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Abstract:  

The pathological processes leading to CHF are numerous, among which 

coronary heart disease is the most widespread. There are several types of coronary 

heart disease, and in almost all cases, it can be complicated by CHF. Several factors 

are involved, including: the sympathoadrenal system, the renin-angiotensin-

aldosterone system, the systolic and diastolic function of the heart, the catecholamine 

system, the humoral system, renal functional activity, and several other factors and 

systems are closely related. Among these, the functional state of the cardiovascular 

system plays a very important role in the pathogenesis of CHF. Although several 

studies have been conducted considering the functional state of the cardiovascular 

system, none have developed a clear algorithm for optimizing the treatment of 

patients suffering from chronic heart failure while taking into account the functional 

state of the cardiovascular system. This indicates the high relevance of this topic. 

Аннотация:  

СЮЕ га олиб келадиган патологик жараёнлар бир қанча бўлиб, улардан 

энг кенг тарқалгани юрак ишемик касаллиги ҳисобланади. Юрак ишемик 

касаллигининг бир қанча турлари мавжуд бўлиб, деярли барча ҳолатда СЮЕ 

билан асоратланиши мумкин. Бунда бир қанча омиллар, жумладан: 

симпатоадренал тизим, ренин ангиотензин альдостерин тизими, юракнинг 

систолик ҳамда диастолик фаолияти, катехоламин тизими, гуморал тизим, 

буйрак функционал фаолияти ва бошқа бир қанча омил ва тизимлар фаолиятига 

чамбарчас боғлиқ. Булар орасидан юрак қон томир функционал ҳолати СЮЕ 

патогенезида жудаям муҳим рол ўйнайди. Гарчи, юрак қон томир функционал 

ҳолатини инобатга олиб бир қанча тадқиқотлар ўтказилган бўлсада, уларнинг 

ҳеч бирида юрак қон томир функционал ҳолатини ҳисобга олган ҳолатда 

сурункали юрак етишмовчилиги билан оғриган беморларни даволашни 

отималлаштириш бўйича аниқ алгоритм ишлаб чиқилмаган. Бу эса ушбу 

мавзунинг жудям долзарблигидан далотат беради. 
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Аннотация: 

Патологических процессов, приводящих к ХСН, существует несколько, 

наиболее распространенным из которых является ишемическая болезнь сердца. 

Существует несколько типов ишемической болезни сердца, и почти во всех 

случаях она может быть осложнена ХСН. При этом он тесно связан с 

несколькими факторами и системами, включая: симпатоадреналовую систему, 

ренин-ангиотензин-альдостериновую систему, систолическую и 

диастолическую функцию сердца, катехоламиновую систему, гуморальную 

систему, функциональную функцию почек и многие другие. Среди них очень 

важную роль в патогенезе ХСН играет сосудистое состояние сердца. Хотя было 

проведено несколько исследований с учетом функционального состояния 

сосудов сердца, ни в одном из них не был разработан точный алгоритм для 

оптимизации лечения пациентов с хронической сердечной недостаточностью с 

учетом функционального состояния сосудов сердца.  
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1. Chronic heart failure, its epidemiology and prevalence 

Chronic heart failure (CHF) is a widely prevalent clinical syndrome that poses 

a significant burden on healthcare systems worldwide. Currently, 1-2% of the adult 

population in developed countries and 10% of the population over the age of 70 are 

suffering from CHF (Srisuk N, Cameron J, Ski CF, et al. Randomized controlled trial 

of family-based education for patients with heart failure and their carers. J Adv Nurs 

2017). CHF is a disease that progresses and weakens patients, leading to a decrease in 

their quality of life and an increase in healthcare-related economic costs. CHF is a 

complex disease, and its diagnosis is determined by the physician based on the results 

of physical examinations, the patient's complaints, and the medical history (Ramani 

GV, Uber PA, Mehra MR. 2010). It is characterized by the heart's inability to meet 

the oxygen demands of peripheral cells and CHFC, as well as its negative impact on 

all organs (Tzanis G, Dimopoulos S, Agapitou V, Nanas S. 2014). The quality of life 

decreases in patients suffering from CHF, many patients experience a reduction in 

life expectancy, and the mortality rate within five years after diagnosis is high 

(Siabani S, Driscoll T, Davidson PM, Leeder SR. 2014). According to recent data, 

5.8 million people in the United States suffer from chronic heart failure, while this 

figure reaches 23 million worldwide. In the United States, healthcare costs related to 

CHF amounted to $20.9 billion in 2012, and this figure is expected to reach $53.1 

billion by 2030. However, considering the achievements in the medical treatment of 

cardiovascular diseases, the average life expectancy of the population is increasing, 

and it is anticipated that the number of patients suffering from CHF will rise in the 

coming years (Gaggin HK, Januzzi JL Jr. 2013). Considering the reforms and results 

being implemented in healthcare in the Republic of Uzbekistan,          

it is undoubtedly true that the number of patients suffering from this   pathological 

process will increase in the near future. 

CHF is the leading cause of hospitalization in elderly patients. More than half 

of patients hospitalized with acute decompensation of heart failure are people older 

than 75 years, and about 20% are very old patients, that is, older than 85 years 

(Ramani GV, Uber PA, Mehra MR. 2010). The average age of patients with heart 
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failure in different countries is different. This is probably related to lifestyle, food 

culture, life expectancy, health care system and social and economic factors in 

different countries. The average age of heart failure patients in Poland is 69.1±12.3 

years (Polish ESC-HF Long Term Registry), and in the USA it is 73.2±14 years 

(OPTIMIZE-HF), and in Japan it is 72.9±13, 8 years old (ATTEND). Optimizing the 

management of heart failure in the elderly is a growing priority for the health care 

system, as the incidence of HF increases with the aging of the population, and the 

associated mortality and economic costs increase.   

In our country, comprehensive work is being carried out to provide high-

quality specialized cardiology medical care to the population and to implement high-

tech methods of treatment. In 2017-2021, in accordance with the Action Strategy on 

the five priority directions of the development of the Republic of Uzbekistan, the 

important tasks of "improving the quality of medical and social-medical services, 

ensuring the reduction of morbidity rates among the population and prolongation of 

life" are defined in raising the level of medical services to the population to a new 

level. In the performance of these tasks, development of measures for the prevention 

of death and disability in health care centers and their application to other links of 

health care is considered one of the urgent directions.1 

In order to further develop health care in the Republic of Uzbekistan, the task 

is to increase the quality of medical care in accordance with the development strategy 

for 2022-2026. Decree of the President of the Republic of Uzbekistan dated January 

28, 2021 "On the new development strategy of Uzbekistan for 2022-2026" No. PF-

60, 2021 No. PK-5199 of September 27 "On further development of the system of 

specialized medical care in the health sector the decision on improvement measures" 

and the decision of January 26, 2022 No. PQ-103 "On measures to improve the 

quality of prevention and treatment of cardiovascular diseases" as well as to 

implement the tasks specified in other regulatory and legal documents related to this 

activity this dissertation research serves a certain level. 

                                                             
1Decree of the President of the Republic of Uzbekistan dated February 7, 2017 No. PF-4947 "On the Strategy of 
Actions for the Further Development of the Republic of Uzbekistan" 
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Optimizing the effectiveness of treatment in patients with chronic heart failure, 

improving the quality of life of patients, increasing life expectancy, and reducing the 

length of stay in the hospital is an urgent problem of modern cardiology (Pfeffer MA, 

et al 2019, Metra M., 2021). 

Despite the progress achieved in medicine, the single criteria for the treatment 

of patients with CHF have not yet been determined. Although many foreign 

researchers are working in this direction (Solomon S., 2022; McDonagh TA, 2021), 

there are enough problems waiting to be solved.   

In recent years, research on the use of angiotensin-receptor-neprilysin-

inhibitors in the treatment of patients with CHF is paying off (Greenberg B., 2020; 

Volpe M., 2019). Several studies have shown that this group of drugs improves the 

functional status of patients with heart failure with reduced ejection fraction and has a 

positive effect on central hemodynamic indicators (Niemiec R., 2022). Although the 

use of these drugs in clinical practice has not been long, the progress made indicates 

that these drugs are promising (PARADIGM-HF -study 2014y).   

In addition to deterioration of the functional state, significant changes in the 

reserve volume of myocardial coronary vessels are also observed in patients with 

ischemic etiological CHF (Srivaratharajah K., 2016; Obokata M., 2018). In this case, 

sleep paralysis and hibernating myocardial CHF are of great importance. In this 

regard, optimization of treatment methods for patients suffering from CHF, study of 

effect of ARNI agents on reserve volume of coronary arteries and hibernating 

myocardium CHF, and optimization of therapeutic agents are undoubtedly considered 

urgent problems. 

In our country, leading scientists such as Kurbonov R.D., Gadoev A.G., 

Abdullaev T.A., Kamilova U.K. have conducted scientific research on the problem of 

CHF. The role of neurohumoral, endothelial dysfunction and genetic factors in the 

outcome and course of CHF has been studied (Kurbonov R.D., 2016, Kamilova U.K., 

2016). However, the effect of sacubitril/valsartan combination on the volume of 

coronary vessels and myocardial reserve in the treatment of patients with CHF of 

ischemic etiology has not been investigated in foreign and domestic studies 
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conducted so far. This, in turn, requires the need to continue research in this 

direction. 

Despite the progress achieved in the treatment of cardiovascular diseases 

(CVD), cardiovascular diseases remain the main cause of death in many countries of 

the world. The majority of patients over the age of 65 are patients with cardiovascular 

diseases, and 38 million people worldwide suffer from these diseases [8, p.35-48; 11, 

p. 812-824]. In 2017 alone, 17.8 million people died from STDs. This is 1/3 of all 

deaths in the world [7, 254-289; 12,]. According to the last annual report of the 

American Heart Association (American Heart Association), in 2016, 48% of older 

people have CVD [9, 13, p. 56-528]. Early detection and treatment of cardiovascular 

diseases can prevent premature death from cardiovascular diseases and increase the 

risk of developing heart failure (HF). 

Cardiovascular diseases, including chronic heart failure (CHF), are 

pathological conditions that develop as a result of the influence of several genomic, 

genetic, environmental factors and lifestyle factors [8, p-344-379; 14, p. 142-146]. 

Year by year increase of CHF, cardiovascular diseases leading to this pathological 

process, i.e. ischemic heart disease and hypertensive diseases are among the most 

pressing isCHFC of modern medicine. Because the poor prognosis and high mortality 

rates pose a serious threat to human life and lead to increased economic costs for 

society and patients.   

CHF is one of the main causes of death and disability in the world, and 

according to the definition of the American Heart Association and the American 

College of Cardiology, it is a complex clinical syndrome that leads to functional and 

structural disorders of the heart as a result of impaired contractility and relaxation of 

the ventricles. . According to the definition of the European Association of 

Cardiology, CHF is characterized by typical symptoms (shortness of breath, swelling 

of the ankles and fatigue) that can be observed with signs such as increased jugular 

vein pressure caused by structural and/or functional disorders of the heart, moist rales 

characteristic of heart failure in the lungs, and peripheral edema. is a characteristic 

clinical syndrome that causes a decrease in heart contraction activity and an increase 



10 

 

in the pressure of the inner part of the heart at rest and during physical activity [7, 

p.15-67.]. According to the definition of Mentz and O'Connor, heart failure occurs as 

a result of dysfunction of the endothelium, kidney function, and venous system, 

resulting in remodeling of the myocardial structure, which in turn causes heart failure 

[6, p.23-82; 16, c. 28-35]. 5% of CVD cases correspond to heart failure. Currently, 26 

million people worldwide suffer from heart failure. Of this, 6 million is the share of 

the USA, 15 million is the share of European countries [5, p.223-215; 17, p. 7-11]. 

CHF is a pathological process that is often preventable and leads to bad consequences 

if not treated in time. On average, 44% of patients with CHF are readmitted for 

cardiac or non-cardiac related conditions within 1 year of hospital discharge and 

receive an average of 4-6 days of inpatient care. In addition, it is observed that 

approximately half of the patients who are re-hospitalized have a delicate period 

within the first 12 weeks after the inpatient treatment (weakening of patients, 

exhaustion and increased likelihood of getting diseases) [3, p.79-80; 18, c. 1169-

1186]. According to the results of a retrospective study, the rate of death from YuE 

decreased from 100 per 100,000 population in 1987 to 50 per 100,000 population in 

2008, but at the same time, hospitalization related to CHF is increasing [7, p. 67-91; 

19, p. 1-10]. 

Heart failure can be acute or chronic. CHF is considered a relatively stable 

process. Nevertheless, acute periods, i.e. decompensation processes, are observed in 

chronic heart failure. Chronic heart failure is often classified according to the New 

York Heart Association (NYHA) classification, which is evaluated by the severity of 

symptoms, their impact on the patient's physical activity and daily activities [8, 631-

652; 19, p. 385-392]. Acute heart failure (AFF) is characterized by sudden worsening 

or rapid reappearance of clinical signs and symptoms of heart failure. Often AHF 

develops in patients with chronic heart failure as a result of aggravation of the 

disease, i.e. acute decompensation [7, p.56-78; 20, p. 385-392]. Heart failure can be 

divided into the following groups depending on the contractile activity of the 

myocardium: heart failure with reduced ejection fraction (EFCHF), in which the 

ejection fraction is less than ≤40%, heart failure with preserved ejection fraction 
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(OFCHF), in which the ejection fraction is greater than ≥50%, and ejection fraction is 

average reduced or borderline heart failure (EFCHF), in which the heart the firing 

fraction is in the range of 41%-49% [6, p.56-87; 21, p. 320-324]. 

Despite the advances in medicine and the discovery of new modern treatment 

and diagnosis methods, CHF remains a serious problem. Currently, 64 million people 

worldwide suffer from CHF. About half of them are patients with CHF with reduced 

ejection fraction. CHF is a chronic progressive disease, and approximately 50% of 

patients with this pathological process die within the next 5 years [4, 345-348; 22, p. 

1121-1259]. If we look at the global statistics of diseases (Global Burden of Disease 

Studies), we can see that heart failure is a growing global epidemic and 17 million 

people are diagnosed with this disease per year [2, p.60-61; 23, pp. 117-171]. If we 

focus on the epidemiology of CHF, approximately half of this disease is CHF patients 

with reduced firing fraction. According to studies, the incidence rate of CHF is 

increasing and is expected to increase by approximately 46% by 2030. At the same 

time, it is predicted that the expenses related to CHF will increase in parallel [3, p.77; 

24, p. 146-603]. 

It can be seen that there are differences in the mortality rate and the prevalence 

of this disease in patients with CHF across countries and regions. A recently 

published multi-country cohort study, INTER-CHF, showed a mortality rate of 16.5-

7% in the People's Republic of China, 9% in South Africa and the Middle East, and 

34% in African countries [ 8, pp. 633-634; 25, p. 665-672]. It can be observed that 

the 1-year death rate from CHF (13.6%) is higher in the countries of the southern 

region of Asia than in the countries of the northern part (8.9%). It can be seen that 

Indonesia (21.4%) and the Philippines (14.3%) are the countries with the highest 1-

year mortality rate from CHF. On the other hand, although the majority of the 

population of Japan is elderly, it has been shown that the 1-year mortality rate from 

CHF is 4.4% [9, p.4-6; 26, pp.]. If we look at studies conducted in other countries, the 

incidence rate of CHF in the People's Republic of China is 1.3%, which indicates that 

13.7 million of the population of this country are currently affected. 23% of them are 

heart failure with preserved ejection fraction (OFCHF), 23% are heart failure with 
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moderately reduced ejection fraction (EFCHF), and 54% are heart failure with 

reduced ejection fraction (EFCHF) [4, 375-376; 27, p. 1329-1337]. If we focus on the 

statistical situation in the United States of America, 6.2 million residents of this 

country suffer from CHF, and this figure is bound to increase every year. In the 

United States, 915,000 new cases of heart failure occur each year. According to 

Gedela M. and his colleagues, the increase in the incidence rate of CHF is the result 

of an increase in the age group of the population, an increase in risk factors, an 

increase in the rate of recovery from acute coronary syndrome, and better treatment 

of other chronic diseases [10, p.35-36; 28, p. 403-405]. It has been shown that the 

annual increase in mortality and morbidity rates from CHF leads to an increase in the 

financial costs associated with this pathological process [29, p. 857-865]. The 

incidence rate of CHF is 20 cases per 1000 population under the age of 60-65, and 80 

cases per 1000 population over the age of 80. Especially black Americans have been 

found to have a high risk of developing CHF [28, p. 403-405]. In the United States, 

the risk of developing CHF in people over 40 years of age has been shown to be 20%. 

In the statement of the European Association of Cardiologists, the prevalence of CHF 

among the population is 1-2%, and in the age group over 70 years it is higher than 

10% [20, p. 385-392]. The risk of developing CHF in men over 55 years of age is 

33%, and in women 28% [30, p. 891-975]. According to the results of a 10-year study 

on the epidemiology of CHF in the Russian Federation (EPOXA-XSN and EPOXA-

O-XSN), it was shown that the prevalence of CHF in the western part of this country 

is 12.3%, and CHF in severe form is 2.3%.In the Russian Federation, the average 

death rate from CHF is 6%, that is, 612,000 people die from CHF and related 

complications in 1 year [7, p.9-14; 31, p. 7-77]. 

Hospital costs associated with CHF exceed $30 billion per year. The majority 

of these costs are related to hospital stays and return visits. Much of the research on 

the prevalence and incidence of heart failure is now being done in developed Western 

countries. According to a recent worldwide population-based study, the long-term 

prognosis of patients with CHF is strongly related to population location, gender, 

place of diagnosis, and socioeconomic status. From this, the authors concluded that it 
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is more important to carry out treatment tactics adapted to each condition [32, p. 406-

420]. 

As can be seen from the above facts, the incidence of CHF is increasing, and it 

is inextricably linked with the increasing age of the population, hypertension, chronic 

ischemic heart disease, obesity, hyperlipidemia, and diabetes. Most of the studies 

related to CHF have been conducted in the USA and European countries, and 

conducting research covering the epidemiology, risk factors, clinical course and 

economic costs of CHF in other parts of the world, including Uzbekistan, is 

considered one of the current isCHFC. 

  



14 

 

1.2. Clinical presentation and classification of chronic heart failure 

Clinical observations.The most common clinical symptoms of CHF include 

shortness of breath, ankle or leg swelling, and fatigue. Although these symptoms are 

not inevitable, their presence indicates that patients should undergo further 

investigations to confirm the diagnosis. Although the causes and clinical course of 

left ventricular failure and right ventricular failure are similar, symptoms such as 

fatigue and shortness of breath in heart failure with left ventricular failure, peripheral 

edema and increased pressure in the spinal vein are more common in heart failure 

with right ventricular failure [22, c.1211–1259]. Due to compensatory mechanisms, 

early stages of heart failure may not have any obvious signs and symptoms. But as 

the disease progresses, the following signs and symptoms appear: tachycardia 

(sensitivity 7%, specificity 99%), leg swelling (sensitivity 10%, specificity 93%), 

dilatation of jugular veins (sensitivity 39%, specificity 92%), abnormal lung sounds ( 

wet wheezing) (sensitivity 60%, specificity 99%) is manifested to one degree or 

another [36, c.1981–1995]. Table 1 details the likelihood of experiencing signs and 

symptoms of heart failure (Table 1). Patients who have signs and symptoms of heart 

failure and these symptoms have not changed for at least 1 month are called stable 

CHF [37, c. 137–161]. In patients with stable CHF, it is called decompensated heart 

failure when their condition worsens. Table 2 lists the factors that lead to heart failure 

decompensation (Table 2). The classification of the New York Heart Association 

expresses the severity of symptoms and functional status in heart failure, while the 

Killip classification evaluates the severity of patients after acute myocardial 

infarction [37, c. 137–161]. 

1 table. 

Signs and symptoms of heart failure. 

  Sensitivity 

(%) 

Specificity 

(%) 

Alternative causes 

Symptom

s 

Panting 66 52 Respiratory diseases, 
anemia, obesity, fear 

Paroxysmal 
nocturnal 

33 76 Asthma, sleep apnea 
syndrome 
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panting 
Orthopnea 21 81 Fear, obesity 
The presence 
of swelling 

23 80 Venous insufficiency, 
hypoproteinemia, drugs, 
hypoactivity, pneumonia, 
aspiration pneumonitis, 
sepsis, liver disease, kidney 
disease 

Signs Increased 
pressure in 
jugular veins 

10 97 Pulmonary embolism, 
superior vena cava 
obstruction, pericardial fluid 
accumulation 

3 heart tones 31 95 Mitral regurgitation, fever, 
pregnancy 

Peripheral 
tumors 

10 93 Venous insufficiency, 
hypoproteinemia, drugs, 
inactivity 

Tachycardia 7 99 Arrhythmias, pain, anxiety, 
fever, hypertension, drugs 

Crepitation 13 91 Pulmonary fibrosis, chronic 
obstructive pulmonary 
disease, pneumonia, lung 
abscess, brochoectasis, 
bronchiolitis 
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2 tables. 

Factors causing decompensation of heart failure. 

Acute aggravators Gradual aggravators 

Acute coronary syndrome Infections 
Pulmonary artery embolism Kidney dysfunction 
Arrhythmias Exacerbation of asthma or chronic 

obstructive pulmonary disease 
Hypertensive crisis Arrhythmias 
Cardiac tamponade Uncontrolled arterial hypertension 
Aortic dissection Anemia 
Surgical complications Hyperthyroidism or hypothyroidism 
Peripartum cardiomyopathy Non-adherence to treatment 

 

1.3. Modern pathophysiological mechanisms of development of chronic heart 

failure 

Cell mechanism.Unlike other cells in the human body, heart muscle cells, 

cardiomyocytes, do not reproduce by division. When a person is born, there are about 

6 million cardiomyocytes, and these cells do not multiply during a person's life [43, c. 

150-166]. However, cardiomyocytes may increase in size. In cardiomyocytes, this 

process is carried out by sarcomerogenesis, i.e. the creation and redistribution of new 

sarcomeres [44, c. 101-106]. Sarcomeres are functional contractile parts of heart 

cells, 1.7-2.1 µm long and consist of thick myosin and thin actin filaments [45, c. 

641-651]. About 50 sarcomeres form a myofibril, and 50-100 myofibrils form a 

cardiomyocyte [46, c. 103-105]. Healthy cardiomyocytes are cylindrical, 80-100 µm 

long and 10-25 µm in diameter [47, c. 3-700]. 

Excitability-contractility disorder.As mentioned above, chronic heart failure is 

divided into types with reduced ejection fraction (EFCHF) and preserved ejection 

fraction (OFCHF) depending on the ejection fraction. Disruption of the connection 

between excitability and contractility also plays an important role in the development 

mechanisms of EFCHF and OFCHF. Disturbance of excitability-contractility is often 

observed as a result of changes in cell membrane architecture, disruption of activity 

and production of Ca2+-binding proteins, and inappropriate redistribution of 

intracellular Ca2+ ions. These remodeling processes lead to a wide variety of 
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transcriptional, conduction, metabolic, and electrophysiological changes. Finally, it 

causes the death of cardiomyocytes, which is observed in various forms of heart 

failure. 

Immune mechanisms in CHF.The presence of a constant inflammatory 

process in the body and, as a result, a high level of pro-inflammatory cytokines 

negatively affects the long-term remodeling of the ventricles [56, c. 1597-1600]. 

As a result of the mechanical stress of the left ventricle, inflammatory 

processes are activated in the myocardial CHF, leukocyte accumulation is observed, 

and the secretion of pro-inflammatory cytokines increases. Accumulation of 

macrophages leads to the development of hypertrophy, remodeling of the heart, 

formation of fibrotic CHF and reduction of left ventricular function. 

Importance of adrenergic nervous system in heart failure.Along with several 

systems, the adrenergic nervous system (ANS) plays an important role in the 

development of heart failure. If the heart function is normal, the activated ANS 

quickly returns to its place. If the changes in heart activity are chronic, even with the 

activation of ANS, the ability to maintain normal heart activity is lost, and chronic 

heart failure develops gradually. 
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1.4. Contemporary in chronic heart failure 

the importance of biomarkers 

Sodium uretic peptide system.The compensatory role of the sodium uretic 

peptide (SUP) system, which balances the overactivation of RAAS and ANS in CHF, 

has been known for 35 years. In the early stages of CHF, SUP stimulates diuresis, 

natriuresis, and vasodilation to reduce cardiac output and cardiac output. The 

concentration of SUP in plasma is inextricably linked with the weight of CHF [69, p. 

223-241]. For this reason, SUP was accepted as a biomarker indicating the severity of 

the disease in CHF [70, p. 891-875]. Dysfunction of SUP is important in CHF 

syndrome, causing impaired water and sodium excretion, vasoconstriction, 

accumulation of fluid volume in the body, increased loading pressure, and 

deterioration of the patient's prognosis. 

There are 3 types of sodium uretic peptide receptors in the body. They are: 

SUPR-A, SUPR-B and SUPR-S. SUPR-A and SUPR-B are guanylyl cyclase 

receptors, the activation of which increases the amount of cyclic guanosine 

monophosphate, which in turn increases the activity of downstream kinases [72, p. 

419-425]. The interaction of SUP and its receptors has complex effects on the kidney, 

heart, blood vessels, endocrine system, cell growth and remodeling. In the heart, all 

three SUPs participate in anti-remodeling processes in the myocardium by controlling 

cell hypertrophy and collagen synthesis. In addition, SUP reduces the activity of 

RAAS (renin-angiotensin-aldosterone system) and SNS (sympathetic nervous 

system) and endothelin and arginine-vasopressin [73, p. 01-02]. 

MicroRNA(miRNA) is a non-coding ribonucleic acid of 22 nucleotides in size, 

which controls gene expression at the post-transcriptional level and plays an 

important role in the pathogenesis and progression of heart failure [14, p. 142-146]. 

High sensitivity troponin.High-sensitivity cardiac troponin plays a unique 

biomarker role in cardiovascular diseases, including heart failure. Left ventricular 

dysfunction is more pronounced in patients with high levels of cardiac troponin. An 

increase in the amount of high-sensitivity cardiac troponin in CHF may be caused by 
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a decrease in subendocardial perfusion as a result of the tension of the myocardial 

walls and a decrease in end-diastolic pressure. 

High-sensitivity S reactive protein.C reactive protein (CRP) is an acute phase 

proinflammatory cytokine produced in hepatocytes in response to the signal of 

interleukin-6 [77, p. 185-194]. The association of CRP with heart failure was first 

shown by Elster in 1956 [78, p. 185-194]. 

Myeloperoxidase.Myoleperoxidase is an enzyme produced by leukocytes in 

response to inflammatory and oxidative stress processes, and can cause 

atherogenesis, rupture of atherosclerotic plaques, and remodeling of the left ventricle 

[84, p. 14766-14771]. 

Growth-promoting soluble gene 2.Growth-promoting gene-2 (GPG 2) encodes 

protein expression for members of the interleukin-1 family (GPG 2L) and secretes 

soluble GPG 2, which is released from cardiac myocytes and fibroblasts in response 

to mechanical stretching of cardiac muscle [90, p. 827-840]. 

Interleukin-6.Interleukin-6 is a proinflammatory cytokine that is synthesized 

by T lymphocytes against various stresses in the body, including heart failure [98, p. 

643-651]. 

Endothelin-1.Endothelin-1 is a vasoconstrictor produced by various cells. 

Galectin-3.Galectin-3 is a beta-galactoside related to the leptin family, which is 

produced in various organs, including myocardial CHF, in response to mechanical 

stress and inflammation. 

1.5. Heart blood in chronic heart failure 

vascular functional status 

Reserve volume of coronary arteries in CHF with ischemic etiology 

When the coronary arteries are injured, the reserve volume of the coronary 

arteries or the expansion activity of the coronary microvascular vascular system is 

disturbed [113, p. 1782-1788]. If there is no narrowing of the coronary arteries, then 

the reserve volume of the coronary arteries is evaluated depending on the activity of 

the microvascular system. The reserve volume of coronary arteries is significantly 
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reduced in several pathological conditions, such as arterial hypertension, obesity, and 

diabetes. 

Resting coronary artery blood flow may be normal as long as 80-85% stenosis 

is observed. But the reserve volume of blood flow begins to decrease when the 

narrowing of the coronary arteries is 40-50%. The reserve volume of coronary 

arteries decreases by 2 times when the stenosis is 75%, and this indicates that 

ischemia is observed in the myocardium. Coronary artery reserve volume can be 

assessed by Doppler transthoracic echocardiography based on the difference in 

hyperemic blood flow at baseline and after drug-induced vasodilatation. First, the 

resting pressure of the left anterior descending artery is measured by Doppler signal, 

then adenosine is infused intravenously at a dose of 140 µg/kg/min, and after 1 

minute the blood flow is re-evaluated by Doppler during diastole. 

Transthoracic echocardiography is considered the gold standard in the 

diagnosis of chronic heart failure. Because through this examination, it is possible to 

fully assess the functional activity of the myocardium. With this, we can measure left 

ventricular contraction activity, ejection fraction, left ventricular and interventricular 

septal thickness, then diastolic volume, then diastolic pressure, then systolic volume, 

then systolic pressure, ejection fraction, cardiac output, left ventricular width, left 

ventricular cavity width. , right ventricular and right ventricular dimensions, and 

several other cardiac functional activities can be evaluated. 

If we consider chronic heart failure as a mechanical dysfunction of the heart, it 

is important to evaluate the activity of the left ventricle at each contraction of the 

heart, which corresponds to a certain part of the end-diastolic volume of the left 

ventricle. For the first time, Folse and Braunwald used radioisotope methods to 

evaluate the activity of the left ventricle [117, p. 674-685]. Later, Bartle evaluated the 

function of the left ventricle by an angiographic method [118, p. 125] and thus the 

concept of left ventricular ejection fraction appeared. Currently, the main 

classification of heart failure is based on the reduction of the ejection fraction. The 

concept of sleep and hibernating myocardium first appeared in science in 1980 and 

attracted considerable attention. This phenomenon is observed in myocardial 
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ischemia and is observed in many cases after myocardial infarction. In 1982, 

Braunwald and Kloner named the concept of myocardium paralysis as prolonged 

ventricular dysfunction after a period of nonlethal ischemia [122, p. 1149-1149]. 

They defined myocardial stiffness as a condition during acute ischemia and 

contractile dysfunction after prolonged ischemia. Taking into account that the 

hibernating myocardium is the myocardial cells that have not yet died, but do not 

continue to function, it is seen that the recovery of the activity of the hibernating 

myocardium is important in patients with CHF of ischemic etiology [123, p. 263-

327]. Determining the reserve volume of the myocardium is important in assessing 

the vasomotor activity of the myocardium and microvascular dysfunction. 

Decreased reserve of myocardial CHF leads to an increase in left ventricular 

filling pressure and a decrease in heart rate, which in turn causes symptoms of heart 

failure, such as shortness of breath, and an increase in mortality [130, p. 3293-3302]. 

In this case, the reserve volume of the myocardium decreases and the density of 

coronary microcircular vessels decreases [132, p. 550-559]. In heart failure with 

preserved and reduced ejection fraction, the increase in blood filling pressure of the 

left ventricle during physical activity, together with the structural and functional 

changes of the myocardium, endangers the blood flow in the myocardial CHF, which 

causes the development of subendocardial ischemia and damage to the heart cells. 

According to studies, it was observed that the systolic and diastolic reserve volume of 

the left ventricle was reduced in CHF [133, p. 2138-2147]. A decrease in the diastolic 

reserve volume causes an increase in the blood filling pressure of the left ventricle, as 

a result of which there is an increase in shortness of breath, the development of 

hypertension in the pulmonary artery, and an increase in mortality [134, p. 3103-

3112]. 

1.6. In chronic heart failure 

block neurohumoral control systems 

Neurohumoral mechanisms play an important role in the development of CHF. 

In particular, the importance of the sympatho-adrenal system and the renin-

angiotensin-aldosterone system is incomparable. 
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Sympathetic nervous system.The importance of the autonomic nervous system 

in controlling cardiovascular activity is incomparable. In particular, the decreased 

ABP in CHF reduces the excitation of carotid baroreceptors, as a result of which the 

influence of the sympathetic nervous system on the kidneys increases [137, p. 1913-

1920]. 

SNS affects several organs, causing systemic vasoconstriction and increased 

venous vascular tone. Through this, it is possible to increase the preload of the heart 

and keep the number of heart contractions at a normal level for a certain period of 

time. Normally, norepinephrine released from sympathetic nerve nodes leads to 

contraction of afferent arterioles and a decrease in blood flow in the kidney [139, p. 

41-48]. In CHF, the sensitivity of renal blood vessels to depolarization increases, but 

the sensitivity to α1 phenylephrine agonists and blunt α2 receptors remains 

unchanged [140, p. 429-437]. On the other hand, as a result of increased calcium 

permeability and sensitivity and increased nitric oxide release, the sensitivity of α1 

receptors increases, as determined in several CHF models in systemic arteries [141, p. 

393-401]. Norepinephrine increases tubular reabsorption in the proximal and distal 

parts. The increase in oxygen demand, which is observed as a result of increased 

reabsorption and decreased blood flow, leads to a decrease in oxygen saturation of 

the kidneys. 

In systolic dysfunction, there is an increase in neurohormonal activity in order 

to maintain adequate heart contractions. The neuronal effect is manifested by the 

activation of the SNS and the decrease in the activity of the parasympathetic nervous 

system, and the humoral effect is manifested by the increase in the production of 

certain hormones, such as in the renin-angiotensin-aldosterone system. Increased 

activity of the sympathetic nervous system in CHF can lead to impaired left 

ventricular diastolic function, which is a specific risk for cardiovascular activity. 

Renin-angiotensin-aldosterone system.The importance of the renin-

angiotensin-aldosterone (RAAS) system in the pathophysiology of CHF is 

immeasurable. The ability of this system to adapt to a rapidly changing environment 

when the ability of the vital organs to respond to the body's requirements is reduced 
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indicates its high importance in the pathophysiology of CHF. RAAS is activated as a 

result of stimulation of the sympathetic nervous system and reduction of blood flow 

in the renal arteries. The most important product in this cascade reaction is 

angiotensin II, which has several properties and has a compensatory nature in the 

early stages, which leads to the worsening of the CHF syndrome as the disease 

progresses. 

Sympathetic nervous system is also closely related to RAAS, excessive release 

of catecholamines as a result of their inotropic and chronotropic effect increases heart 

contractions for a certain period of time, but in later stages increases the risk of 

myocardial CHF ischemia, hypertrophy, and arrhythmia development [145, p. 187-

189]. In contrast, the sodium uretic peptide system has an antagonistic effect on SNS 

and RAAS. In response to the stretching of the myocardial CHF wall as a result of the 

activation of SNS and RAAS, type A and type B sodium uretic peptides are 

synthesized and block the activity of counter mediators, leading to expansion of 

peripheral blood vessels and natriuresis. These peptides are partially degraded by the 

enzyme neprelysin, which is important in the treatment of CHF [146, p. 993-1004]. 

Although RAAS and SNS are generally positive in the initial stage of heart failure, as 

the disease progresses, they have an adverse effect on natriuresis and vasodilation, 

causing worsening of the heart failure syndrome. 

Aldosterone, an end product of the renin-angiotensin-aldosterone system, plays 

an important role in the regulation of blood pressure, body fluid content, and 

electrolyte homeostasis. In addition, aldosterone, as a result of excessive activation of 

mineralocorticoid receptors, causes arterial hypertension, atherosclerosis, vascular 

injury, heart failure and chronic kidney diseases, as well as several other diseases 

associated with endothelial CHF dysfunction [147, p. 1243-1248]. Due to the 

importance of RAAS in cardiovascular diseases, arterial hypertension and kidney 

diseases, there is no doubt that the effectiveness of ACEII, ARB, MRA drugs in these 

diseases is huge. 

Natriuretic peptide.The natriuretic peptide system plays an important role in 

the course of CHF by opposing renin-angiotensin-aldosterone and sympathetic 
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nervous system activity in CHF. Activation of the natriuretic peptide system in the 

early stages of CHF causes increased diuresis, natriuresis, and vasodilation and 

reduces cardiac output and cardiac output. For this reason, in the early stages of CHF, 

the concentration of natriuretic peptide in plasma increases proportionally to the 

severity of CHF, in this regard, this biomarker can be used to assess the severity of 

the disease [149, p. 891-975]. But in the later stages of the disease, the effect of 

natriuretic peptide decreases and patients experience sodium retention, fluid 

retention, vasoconstriction, and increased pressure. 

In addition to controlling extracellular fluid and blood pressure, SUP also 

controls several metabolic processes. There are at least 3 SUP receptors in the body: 

SUP-A, SUP-B and SUP-S. Among them, SUP-A and SUP-B are guanylcyclase 

receptors, their activation causes activation of cyclic guanosine monophosphate, 

which in turn causes activation of the kinase system [150, p. 321-328]. The 

interaction of SUP with receptors is manifested by complex processes of influence, 

such as renal, vascular, cardiac, endocrine activity, cell growth and CHF remodeling. 

In the early stages of CHF, brain SUP and brain SUP play an important role in 

maintaining the balance of sodium and homeostasis in the body. However, as CHF 

progresses, the effect of SUP decreases and its natriuresis, vasodilation, and 

hormonal suppressive effects are impaired, resulting in increased sodium absorption, 

vascular vasoconstriction, which in turn accelerates CHF progression. As a result, the 

synthesis of SUP in the plasma increases and its concentration in the blood increases. 

The rise of CHF will cause the activities of SNS and RAAS to further surpass the 

SUP system. 

1.7. Pharmacology of chronic heart failure 

modern approaches to treatment 

Modern treatment principles of CHF are being optimized with the 

understanding of its pathophysiology and the development of new drugs. After 1980, 

CHF was recognized as a neurohormonal disorder, and physicians focused on 

blocking RAAS and SNS. ACEI inhibitors [152, p. 1575-1581] and beta-blockers 

have been shown in studies to improve contractility of the left ventricle [153, pp. 
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2807-2816]. Mineralocorticoid receptor antagonists have also been shown to be 

effective in patients with CHF when used together with ACEI inhibitors and beta 

blockers [154, pp. 48-57]. Angiotensin receptor blockers are also effective in patients 

with CHF with reduced ejection fraction, and are used as an alternative drug when 

ACEI inhibitors are contraindicated or develop side effects [155, p., 767-771]. 

Pharmacological drugs used taking into account neurohormonal activity 

significantly improved disease prognosis compared to inotropic and vasodilator drugs 

in patients with CHF with reduced firing fraction [156, p., 1030-1039]. 

By the 2000s, several other drugs were recommended for the treatment of 

CHF. One of them is ivabradine, which blocks if channels in the sinoatrial node, 

thereby reducing the number of heart contractions independently of beta blockers. In 

patients with CHF with reduced ejection fraction, ivabradine has been shown to 

improve clinical outcomes and prognosis in patients with a heart rate greater than 70 

regardless of beta-blockers [157, pp. 875-888]. 

In 2014, the results of the PARADIGM-HF study were published and the 

effectiveness of a new group of drugs, angiotensin-receptor-neprilysin inhibitors 

(ARNI), in patients with CHF with reduced firing fraction was widely recognized [3, 

p.80-81; 149, pp. 993-1004]. ARNI is a combination of valsartan and sacubitril, a 

neprilysin inhibitor. Neprilysin is an endogenous enopeptidase, which is involved in 

the degradation of several endogenous vasoactive peptides, including bradykinin, 

adrenomodulin. By blocking neprilysin, sacubitril increases the concentration of these 

endogenous peptides, which counteracts the increase in neurohormonal activity. 

Studies have shown that when ARNIs and ACEIi are used together, neurohormonal 

activity is further reduced, which in turn alleviates the progression of CHF. 

According to the results of a randomized study, ARNI drugs reduce the rates of 

mortality and hospital readmissions in patients with CHF with reduced ejection 

fraction compared to ACEIIs. Currently, ARNI drugs are widely used in practice for 

the treatment of patients with CHF with reduced ejection fraction. The significance of 

this group of drugs in patients with CHF with preserved ejection fraction and 

myocardial infarction is now widely studied by scientists of the world community. 
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New drugs.Sodium glucose cotransporter-2 (SGC-2) inhibitors and glucagon-

like peptide antagonists. SGC-2 inhibitors are new antiglycemic drugs that increase 

urinary glucose excretion from renal tubules [1, 34-35; 160, p., 1643-1658]. 

According to the results of a large randomized study, empagliflozin showed effective 

results. Empagliflozin reduced rehospitalization and cardiovascular mortality in 

patients with type 2 diabetes, and no serious side effects other than urinary tract 

infections were observed (EMPA-REG OUTCOME study). Canagliflozin also 

reduced the risk of developing cardiovascular disease and death in patients with type 

2 diabetes (CANVAS study). However, in the group receiving canafliglozin, the rate 

of bone fractures and amputation was higher than in the placebo group [5, p. 213-

214; 160, pp. 644-657]. SGC-2 inhibitors increase glucosuria and diuresis, thereby 

reducing blood pressure, improving glycemic control, reducing body weight, and 

improving insulin resistance. Alternatively, SGC-2 inhibitors show a cardioprotective 

effect due to the improvement of cardiac metabolism. According to the results of a 

large randomized study, liraglutide, a glucagon-like peptide antagonist, has been 

shown to reduce cardiovascular disease and all types of mortality [2, p.63-64; 161, 

pp. 311-322]. But this group of drugs is currently undergoing research in order to 

evaluate their exact mechanisms and prove their effectiveness. 

Angiotensin-converting enzyme inhibitors (ACEIs).Angiotensin-converting 

enzyme inhibitors are one of the main drugs in the treatment of patients with CHF. 

ACEIs reduce clinical symptoms, mortality and rehospitalization in patients with 

CHF. 

In 1987, the drug enalapril was tested for the first time in a patient with IV FC 

according to CHF NYHA and reduced the mortality rate by 27% (CONSENSUS 

Trial) [162, p. 1429-1435], and in patients with II-III FC according to NYHA, it 

reduced the mortality rate by 16% (SOLVD Trial) [163, p. 293-302]. In another study 

of low- and high-dose lisinopril in patients with heart failure with reduced NYHA 

ejection fraction II-IV FC, treatment with high-dose lisinopril reduced hospital 

admissions and mortality by 15% compared with low-dose lisinopril (ATLAS Trial). 

[164, p. 2312-2318]. According to the meta-analysis, the use of ACEIi after 
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myocardial infarction, including enalapril, reduces the rate of hospitalization and 

death by 27% [152, p. 1575-1581]. 

According to studies, different ACEIIs have shown almost similar 

effectiveness in CHF. Contraindications to the use of drugs of this group are the 

presence of angineurotic edema in the anamnesis, pregnancy. Alternatively, these 

drugs should be used with caution when systolic blood pressure is low, when blood 

creatinine is high, when there is stenosis of both renal arteries, or when the potassium 

level in the blood is higher than 5 mmol/l. Treatment with ACEIIs is started in small 

doses and titrated by checking blood potassium and kidney function every 1-2 weeks.   

Side effects associated with this group of drugs are closely related to 

angiotensin and kinase enzymes. Among the side effects, dry cough is observed in 

about 20% of patients. In rare cases, severe angioedema may occur. ACEI inhibitors 

have been shown to improve clinical symptoms in patients with preserved CHF 

ejection fraction, although they do not reduce mortality. However, in one study, 

treatment with perindopril reduced the number of cardiovascular events by 31% and 

the number of rehospital visits by 37% compared to the placebo group in patients 

older than 70 years with preserved ejection fraction (PEF-CHF Trial) [165, p., 2338 -

2345]. 

Thus, today, in order to prevent complications and improve the prognosis in the 

treatment of CHF, special importance is attached to the optimization of the treatment 

taking into account the functional state of the heart and blood vessels, the reserve 

volume of the myocardium and modern biomarkers. Considering that many 

researches aimed at the study of CHF continue in different directions and that this 

disease is comprehensive, it can be understood that there are many questions that are 

still waiting to be answered in this direction. In this regard, it can be concluded that 

modern treatment tactics are necessary in accordance with the cardiovascular 

continuum, myocardial functional status, and the amount of modern biomarkers in the 

treatment of patients with ischemic etiology who suffer from CHF. Additional studies 

are required to evaluate the effect and effectiveness of a drug or a combination of 

drugs in a specific pathological process. 



28 

 

 
⸹ 2.1. Characterization of study patients according to left ventricular ejection 

fraction and disease phenotypic groups 

2.1.1. Clinical demographic characteristics of patients 

Patients with a reduced ejection fraction of chronic heart failure (EFCHF 

≤40%) in the examination accounted for 45%, patients with an average ejection 

fraction 25% (AEFCHF 41-49%), and patients with preserved ejection fraction 30% 

(OFCHF ≥50%) . 

Patients with chronic heart failure with reduced ejection fraction were younger 

(mean age 66.4 ± 12.0 years), and men were more common than women (69.5%), in 

contrast to patients with slightly reduced ejection fraction and preserved ejection 

fraction. At the same time, the majority of patients in this group were smokers 

(30.0%). 82% of patients in this group had a history of myocardial infarction and 

underwent percutaneous intervention (stenting and balloon angioplasty) or aortic 

coronary bypass surgery, and the remaining 18% were patients suffering from 

chronic ischemic heart disease. 30% of patients with chronic heart failure with 

reduced ejection fraction have chronic kidney disease (non-terminal). 

Most of the patients who were saved by the shooting fraction were older and 

elderly patients. The average age of patients with this phenotype was 74.2±11.6 

years. The majority of patients of this category were women (71%) and arterial 

hypertension was often observed (84%). 25% of patients with preserved firing 

fraction had a history of various disorders of blood circulation in the brain. It was 

observed that 31% of patients had anemia of various degrees in their anamnesis. At 

the same time, the anamnesis of the patients of this contingent was less frequent of 

IKKS and percutaneous interventions compared to the patients with CHF with 

reduced ejection fraction (44%), but the frequency of suffering from chronic coronary 

syndrome was observed more (48%). 

Patients with a moderate reduction in ejection fraction had an intermediate 

score between patients with reduced ejection fraction and patients with preserved 

ejection fraction. Among the patients in this contingent, 49% were men and 51% 
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were women. In this contingent, smokers were observed relatively less (11%). 

Arterial hypertension and coronary syndrome of chronic heart were more common in 

patients of this contingent (87% and 64%, respectively). 53% of patients had a history 

of myocardial infarction. 38% of patients were found to have heart rhythm disorders 

(including ventricular fibrillation). Patients with all phenotypes were characterized by 

a high degree of comorbidity according to Charlson. No differences were found in 

this category of patients with chronic obstructive pulmonary disease, diabetes and 

body weight index (Table 6). 

6 tables. 

Clinical demographic parameters of patients with chronic heart failure 

according to ejection fraction 

Indicator EFCHF 

n=54 

AEFCHF 

n=30 

OFCCHF 

n=36 

Age, year 66.4±12.0 69.5±11.8 74.2±11.6* 

Gender male/female, n(%) (69.5)/(30.5) (49)/(51) (71)/(29) 

TMI, kg/m2 32.5±6.2 33.4±6.8 32.7±6.4 

Smoking, n(%) 16 (30)** 2 (6) 4 (11) 

Alcohol, n(%) 3 (5) 2 (7) 1 (3) 

Angina: 

FC - II 

FC - III 

FC – IV 

 

12(10) 

20 (16.7) 

22(18.3) 

 

10(8.3) 

12(10) 

8(6,7) 

 

14(11.7) 

12(10) 

10(8.3) 

IKKS, n(%) 44 (82)** 30 (53)* 10 (28) 

Percutaneous coronary 

intervention, n(%) 

7 (13) 3 (10) 4 (11) 

In US anamnesis, n(%) 5 (10) 2 (7) 5 (14) 

Arterial hypertension, n(%) 49 (91) 27 (90) 33 (92) 

Diabetes, n(%) 26 (48) 12 (40) 11 (30) 

Volatility constant form of 18 (33) 11 (38) 12 (33) 
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fractions, n(%) 

Status after UNFCCC, n(%) 7 (13) 5 (17) 9(25) 

SBK, n(%) 16 (30) 8 (27) 8 (22) 

Anemia, n(%) 8 (15) 7 (23) 13 (36)* 

OSOK, n(%) 11 (20) 8 (27) 7 (19) 

Charlson scale 7 7 7 

Note: *r<0.05, r**<0.01 – patients with decreased firing fraction 
compared to the phenotype; 

2.1.2. Chronic heart failure 

provoking factors of decompensation 

 The analysis of patients with chronic heart failure showed that 22% of the total 

patients did not take medications on time and did not follow the doctor's 

recommendations. In addition, in 18% of patients, decompensation of chronic heart 

failure was observed as a result of heart rhythm disturbances, in which ventricular 

flutter played the main role (paroxysmal ventricular flutter in the majority of patients 

68%, persistent ventricular flutter 27%, ventricular extrasystole 5%). 

Decompensation of chronic heart failure was caused by hypertensive crises in 12% of 

cases. Of these, 7% of patients noted that the crisis developed due to non-compliance 

with the recommended diet, and 5% of patients noted that the crisis developed due to 

excessive consumption of table salt. 

It was found that 35% of decompensation of CHF occurred due to infectious 

inflammatory diseases of the respiratory system. In the remaining 13%, it was not 

possible to determine the cause of decompensation of CHF. In the following 3 

pictures, the reasons for decompensation of CHF are given. 
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Note: Statistically significant difference when R < 0.05 

3 pictures. The main reasons for the decompensation of CHF. 

 
The main cause of decompensation in patients with chronic heart failure with 

reduced ejection fraction was the failure to take medication on time, followed by 

heart rhythm disorders and infectious diseases of the respiratory system. In patients 

with a slightly reduced ejection fraction, heart rhythm disturbances and infectious 

diseases of the respiratory organs were the main cause of decompensation. Instability 

of arterial blood pressure and diseases of respiratory organs were the main cause of 

decompensation of CHF in patients with preserved ejection fraction, followed by 

failure to take medication on time. At the same time, in 11% of these contingent 

patients, heart rhythm disturbances (paroxysmal form of ventricular flutter in 6, 

extrasystole in 1) caused decompensation of CHF (table 7). 

7 tables 

The main reasons for the decompensation of CHF depending on the left 

ventricular ejection fraction 

Reasons EFCHF 

n=54 

AEFCHF 

n=30 

OFCCHF 

n=36 

22% 

18% 

7% 5% 

35% 

13% 
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Non-adherence to drug treatment 

recommendations, n (%) 

16 (30)* 5 (17) 4 (14) 

Infectious diseases, n (%) 10 (18) 18 (60)*** 14 (38) 

Non-adherence to the diet, n (%) 0 1 (3) 7 (19)** 

Excessive consumption of table salt, n 

(%) 

1 (2) 1 (3) 4 (11)* 

Cardiac arrhythmias, n (%) 11 (20) 7 (23)* 4 (11) 

Unknown, n (%) 7 (13) 3 (10) 3 (8) 

        Note: (*p<0.05, **p<0.01, ***p<0.001) – firing fraction decreased 
                  compared to the patients phenotype 

 

Thus, 40% of patients with chronic heart failure with reduced ejection fraction, 

30% of patients with preserved ejection fraction, and 30% of patients with 

moderately reduced ejection fraction. Factors causing decompensation of CHF 

include infectious inflammatory diseases of respiratory organs (35%), non-

compliance with medication recommendations (22%), heart rhythm disorders (18%) 

(paroxysmal ventricular flutter in most patients 68%, persistent ventricular flutter 

27%, ventricular extrasystole 5 %), cases of hypertensive crisis (13%). 

2.1.3. Clinical and hemodynamic parameters of patients included in the study 

according to ejection fraction. 

In the examination, symptoms such as shortness of breath (89%; n=107), leg 

swelling (79%; n=95), fatigue (81%; n=97) were observed during physical activity. 

More than half of the patients had pulmonary edema, as assessed by small-bubble 

moist crackles on endoscopy in the lungs (59%; n=71) as well as evidence of 

pulmonary edema on X-ray examination (49%; n=59). Orthopnea was found in 38% 

(n=46) of examined patients. Hepatomegaly was found in 42% (n=50) patients (Table 

8). 

8 tables 

Clinical characteristics of patients with chronic heart failure according to left 

ventricular ejection fraction (n=120) 
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Indicator General 

n=120 

EFCHF 

n=54 

AEFCHF 

n=30 

OFCCHF 

n=36 

Fatigue, n (%) 97 (81%) 50 (92%) 21 (70%)* 26 (72%)* 

Wheezing at rest, n (%) 57 (48%) 39 (72%) 12 (40%)** 7 (19%)*** 

Panting during physical 

exertion, n (%) 

107 (89%) 51 (94%) 27 (90%) 29 (80.5%)* 

Orthopnea, n (%) 44 (37%) 22 (41%) 11 (37%)* 11 (30%)* 

Tumors, n (%) 95 (79%) 43 (79%) 23 (77%) 29 (81%) 

Wheezing in the lungs, n (%) 71 (59%) 34 (63%) 17 (56%)* 20 (55%)* 

Hepatomegaly, n (%) 50 (42%) 29 (53.7%) 11 (37%)** 10 (28%)*** 

Signs of hemostasis according 

to X-ray examination, n(%) 

59 (49%) 25 (46%) 15 (50%) 19 (53%)* 

      Note: (*p<0.05, **p<0.01, ***p<0.001) – patients with decreased firing fraction 
                                compared to the phenotype; 

 

In patients with chronic heart failure with reduced ejection fraction, clinical 

symptoms such as weakness (92%), shortness of breath at rest (72%), shortness of 

breath during physical activity (94%) prevailed among the general clinical 

complaints. Orthopnea was observed in 41% of patients, and hepatomegaly in 53.7% 

of patients. 

Patients with chronic heart failure with preserved ejection fraction had more 

peripheral edema (81%) than patients with reduced ejection fraction and moderately 

reduced ejection fraction, and X-ray signs of hemostasis were found to be higher than 

other phenotypes (53%). 

Patients with mildly reduced ejection fraction had clinical symptoms 

intermediate to those of patients with reduced ejection fraction and preserved ejection 

fraction CHF. 70% of patients with this phenotype had fatigue, 40% rested dyspnea, 

90% exertional dyspnoea, 37% orthopnea, 77% edema, 56% wheezing, 37% 

hepatomegaly, and 46% X-ray examination of small signs of blood clotting were 

observed in the circulatory system. 81% of patients with reduced ejection fraction had 
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CHF III/IV FC, compared to 67% in patients with moderately reduced ejection 

fraction and 61% in OFCCHF patients (Fig. 4). 

 

 
Note: Statistically significant difference when p < 0.05 

4 pictures. Distribution of functional classes among patients according to 

phenotypes of left ventricular ejection fraction in chronic heart failure (n=120). 

 

According to the results of a 6-minute test conducted on patients, the average 

distance traveled in patients with chronic heart failure with a reduced ejection 

fraction was 168.5±35.0 meters, in patients with an average reduced ejection fraction 

it was 234.2±56.0 meters, and in patients with a preserved ejection fraction it was 

287. It was 3±62.5 meters. In addition, the minute oxygen consumption index was 

11.4±4.6 ml/(kgxmin) in patients with EFCHF, 13.5±5.1 ml/(kgxmin) in patients with 

AEFCHF, and 14 in patients with OFCCHF. was 1±6.9 ml/(kgxmin) (Fig. 5). 

When hemodynamic parameters of patients were analyzed, it was observed that 

patients with chronic heart failure with reduced ejection fraction had lower arterial 

blood pressure and higher number of heart contractions. In this case, the lowest 

indicator of HB was observed in the phenotype of patients with OFCCHF (Table 9). 

9 tables. 

Variation of SAKB and DAKB and YUKS depending on the firing fraction 

Indicators EFCHFn=54 AEFCHF n=30 OFCCHF 
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n=36 

SABP, mm.sm.ust. 129.6±19.2 132.4±21.4 142.7±30.6* 

DABP, , mm.sm.ust. 76.5±11.8 79.4±14.6 82.4±15.0* 

Average ABP, mm.cm.asl. 107.8±14.9 109.6±17.8 112.0±21.2* 

HIGH, th/min 95.4±22.0 87.4±26.4* 84.6±24.0** 

Note: *r<0.05, r**<0.01 – patients with decreased firing fraction 
compared to the phenotype 

 
In patients with chronic heart failure with reduced ejection fraction, systolic 

arterial blood pressure in the range of 100-140 mm Hg was more typical. It was 

observed that 90-110 beats/min is characteristic of patients with this phenotype. At 

this time, it was observed that systolic, diastolic and average blood pressure was 

higher in patients with OFCCHF than in patients with other phenotypes, and it was 

observed that systolic, diastolic and average blood pressure was characteristic of 70-

90 beats/min (pictures 6, 7, 8). 

 
Note: Statistically significant difference when p < 0.05 

6 pictures. Value of patients' initial systolic arterial blood pressure (SABP) 

depending on the phenotypes of the left ventricular ejection fraction. 
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Note: Statistically significant difference when p < 0.05 

7 pictures. Value of initial diastolic arterial blood pressure (DABP) of patients 

according to phenotypes of left ventricular ejection fraction. 

 
Note: Statistically significant difference when p < 0.05 

8 pictures. The number of initial heart contractions of patients depending on the 

phenotypes of the left ventricular ejection fraction. 

 
According to the results of the correlation analysis, there is a positive 

correlation between the patients' initial systolic arterial blood pressure and the left 

ventricular ejection fraction (r=0.186; P<0.05) and age (r=-0.172; P<0.05), between 

the amount of creatinine in the blood (r =-0.161; P<0.05) an inverse relationship was 

found. Diastolic arterial blood pressure is related to patients' age (r=0.194; P<0.05), 

body mass index (r=0.159; P<0.05), number of heart contractions (r=0.161; P<0.05), 
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blood It was observed that the amount of creatinine (r=0.176; P<0.05) has a positive 

relationship with the glomerular filtration rate (r=0.170; P<0.05). 

Thus, in patients with chronic heart failure with a preserved ejection fraction, 

high systolic and diastolic arterial blood pressure, a lower number of heart 

contractions are more characteristic in comparison to the cohort of patients with a 

reduced ejection fraction and a slightly reduced CHFli. In contrast, in patients with 

CHF, with a decrease in left ventricular ejection fraction, SABP, DABP tend to 

decrease, and HB tends to increase. 

2.1.4. Results of laboratory tests 

The amount of NT-proBNP increased with a decrease in left ventricular 

ejection fraction, and in patients with chronic heart failure with reduced ejection 

fraction, it was on average 3883±1214 pg/ml. There was no significant difference in 

creatine kinase MV, creatine kinase and troponin levels in CHF phenotypes 

according to left ventricular ejection fraction (Table 10).   

10 tables. 

Quantification of NT-proBNP, creatine kinase, and troponin levels in CHF 

phenotypes. 

Indicators EFCHFn=54 AEFCHF n=30 OFCCHF 

n=36 

NT-proBNP 3883±1214 3718±1146* 3535±1016** 

Creatine kinase, Ed/l 134.5±36.0 105.2±29.0* 124.8±37.0 

MV KFK, ED/l 19.1±10.5 12.4±9.0* 24.5±11.0 

Troponin, pg/ml 0.04±0.007 0.03±0.004 0.05±0.002 

Note: *r<0.05, r**<0.01 – patients with decreased firing fraction 
compared to the phenotype; 

 

A positive correlation was found between the amount of NT-proBNP and the 

amount of creatinine (r=0.182; P<0.05) and potassium (r=0.162; P<0.05) and body 

mass index (r=-0.167; P<0, 05), triglycerides (r=-0.204; P<0.05), low-density 

lipoprotein cholesterol (r=-0.192; P<0.05), high-density lipoprotein cholesterol (r=-

0.272; P<0.05), firing fraction, glomerular filtration rate (r=-0.572; P<0.05) were 
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found to have an inverse relationship. NT-proBNP levels in patients with CHF with 

preserved firing fraction were found to be positively correlated with blood glucose 

levels (r=0.182; P<0.05). At the same time, no significant difference was observed 

between the lipid parameters and the phenotypes according to the CHF shoot fraction  

When evaluating indicators of kidney function, it was observed that urea and 

creatinine levels were slightly higher in patients with EFCHF than in patients with 

AEFCHF and OFCCHF. At the same time, when assessing the rate of filtration of 

tubules, EFCHF, this indicator was observed to be relatively low (Table 11). 

11 tables 

Indicators of kidney and liver function 

Indicators EFCHFn=54 AEFCHF n=30 OFCCHF 

n=36 

Urea, mmol/l 9.1±4.2 8.2±3.9 7.7±3.6* 

Creatinine, μmol/l 124.0±22.8 115.0±19.7* 107.4±16.8** 

Ball filtration rate, ml/min, 

1.73 m2 

46.0±11.5 49.2±12.0 54.6±14.3** 

ALT, ED/l 27.4±8.2 25.1±7.4 21.6±6.1* 

AST, ED/l 33.8±14.0 29.4±12.2* 24.1±11.0* 

Bilirubin, μmol/l 22.5±10.4 18.4±8.9* 16.4±7.6* 

       Note: *r<0.05, **r<0.01 – phenotype of patients with reduced firing fraction 
                                         compared to 
 

Elevated levels of liver enzymes were observed in patients with EFCHF. 

Alternatively, the phenotype of patients with CHF with preserved firing fraction was 

observed to have a low hemoglobin and erythrocyte count. Conversely, platelets and 

C-reactive protein levels tended to be higher in CHF patients with reduced firing 

fraction (Table 12). 

12 tables 

Initial hematological indicators of patients. 

Indicators EFCHFn=54 AEFCHF n=30 OFCCHF 
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n=36 

Hemoglobin, g/ml 141.0±24.2 135.2±21.7* 128.0±19.4** 

Erythrocyte, 10*12/l 4.9±2.0 4.6±1.7 3.9±1.5* 

Platelet, 10*9/l 215.0±42.5 211.4±48.6 245.0±51.0 

Hematocrit, % 42.0±8.1 37.4±7.1 33.5±5.4* 

Leukocyte, 10*9/l 5.8±2.4 5.9±1.9 5.7±2.2 

CRP, g/l 37.3±10.5*** 27.0±8.2** 15.2±5.4 

           Note: *r<0.05, **r<0.01, ***r<0.001 – reduced firing fraction 
                           compared to the patients phenotype 
 

Thus, with a decrease in the contractile activity of the myocardial CHF, there is 

an increase in the amount of heart failure biomarkers, kidney and liver enzymes. 

2.1.5. Prehospital treatment of chronic heart failure 

Before hospital visit, 62% of patients were taking beta blockers, 48% of 

patients were taking angiotensin-converting enzyme inhibitors, and 19% of patients 

were taking angiotensin receptor blockers. Furosemide 32%, torasemide 14%, 

mineralocorticoid receptor antagonists 31% took diuretic drugs. 6% of patients 

received thiazide diuretics. 16% of patients received cardiac glycosides and 28% of 

patients received statins. 21% of patients required nitrates. Patients with low ejection 

fraction were more likely to receive beta-blockers, renin-angiotensin-aldosterone 

system blockers, loop diuretics, and mineralocorticoid receptor antagonists. A quarter 

of these patients required cardiac glycosides. In patients with moderate ejection 

fraction, renin-angiotensin system blocker intake was similar to patients with 

preserved ejection fraction. At the same time, beta blockers and mineralocorticoid 

antagonists were almost the same as patients with preserved ejection fraction, while 

digoxin and diuretics were taken more by patients with chronic heart failure with a 

slightly reduced ejection fraction. Patients with AEFCHF received calcium 

antagonists in 7% of cases without taking thiazide diuretics (Table 13). In addition, 

most of the patients received antiaggregant drugs (79), antiarrhythmic and 

anticoagulant drugs in patients with heart rhythm disorders. 

13 tables 
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Admission of patients in the pre-hospital period 

the list of medications. 

Indicators CHF 

n=120 

EFCHF 

n=54 

AEFCHF 

n=30 

OFCCHF 

n=36 

ACEI (%) 48 46 23* 70** 

ARB (%) 19 15 17 30* 

BB (%) 62 57 33** 69* 

MRA (%) 31 52 17** 8*** 

Digoxin (%) 16 25 13* 14* 

Loop diuretics (%) 46 52 43* 39* 

Thiazide diuretics (%) 6 9 - 5 

Calcium antagonist (%) 5 7 7 14* 

Statins (%) 28 24 30 36* 

Nitrates (%) 21 29 26 28 

Anticoagulant (%) 41 18 11 12 

Antiarrhythmic (%) 15 2 4 9* 

Antiaggregant (%) 79 36 19 24 

    Note:*r<0.05,**r<0.01,***r<0.001 phenotype of patients with reduced firing fraction 
                      compared to 

 

In addition to beta blockers, diuretics and statins took the main place in the 

group of patients with preserved ejection fraction. Calcium antagonists and digoxin 

were included in the list of drugs taken in the least amount. Nitrates were almost 

uniformly accepted by patients with CHF of all phenotypes. The demand for 

angiotensin receptor blockers increased with the increase in firing fraction. 

Thus, the drugs taken by patients with chronic heart failure in the pre-hospital 

period depend on the ejection fraction and concomitant diseases and do not fully 

comply with the standards. 

2.1.6. Assessment of central hemodynamic indicators, myocardial condition and 

reserve of coronary arteries 
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Before randomization, ExoKG was performed to assess central hemodynamic 

parameters in all patients (Table 14). After that, the patients were divided into 3 

phenotypic groups according to the indicator of firing fraction (Table 14). In patients 

with chronic heart failure with reduced ejection fraction, it was observed that the size 

of the left ventricle was larger than in patients with AEFCHF and OFCCHF 

(R<0.005). At the same time, significantly higher left ventricular end-diastolic size 

(ChQ SDO') and left ventricular end-systolic size (ChQ SSO') were observed in 

patients with this phenotype (R<0.005). It was found that the indicator of the linear 

integral velocity of the left ventricular outlet was significantly lower in patients with 

EFCHF (Table 15). 

14 tables 

Patients' baseline echocardiographic parameters before randomization (M+SD) 

Indicators CHF 

n=120 

ChB, mm 40.1±5.2 

ChQ SDO', mm 67.4±18.6 

ChQ SSO', mm 54.7±14.5 

ChQ firing fraction, % 45.3±12.0 

Linear integral speed of the ChQ outlet, cm 12.6±4.1 

ChQ SDH, ml/m2 132.4±42.8 

Assessment of tricuspid valve systolic excursion (TAPSE), mm 19.4±4.9 

Maximum speed in the tricuspid loop, m/s 3.2±1.1 

Pulmonary artery systolic pressure, mm.sm.ust. 18.4±6.7 

yes 18.1±7.5 

E/A 1.7±0.4 

Interventricular barrier size, mm 1.24±0.34 

The size of the thickness of the left ventricle, mm 1.21±0.36 

Left ventricular weight index, g/m2 119.4±31.5 

Summary index of left ventricular contractility 2.95±0.48 
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Summary index of left ventricular contractility after stress 

echocardiography with dobutamine 

2.3±0.68 

Note: ChB – left part; ChQ SDO' – left ventricular end-diastolic size; ChQ SSO' – left ventricular 
end-diastolic size; ChQ SDH – left ventricular end-diastolic volume; 

15 tables 

Baseline echocardiographic parameters of patients according to left ventricular 

ejection fraction phenotypes 

Indicators EFCHF 

n=54 

AEFCHF 

n=30 

OFCCHF 

n=36 

ChB, mm 42.2±4.7 40.0±5.6 38.2±5.8* 

ChQ SDO', mm 85.4±19.6 76.0±19.0* 64.1±18.0* 

ChQ SSO', mm 61.2±15.5 55.7±14.4* 53.7±14.7* 

ChQ firing fraction, % 38.2±12.0 45.2±11.9 52.5±12.6* 

Linear integral speed of the ChQ 

outlet, cm 

10.2±3.9 14.2±6.7** 15.6±8.1** 

ChQ SDH, ml/m2 148±42.8 122.4±42.8* 115.3±37.9* 

Assessment of tricuspid valve systolic 

excursion (TAPSE), mm 

13.4±4.1 16.1±4.5 21.0±5.2* 

Three-layer maximum speed, m/s 3.5±1.3 3.3±1.2 3.0±1.0* 

Pulmonary artery systolic pressure, 

mm.sm.ust. 

21.8±6.7 17.2±6.3 14.3±6.1* 

yes 19.1±7.5 16.1±6.6 14.2±5.9* 

E/A 1.9±0.5 1.8±0.6 1.6±0.3 

Interventricular barrier size, mm 1.21±0.34 1.28±0.38 1.20±0.28 

The size of the thickness of the back 

wall of the left ventricle, mm 

1.17±0.36 1.21±0.38 1.28±0.39 

Left ventricular weight index, g/m2 124.4±32.2 118.2±32.6 116.4±30.1* 

Summary index of left ventricular 

contractility 

2.79±0.45 3.04±0.54 3.12±0.64* 

Summary index of left ventricular 2.1±0.57 2.6±0.75 2.8±0.94* 
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contractility after stress 

echocardiography with dobutamine 

      Note: *p<0.05, **p<0.01– phenotype of patients with reduced firing fraction 
                                        compared to 
 

Left ventricular end-systolic and diastolic volumes increased with decreasing 

ejection fraction and were observed to be the highest in patients with EFCHF. 

Tricuspid valve systolic excursion was observed to be the highest in patients with 

OFCCHF compared to other phenotypes (R<0.05). Pulmonary artery systolic 

pressure increased with a decrease in ejection fraction. Although E/e' increased with 

decreasing firing fraction, no difference was observed between E/A values. There 

was no significant difference (R>0.05) between the size of the interventricular barrier 

and left ventricular thickness depending on the ejection fraction phenotypes. The left 

ventricular weight index was lower in patients with CHF with preserved ejection 

fraction, but the sum index of left ventricular contractility was higher. The summary 

index of left ventricular contractility after stress echocardiography with dobutamine 

was also observed to be higher in patients with chronic heart failure with preserved 

ejection fraction. As can be seen from the above, the central hemodynamic 

parameters change according to a certain regularity depending on the ejection fraction 

of the left ventricle. 

When the reserve of coronary arteries was studied separately for the 

phenotypes of changes in left ventricular ejection fraction, it was observed that the 

reserve volume of coronary arteries in patients with OFCCHF was slightly higher in 

the anterior descending coronary artery and in the right coronary artery than in 

patients with EFCHF and patients with OFbsCHF. In addition, no differences were 

observed between firing fraction phenotypes when the relative reserve volume of 

coronary arteries was evaluated (Table 16). 

16 tables 

Assessment of coronary artery reserve 

Indicators CHF 

n=120 

EFCHF 

n=54 

AEFCHF 

n=30 

OFCCHF 

n=36 
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VpdPNA (stress)mm.sm.ust. 89±24 84±22 91±24 97±26* 

VpdPNA (at rest) mm.sm.ust. 60.5±25 60±20 61±24 61±28 

TAZ PNA 1.5±0.4 1.4±0.4 1.5±0.5 1.6±0.7* 

VpdPKA (stress) mm.sm.ust. 82±19 83±17 86±20 93±21* 

VpdPKA (at rest) mm.sm.ust. 66±16 70±19 73±21 75±19 

TAZ PKA 1.25±0.4 1.15±0.4 1.19±0.64* 1.24±0.82** 

Relative reserve volume of 

coronary arteries 

1.15±0.4 1.2±0.4 1.1±0.35 1.1±0.42 

Note: *p<0.05, **p<0.01 – when compared with the phenotype of patients with reduced firing 
fraction; Vpd is the highest blood flow rate (pressure) in diastole; PNA - anterior descending artery; 
TAZ - reserve volume of coronary artery; PKA - right coronary artery. 

 

As can be seen from the table above, coronary artery reserve volume is higher 

in the contingent of patients with preserved ejection fraction and has a relatively 

stable reserve in the dipyridamole stress test. 

⸹ 2.2. Assessment of the activity of the sodium-uretic peptide system and the 

structural and functional state of the myocardium in patients with CHF 

When BNP and NT-proBNP were analyzed as biomarkers of chronic heart 

failure, it was observed that these biomarkers are related to central hemodynamic 

indicators, ie echocardiographic indicators of the heart. It was found that the left 

ventricular ejection fraction indicator is inversely related to BNP and NT-proBNP, 

chronic heart failure biomarkers were found to increase with a decrease in the left 

ventricular ejection fraction, and according to the results of the analysis, these 

biomarkers were inversely related to the left ventricular ejection fraction (r=- 0.85, CI 

95%, R<0.05; 10, 11 pictures). 
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Note: Statistically significant difference when p < 0.05 

10 pictures. Association between NT-proBNP activity and left ventricular 

stroke volume in chronic heart failure 

 
Note: Statistically significant difference when p < 0.05 

11 pictures. Relationship between BNP activity and left ventricular stroke 

volume in chronic heart failure 

 

When the relationship between BNP and NT-proBNP biomarkers of chronic 

heart failure and left ventricular size was analyzed, it was observed that the left 

ventricular size was correctly associated with the above biomarkers. In particular, the 

amount of BNP and NT-proBNP in plasma increased as the size of the left lobe 
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increased (r=0.85; II 95%; R<0.05; for BNP and r=0.78; II 95%; R<0 ,05; for NT-

proBNP; Figures 12, 13). 

 

Note: Statistically significant difference when p < 0.05 

12 pictures. Association between NT-proBNP activity and left ventricular size in 

chronic heart failure 

 

 

Note: Statistically significant difference when p < 0.05 

13 pictures. Association between BNP activity and left ventricular size in chronic 

heart failure 
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When examining the relationship between left ventricular aftersystolic and 

diastolic size from central hemodynamic parameters and biomarkers of chronic heart 

failure, an increase in NT-proBNP was observed in parallel with an increase in left 

ventricular aftersystolic and diastolic size (r=0.71; II 95%; 14 , 15 pictures). 

 

Note: Statistically significant difference when p < 0.05 

14 pictures. Association between NT-proBNP activity and left ventricular end-

diastolic size in chronic heart failure 

 

 

Note: Statistically significant difference when p < 0.05 

15 pictures. Association between NT-proBNP activity and left ventricular end-

systolic size in chronic heart failure 

 

When the relationship between left ventricular end-systolic and diastolic size 

and BNP was studied, it was found that there is a correct relationship between them, 
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that is, as the left ventricular end-systolic and diastolic size increases, the 

concentration of BNP in plasma increases (r=0.68; II 95%; 16, 17 pictures). 

 

Note: Statistically significant difference when p < 0.05 

16 pictures. Association between BNP activity and left ventricular end-diastolic 

size in chronic heart failure 

 

 

Note: Statistically significant difference when p < 0.05 

17 pictures. Association between BNP activity and left ventricular end-systolic 

size in chronic heart failure 

 

When the relationship between the linear integral velocity of the left 

ventricular output and biomarkers of chronic heart failure was studied, no significant 

relationship was observed between them. When left ventricular end-diastolic volume 

and CHF biomarkers were studied, a weak positive association was found between 

them. With the increase in the end-diastolic volume of the left ventricle, the 
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concentration of BNP in the plasma tended to increase (r=0.52; II 95%; Fig. 16). In 

addition, with the increase in the end-diastolic volume of the left ventricle, the 

amount of NT-proBNP in the plasma also increased (r=0.57; II 95%; pictures 18, 19). 

 

Note: Statistically significant difference when p < 0.05 

Figure 18. Relationship between BNP activity and left ventricular end-diastolic 

volume in chronic heart failure 

 

 

Note: Statistically significant difference when p < 0.05 
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19 pictures. Association between NT-proBNP activity and left ventricular end-

diastolic volume in chronic heart failure 

 
When tricuspid valve blood flow parameters, including tricuspid valve systolic 

excursion and tricuspid annulus peak velocity, were examined, no significant 

association was found with biomarkers of chronic heart failure. In addition, when 

examining the relationship between pulmonary artery systolic pressure and 

biomarkers, no clear signs of association were observed between them. Neither E/e' 

nor E/A were found to correlate with biomarkers. When the size of the 

interventricular barrier, the size of the thickness of the left ventricle and the weight 

index of the left ventricle were studied, there was no significant correlation of these 

parameters with the biomarkers (P>0.05). When studying the correlation of 

biomarkers with the summary index of left ventricular contractility, it was found that 

there is an inverse relationship between them (r=-0.62; II 95%; Figures 20, 21). 

 

Note: Statistically significant difference when p < 0.05 

20 pictures. Association between BNP activity and the summary index of left 

ventricular contractility in chronic heart failure 
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Note: Statistically significant difference when p < 0.05 

21 pictures. Association between NT-proBNP (Natriuretic Peptide) Activity and 

Summary Index of Left Ventricular Contractility in Chronic Heart Failure 

 
In conclusion, plasma concentrations of BNP and NT-proBNP as biomarkers 

of chronic heart failure have a positive relationship with left ventricular size, left 

ventricular systolic and diastolic dimensions, and left ventricular end-diastolic 

volume. Left ventricular ejection fraction, and the sum index of left ventricular 

contractility were found to have an inverse relationship between plasma 

concentrations of BNP and NT-proBNP.   
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EVALUATION OF THE EFFICACY OF A 12-WEEK 

SACUBITRIL/VALSARTAN TREATMENT IN PATIENTS WITH CHF 

⸹ 3.1. Clinical demographics of patients. 

The patients involved in the study were divided into 2 groups by simple 

randomization, i.e. 1 group received sacubitril/valsartan on the background of 

standard treatment (a small dose of 26/24 mg was prescribed 2 times, the dose was 

titrated up to the maximum tolerated dose of 103/97 mg), the next group received 

only valsartan on the background of standard treatment took the drug (starting at a 

low dose of 40mg and titrated up to a maximum tolerated dose of 160mg). Of these, 

25 patients remained on sacubitril/valsartan 24/26 mg, 22 patients increased to 51/49 

mg, and 13 patients increased to 103/97 mg based on baseline blood pressure 

readings and drug tolerance. Of the patients in the valsartan group, 21 remained on 

valsartan 40 mg, 19 on valsartan 80 mg, and 20 on valsartan 160 mg. Both groups 

were observed to have similar baseline patient demographics. Table 11 shows the 

initial clinical demographics of the patients in the groups. The average age of patients 

in group 1 was 67.6±11.9 years, and the average age in group 2 was 68.3±12.4 years. 

In the sacubitril/valsartan group, 48% of patients were women and 52% were men, 

while in the 2 groups, women and men were 50%. The body weight index of patients 

in the first group was 30.2±8.0 kg/m2, and in the second group it was 31.4±7.8 

kg/m2. 20% of patients in the sacubitril/valsartan group were smokers, and 17% of 

patients in the valsartan group were smokers. Alcohol consumption was similar in 

both groups, including 8 patients in group 1 consumed alcohol, while 7 patients in 

group 2 consumed alcohol. 77% of patients in group 1 had a history of myocardial 

infarction, and 63% of patients in group 2 had it. Percutaneous coronary intervention 

was performed in 6 patients in the sacubitril/valsartan group and in 8 patients in the 

valsartan group. Aortic coronary bypass surgery was observed in 13% of patients in 

group 1, and in 8% of patients in group 2. Associated arterial hypertension was 

observed in 91% of patients in group 1, and in 90% of patients in group 2. In the 

sacubitril/valsartan group, compartmental tremor was observed in 21 patients due to 

comorbidities, complications after BMQAO'B in 17% of patients, SBK in 25% of 



53 

 

patients, and anemia in 25% of patients. Charlson scale averaged 7.2±2.4 in group 1, 

and 7.0±3.4 in group 2 (Table 17). 

17 tables 

Clinical demographic characteristics of patients with chronic heart failure 

according to treatment groups 

Indicator 1 group 

Sacubitril/valsartan n=60 

2 groups 

Valsartan 

n=60 

Rvalue 

Age, year 67.6±11.9 68.3±12.4 >0.05 

Gender male/female, (%) (48)/(52) (50)/(50) >0.05 

TMI, kg/m2 30.2±8.0 31.4±7.8 >0.05 

Smoking, n(%) 12 (20) 10 (17) >0.05 

Alcohol, n(%) 8 (13) 7 (11) >0.05 

Angina: 

FC II  

FC III 

FC IV 

 

16 (13.3) 

23 (19.2) 

21 (17.5) 

 

20 (16.7) 

21 (17.5) 

19 (15.8) 

 

>0.05 

>0.05 

>0.05 

IKKS, n(%) 46 (77) 38(63) >0.05 

Percutaneous coronary 

intervention, n(%) 

6 (10) 8 (13) >0.05 

In US anamnesis, n(%) 8 (13) 4 (8) >0.05 

Arterial hypertension, n(%) 55 (91) 54 (90) >0.05 

Diabetes, n(%) 26 (43) 23 (40) >0.05 

Volatility constant form of 

fractions, n(%) 

21 (35) 20 (33) >0.05 

Status after UNFCCC, n(%) 10 (17) 11 (18) >0.05 

SBK, n(%) 15 (25) 17 (28) >0.05 

Anemia, n(%) 15(25) 13 (22) >0.05 

OSOK, n(%) 11 (18) 15 (25) >0.05 
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Charlson scale 7.2±2.4 7.0±3.4 >0.05 

 

⸹ 3.2. In the groups, patients' initial clinical and 

hemodynamic indicators. 

In the examination, 78% of patients in group 1 had symptoms such as panting 

during physical activity, swelling in legs in 80%, fatigue in 48%, and weakness in 

83% of patients in group 2, panting at rest in 45%, panting during physical exertion in 

85%, and swelling in 78%. . Half of the patients in the first group had signs of 

hemostasis according to X-ray examination, while in the second group this indicator 

was 48%. However, there was no significant difference in clinical signs between the 

two groups (Table 18). 

18 tables 

Patients with chronic heart failure 

clinical symptoms (n=120) 

Indicator 1 group 

n=60 

2 groups 

n=60 

R value is 

n=30 

Fatigue, n (%) 47 (78%) 50 (83%) >0.05 

Wheezing at rest, n (%) 29 (48%) 27 (45%) >0.05 

Panting during physical exertion, n (%) 56 (93%) 51 (85%) >0.05 

Orthopnea, n (%) 23 (38%) 21 (35%) >0.05 

Tumors, n (%) 48 (80%) 47 (78%) >0.05 

Wheezing in the lungs, n (%) 36 (60%) 35 (58%) >0.05 

Hepatomegaly, n (%) 26 (43%) 24 (40%) >0.05 

Signs of hemostasis according to X-ray 

examination, n (%) 

30 (50%) 29 (48%) >0.05 

 

Among patients in the sacubitril/valsartan group, chronic heart failure was 30% 

of patients with NYHA II FC, compared with 28% in the valsartan group. According 

to NYHA, 40% of patients with FC III in group 1 and 43% in group 2 were observed. 

According to NYHA, patients with IV FC were found to be 30% in group 1 and 28% 
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in group 2. But when the groups were compared, there was no significant difference 

between the NYHA functional classes of chronic heart failure between the groups 

(Figure 22). 

 
Note: Statistically significant difference when p < 0.05 

22 pictures. Distribution of NYHA functional classes of primary chronic heart 

failure among patients between groups. 

According to the results of a 6-minute test conducted on patients, the average 

distance covered in the first examination in patients with chronic heart failure in 

group 1 was 206.4±38.0 meters, and in patients in group 2 it was 212.5±66.3 meters. 

In addition, the index of minute oxygen consumption in the first examination was 

12.8±6.2 ml/(kgxmin) in group 1, and 13.1±6.4 ml/(kgxmin) in group 2 (Figure 23). 

 
Note: Statistically significant difference when p < 0.05 
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23 pictures. Distance traveled during the first 6-minute trial and minute oxygen 

demand between groups. 

 
When hemodynamic indicators of patients were analyzed, arterial blood 

pressure and the number of heart contractions were similar in both groups (Table 19). 

19 tables 

SAKB and DAKB as well as UKB and YuKS pointers in groups 

Indicators 1 group 

n=60 

2 groups 

n=60 

R value 

SABP, mm.sm.ust. 129.6±19.2 131.6±24.5 >0.05 

DABP, , mm.sm.ust. 78.9±12.4 79.0±14.1 >0.05 

Average ABP, mm.cm.asl. 108.8±14.4 109.1±16.2 >0.05 

HIGH, th/min 85.4±22.0 86.6±25.8 >0.05 

⸹ 3.3. Preliminary laboratory of patients in groups 

inspection indicators. 

At baseline, NT-proBNP was 3812±1326 pg/ml in the sacubitril/valsartan 

group and 3612±1287 pg/ml in the valsartan group, but there was no significant 

difference between the two groups (R>0.05). In addition, the mean concentration of 

BNP in plasma was 512±46 pg/ml in group 1 and 498±52 pg/ml in group 2, and the 

change in both groups was not statistically significant (Table 20).   

20 tables 

NT-proBNP, amount of BNP in groups 

Indicators 1 group=60 2 groups n=60 R value 

NT-proBNP 3812±1326 3612±1287 >0.05 

BNP 512±46 498±52 >0.05 
 

Table 21 shows the range of baseline lipid values between groups. As can be 

seen from the table, there was no significant difference between the groups in terms 

of initial indicators. 

21 tables 
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Quantification of lipid parameters between the initial groups 

Indicators 1 group 

n=60 

2 groups 

n=60 

R value 

Total cholesterol, mmol/l 5.1±1.7 4.9±1.9 >0.05 

Triglyceride, mmol/l 3.5±1.6 3.7±2.0 >0.05 

Low-density lipoprotein cholesterol, 

mmol/l 

3.1±1.9 3.2±2.0 >0.05 

High-density lipoprotein cholesterol, 

mmol/l 

1.2±0.6 1.1±0.8 >0.05 

 

When the indicators of kidney function were evaluated, the urea and creatinine 

levels of patients in group 1 tended to be slightly higher than those in group 2, but 

there was no statistically significant difference (>0.05). Preliminary comparative 

analysis between groups is detailed in Table 16 (Table 22). 

22 tables 

Indicators of kidney and liver function. 

Indicators 1 group=60 2 groups n=60 R value 

Urea, mmol/l 9.0±4.6 8.9±4.8 >0.05 

Creatinine, μmol/l 121.0±24.4 118.0±21.9 >0.05 

Ball filtration rate, ml/min, 

1.73 m2 

48.0±12.5 49.2±12.0 >0.05 

ALT, ED/l 22.4±9.2 25.1±7.4 >0.05 

AST, ED/l 24.8±14.0 26.4±12.2 >0.05 

Bilirubin, μmol/l 2215±10.4 18.4±8.9* >0.05 

Note: *r<0.05– when compared with the phenotype of patients with reduced firing fraction 

When the parameters of the general blood analysis were evaluated, it was 

observed that the initial parameters were similar in the sacubitril/valsartan and 

valsartan groups (>0.05). Blood general analysis results 

It is detailed in Table 23. 

23 tables 

Initial hematological indicators of patients 



58 

 

Indicators 1 group=60 2 groups n=60 R value 

Hemoglobin, g/ml 138.0±26.2 135.7±24.7 >0.05 

Erythrocyte, 10*12/l 4.3±2.0 4.1±1.8 >0.05 

Platelet, 10*9/l 212.0±42.5 210.4±48.9 >0.05 

Hematocrit, % 40.0±8.1 37.4±7.5 >0.05 

Leukocyte, 10*9/l 5.6±2.2 5.7±1.9 >0.05 

CRP, g/l 18.2±5.8 20.0±8.0 >0.05 

Thus, in the initial examination, the indicators were similar in both groups, and 

no significant differences were observed between them (>0.05). 

3.3.1. Pre-hospital treatment of patients in groups. 

Before visiting the hospital, 47% of patients in group 1 received ACEI 

inhibitors, while in group 2 this figure was 49%. Angiotensin receptor blockers were 

also taken in similar amounts in both groups. The most popular beta blocker was 

observed in 65% of patients in group 1, and in 59% of patients in group 2. Among 

other drugs, no significant difference was observed between the two groups (P>0.05, 

Table 24 shows the pre-hospital drugs of the patients between the groups. . 

24 tables 

List of drugs taken by patients in groups before hospitalization 

Indicators 1 group=60 2 groups=60 R value 

ACEI (%) 47 49 >0.05 

ARB (%) 18 17 >0.05 

BB (%) 65 59* <0.05 

MRA (%) 41 38 >0.05 

Digoxin (%) 19 21 >0.05 

Loop diuretics (%) 42 49* >0.05 

Thiazide diuretics (%) 5 7 >0.05 

Calcium antagonist (%) 3 4 >0.05 

Statins (%) 25 27 >0.05 

Nitrates (%) 23 25 >0.05 

Anticoagulants (%) 33 35 >0.05 
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Antiaggregants (%) 77 81 >0.05 

Antiarrhythmics (%) 17 13 >0.05 

  Note: *r<0.05– when compared with the phenotype of patients with reduced firing fraction                         
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3.3.2. Indicators of initial coronary reserve and myocardial condition of patients 

in groups 

In the sacubitril/valsartan group, the left ventricular size at baseline was 

43.0±4.5 cm, compared with 42.5±4.9 cm in the valsartan group (R>0.05). The end-

diastolic size of the left ventricle in group 1 was 66.3±17.4mm at the initial 

examination, and it was observed that it was less than that of the second group, but 

the differences were not statistically significant. In addition, left ventricular end-

systolic size, left ventricular end-diastolic volume, maximum velocity in the tricuspid 

annulus, systolic blood pressure in the pulmonary artery, E/e', E/A and the summary 

index of left ventricular contractility after stress echocardiography with dobutamine 

were slightly lower compared to the valsartan group. but no statistically significant 

differences were observed (25- table). In addition, in the initial examination, the 

linear integral velocity of the left ventricular outflow tract, TAPSE index, 

interventricular barrier size, left ventricular thickness, left ventricular weight index, 

left ventricular contractility summary index tended to be slightly higher in the first 

group of patients, but no statistically significant difference was detected between 

them. (P>0.05). 

25 tables 

Initial echocardiographic indicators of patients in groups 

Indicators 1 group 

n=60 

2 groups 

n=60 

R value 

ChB, cm 43.0±4.5 42.5±4.9 0.198 

ChQ SDO', mm 66.3±17.4 69.4±18.2 0.214 

ChQ SSO', mm 54.2±14.5 58.4±15.5 0.080 

ChQ firing fraction, % 42.2±12.0 43.1±11.9 0.048** 

Linear integral speed of the ChQ 

outlet, cm 

14.0±4.6 12.1±4.4 0.245 

ChQ SDH, ml/m2 136.0±41.5 144.0±43.8 0.350 

Assessment of tricuspid valve 18.1±4.7 15.4±4.3 0.070 
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systolic excursion (TAPSE), mm 

Maximum speed in the tricuspid 

loop, m/s 

3.3±1.2 3.6±1.4 0.278 

Pulmonary artery systolic 

pressure, mm.sm.ust. 

18.1±6.7 19.8±6.9 0.249 

yes 17.2±6.6 18.3±7.0 0.195 

E/A 1.6±0.5 1.8±0.6 0.090 

Interventricular barrier size, mm 1.29±0.36 1.25±0.35 0.210 

The size of the thickness of the 

left ventricle, mm 

1.28±0.38 1.19±0.33 0.315 

Left ventricular weight index, 

g/m2 

124.4±32.5 122.4±35.0 0.165 

Summary index of left ventricular 

contractility 

2.98±0.49 2.79±0.46 0.085 

Summary index of left ventricular 

contractility after stress 

echocardiography with 

dobutamine 

2.2±0.69 2.3±0.68 0.148 

Note: **r<0.05– compared with the phenotype of patients with reduced firing fraction      
 

No significant changes were observed in both groups when the reserve volume 

of the coronary arteries was evaluated at the initial examination of the patients. In 

particular, peak diastolic blood flow velocity during stress diastole with dipyridamole 

test of anterior descending coronary artery was 88.0±23.0 mmHg in the 

sacubitril/valsartan group and 85.2±21.3 mmHg in the valsartan group at baseline. 

was equal to .sm.ust., but there was no statistically significant difference between the 

groups. At the same time, the highest blood flow velocity of the anterior descending 

coronary artery in rest diastole was 61.5±25, mm.cm.ust in the initial examination. 

was equal to and slightly higher than the valsartan group (59.4±20.3 mm Hg), but no 

statistical differences were observed between the groups (0.120). Coronary artery 
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reserve volume was slightly higher in the sacubitril/valsartan group than in the 2 

groups, but these differences were not statistically significant (0.064). In addition, 

stress and resting diastolic peak blood flow velocity and reserve volume of the right 

coronary artery were similar in the initial examination in both groups (P>0.05). In 

addition, the relative reserve volume of the coronary arteries was not significantly 

different between the groups at baseline (Table 26). 

26 tables 

Assessment of coronary artery reserve 

Indicators 1 group=60 2 groups=60 R value 

VpdPNA (stress)mm.sm.ust. 88.0±23.0 85.2±21.3 0.075 

VpdPNA (at rest) mm.sm.ust. 61.5±25.0 59.4±20.3 0.120 

TAZ PNA 1.6±0.4 1.4±0.35 0.064 

VpdPKA (stress) mm.sm.ust. 83.2±19.4 82.8±17.9 0.069 

VpdPKA (at rest) mm.sm.ust. 68.0±16.0 65.2±19.4 0.058 

TAZ PKA 1.22±0.45 1.29±0.6 0.075 

Relative reserve volume of 

coronary arteries 

1.15±0.4 1.18±0.6 0.125 

Note: statistically significant difference when p<0.05; Vpd is the highest blood flow rate (pressure) 
in diastole; PNA - anterior descending artery; TAZ - reserve volume of coronary artery; PKA - right 
coronary artery. 

As can be seen from the table above, the total and relative reserve volumes of 

the coronary arteries were similar in both groups at baseline. 

⸹ 3.4. Efficacy, safety, and effects on clinical and biochemical parameters of 12-

week treatment with sacubitril/valsartan 

The use of sacubitril/valsartan drug had a positive effect on the subjective 

condition of patients. This positive effect was especially evident in patients suffering 

from shortness of breath (Table 21). In particular, fatigue decreased from 78% to 

17% in group 1 patients, and this indicator increased from 83% to 43% in the 

valsartan group (R<0.05), that is, in both groups, fatigue was significantly reduced on 

the background of treatment, but when we compared the groups, the differences in 

the first group it was observed that it was significant in patients (R<0.05). In addition, 
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wheezing at rest showed significant changes in patients in both groups during 

treatment, including 48% of patients in the sacubitril/valsartan group had wheezing at 

rest at baseline, but only 8% of patients had wheezing at rest after 3 months of 

treatment (R<0.05). In the valsartan group, 45% of patients had wheezing at rest 

during the initial examination, while only 15% of patients suffered from this 

complaint during treatment (R<0.05). Although there was a significant reduction in 

complaints during treatment in both groups, these changes were observed to be 

significant in the sacubitril/valsartan group (R<0.05). In group 1, panting during 

exercise decreased from 93% to 27%, and in group 2, it decreased from 85% to 47% 

(R<0.05). In addition, other subjective clinical signs also showed significant changes 

in both groups on the background of treatment, but there was no statistically 

significant change between groups (R>0.05). Table 27 details the effect of 

sacubitril/valsartan and valsartan groups on subjective complaints of patients. 
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27 tables 

Changes of clinical signs in groups against the background of treatment 

Indicator 1 group 

(sacubitril/valsar-

tan)n=60 

2 groups 

(valsartan) 

n=60 

R 

value 

Initial 

indicator 

Post-

treatment 

performan

ce 

Initial 

indicator 

Post-

treatment 

performanc

e 

Fatigue, n (%) 47 (78%) 17 (28%) 50 (83%) 26 (43%) <0.05 

Wheezing at rest, n(%) 29 (48%) 5 (8%) 27 (45%) 9 (15%) <0.05 

Panting during physical 

exertion, n (%) 

56 (93%) 16 (27%) 51 (85%) 28 (47%) <0.05 

Orthopnea, n (%) 23 (38%) 0 (0%) 21 (35%) 2 (3%) >0.05 

Tumors, n (%) 48 (80%) 3 (5%) 47 (78%) 9 (15%) >0.05 

Wheezing in the lungs, 

n(%) 

36 (60%) 7 (12%) 35 (58%) 11 (22%) >0.05 

Hepatomegaly, n(%) 26 (43%) 11 (18%) 24 (40%) 12 (30%) >0.05 

Signs of hemostasis 

according to X-ray 

examination, n(%) 

30 (50%) 8 (13%) 29 (48%) 10 (23%) >0.05 

                           

We can see that there was a positive change in the NYHA functional classes of 

patients in both groups against the background of treatment. For example, we can 

observe that in sacubitril/valsartan group, 28% of patients with functional class IV 

according to NYHA initially had 28%, but this indicator decreased to 5% after 

treatment. In addition, it was observed that the patients with functional class III 

according to NYHA were significantly reduced in group 1, i.e. from 47% to 12% 

(P<0.05). On the contrary, we can observe that patients with functional class II 

according to NYHA have an advantage due to improvements in higher functional 
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classes against the background of treatment (from 25% to 47%). We can observe that 

the functional classes of chronic heart failure improved against the background of 

treatment in both groups. In this group, we can observe a significant decrease in 

patients with NYHA functional class IV and III, and a significant increase in patients 

with functional class II against the background of treatment. But when the groups 

were compared, we could observe that the sacubitril/valsartan group had a significant 

effect on NYHA functional classes (R<0.05). Figure 24 shows a diagram of the 

change in the treatment background of the functional classes among the groups. 

 
Note: Statistically significant difference when p < 0.05 

24 pictures. Functional classes between groups 

change in treatment background 

 
According to the results of the 6-minute test conducted on the patients, the 

average distance covered in the first examination of the patients with chronic heart 

failure in group 1 was 206.4±38.0 meters, and the patients' tolerance to physical 

exertion increased on the background of the treatment, and the average distance of 

the patients in this group was 379.0±48.0 meters. we can see that the distance 

traveled (P<0.05), while in 2 groups of patients in the initial examination, he covered 

a distance of 212.5±66.3 meters, and after treatment, he covered a distance of 

315.0±51.0 meters (P<0.05). At the same time, the index of minute oxygen 
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consumption in the initial examination was 12.8±6.2 ml/(kgxmin) in group 1 and 

reached 15.2±7.0 ml/(kgxmin) in the background of treatment (P<0.05) , and in 2 

groups from 13.1±6.4 ml/(kgxmin) to 15.3±7.6 ml/(kgxmin) (P<0.05) we can observe 

that it has changed (Fig. 25). When the groups were compared, the 6-minute test 

distance was significantly higher in the sacubitril/valsartan group than in the valsartan 

group (P<0.05), but the oxygen demand was almost similar in both groups and no 

difference was observed between the groups (P> 0.05). 

 
Note: Statistically significant difference when p < 0.05 

25 pictures. Average distance traveled and oxygen demand of patients in the 6-

minute test in the treatment groups. 

 

Analyzing the hemodynamic parameters of the patients, the systolic arterial 

blood pressure was 129.6±19.2 mm Hg in the sacubitril/valsartan group. from 

127.7±21.6 mm.cm.above. decreased by 131.6±24.5 mm.cm.sg in the valsartan 

group. from 129.6±23.5 mm.cm.above. was observed to decrease to Diastolic blood 

pressure was also observed to decrease slightly during treatment in both groups, 

including 78.9±12.4 mmHg in the sacubitril/valsartan group. from 77.8±12.9 

mm.cm.ust. decreased by 79.0±14.1 mm.sm.sg in the valsartan group. from 

77.0±14.1 mm.cm.above. was observed, but these changes were not statistically 

significant within groups and between groups (R>0.05). We can observe that the 

mean blood pressure also slightly decreased on the background of treatment in both 

groups, but we can see that these changes are not statistically significant (R>0.05). It 

can be observed that the number of heart contractions decreased from 85.4 ± 22.0 at 
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baseline to 81.1 ± 21.6 after treatment in the sacubitril/valsartan group (R<0.05). In 

the Valsartan group, the number of heart contractions was reliably reduced on the 

background of treatment (R<0.05), but when the groups were compared, we can see 

that this change was not statistically significant (R>0.05; Table 28). 

28 tables 

On the background of treatment in the groups, SAKB, DAKB and average 

Change of AKB and YUKS 

Indicators Group 1 

(sacubitril/valsartan) 

n=60 

2 groups 

(valsartan) 

n=60 

R value 

Initial 

indicator 

Post-

treatment 

performance 

Initial 

indicator 

Post-

treatment 

performance 

SABP, mm.sm.ust. 129.6±19.2 127.7±21.6 131.6±24.5 129.6±23.5 >0.05 

DABP, , mm.sm.ust. 78.9±12.4 77.8±12.9 79.0±14.1 77.0±14.1 >0.05 

Average ABP, 

mm.cm.asl. 

108.8±14.4 107.1±14.8 109.1±16.2 106.1±15.2 >0.05 

HIGH, th/min 85.4±22.0 81.1±21.6* 86.6±25.8 80.1±25.6* <0.05 

                    
 

When studying NT-proBNP and BNP, which are biomarkers of chronic heart 

failure, we can observe that the level of NT-proBNP was 3812±1326 pg/ml at initial 

examination in sacubitril/valsartan group patients, and its level significantly 

decreased to 1835±1118 pg/ml after treatment (P <0.05). At the same time, we can 

observe that the amount of NT-proBNP decreased from 3612±1287 pg/ml to 

2459±1154 pg/ml in the valsartan group (P<0.05). We can observe that blockers of 

the renin-angiotensin-aldosterone system in chronic heart failure have a positive 

effect on clinical manifestations of chronic heart failure as well as biomarkers. When 

we compared the effect of treatment on the NT-proBNP biomarker between the 

groups, we could see that the 1 sacubitril/valsartan group significantly reduced this 
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biomarker compared to the valsartan group (0.012). When both groups were 

examined for the effect on the mean plasma concentration of BNP, a biomarker of 

CHF, it was found that BNP concentration changed from 512±46 pg/ml to 375±39 

pg/ml in the sacubitril/valsartan group, and from 498±52 pg/ml to 412±49 pg/ml in 

the valsartan group. we can observe (P<0.05). When comparing the groups, we can 

observe that group 1 had a significant effect on BNP than group 2 (R=0.024; Table 

29).   

29 tables 

NT-proBNP, amount of BNP in groups. 

Indicators Group 1 (sacubitril/valsartan) 

n=60 

2 groups 

(valsartan) 

n=60 

R value 

Initial 

indicator 

Post-

treatment 

performance 

Initial 

indicator 

Post-

treatment 

performance 

NT-proBNP 3812±1326 1835±1118* 3612±1287 2459±1154* 0.012* 

BNP 512±46 375±39* 498±52 412±49* 0.024* 

Note: *r<0.05– when compared with the phenotype of patients with reduced firing fraction; 

 
Table 30 shows the effects of sacubitril/valsartan and valsartan groups on lipid 

parameters. As can be seen from the table, treatment with sacubitril/valsartan and 

valsartan had no significant effect on lipid parameters (P>0.05). 

30 tables 

Quantification of lipid parameters between the initial groups. 

Indicators 1 group 

(sacubitril/valsartan)

n=60 

2 groups 

(valsartan) 

n=60 

 

R 

value 

Initial 

indicator 

Post-

treatment 

performan

Initial 

indicator 

Post-

treatment 

performan
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ce ce 

Total cholesterol, 

mmol/l 

5.1±1.7 3.8±1.3 4.9±1.9 3.5±1.5 0.125 

Triglyceride, mmol/l 3.5±1.6 2.1±1.8 3.7±2.0 2.2±1.8 0.450 

Low-density lipoprotein 

cholesterol, mmol/l 

3.1±1.9 2.0±15 3.2±2.0 2.4±2.1 0.168 

High-density lipoprotein 

cholesterol, mmol/l 

1.2±0.6 1.1±0.9 1.1±0.8 1.0±0.7 0.250 

 

 

When evaluating renal function, blood urea in the sacubitril/valsartan group 

decreased from 9.0±4.6 mmol/l to 8.7±4.2 mmol/l and from 8.9±4.8 mmol/l in the 

valsartan group. We can observe that it changed by 6±4.4 mmol/l (R>0.05). The 

amount of creatinine in the groups decreased from 121.0±24.4 μmol/l to 115.0±22.4 

μmol/l in group 1, and from 118.0±21.9 μmol/l to 115, We can observe that it 

decreased to 0±20.4 μmol/l. When comparing the groups, we can observe that there 

was a significant effect on neither urea nor creatinine among them (R>0.05). 

Although the glomerular filtration rate was slightly increased in both the treatment 

groups, there was no significant difference between them (R>0.05). When 

sacubitril/valsartan and valsartan drugs were used in addition to standard treatment in 

patients with chronic heart failure, no significant effect of drugs on liver enzymes 

was observed on the background of treatment and between groups (R>0.05; Table 

31). 

31 tables 

Indicators of kidney and liver function 

Indicators Group 1 

(sacubitril/valsartan) 

n=60 

2 groups 

(valsartan) 

n=60 

R value 

Initial Post- Initial Post-
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indicator treatment 

performance 

indicator treatment 

performance 

Urea, mmol/l 9.0±4.6 7.8±4.2 8.9±4.8 8.0±4.4 >0.05 

Creatinine, μmol/l 121.0±24.4 115.0±22.4 118.0±21.9 115.0±20.4 >0.05 

Ball filtration rate, 

ml/min, 1.73 m2 

48.0±12.5 50.0±12.8 49.2±12.0 51.0±12.2 >0.05 

ALT, ED/l 22.4±9.2 20.4±9.8 25.1±7.4 22.0±7.2 >0.05 

AST, ED/l 24.8±14.0 21.2±14.9 26.4±12.2 25.4±14.2 >0.05 

Bilirubin, μmol/l 22.15±10.4 20.10±10.9 18.4±8.9 18.4±8.6 >0.05 

                       

When evaluating general blood analysis indicators, it can be observed that 

there were no significant changes in the background of treatment in 

sacubitril/valsartan and valsartan groups (R>0.05). When the effect of groups on S-

reactive protein was studied, there was a significant difference between groups 

(R=0.02). In particular, C-reactive protein decreased from 18.2±5.8 g/l to 11.0±5.3 

g/l in the sacubitril/valsartan group, and from 20.0±8.0 g/l to 16 in the valsartan 

group. It can be observed that it decreased by 4±8.7 g/l (P<0.05). The effects of the 

sacubitril/valsartan and valsartan groups on the results of the general blood analysis 

are detailed in Table 32. 

32 tables 

Initial hematological indicators of patients 

Indicators Group 1 

(sacubitril/valsartan) 

n=60 

2 groups 

(valsartan) 

n=60 

 

R value 

Initial 

indicator 

Post-

treatment 

performance 

Initial 

indicator 

Post-

treatment 

performance 

Hemoglobin, 

g/ml 

138.0±26.2 137.0±28.2 135.7±24.7 135.7±24.7 0.24 
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Erythrocyte, 

10*12/l 

4.3±2.0 4.2±2.4 4.1±1.8 4.0±1.2 0.38 

Platelet, 10*9/l 212.0±42.5 219.0±46.4 210.4±48.9 214.4±45.6 0.27 

Hematocrit, % 40.0±8.1 39.1±8.6 37.4±7.5 35.4±7.6 0.36 

Leukocyte, 10*9/l 5.6±2.2 5.9±2.3 5.7±1.9 5.6±1.8 0.54 

CRP, g/l 18.2±5.8 11.0±5.3* 20.0±8.0 16.4±8.7* 0.02** 

Note: *statistically significant difference when p < 0.05; 
**p<0.05 when groups are compared. 

 

⸹ 3.5. Effects of 12-week treatment with sacubitril/valsartan on central and 

peripheral hemodynamic parameters, myocardial reserve volume and viability 

Sacubitril/valsartan treatment resulted in a change in left ventricular size from 

43.0±4.5 mm to 41.2±3.6 mm, while valsartan treatment resulted in a change from 

42.5±4.9 mm to 40.5±4.7 mm. Although the left lobe volume decreased slightly in 

both groups after 3 months of treatment, the difference between them was not 

statistically significant (P>0.05). As a result of the treatment with sacubitril/valsartan 

combination, it can be observed that the left ventricular end-diastolic size decreased 

significantly (from 66.3±17.4 mm to 61.1±16.2 mm). In the Valsartan group, 

although the left ventricular end-diastolic size decreased on the background of 

treatment, this change was statistically insignificant (from 69.4±18.2 mm to 

67.8±17.4 mm, R>0.05). When the groups were compared on the effect on the left 

ventricular end-diastolic size, it was observed that the effect of 1 group was 

significant (P=0.043). When evaluating the effect of groups on left ventricular end-

systolic size, it can be observed that there was a significant change in patients in the 

sacubitril/valsartan group (from 54.2±14.5 mm to 50.1±14.0 mm vs. from 58.4±15.5 

mm to 56, 2±14.8 ha, R<0.05). Left ventricular ejection fraction significantly 

improved in both groups of patients (from 42.2±12.0% to 49.8±13.2% vs. from 

43.1±11.9% to 47.3±14.2 %, R<0.05; 24 images). When evaluating the effect of the 

groups on the linear integral velocity of the left ventricular outflow, there was no 

significant difference between the treatment background and the groups (14.0 ± 4.6 

cm to 12.6 ± 4.6 cm vs. 12.1 ± 4.4 cm to 11.7 ± by 4.3 cm, P>0.05). When evaluating 
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the end-diastolic volume of the left ventricle, it can be observed that in the 

sacubitril/valsartan group this indicator changed significantly against the background 

of treatment (from 136.0±41.5 ml/m2 to 112.0±46.5 ml/m2 vs. 144.0±43 ,8 ml/m2 to 

134.0±42.6 ml/m2, R<0.05; 30 tables). Although patients with chronic heart failure 

were treated with sacubitril/valsartan and valsartan drugs, tricuspid valve systolic 

excursion, tricuspid loop maximum velocity, and pulmonary artery systolic blood 

pressure were slightly changed, but no significant changes were observed within or 

between groups as a result of treatment (P>0, 05). A significant decrease in E/e' was 

observed on the background of treatment with sacubitril/valsartan (from 17.2±6.6 to 

14.1±6.9, R>0.05), but the changes were statistically insignificant in the valsartan 

group (18, 3±7.0 to 17.0±7.5, P<0.05). It was found that the change in E/A was 

insignificant within and between groups on the background of treatment (1.6±0.5 to 

1.4±0.5 vs. 1.8±0.6 to 1.5±0.4 ga, R=0.090; 30 tables). When evaluating the size of 

the interventricular barrier, the size of the thickness of the left ventricle, and the 

weight index of the left ventricle, it can be determined that there was no significant 

change in these indicators against the background of treatment (P>0.05). However, it 

can be observed that the summary index of left ventricular contractility changed 

differently in the groups against the background of treatment. Includingit can be 

observed that in the sacubitril/valsartan group, the sum index of left ventricular 

contractility increased from the initial 2.98±0.49 to 3.62±0.72 after 3 months of 

treatment (P<0.05). In the Valsartan group, although the total contractility index of 

the left ventricle increased, this change was statistically unreliable (P>0.05). In 

addition, we can observe that the sacubitril/valsartan combination significantly 

improved the summary index of left ventricular contractility after stress 

echocardiography with dobutamine compared to the valsartan group (P<0.05). Table 

33 details the central and peripheral hemodynamic indicators of patients in both 

groups against the background of treatment. 
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33 tables 

During observation of patients in groups 

echocardiographic indicators 

 

Indicators 

Group 1 

(sacubitril/valsartan) 

n=60 

2 groups 

(valsartan) 

n=60 

 

R value 

Initial 
indicator 

Post-
treatment 

performance 

Initial 
indicator 

Post-
treatment 

performance 
ChB, cm 43.0±4.5 41.2±3.6 42.5±4.9 40.5±4.7 0.198 
ChQ SDO', mm 66.3±17.4 61.1±16.2* 69.4±18.2 67.8±17.4 0.043** 
ChQ SSO', mm 54.2±14.5 50.1±14.0* 58.4±15.5 56.2±14.8 0.036** 
ChQ firing fraction, % 42.2±12.0 49.8±13.2* 43.1±11.9 47.3±14.2* 0.048** 
Linear integral speed 
of the ChQ outlet, cm 

14.0±4.6 12.6±4.6 12.1±4.4 11.7±4.3 0.245 

ChQ SDH, ml 136.0±41.5 112.0±46.5* 144.0±43.8 134.0±42.6 0.038 
Assessment of 
tricuspid valve 
systolic excursion 
(TAPSE), mm 

18.1±4.7 17.8±4.9 15.4±4.3 16.2±4.6 0.070 

Maximum speed in a 
three-layer valve, m/s 

3.3±1.2 3.1±1.2 3.6±1.4 3.2±1.5 0.278 

Pulmonary artery 
systolic pressure, 
mm.sm.ust. 

18.1±6.7 16.2±7.1 19.8±6.9 17.9±8.1 0.249 

yes 17.2±6.6 14.1±6.9* 18.3±7.0 17.0±7.5 0.045 
E/A 1.6±0.5 1.4±0.5 1.8±0.6 1.5±0.4 0.090 
Interventricular barrier 
size, mm 

1.29±0.36 1.25±0.39 1.25±0.35 1.21±0.38 0.210 

The size of the 
thickness of the left 
ventricle, mm 

1.28±0.38 1.31±0.41 1.19±0.33 1.20±0.36 0.218 

Left ventricular 
weight index, g/m2 

124.4±32.5 122.2±35.5 122.4±35.0 122.4±37.0 0.172 

Summary index of left 
ventricular 
contractility 

2.98±0.49 3.62±0.72* 2.79±0.46 2.85±0.51 0.03** 

Summary index of left 
ventricular 
contractility after 
stress 
echocardiography 

2.2±0.69 3.0±0.82* 2.3±0.68 2.7±0.68 0.04** 
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with dobutamine 
           Note: *statistically significant difference when r<0.05; **r<0.01 groups 
                               reliable difference when compared. 
                              

 

Note: *statistically significant difference when r<0.05; **r<0.01 reliable difference when 
comparing groups. 

26 pictures. Changes in the firing fraction in the treatment groups. 

 

In addition, the effects of sacubitril/valsartan and valsartan groups on ejection 

fraction and ejection volume on phenotypic groups of chronic heart failure separated 

by ejection fraction were also studied separately (Figures 26, 27, 28, 29, 30, 31, 32). 

Figure 26 shows that sacubitril/valsartan combination significantly increases 

ejection fraction compared to valsartan combination in patients with chronic heart 

failure with reduced ejection fraction (EFCHF) (P<0.05). In addition, we can see that 

the sacubitril/valsartan combination significantly increased the firing fraction (31%) 

in EFCHF patients compared to the valsartan group (P<0.05; Figure 27). 
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Note: Statistically significant difference when p < 0.05 

 
27 pictures. Effect of groups on output volume (ml) in subgroup of EFCHF 

patients on treatment background. 

 
Note: Statistically significant difference when p < 0.05 

28 pictures. Effects of groups on the firing fraction (%) in the EFCHF patient 

subgroup on the background of treatment. 

In addition, the sacubitril/valsartan combination was superior to the valsartan 

group in improving ejection fraction and ejection fraction even in patients with 

slightly reduced ejection fraction (R<0.05; Figs. 29, 30). 
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Note: Statistically significant difference when p < 0.05  

29 pictures. Effect of groups on stroke volume (ml) in subgroup of AEFCHF 

patients on treatment background. 

 

 
Note: Statistically significant difference when p < 0.05 

30 pictures. Effects of groups on the firing fraction (%) in the AEFCHF patient 

subgroup on treatment background. 

In patients with chronic heart failure with preserved ejection fraction, the 

sacubitril/valsartan combination and the valsartan combination showed a positive 

effect in improving the ejection fraction and the ejection volume after 3 months of 

treatment. However, these changes were not statistically significant (R>0.05). No 
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significant change was noted when the groups were compared (R>0.05; Figure 31, 

Figure 32). 

 
           Note: Statistically significant difference when p < 0.05 

31 pictures. Effect of groups on stroke volume (ml) in subgroup of OFCCHF 

patients after 3 months of treatment. 

 

 

Note: Statistically significant difference when R < 0.05 

32 pictures. Effect of groups on the firing fraction (%) in the subgroup of 

OFCCHF patients after 3 months of treatment. 

It can be observed that significant changes were noted in the 

sacubitril/valsartan group when the coronary artery reserve volume of the patients 

was evaluated in the treatment background groups. In particular, the highest blood 

flow velocity in diastole during stress with the dipyridamole test of the anterior 

descending coronary artery was 88.0±23.0 mm.cm.sg in the sacubitril/valsartan 
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group. from 96.0±23.0 mm.cm.ust. (P<0.05), and in the valsartan group it was 

85.2±21.3 mm.cm.sg. from 89.2±21.3 mm.cm.ust. it can be observed that it increased 

to (P<0.05). When the groups were compared, it was noted that the changes in the 

first group were significant (R=0.045). In addition, the peak blood flow velocity of 

the anterior descending coronary artery during resting diastole was 61.5±25.0 mm Hg 

in the sacubitril/valsartan group. from 62.6±25.0 mm.cm.ust. changed to 59.4±20.3 

mm.cm.sg. in the valsartan group. from 60.2±20.3 mm.cm.ust. slightly changed 

(P>0.05). We can observe that the reserve volume of the coronary artery was 

significantly changed in the sacubitril/valsartan group compared to the 2 groups 

(R=0.021). In addition, the peak blood flow velocity of the right coronary artery 

during stress diastole changed from 83.2±19.4 mmHg to 89.2±19.4 mmHg in the 

sacubitril/valsartan group, while in the valsartan group 82.8±17.9 mm.cm.ust. from 

83.8±18.2 mm.cm.above. we can observe that it changed to (P>0.05). The resting 

diastolic peak blood flow velocity of the right coronary artery decreased from 

68.0±16.0 mmHg to 69.0±16.0 mmHg in the sacubitril/valsartan group. changed to 

65.2±19.4 mm.cm.sg. in the valsartan group. from 64.1±19.6 mm.cm.ust. was 

observed to change to (P>0.05). In addition, it can be observed that the relative 

reserve volume of the coronary arteries also significantly changed in the background 

of sacubitril/valsartan treatment in the groups (from 1.15±0.4 to 1.23±0.4 vs. from 

1.11±0.6 to 1.15±0.6 ga, R=0.048; 34 tables). 
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34 tables 

Assessment of coronary artery reserve 

Note: statistically significant difference when *r<0.05; Vpd is the highest blood flow rate (pressure) 
in diastole; PNA - anterior descending artery; TAZ - reserve volume of coronary artery; PKA - right 
coronary artery. 
 

As can be seen from the table above, the total and relative reserve volume of 

the coronary arteries were significantly increased in the sacubitril/valsartan group 

compared to the valsartan group, although both groups had similar results in the 

initial examination. In addition, the effects of sacubitril/valsartan and valsartan 

treatment on myocardial CHF reserve and ejection fraction phenotypes of chronic 

heart failure were analyzed separately. Analysis showed that the sacubitril/valsartan 

Indicators Group 1 

(sacubitril/valsartan) 

n=60 

2 groups 

(valsartan) 

n=60 

 

R value 

Initial 

indicator 

Post-

treatment 

performance 

Initial 

indicator 

Post-

treatment 

performance 

VpdPNA 

(stress)mm.sm.ust. 

88.0±23.0 96.0±23.0* 85.2±21.3 89.2±21.3 0.045 

VpdPNA (at rest) 

mm.sm.ust. 

61.5±25.0 62.6±25.0 59.4±20.3 60.2±20.3 0.120 

TAZ PNA 1.4±0.4 1.54±0.60* 1.4±0.35 1.5±0.38 0.021 

VpdPKA (stress) 

mm.sm.ust. 

83.2±19.4 89.2±19.4 82.8±17.9 83.8±18.2 0.069 

VpdPKA (at rest) 

mm.sm.ust. 

68.0±16.0 69.0±16.0 65.2±19.4 64.1±19.6 0.058 

TAZ PKA 1.22±0.45 1.29±0.48* 1.26±0.6 1.30±0.71 0.035 

Relative reserve 

volume of 

coronary arteries 

1.15±0.4 1.23±0.4* 1.11±0.6 1.15±0.6 0.048 
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group improved coronary artery reserve volume in the subgroup of patients with 

EFCHF and AEFCHF of CHF, but the change in ejection fraction in OFCCHF was 

slightly improved in both groups, with no significant difference between groups 

(Figures 33,34,35). 

 

Note: Statistically significant difference when p < 0.05  

33 pictures. EFCHF changes in reserve volume of coronary arteries 

 

Note: Statistically significant difference when p < 0.05 

34 pictures. AEFCHF changes in reserve volume of coronary arteries 
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Note: Statistically significant difference when p < 0.05 

35 pictures. OfCHF changes in the reserve volume of coronary arteries 

 
The effect of the sacubitril/valsartan combination on coronary artery reserve 

volume suggests a specific advantage of this agent in patients with chronic heart 

failure of ischemic etiology. The improvement of the coronary artery reserve volume 

of this drug in CHF in EFCHF and AEFCHF shows the superiority of 

sacubitril/valsartan, and in patients with OFCCHF, both groups are effective in 

improving the volume of coronary artery reserve. No significant difference was 

observed between men and women in all forms of chronic heart failure (R>0.05) 

when a separate analysis was conducted by gender. 

Based on the conducted research and obtained results, an algorithm for 

diagnosis and treatment of CHF was developed (Fig. 36). 
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36 pictures. Algorithm for diagnosis and treatment of patients with CHF. 
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LIST OF CONVENTIONS AND ABBREVIATIONS 

ACEI is an angiotensin-converting enzyme inhibitor 

AB - arterial pressure 

AST - aspartate aminotransferase 

ACS - aortic coronary bypass 

ALT - alanine aminotransferase 

ARB is an angiotensin receptor blocker 

BB is a beta blocker 

BMQAO'B - an acute disorder of blood circulation in the brain 

DBP - diastolic arterial blood pressure 

Ж is the size of the coin 

FC - functional class 

QD - diabetes mellitus 

PKA - right carotid artery 

PNA - anterior descending artery 

SABP - systolic arterial blood pressure 

CRP – C-reactive protein 

CHF - chronic heart failure 

SBK is a chronic kidney disease 

TAZ - coronary artery reserve volume 

TMI - body mass index 

COPD is a chronic obstructive lung disease 

ED – endothelial dysfunction 

OF - firing fraction 

EFCHF - heart failure observed with a decrease in ejection fraction 

OFCCHF - heart failure with preserved ejection fraction 

AEFCHF - heart failure with a slightly reduced or borderline ejection fraction 

CHD is an ischemic heart disease 

HIGH is the number of heart contractions 

ChB – left lobe 
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ChQ - left ventricle 

ChQ SDO' is the end-diastolic size of the left ventricle 

ChQ SDH – left ventricular end-diastolic volume 

ChQ SSO' is the end-systolic size of the left ventricle 

ChQ SSH is the end-systolic volume of the left ventricle 

ChQG - left ventricular hypertrophy 

MRA is a mineralocorticoid receptor antagonist 

BNP - brain natriuretic protein 

NT-proBNP – N-terminal brain natriuretic protein 

NYHA – New York Heart Association 

TAPSE - Estimation of Tricuspid Valve Systolic Excursion 

Vpd – peak blood flow velocity (pressure) in diastole 
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