukhina 

 

et al

 

. [46, 47] (classification of type fea-
tures of changes in this index during ten-minute obser-
vation).

Stange’s test in the form of a single deep breath with
individually maximal voluntary breath holding was
used for estimation of the state of regulation of oxygen-
dependent systems of energy supply as a leading com-
ponent of stress-reaction body systems. In accordance
with the present views, the resistance to endogenous
transitory hypoxia assessed by the duration of the vol-
untary threshold apnea (VTA) is an integral physiolog-
ical index of regulation of central and peripheral links
of oxygen-dependent systems of energy supply. I.B.
Zabolotskikh [48] summarized the literature data and
the results of his own studies of the latency, direction,
and intensity of changes in the indices of central hemo-
dynamics and gas homeostasis during Stange’s test in
healthy subjects and patients with different VTA dura-
tions. In cases of short (less than 34 s), moderately
decreased (less than 55 s), long (60–90 s), and
extremely long (more than 91–95 s) VTA, the regular
differences were revealed in reactivity of the central
and peripheral chemoreceptors, reactivity of barorecep-
tors of systemic and pulmonary circulation, hemody-
namic shifts resulted from the level of reactivity of
baroreceptors and peripheral chemoreceptors, and oxy-
genation of peripheral tissues.

The results of these studies justified the use of dif-
ferent VTA durations as the integral physiological
markers of low, moderately decreased, high, and
extremely high resistance to transitory hypoxia. Com-
parisons of VTA durations during Stange’s tests with
the indices of autonomic tone, physicochemical and
energy homeostasis, peripheral oxygenation, external
and tissue respiration, system hemodynamics, and

superslow physiological processes in the vertex–thenar
lead determined physiological markers of different
types of hypoergy in healthy subjects and patients char-
acteristic of the state of fatigue at baseline normosthe-
nia (instability of decreased VTA values), metabolic
substrate-enzymatic hypoergy (VTA less than 34 s),
hypoergy due to congenital or acquired hypokinetic type
of circulation (VTA from 35 to 55 s), and hypermetabolic
hypoergy (VTA longer than 91 s) [2, 18, 48, 49].

Commonly accepted indices of the autonomic tone
(Kerdo’s autonomic index (KAI)), central hemodynam-
ics (systolic blood pressure and cardiac output), exter-
nal respiration (respiration rate), and autonomic control
of coordination between the cardiovascular and respira-
tory systems (Hildebrandt coefficient (HC)) were used
for investigation of autonomic and hemodynamic
mechanisms of the maintenance of wakefulness and
mental activation in children with remote consequences
of perinatal CNS pathology during their transition from
the preschool to school periods of education.

The state of central hemodynamics was assessed by
the integral rheoencephalographic (REG) indices of
pulse volume (PV) and vascular reactivity of verte-
brobasilar and carotid beds (head rotation tests and sin-
gle deep breath). REG was recorded by means of a
4RG-2A impedance plethysmograph in symmetrical
frontal-mastoidal and occipital-mastoidal leads.

For general estimation of the functional state of the
CNS of the examined subjects, dysfunction of their
median nonspecific brainstem structures, reactivity of
their nervous processes, and signs of irritation and sei-
zure readiness of the CNS, we used the standard multi-
channel bipolar EEG recording with the help of a Med-
icor encephalograph. The functional state of the CNS
an reactivity of the nervous processes were assessed by
the common baseline EEG characteristics in the state of
rest and during hyperventilation.

Results of the complex psychological, physiologi-
cal, and neurophysiological investigations were com-
pared with the data of anamnesis and clinical neurolog-
ical examination. A software package ANBS-2 [50] for
spectral analysis of biopotential dynamics realized at
IBM AT-486 was used for analysis of neurophysiologi-
cal processes of the brain in the ranges of EEG and
SPO. A summary-statistics method with subsequent
testing of between-group differences by Student’s test
(a Two-Sample Analysis program of STATGRAPHICS
package, vers. 2.6, Microsoft Excel (vers. 7.0a) Win-
dows 95, 1996 realized at Intel Pentium 166) was used
for statistical analysis of the results.

RESULTS AND DISCUSSION

A strong decrease in resistance to transitory hypoxia
was revealed in all examined preschoolers and school-
children with remote consequences of perinatal pathol-
ogy, which was reflected in a sharp decrease in duration
of voluntary threshold apnea (VTA) in Stange’s test



 

256

 

HUMAN PHYSIOLOGY

 

      

 

Vol. 28

 

      

 

No. 3

 

      

 

2002

 

ILYUKHINA 

 

et al

 

.

 

(

 

18.7 

 

±

 

 1.3

 

 s). In accordance with the data of such kind,
the decrease in VTA pointed to disorders of regulation
of central and peripheral links of oxygen-dependent
systems of energy supply, predominantly due to disor-
ders of regulation of the respiration system, including
tissue respiration (substrate-enzymatic hypoergy). A
sharp decrease in resistance to transitory hypoxia in the
examined children was revealed in behavioral manifes-
tations of asthenic disorders (rapid physical and mental
fatigability and a decrease in productivity and attention
stability).

Table 1 summarizes the results of the complex psy-
chophysiological studies of the wakefulness level and
psychoemotional lability (characterized by 

 

ω

 

 potential
(OP)), autonomic and hemodynamic mechanisms of
maintenance of the wakefulness level in the examined
preschoolers (six to seven years old, the first group) and
first graders (seven to eight years old, the second group)
with strongly decreased resistance to transitory
hypoxia. In preschoolers with remote consequences of
perinatal CNS pathology and low resistance to transi-

tory hypoxia, the optimal wakefulness level (OP equal
to 

 

–33.4 

 

±

 

 1.2

 

 mV) was observed in 57.1% of cases. In
24.9% of the cases, the level of wakefulness was mod-
erately (OP equal to 

 

–23.8 

 

±

 

 0.7

 

 mV) or sharply
decreased (OP equal to 

 

–17.8 

 

±

 

 

 

2.3

 

 mV). In five chil-
dren of this group (17.9%), psychoemotional tension
was revealed in the state of rest, which was reflected in a
sharp increase in negativity of the 

 

ω

 

 potential (

 

–47.1 

 

±

 

4.9

 

 mV) (Table 1, I).

As seen from Table 1, the overwhelming majority
(86.2%) of children of the first group had an impair-
ment of suprasegmental autonomic regulation of func-
tions with autonomic disorders by the sympathoadrenal
type (KAI 

 

28.6 

 

±

 

 3.4

 

), which is characteristic of sym-
pathotonic asthenics with low resistance to transitory
hypoxia [51]. The presence of autonomic dysfunction
was confirmed by the imbalance of autonomic control
of interaction between the cardiovascular and respira-
tion systems (HC equal to 

 

5.58 

 

±

 

 0.4

 

) revealed in 88.7% of
children, whereas a decreased CO (to 

 

2.31 

 

±

 

 0.2

 

 l/min) was
observed in 62% of the examined preschoolers.

 

Table 1. 

 

 Characteristics of the wakefulness level and autonomic and hemodynamic mechanisms of its maintenance in pre-
schoolers (the first group) and first graders (the second group) with remote consequences of perinatal CNS pathology and low
resistance to transitory hypoxia

Characteristics of the functional state

The first group (

 

n

 

 = 29) The second group (

 

n

 

 = 32)

 

M

 

 

 

±

 

 

 

m

 

absolute 
number %

 

M

 

 

 

±

 

 

 

m

 

absolute 
number %

I. Level of wakefulness (

 

ω

 

 plateau, mV)

low –17.8 

 

±

 

 2.3 2 7.1 –16.7 

 

±

 

 0.1 2 6.3

moderately decreased –23.8 

 

±

 

 0.7 5 17.8 –24.0 

 

±

 

 0.6 8 25.0

optimal –33.4 

 

±

 

 1.2 16 57.1 –32.0 

 

±

 

 2.8 8 25.0

high –47.1 

 

±

 

 4.9 5 17.9 –47.1 

 

±

 

 1.9 14 43.7

II. Psychoemotional instability (

 

ω

 

i

 

 – 

 

ω

 

e

 

, mV)

absent 3.5 

 

±

 

 0.8 6 21.4 2.7 

 

±

 

 2.5 12 37.5

moderately expressed

a) relaxation –13.1 

 

±

 

 0.8 11 39.3 –13.3 

 

±

 

 2.2 6 18.8

b) tension – – – 11.0 

 

±

 

 0.1 2 6.1

expressed

a) relaxation –26.0 

 

±

 

 2.1 10 35.7 –24.5 

 

±

 

 2.9 12 37.5

b) tension 30.0 

 

±

 

 0.0 1 3.6 – – –

III. Autonomic Kerdo’s index 10.2 

 

±

 

 3.1 4 13.8 10.8 

 

±

 

 4.8 10 31.2

28.6 

 

±

 

 3.4 25 86.2 31.0 

 

±

 

 3.6 22 68.8

IV. Hildebrandt coefficient

within normal range (2.8–4.9) 4.4 

 

±

 

 0.2 5 17.3 4.3 

 

±

 

 0.3 6 8.8

high 5.58 

 

±

 

 0.4 24 88.7 5.64 

 

±

 

 0.3 26 81.2

V. Minute volume of circulation, l/min

low 2.31 

 

±

 

 0.2 18 62.0 2.33 

 

±

 

 0.6 12 37.5

within normal limits (3.2–4.4) 3.49 

 

±

 

 0.21 9 31.0 3.67 

 

±

 

 0.23 14 43.8

high 6.42 

 

±

 

 0.58 2 7.0 6.7 

 

±

 

 0.4 6 18.7
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Moderately and strong expressed psychoemotional
instability in the majority of children of this group
(78.6%) as shown by SPP dynamics (

 

ω

 

i

 

 – 

 

ω

 

e

 

 was equal
to 

 

–13.1 

 

±

 

 0.8

 

 and 

 

–26.0 

 

±

 

 2.1

 

 mV, respectively) objec-
tively supplemented the evidence for psychoemotional
disorders characteristic of neurosis-like state.

Thus, the optimal wakefulness level in 57.1% of
examined preschoolers was maintained due to activa-
tion of ergotropic systems in the state of rest under con-
ditions of impairment of its suprasegmental autonomic
regulation and dysfunction of the limbical-reticular
structures.

During transition to the school period of vital activ-
ity (the second group of children), their was a sharp
(twofold) decrease in the number of children with the
optimal level of wakefulness and the number of chil-
dren with psychoemotional tension increased (43.7%
of cases versus 17.9% of preschoolers). The number of
children with decreased wakefulness level somewhat
increased (31.3% of cases versus 24.9% of preschool-
ers). The earlier revealed autonomic vascular disorders
retained in schoolchildren (Table 1, II).

Study of the type features of spontaneous dynamics
of superslow physiological processes at rest allowed us
to objectively describe the character of psychoemo-
tional disorders in preschoolers and first graders with
remote consequences of perinatal CNS pathology (see
figure and Table 2). As seen from the table, the IV and
VI types of spontaneous SPP dynamics prevailed in the
group of preschoolers (in 50.0 and 21.4% of cases,
respectively). In accordance with present knowledge,
such spontaneous SPP dynamics at rest characterizes
instability of the level of wakefulness and psychoemo-
tional lability with manifest fluctuations of conscious
and unconscious mental process [46, 52].

A clear-cut tendency for increase in the number of
children with the VI type of spontaneous SPP dynamics
in the state of rest (from 21.4 to 50.0%) characteristic
of neuroses and neurosis-like disorders [46, 52–54] was
observed during transition to the school period of vital
activity.

Among the examined children of the first and sec-
ond groups with remote consequences of perinatal CNS
pathology of hypoxic-ischemic origin, a small sub-
group of five subjects was revealed with the VII type of
spontaneous SPP dynamics, which characterized a sta-
ble decrease or increase in the wakefulness level at the
lack of response of stress-reactive systems under condi-
tions of functional or stress load [47]. This type of SPP
at rest and during loading has been found by us earlier
in newborn children with chronic impairment of brain
circulation [3]. It should be noted that the VII type of
SPP revealed in preschoolers also persisted in them
during transition to the school period of vital activity.
The clinical manifestations of chronic cerebrovascular
insufficiency in such cases could be poorly expressed.

The application of rheoencephalography and elec-
troencephalography allowed us to obtain supplemen-

tary evidence about the extent of interplay of disorders
of regulation of cerebral blood flow and changes in the
CNS functional state in children of the first and second
groups with remote consequences of hypoxic-ischemic
perinatal pathology during transition from the pre-
school to school periods of vital activity [55, 56].

REG examinations showed that in the overwhelm-
ing majority of preschoolers (90.6%), the pulse volume
(A

 

Ω

 

) in the carotid bed was at the upper boundary of
the normal range with the tendency to increase (

 

0.26 

 

±

 

0.006

 

). In these children, the precapillary vessel tone
was moderately (

 

83.5 

 

±

 

 0.44

 

, 49.0% of cases) and
sharply increased (

 

97.1 

 

±

 

 0.85

 

, 21.8% of cases).

 

II

III

IV

V

VI

VII

 

Types (II–VII) of spontaneous dynamics of superslow phys-
iological processes in the state of rest.
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A moderate decrease (0.15 ± 0.04) in the pulse vol-
ume in the vertebrobasilar bed (VBB) was found in half
of the preschoolers. In individual cases, this index of
cerebral blood flow in the VBB was sharply decreased
(0.10 ± 0.006). Increase in the tone of precapillary ves-
sels of the VBB was revealed in the majority of children
of this group. A moderate increase in the tone (83.0 ±
0.45) was observed in 52.1% of these children. Moder-
ately expressed vertebrogenic influences of a compres-
sive character were observed in half of the examined
preschoolers, which was reflected in a decrease in the
VBB pulse volume in response to head rotation to the
point of 40% of the initial values.

Thus, the REG examinations revealed a deficiency
of cerebral hemodynamics due to a decrease in pulse
volume in the VBB and compressive vertebrogenic
influences in half of the examined preschoolers with
remote consequences of perinatal CNS pathology. At
tendency to an increase in pulse volume in the carotid
bed, increase in the precapillary vessel tone was
observed in the overwhelming majority of these chil-
dren. The above listed changes in cerebral hemodynam-
ics and metabolic hypoergy persisted in the first grad-
ers. Among them, additionally, the number of children
with a weak reaction (if any) of precapillary vessels of
the carotid bed to a functional load increased (from 16
to 25%).

Features of disorders of cerebral circulation in the
VBB correlated with the changes in the brain functional
state demonstrated by the EEG examination (Table 3).
As seen from the table, deviations in the dynamics of
resting bioelectric activity from its normal age-related
characteristics were found in a half of the examined
preschoolers. Different manifestations of instability of

the CNS functional state with a pronounced dysfunc-
tion of the median nonspecific brainstem structures
were observed in 32.6% of cases. The functional state
of the CNS was decreased in 19.6% of the examined
preschoolers. In virtually all examined children of this
age the reactivity of the nervous processes during
hyperventilation was changed. This was manifested by
appearance or enhancement of long-latency polymor-
phous paroxysmal bioelectric activity in 65.2% of the
preschoolers. Under the same conditions, short-latency
generalized or focal paroxysms of epileptiform activity
appeared in 34.8% of cases. The observed changes in
brain bioelectric activity during the functional load
with hypercapnic and hypoxic components, on the one
hand, unraveled the nature of a dysfunction of the
brainstem structures and cortical-subcortical disorders
of hypoxic origin. On the other hand, the features of
changes in brain electrical activity during hyperventila-
tion and respiration delay in this children contingent
served an additional confirmation of disorders of regu-
lation of oxygen-dependent systems of energy supply
reflected in a sharp decrease in resistance to transitory
hypoxia (VTA equal to 18.7 ± 1.3 s) pointing to the
presence of substrate-enzymatic hypoergy [57].

In half of the examined preschoolers such kind of
disorders of regulation of oxygen-dependent energy
supply systems at the level of tissue respiration were
combined with deficiency of cerebral hemodynamics,
predominantly, in the vertebrobasilar bed (with the
presence of compressive vertebrogenic influences).
Disorders in regulation of the oxygen-dependent
energy supply systems determined pathological
changes in reactivity of the nervous processes reflected
in signs of increased seizure readiness during the func-

Table 2.  Features of distribution of the types of spontaneous dynamics of superslow physiological processes (SPP) in the state of
rest in preschoolers (the first group) and first graders (the second group) with remote consequences of perinatal CNS pathology

SPP type
(see figure) Physiological significance, reference

The first group The second group

(n = 28) (n = 32)

absolute 
number % absolute 

number %

II Psychoemotional instability, delayed spontaneous relaxation
at the low wakefulness level [46, 47, 54]

2 7.1 1 3.1

III Psychoemotional instability with development of emotional tension 
[46, 47, 54]

1 3.6 – –

IV Decrease and instability of the wakefulness level, psychoemotional
lability with fluctuations of conscious and unconscious mental
processes [46, 47, 52, 54]

14 50.0 8 25.0

V Phasic character of the dynamics of the wakefulness level with
development of psychoemotional tension [54]

– – 2 6.2

VI Manifest fluctuations of conscious and unconscious mental processes
at the low and high wakefulness levels characteristic of neuroses and
neurosis-like states [46, 47, 52, 54]

6 21.4 16 50.0

VII Steadily decreased or increased wakefulness level at the absence
of reaction to stress load [3, 47]

5 17.9 5 15.7
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tional load with hypercapnic and hypoxic components
(hyperventilation test).

Impairment of compensatory-adaptive mechanisms
and decrease in stress resistance in preschoolers with
pre- and perinatal disorders of regulation of the oxy-
gen-dependent energy supply systems were manifested
at the behavioral level by the features of psychological
set to activity (Table 4).

Psychoautonomic index in Luscher’s test pointed to
the set to minimization of efforts in 40.7% of the exam-
ined preschoolers. Overexcitation with increased anxi-
ety was reveled in the same contingent of children in
22.3% in cases. A set for efficient activity was revealed
only in 37% of examined preschoolers.

During transition to the school period, in the same
contingent of examined first graders with remote con-
sequences of perinatal CNS pathology the number of
children with the set to minimization of efforts almost
doubled (78.6% versus 40.7% in preschoolers), the
number of children with the set to minimization of
efforts increased (Table 4).

As follows from the obtained evidence, such
changes in psychological set can be underlain by the
following group of factors.

(1) Deepening of oxygen-dependent hypoergy due
to increase in the number of children (from 16.0 to
25.0%) with disorders of cerebral blood flow in the
form of a reduction or disappearance of reactions of
precapillary vessels of the carotid bed during functional
load against the background of persisting metabolic
hypoergy.

(2) Substantial growth of the number of children
with disorders of the central mechanisms of wakeful-
ness and emotion control. Psychoemotional tension
was revealed in 43.7% of first graders (versus 17.9% of
preschoolers). Decrease in the wakefulness level was
observed in 31.3% of the first graders (versus 24.9% in
the preschoolers).

(3) Substantial increase (twofold) in the number of
children with disorders of the central mechanisms of
emotional control with development of emotional dis-
orders at the neurotic level (the VI type of the SPP was
found in 50% of the first graders as compared to 21.4%
in the preschoolers).

CONCLUSION

Summarizing the results of the complex psycho-
physiological and neurophysiological examination
made it possible to determine supplementary integral

Table 3.  Features of changes in the functional state of the brain and reactivity of the nervous processes in preschoolers (the first
group) and first graders (the second group) with remote consequences of perinatal CNS pathology by the results of EEG study

Functional state of the CNS and reactivity of the nervous processes

The first group
(n = 46)

The second group 
(n = 34)

absolute 
number % absolute 

number %

I. The state of rest (eyes closed)

decrease in the functional state (a variant of low-amplitude EEG) 9 19.6 9 26.5

normal age variant with correct spatial distribution of the basic rhythm 22 47.8 19 55.9

instability of the functional state with a dysfunction of median brainstem
structures of different severities

15 32.6 6 17.6

II. Reaction to hyperventilation

appearance or enhancement of long-latency polymorphous paroxysmal
bioelectric activity

30 65.2 30 88.2

appearance of short-latency generalized and/or focal paroxysms of
epileptiform activity

16 34.8 4 11.8

Table 4.  Characteristics of psychological set to activity in preschoolers (the first group) and first graders (the second group)
with remote consequences of perinatal CNS pathology

Psychological set to activity Psychoautonomic
index (score)

The first group (n = 27) The second group (n = 28)

absolute 
number % absolute 

number %

Overexcitation >1.5 6 22.3 2 7.1

Set to efficient activity 1.0–1.5 10 37.0 4 14.3

Set to minimization of efforts (self-preservation) <1.0 11 40.7 22 78.6
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psychological and physiological characteristics, which
most comprehensively show the disorders in the infor-
mational and control CNS functions in regulation of the
level of wakefulness and emotional behavior as well as
in decrease in stress resistance and compensatory-adap-
tive possibilities in six- to seven-year-old and seven- to
eight-year-old children with remote consequences of
perinatal CNS pathology of the hypoxic-ischemic ori-
gin. The main factors were revealed that determine the
limitations of adaptive possibilities of this contingent of
children at the preschool age and deepen the central
regulatory disorders during transition to school period
of vital activity.

The main factors responsible for a decrease in stress
resistance in six- to seven-year-old children with
remote consequences of perinatal CNS lesion were
shown to be the following.

(1) Disorders in regulation of central and peripheral
links of oxygen-dependent energy supply systems with
predominant involvement of the respiratory system into
the pathological process, including tissue respiration
(substrate-enzymatic hypoergy). This was reflected in a
sharp decrease in the VTA in Stange’s test (18.7 ± 1.3 s) in
all the examined children.

(2) Deficiency of the central mechanisms of circula-
tion control. This was reflected is a decrease in the
minute circulation volume (in 62.0% of cases) and defi-
ciency of cerebral circulation, predominantly in the
vertebrobasilar bed (in 50.0% of cases).

(3) Inferiority or disorder of suprasegmental com-
pensatory mechanisms of autonomic regulation of
functions. In the overwhelming majority of children
(88.7%) this was manifested in circulatory dystonia of
sympathoadrenal type with a disturbed balance of auto-
nomic regulation of interaction between the respiratory
and cardiovascular systems (Hildebrandt coefficient
higher than 5.0).

(4) Dysfunction of the median nonspecific brain-
stem and limbicoreticular structures as a basis of insta-
bility of the wakefulness level with a change in reactiv-
ity of nervous processes and psychoemotional lability
in 75.0% of the examined preschoolers.

During transition from the preschool to school peri-
ods of vital activity (the first form), results of psycho-
logical testing of the examined contingent and study of
superslow physiological processes revealed a substan-
tial increase in the number of children with psychoemo-
tional tension (43.7% versus 17.9% in preschoolers) as
well as with disorders of reactivity of the nervous pro-
cesses during the functional load of hyperventilation
(from 65.2% in the preschoolers to 88.2% of cases in
the first graders) (Table 3).

At the behavioral level, among the first graders there
was a substantial increase (twofold) in the number of
children with the set to minimization of efforts and
refusal from activity under conditions of increased
sociobiological requirements due to the transition to the
school period of vital activity.

The results of the study are of great scientific and
practical importance and can be implemented in physi-
ological justification of the optimization of educational
programs and preparation for the critical periods of
child’s development (transition from the preschool and
school periods) in children with remote consequences
of perinatal CNS pathology, in development of
approaches to increasing the efficiency of performance
of learning programs with account for the individual
topological features of a decrease in the health level and
stress resistance in children with remote consequences
of perinatal CNS pathology, for detection of groups of
risk of early development of nervous and mental dis-
eases and its appropriate prophylaxis, thus decreasing
expenses for keeping invalids and patients with chronic
diseases of the nervous system.

ACKNOWLEDGMENTS

This work was supported by the St. Petersburg Sci-
entific Center of the Russian Academy of Sciences,
project no. 18, heading 2).

REFERENCES

1. Ilyukhina, V.A., Energy-Deficit States, Their Origin and
Possible Manifestations at Prenosological and Clinical
Levels, in Ilyukhina, V.A. and Zabolotskikh, I.B., Ener-
godefitsitnye sostoyaniya zdorovogo i bol’nogo che-
loveka (Energy-Deficit States of a Healthy and Ill
Human), St. Petersburg: Pechatnik, 1993, p. 8.

2. Ilyukhina, V.A., Prerequisites to and Prospects for Inves-
tigation of Physiological Problems of Energy Deficit in
Asthenic States, Fiziol. Chel., 1995, vol. 21, no. 1,
p. 150.

3. Ratner, A.Yu., Rodovye povrezhdeniya nervnoi sistemy
(Birth Injuries of the Nervous System), Kazan: Kazan
Gos. Univ., 1985.

4. Ratner, A.Yu., Pozdnie oslozhneniya rodovykh povrezh-
denii nervnoi sistemy (Late Complications of Birth Inju-
ries of the Nervous System), Kazan: Kazan Gos. Univ.,
1990.

5. Evsyukova, I.I., Ilyukhina, V.A., and Minicheva, T.V.,
Study of the Features of Dynamics of the CNS Func-
tional States and Adaptive System Reactions in Newborn
Children Using Omegametry, Sverkhmedlennye fiziolo-
gicheskie protsessy i mezhsistemnye vzaimodeistviya v
organizme (Superslow Physiological Processes and
Intersystem Interactions in a Body), Leningrad: Nauka,
1986, p. 177.

6. Minicheva, T.V., Characteristic Features of the Dynam-
ics of the Omega Potential in Healthy Newborn Children
of Different Gestation Ages and Those Who Endured
Hypoxia, Cand. Sc. (Med.) Dissertation, Leningrad,
1987.

7. Bondarenko, E.S., Shiretorova, D.Ch., and Malyshev, Yu.I.,
Narusheniya mozgovogo krovoobrashcheniya u detei
(Disorders of Brain Circulation in Children), Moscow:
Meditsina, 1983.



HUMAN PHYSIOLOGY      Vol. 28      No. 3      2002

MAIN FACTORS OF A DECREASE IN STRESS RESISTANCE 261

8. Khaletskaya, O.V. and Troshin, V.M., Minimal Brain
Dysfunction in Childhood, Zh. Nevrol. Psikhiatr. im.
S.S. Korsakova, 1998, vol. 98, no. 9, p. 4.

9. Yaremenko, B.R., Yaremenko, A.B., and Goryainova, G.B.,
Minimal’nye disfunktsii golovnogo mozga u detei (Min-
imal Brain Dysfunctions in Children), St. Petersburg,
1999.

10. Marin-Pedulla, M., Prenatal and Early Postnatal Ontoge-
nesis of the Human Motor Cortex, Brain Res., 1970,
vol. 23, no. 1., p. 167.

11. Badalyan, L.O., Zhurba, L.T., and Mastyukova, E.M.,
Minimal Brain Dysfunction in Children, Zh. Nevropatol.
Psikhiatr. im. S.S. Korsakova, 1987, vol. 78, no. 10,
p. 1441.

12. Stroganova, V.A. and Torban, B.A., Clinico-Diagnostic
Features of Brain and Spinal Lesions in Young Children,
Detskaya nevrologiya (Pediatric Neurology), St. Peters-
burg: Prognoz, 1995, issue 2, p. 31.

13. Batanova, N.A., Rehabilitation of Children with Circula-
tory Dystonia of Hypo- and Hypertonic Types, Obozre-
nie Psikhiatrii i Meditsinskoi Psikhologii im. V.M. Bekh-
tereva, 1993, no. 1, p. 104.

14. Danilov, L.Yu., Clinical Types of Functional Psychoso-
matic Disorders at Children’s and Adolescent Age, Zh.
Nevrol. Psikhiatr. im. S.S. Korsakova, 1990, vol. 90,
no. 8, p. 38.

15. Osipenko, T.N., Psikhonevrologicheskoe razvitie u
doshkol’nikov (Psychoneurological Development of
Preschoolers), Moscow: Meditsina, 1996.

16. Fox, N.A., Bell, M.A., and Jones, N.A., Individual Dif-
ferences in Response to Stress and Cerebral Asymmetry,
Devel. Neuropsychol., 1992, vol. 8, p. 161.

17. Meerson, F.Z., Adaptation to Stress Situations and
Stress-Limiting Systems of a Body, Fiziologiya adapta-
tsionnykh sistem (Physiology of Adaptive Systems),
Moscow: Nauka, 1986, p. 521.

18. Ilyukhina, V.A. and Zabolotskikh, I.B., Energodefitsit-
nye sostoyaniya zdorovogo i bol’nogo cheloveka
(Energy-deficit States of a Healthy and Ill Human), St.
Petersburg, 1993.

19. Isaev, D.N., Psikhologicheskii stress i psikhosoma-
ticheskie rasstroistva (Psychological Stress and Psycho-
somatic Disorders), St. Petersburg: LPMI, 1994.

20. Hartsough, C.S. and Lambert, N.M., Medical Factors in
Hyperactive and Normal Children: Prenatal, Develop-
mental and Health History Findings, Am. J. Orthopsy-
chiat., 1985, vol. 55, p. 190.

21. Semenovich, A.V., Umrikhin, S.O., and Tsyganok, A.A.,
Neuropsychological Analysis of Poor Learning Progress
in Pupils of Mass Schools, Zh. Vyssh. Nervn. Deyat. im.
I.P. Pavlova, 1992, vol. 42, no. 4, p. 655.

22. Luskanova, N.G., Korobeinikov, I.A., Kumarina, G.F., et
al., Diagnostika shkol’noi dezadaptatsii (Diagnostics of
School Dysadaptation), Moscow: Sotc. Zdorov’e Rossii,
1993.

23. Poborskii, A.N. and Kozhevnikova, V.S., Adaptation of
Seven-Year-Old First graders to School Learning
According to the New Education Program by a Number
of Functional Indices, Fiziol. Chel., 1997, vol. 23, no. 6,
p. 44.

24. Antropova, M.V., Borodkina, G.V., Kuznetsova, L.M.,
et al., Mental Working Ability and the State of Health of

Younger Schoolchildren Learning by Different Peda-
gogical Systems, Fiziol. Chel., 1998, vol. 24, no. 5, p. 80.

25. Klein, A.R. and Young, R.D., Hyperactive Boys in Their
Classroom: Assessment of Teacher and Peer Percep-
tions, Interactions and Classroom Behavior, J. Abnormal
Child Psychol., 1979, vol. 7, p. 425.

26. Shalev, R., Developmental Dyscalculia, New Develop-
ments in Child Neurology, Perat, M.V., Ed., Bologna:
Monduzzi Editore, 1998, p. 135.

27. Zhurba, L.T. and Mastyukiva, E.M., Minimal’naya
mozgovaya disfunktsiya u detei (Minimal Brain Dys-
function in Children), Moscow, 1980.

28. Glezerman, E.B., Mozgovaya disfunktsiya u detei (Brain
Dysfunction in Children), Moscow: Nauka, 1983.

29. Trzhesoglava, Z., Legkaya disfunktsiya mozga v detskom
vozraste (Light Brain Dysfunction ar Children’s Age),
Moscow: Meditsina, 1986.

30. Gorbachevskaya, N.L., Yakupova, L.P., Kozhushko, L.F.,
and Simernitskaya, E.G., Neurobiological Reasons for
School Dysadaptation, Fiziol. Chel., 1991, vol. 15, no. 5,
p. 72.

31. Zavadenko, N.N., Petrukhin, A.S., Manelis, N.G., et al.,
School Dysadaptation: Psychoneurological and Neurop-
sychological Study, Vopr. Psikhol., 1999, no. 4, p. 21.

32. Machinskaya, R.A., Lukashevich, I.P., and Fishman, M.N.,
Dynamics of Electrical Brain Activity in Five- to Eight-
Year-Old Children in Norm and with Learning Prob-
lems, Fiziol. Chel., 1997, vol. 23, no. 5, p. 5.

33. Farber, D.A. and Dubrovinskaya, N.V., Brain Organiza-
tion of Cognitive Processes in Preschoolers, Fiziol.
Chel., 1997, vol. 23, no. 2, p. 25.

34. Glazachev O.S. and Gavrikov, K.V., Individual Charac-
teristics of Psychophysiological Functions of Preschool-
ers during Their Adaptation to School, Fiziol. Chel.,
1992, vol. 18, no. 6, p. 116.

35. Farber, D.A. and Dubrovinskaya, N.V., Functional Orga-
nization of Developing Brain: Age-related Features and
Some Regularities, Fiziol. Chel., 1991, vol. 17, no. 5,
p. 17.

36. Dubrovinskaya, N.V., Neirofiziologicheskie mekhanizmy
vnimaniya (Neurophysiological Mechanisms of Atten-
tion), Leningrad: Nauka, 1985.

37. Bezrukikh, M.M., Machinskaya, R.I., and Sugrobova, G.A.,
Differential Influence of the Functional Maturity of the
Cortex and Brain Regulatory Structures on the Indices of
Cognitive Activity in Seven- to Eight-Year-Old Chil-
dren, Fiziol. Chel., 1999, vol. 25, no. 5, p. 14.

38. Clements, S.D. and Peters, J.E., Minimal Brain Dysfunc-
tion in the School-Age Child, Arch. Gen. Psychiat.,
1962, vol. 6, p. 185.

39. Rutter, M., Syndromes Attributed to “Minimal Brain
Dysfunction” in Childhood, Am. J. Psychiat., 1982,
vol. 139, p. 21.

40. Douglas, V.I., Attentional and Cognitive Problems,
Developmental Neuropsychiatry, Rutter, M., Ed., New
York, 1983, p. 280.

41. Callis, K.A., Grothe, D.R., and Ellia, J., Attention Deficit
and Hyperactivity Disorder, Clin. Pharm., 1990, vol. 9,
no. 8, p. 632.

42. Badalyan, L.O., Zavadenko, N.N., and Uspenskaya, T.Yu.,
Syndroms of Attention Deficit in Children, Obozrenie



262

HUMAN PHYSIOLOGY      Vol. 28      No. 3      2002

ILYUKHINA et al.

Psikhiatrii i Meditsinskoi Psikhologii im. V.M. Bekhter-
eva, 1993, no. 3, p. 74.

43. Zavadenko, N.N., Uspenskaya, T.Yu., and Suvori-
nova, N.Yu., Diagnostics and Treatment of Attention
Deficit Syndrome in Children, Zh. Nevrol. Psikhiat. im.
S.S. Korsakova, 1997, vol. 97, no. 1, p. 57.

44. Ilyukhina, V.A., Principles of Complementarity and
Commensurability as a Basis of New Technologies of
Investigations in the Field of Neurophysiology of Func-
tional States, Fiziol. Chel., 1999, vol. 25, no. 2, p. 14.

45. Ilyukhina, V.A., Dan’ko, S.G., Kir’yanova, R.E., and
Ginzburg, G.I., A Nonpolarizing Electrode for Record-
ing Biopotentials, USSR Inventor’s Certificate
no. 1369730, Byull. Izobret., 1988, no. 4.

46. Ilyukhina, V.A., Gusov, Z.Kh., and Fedorova, M.A., Psy-
chophysiological Factors of Changes in the Functional
State Affecting the Quality and Efficiency of Higher
Mental Functions of a Human, Ross. Fiziol. Zh. im.
I.M. Sechenova, 2000, vol. 86, no. 8, p. 1007.

47. Ilyukhina, V.A. and Zabolotskikh, I.B., Typology of
Spontaneous and Evoked Dynamics of Superslow Phys-
iological Processes Recorded from the Surface of Head
and Body of a Healthy and Ill Human, Kubanskii
Nauchn. Med. Vestn. (Krasnodar), 1997, vol. 23–25,
no. 1–3, p. 12.

48. Zabolotskikh, I.B., Physiological Backgrounds of Dif-
ferences in the Functional States in Healthy and Ill Per-
sons with Different Tolerance to Hypercapnia and
Hypoxia, Doctoral (Med.) Dissertation, St. Petersburg,
1993.

49. Zabolotskikh, I.B. and Ilyukhina, V.A., Fiziologicheskie
osnovy razlichii stressornoi ustoichivosti zdorovogo i
bol’nogo cheloveka (Physiological Backgrounds of
Stress Resistance of a Healthy and Ill Human), Krasno-
dar: Kuban Med. Akad., 1995.

50. Dan’ko, S.G., Comparison of Spatial Relations of Super-
slow Physiological Processes Recorded from the Head
Surface in Healthy Subjects with Spatial Relations of

Simultaneously Recorded EEG, Zh. Vyssh. Nervn.
Deyat. im. I.P. Pavlova, 2000, vol. 50, no. 5, p. 884.

51. Serebrovskaya, T.V., Sensitivity to Hypoxic and Hyper-
capnic Stimulus as a Reflection of Individual Reaction of
a Human, Pathol. Fiziol. Eksperim. Terap., 1985, no. 5,
p. 65.

52. Aladzhalova, N.A., Psikhofiziologicheskie aspekty
sverkhmedlennoi ritmicheskoi aktivnosti golovnogo
mozga (Psychophysiological Aspects of Superslow
Rhythmical Activity of the Brain), Moscow: Nauka,
1979.

53. Orlov, A.V., Clinical Aspects of Application of the
Omega Potential in a Complex Examination and Treat-
ment of Children with Bronchial Asthma, Cand. Sci.
(Med.) Dissertation, Leningrad, 1988.

54. Chernysheva, E.M., Ilyukhina, V.A., Zavolokov, I.G.,
and Skoromets, A.A., Superslow Processes and Resis-
tance to Transitory Hypoxia in Diagnosis of Astheno-
Autonomic Syndrome of Different Ethiology, Izbrannye
voprosy klinicheskoi nevrologii (Selected Problems of
Clinical Neurology), St. Petersburg: MAPO-VMA,
1999, p. 241.

55. Kozhushko, N.Yu. and Kudzilov, D.B., The Features of
the Wakefulness Level and Emotional State of Children
during Preparation and at the Beginning of Learning at
School, Materialy XXX Soveshchaniya po problemam
VND (Proceedings of the XXX Conference on the Prob-
lems of Higher Nervous Activity Kudzilov), St. Peters-
burg, 2000, vol. 1, p. 226.

56. Kozhushko, N.Yu., Matveev, Yu. K., Kudzilov, D.B., and
Fyodorova, M.A., Peculiarities of Damage of CNS
Functional State and Cerebral Hemodynamics at the
Children with Consequences Perinatal Encephalopathy,
J. Obstetrics Women’s Diseases, 1999, vol. 48, p. 87.

57. Kon’kova, A.F., Magai, I.A., Shekhaeva, O.M., et al.,
Energy Homeostasis and Human Adaptive Possibilities
under Extreme Conditions, Izv. AN SSSR. Ser. Biol.,
1987, no. 4, p. 506.


