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Three ages of spironolactone.  
Evolution of views on spironolactone capabilities 
in the treatment of patients with heart failure

The article presents in a historical context the discovery of aldosterone and the creation of its antagonist, spironolactone. 
The article also describes the aldosterone effects related with stimulation of two receptor types, slow (nuclear or genomic) 
and rapid (membrane). These effects are evident not only as the influence on water-salt metabolism and extracellular fluid 
volume but also as regulation of vascular tone and vascular wall elasticity and, most interestingly, as the impact on heart 
remodeling. In the  early period after spironolactone creation, it was considered exclusively as a drug for the  regulation 
of water-salt metabolism, diuresis, and blood pressure. Later, the  use of spironolactone covered a new field, systolic 
heart failure. This treatment was considered not only for enhancing safe diuresis but also for eliminating the aldosterone 
escape phenomenon of angiotensin-converting enzyme inhibitors. The  change in the  paradigm of heart failure towards 
the prevalence of its diastolic phenotype, which is based on excessive diffuse myocardial fibrosis, has put spironolactone in 
demand as an independent drug due to its strong antifibrotic effect that inhibits the entire complex of endo- and paracrine 
effects of aldosterone.
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2024 will be the 70th anniversary of the discovery 
by Simpson and Tate of aldosterone, 

a steriod hormone of the  adrenal cortex with 
mineralocorticoid activity. The  history of studies and 
subsequent clinical application of aldosterone began with 
the  works by J. Cohn, who described the  syndrome of 
arterial hypertension and hypokalaemia in patients with 
autonomous adrenal cortex tumors [1]. The  attention 
had been focused for a long time on stimulating of specific 
cytosolic (nuclear) receptors in the distal renal glomeruli 
with aldosterone, which resulted in the  retention of 
sodium ions and water and the elimination of potassium 
ions. Thus, extracellular ion homeostasis and blood 
pressure (BP) sufficient for adequate perfusion of vital 
organs is supported. Blockade of these receptors by 
aldosterone antagonists (AA), such as spironolactone, 
on the  contrary, leads to the  elevation of serum K+, and 
decrease in Na+, increased urine output, and lower BP. 
On this ground, AAs were called “potassium-sparing 
diuretics” for a long time and were popular, mainly, as 
safe concomitant drugs to enhance the diuretic effect of 
loop or thiazide diuretics. However, since the early 1990s, 
after the discovery of multiple organ membrane receptors 
for aldosterone, it was shown that aldosterone influences 
the  cardiovascular system not only through the  kidneys 
and urine output, but also directly affecting the  smooth 
muscle cells of the vascular walls, the skeletal muscles, and 
cardiomyocytes and fibroblasts of the  myocardium [2]. 

The  two types of receptors provide various short-term 
(membrane) and long-term (nuclear or genomic) effects 
of aldosterone, which manifest not only by the effects on 
water-salt metabolism and the  volume of extracellular 
fluid, but also by the regulation of vascular tone, vascular 
wall elasticity, and, most interestingly, the  effect on 
the cardiac remodeling processes. The latter is associated, 
including but not limited to, with the paracrine/autocrine 
activity of aldosterone synthesized by the  myocardium 
[3]. Numerous factors stimulate aldosterone synthesis, 
including adrenocorticotropic hormone (ACTH), 
K+ and Na+ imbalance, endothelin, and some other 
neurohumoral modulators. However, the  key factor is 
the stimulatory effect of angiotensin II (AII).

Fundamental studies of the  chronic heart failure 
(CHF) mechanisms conducted by the  end of the  last 
century, created awareness of the  role of the  renin-
angiotensin-aldosterone system (RAAS) hyperactivation 
in the  pathogenesis of heart muscle damage, which 
manifests morphologically as structural changes in 
the  heart muscle, i.e., cardiac remodeling. Heart muscle 
damage, commonly of ischemic nature, is followed by 
a decrease in cardiac output and results in reduced renal 
blood flow, which leads to a compensatory increase in 
the  production of renin activating the  cascade growth 
of AII synthesis, which, in turn, stimulates the synthesis 
of aldosterone. Excess aldosterone acts as an efferent 
remodeling tool based on fibroblast hyperstimulation in 
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the  heart muscle tissue with hypersynthesis of collagen 
(matrix) in the  intercellular space. The  mechanisms of 
the intercellular matrix balancing are complex (Figure 1), 
but aldosterone seems to have the priority role.

This neurohumoral concept of cardiovascular regula-
tion was implemented in the  therapeutic setting as 
RAAS blockade with the  suppression of AII synthesis 
and the  corresponding indirect reduction in aldosterone 
synthesis using angiotensin-converting enzyme (ACE) 
inhibitors. The  first results of randomized clinical trials of 
this class of drugs in patients with systolic CHF showed that 
this approach is amazingly effective in reducing the relative 
risk of death by 23 % on average [4], and ACE inhibitors 
were first drugs to increase life expectancy in patients with 
this form of heart failure [5].

However, the  administration of only ACE inhibitors 
could not solve the  problem of CHF: firstly, we wanted 
to achieve a more significant result, and, secondly, ACE 
inhibitor therapy became ineffective in some patients over 
time. One of the causes of the lack of efficacy was detected 
later and named the  phenomenon of “aldosterone 
escape”. Numerous studies showed that, if a week after 
the  beginning of ACE inhibitor therapy, the  level of 
aldosterone significantly decreased, it began to increase 
again several weeks later and reached the  same values 
in the coming months [6, 7]. Aldosterone escape is also 
observed during the use of AII receptor blockers (ARBs) 
and beta-blockers (BBs) [8]. This phenomenon can 
be explained by the  activity of alternative pathways for 
aldosterone stimulation (Figure 2) after the  elimination 
of the  stimulating effect of AII due to ACE inhibitor 
therapy, and its levels increase again [6–8].

Concomitant administration of aldosterone receptor 
blockers, such as spironolactone, together with ACE 

inhibitors is an obvious way to solve this problem. During 
such blockade, the  stimulating effect of aldosterone on 
fibroblasts becomes weaker irrespective of its plasma 
levels. The only serious risk of combining ACE inhibitors 
and spironolactone was the possible deterioration of renal 
function, which is manifested by elevated creatinine and, 
most importantly, the  development of life-threatening 
hyperkalaemia. Since ACE inhibitors and spironolactone 
are potassium-sparing agents, this concern was 
reasonable, and the  only way to overcome it could be 
a  dedicated randomized clinical trial (RCT) evaluating 

MMP, matrix metalloproteinases;  
TIMP, tissue inhibitor of metalloproteinases [38].
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the  efficacy and safety of low-dose spironolactone 
in combination with ACE inhibitors in patients with 
symptomatic CHF. Randomized Aldactone Evaluation 
Study (RALES) was designed and conducted by Pitt et al., 
and the  findings were published in the  New England 
Journal of Medicine in 1999 [9]. This RCT included 
1,663 patients with symptomatic CHF, with LVEF ≤35% 
who received the best-possible for that time drug therapy 
including ACE inhibitors. Patients were randomized to 
the  spironolactone (12.5–50.0 mg, mean dose 26.0 mg) 
and placebo groups. The  trial was terminated early, two 
years after it began, due to a significant 30 % reduction in 
the  relative risk of death (95 % CI: 0.60-0.82; p<0.001), 
including the  risk of death associated with heart failure 
and sudden death due to arrhythmia. Concomitant use of 
spironolactone with background ACE inhibitor therapy 
was also associated with a significant 35% reduction 
in the  risk of hospitalization (95% CI: 0.54–0.77; 
p<0.001), and the improvement of a NYHA class of CHF 
(p<0.001). However, the main intrigue of the trial was an 
increased potential for excessive risk of life-threatening 
hyperkalemia in most patients in the  spironolactone 
group: increased levels of plasma K+ ≥6.0 mEq/L 
were detected in only 3.9% of the  patients, which was 
relatively higher than in the  placebo group (1.2%) 
(Figure 3). The  in-depth analysis of the  RALES findings 
showed that the  more severe CHF, higher the  baseline 
potassium level, and lower the  glomerular filtration rate, 

the  greater the  risk of formal hyperkalemia ≥5.5 mEq/L 
during the  concomitant use of spironolactone and ACE 
inhibitors/ARBs [10]. The  key factor of hyperkalemia 
was the  dose of spironolactone: the  doses of 25 mg and 
50 mg were associated with the 13.5% and 41.4% risk of 
hyperkalemia, respectively. However, the main conclusion 
of the  study was that, irrespective of the  drug dose, 
the  mortality of patients who received spironolactone 
was significantly lower than those who did not, with K+ 

<6.0 mEq/L (moderate hyperkalemia).
Another property of spironolactone, which should 

be taken into consideration during its use, was 
endocrinopathy, such as, gynecomastia and breast pain 
in male patients. The  reason is that spironolactone 
is a  steroid derivative able to block not only 
mineralocorticoid receptors (MCRs), but also, partially, 
androgen and progesterone receptors, which causes these 
symptoms. During the 2-year RALES study, the incidence 
of gynecomastia and breast pain was 10 %, and only 2 % of 
male patients discontinued treatment due to this reason. 
According to the authors, the risk of gynecomastia is not 
a reason to abandon spironolactone. And rightfully so: 
30% reduction in the risk of death versus 2 % of refusal of 
the treatment [10].

However, the risks of hyperkalemia and gynecomastia 
prompted the search for safer MCR antagonists. Selective 
MCR antagonist (MCRA) eplerenone was developed. It 
has insignificant effect on sex hormone receptors, and 
its endocrinological side effect are virtually nil. More 
recent studies EPHESUS and EMPHASIS HF [11, 
12] confirmed endocrinological safety of eplerenone; 
however, the  risks of life-threatening hyperkalemia 
were approximately the  same as for spironolactone, and 
the  need to control blood electrolytes was indicated as 
mandatory in the  summary of product characteristics. 
Moreover, a meta-analysis of the  studies of eplerenone 
compared to the  earlier AMCRs (spironolactone and 
canrenone) showed that spironolactone is more clinically 
effective and affordable than eplerenone [13].

Later studies of spironolactone showed its high 
efficacy for initial stages of CHD (NYHA FC I–II) as well 
as severe CHD (NYHA FC III–IV) [14].

The results of the RALES trial and some subsequent 
studies prompted clinicians to reassess spironolactone 
and see it not only as a mandatory pathogenetic agent 
that, in combination with an ACE inhibitor, significantly 
improves the  quality of life and prognosis of patients 
with systolic CHD, but also as a concomitant potassium-
sparing diuretic. The  second wave of spironolactone 
recognition was so powerful that it caused unregulated 
misuse of high doses of the  drug (more than 50 mg/
day) in some clinics, which in turn resulted in an 

Values are not mutually exclusive, and each patient could experience 
both events during the period of follow-up.  
HypoK, hypokalemia; HyperK, hyperkalemia.
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increased incidence of hyperkalemia and nosocomial 
mortality [15]. The  RALES trial was indeed a 
turning point in the  history of spironolactone: it was 
considered exclusively as a  potassium-sparing diuretic 
in the  1997 ESC Guidelines for the  Management of 
CHD [16], but the  2001 Guidelines (immediately 
after RALES), spironolactone at the  dose of 25–50 mg 
(together with ACE inhibitors) was recommended to 
decrease the  prevalence and mortality of CHF NYHA 
FC III-IV [17]. The  significance of spironolactone 
in the  treatment of systolic CHF continued to grow 
in the  future. In the  2005 and 2008 Guidelines, it was 
classified as IB [18, 19]; in 2012, it was designated as IA 
with the  wording «add in case of insufficient effect of 
ACE inhibitor and BB» [20]; and since 2021, it has been 
designated as IA for all CHF patients with reduced left 
ventricular ejection fraction (LVEF) as a component of 
quadrotherapy [21].

However, despite obvious mandatory use of MCRAs 
in a complex treatment of patients with CHF, the results 
of the  national 20-year epidemiological study EPOCH 
showed that by 2017, the  rate of MCRA administration 
was only 25.3 % even in patients with severe CHF 
NYHA FC III–IV, which is significantly less than in 
case of ACE inhibitors/ARBs or BB, 92.7% and 75.3%, 
respectively [22]. When analyzing the  potential causes 
for the  limited MCRA administration in the  real-world 
practice, the authors draw main attention to low clinician 
and patient adherence to multiple drug therapy of CHF. 
MCRAs, the third in a row after ACE inhibitors and BBs, 
are the  first “victim” of such an approach. This apparent 
misunderstanding is a result of the  subjective factor, 
namely physicians’ inadequate awareness of the  lack 
of treatment options for CHD and the  significance of 
MCRAs.

However, there are also objectively reasonable causes. 
Primarily, this represents a shift in the  epidemiological 
paradigm to patients with heart failure with preserved 
LVEF (HFpEF), the  prevalence of which among all 
patients with CHD is above 50 % and, according to 
local studies, even 70 %. [23]. In fact, this is a new 
epidemic of HFpEF, and another, third wave of interest 
in spironolactone used as a pathogenetic treatment for 
HFpEF.

The  main hypothesis of HFpEF development 
represents a pathophysiological model, when 
concomitant diseases such as arterial hypertension with 
LV hypertrophy, obesity, diabetes mellitus, chronic 
obstructive pulmonary disease (COPD), some others, 
induce and maintain low-intensity, chronic pro-
inflammatory state, which causes the  development of 
diffuse reactive fibrosis in the  LV myocardium, higher 

chamber stiffness, and, as a result, diastolic dysfunction 
[24]. The  problem of HFpEF treatment should have 
been handled theoretically by suppressing excessive 
myocardial fibrosis using ACE inhibitors or ARBs, but 
studies of several drugs of these classes [25–27] failed 
to demonstrate their adequate clinical efficacy. This 
failure is probably due to the lack of antifibrotic “power” 
of ACE inhibitors or ARBs alone, which is not enough 
to eliminate excess collagen in the  myocardium being 
the  main pathomorphological ground for diastolic 
dysfunction. Combining the  antifibrotic effects of 
renin-angiotensin system blockers with MCRA may be 
the obvious solution to this problem. The soundness of 
this approach to the management of HFpEF patients was 
confirmed in a  comparative study of the  candesartan  + 
spironolactone combination (32 mg and 25 mg, 
respectively) and monotherapy with candesartan 32 mg 
[28]. The study included 69 patients with clinical signs 
of CHD NYHA FC II–III, LVEF > 45 % and clear fibrotic 
phenotype, which was manifested by the  presence of 
concentric LV hypertrophy (57 %), pseudo-normal/
restrictive diastolic LV filling (mean E/A was 1.29±0.10), 
and/or elevated levels of NTproBNP [403 (212; 
1011) pg/mL]. High (above 13 units) E/e’ is a solid 
marker of fibrotic phenotype of HFpEF, and our patients 
reached 13.5±1.0. The  two treatment tactics were 
compared after 24 weeks of treatment, and the candesar
tan + spironolactone combination showed a statistically 
significant superiority in all clinical, hemodynamic, 
and biochemical parameters, especially in improving 
the collagen balance (increased MMP-1/TIMP-1 ratio) 
(Figure 4), that is, significant regression of fibrosis is 
achieved only in the presence of spironolactone.

In the  Aldo-DHF study [29], Edelmann et al. 
received similar findings which studied the  efficacy of 
spironolactone 25 mg concomitantly with the background 
ACE inhibitor therapy on diastolic function and 
exercise tolerance in patients with HFpEF. Despite 
the absence of an increase in the 6-minute walk distance, 
indicators of diastolic function improved statistically 
significantly in the  spironolactone group as LV mass 
index and NTproBNP levels decreased, which confirms 
the pronounced antifibrotic effect of spironolactone.

The  ability to positively influence collagen balance 
and reduce the  severity of myocardial fibrosis with 
the combination of a RAAS blocker and spironolactone 
provided the grounds for a large-scale independent RCT 
of patients with HFpEF – Spironolactone for Heart 
Failure with Preserved Ejection Fraction (TOPCAT) 
[30]. The  trial study included 3,445  patients from 
the USA, Canada, Argentina, Brazil, Russia, and Georgia 
with symptoms of CHF, LVEF > 45 %, and compliance 
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with one of two criteria: a history of hospitalization 
for decompensated CHF within the  past 12  months 
(criterion I) or elevated NTproBNP ≥ 360 pg/mL in 
sinus rhythm or > 900 pg/mL in atrial fibrillation 
(criterion II). Patients receiving best-possible drug 
therapy with RAAS blockers were randomized to 
the spironolactone 15–45 mg/day or placebo subgroups.

The main stage of trial lasted for 3.3 years on average 
and showed a statistically neutral result. However, 
additional analysis conducted after the  completion 
of the  main stage showed that the  administration of 
spironolactone was accompanied by a significant decrease 
in the composite primary endpoint (cardiovascular death, 
resuscitation after cardiac arrest, and hospitalization for 
decompensated CHF) in four American countries, unlike 
Russia and Georgia, where the primary endpoint did not 
significantly decrease. There were several reasons for this 
difference [31], but the  most objective explanation for 
a significant reduction in the risk of the primary endpoint 
by 18 % (p=0.026) among the patients in the American 
continent, and no such reduction in the  subgroup of 
patients included in the  trial from Russia and Georgia 
(10 %, p = 0.58), is obviously the predominance of severe 
stages of fibrosis in the  American patients and more 
severe initial diastolic dysfunction. This is indirectly 
confirmed by the  fact that more than half of American 
patients (56.4%) were included in the trial in compliance 
with the  criterion of elevated NTproBNP, and there 
were only 12.4 % of such Russian and Georgian patients, 
and the main criterion for the inclusion was a history of 
hospitalization for HF (87.6%). The  elevated levels of 
NTproBNP almost ensures a HFpEF patient has severe 
diastolic dysfunction as a consequence of excessive 
myocardial fibrosis (fibrotic phenotype), in which 
the combination of a RAAS blocker with spironolactone 
acts on the  mature fibrotic substrate and is a positive 
prognostic factor. A  history of hospitalization for HF 
without documented elevated levels of NTproBNP, on 
the  contrary, do not guarantee the  presence a mature 
fibrotic substrate in patients with HFpEF, and thus, do 
not guarantee the  prognostic efficacy of the  RAAS 
blocker + MCRA combination.

The  correct selection of patients for pathogenetic 
therapy with spironolactone, such as patients with 
predominant fibrotic phenotype of HFpEF, would avoid 
errors in the interpretation of the TOPCAT findings and 
equivocality of the  discussion. Pfeffer and Braunwald 
commented on the  trial results that “… this drug 
(spironolactone – author’s note) is universal, affordable, 
and generally well tolerated, although regular monitoring 
of electrolytes and creatinine is required to detect 
unexpected development of hyperkalemia and renal 
impairment…” [31].

Given patient selection error in the  TOPCAT trial, 
a new RCT of spironolactone SPIRRIT [32] is currently 
conducted, in which the mandatory inclusion criterion is 
elevated NTproBNP (> 300 pg/mL). This RCT should 
make a final decision concerning the  predominance of 
spironolactone in the management of HFpEF patients.

* р<0.1. PIP, carboxyterminal propeptide of type I 
procollagen(marker of extracellular synthesis of collagen I), CITP, 
carboxyterminal telopeptide of collagen I (marker of extracellular 
degradation of collagen I) [28]. NS, not significant
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There only two approved drugs for the treatment of CHF 

patients, the administration of which does not depend on 
LVEF: ARNIs (valsartan/sacubitrile) and sodium-glucose 
co-transporter 2 (SGLT2) inhibitor empagliflozin [33, 
34]. Both drugs are positioned as universal treatments for 
patients with HFpEF [35] in an ideal combination with 
spironolactone without producing any adverse effects, 
especially hyperkalemia [36]. The  position reflected 
in the  latest ANA/ACC/HFSA Guidelines (2022), in 
which MCRA are designated as the  drugs to be used in 
HFpEF of class of recommendation of IIb and high level 
of evidence, is a certain assurance that spironolactone will 
be formally approved for this indication. [37]. Class of 
recommendation and level of evidence for MCRA may be 
increased after the  completion of the  SPIRRIT study in 
2022.

Thus, the  70-year history of the  discovery of 
aldosterone, the  key RAAS hormone, and later 
the  development of spironolactone, a drug that blocks 
the  action of aldosterone, is a clear example of how 
the  complementary results of fundamental research 
successively open new hallmarks of biological laws, which 
is applied in real-world clinical practice.

Spironolactone created for the  blockade of 
aldosterone receptors was initially regarded exclusively 
as a drug for water-salt metabolism regulation in 
the  distal renal glomeruli, enhancing safe diuresis, and 
normalizing blood pressure. There is reason that its first 

was called a potassium-sparing diuretic. A new phase in 
the clinical use of this drug was marked by the discovery 
of membrane aldosterone receptors on the  surface 
of endothelial and smooth muscle cells of vessels, 
cardiomyocytes, and notably fibroblasts. This discovery 
opened new possibilities, including the  treatment of 
patients with resistant hypertension and the  treatment 
of systolic CHF to support the  escaping effect of ACE 
inhibitors. Clearly, the new term aldosterone antagonist 
better reflected the understanding of the spironolactone 
mechanisms of action. Finally, the use of spironolactone 
as a potent independent antifibrotic agent that blocks 
the  entire complex of endocrine and paracrine effects 
of aldosterone, has expanded due to the  shift in heart 
failure paradigm towards the  prevalence of its diastolic 
phenotype based on excessive diffuse myocardial 
fibrosis. We appear to be at the  beginning of the  third 
wave of spironolactone use, now as a mineralocorticoid 
receptor antagonist.

The  lifespan of spironolactone is undoubtedly longer 
than three ages, and new basic discoveries are likely soon 
that will result in new perspectives, new possibilities for 
the  administration, and, probably, the  development of 
new dosage forms.

No conflict of interest is reported.

The article was received on 04/07/2022

REFERENCES

1. Conn JW. Presidential address. I. Painting background. II. Pri-
mary aldosteronism, a new clinical syndrome. The Journal of 
Laboratory and Clinical Medicine. 1955;45(1):3–17. PMID: 
13233623

2. Wehling M, Eisen C, Christ M. Aldosterone-specific membrane 
receptors and rapid non-genomic actions of mineralocorticoids. 
Molecular and Cellular Endocrinology. 1992;90(1):C5–9. DOI: 
10.1016/0303-7207(92)90092-K

3. Goncharov P.P. Aldosterone and cardiovascular function 
(to the 50th anniversary of the discovery of aldosterone). 
Problems of Endocrinology. 2004;50(6):29–32. [Russian: 
Гончаров П.П. Альдостерон и функция сердечно-сосудистой 
системы (к 50-летию открытия альдостерона). Проблемы 
эндокринологии. 2004;50(6):29-32]. DOI: 10.14341/pro-
bl11621

4. Garg R, Yusuf S. Overview of randomized trials of angiotensin-
converting enzyme inhibitors on mortality and morbidity in pa-
tients with heart failure. Collaborative Group on ACE Inhibitor 
Trials. JAMA. 1995;273(18):1450–6

5. Braunwald E. ACE Inhibitors – A Cornerstone of the Treat-
ment of Heart Failure. New England Journal of Medicine. 
1991;325(5):351–3. DOI: 10.1056/NEJM199108013250508

6. Mareev V.Yu., Skvortsov А.А., Chelmakina S.M. Are angio-
tensin converting enzyme inhibitors able to effectively con-
trol the activity of the renin-angiotensin-aldosterone sys-
tem in the long-term treatment of chronic heart failure? 
Kardiologiia. 1999;39(2):27–34. [Russian: Мареев В.Ю., 
Скворцов А.А., Челмакина С.М. Способны ли ингибиторы 

ангиотензинпревращающего фермента эффективно 
контролировать активность ренин–ангиотензин–
альдостероновой системы при длительном лечении 
хронической сердечной недостаточности? Кардиология. 
1999;39(2):27-34]

7. Staessen J, Lijnen P, Fagard R, Verschueren LJ, Amery A. Rise in 
plasma concentration of aldosterone during long-term angioten-
sin II suppression. Journal of Endocrinology. 1981;91(3):457–
65. DOI: 10.1677/joe.0.0910457

8. Skvortsov A.A. Antagonists of mineralocorticoid receptors 
in the treatment of patients with chronic heart failure and myo-
cardial infarction: a modern view of the old problem. Russian 
Medical Journal. 2017;25(4):257–64. [Russian: Скворцов А.А. 
Антагонисты минералокортикоидных рецепторов лечении 
больных с хронической сердечной недостаточностью 
и инфарктом миокарда: современный взгляд на старую 
проблему. Русский Медицинский Журнал. 2017;25(4):257–64]

9. Pitt B, Zannad F, Remme WJ, Cody R, Castaigne A, Perez A 
et al. The Effect of Spironolactone on Morbidity and Mortal-
ity in Patients with Severe Heart Failure. New England Jour-
nal of Medicine. 1999;341(10):709–17. DOI: 10.1056/
NEJM199909023411001

10. Vardeny O, Claggett B, Anand I, Rossignol P, Desai AS, Zan-
nad F et al. Incidence, Predictors, and Outcomes Related to 
Hypo- and Hyperkalemia in Patients with Severe Heart Fail-
ure Treate d with a Mineralocorticoid Receptor Antagonist. Cir-
culation: Heart Failure. 2014;7(4):573–9. DOI: 10.1161/
CIRCHEARTFAILURE.114.001104



10 ISSN 0022-9040. Kardiologiia. 2022;62(7). DOI: 10.18087/cardio.2022.7.n2233

EDITORIAL ARTICLE§
11. Pitt B, Gheorghiade M, Zannad F, Anderson JL, van Veld-

huisen DJ, Parkhomenko A et al. Evaluation of eplerenone in 
the subgroup of EPHESUS patients with baseline left ventric-
ular ejection fraction ≤30%. European Journal of Heart Failure. 
2006;8(3):295–301. DOI: 10.1016/j.ejheart.2005.11.008

12. Zannad F, McMurray JJV, Krum H, van Veldhuisen DJ, Swed-
berg K, Shi H et al. Eplerenone in Patients with Systolic Heart 
Failure and Mild Symptoms. New England Journal of Medicine. 
2011;364(1):11–21. DOI: 10.1056/NEJMoa1009492

13. Chatterjee S, Moeller C, Shah N, Bolorunduro O, Lichstein E, 
Moskovits N et al. Eplerenone Is Not Superior to Older and 
Less Expensive Aldosterone Antagonists. The American Jour-
nal of Medicine. 2012;125(8):817–25. DOI: 10.1016/j.am-
jmed.2011.12.018

14. Vizzardi E, Nodari S, Caretta G, D’Aloia A, Pezzali N, Faden G 
et al. Effects of spironolactone on long-term mortality and 
morbidity in patients with heart failure and mild or no 
symptoms. The American Journal of the Medical Sciences. 
2014;347(4):271–6. DOI: 10.1097/MAJ.0b013e31829dd6b1

15. Juurlink DN, Mamdani MM, Lee DS, Kopp A, Austin PC, 
Laupacis A et al. Rates of Hyperkalemia after Publication of 
the Randomized Aldactone Evaluation Study. New England 
Journal of Medicine. 2004;351(6):543–51. DOI: 10.1056/NEJ-
Moa040135

16. The treatment of heart failure. The Task Force of the Working 
Group on Heart Failure of the European Society of Cardiology. 
European Heart Journal. 1997;18(5):736–53. DOI: 10.1093/
oxfordjournals.eurheartj.a015339

17. Remme W. Guidelines for the diagnosis and treatment of chron-
ic heart failure. European Heart Journal. 2001;22(17):1527–60. 
DOI: 10.1053/euhj.2001.2783

18. Swedberg K, Cleland J, Dargie H, Drexler H, Follath F, Komaj-
da M et al. Guidelines for the diagnosis and treatment of chron-
ic heart failure: executive summary (update 2005). Europe-
an Heart Journal. 2005;26(11):1115–40. DOI: 10.1093/eur-
heartj/ehi204

19. Dickstein K, Cohen-Solal A, Filippatos G, McMurray JJV, 
Ponikow ski P, Poole-Wilson PA et al. ESC Guidelines for the di-
agnosis and treatment of acute and chronic heart failure 2008: 
The Task Force for the Diagnosis and Treatment of Acute and 
Chronic Heart Failure 2008 of the European Society of Cardiol-
ogy. Developed in collaboration with the Heart Failure Associ-
ation of the ESC (HFA) and endorsed by the European Society 
of Intensive Care Medicine (ESICM). European Heart Journal. 
2008;29(19):2388–442. DOI: 10.1093/eurheartj/ehn309

20. McMurray JJV, Adamopoulos S, Anker SD, Auricchio A, 
Bohm M, Dickstein K et al. ESC Guidelines for the diagno-
sis and treatment of acute and chronic heart failure 2012: 
The Task Force for the Dia gnosis and Treatment of Acute 
and Chronic Heart Failure 2012 of the European Society of 
Cardiology. Developed in collaboration with the Heart Fail-
ure Association (HFA) of the ESC. European Heart Journal. 
2012;33(14):1787–847. DOI: 10.1093/eurheartj/ehs104

21. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, 
Böhm M et al. 2021 ESC Guidelines for the diagnosis and treat-
ment of acute and chronic heart failure. European Heart Journal. 
2021;42(36):3599–726. DOI: 10.1093/eurheartj/ehab368

22. Polyakov D.S., Fomin I.V., Belenkov Yu.N., Mareev V.Yu., 
Ageev F.T., Artemjeva E.G. et al. Chronic heart failure in 
the Russian Federation: what has changed over 20 years of 
follow-up? Results of the EPOCH-CHF study. Kardiologi-
ia. 2021;61(4):4–14. [Russian: Поляков Д.C., Фомин И.В., 
Беленков Ю.Н., Мареев В.Ю., Агеев Ф.Т., Артемьева Е.Г. 
и др. Хроническая сердечная недостаточность в Российской 
Федерации: что изменилось за 20 лет наблюдения? 
Результаты исследования ЭПОХА–ХСН. Кардиология. 
2021;61(4):4-14]. DOI: 10.18087/cardio.2021.4.n1628

23. Oshchepkova E.V., Lazareva N.V., Satlykova D.F., Tereshchen-
ko S.N. The first results of the Russian register of chronic heart 

failure. Kardio logiia. 2015;55(5):22–8. [Russian: Ощепкова Е. 
В., Лазарева Н.В., Сатлыкова Д.Ф., Терещенко С.Н. Первые 
результаты Российского регистра хронической сердечной 
недостаточности. Кардиология. 2015;55(5):22-8]

24. Ageev F.T., Ovchinnikov A.G. Treatment of patients with 
heart failure and preserved ejection fraction: reliance on clin-
ical phenotypes. Kardiologiia. 2022;62(7):1–10. [Russian: 
Агеев Ф.Т., Овчинников А.Г. Лечение пациентов с сердечной 
недостаточностью и сохраненной фракцией выброса: опора 
на клинические фенотипы. Кардиология. 2022;62(7):1-10]. 
DOI: 10.18087/cardio.2022.7.n2058

25. Cleland JGF, Tendera M, Adamus J, Freemantle N, Gray CS, 
Lye M et al. Perindopril for elderly people with chronic heart 
failure: the PEP-CHF study. European Journal of Heart Failure. 
1999;1(3):211–7. DOI: 10.1016/S1388-9842(99)00039-2

26. Massie BM, Carson PE, McMurray JJ, Komajda M, McKelvie R, 
Zile MR et al. Irbesartan in Patients with Heart Failure and Pre-
served Ejection Fraction. New England Journal of Medicine. 
2008;359(23):2456–67. DOI: 10.1056/NEJMoa0805450

27. Yusuf S, Pfeffer MA, Swedberg K, Granger CB, Held P, Mc-
Murray JJ et al. Effects of candesartan in patients with 
chronic heart failure and preserved left-ventricular ejec-
tion fraction: the CHARM-Preserved Trial. The Lan-
cet. 2003;362(9386):777–81. DOI: 10.1016/S0140-
6736(03)14285-7

28. Svirida O.N., Ovchinnikov A.G., Ageev F.T. Influence of can-
desartan and its combination with spironolactone on left ven-
tricular dia s tolic function and level of collagen balance’s bio-
chemical markers in patients with chronic heart failure and pre-
served left ventricular systolic function. Russian Heart Fail-
ure Journal. 2010;11(5):263–75. [Russian: Свирида О.Н., 
Овчинников А.Г., Агеев Ф.Т. Влияние кандесартана и его 
комбинации со спиронолактоном на диастолическую 
функцию левого желудочка и содержание биохимических 
маркеров баланса коллагена у пациентов с хронической 
сердечной недостаточностью и сохраненной систолической 
функцией левого желудочка. Журнал Сердечная 
Недостаточность. 2010;11(5):263-75]

29. Edelmann F, Wachter R, Schmidt AG, Kraigher-Krainer E, Col-
antonio C, Kamke W et al. Effect of Spironolactone on Diastolic 
Function and Exercise Capacity in Patients With Heart Failure 
With Preserved Ejection Fraction: The Aldo-DHF Randomized 
Controlled Trial. JAMA. 2013;309(8):781–91. DOI: 10.1001/
jama.2013.905

30. Pitt B, Pfeffer MA, Assmann SF, Boineau R, Anand IS, 
Claggett B et al. Spironolactone for Heart Failure with Pre-
served Ejection Fraction. New England Journal of Medicine. 
2014;370(15):1383–92. DOI: 10.1056/NEJMoa1313731

31. Pfeffer MA, Braunwald E. Treatment of Heart Failure with Pre-
served Ejection Fraction: Reflections on Its Treatment with 
an Aldosterone Antagonist. JAMA Cardiology. 2016;1(1):7–8. 
DOI: 10.1001/jamacardio.2015.0356

32. Uppsala University. Spironolactone Initiation Registry 
Randomi zed Interventional Trial in Heart Failure With Pre-
served Ejection Fraction, SPIRRIT-HFPEF. ClinicalTrials.gov 
ID: NCT02901184. Av. at: https://clinicaltrials.gov/ct2/show/
study/NCT02901184. 2021.

33. Solomon SD, McMurray JJV, Anand IS, Ge J, Lam CSP, Maggio-
ni AP et al. Angiotensin–Neprilysin Inhibition in Heart Failure 
with Preserved Ejection Fraction. New England Journal of Med-
icine. 2019;381(17):1609–20. DOI: 10.1056/NEJMoa1908655

34. Anker SD, Butler J, Filippatos G, Ferreira JP, Bocchi E, 
Böhm M et al. Empagliflozin in Heart Failure with a Pre-
served Ejection Fraction. New England Journal of Medicine. 
2021;385(16):1451–61. DOI: 10.1056/NEJMoa2107038

35. Gevaert AB, Kataria R, Zannad F, Sauer AJ, Damman K, Shar-
ma K et al. Heart failure with preserved ejection fraction: recent 
concepts in diagnosis, mechanisms and management. Heart. 



11ISSN 0022-9040. Kardiologiia. 2022;62(7). DOI: 10.18087/cardio.2022.7.n2233

EDITORIAL ARTICLE§
2022; heartjnl-2021-319605. [Epub ahead of print]. DOI: 
10.1136/heartjnl-2021-319605

36. Ferreira JP, Butler J, Zannad F, Filippatos G, Schueler E, 
Steubl D et al. Mineralocorticoid Receptor Antagonists 
and Empagliflozin in Patients with Heart Failure and Pre-
served Ejection Fraction. Journal of the American Col-
lege of Cardiology. 2022;79(12):1129–37. DOI: 10.1016/j.
jacc.2022.01.029

37. Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun JJ, Col-
vin MM et al. 2022 AHA/ACC/HFSA Guideline for the Man-

agement of Heart Failure. Journal of the American Col-
lege of Cardiology. 2022;79(17):e263–421. DOI: 10.1016/j.
jacc.2021.12.012

38. Ovchinnikov A.G., Baldina O.N., Serbul V.M., Ageev F.T. Al-
dosterone is one of the main factors of fibrosis stimulation. Is 
it possible to fight this? Atmosphera. Cardiology. 2005;3:12–
9. [Russian: Овчинников А.Г., Балдина О.Н., Сербул В.М., 
Агеев Ф.Т. Альдостерон – один из основных факторов 
стимуляции фиброза. Можно ли с этим бороться? Атмосфера 
кардиология. 2005;3:12-9]


