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Background. Arterial hypertension (AH) is a serious public health problem in most developed countries. It
takes more and more attention of researchers and doctors all over the world [5, 21]. However, the role of
the microcirculation disorders and endothelial dysfunction in the pathogenesis of heart failure is still not fully
clear. Endothelium regulates not only the peripheral blood flow, but also other important functions, and the
state of tissue perfusion determines the functional reserve of the target organs in hypertensive patients [11,
16, 24].

Until 2003 the eye also considered a target organ in hypertension due to the specificity of changes in the
retina, which had prognostic value [4, 30, 36]. However, in 2003 European Society of Cardiology (ESC)
excluded eye from the list of target organs [7,B32]. At the same time, recent studies prove the existence of
a close connection of retinal vascular disorders with target organ lesions in hypertensive patients, the risk
of CHD, stroke [3, 13, 18]. Therefore, it is important to study the functional symptoms of hypertensive
retinopathy [1, 9, 29].

Therefore a comprehensive assessment of the target organs in hypertensive patients is required to
determine the severity of hypertension and the risk of cardiovascular complications, which is valuable in
prognosis [27,35].

Study Objective. This study was designed to determine the end-organ condition under the progression of
hypertension and to identify additional criteria of target organ lesion.

Materials and methods

This study presents the results of clinical and instrumental examination of 102 patients with hypertension
(Table No. 1).

Depending on the level of casual blood pressure all the subjects were divided into 3 groups according to
the degree of increase in blood pressure (BP), according to the European guidelines. Group 1 consisted of
the patients with systolic 140-159 mm. Hg and diastolic blood pressure 90-99 mm Hg. Group 2 consisted of
the patients with systolic 160-179 mm. Hg and diastolic blood pressure 100-109 mm Hg. Group 3 consisted
of the patients with systolic BP >180 mm. Hg and diastolic blood pressure >110 mm Hg.

There was no significant difference in sex an age between groups.
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Table No.1

Characteristics of examined patients

evidence Group 1 (n=34) ||Group 2(n=38) |[Group 3(n=30)
Age, years 493 +26 544+43 56.8 +3.3

Men / Women 9/25 7/31 8/22

The duration of hypertension, years 145+1.6 18.4+1.3 20.2+1.8
Quetelet index, kg /m?2 26.86 £ 0.9 30,3+1.2 30.9+0.9

Heart rate in beats per minute 68.5+1.9 71,3+1.2 706 1.7
Casual SBP, mm Hg 1451 +2.7 167.3 £ 3.2 189.1 £ 2.6
Casual DBP, mm Hg 942+24 106.7 + 1.6 114.3+1.8
Family background (%) * 94.6 66.7 51.4

Note: * - number of patients with a cardiovascular
disease in relatives

We excluded patients with heart failure, angina, high functional classes of HF, various arrhythmias and
heart defects, diabetes mellitus and other endocrine diseases, symptomatic AH and other conditions which
could affect the results of the study [19].

In addition, patients older than 60 were not included in this study because this age group develops more
generalized or focal narrowing of the retinal vessels, which does not allow to interpret changes in the retina.

All subjects signed informed consent to participate in the study.

Patients who met the screening criteria canceled prior antihypertensive therapy for 2 weeks before
inclusion. In order to control blood pressure and prevent possible complications associated with the
withdrawal of the drug, all the patients were hospitalized.

Clinical examination was conducted for 5-7 days, and then patients were prescribed antihypertensive
therapy with subsequent control of blood pressure.

All patients underwent a comprehensive examination:

1. General methods: clinical and biochemical blood tests (including uric acid, cholesterol, HDL, LDL),
urinalysis, blood glucose, oral glucose tolerance test (OGTT) coagulation (APTT, prothrombin index,
fibrinogen) 12-lead ECG.

2. Extra Methods: ambulatory blood pressure monitoring (24h BPM) [15], echocardiogram [10].
3. The study of blood and plasma viscosity, platelet-vascular hemostasis.

4. The study of endothelial function markers:

- Nitrates and nitrites blood plasma were determined by spectrophotometry.

5. Investigation of microcirculation by laser Doppler flowmetry was performed using BLF 21 device



(Transonic Systems Inc., US).
6. The study of the visual analyzer functions:
- direct and indirect ophthalmoscopy,

- electroretinography (ERG). We investigated the maximum and macular ERG to red, green and blue
stimuli, recorded with the help of electroretinography.

Statistical analysis was performed using statistical software Excel 2015 and Biostat. The nature and
closeness of the relationship of various parameters were determined by calculating the Spearman
coefficient of rank correlation [26]. In this regard, we consider weak in its value from 0 to £ 0.29, average -
from + 0.3 up to + 0.69, - strong from = 0.7 up to £ 1. If the correlation coefficient p exceeded mistake not
less than 3 times, it was considered significant.

RESULTS AND DISCUSSION
Analysis of metabolic risk factors
We have analyzed the following metabolic risk factors:

1. The level of fasting blood glucose (was measured in patients with the level of this parameter above 5.6
mmol/L, or in the presence of one or more risk factors). Patients with dysglycemia were identified: impaired
fasting glucose and impaired glucose tolerance.

2. Obesity was diagnosed, when body mass index was above 30 kg/mz2.

3. Dislipidemiya was evaluated following the Recommendations of European Society of
Cardiology/European Society of Atherosclerosis, 2012. The significant value was obtained only for
increased level of cholesterol in Group 3.

The analysis of metabolic risk factors (RF) in percentage in different groups revealed a clear pattern: with
the increase of disease severity there was an increase in the number of patients with metabolic risk factors
and increase in the percentage of patients with a combined two or three RF, which certainly indicates a
high risk of cardiovascular e in individuals in group 3. Among the combined RF dyslipidemia and obesity,
and dysglycemia and obesity were most common.

Patients were measured their uric acid, considered as one of additional risk factors. No significant changes
in this parameter were found, but Group 3 showed a tendency to improve it.

45 (44.2%) patients had such risk factors as hypodynamia and smoking history about 15.3 + 4.2 years.
Interestingly, all patients with dyslipidemia or obesity were included into this group.

Status of the central and peripheral hemodynamics
Characteristic of BP daily profile (24h BPM)

Analysis of circadian blood pressure profile showed that with an increase in the severity of hypertension
there was an increase of pathological types of "non - dippers" and "night - pickers", such as a decrease in
the physiological "dippers".

Accordingly, with the increase in the hypertension degree there was a statistically significant increase in the
average daily figures of systolic blood pressure and diastolic blood pressure, the degree of hypertension
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load, the magnitude and speed of morning rise in blood pressure, blood pressure variability, especially at
night.

Distribution of hypotensive patients based on the degree of blood pressure elevation was carried out taking
into account the measurements of office blood pressure as per the classification ESH/ ESC 2015. Our
results of 24h BPM measurements confirmed the correctness of group distribution of patients and,
therefore, the adequacy of office blood pressure values.

Characteristic morphological and functional cardiac parameters

The morphological and functional myocardial disorders were found to deteriorate with the disease
progression, as a number of patients with left ventricular (LV) remodeling increased. In Group 1 LV
hypertrophy was not been identified yet, but there was a concentric remodeling as the initial sign of the
morpho-functional LV changes in hypertension. Patients in Group 2 and Group 3 were found to have more
severe types of LV remodeling in the form of concentric and eccentric hypertrophy LV, which was
associated with an increase in the pressure load on the myocardium.

All groups had an increase in left ventricular posterior wall thickness in diastole: by 20.2% (p <0.05), 23.6%
(p <0.01), 27.0% (p <0.01) in Group 1, Group 2, and Group 3, respectively. Change in the interventricular
septum thickness in Group 1 patients was not significant, in patients of Group 2 and Group 3 it increased
by 11.7% (p <0.0 1) and 18.9% (p <0.0 1), respectively. No significant changes of LV myocardial mass was
found, but the LV myocardial mass index was increased in Group 2 and Group 3 patients by 15.8%
(P<0.05) and 10.6% (P <0.05), respectively.

Diastolic dysfunction of the left ventricle, which is known to be the earliest heart disease symptom, was
found in all groups: in Group 1 patients it was insignificant, but with an increase in the severity of
hypertension its ndegree increased. Significant changes were found only in group Group 3 in the form of
increased E/A and IVRT by 16.3% (p <0.05) and 36.4%(p <0.05), respectively.

Status of blood rheology, coagulation and platelet aggregation

No significant changes were found in coagulation parameters compared to normal values, only Group 3
showed a tendency toward an increase in the level of plasma fibrinogen.

Group 1 had no significant changes in blood viscosity parameters, but there was a decrease in the index of
red blood cells deformation by % 13.6 (p <0.05 ). Group 2 and Group 3 showed an increase in blood
viscosity at V200 by 14.7 (p <0.05 ) and 11.8 ( p <0.05 ), and a decrease in EDI by 11.8 (p <0. 05 ), and
20.0(p <0.0 1), respectively.

In group 1 minor changes in platelet-vascular hemostasis were identified in the form of increased
spontaneous platelet aggregation by 26.7 (p<0.05 ). Group 2 and Group 3 patients showed an increase in
the relative aggregate radius with spontaneous aggregation at minute 2 by 32.5% ( p <0,01)% and 36.7%
(p <0,0 1), with 0.5-uM ADP -induced aggregation of wave 1 - by 22.3% ( p <0.05 ) and 24.4% ( p <0.05 ),
and with 5.0-uM ADP - induced aggregation - by 25.8% (p <0, 05) and 27.4% (p <0.05), respectively.

Thus, with the increased hypertension degree there was a significant increase in blood viscosity and
increase in platelet aggregation, which in its turn exacerbated the changes in microvasculature and
endothelial dysfunction.

Assessment of endothelial function

Our results demonstrated the presence of endothelial dysfunction in our patients, which increased with
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greater disease severity (Table. No.3).
Table No.3

Endothelial function parameters in three groups with different degree of BP elevation

Nitrites and nitrates, um A%
Group 1 12.0 £0,03 * +23.0%*

norm 9.76 * 0,01 Group 2 413 #0.02 " S57.7%*
Group 3 4.86 #0.03 * -50.2% *

Note: p - significant differences in parameters compared to the norm:
*- P <0.05, ™ - p <0.01 (Data are shownas M+ m)

Even Group 1 patients had a significant increase in the level of nitrates and nitrites by 23.0% (p <0.05).
This is due to the increased production of cytokines by macrophages, which is caused by a genetic immune
system dysfunction, or by other factors, e.g., by high blood pressure. Cytokines induce synthesis of
inducible NO synthase (iNOS). INOS induction at early hypertension stages has a compensatory value,
because it limits the rise of blood pressure. This suggests an early impairment of endothelium as a target
organ, when blood pressure is either increased insignificantly, or its elevation is not revealed.

With an increasing of hypertension degree, we observed the opposite situation: a significant decrease in
the level of these indicators in Group 2 by 57.7% (p <0.05) and Group 3 by 50.2% (p <0.05). This may be
explained by the fact that the excess of NO inhibits the activity of endothelial NO synthase (eNOS ) and
induces vascular cell damage, therefore, there is progressive decline in endothelial NO production and
endothelium-dependent vascular relaxation.

Evaluation of the retinal functional status

Ophthalmoscopic picture was presented by vascular (arteriolar narrowing, abnormal arteriovenous chiasms
of various degrees, unevenness of arterial and venous caliber) and extravascular changes (hemorrhage,
ischemic lesions, solid exudates) ( Table No.4).

Table No. 4

Ophthalmoscopic profile in patients with hypertensive retinopathy (humber of eyes)

Diagnosis Vascular disorders Extravascular disorders Total
Group 1 45 3 48
Group 2 46 24 70
Group 3 16 28 44

T h e percentage of patients with more severe extravascular impairments increased with higher
hypertension degree.

Bioelectric activity of the retina (electroretinography)

ERG is a graphical representation of bioelectrical activity of the retina that occurs in response to light
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stimulation.

In our work, we studied the retina bioelectric activity disorders on the example of the maximum and
chromatic macular ERG.

Maximum ERG is a mixed response, and includes components of cone and rod-retinal systems.

In Group 1 most patients (90.5% of the eyes) had normal amplitude and latency of maximum ERG a - and
b -waves. In rare cases, there was prolongation of b -wave latency.

In Group 2 patients had maximum ERG profile differed from normal to super and subnormal values. In the
study group in 37.8% of cases, there was a significant, compared with the norm, extension of b-wave
latency within the range from 70 to 86 ms (at a rate of 58.7 - 64.2 ms).

In Group 3 patients the profile of the maximum ERG differed from normal to super and subnormal values
that led to the dispersion of b -wave amplitude from 205 to 345 microvolts (at a rate of 250 - 355
microvolts) . Changes have occurred in 47.4% of patients. Prolongation of b -wave latency was significant
(p <0.05) (Table. No.5) .

Table No.5

Groupl (n=42) Group2 (n=56) AG3 (n=36)
Maximum ERG

N B N B N B
The amplitude "a" 38 2 2 41 11 4 20 4 12
Latency "a" 40 - 2 42 - 14 27 - 9
The amplitude of "b" 36 2 4 33 15 8 12 14 10
Latency "b" 35 - 7 35 - 21 20 - 16

Normal (N), subnormal (7) and supernormal () ERG distribution by the number of eyes in each
group.

Thus, with higher hypertension degree there was a reduction of eye number with a normal type of ERG and
normal latency, and therefore there was a prolonged latency of pathological types.

Chromatic macular ERG allows selecting the functional macular area.

Group 1 patients macular ERG to red stimulus was subnormal, but pathological changes to green stimulus
were observed. Macular ERG with blue stimulus characterized a decrease the m amplitude of a - and b -
waves, and an increase in m latency. Increased latency ranging from 69.0 to 79.2 msec occurred in almost
half of the subjects (at a rate of 65.5 - 70.9 ms).

In group 2 macular ERG to red stimulus was subnormal. A significant decrease was observed in a- and b -
wave amplitude in the group 2, compared to group 1 (p = 0.00 ). Changed b -wave latency was also
observed. Macular ERG for green stimulus had more of the second variation of indicators: observed a
decrease in the amplitude of the a- and b -wave, and its increase. ERG blue stimulus had supernormal or
subnormal character. In 50 % of the patients showed a significant, compared with the control group
lengthening latency b -wave p <0.05) .

In patients with Group 3 subnormal character of macular ERG to red stimulus is registered in 50% of the
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results; amplitude a- and b -waves were significantly lower than in the control group and patients with
Group 1 (p = 0.005 ), but was not different from the Group 2 . ERG green stimulus was subnormal in most
cases. Among the values of the amplitude of the b -wave ERG on macular blue stimulus determined
considerable variation from 48.1 to 96.8 microvolts (at a rate of 60.2 - 84.7 microvolts), with a significant
difference from the norm (p<0.05). Lengthening latency b -wave was observed in 50 % of patients (p
<0.05).

The above-described changes in macular ERG changes are similar to those obtained in the study of the
maximum ERG: patients with an increase in the severity of hypertension revealed pathological types of
ERG and there was an increase latency b -waves as a consequence of ischemia of the retina, which
correlates with pronounced changes in the fundus.

It is necessary to test the functional and structural disorders of the target organs in clinical practice, in
particular the visual organ, because early detection of these disorders can prevent or delay the
complications of hypertension. Consequently, the data of topography and color contrast sensitivity, ERG in
our patients can be regarded as a diagnostic criterion for hypertensive retinopathy, eye disease reflects a
target organ in hypertension.

Correlation between morphological and functional characteristics of the cardiovascular system
and indicators of microcirculation in patients with varying degrees of hypertension

An analysis of the relationship of central and peripheral hemodynamics, blood viscosity, platelet
aggregation and microcirculation in patients with varying degrees of increase in blood pressure was
performed by determining the Spearman's rank correlation coefficient.

Correlation relationship between circadian blood pressure profile and microcirculation

In the process of disease progression it was observed an increased number of close links between SBP,
DBP and the microcirculation parameters.

The most interesting relationship was detected analyzing the blood pressure variability, with fewer
relationship found during the day than at night. In the night close correlation between two values was also
found, especially DBP (Table. No.6). It confirms the greater contribution of high diastolic blood pressure
during the night hours in the process of remodeling of the microvasculature.

This is important, because of an active mechanism of modulation is determined by the myogenic activity of
smooth muscle cells of precapillaries and neurogenic activity, that characterizes the vascular tone.

Thus, analyzing the relationships between central and peripheral hemodynamics, we received following
important results. With the higher degree of blood pressure, there was an increase of correlations between
the studied parameters. As the hypertension got severe, it was found greater correlation with the variability
of blood pressure and active (myogenic and neurogenic activity) and passive mechanisms regulation of
microcirculation. than with profiles of SBP and DBP. Therefore, there is a great contribution of the central
regulatory systems to the maintenance of microvascular blood flow.

Table No.6

Correlation analysis of central and peripheral hemodynamics parameters, blood viscosity, platelet
aggregation and microcirculation in patients with varying degrees of blood pressure was
performed by determining the Spearman'’s rank correlation coefficient.
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Correlation analysis of blood pressure profile and microcirculation

As the hypertension got severe, there was a tendency towards the number and strength correlations
between these parameters (Table N26).

There was correlations between the parameters of isovolumetric relaxation of the left ventricle time (IVRT)
and the E / A ratio of mitral flow peak, characterizing diastolic LV function, and results of respiratory pulse
fluctuations of blood flow, providing passive modulation of blood flow (Tab. No.6).
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Consequently, the reflected left ventricular diastolic function parameters primarily interacted with passive
mechanisms that regulated blood flow. It can be concluded that the appearance of LV diastolic dysfunction
is a predictor of hyperemic changes in the microvasculature.

Correlation analysis of left ventricle geometry parameters and microcirculation

There was an increase in a number of detected correlation relationships between the above parameters
and microcirculation measurements, as the hypertension got severe.

Correlation analysis of the left ventricle parameters mostly with active modulation of blood flow (indicators
of neurogenic and myogenic activity) showed the relationship between left ventricular remodeling and
microvasculature remodeling, which further leads to structural organ changes (Tab. No.6).

These findings indicate a high sensitivity and specificity of the method in studying the microcirculation
system.

Correlation analysis of parameters of blood viscosity and platelet aggregation and
microcirculation

As the hypertension got severe, the number and strength of correlations with indicators of platelet-vascular
hemostasis, blood rheology and microcirculation parameters was increased (Tab. No.6).

Therefore, the higher the degree of BP elevation was, the greater and closer the correlation relations were,
that suggests the progression of organ damage with disease aggrevation. This demonstrates that the
impaitment of tisue perfusion is a critical aspect for the development and further damage of target organs
in hypertension, independently of what organs they are, and microvasculature itself may be considered as
a target organ in hypertension.

CONCLUSIONS

1. With increasing severity of the disease occurs declining of morphological and functional changes in the
myocardium, and degree of impairment of left ventricular relaxation. Concentric and eccentric left
ventricular hypertrophy developed in Group 1 and Group 2, and the increase in percentage between these
two types was observed in Group 3 patients, which proves the primary effect of high blood pressure on
target organs. Minimal myocardial changes in Group 1 patients suggests that the earliest possible
diagnosis is needed to correct the target organ lesions associated with hypertension.

2. There was significant decrease in NO levels as hypotension got more severe, suggesting the
progression of the degree of endothelial dysfunction. For this reason the level of plasma nitrates and
nitrites has a great diagnostic and prognostic significance, and vascular endothelium has been identified as
a separate target organ.

3. The electroretinography revealed the increase in b-wave latency of maximum and macular ERG with the
increased degree of hypertension severity, which is also a measure of the retinal functional state.BThe
above figures may serve as diagnostic and prognostic criteria for hypertensive retinopathy. The results
prove that it is early to exclude primary retinal changes from the list of target organs in hypertension.

4. With the disease progression the rate of patients with different metabolic risk factors increases, which
also proves that there is high risk of cardiovascular events in patients with severe hypertension.

5. There were correlations found between microcirculation parameters and indicators of central and
peripheral hemodynamics, blood viscosity and platelet aggregation. With the increase in the degree of
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hypertension, the relationships found got greater in number and closer that demonstrates that organ
lesions got more severe with the disease progression. This suggests that microvasculature is an
independent target organ in hypertension.

8. The level of tissue perfusion requires comprehensive assessment, it is characterized by the
microcirculation status, platelet-and-vascular hemostasis, and endothelial function, which has a great
diagnostic and prognostic value in hypertensive patients and affects further disease progression.
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