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Abstract

The present study was conducted to examine the interaction of biochemical parameters within the blood flow, their effect on
the cerebral blood flow, as well as the mechanisms of cerebral ischemia by stable arterial hypertension. The hemodynamics
and biochemical indicators of cerebral blood flow without the additives of the extracranial blood were obtained by the
catheterization method via a probe wedged at the level of the bulb of the superior jugular vein. Sampling of the arterial blood
was done in the thoracic aorta. Correlation and factor analysis of the relationship of the biochemical substances within the
blood flow, and of the hemodynamic indicators of the cerebral inflow and outflow of blood were conducted by stable arterial
hypertension compared with similar data of the control group. The differences thus identified led to the conclusion that by
stable arterial hypertension, there is a loss of the homeostatic control of the factors determining the rheological and
thrombogenic properties of the blood involved in the formation of cerebral ischemic events. [IBM 2012; 2(2):89-95. © 2012

International Medical Research and Development Corporation. All rights reserved.
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Introduction

The general objective of our study was to
investigate the relationship of the biochemical substances
inside the blood flow, with each other and with the
hemodynamic indicators by stable arterial hypertension.
The subject of the study was chosen because the current
understanding of the interaction of the hemodynamics and
biochemistry of the intracranial and intracerebral blood
circulation with the cerebral inflow and outflow blood
indicators by hypertension lacks proper conceptual
integration.

The purpose of this paper is to establish the
relationship between the qualitative changes in the
biochemical blood composition and some factors
increasing the risk of cerebral ischemia, the possibility of
developing coagulation complications associated with
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venous blood flow by hypertension. We selected the
following hemodynamic pathway for this study: the left
ventricle — aorta (Ao) — cerebral blood flow (CBF) —
sigmoid sinus (Sin.P) - superior jugular vein (SJV) — vena
cava superior — right atrium — right ventricle, i.e., the
direction where the arterio-venous difference (AVD) in
volume % O, for the brain is established, which is the
basic indicator of the adequacy of the CBF and cerebral
metabolism.

Methods

This study, which produced all the results under
consideration, was carried out in one laboratory, using the
same methods. The data, obtained by catheterization via a
probe wedged at the level of the bulb of the superior
jugular vein, show the blood pressure levels in the cerebral
venous system, in the sigmoid sinus. The biochemical
blood samples obtained at the same time reflect the
cerebral metabolism without additives of the blood in the
extracranial veins. Catheterization of the left ventricle, the
aorta, the superior jugular vein, the superior vena cava, the
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right atrium and the right ventricle was performed, while
registering the pressure levels and sampling the blood.
Catheterization was done by the percutaneous centesis of
the right femoral artery and right femoral vein under local
anesthesia, using the Seldinger technique. A vein dilator
was used during the vein centesis. The catheter reached the
upper parts of the cardio - vascular system. The blood
pressure was recorded in the thoracic aorta. Studies were
then performed under roentgenology guidance. The results
of the studies on patients with stage 2 essential
hypertension were evaluated. All patients typically
revealed long-term, sustained hypertension, resistant to
therapy. As the preliminary analysis showed no significant
differences in the quantitative figures of hemodynamic and
biochemical parameters of the patients’ blood, the group
examined was considered homogeneous and was defined
as having stable arterial hypertension (hereafter referred to
as "H"). There were 61patients in total: men — 43, women
— 18. Age — below 20 years: 2; 20-45 years: 39, 45-60
years: 11; above 60: 9. The average age — 43.8. The
average duration of the disease was 11.5 years. All patients
underwent pre-therapeutic treatment. In the absence of any
effect, the patients were hospitalized for further
examination to determine the feasibility of the surgical
treatment. All were examined during the period of stable
high hypertension.

For a comparative evaluation of the results obtained
on examination of the patients, while using a similar
method, we received and processed the results of the
studies of 60 patients from the control group of apparently
healthy individuals (hereafter referred to as the norm-"N"),
as were earlier published in several papers. Then linear and
factor statistical analysis was performed, the results of
which were considered, while estimating the reliable
correlation coefficients (p<0.05). These results are
presented in Tables, where: M — average value of
indicator, m — confidence factor; S.P. — systolic blood
pressure, D.P. — diastolic blood pressure; P.P. — pulse
blood pressure, mean pressure — M.P., Max. — maximum,
Min. — minimum blood pressure.

Results and discussion

When evaluating the results, we considered some
provisions of the theory of regulation, which implied that
any changes in the conditions, in the case of the existence
of a parameter part of stable functioning the self-regulating
homeostatic system finds this part, while restoring the
system’s stability. The area of physiological changes
within the bounds of which, life activities remaining
optimal for the given conditions are preserved, is the norm.
Hence, for those whose bodies function under the changed
conditions (long-term hypertension), the fixation in the
"norm area" of the blood pressure levels at the outlet of the
intracranial venous system, receiving the blood from the
brain, corresponds to sustainable behavior. To determine
the limits of the norm area, we applied the limits of the
coefficient of the confidence interval obtained for each
parameter and indicator which defined the area where the
probability of the occurrence of the next indicator value
was 95%. Changes in the limits of the confidence interval
were considered a clear indicator of changes in the stability

of the system and, as a result, of its adaptive properties.

Table 1
Pressure Sigmoid sinus (N-normal, H-hypertension).
S.P. D.P. P.P. M.P.
M 10.5 8.3 2.4 9.4
N m 2.2 1.8 0.75 2.2
Max. 21 16.8 4.2 18.9
Min. 6 3.9 0.5 4.9
M 11.5 7.7 3.8 10.1
H m 3.2 2.9 1.4 3.9
Max. 22.6 19.2 7 20.4
Min. 3.9 2.1 1.3 24
Table 2
Pressure  superior  jugular  vein  (N-normal, H-
hypertension)
S.P. D.P. P.P. M.P.
M 7.3 5.5 2.1 6.7
N m 1.1 1 0.6 1.3
Max. 13.8 10.5 5.1 11.7
Min. 2.4 2 0.2 1.4
M 8.7 6.3 2.6 7.2
H m 34 3.3 1.1 32
Max. 21 14.6 6.4 15.7
Min. 2.4 0.5 1.2 2.1

These data demonstrate that by the "H", the
maximum, minimum and average levels of pressure in the
intra- and extracranial venous systems, in which the blood
is flowing from the brain, are within the norm area
characteristic for the norm. It is important to note that
achieving the level of the intracranial venous pressure
(IVP) by "H", at which point the vein changes from an
elliptical to a cylindrical shape, in cross-section (maximum
voluminous blood flow). Significantly, a constant pressure
gradient is found present between the intra- and
extracranial venous systems, despite the varying pressure
levels of SJV (the influence of intrathoracic and barometric
pressure), which is clear evidence of the formation of
Sin.P, under the effect of the SJV pressure and factors
producing it.

Table 3
Pressure in Ao (N-normal, H-hypertension).
S.P. D.P. P.P. M.P.
M 114 71 40.3 92.6
N m 4.5 3.8 3.5 5.1
Max. 147 87 65 115
Min. 90 50 21 70
M 180 101 79 137
m 31 21 22 23
H Max. 270 155 144 210
Min. 150 78 40 96

Although these data are well known, we consider it
necessary to include them for a more complete
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characterization of the material received.

Over the decades, numerous literary sources
indicated that the active regulators of cerebral blood flow
include the electrolytes, gases and acid-base indicators (1-
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concentrations of plasma electrolytes (pl.) and erythrocytes
(er.), blood gases (pO,, pCO,), acid-base composition
(ABC — pH, SV), blood proteins: hemoglobin (HDb),
fibrinogen (F-n), total protein (P-n), a-v difference O,

8). We investigated the following parameters: (AVDO,), and hematocrit (Ht).
Table 4
Biochemical composition of the blood flowing from the brain.
K K Na Na
PL | Er. PL Er. pH | pCO, | SB pO; | HbO, | Hb | Ht | F-n | P-n | ABPO;,
N M 39| 80.6 | 136.2 | 31.1 | 7.32 46 21.9 | 50.7 73 13.1 | 46 | 292 | 7.7 4.2
m 021 19 3.1 2.5 | 0.02 2 0.9 7.7 4.8 09 | 37 | 41 | 05 0.5
Max. | 5.1 | 86.3 | 146.5 | 375 | 744 62 275 | o4 85 158 | 54 | 488 | 89 72
Min. | 3.1 | 70.8 117 20 | 7.14 22 155 | 30 51 98 | 32 | 177 | 6.6 1.4
M 43 | 783 | 1322 | 287 | 731 | 454 | 234 | 52 68 124 | 45 | 329 | 7.6 43
m 14 | 44 5.8 2.6 | 0.06 7.4 7.3 9.7 6.6 14 | 36| 47 | 05 1.4
H
Max. | 9.6 | 95.2 150 | 40.5 | 7.47 61 33 68 83 162 | 59 | 444 | 89 9.6
Min. | 1.7 | 709 | 1185 | 223 | 7.09 34 15 35 55 102 | 37 | 222 | 6.5 1.7

Considering the electrolytes, let us note the
expansion of the limits of the confidence interval,
compared with the norm. These results are consistent with
the commonly known ones, where a correspondence of the
electrolytes in the norm and by "H" was observed.
Changes in the gases (O,, CO,), reflecting the qualitative
aspect of the cerebral metabolism, are insignificant, well
below the limit values, at which there could be
physiological responses of the vascular system of the
cercbral blood flow. Hb, Ht, F-n, P-n are the same for all
the parameters in both groups. While preserving the mean,
maximum and minimum values for the acid-base balance
parameters by "H", a significant change was observed to
occur in the limits of the confidence interval. However, no
difference in the mean values of AVDO,, was noted which

is clear evidence of the adequacy of the cerebral blood
flow to the cerebral metabolism.

Thus, it may be concluded that concentration
changes in the biochemical parameters examined in the
blood flowing from the brain, estimated on the basis of
average values, are insignificant in case of the "H", being
in the "norm area". At the same time, an increase in the
confidence interval was observed as compared with the
norm.

Also, it is important to consider that the expansion
of the limit of the confidence interval for the electrolytes,
Ph, SB, and blood gases (pO,, pCO,). HbO,, Hb, Ht, F-n,
P-n does not reveal significant differences between the
groups.

An expansion of the limits of the confidence

Table 5

Biochemical composition of the blood flowing to the brain
1§. Eli ‘ lljl" gf pH | pCO,| SB | pO, |HPO, | Hb | Ht | F-n | P-n
N M 3.9 80.5 135 314 | 7.37 39 22 95 94 13.1 | 458 | 294 7.5
m 0.2 2.3 35 1.9 0.02 2.4 1 1.4 1.1 1.1 2.1 45 0.5
Max. | 4.6 | 913 160 38.8 | 7.46 55 28.5 102 100 22 55 444 8.9
Min. | 29 | 663 122 | 238 | 7.21 25 15 84 83 95 36 132 5.9
M 3.8 77.8 | 1344 | 302 | 7.36 39 22 93 94 12.5 43 321 | 7.65
m 0.6 4.6 5.7 33 0.06 8.7 32 6.9 24 1.4 22 49 0.5
H Max. | 5.3 913 | 1475 | 393 7.5 67 31 100 98 16.2 50 444 8.3
Min. 2.5 70 124 244 | 7.22 25 12.5 85 88 10 37 200 6.6
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interval, beyond the "norm area", observed in most tests,
may be both, a feature of "H", and a medication effect.

It is, therefore, possible to draw a common
conclusion for the outflowing and inflowing cerebral
blood: changes in the concentrations of biochemical
substances examined were estimated by the average values
in the control group and by the "H" and found to be
insignificant, keeping within the norm. The practical
equation of the quantitative biochemical parameters in the

control group and by the "H" in the inflowing and
outflowing cerebral blood led to the assumption of
possible changes in the relationship of these substances
inside the blood flow.

The results of the study of the relationships between
the parameters under consideration, their variations and
directionality by correlation analysis are presented in the
following Tables.

The data given above show a significant difference

Table 6
Relationship in the blood flowing firom the brain (leaving the CBF)
1I><1 écr Tfl‘ Ei‘ pH SB | pO, | HBO, | HB | Ht | F-n | P-n
KEr + + - +
N Ht + +
F-n + + -
P-n + - + -
Hs -
KEr +
Ht +
H F-n - -
P-n - +
Hs + -
Table 7
Relationship in the blood flowing to the brain (inlet to the CBF system)
1151 :fr T,i‘ 1;: pH SB | pO, | HBO, | HB | Ht | F-n | P-n
KEr - + +
N Ht - + +
F-n - + - + + +
P-n + - + - - + +
Hs - + + + _
K Er - - - +
Ht - - +
H F-n + -
P-n - - +
Hs + - - -

with regard to the sets of interactions, the 1st group: the
structural parameters (K.er., Hb, Ht, P-n, F-n), were
designated by us as a "basic set of the biochemical
regulations" (BSBR), did not change during one cardiac
cycle from the 2nd group; as well as indicators, whose
quantitative values may change during one and the same
time cycle.

We considered the following differences as being
most significant.
In the blood flowing to the brain

K er. — no interaction with Na er. was identified,

which could indicate a change in the ATP activity, and a
change in the direction of the energy exchange through the
membranes. The inverted relationship of pO, was possibly
due to the changes in the function of the erythrocyte
membranes. A relationship with fibrinogen was being
established. Ht — showed an interaction with protein
retained from the first set. F-n — revealed an interaction
with the Na pl. retained, with the loss of all the other
primary interactions, which could indirectly indicate a
qualitative change in the fibrinogen by the "H". P-n —
showed an interaction with the Ht retained.



A. G. Kruglov et al. / International Journal of Biomedicine 2(2) (2012) 89-95 93

The blood flowing from the brain

K er. — a change in the whole set of interactions,
with a positive interaction established only with HbO,,
reflecting the dependence of the oxygen-bearing function
of erythrocytes and the membrane functions. Hb - a
negative interaction established with fibrinogen. Ht — loss
of the whole primary set of interactions. F-n - loss and

change of the whole primary set of interactions. P-n- loss
of the primary set, inversion of the interaction with F-n and
Na pl.

In order to establish the presence or absence of a
correlation  relationship  between hemodynamic and
biochemistry indicators, we present an analysis data of the
relevant comparisons.

Table 8
Relationship of pressure sigmoid sinus with the biochemistry of the blood flowing to the brain.
K K Na Na
Pl Er Pl Er pH | pCO; SB pO: | HBO, | HB Ht F-n P-n
Max. + - + - - - + _ _ _ +
N
Min. - + - - —+ _ _ _ +
Puls
Med. - - - + _ _ _ +
Max. - - + +
Min. - + + -
H
Puls - - -
Med. + - - - +

The following observations are made based on the
"H": inversion of the relationship with PO2 for all pressure
levels; inversion of relations with Hb for all pressure
levels; establishment of new (positive) interactions with
HbO?2 for all pressure levels. Other BSBR interactions (K
er., Hb, Het, F-n, P-n) are lost by the "H", and an inversion
of the interactions of the substances performing the plasma
(most mobile) transfer of O2, are observed as well as the
emergence of the relationships with substances engaged in
the transfer of O2 by the blood corpuscles.

Thus, normal Sin. P. pressure levels are positively
associated with the factors whose action is implemented by
means of pressure - oncotic (P-n), gas (pO,) — by
substances having the physical properties of pressure and
volume, i.e. the hydrodynamic pressure at the outlet from
the CBF system in the sigmoid sinus varies according to
the changes in the oncotic and gas pressures. By "H", the
contingency of the Sin.P pressure with P-n is lost
(evolutionarily, by an older type of pressure in
multicellular biological systems), while the inversion of
the interaction with the PO2 is seen to occur.

Compared with the P-n, normal, the interaction with
the cell surface protein (Hb), particularly with the
specialized extracellular protein (F-n) is negative. The
negative contingency with the F-n, determining the
viscosity of the blood plasma, is manifested through a
clotting substrate showing an increase in the outflow from
venous cerebral reservoirs by increasing the blood plasma
viscosity. In the presence of a fixed limit in the pathway of
the blood outflow, the pressure in the sigmoid sinus could
be a regulator of the CBF adequacy, when altering the
blood plasma viscosity. Due to the "H", the contingency of
the Sin.P. pressure with the F-n disappears, and the Hb
relationship gets inverted, which is generally termed loss

of "cooperativity" in the regulation of proteins, i.e.
narrowing of the adaptation range.

The complex of the viscous dissipation (Ht, F-n),
normal, is closely associated with the pressure levels in the
sigmoid sinus. Negative correlations reveal that by an
increase in the blood viscosity (hazard of microcirculatory
disorders) the pressure in the sigmoid sinus is reducing,
facilitating the outflow from the CBF area. Due to the "H",
the contingency of Sin.P. with viscous dissipation
indicators, characterizing the rheological properties of the
blood, is lost.

For the norm, a common feature for all the Sin.P.
levels is a set of correlations with the BSBR. Each pressure
level shows specific additional related interactions.

Due to the "H", interactions of virtually all the basic
sets of biochemical regulations are not identified, with the
other interactions observed (see table).

The most obvious change is a complete alteration in
the composition and quality of the correlation relationship
of the extracranial venous bed due to the "H". The
relationship of all SJV pressure levels with the substances
characterizing the total and plasma viscosity (Ht, F-n) in
the blood flowing from the brain either getting lost or
inverted, as well as rheological properties of the blood.
Getting lost involves the interaction with the end products
of the cerebral gas exchange determining the plasma
tension of the gases (p0,, pCO,), i.e. the whole set of
relationships with substances is changing, characterizing
the physiochemical composition of the blood flowing from
the brain. It is important to note that the set of biochemical
substances presented in this paper is a permanent
participant of the adaptive mechanisms of the human body
during acute and chronic stress conditions.

Thus, the set of correlation relationships of all the
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Table 9
Relationship of the pressure sigmoid sinus with the biochemistry of blood flowing from the brain
K K Na Na
ot | Br | pl | pe | PH | PCO: | SB | pO; | HBO; | HB | Ht | F-n | P-n
Max. - + - - - - +
N
Min. - + - + - - -
Puls
Med. - + - - - _ +
Max. + - + + +
Min. + - + +
H
Puls - - + _
Med. - - +
Table 10
Relationships of the SJV pressure levels with the biochemistry of blood flowing from the brain
K K Na Na
Pl Er Pl Er pH | pCO; SB pO: | HBO, | HB Ht F-n P-n
Max. - + - + + _
N
Min. - + - - -
Puls - - + _ +
Med. - + - - -
Max, - + + +
Min. - + + +
H
Puls + + + - - -
Med. - + + +

pressure levels at the inlet and outlet of the CBF with the
biochemical substances of the blood because of the "H" is
radically different from a similar set of relationships by
apparently healthy people. Changes in the interactions of
the Dbiochemical composition in the blood flow,
accompanied quantitatively by the same finite phenomena
(Sin.P., AVDO, for the brain, and other parameters),
indicate that this equation is achieved by the "H" in other
ways. i.e. the given pressure levels and parameters
characterizing the general exchange are maintained at a
level corresponding to the norm, by a qualitatively
changed biochemical status, qualitatively changed ways of
achieving a stable Sin.P., and AVDO, by the "H", as
compared with the norm.

Given the specific features of the correlation
analysis as a method of statistical processing, we have
largely used it as a guideline for building model
characteristics of the material analyzed, while considering
the modern ideas on the relationship of the intra- and
extracranial hemodynamics and biochemistry. These data
suggest that when normal, the hydrodynamic pressure in
the sigmoid sinus varies according to the changes in the
oncotic, gas pressure and viscosity parameters (density) of

the blood. These interactions are lost by the "H". It can be
assumed that due to the "H", the commonly observed
increase in the rigidity of the arterial vessels walls,
including the carotid siphons, and the changes mentioned
above in the biochemical blood properties are altering the
turbulent characteristics of the blood flow in the
intracerebral blood vessels. Thus, the thermodynamic
properties of the flow keep changing with a change in the
pulse pressure dissipation by the intracranial and
intracerebral vascular bed. That indicates that the
interaction between the blood flow and thus directly the
brain tissue itself is changing with regard to the parameters
characterizing the physical properties of the interacting
media, viz., the density, viscosity, the ability to utilize
energy, deformation, etc. Significantly, the
morphofunctional features of the venous section of the
cerebral vasculature must be noted, for which the density
(viscosity) is of particular importance: a significant volume
and tortuosity of the pial veins, gaps at the confluence of
the veins and venous sinuses, trabeculae, jumpers, spikes
in the lumen of venous sinuses, the presence of the carotid
siphon in the lumen of the cavernous sinus, as well as its
confluence with the veins from the sense organs, and a rich
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receptor complex. A change in the rheological properties
of the blood by the "H", the increased voluminous blood
flow in the intracranial venous bed, a growing number of
critical disturbances of a metabolic and hemodynamic
nature lead to an imbalance of blood as a metastable liquid
(4), with a sharp increase in the probability of a local
transition from the liquid aggregate condition to a
polymerized one, i.e. to the thrombosis.

The data given help us to recognize the
maintenance in the norm area of the mean values of the
examined biochemical substances by the "H", as compared
with the norm. An analysis of the correlation relationships
inside the blood flow showed a radical change in
relationships between the parameters considered and the
indicators by the "H," both at the inlet and outlet of the
CBF system, as compared with the norm. The principal
difference in the set of the correlation relationship BSBR,
including the "viscosity complex", allows us to draw a
conclusion regarding the changes in the rheological
properties of blood by the "H". It must be emphasized that,
according to the given data, when normal, the Sin.P. levels
are regulated in such a way that an increase in F-n and Ht
is accompanied by a decrease in the Sin.P. This
consequently facilitates the outflow from the cerebral
microvasculature bed, while compensating for a change in
the blood viscosity, reducing the risk of ischemia and
thrombus formation. Due to the "H", the relationships are
quite the opposite: by increasing the Ht and F-n, the Sin.P.
increases, the outflow from the cerebral microvasculature
bed hampers (boost pressure increasing). In view of the
amyous structure of the cerebral venous vessels, any
increased pressure in the veins of the pial chamber, while
obstructing the outflow from the intratissular cerebral
veins, leads to a decrease in the perfusion gradient in the
blood supply to the neurons. Thus, the excitability
threshold of the neurons may increase, accompanied and
supported by hemodynamic and metabolic disorders.
Perhaps, this mechanism is one of the ways of forming
changes in the cerebral function (both, physiological and
psychological) by the "H", the emergence of new
neurochemical properties.

Conclusions

The data presented here allows us to consider a
combination of disorders of the rheological blood
properties and venous hemodynamics as a mechanism of
ischemic disorders in the cerebral tissue. Therefore, it is
possible to assert that stable arterial hypertension, can
cause a loss of the homeostatic control of the factors
determining the rheological and thrombogenic properties
of the blood, and produce cerebral ischemic events.
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