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ABSTRACT

Unprecedented advances of recent decades in clinical pharmacology, cardiac surgery, arrhythmology, and 
cardiac pacing have significantly improved the prognosis in patients with chronic heart failure (CHF). However, 
unfortunately, heart failure continues to be associated with high mortality. The solution to this problem consists in 
simultaneous comprehensive use in clinical practice of all relevant capabilities of continuously improving methods 
of heart failure treatment proven to be effective in randomized controlled trials (especially when confirmed by the 
results of studies in real clinical practice), on the one hand, and in development and implementation of innovative 
approaches to CHF treatment, on the other hand.  This is especially relevant for CHF patients with mildly reduced 
and preserved left ventricular ejection fraction, as poor evidence base for the possibility of improving the prognosis 
in such patients cannot justify inaction and leaving them without hope of a clinical improvement in their condition. 
The lecture consistently covers the general principles of CHF treatment and a set of measures aimed at inotropic 
stimulation and unloading (neurohormonal, volumetric, hemodynamic, and immune) of the heart and outlines some 
promising areas of disease-modifying therapy.
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РЕЗЮМЕ

Беспрецедентные достижения последних десятилетий в области клинической фармакологии, кардиохирур-
гии и имплантационной аритмологии значительно улучшили прогноз у пациентов с хронической сердеч-
ной недостаточностью (ХСН), однако, к сожалению, сердечная недостаточность продолжает ассоцииро-
ваться с высокой смертностью. Решение этой проблемы видится одновременно в максимально полном 
применении в клинической практике всех актуальных возможностей непрерывно совершенствующихся 
методов лечения сердечной недостаточности, доказавших свою эффективность в рандомизированных кон-
тролируемых исследованиях (особенно при подтверждении результатами исследований реальной клиниче-
ской практики), с одной стороны, а также в разработке и оперативном внедрении инновационных подходов 
к терапии ХСН – с другой.  Больше всего в этом нуждаются пациенты с ХСН с умеренно сниженной и 
сохранной фракцией выброса левого желудочка, бедная доказательная база возможности улучшения про-
гноза у которых не может обосновывать бездействие и оставление их без надежды хотя бы на клиническое 
улучшение состояния. В лекции последовательно рассмотрены общие принципы лечения ХСН, комплекс 
мероприятий, направленный на инотропную стимуляцию и разгрузку (нейрогормональную, объемную, 
гемодинамическую и иммунную) сердца, а также обозначены некоторые перспективные направления бо-
лезнь-модифицирующей терапии.
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сакубитрил/валсартан, пекаваптан, финерон, верицигуат, ингибиторы натрий-глюкозного котранспортера 
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INTRODUCTION
Due to the development of clinical pharmacolo-

gy, cardiac surgery, and implantation arrhythmolo-
gy, we have seen significant advances in the treat-
ment of patients with chronic heart failure (CHF) in 
the last decades. However, the long-term results of 
the so-called optimal medical therapy are often still 
disappointing [1–4]. The prognosis in patients with 
CHF is one of the worst, though this fact is often 
poorly understood by practitioners [5–10].

On the one hand, it becomes clear that there is 
a high need for fundamental and applied research 
aimed at improving existing disease-modifying ap-
proaches to the treatment of patients with CHF. On 
the other hand, this research should be also aimed 
at finding new breakthrough directions for the  
pharmacological and non-pharmacological treat-
ment of heart dysfunction.

The aim of this paper was to discuss promising 
treatment options for patients with CHF.

GENERAL PRINCIPLES OF TREATMENT  
FOR HEART FAILURE

Therapeutic approaches to treating CHF are numer-
ous and include general interventions, pharmacothera-
py, electrophysiology therapies, surgery, and mechan-
ical circulatory support. Naturally, in each specific 
case, these methods are combined differently [11, 12]. 
Achieving sustainable treatment effect is hindered by 
unreasonably ignoring any of these treatments (for ex-
ample, non-pharmacological options) [12].

Etiotropic and pathogen-specific therapy can 
improve the quality of life and life expectancy of 
patients with CHF. A personalized approach to 
treatment primarily makes it necessary to take into 
account the etiological heterogeneity of the group 
of patients with CHF [13–15]. Since the conditions 
that are complicated by the development of HF dif-
fer in their pathogenesis, it is difficult to create uni-
versal therapy algorithms [11, 14]. Nevertheless, it 
is obvious that properly selected treatment of the  
disease underlying CHF in many cases can signifi-
cantly reduce the severity of manifestations of car-
diac decompensation and sometimes allows to elim-
inate them completely (for example, after successful 
surgical correction of heart disease) [1, 16]. First 
of all, we refer to treatment of ischemia and acute 
myocardial infarction, prevention of recurrent heart 
attacks, careful identification and active treatment of 

people with arterial hypertension, diabetes mellitus, 
obesity and dyslipidemia, elimination of the causes 
of specific myocardial damage, and timely correc-
tion of valvular pathology and heart defects [1, 11].

In a clinical situation, when it is temporarily im-
possible to eliminate the cause of the disease (for 
example, if due to severe circulatory failure, radical 
treatment of the underlying disease is not feasible), 
pathogen-specific and symptomatic therapy should 
be aimed at reducing the clinical manifestations of 
CHF and creating conditions that would allow phy-
sicians to reconsider etiotropic treatment [16].

All modern methods of treating CHF aimed at 
improving the prognosis can be divided into several 
main groups with a specific target [4, 17]: 1) block-
ade of cardiomyocyte death (necrosis and apoptosis) 
and loss of cell organelles (autophagy); 2) improve-
ment of lusitropic and inotropic functions of the 
heart (increased cardiac output, cardiac resynchroni-
zation, and cardiac contractility modulation); 3) de-
creased severity of pathological cardiac remodeling 
(chamber dilatation and spherification, increase in 
myocardial mass); 4) preservation of and increase in 
the number of actively contracting cardiomyocytes 
(when cardiomyocytes are no longer in the hiberna-
tion state; myocardial stunning or generation of new 
cardiomyocytes). The discreteness of these targets 
is rather conditional, since in many cases the use of 
specific modern methods for treating CHF (for ex-
ample, angiotensin-converting enzyme (ACE) inhib-
itors) provides a complex of sanogenic effects that 
go beyond one goal. 

Since heart failure is typically an aging-associat-
ed disease, it is often associated with other diseases 
and syndromes, such as diabetes mellitus, obesity, 
anemia, kidney failure, chronic obstructive pulmo-
nary disease, sleep disorders, depression, and hyper-
kalemia, which increase the likelihood of a negative 
outcome and should be scrupulously recorded in the 
diagnostic report [18–21].  Adaptation of existing 
and new regimens for CHF treatment aimed at solv-
ing these problems simultaneously can theoretically 
improve the survival rate of patients with comorbid 
pathology, especially those with preserved left ven-
tricular ejection fraction (LVEF) [1, 22–24].

NEUROHORMONAL MODULATORS
The modern concept of medical treatment of 

patients with CHF can be narrowed down to two 
main principles: inotropic stimulation and unloading  
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(volumetric, hemodynamic, neurohormonal, and im-
mune) of the heart [16, 25]. As inotropic stimulants 
did not prove to be very effective, at the end of the 
last century, the dominant role of contractile myo-
cardial insufficiency in HF mechanisms (especially 
at an early stage) was revised as part of the evolution 
of the HF pathogenesis paradigm [26–29]. In the ear-
ly 2000s, undoubtedly, the greatest increase in the 
survival rate of patients with CHF was provided by 
neurohumoral unloading of the cardiovascular sys-
tem, and the use of ACE inhibitors (or angiotensin 
II receptor antagonists), beta-blockers, and mine- 
ralocorticoid receptor antagonists was considered  
reasonable [30, 31]. However, even with the com-
bined use (the so-called triple neurohormonal block-
ade), the drugs of these groups did not become a 
“panacea” in the treatment of CHF, and known pos-
sibilities of neurohormonal modulators (risk of death 
is reduced by 23–35%) made researchers search for 
fundamentally new targets for drug exposure to af-
fect the functional state of neuroendocrine systems 
activated in this syndrome at the circulatory and, 
more importantly, at the tissue level [17, 22, 30,  
32, 33].

Unfortunately, testing the hypothesis that the 
addition of new selective blockers of the neurohor-
monal system may still bring additional benefits 
has resulted in obtaining unsatisfying results when 
studying the effectiveness of endopeptidase inhib-
itors (omapatrilat), renin inhibitors (aliskiren) or  
endothelin receptor antagonists (bosentan, darusen-
tan) [30]. Well-known cardiologists did not see much 
sense in creating new effective neurohormonal in-
hibitors for the treatment of CHF due to the fact that 
in reality it was quite difficult to achieve a complete 
neurohormonal blockade (largely due to the effect of 
neurohormonal escape), which is not physiological, 
since endocrine, paracrine, and autocrine regulatory 
effects of hormones in the HF development should 
not be considered as purely pathological [17, 34].

When pharmacology seemed to have stopped 
creating new effective neurohormonal modulators 
for the prevention and treatment of HF with re-
duced LVEF, in the search for preferred directions 
for the development of pharmaceutical substances, 
the researchers began to focus on balanced modu-
lation with simultaneous stimulation of the activity 
of “beneficial” hormonal regulatory axes rather than 
on isolated fight against the so-called “bad” neuro-
endocrine responses [22, 34, 35]. This concept was 

proven to be successful in clinical studies, in which 
the neprilysin inhibitor sacubitril as part of a sin-
gle crystalline supramolecular complex, contain-
ing six molecules of sacubitril and six molecules of 
valsartan [36], was more efficient than the “pure”  
renin – angiotensin – aldosterone system (enalapril) 
in terms of improving the prognosis and quality of 
life in patients with CHF [17, 37–40]. Restoration of 
the normal balance of neurohormones with different 
directions of action was achieved by inhibiting the 
degradation of vasoactive peptides (natriuretic pep-
tide, bradykinin, substance P, and calcitonin gene-re-
lated peptide), which provided sanogenic effects (va-
sodilation, increased level of diuresis / natriuresis, 
and slower pathological remodeling of cardiomyo-
cytes and cardiac extracellular matrix).

The latest European Society of Cardiology 
Guidelines for the diagnosis and treatment of acute 
and chronic HF emphasized the need for timely  
triple therapy, including a beta-blocker, a mineralo-
corticoid receptor antagonist, and a neurohumor-
al modulator sacubitril / valsartan, which prolongs 
life in patients with CHF with reduced LVEF [1]. 
However, J. Lindenfeld and M. Jessup were right 
to quote C.E. Koop saying  that “drugs do not work 
in patients who do not take them” [41], which also 
contributes to the common practice when doctors do 
not actively prescribe such therapy, which altogeth-
er increases the patient’s risk of death by 2–3 times 
[42, 43]. Unsatisfactory adherence of internists to 
modern principles of CHF therapy, the effectiveness 
of which was proven in large-scale clinical trials, 
requires great educational efforts [11]. Physicians 
should understand that despite the known limited 
possibilities of neurohormonal modulators, the best 
practical way to increase the effectiveness (increase 
life expectancy) of the treatment for both decom-
pensated and stable patients with CHF and reduced 
LVEF is to prescribe this therapy to a larger number 
of patients [44–47]. In other words, while waiting 
for a miracle cure, practicing physicians should not 
expose CHF patients to an unacceptably high risk of 
death by not taking the needed measures. The use of 
all relevant possibilities of continuously improving 
neurohumoral modulation should become a funda-
mental rule for them.

Moreover, the results of a sub-analysis of the 
PARAGON-HF study and a meta-analysis of the 
PARAGON-HF and PARADIGM-HF studies, 
which demonstrated the potential for disease-modi-
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fying activity of sacubitril / valsartan and a decrease 
in the number of hospitalizations due to HF decom-
pensation, which could not be attributed to CHF 
with reduced LVEF, make it possible to discuss the  
advisability of using a combination of these drugs, 
regardless of the value for this LV contractile func-
tion parameter [1, 48, 49]. In this regard, there is a 
reason to expect the evolution of the evidence base 
[50–52].

The discussed direction of pathogen-specific CHF 
therapy is still to be developed further. In particular, 
the known role of the hypothalamic peptide hormone 
vasopressin (antidiuretic hormone) accumulating in 
the posterior lobe of the pituitary gland (neurohy-
pophysis) in the mechanisms of fluid retention and 
the role of cardiac and vascular remodeling and 
dysfunction in patients with CHF allow to consider 
the latter as a target for pharmacological interven-
tion [53, 54]. The so-called aquaretics (vaptans) are 
successfully used in patients with CHF associated 
with severe hypervolemic hyponatremia [1]. Since 
therapy with tolvaptan, which is the most studied 
selective, competitive V2 receptor antagonist, does 
not affect the prognosis of a patient with CHF, the 
current focus is placed on the use of dual vasopres-
sin receptor antagonists, which have a potential  
advantage due to simultaneous blockade of vaso-
pressin V1a receptors [55, 56]. In particular, sev-
eral experimental and clinical studies are currently  
underway focused on the analysis of the efficacy 
and safety of the non-selective V1a / V2 receptor  
antagonist pecavaptan [57, 58].

Sixty years after H. Selye’s publications, which 
emphasized the importance of aldosterone in the 
mechanisms of heart and kidney fibrosis, several 
pharmaceutical companies, inspired by the success of 
using its steroid antagonists (spironolactone, eplere-
none) for the treatment of CHF, began to search for 
new non-steroidal mineralocorticoid receptor anta- 
gonists with certain pharmacokinetic and pharmaco-
dynamic properties that can make them more ben-
eficial than first- and second-generation drugs [59]. 
Several substances of third-generation mineralocor-
ticoid receptor antagonists are under development, 
but fineron seems to meet the search criteria to the 
greatest extent. The first results of its clinical use in-
dicated that its advantages over classical first- and 
second-generation drugs are not only theoretical, but 
also practical [60–64].

In patients with acute decompensated heart 
failure whose systemic blood pressure is normal 
or elevated, hormonal vasodilators can be added 
to overcome refractoriness to diuretics, of which 
the use of serelaxin (a recombinant analogue 
 of human relaxin-2) and low doses of nesiritide (re-
combinant human brain natriuretic peptide) is the 
most promising [65, 66]. 

Finally, it is possible to modulate in the required 
direction (increase or decrease) the biological effects 
of a number of hormones and neurotransmitters by 
influencing their second messengers. For example, 
sanogenic effects of the stimulator of the soluble 
guanylate cyclase vericiguat receptor (vasodilation 
and a decrease in the severity of coronary microvas-
cular dysfunction, slowdown in the development of 
fibrosis and myocardial hypertrophy, an increase in 
the speed and degree of cardiomyocyte relaxation 
in diastole, an improvement in the ventricular –  
arterial coupling, and an increase in cardiac reserve) 
improve the prognosis (reduced risk of death caused 
by cardiovascular diseases) and reduce the need for 
hospitalization due to decompensation in patients 
with HF with reduced LVEF if used on a long-term 
basis [25, 67, 68]. 

The latest European Society of Cardiology 
Guidelines for the diagnosis and treatment of acute 
and chronic HF indicate that vericiguat may be con-
sidered in CHF patients with functional class II–IV 
reduced LVEF with aggravating heart failure de-
spite combination therapy with an ACE inhibitor, 
beta-blocker, and mineralocorticoid receptor antag-
onist [1]. Another soluble guanylate cyclase stimu-
lator, riociguat, is currently recommended (also in 
combination with endothelin receptor antagonists or 
prostanoids) for the correction of pulmonary arterial 
hypertension and portopulmonary hypertension [69].

SODIUM-GLUCOSE COTRANSPORTER  
TYPE 2 INHIBITORS

As for the search for new directions in the treat-
ment of CHF, the most successful option involved 
the use of hypoglycemic drugs from the group of 
the sodium-glucose cotransporter type 2 (SGLT2) 
inhibitors. Convincing evidence of the effectiveness 
of the so-called gliflozins allowed the experts of 
the European Society of Cardiology to designate in 
2021 two selective SGLT2 inhibitors (dapagliflozin 
and empagliflozin) as the 4th component of optimal 
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first-line CHF therapy, including the neurohormon-
al modulators discussed above [1, 70]. At the same 
time, the diuretic (osmotic diuresis) and slight natri-
uretic effects of the considered SGLT2 are not asso-
ciated with blood glucose level, and their administra-
tion to patients with functional class II–IV CHF and 
reduced LVEF decreases cardiovascular mortality 
and the need for hospitalization due to decompensa- 
ted heart failure, regardless of the presence and 
severity of carbohydrate metabolism disorders  
[70, 71]. 

The positive additive effect of these drugs on the 
survival of CHF patients with reduced LVEF already 
receiving optimal therapy based on a triple neuro-
hormonal blockade (sacubitril / valsartan or an ACE  
inhibitor, a beta-blocker, a mineralocorticoid re-
ceptor antagonist) should encourage practitioners 
to transfer the achievements of clinical research 
into practice more quickly [47]. At the same time, 
it would appear that accumulating data on the high 
efficacy of the discussed gliflozins in a wide range 
of LVEF values will make it possible in the near 
future to justify the addition of indications for their  
prescription in cases of CHF with mildly reduced 
and preserved LVEF [52, 72–74].

It is supposed that SGLT2 has a so-called class 
effect, and we can expect addition to the line of 
drugs in this group of drugs which are intended for  
the treatment of CHF due to other selective cotrans-
porter type 2 inhibitors (for example, canagliflozin 
and ertugliflozin) and non-selective cotransporter 
type 1 and 2 inhibitors (for example, sotagliflozin) 
[75–79].

Perhaps, other hypoglycemic agents can be as 
effective as SGLT2. Long-acting analogues of glu-
cagon-like peptide-1 were the most likely to prove 
their efficacy in treating heart failure [80–82].

INOTROPIC DRUGS
Until the end of the 20th century, cardiac glyco-

sides were mostly used for the treatment of CHF, 
currently they are only used as adjuvants (digoxin 
and, possibly, digitoxin) that do not affect the disease 
prognosis, but improve symptoms in certain clinical 
situations. In practice, there are only two such clini-
cal situations. The first one is overt heart failure as-
sociated with atrial fibrillation and a high heart rate, 
when other therapeutic approaches (e.g., pulmonary 
vein isolation or effective doses of beta-blockers 

for arterial hypotension) cannot be applied [1]. We 
should also keep in mind that in sinus rhythm with a 
resting heart rate of 70 bpm or more, when, despite 
combination therapy with optimal doses of first-line 
drugs, tachysystole persists, it is recommended to 
add the selective sinus node If channel inhibitor iv-
abradine for patients with symptomatic heart failure 
and the LVEF value of 35% or less, in order to re-
duce the risk of hospitalization and death from car-
diovascular causes [1, 83]. The second case includes 
symptomatic CHF with reduced LVEF in patients 
with sinus rhythm, when symptoms persist despite 
treatment with an ACE inhibitor (or sacubitril /  
valsartan), a beta-blocker, and a mineralocorticoid 
receptor antagonist [1, 55].

It should be noted that the main mechanism of 
digoxin at low doses recommended for clinical prac-
tice is associated not with the inotropic effect of the 
drug, but with its neuromodulatory activity. We are 
talking about weakening of sympathetic nervous  
activity and a decrease in renin secretion, associated 
with inhibition of K+-Na+-dependent ATPase in the 
afferent fibers of the vagus nerve and renal tubules, 
respectively [12, 55].

Short-term use of non-glycoside inotropic stimu-
lating agents is limited by the clinical situation with 
reduced cardiac output and hemodynamic instabili-
ty in progressive and acute heart failure [1, 4, 55]. 
Vasoconstrictors (e.g., norepinephrine, midodrine, 
and vasopressin), inotropes with vasoconstrictor 
properties (e.g., dopamine, epinephrine, and droxi-
dopa), cardiotonic agents (e.g., dobutamine, milri-
none), and inodilators, among which, according to 
some experts, levosimendan is the most promising 
one and can be used in the absence of a pronounced 
decrease in systolic blood pressure – > 85 mm Hg [1, 
84, 85]. However, despite a short-term improvement 
in hemodynamics and clinical status in patients with 
decompensated heart failure, long-term therapy with 
non-glycoside inotropic drugs may be associated 
with an increased risk of death [12, 86].

The use of a representative of a new class of my-
otropic compounds, omecamtiv mecarbil, which is a 
selective activator of cardiac myosin, may become 
a treatment option for patients with severe heart 
failure associated with low cardiac output and he-
modynamic instability, as modern pharmacotherapy 
options are limited for such patients [87, 88]. Post 
hoc analysis of the results of the randomized clinical 
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trial GALACTIC-HF, which took into account an 
episode of CHF decompensation or cardiovascular 
death as the primary endpoint, demonstrated a pos-
itive effect of omecamtiv mecarbil on the prognosis 
of patients with severe functional class III and IV 
heart failure and reduced LVEF (< 30%) [88].

Another relatively new direction of inotropic sup-
port is the modulation of the sarcoplasmic reticulum 
Ca2+-ATPase 2a (SERCA2a), the expression and 
activity of which is reduced in CHF, which leads 
to disruption of intracellular calcium movement  
between the cytosol and the lumen of the sarco- 
plasmic reticulum and negatively affects the me-
chanics of systole and diastole. Modulation of  
SERCA2a in patients with CHF can be achieved 
through gene therapy (intracoronary or endomyo- 
cardial administration of viral and plasmid vec-
tors encoding SERCA2a or other proteins of the 
Ca2+-modulating protein family) [89, 90].

Since the excitation – contraction coupling in 
myocardium in CHF is impaired at various levels 
(receptors, ion channels, and transporters, phospho- 
rylation of proteins that modify the function of the 
cardiomyocyte, etc.), a wide variety of targets can 
be chosen for the targeted correction of maladapta-
tion shifts: from enzymes to structural proteins and  
cytoprotective factors. These approaches are espe-
cially important when treating patients suffering 
from hereditary diseases with heart damage. Despite 
the controversial results that followed attempts to 
transfer the promising results of laboratory studies 
on the modification of genetic programs and addi-
tional translational mechanisms into practice, this 
direction of research is still of interest, but much  
remains to be done to prove the perfection of deliv-
ery and intracellular transfer systems, as well as the 
effectiveness and safety of the discussed approaches 
to therapy for CHF before gene therapy and post- 
genomic medicine are included in standard treatment 
protocols [90–94].

ELECTROPHYSIOLOGY THERAPIES
In addition to optimal medical therapy in selective 

groups of patients with CHF with reduced LVEF, 
for more than 20 years electrophysiology treatment 
has been successfully used, namely implantation of 
conventional pacemakers (relevant for patients with 
sick sinus syndrome and high-grade atrioventricular 
block), cardiac resynchronization therapy (effective-

ness of triple chamber pacing has been proven in 
patients with severe systolic dysfunction and wide 
QRS) and implantation of a cardioverter – defibril-
lator (used for primary and secondary prevention of 
life-threatening cardiac arrhythmias). The last two 
methods that can be combined (a pacemaker with a 
defibrillator function) in one patient are recommend-
ed in all modern guidelines for treatment of CHF 
with detailed indications, which depend on the dura-
tion of the QRS, the reduction of the LVEF value, the 
CHF functional class, the main heart rhythm (sinus 
or atrial fibrillation), the risk of fatal arrhythmia, the 
etiology of heart failure, the presence and severity of 
comorbidity, age, and life expectancy [1, 12, 95, 96].

Electrophysiology therapies are continuous-
ly being improved, and currently the effectiveness 
and safety of cardiac contractility modulation de-
vices implanted in patients with symptomatic CHF 
with reduced LVEF, who cannot undergo cardiac  
resynchronization therapy (with narrow QRS) or 
who have not received sufficient clinical effect from 
this therapy, are still actively studied. Cardiac con-
tractility modulation is based on two-electrode stim-
ulation of the interventricular septum with a biphasic 
high-voltage signal in the absolute refractory period, 
and its use provides an increase in heart contractil-
ity due to positive changes in intracellular calcium  
homeostasis (increased expression of SERCA2a 
or other proteins of the Ca2+-modulating protein  
family) without increasing myocardial oxygen con-
sumption and also improves the functional state and 
quality of life and, possibly, prevents hospitalization 
of these patients [1, 97].

So far, there are still insufficient data regarding 
the evaluation of the efficacy and safety of other 
implantable electrotherapy devices in patients with 
CHF, in particular, of those aimed at modifying the 
autonomic nervous system activity (for example, 
baroreflex activation therapy), in order to decide 
on the possibility of their use in clinical practice  
[1, 98, 99].

TREATMENT OF ADVANCED HEART 
FAILURE

Patients with symptoms of CHF corresponding 
to functional classes III and IV that persist despite 
optimal medical therapy and cardiac resynchroni-
zation therapy (if indicated) and are associated with 
objective signs of severe cardiac dysfunction, such 



188 Бюллетень сибирской медицины. 2022; 21 (3): 181–197

as severe systolic and (or) diastolic LV dysfunction, 
elevated ventricular filling pressure, and increased 
plasma natriuretic peptide levels, require timely re-
ferral to a specialized center, where advanced meth-
ods of treating heart failure are used, which are not 
available in a clinic [1, 100–102].

If other methods of dehydration are ineffective in 
these patients, extracorporeal ultrafiltration (sparing 
modes are preferable with a minimum volume of 
extracorporeal blood and an ultrafiltration rate of no 
more than 250 ml / h), and peritoneal dialysis can be 
used [12, 102–104].

Considering that a well-founded conclusion 
about advanced heart failure leaves little hope for 
the success of pharmacotherapy, the only options for 
patients include surgical treatment, heart transplan-
tation, or implantation of a circulatory assist device 
[102, 105, 106].

Conventional surgical treatment is aimed at cor-
recting the etiological factors, as well as the main 
mechanisms underlying CHF. For instance, this 
treatment would include revascularization of isch-
emic but viable myocardium in patients with LVEF 
value not exceeding 35%, aortic valve replace-
ment (transcatheter implantation is preferable when 
perioperative risk is high) in severe symptomatic 
aortic valve stenosis with an average pressure gra-
dient above 40 mm Hg or in severe aortic regurgi-
tation in all symptomatic and asymptomatic patients 
with LVEF of less than or equal to 50%, as well as 
surgery to correct mitral regurgitation (endovascular 
mitral valve clip placement theoretically seems more 
reasonable in a situation of high perioperative risk), 
also in secondary (due to LV dilatation) severe mi-
tral regurgitation (especially in patients with LVEF 
less than 30%), which cannot be corrected with phar-
macotherapy and electrophysiology treatment [102, 
105, 107, 108].

Despite the lack of well-designed controlled stud-
ies, it is widely believed in the cardiology community 

that heart transplantation in end-stage CHF signifi-
cantly improves survival (one-year survival rate of 
about 90%, median survival rate of 12.2 years), phys-
ical performance, and quality of life compared with 
conventional treatment, provided that appropriate se-
lection criteria are carefully observed (the mainstay 
for the treatment of refractory CHF) [102, 109].

Long-term mechanical circulatory support is in-
creasingly being considered as an alternative to heart 
transplantation in patients with end-stage CHF, in 
whom transplantation is not feasible for objective or 
subjective reasons [1, 102, 110, 111].

OTHER PROMISING DIRECTIONS OF 
TREATMENT FOR PATIENTS WITH CHF

A list of some promising approaches to the treat-
ment of patients with CHF which are currently being 
developed or have already proven their effectiveness 
but need wider application in clinical practice is pre-
sented in the table.

CONCLUSION
Unprecedented advances in secondary prevention 

significantly improved the prognosis in patients with 
CHF, but, unfortunately, heart failure is still asso-
ciated with high mortality. Sustainable progress in 
solving this problem is seen in the fullest possible 
application of all relevant continuously improving 
methods of treating heart failure in clinical practice, 
which have proven their effectiveness in randomized 
controlled trials (especially when confirmed by the 
results of studying real clinical practice), as well as 
in development and rapid implementation of innova-
tive approaches to the treatment of CHF.  CHF pa-
tients with mildly reduced and preserved LVEF need 
this most of all, the poor evidence base for the pos-
sibility of improving their prognosis cannot justify 
a lack of measures taken by physicians and leaving 
patients without a hope for even a clinical improve-
ment [174].

T a b l e

Some promising approaches to the treatment of patients with CHF
Treatment approaches Note

Correction of iron deficiency 
(serum ferritin concentration of less 
than 100 mg / l or in the range from 
100 to 300 mg / l in combination 
with the iron transferrin saturation 
coefficient of less than 20%), which 
is detected in approximately every 
second patient with CHF [112]

Anemia, which is iron-deficiency in 75% of patients with CHF, is an independent factor of poor 
prognosis for any etiology of heart failure and any value of LVEF [12, 113, 114]. Iron deficiency should 
be considered as an independent clinically significant concomitant condition and, therefore, in order to 
reduce the need for hospitalization, reduce the clinical severity of CHF, as well as improve the functional 
capabilities and quality of life of patients, it is advisable to correct even latent iron deficiency [1, 113].

Kalyuzhin V.V., Teplyakov A.T., Bespalova I.D. et al. Promising directions in the treatment of chronic heart failure: improving
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The results of the Cochrane Review confirm that the effectiveness of iron salt preparations (mainly 
divalent) and Fe3+ preparations based on hydroxide polymaltose complex in the treatment of iron-deficiency 
anemia is the same in the general population, with a better tolerability profile in the latter [115, 116]. 
Nevertheless, there is a widespread opinion among cardiologists that oral iron preparations are ineffective 
in the treatment of patients with CHF, and in most modern guidelines for iron deficiency, only intravenous 
administration of iron carboxymaltose is recommended [1, 113, 117]. It should be noted that the ferinject 
annotation states that it should be used in hospital departments with the necessary equipment to provide 
emergency medical care in case of anaphylactic reactions.

Erythropoietin should not be used in the treatment of patients with CHF even with a reduced hemoglobin 
level [1, 113].

Stimulation of the potential for 
cardiac muscle regeneration

In advanced scientific centers, material is being accumulated in four main areas [118–128]:
– Some researchers are investigating the efficacy and safety of various methods of transplantation 

(endovascular, transthoracic or during heart surgery) of own or autologous stem cells and myoblasts isolated 
from skeletal muscle, as well as other cells (including genetically modified ones). Researchers encounter 
pending problems related to the need to prepare sufficient material for transplantation, develop methods 
for cell preconditioning, their targeted administration, survival / rejection of transplanted cells, and their 
commitment towards cardiomyogenesis.

– Other researchers are developing a technique for stimulating the production and release of own 
stem cells into the bloodstream from the bone marrow (for example, using granulocyte and granulocyte – 
macrophage colony-stimulating factors), which does not require surgery or complex invasive intervention 
and can be a good alternative to cell transplantation. 

– Still others are exploring the possibility of direct reprogramming of cardiac fibroblasts, allowing 
the transformation of terminally differentiated cells into cardiomyocytes. At the same time, the search is 
underway for optimal cell reprogramming factors (transcription factors, such as GATA4, MEF2c, and TBX5, 
which are usually combined in different ratios, cytokines, microRNAs, and other epigenetic modifiers), and 
delivery systems are being improved.

– Finally, there are researchers convinced that heart regeneration can be achieved by re-activating the 
proliferation of own cardiomyocytes (no more than 5% of cells express proliferative activity marker Ki-67) 
and try to stimulate the potential of cardiac muscle regeneration using, for example, acellular biomaterials.

The results of these experimental and clinical studies have not yet allowed to revise clinical guidelines 
for the treatment of CHF [129, 130].

Myocardial cytoprotection

Despite a rather impressive list of drugs that can be attributed to the so-called myocardial cytoprotectors, 
from the standpoint of evidence-based medical practice, only the use of long-acting trimetazidine is 
justified for the treatment of patients with ischemic CHF, in whom it demonstrates high antianginal and 
anti-ischemic efficacy and provides increased tolerance to physical activity, positive dynamics of indicators 
characterizing LV remodeling and its functional state, as well as a decrease in the risk of death and repeated 
hospitalizations [1, 12, 131, 132].

The development and clinical trials on myocardial cytoprotectors continue; myocardial cytoprotectors 
under study are potentially effective in CHF and are aimed at inhibiting fatty acid oxidation, stimulating 
glucose oxidation, activating the cytochrome chain, optimizing the transport of an energy substrate into 
mitochondria, and increasing the antioxidant potential of cardiomyocytes  [4, 133–143].

Correction of hyperkalemia 
classified as mild (5.0–5.4 mmol / l), 
moderate (5.5–6.0 mmol / l), and 
severe (> 6.0 mmol / l).  

Associated with an increased risk of adverse (including fatal) outcomes, hyperkalemia is becoming more 
common in patients with CHF, partly due to an increase in the incidence of comorbidities, but, apparently, 
to a greater extent due to the widespread use of combination therapy with neurohumoral modulators [144]. 
The prescription of potassium sequestrants (for example, patiromer or sodium zirconium cyclosilicate) 
increases the safety of such therapy and the likelihood of achieving target doses of renin – angiotensin – 
aldosterone system inhibitors [1, 96, 145–147]. Whether the correction of hyperkalemia with these drugs 
will improve clinical outcomes in patients with CHF is still to be determined [96].

Interventions aimed at slowing 
down the cardiac extracellular 
matrix remodeling

All neurohormonal modulators, which have become the core of CHF therapy, have antifibrotic activity 
to a greater or lesser extent. In recent years, the possibility of potentiating this effect by targeting the key 
mechanisms of pathological collagen accumulation and changing its composition in the interstitium has 
been studied; the search is underway for possible therapeutic targets (galectin-3, matrix metalloproteinases, 
metallopeptidase inhibitor 1, growth differentiation factor-15, osteopontin, etc.) [148–157].

Correction of proinflammatory 
status

It is a well-proven fact that the pathology of the immune system is essentially important in the 
mechanisms of CHF [158–161]. Toll-like receptors, inflammasomes (including NOD-like receptors), 
cytokines, and apoptotic and pyroptotic effector mechanisms are most often considered as promising targets 
of therapy aimed at reducing the severity of proinflammatory shifts at the systemic and local levels, as well 
as the readiness of cardiomyocytes to implement apoptosis, pyroptosis, and autophagy programs [162–172].

The use of nonsteroidal anti-inflammatory drugs can reduce the effectiveness of the main drugs used to 
treat CHF, provoke the development of acute decompensation, and increase the risk of thrombotic events 
(especially selective cyclooxygenase blockers) [1, 173].

T a b l e  ( c o n t i n u e d ) 
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