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Vascular nervous system lesions are now the most important of all problems of clinical neurology. This is
primarily due to the high prevalence of cerebro-vascular diseases [1-3]. In economically developed countries,
mortality rate due to these diseases accounts for about 12% of all population mortality, second only to mortality
due to heart disease and tumors of all localizations. American statisticians write that the damage caused to the
state by cerebral stroke is estimated at more than 1 billion dollars a year [4-7]. Thus, the problem of prevention
and treatment of cerebral vascular lesions has become a serious not only medical but also socio-economic
problem. As a result of preventive and therapeutic measures, a tendency to reduce mortality rate due to cerebral
vascular lesions is already beginning to emerge and new encouraging prospects are opening up. Therefore, every
year more and more attention of clinicians and physiologists dealing with cerebral blood circulation in norm and
pathology is attracted to a very important non-invasive method of recording the state of cerebral vessels and
changes in cerebral circulatory dynamics - “rheoencephalography”.
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Introduction

Rheoencephalography based on registration of changes in the
variable value of electrical resistance (impedance) of organs caused
by pulse fluctuations in their blood filling at each heartbeat. Rheo-
encephalography has a number of advantages over other bloodless
methods of circulatory dynamics research [8,9]. It allows obtaining
reliable indicators on the relative intensity of blood flow, the state of
cerebral vascular tone during a completely harmless examination [10-
12]. Rheoencephalography is valuable with the application of various
functional and pharmacological tests as it helps in early diagnosis of
cerebral vascular and tumor diseases. In 1950, the first paper on the
use of rheoencephalography was published; and in 1952, this meth-
od to study cerebral circulatory dynamics in cerebral vascular lesions
was used [6]. The term “rheoencephalogram” was first proposed to
denote the curve of registration of changes in the electrical resistance
of the brain to the high frequency current passed through it [11,13-

15]. This term denotes not only impedance changes of the cerebral
hemispheres, but also of individual brain regions. The importance of
rheoencephalography is especially increasing due to the fact that this
method in some cases can compete with a rather common, but far
from safe method of contrast cerebral angiography. The angiography
technique itself, in addition to the danger it carries, alters the circula-
tory dynamics of the brain and in some cases for up to 48 hours [13].

At quantitative and visual analysis of circulatory dynamics it is
necessary to take into account on what day from the beginning of the
disease, at what time of the day, before or after meals the examination
was performed, at the same time it is necessary to pay attention to
climatic conditions of the place of residence, social status of the pa-
tient under study and the norms of REG parameters for this device.
This approach to the study of REG in vascular and tumor diseases of
the brain is not sufficiently covered neither in domestic nor in foreign
literature.
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Purpose of the Study

The present study is a continuation of the works on studying the
state of cerebral circulatory dynamics in vascular and tumor diseas-
es of the brain. Its aim is to develop new clinical and rheoencepha-
lographic possibilities in differential diagnostics of cerebral vascular
and tumor diseases.

Objectives of the Study

1) To disclose rheoencephalographic possibilities in differen-
tial diagnostics of vascular and tumor diseases of the brain in the
study of patients with regard to the above-mentioned factors.

2) Significance of correlation relations of REG parameters
in differential diagnostics of vascular and tumor diseases of the
brain of all investigated patients.

Materials and Methods

The work is based on the analysis of 122 clinical observations
of vascular and tumor pathology of the brain. Of them with cerebral
vascular diseases (cerebral atherosclerosis with transitory cerebral

Table 1: The nature of verification by groups of patients.

circulatory disorders - 62, vasomotor dystonia - 45), 15 - with brain
tumors (9 - with hemispherical, 6 - with basal location). All patients
were examined according to the principles of the Institute of Higher
Nervous Activity and the Neurology Clinic of the Faculty of Medicine,
Palacky University, Czechoslovak Socialist Republic. These princi-
ples stipulate a certain comprehensiveness, consistency, dynamism
and necessary pace in the examination of patients. The tactics of
patient management was determined on the basis of neurological
examination data, supplemented, as a rule, by scanning, pneumoen-
cephalography, electroencephalography. The nature of verification by
groups of patients is presented in Table 1. Recordings were made on a
two-channel rheograph of the “GALILEO” Company (Italy) in a shield-
ed chambser, in the patient’s supine position with closed eyes, with
breath-holding in the frontal-mastoidal lead, in the fasted state, from
8 to 10 a.m,, from the first to the third day from the disease onset.
As functional tests, turning the head to the sides, hyperventilation for
two minutes, sublingual administration of nitroglycerin 0.0005 were
used. When analyzing REG, the following parameters were consid-
ered: amplitude of the curve, duration of anacrotic limb, time of the
ascending part to the duration of the whole wave (in percent), wave
shape and the presence of asymmetry.

Groups of Patients Angiography Scanning Pneumoencephalography BioCciigxltcl?claTgata EEG Surgery Total
Cerebrovascular diseases 17 11 14 107 84 - 107
Hemispherical tumors 7 9 5 9 9

Basal tumors 6 4 5 6 6 6 6

Rheoencephalogram in form resembles a normal pulse pressure
or volume pulse curve and consists of ascending part (anacrotic
limb), apex, descending part (decaying limb) and an additional wave
on it [16]. The shape of the rheographic waveform is determined by
the steepness of the slope, the configuration of the anacrotic and cat-
acrotic phases of the curve and the nature of the apex. The top of the
REG corresponds to the point of the greatest changes in the electrical
conductivity (impedance) of the area under study [17,18]. An indica-
tor of the intensity of blood flow pulse fluctuations in the studied area
of the brain is the REG amplitude. In our studies, the value of REG
amplitude, i.e., the intensity of blood flow in the investigated brain
region, was estimated in ohms by comparing its height in millimeters
with the value of the calibration signal. In other words, the ohmic val-
ue of the rheographic index was determined [12].

When analyzing REG, great importance is attached to the dura-
tion of the anacrotic phase of the curve, as it is characterized by great
constancy and reflects the degree of the vascular wall distensibility
quite completely. The duration of the anacrotic phase, its ratio to the
duration of the entire rheographic wave, gives an idea of the state of
vascular tone, since the degree of vascular distensibility depends not
only on the elasticity, but also on the tonic tension of the vascular wall
[18]. The duration of the REG catacrotic phase is determined by the
time interval from the apex to the base of the curve. Average values of
rheoencephalographic parameters in healthy people (norm) by age
category according to Kh.Kh.Yarullin, 1967 are presented in Table 2.
Average values of rheoencephalographic parameters in healthy peo-
ple (norm) by age category according to our data are presented in
Table 3.

Table 2: Average values of rheoencephalographic parameters in healthy people (norm) by age category according to H.H. Yarullin, 1967.

. Asymmetry Amplitude H Anacrotic Decaying 0
ey s el A Factor (%) (ohm) Limb a (sec) | Limb B (sec) (%)
From 19 to 45 years Hemispheric rheoencephalograms 8.6 0.15 0.1 0.46 16.2
From 45 to 60 years and older | Hemispheric rheoencephalograms 13.7 0.13 0.12 05 17.6
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Table 3: Average values of rheoencephalographic parameters in healthy people (norm) by age category according to our data.

. Asymmetry Amplitude H Anacrotic Decaying o
G b il Avce Factor (%) (ohm) Limb a (sec) | Limb B (sec) (%)
From 19 to 45 years, 30 persons | Hemispheric rheoencephalograms 10.4 0.16 0.12 0.6 16.8
From 45 to 60 years and older, Hemispheric rheoencephalograms 15.9 0.12 0.14 0.7 18.1
30 persons
Results of the Study and in 90% of cases - decaying limb. Significant increase in the ratio of

1)  Quantitative and visual analysis of rheoencephalograms of
patients with cerebral atherosclerosis with transitory circulatory dis-
orders of the brain (Figure 1).

Average quantitative and statistical characteristics of REG param-
eters of patients with cerebral atherosclerosis with transitory cere-
bral circulatory disorders are presented in Table 4. Visually in cere-
bral atherosclerosis with transitory cerebral circulatory disorders the
irregularity of REG wave, low amplitude, and sometimes even some
increase of it are determined [19]. A sharp rounding of the curve top,
often a rough plateau is revealed, and sometimes REG acquires an
arch-shape, dicrotic wave is almost absent or smoothed and displaced
to the top. Sharp prolongation of the curve anacrotic phase duration

the duration of the anacrotic phase to the duration of the whole REG
wave is up to 27.16% on average. Very coarse hemispheric asymme-
try with large variations from 10 to 257%, with an average of 62.87%.
A pronounced venous wave. Rheoencephalograms in patients of this
group change little under the influence of nitroglycerin, indicating
organic lesion of the vascular wall [20]. The hemispheric asymmetry
in patients of this group is apparently caused by an insufficiency of
blood supply to one of the hemispheres. The clinical picture in this
group of patients was diverse: diffuse or localized headaches were in
the foreground, which had a pressing, pulsating and retching nature,
often accompanied by nausea and vomiting, head and ears noise, diz-
ziness, mainly of non-systemic character Vegetative disorders were
often observed: pallor or redness of the face, palpitations, pain in the
heart area, dry mouth, transitory amnesia.
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Figure 1.
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Table 4: Average quantitative and statistical characteristics of REG parameters of patients with cerebral atherosclerosis with transitory cere-

bral circulatory disorders.

. Statistical H Ohm QUEIEE P sec % Asymmetry
Groups of Patients Characteristics S D S D S D S D Factor, %
M 0.16 0.18 0.21 0.20 0.61 0.62 27.16 25.8 62.87
Cerebral atherosclerosis with m 007 | 008 | 006 | 006 | 012 | 011 | 95 | 9.04 60.62
transitory cerebral circulatory
disorders, 62 persons. s 001 | 001 | 001 | 001 | 001 | 001 | 12 | 114 7.69
Student’s t-test 1.41 -1.27 1.16 -1.17 -

Among the focal symptoms, the most frequently noted were sen-
sory disorders by hemitype. Motor disorders in the form of hemi-
paresis with predominant weakness in the hand. Visual disorders:
greyout, photopsia, diplopia. In blood cholesterol study, no parallel-
ism between clinical manifestations of cerebral atherosclerosis with
transitory cerebral circulatory disorders and hypercholesterolemia,
as well as with age, could not be noted. When cerebral vessels were

EMD \\f

predominantly affected, the amount of cholesterol was usually nor-
mal or did not exceed 200-220 mg%, a significant increase in choles-
terol levels was observed in patients with severe general atheroscle-
rosis and in some cases at younger ages ration up to 350-480 mg%.

2)
patients with vasomotor dystonia (Figure 2).

Quantitative and visual analysis of rheoencephalograms of

Puc. Ne 2. POI Gonbitulx BAIOMOTOPHON JMCTOHMCH.

Figure 2.

Average quantitative and statistical characteristics of REG param-
eters of patients with vasomotor dystonia are presented in Table 5.
In 23 patients with vasomotor dystonia, the unevenness of the REG
wave, normal amplitude of the curve, steep rise of anacrotic limb,
sharp apex, elongated and wavy decaying limb due to additional
waves, venous wave are visually determined on both sides, which in-
dicates high lability of cerebral vascular tone. In 17 patients of this
group the uniformity of the REG wave on both sides, slight rounding
of the curve apex due to the dicrotic wave shifted to the apex, some-
times the presence of an additional wave on the anacrotic limb, mod-
erate elongation of the decaying limb are determined. In 2 minutes

after sublingual administration of 0.0005 nitroglycerin, the REG wave
on both sides acquired almost normal shape in the first and second
cases of patients. In this case REG is characterized as in high cerebral
vascular tone. In 6 patients with vasomotor dystonia, slight elonga-
tion of anacrotic limb and decaying limb, slight rounding of the apex,
dicrotic wave at the base of the curve were noted on both sides, which
is characteristic of low cerebral vascular tone. In 2 minutes after sub-
lingual administration of 0.0005 nitroglycerin, the REG wave on both
sides did not change toward improvement, and a rough venous wave
appeared, at which time the patients complained of severe headache
with mild nausea.
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Table 5: Average quantitative and statistical characteristics of REG parameters of patients with vasomotor dystonia.

Groups of Patients Chii?jtsgi::tlics SH, o D S| = D S| P D & e D A;Zgg:ﬁzy
M 0.17 0.18 0.16 0.15 0.67 0.68 19.33 18.58 34.64
Vasomotor dystonia, 45 m 0.06 0.06 0.06 0.05 0.13 0.13 7.79 7.29 32.53
persons s 0.01 0.01 0.01 0.01 0.02 0.02 1.16 1.09 4.85
Student’s t-test 0.75 -1.38 1.68 -0.75 -

Patients in this group complained of rapid fatigability, ab- ic tumors in the homolateral side, an acute apex, a steep rise of the
sent-mindedness, memory decline, performance impairment in the anacrotic limb and a sharp decline in the beginning of the decaying
first half of the day, anxious sleep, tearfulness, pain in the heart area, limb with subsequent elongation are determined; the REG acquires
palpitations. Neurological examination revealed no symptoms of the shape of an isosceles triangle. No dicrotic waves were observed.
organic lesions of the nervous system. Uniform general increase of Venous wave. Gross hemispheric asymmetry due to high amplitude in
tendon and periosteal reflexes, trembling of fingers of outstretched the homolateral side. In 2 minutes after sublingual administration of
hands, eyelid tremor, intense dermographism, large vasomotion were  0.0005 nitroglycerin, the decaying limb was sharply elongated with
noted. No abnormalities in blood biochemical examination were ob-  the appearance of dicrotic wave shifted to the base, deep venous wave
served. appeared. The neurologic status of these patients shows hemipare-
sis with sensory impairment by hemitype and pathologic pyramidal
signs. Patients with basal location of the tumor predominantly had vi-
sual disorders and general cerebral symptoms. Rheoencephalograph-
ic signs in these patients did not differ significantly from the REG of
patients with hemispheric location of the tumor.

3)  Quantitative and visual analysis of rheoencephalograms of
patients with brain tumors (Figure 3). Average quantitative and sta-
tistical characteristics of REG parameters of patients with brain tu-
mors are presented in Table 6. Visually, in patients with hemispher-
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Figure 3.
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Table 6: Average quantitative and statistical characteristics of REG parameters of patients with brain tumors.

Groups of Statistical H Ohm e B, sec A~ Asymmetry
Patients Characteristics S D S D S D S D Factor, %
M 0.18 0.16 0.16 0.17 0.66 0.64 21.7 21.22 49.56
m 0.10 0.06 0.07 0.07 0.13 0.11 12.6 8.56 44.76
Brain tumors
s 0.03 0.01 0.02 0.02 0.03 0.03 3.14 2.21 11.56
Student’s t-test -0.71 0.86 -0.82 -0.31 -

4)  Analysis of statistical characteristics of REG parameters of
the studied patients and their correlations. Statistically significant
difference of anacrotic limb duration (o) at the significance level of P
< 0.05 in both hemispheres is well expressed only in patients of the
first group - cerebral atherosclerosis with transitory cerebral circu-
latory disorders (TCA) with the second group - vasomotor dystonia
(VD), and the first group with the third group - brain tumors (BT) in
the right hemisphere, which can be seen from Table 7. Statistically
significant difference of decaying limb duration () at the significance
level of P < 0.05 is expressed well in both hemispheres only in the first
group with the second group of patients, as can be seen in Table 8. Sta-

tistically significant difference in the ratio of the duration of anacrotic
limb to the duration of the entire wave (a/a+f* 100) at the signifi-
cance level of P < 0.05 in both hemispheres is well expressed only in
the first group with the second group of patients, as can be seen from
Table 9. Statistically significant difference in the asymmetry factor (F)
at the significance level of P < 0.05 is well expressed in the left hemi-
sphere only in the first group with the second group of patients, as can
be seen from Table 10. Statistically significant difference in amplitude
(H) at the significance level of P < 0.05 in both hemispheres between
all groups of patients is not expressed, as can be seen from Table 11.

Table 7: Statistically significant difference of anacrotic limb (&) of REG of the studied patients.

Right hemisphere
- TCA VD BT
TCA — 4.53 1.83
VD 4.37 — 1.08
BT 2.99 0.08 —
Left hemisphere
Table 8: Statistically significant difference in the decaying limb duration (3) of REG of the studied patients.
Right hemisphere
- TCA VD BT
TCA - 2.79 0.73
VD 2.56 — 1.11
BT 1.46 0.29 —
Left hemisphere

Table 9: Statistically significant difference in the ratio of the duration of the anacrotic limb to the duration of the entire wave (a/o+ * 100) in

both hemispheres.
Right hemisphere
- TCA VD BT
TCA - 4.42 1.78
VD 2.68 — 1.16
BT 1.83 0.89 —
Left hemisphere
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Table 10: Statistically significant difference in the asymmetry factor (F).

- TCA VD
VD 2.84 —
BT 0.08 1.4
Table 11: Statistically significant difference in amplitude (H) in both hemispheres.
Right hemisphere
- TCA VD BT
TCA - 0.03 0.93
VD 0.83 — 1.11
BT 0.71 0.24 —
Left hemisphere

A positive correlation was found between the same parameters
of REG of both hemispheres of all 122 patients studied, as can be
seen from Table 12. A negative correlation in both hemispheres of all
122 patients between the amplitude (H) and decaying limb () (r=-
0.02 on the left and r=-0.06 on the right), and a positive correlation
between the amplitude and anacrotic limb (a) in both hemispheres
(r=0.23 on the left and r=0.21 on the right) were found. A positive
correlation between the amplitude and the ratio of the anacrotic limb
duration to the duration of the entire wave (a/(o+f)) (r=0.15 in both
hemispheres). A negative correlation between anacrotic and decaying
limbs (r=-0.38 on the left, r=-0.32 on the right) and catacrotic limb

relative to the anacrotic limb duration to the duration of the entire
wave (o/(a+)) (r=-0.57 on the left, r=-0.6 on the right); positive cor-
relation of anacrotic limb with the ratio of the duration of anacrotic
limb to the duration of the entire wave (a/(a+f)) (r=0.74 on the left,
r=0.76 on the right. On both sides, a positive correlation of the asym-
metry factor (F) with anacrotic limb («) and (a/(a+f)), a negative one
with decaying limb and on the left - with amplitude (H) was found,
which can be seen from Table 13. The REG parameters of both hemi-
spheres of all 122 patients studied were compared and no statistically
significant differences were found. The test was based on Student’s
t-test for paired data, as can be seen from Tables 14 & 15.

Table 12: A positive correlation between the same REG parameters of both hemispheres of all 122 patients under study were found.

H

a p

REG Parameters
)

s | D s D s D

Correlation coefficient (r) 0.25

0.68 0.86 0.66

Table 13: Positive correlation of the asymmetry factor (F) with anacrotic limb (a) and (a/(a+p)), negative correlation with decaying limb and

on the left - with amplitude (H).

Right hemisphere
- H a B F
H — 0.21 -0.06 0.15 0.23
a 0.23 - -0.33 0.76 0.11
B -0.02 -0.38 - -0.60 -0.11
0.15 0.74 -0.57 — 0.09
-0.04 0.06 -0.10 0.07 —
Left hemisphere
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Table 14: Statistical characteristics according to Student’s t-test.

Statistical Characteristics H b F
S D 5 D S D S D
M 0.17 0.18 0.19 0.18 0.64 0.65 23.60 22.58 50.82
m 0.07 0.07 0.07 0.07 0.13 0.13 9.94 8.97 51.39
s 0.01 0.01 0.01 0.01 0.01 0.01 0.90 0.81 4.65
Student’s t-test 117 -1.40 1.37 -1.44 -
Table 15: Distribution of patients by age and sex.
Age Total
Male Female
from 18 to 45 years 20 36 56
from 45 to 65 years 20 23 43
65 years and older 5 18 23

Conclusion

1) The most reliable data on the visual and quantitative char-
acteristics of rheograms can be obtained in the first 24 hours
from the onset of cerebrovascular disease, taking into account the
climatic conditions of the place of residence of the patient under
study and the norms of REG parameters for each rheograph. This
expands the rheoencephalographic capabilities of differential di-
agnostics of cerebrovascular disease.

2)  For the first group of patients with TCA - cerebral athero-
sclerosis with transitory cerebral circulatory disorders - the fol-
lowing are characteristic:

. Variability in the shape of the REG peak;

. Sharp elongation of anacrotic limb and decaying limb; when
comparing the values of these parameters with the second (vaso-
motor dystonia) and third (brain tumors) groups of patients, sta-
tistically significant differences at a significance level of P < 0.05
in both hemispheres were obtained;

. Very gross hemispheric asymmetry, sometimes up to 257%,
indicating a pronounced deficiency of blood supply to the affected
hemisphere; statistically significant difference at the significance
level of P < 0.05 of the value of this parameter is well expressed
only with the second group of patients;

o Constantly pronounced venous wave characterizing cere-
bral hypertension;

. Parallelism between clinical manifestations, rheoencepha-
logram parameters and hypercholesterolemia, as well as with the
age of the first group of patients could not be noted.

3) The second group of patients with VD - vasomotor dystonia
- is characterized by:

o Absence of focal symptoms of the nervous system;

o With high vascular tone of the brain, a uniform REG wave, a
slight rounding of the peak of the curve due to a displaced dicrotic
wave and sometimes on the anacrotic limb; moderate elongation
of the decaying limb are noted;

. With lability of cerebral vascular tone, an uneven REG wave,
an elongated wave-like catacrotic limb due to additional wave,
and a venous wave are observed; after taking nitroglycerin, the
REG wave acquires a normal shape;

. With low cerebral vascular tone, a slight elongation of ana-
crotic and decaying limbs, a dicrotic wave at the base of the curve
are observed; after taking nitroglycerin, a rough venous wave
with the severe headache and nausea in the patients under study,
which may indicate difficulty in the outflow of blood, appears.

4)  The third group of patients with BT - brain tumors - is char-
acterized by:

. A steep rise in anacrotic limb, a sharp apex, a sharp decline
in the onset of decaying limb with its subsequent elongation, as a
result of which the REG wave takes the shape of an isosceles tri-
angle, which may indicate a balanced inflow and outflow of blood
from the affected area of the brain with subsequent difficulty in
the outflow of blood from the surrounding brain tissue of me-
chanical origin;

° Absence of dicrotic wave, presence of venous wave;
o Very rough hemispheric asymmetry;

. Taking nitroglycerin does not change the REG wave for the
better.

5) Statistically significant difference in amplitude at the signifi-
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cance level of P < 0.05 in both hemispheres between all groups of
patients is not expressed.

6) A positive correlation between the same REG parameters of
both hemispheres of all 122 patients under study were found.

7)  On both sides, a positive correlation of asymmetry factor
with anacrotic limb and negative with decaying limb, positive
correlation of amplitude with anacrotic limb, in all 122 studied
patients was found.

8) The REG parameters of both hemispheres of all 122 patients

studied were compared and no statistically significant differences

were found. The test was based on Student’s t-test for paired data.
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