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ABSTRACT 

The purpose of the study. To study functional-humoral markers of endothelial dysfunction and their relationship 

with the progression of CHF(chronic heart failure) in patients with postinfarction cardiosclerosis. 

Materials and methods of research: The study involved 100 patients with postinfarction cardiosclerosis (PIC) 

complicated by CHF: men aged 38-60 years (average age - 51.8±1.03 years).The patients were in the cardiology 

department of the 1st clinic of the Tashkent Medical Academy. All patients underwent ECG, EchoCG, Doppler 

ultrasonography of the brachial artery with reactive hyperemia(RH) and a nitroglycerin test(NTG), a study of 

platelet aggregation activity and the level of Willebrand factor in blood plasma. 

Results: In patients with I FC CHF, the systolic and diastolic blood flow rate in the BA(brachial artery) was 

lower compared to the control group. In patients with I FC CHF, the diameter of the BA was less by 2.4%. In 

patients with CHF, in response to an increase in blood flow rate by 125.4±5.1, the diameter of the BA increased 

by 8.7±1.0 versus 11.4±1.76% in healthy individuals. In patients with I FC, there was a decrease in 

endothelium-dependent vasodilation, the indications EIV(endothelium-independent vasodilation) of were 

14.8±2.4% versus 17.8±2.4% in healthy individuals.The pulsatile index (Pi) in patients with FC I CHF exceeded 

by 14.4, and the resistive index (Ri) by 8.8. A decrease in EDV(endothelium-dependent vasodilation) was noted 

in 68% of patients, pathological vasoconstriction - in 30%, in 2% of patients with EDV of BA persisted. There 

was a decrease in systolic blood flow rate by 28.2%, diastolic by 62% (P<0.01).In patients with b, the platelet 

aggregation activity index (PAAI) was significantly lower by 2.6 times.The level of Willebrand factor in 

patients with CHF I FC was 11.7% higher than the control. 

Conclusions: Endothelial dysfunction in patients with CHF is characterized by a decrease in EDV, pronounced 

paradoxical vasoconstriction, increased platelet aggregation activity and von Willebrand factor, which are more 

pronounced in patients with CHF III FC. 
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Relevance 
Chronic heart failure (CHF) is one of the most common, progressive and prognostically unfavorable diseases of 

the cardiovascular system, as well as one of the most frequent causes of hospitalizations [2, 12, 48, 56, 68, 

245].The most common cause of CHF is coronary heart disease (CHD), which is 54-68.6%. The suffered 

myocardial infarction, being one of the main causes of the development of CHF, is characterized by 

postinfarction remodeling of the left ventricle (LV): structural and functional restructuring of the LV and 

violation of its systolic and diastolic functions [3, 11, 14, 15, 107, 110]. The sympathoadrenal system is 

activated, which, in turn, stimulates the renin-angiotensin system and other neurohormones and mediators, 

including tumor necrosis factor, cytokines, Willebrand factor, endothelins [16, 62, 88, 131 ,170, 205, 207]. By 

the beginning of the century, the attention of clinicians was clearly focused on the role of endothelial 

dysfunction (ED) in the formation of chronic heart failure [2, 17, 19, 20, 45, 46, 180, 237]. It is proved that the 

markers of endothelial dysfunction are a decrease in endothelium-dependent vasodilation of vessels, a change in 

the content of regulatory peptides in the blood: endothelin-1, Willebrand factor [122, 151, 202, 216]. Most 

studies in this area are related to the assessment of vascular reactions in the method of endothelium-dependent 

vasodilation. At the same time, a marker of developing ED can serve as a change in the content of von 

Willebrand factor in the blood, the main source of which is endothelium [18, 99, 138, 151, 215, 246]. 
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Few studies have revealed positive correlations between LV remodeling and platelet functional activity [7, 97, 

243, 245]. Modern principles of CHF therapy, taking into account the complex and multicomponent genesis of 

the disease, require an impact on the remodeling processes of the cardiovascular system: the concept of the so-

called "reverse remodeling", in which a fundamental impact on the course and outcome of heart failure (HF) is 

possible [57, 64, 123, 159, 187]. 

 

The purpose of the study 

To study functional-humoral markers of endothelial dysfunction and their relationship with the progression of 

CHF in patients with postinfarction cardiosclerosis(PIC). 

 

Materials and methods of research 

The study involved 100 patients with PIC complicated by CHF: men aged 38-60 years (average age - 51.8±1.03 

years). The prescription of what MI suffered was 2 months to 3 years. The patients were randomized according 

to FC CHF according to the New York Classification of Cardiologists, according to the six-minute walk test 

(SWT) and according to the clinical condition assessment scale (CCAS) of patients.All patients were 

hospitalized in the cardiology department of the 1st clinic of the Tashkent Medical Academy and were 

registered in the consultative polyclinic. The diagnosis was established according to the data of clinical and 

laboratory-instrumental studies. The examination did not include patients with acute cerebral circulatory 

disorders, severe diabetes mellitus, cardiac arrhythmias, chronic obstructive pulmonary disease. 

All patients underwent an ECG, the whole complex of clinical and biochemical examinations, TSH, EchoCG. 

Dopplerography of the brachial artery with reactive hyperemia (RH) and nitroglycerin (NTG) test was 

performed, the aggregation activity of platelets and the level of Willebrand factor in blood plasma was 

studied.Determination of the Willebrand factor in blood plasma was determined using a quantitative enzyme 

immunoassay method using "RENAM" reagents on a Vidas analyzer (France). 

Study of the vasomotor function of the endothelium.The state of endothelial function was assessed by Doppler 

ultrasonography of the brachial artery according to the method of D. S. Celemajer (1992) using a test with 

reactive hyperemia and nitroglycerin [223]. Changes in the diameter of the right brachial artery were evaluated 

using a 7 MHz linear sensor with a phase array of the Acuson 128 ultrasound system (USA). The BA was 

located in the longitudinal section 4-5 cm above the elbow bend, the image was synchronized with the ECG 

wave (Fig.1). The study was carried out in triplex mode (B-mode, color Doppler flow mapping, spectral analysis 

up to of the pleurian frequency shift). Before the start of the study, the patient lay on his back for at least 10 

minutes. In the initial state, the diameter of the artery and the velocity of arterial blood flow were measured 

using spectral analysis. Then, to obtain increased blood flow around the shoulder, a sphygmomanometer cuff 

was applied (above the location of the brachial artery), it was pumped up to a pressure of 50 mm m. exceeding 

systolic blood pressure, and it was kept for 5 minutes. The absence of BA blood flow was controlled using color 

Doppler flow mapping. The diameter and velocity of the BA blood flow were measured immediately after the 

release of air from the cuff for the first 15 seconds. and after 60 seconds. After 15 min. after rest, after restoring 

the original diameter of the BA, an image of the artery was recorded at rest, the patient received sublingual 500 

mcg of nitroglycerin. The image of the artery was recorded at 1 and 3 minutes. The change in vascular diameter 

after reactive hyperemia and after taking nitroglycerin was estimated as a percentage of the initial value. The 

normal reaction of BA was considered to be its expansion against the background of reactive hyperemia by 10% 

or more of the initial diameter. A lesser degree of vasodilation and vasoconstriction was considered a 

pathological reaction. The shear stress on the endothelium was calculated according to the formula of O. V. 

Ivanova, [39]:   

 4V/D 

where: τ - shear stress, n - blood viscosity (on average equal to 0.05 ), V- maximum blood flow velocity in BA 

(cm/sec), D - diameter of BA. 

A unified indicator K was used − "sensitivity of the PA to a change in the stimulus − shear stress on the 

endothelium": 

K= (ΔD/D0)/(Δτ/τ0), 

where: ΔD is the change in the diameter of the BA, D0 is the initial diameter of the PA, Δτ is the change in the 

shear stress, τ0 is the initial shear stress.  

The following parameters were evaluated: 

● D is the diameter of the right brachial artery (BA), cm 

● D1 is the diameter of the BA after the RH test, cm 

● D2 is the diameter of the BA after the nitroglycerin test, cm 

● Vs - systolic blood flow rate in BA, m/s 

● Vd - diastolic blood flow rate in BA, m/s 

● Vsr - average blood flow rate in BA, m/s 

● Pi - pulsation index: PI=(Vs - Vd)/ Vsr , rel. units. 
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● Ri - resistive index: Ri=(Vs - Vd)/ Vs , rel. units 

● EDV= (D- D)/ Dx100% 

● EDV= (D2- D)/ Dx100% 

● K, sensitivity BA, rel. units. 

Statistical processing of the study results was carried out using the ECXEL 6.0 Windows-95 spreadsheet 

package. The parameters were described as: arithmetic mean ± standard deviation (M±SD). If the normal 

distribution law was not observed, the data were described as median ± standard deviation. With a normal 

distribution of values, intergroup comparisons of quantitative variables were carried out using the Student's 

criterion (t): for cases of equal and unequal variances. The Wilcoxon rank criterion was used to estimate the 

difference in the averages for the two groups when the numbers did not correspond to the normal distribution 

law. The data in dynamics were analyzed by the corresponding paired criteria. To analyze the dependencies of 

the features, the Pearson pair correlation coefficient (r) was calculated. 

The study was approved by the Ethics Committee of our Medical Academy. Patients were carefully informed of 

the scope and procedures of the study and gave informed written consent to participate in the study. 

The results of the study. Indicators of endothelial dysfunction assessed by the results of the vasomotor reaction 

of BA revealed that, as CHF progresses, the blood flow rate significantly decreases (Table 1). In patients with I 

FC CHF, the systolic blood flow rate (Vs) in BA was initially lower by 19.5, and the diastolic velocity (Vd) by 

35% compared with the control group. The baseline level of the average blood flow velocity was 

46.7±1.85cm/s. In patients with I FC CHF at rest, the BA diameter is 0.43±0.023 cm versus 0.41±0.02 cm in 

healthy individuals. In patients with I FC CHF, the diameter of the BA was smaller compared to the control 

group by 2.4%. Changes in the diameter of the BA on the RH in the control group occur with an increase in the 

diameter of the vessel, unlike in patients with CHF, in whom, after the compression test, the diameter of the 

vessel decreases. 

 

Table 1: Initial state of blood flow in the brachial artery  in patients with I – III FC CHF, (M ±SD) 

Indicators CG FC I FC II FC III 

D0 ,сm 0,41±0,02 0,43±0,023 0,38±0,047** 0,33±0,010** 

D1 ,сm 0,45±0,02 0,47±0,027 0,41±0,049** 0,34±0,017** 

D2 ,сm 0,47±0,02 0,49±0,022 0,43±0,022** 0,37±0,012** 

Vs ,сm/s 92,14±3,77 74,40±2,1 67,1±1,91 66,3±3,05 

Vd, сm/s 29,43±3,85 19,0±1,82 14,8±1,47 11,2±1,22 

Vm, сm/s 60,79±3,59 46,7±1,85 40,95±1,55** 38,75±1,86* 

Ri, rel.units 0,68±0,03 0,74±0,02 0,78±0,019 0,83±0,017 

Pi, rel.units 1,04±0,07 1,19±0,05 1,28±0,05 1,42±0,049 

EDV, % 11,4±1,76 8,7±1,0 7,2±1,1** 5±3,9** 

EIV,% 14,8±2,4 14,0±2,29 12±3,14** 12,8±4,71** 

0, dyn/cm² 29,8±1,91 28,1±1,6 31,1±4,5** 34,8±4,9** 

1, dyn/ cm² 54,18±4,04 53,9±3,3 54,7±6,3** 59,9±4,2** 

К, rel. units. 0,14±0,03 0,10±0,013 0,07±0,012** 0,05±0,043** 

Note: significant difference from the control: * P<0.05; ** P<0.01 

*CG-control group 

*EIV-Endothelin-independent vasodilation 

 

In patients with CHF, in response to an increase in blood flow rate by 125.4±5.1, the diameter of the BA 

increased by 8.7±1.0 versus 11.4±1.76% in healthy individuals. Endothelium-dependent vasodilation was 

11.4±1.7% in the control group, and in patients with I FC there was a decrease in this indicator by 23.6 and 

25.4% compared with the control group. The indicators of EIDV(Endothelium-independent vasodilation) were 

14.8±2.4% versus 17.8±2.4% in healthy individuals.The pulsative index (Pi) initially exceeded the control by 

14.4 in patients with CHF I FC, and the resistive index (Ri) by 8.8. 

The shear stress was measured before and after the RH sample (0 and 1 ), the level of which (t0) slightly 

differed from the control, and t1 was significantly lower by 7% of the CG index. As for the sensitivity of the BA 

to shear stress, i.e. the ability of the BA to vasodilation, in patients with I FC CHF, it was significantly lower 

than the control by 28.6%. 

At II FC CHF, the diameter of the BA decreased by 7.3 from the control. There was a decrease in systolic blood 

flow rate in the BA by 27.4%, as well as diastolic blood flow rate by 49.7 (P<0.01) compared with the control 

group. The average blood flow rate in patients with FC II CHF was reduced by 32.6 compared to the data of 

healthy individuals.Analysis of the initial indicators of the resistive index revealed that in patients with CHF II 
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FC, this indicator was significantly higher compared to the control by 14.7. Initially, the pulsative index in these 

patients exceeded the indicators of the control group by 23.3% (P <0.01). 

The diameter of the BA after the RH test increased in the control group by 11.4 ± 1.76%. In patients with CHF, 

in response to an increase in blood flow rate by 117.8 ±6.4, the diameter of the BA increased by 7.2± 1. In the 

phase of reactive hyperemia(RH), patients had an increase in the diameter of the BA to 0.41±0.049 cm, versus 

0.45±0.02 in healthy individuals. The indicators of EDV in patients with FC II CHF were significantly lower by 

36.8% (P<0.001), and EIV exceeded it by 9.9% compared to the values of the control group. The baseline level 

of τ0 and τ1 was 31.1±4.5 din/cm2 and 54.7±6.3 din/cm2 versus 29.8±1.91 and 54.2±4.04 din/cm2 in healthy 

individuals. Initially, the BA sensitivity index to shear stress in patients with CHF II FC was reduced by 28.5% 

from the control group. 

In patients with FC III CHF, a serious violation of EDV was found, indicating a sharp deterioration in the 

functional state of the endothelium.Its decrease was noted in 68% of patients, pathological vasoconstriction - in 

30%, only 2% of patients with EDV of BA persisted. There was a significant decrease in systolic blood flow 

rate by 28.2%, diastolic by 62% (P<0.01) from the control group. There was a decrease in the average blood 

flow rate in patients with III FC CHF by 36.2% compared with the data of healthy individuals, amounting to 

38.7± 1.84 cm/s. The diameter of the BA was lower by 19.5%. At the III FC of CHF, the EDV was 5±3.9%, 

versus 11.4±1.7%, i.e. there was a decrease in this indicator by 56.52% (P<0.001). The pulsative index initially 

in patients with FC III CHF exceeded the indicators of the control group by 36.5% (P<0.01). Analysis of the 

resistive index data showed that this indicator was 29.6% higher (P<0.05) compared to the control group. In 

patients with FC III CHF, there was a marked decrease in the BA sensitivity to shear stress - by 64.3% 

(P<0.001) from the control group (Table 1). 

The change in the diameter of the BA after the test with nitroglycerin is a functional and morphological 

substrate of endothelin-dependent vasodilation (EDV). In patients, the indicators of EIV were 14± 2.29; 14.2± 

4.5 and 15.8± 5.2%, respectively, FC. In patients with FC III CHF, the shear stress at rest and after RH 

significantly increased by 1.2 times from the norm. Assessing the relationship between the severity of CHF and 

the severity of endothelial dysfunction, we found that all patients with CHF had endothelial dysfunction, and its 

severity increased with the progression of CHF. 

A study of the functional activity of platelets in the first FC of CHF showed that in patients with b, the platelet 

aggregation activity index (PAAI) was significantly lower by 2.6 (Table 2) than in healthy individuals, 

amounting to 1.85±0.94 mmol of ADP versus 4.72±0.22 mmol of ADP. The platelet aggregation rate (Vagr) in 

was 1.79±0.52cm/min versus 0.34±0.5cm/min in healthy individuals, i.e. there was a significant increase in the 

aggregation rate by 5.2 times compared with the control. The maximum aggregation amplitude (Amax) was also 

significantly high, 4.8 times higher than in healthy individuals and was 2.43±0.46cm versus 0.5±0.21 cm. 

In patients with FC II CHF, the decrease in PAAI was more pronounced - 2.7 times from the control. There was 

an increase in Vagr by 5.5 times (P<0.01) than the indicators of the control group, amounting to 1.89±0.13 

cm/min, versus 0.34±0.5 cm/min. There was also an increase in Amax by 5.6 times (P<0.01) amounting to 

2.84±0.46 cm, versus 0.5±0.07 cm in healthy individuals. 

 

Table 2: Baseline indicators of ADP-induced platelet aggregation in patients of the first and second groups I – 

III FC CHF, (M±SD) 

Groups of patients V agr,сm/min Аmax, cm PAAI, mkmol ADP 

Control 0,34±0,5 0,5±0,07 4,78±0,22 

FC I 1,79±0,52 2,43±0,46 1,85±0,94 

FC II 1,89±0,13 2,84±0,46 1,78±1,28 

FC III 2,9±0,47 3,5±0,53 1,5±1,60 

 

The progression of CHF further disrupted the studied indicators. At III FC CHF, the decrease in PAAI from 

control was 3.2 times (P<0.001), amounting to 1.5 ± 1.60 mmol of ADP. The increase in the indicators of Vagr 

and Amax is 8.5 times (P<0.001) and 7 times (P<0.001). An integral marker in the formation of ED(endothelial 

dysfunction) is the activity of the von Willebrand factor. Its initial level in patients with CHF I FC was 11.7% 

higher than the control, amounting to 125.6 ± 5.30%, versus 112±13.9% in healthy individuals. In patients with 

FC II CHF, there was a significant increase in the level of von Willebrand factor(VWF), compared with the 

indicators of the control group by 40.5%. The baseline level of VWF in patients with CHF II FC was 158± 

3.46%.In patients with CHF III FC, this indicator was significantly higher by 51.4% (P<0.001) than in the 

control group, amounting to 170.2±6.37%. Consequently, the level of VWF determined in blood plasma in 

patients with CHF depends on the degree of functional class, its greatest values are observed in patients with III 

FC (Fig. 1). 

Thus, we found that endothelial function is impaired in patients with I-III FC CHF. This is expressed by a 

decrease in EDV, blood flow velocity indicators, paradoxical vasoconstriction, a decrease in endothelial 

sensitivity to shear stress, as well as an increase in vascular tone, platelet aggregation ability and the level of 
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FFV in blood plasma. In addition, an increase in vascular tone and vascular resistance, deterioration of 

vasorelaxation properties of the endothelium and, as a consequence, a decrease in the ability of the artery to 

vasodilation, is directly related to LV remodeling processes, which are especially pronounced in patients with III 

FC CHF. 

 

 
Fig. 1. Comparison of initial indicators of VWF in patients with CHF I-III FC 

 

DISCUSSION 

The problem of chronic heart failure is caused by the steady increase in its frequency, the continuing high 

morbidity and mortality, and the significant cost of treatment of decompensated patients [1, 12, 68].The 

complex of changes occurring in the heart after myocardial infarction, Preffer M. and Braunwald E. 

characterized as "postinfarction LV remodeling". Neurohumoral factors play an important role in the 

pathogenesis of LV: supporting cardiac output, they thereby cause energy imbalance and dysfunction of 

cardiomyocytes, which eventually leads to pronounced systolic dysfunction [200, 225, 229]. 

A long-term study of the cardiovascular system in normal and pathological conditions has shown that vascular 

homeostasis is largely supported by the normal operation of the vascular endothelium - a thin semi-permeable 

membrane separating the systemic blood flow from the internal structure of the vascular wall. Disruption of the 

vascular endothelium leads to impaired vasomotor tone, local and systemic spastic reactions, thrombosis, 

vascular remodeling and progression of CHF. With CHF, the endothelium cannot produce nitric oxide to meet 

metabolic needs, EDV is affected, the stimulated release of nitric oxide to acetylcholine, and bradykinin 

decreases. The state of the endothelium is characterized as a dysfunction, manifested by a decrease in vascular 

dilation and an increase in vasoconstriction, activation of the cytokine system and a violation of thrombosis 

resistance of the vascular wall. [2, 9, 17, 133, 145]. 

We examined 100 men with PIC, complicated by CHF, aged 40-60 years. The patients were randomized into 

groups of FC CHF according to the New York Classification of Cardiologists according to SWT, 

CCAS.Progression of clinical signs of HF in patients with PIC was accompanied by a violation of endothelial 

function. In CHF, it is very important to assess the functional and humoral markers of endothelial dysfunction - 

a decrease in EDV, an increase in platelet aggregation activity, tumor necrosis factor, cytokines, von Willebrand 

factor, endothelins [2, 4, 80]. 

The vasodilating function of the endothelium was evaluated by the parameters of blood flow BA, with a 

breakdown of RH and NTG. This method is based on the Ostroumov-Bayliss reflex: large vessels react to shear 

stress by vasodilation, reflex spasm and pressure restriction on the capillary wall are observed in resistive 

vessels. 

To assess the vasodilating function of the endothelium, we studied the parameters of blood flow in the brachial 

artery with an assessment of endothelium-dependent and endothelium-independent vasodilation. In patients with 

I FC CHF, the diameter of the BA was 2.4% smaller compared to the control group. Systolic blood flow rate 

(Vs) in BA was significantly lower by 19.5% (P<0.01), and diastolic velocity (Vd) by 35% compared to the 

control group (P<0.01). Analysis of the initial data of the resistive index Ri – reflecting the state of resistance to 

blood flow distal to the measurement site, showed that in patients with I FC, CHF was significantly higher 

compared to the control group by 8.8% (P<0.01). The pulsatile index, indirectly reflecting the tone of the vessel, 
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exceeded the indicators of the control group by 14.4% (P<0.01). Endothelium-dependent vasodilation was 

11.4±1.7% in the control group, and in patients with I FC, this indicator decreased by 23.6% compared with the 

control group. In patients with FC II CHF, there was a decrease in the diameter of the BA by 7.3%, compared 

with the indicators of the control group. There was a decrease in systolic blood flow rate in BA by 27.4%, and 

diastolic blood flow rate by 49.7% (P<0.01) compared to the control group. The average blood flow rate in 

patients with FC II CHF was reduced by 32.6 % compared to the data of healthy individuals.Analysis of the 

initial indicators of the resistive index revealed that in patients with CHF II FC, this indicator was significantly 

higher compared to the control by 14.7%. And the pulsative index initially in these patients exceeded the 

indicators of the control group by 23.3% (P < 0.01). There was a decrease in EDV by 36.8% compared to the 

control group. Initially, the BA sensitivity index to shear stress in patients with CHF II FC was reduced by 

28.5% from the control group. 

At the III FC of CHF, serious EDV disorders were noted, indicating a sharp deterioration in the functional state 

of the endothelium: in the III FC of CHF, EDV decreased in 68% of patients, pathological vasoconstriction was 

detected in 30%, and only 2% of EDV BA persisted. There was a significant decrease in systolic blood flow rate 

by 28.2%, diastolic by 62% (P<0.01) from the control group. There was a decrease in the average blood flow 

rate in patients with III FC CHF by 36.2% compared with the data of healthy individuals, amounting to 38.7± 

1.84 cm/s. The diameter of the BA was lower by 19.5%. At the III FC of CHF, the EDV was 5±3.9% versus 

11.4±1.7%, i.e. there was a decrease in this indicator by 56.5% (P<0.001). The pulsative index initially in 

patients with FC III CHF exceeded the indicators of the control group by 36.5% (P<0.01). Analysis of the 

resistive index data showed that this indicator was 29.6% higher (P<0.05) compared to the control group. In 

patients with FC III CHF, there was a marked decrease in the BA sensitivity to shear stress - by 64.3% 

(P<0.001) from the control group. 

The change in the diameter of the BA after the test with NTG is a functional and morphological substrate of 

endothelin-dependent vasodilation (EDV). At the same time, almost the same reaction to vasodilation was 

observed in all patients. The indicators of EIV were 14± 2.29; 14.2± 4.5 and 15.8±5.2%, respectively, FC. 

Perhaps this is due to the processes of vascular remodeling in CHF: the predominance of the vasoconstrictor 

reaction during the RH test and the resulting decrease in NO production. And the exogenous introduction of NO 

made up for its deficiency, increasing vasodilation during the test with NTG (SchoemeN., 2001; Buvaltsev V.I., 

2004; Sitnikova M.Yu., 2005). 

One of the humoral markers characterizing the function of the endothelium is the determination of the functional 

activity of platelets. According to many studies in patients with CHF, there is an increase in platelet aggregation 

activity [33, 96]. 

The results of the study of platelet functional activity in patients with CHF I FC showed that in patients, platelet 

aggregation activity (PAA) was significantly 2.6 times higher than in healthy individuals, amounting to 

1.85±0.94 mmol of ADP, respectively, versus 4.72±0.22 mmol of ADP. The initial platelet aggregation rate 

(Vagr) was 1.79±0.52 cm/min, versus 0.34±0.5 cm/min, and the maximum amplitude (Amax) was 2.43±0.46 

cm, versus 0.5±0.07 cm. There was a significant increase in the aggregation rate by 5.2 times and the maximum 

aggregation amplitude by 4.8 times, compared with the CG data. At FC II, CHF PAA was 2.7 times lower, and 

the platelet aggregation rate and maximum amplitude were 5.5 times and 5.6 times higher than in healthy 

individuals. Similarly, but more pronounced, the indicators changed at III FC CHF: PAA was 3.2 times 

(P<0.001) less than in healthy individuals, the platelet aggregation rate and maximum amplitude were 8.5 and 

5.5 times higher (P<0.02). 

Thus, the analysis of platelet functional activity showed a more pronounced increase in platelet aggregation 

activity in patients with CHF III FC. 

 

CONCLUSIONS 

Endothelial dysfunction in patients with CHF is associated with the progression of the disease and is 

characterized by a decrease in EDV, pronounced paradoxical vasoconstriction, increased platelet aggregation 

activity and von Willebrand factor secretion, which are more pronounced in patients with CHF III FC. 
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