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ABSTRACT
The guidelines on heart failure with reduced ejection fraction (HFrEF) have also recommended the use of
Mineralocorticoid receptor antagonists (MRAs) despite treatment with an angiotensin-converting enzyme inhibitors
(ACEI) and a beta-blocker in symptomatic patients with ejection fraction ≤35%, to reduce mortality and HF-related
hospitalization. However, the use of MRAs is suboptimal. The current review aims to summarize the vast body of
clinical evidence and mechanism behind the efficacy and safety of MRAs (Spironolactone, Eplerenone,
Esaxerenone, Finerenone) in an attempt to increase their use in guideline eligible patients with HF. It will also
provide the basis for understanding potential new opportunities for their use in patients with HF complicated with
diabetes mellitus or renal impairment.
KEYWORDS: Aldosterone, Guidelines, Heart failure, Ejection fraction, Mineralocorticoid receptor antagonists
(MRAs).
1. INTRODUCTION
1.1 Epidemiology of HF in India
Epidemiology of HF in India is in transition phase due to
the increased aged population, life expectancy, and
chronic conditions lead to raised cardiovascular risk
factors and mortality. In 2010, Huffman et al estimated
the prevalence of Heart Failure in India to be around 1.3
– 4.6 million with an annual incidence of 4.9- 18

million.[1] In 2016, Chaturvedi et al assessed the
epidemiology of breathlessness amongst a rural and
tertiary care hospital based population and found that 1
% of a rural population was suffering from
breathlessness of which 9% were diagnosed with HF
leading to a prevalence of 1.2 cases/1000 patients. They
have estimated the prevalence of HF in India around 1 %
(approximately 8 – 10 million).[2]

Table 1: Epidemiology of Indian Heart Failure patients across the registries. [3,6]
Asian Sudden Cardiac Trivandrum heart failure International congestive heart failure
Death in Heart Failure registry (thfr)
(inter-chf)
(Asian-HF)
Aetiology
Ischemic (37.3%)
Ischemic Heart disease Ischemic Heart Disease (46%)
(72%)
Hypertensive Heart disease (14%)
Dilated Cardiomyopathy Valvular Heart Disease (12%)
(13%)
Idiopathic Dilated Cardiomyopathy
Rheumatic Heart Disease (11%)
(8%)
Mean Age (Years) 57.8
61.2
56
Patients
on ACEI: 45.4%
ACEI: 38.6%
ACEI: 51%
guideline– based ARB: 33.8%
ARB: 10.1%
ARB: 17% medical therapy
BB: 67.3%
BB: 58.2%
BB: 57%
Diuretics: 79.6%
Diuretics: 81.2%
Loop diuretics: 81%
MRAs: 61.3%
MRAs: 45.9%
MRAs: 47%
ARB/ ACEI: Angiotensin receptor blocker/ Angiotensin converting enzyme inhibitor BB: Beta blocker.
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Medanta hf registry

Coronary artery disease
(77.8%)
Rheumatic
Heart
Disease 4.8%

59±12
BB: 81.8%
ACEI/ARBs: 65.8 %
Digoxin:
Ivabradine: 19.8%
Loop diuretics: 79.4 %
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1.2 Heart Failure Cascade and Pathophysiology
Among the HF patients, plasma levels of aldosterone
may increase as high as 60 times (300 ng/dL) of the
normal value. The aldosterone works through the reninangiotensin-aldosterone system (RAAS), thereby
provokes myocardial hypertrophy and remodeling,
fibrosis and. However, if chronically activated, RAAS
promotes critical structural changes in every component
of the cardiovascular system, including the heart, and the
large and small vessels.
In brief, angiotensin II (ATII) produced in response to
low cardiac output, which acts through the AT1 receptor,
is an important stimulus for the adrenal release of
aldosterone. It stimulates the reabsorption of sodium and
the excretion of potassium in the renal distal tubule. An
increase in aldosterone and activation of the MR in the
renal tubular epithelial cells results in sodium retention
and potassium loss, with a resultant increase in plasma
volume and predisposition to heart failure in patients
with left ventricular systolic dysfunction, as well as those
with diastolic dysfunction. Once the MR is activated
there is also an increase in sodium channel expression
(eNAc) and predisposition to further sodium retention
and plasma volume expansion. In the renal tubule,
aldosterone is the major activator of the MR. Activation
of the nonepithelial MR has a number of important
effects that contribute to the adverse effects of MR
activation in the renal tubule and vascular wall, including
a decrease in antioxidant reserves, activation of
inflammatory cytokines, activation of the nuclear factor

kappa light-chain-enhancer of activated B cells (NFkappaB) and activator protein-1 (AP-1) signaling
pathways, apoptosis, myocardial and vascular
hypertrophy and fibrosis. Importantly, heart failure is
associated with an upregulation of MR on the
macrophage and infiltration of these cells into the
myocardium leading to myocardial fibrosis. Furthermore,
Aldosterone induces arrhythmias due to its effect on
calcium exchange in cardiomyocytes, activation of the
sympathetic nervous system, reduction of baroreceptor
sensitivity, and activation of myocyte apoptosis. Thus,
activation of the RAAS leads to a series of renal and
extrarenal effects of aldosterone including cardiac
hypertrophy, cardiac remodeling, and myocardial fibrosis
which may lead to sudden cardiac death.[7,8]

Figure 1: The schematic representation of renin
angiotensin aldosterone system (RAAS).

Figure 2: Schematic representation of cardiac remodeling.
1.3 Underlying mechanisms of the effect of MRAs
Spironolactone, one of the MRA, found to prevent the
aldosterone-mediated collagen synthesis.[9] The MRA in
post-infarct HF improves left ventricular (LV) diastolic
and systolic functions, and reduce fibrosis, and
myocardial norepinephrine content.[10] In preclinical
studies, eplerenone found to inhibit superoxide formation
and enhances nitric oxide-dependent relaxation. The
research so far supports that MRA prevents the
deleterious effect of aldosterone on CVS.[11]
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The Belgian RALES, a sub study of RALES found that
after administration of spironolactone in congestive heart
failure (CHF) the circulating natriuretic peptides were
decreased and aldosterone and angiotensin II were
elevated. The levels of circulating natriuretic peptides are
inversely proportional to the severity of left ventricular
dysfunction and important in the prognostication of
HF.[12] The beneficial effect of spironolactone in CHF
patients is also due to the extra-renal effect of
spironolactone in the form of decreased level of cardiac
fibrosis synthesis markers and increased levels of
collagen synthesis markers.[13] It is also supported by the
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EPHESUS sub study, by reporting that diuretic effect of
eplerenone is independently associated with 11% to 19%
beneficial clinical outcomes in CHF patients. The results
reinforces the MR pathway for cardioprotective effect is
independent of diuretic and potassium-sparing effect i.e.
extra-renal effect.[14] However, the potential evidence
demonstrating the clinical effect of MRAs on remodeling
does not exist and advanced research is expected in this
domain. This and other mechanisms responsible for
MRAs clinical effect such as in heart failure patients
with preserved ejection fraction need to explore to
develop hypotheses for further study.[15]

(25 mg, daily) did not improve endothelial cell function
compared to placebo.[21] The EWISE trial showed similar
findings, that low-dose eplerenone did not improve
endothelial cell and vascular function and also coronary
diameters and reserved flow.[22] However, some other
clinical trials demonstrated the clinical efficacy of
eplerenone on left ventricular remodeling following
myocardial infarction.[19,23] The therapeutic effect of
eplerenone has also been evaluated in diabetes mellitus
patients and improved coronary circulation, blood
pressure, and endothelial cell function were observed
after a 4-week treatment.[24]

2. Mineralocorticoid receptor antagonists
2.1 Spironolactone (Steroidal Non-Selective)
The data on spironolactone was submitted to FDA in
September 1959 with intend to get approval for the
management of edematous conditions, primary
aldosteronism, and essential hypertension. The extradiuretic application of spironolactone is use in heart
failure patients.[16] The application has been approved
after the RALES landmark trial, through which Pitt et al.
demonstrated beneficial effect on reducing the mortality
in severe HF patients when administered even at a low
dose along with standard of care drugs. However, major
risks are associated with its use. First, as a non-selective
aldosterone blocker and structural similarity to androgen
and progesterone it may cause painful gynecomastia and,
impotence, and menstrual irregularities respectively.
About 10% of patients after chronic treatment come
across gynecomastia or breast pain.[17] It also causes
potentially life-threatening risk of hyperkalemia when
given with other RAAS blockers. In normal patients its
plasma half-life is 1.4 hour, however, it may increase 5fold in CHF patients with hepatic congestion. The peak
clinical response of spironolactone is observed 48 h after
dosing. It is metabolized in liver completely to form
active metabolites. Additionally, Because of high side
effects, other selective MRA are used commonly than
spironolactone.[16]

2.3 Esaxerenone: (Non-steroidal Selective)
Esaxerenone is a non-steroid, novel, selective antagonist
of MR. Esaxerenone has high binding potential to MRA
compared to spironolactone and a 1000-fold higher
selectivity for MR.[25] Preclinically esaxerenone showed
the antihypertensive effect at a lower dose (0.5mg/kg)
compared to spironolactone and eplerenone. It also found
reducing proteinuria and renal hypertrophy.[26] It is under
phase 3 pivotal trial for the treatment of essential
hypertension in Japanese patients.[16] Ito et al. in phase 2
testing of esaxerenone in essential hypertension found
dose dependent reduction in sitting systolic and diastolic
pressure without dose dependent increase in serum
potassium level. The results suggests that esaxerenone at
doses 1.25, 2.5, or 5 mg/day is safe and effective. [27] In
the dose escalation study, when esaxerenone at low dose
(1.25 mg)
with
RAAS
antagonists
showed
antihypertensive and antialbuminuric effects and a low
risk of hyperkalemia in Japanese hypertensive patients
with type 2 diabetes and albuminuria.[28]

2.2 Eplerenone (Steroidal Selective)
It is a selective antagonist of aldosterone receptors
derived from spironolactone. As it has a lower affinity
towards progesterone and androgen receptors, it shows
lower side effects compared to spironolactone. It get
metabolized completely without any active metabolites,
hence,
serves
as
ideal
pharmacokinetic–
pharmacodynamics profile in MRAs.[16] Cook et al. after
sequential dosing of 100 mg (the approved dose of
eplerenone in the U.S. for hypertension) determined a
half-life of 4 h in steady state.[18] Thosar et al. found short
half-life of only 2.9 h after a single oral dose of 50 mg in
healthy subjects.[16] Despite, a short half-life, eplerenone
is effective in reducing mortality when administered
once daily to HF patients.[19,20]

2.4 Finerenone
Finerenone is also a novel, non-steroidal selective
antagonist of MR. It is as potent as spironolactone and
500- fold selective MRA compared to eplerenone. [29] In
the recent phase 2 trial (ARTS-HF Japan), the effects of
finerenone and eplerenone were compared in HFrEF
patients with chronic kidney disease and/or diabetes
mellitus. The primary end outcome of > 30% increase in
NT-proBNP was achieved by both finerenone and
eplerenone, however, finerenone was more tolerated than
eplerenone. However, study unable to come to any
conclusion due to small sample size.[30] The similar
results were also observed in the ARTS HF study in
patients with worsening heart failure and reduced
ejection fraction and chronic kidney disease and/or
diabetes mellitus. However, reduced clinical effects were
observed in finerenone 10→20 mg group, it warranted
further study.[31] In another randomized controlled study
of finerenone versus placebo (ARTS DN Japan),
finerenone in addition to other RAAS inhibitors showed
reduced albuminuria without worsening the kidney
function in Japanese type 2 diabetes mellitus and diabetic
nephropathy patients.[32]

The clinical activity of eplerenone is evaluated in
coronary artery disease patients through a variety of
clinical trials. In a randomized clinical trial, eplerenone
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3. Complications/challenges associated with MRAs
3.1 Dose response and the balance between efficacy
and safety
The subgroup analysis of EPHESUS showed that
eplerenone at 25 to 50 mg/d dosage with standard
therapy improves cardiac outcomes in post–acute
myocardial infarction patients with HF and left
ventricular systolic dysfunction without the risk of
hyperkalemia (≥6.0 mEq/L), provided regular monitoring
of serum potassium is mandatory.[33] However, dosedependent change in serum potassium levels was
observed after MRAs in both hypertensive and heart
failure patients.[34,37]
3.2 Hyperkalemia
One of the major complications of MRAs is
hyperkalemia due to its tendency to retain potassium.
The rate of hyperkalemia after MRAs treatment is as
high as 10%.[10] Although, no death attributable to
hyperkalaemia was reported in RALES, EPHESUS, or
EMPHASIS-HF studies.[19,20,34] However, the subsequent
pharmacovigilance studies published after RALES study

found increase in the reporting of hyperkalemia in CHF
patients treated with spironolactone.[38,39] The severe
hyperkalemia may precipitate potential destabilization of
cardiomyocytes
and
unstable
ventricular
arrhythmias.[11,20] Discontinuing the therapy in case of
kidney injury may also require. However, the incidence
of hyperkalemia is low for non-steroidal MRAs, such as
finerenone, due to the high selectivity and potency
towards MRs, without compromising beneficial effects
in CVS diseases.[40] The ESC guidelines contraindicated
the use of MRAs in patients with impaired renal function
and serum potassium levels >5.0 mmol/L.[41]
3.3 Gynecomastia
Another major complication of spironolactone is
gynecomastia due to cross-reaction with androgen
receptors. However, the complication gets resolved after
discontinuation of the drug.[17] Of note, eplerenone and
non-steroid MRA have the highest specificity towards
MRs and did not show androgen receptor-related
complications.

Table 2: Characteristics of mineralocorticoid receptor antagonist.
Type
of MRA
Affinity to
MRA
MR
Selectivity
Steroid
Spironolactone High
Low
Steroid
Eplerenone
Medium
Medium
Non-steroid Finerenone
High
High
3.4 Renal Impairment
The reported rate of worsening renal function is about
8.9% after MRA treatment, however the varied
definitions are used across the trails. The eplerenone
showed lower rate of estimated glomerular filtration rate
(eGFR) within the first month of treatment (adjusted
difference, 21.3+0.4 mL/min/1.73 m2) compared to
placebo. However, the multivariate analyses showed
various other prognosticators for early worsening renal
function (20% decrease in eGFR in 1 month) in addition
to eplerenone female sex, age ≥65 years, LVEF,35%,
smoking, and baseline use of loop diuretics or
antiarrhythmics.[42] The Belgian Rales substudy
demonstrated the renal safety of 25 mg daily dose of
spironolactone in CHF patients.[43] It is also supported by
RALES sub study by Vardeny et al. They found that
worsening of renal function was found only in patients
with baseline worse renal function and the optimal effect
was found in those with reduced eGFR. Although, the
net benefit of spironolactone therapy is remained in
patients with worse renal function.[44] As MRAs are
associated with significant reductions in proteinuria
without changes in renal function, suggests the long term
renal safety of MRAs as like ACE-inhibitors. However,
the hypothesis required further research.[42]

Cross-reactivity to
androgen receptor
High
Low
Low

Hyperkalemia
High
Medium
Low

showed that eplerenone or spironolactone had similar
clinical effect in both diabetic and non-diabetic patients.
Similarly, cardiovascular mortality or hospitalization
(primary endpoint) was found reduced compared to
placebo [35.8% eplerenone vs. 40.9% placebo, P =
0.031] in diabetic patients treated with eplerenone in
EPHESUS sub-study. Additionally, no changes were
observed in the glycaemic control in diabetic patients.[46]
The RALES study reported the similar results. They
reported no difference in the mortality rate after
spironolactone compared with placebo in both diabetic
and non-diabetic patients.[17]
4.

Clinical Evidence/Guideline recommendations of
MRA
4.1 Effect of MRAs in heart failure with reduced
ejection fraction (HFrEF)
MRAs inhibit the deleterious effect of aldosterone on the
CVS system after chronic HF with left ventricular
dysfunction. Various clinical studies including the
landmark randomized trials proved the efficacy and
safety by reducing the rate of death and hospitalization of
MRAs in HFrEF. The summary results of these landmark
randomized trials are given in Table 3.

3.5 New onset diabetes and HbA1c changes
Some studies of spironolactone showed increased
cortisol and HbA1c levels in diabetic patients along with
angiotensin II.[45] Few randomized controlled studies
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Table 3: Randomized controlled trials of MRAs in heart failure with reduced ejection fraction (HFrEF).
Study
RALES
EPHESUS
EMPHASIS-HF
Year
1999
2003
2011
All-cause or cardiovascular cardiovascular
death,
Primary end point
All cause death
death, hospitalization for hospitalization
for
heart
heart failure
failure
1663
6642
2737
Number of patients
Mean age, Years± SD 65 ± 12
64 ± 12
68.7 ± 7.7
Post-MI (within 3–14 days),
Inclusion Criteria
Severe CHF
Mild CHF, <55 years
CHF
NYHA III-IV
NYHA I-IV
NYHA II
Ejection Fraction <35%
Ejection Fraction <40%
Ejection Fraction <35%
Spironolactone
Eplerenone
Eplerenone
MRA
25–50
25–50
25–50
Dose, Mg/day
ACE-I/ARB,
ß-blocker,
Other
medical
ACE-I, loop diuretic, diagitalis,
ACE-I/ARB,
ß-blocker,
diuretic, coronary reperfusion
therapy
vasodilators
diuretic
therapy
24
16
21
Follow-up, Months
End point result, HR All cause death: 284 vs 386 All cause death: 478 vs 554 All cause death: 171 vs 213
(placebo), 0.70 (0.60–0.82), (placebo), 0.85 (0.75 - 0.96), (placebo), 0.76 (0.62–0.93),
(95% CI) P-value
<0.001
0.008
0.008
Cardiac death: 226 vs 314 Cardiac death: 407 vs 483 Cardiac death: 249 vs 356
(placebo), 0.69 (0.58–0.82), (placebo), 0.83 (0.72 - 0.94) (placebo), 0.63 (0.54–0.74),
<0.001
0.005
<0.001
Hospitalization for heart failure: Hospitalization for heart Hospitalization for heart
215/413 vs 300/663 (placebo), failure: 345 vs 391 (placebo), failure: 270 vs 376 (placebo),
0.65 (0.54–0.77), <0.001
0.85 (0.74–0.99), 0.03
0.65 (0.55–0.76), <0.001
MI: Myocardial infarction; CHF: Chronic heart failure; ARB/ ACEI: Angiotensin receptor blocker/ Angiotensin
converting enzyme inhibitor
4.1.1 Spironolactone
The RALES study was conducted between 1995 and
1996 in 1663 patients with severe heart failure with an
EF <35% and were on angiotensin-converting–enzyme
inhibitor, a loop diuretic, and digoxin therapy. They
compared 25 mg of spironolactone daily with a placebo
in the context of the primary endpoint of death from all
causes. The rate of death was significantly reduced
(P<0.001) in the spironolactone group compared to the
placebo. Along with the frequency of hospitalization was
also decreased considerably (P<0.001) in the
spironolactone group compared to placebo. However, the
rate of gynecomastia or breast pain was also significantly
higher (P<0.001) in the spironolactone group. Besides,
the NYHA functional class was improved after the
treatment. Also, the incidence of hyperkalemia after the
treatment of spironolactone was 2% and was statistically
similar (P = 0.42) with the placebo group. [17] The posthoc analysis suggested that the spironolactone did not
increase the risk of mortality (adjusted hazard ratio, 0.84)
and HF-related hospitalization (adjusted hazard ratio,
1.18).[47]
4.1.2 Eplerenone
The second landmark study, the Eplerenone Postmyocardial infarction Heart failure Efficacy and Survival
Study (EPHESUS), was based upon the hypothesis that
eplerenone may prevent LV remodeling after acute
myocardial infarction as aldosterone stimulates MRs to
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increase cardiac collagen synthesis and fibroblast
proliferation. The study evaluated the effect of
eplerenone in addition to standard medical therapy
against standard medical therapy only in the randomized
controlled setting. The primary endpoints of the study
were death from any cause and death from
cardiovascular causes or hospitalization for heart failure,
acute myocardial infarction, stroke, or ventricular
arrhythmia. After 16 months of mean follow-up, death
due to any cause and cardiovascular death was lowered
(P=0.008) in the eplerenone group compared to standard
medical therapy only. However, the other primary
endpoint death from cardiovascular causes or
hospitalization
for
cardiovascular
events
was
significantly (P=0.002) lowered in the eplerenone group
compared to standard medical therapy only. However,
eplerenone was found associated with significant safety
concerns. In the eplerenone group, severe hyperkalemia
was 5.5% compared to 3.9% in standard medical therapy
only group (P= 0.002), on the contrary, the incidence of
hypokalemia was 8.4% in the eplerenone group
compared to 13.1 in the in standard medical therapy only
group (P<0.001). The results suggest that eplerenone
enhances the efficacy of standard medical therapy with
moderate safety concerns. Besides, it has been confirmed
that MRAs are not associated with the risk of
hypokalemia, however, steroidal MRA, here eplerenone,
is moderately associated with the risk of severe
hyperkalemia.[19]
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4.2 Effect of MRAs in heart failure with preserved
ejection fraction (HFpEF)
The heart failure patients with ejection fraction >50%,
have different etiologies, demographics, co-morbidities,
and response to therapies than HFrEF. In patients with
HFpEF, death, and hospitalization are mainly due to the
non-cardiovascular causes and distinguishing between
cardiovascular and non-cardiovascular morbidities and
managing them differently proved beneficial. However,
no convincing treatment to reduce mortality and
morbidity has not been established. Additionally, many
of these patients are elderly, symptomatic, and have a
poor quality of life. Hence, the management of these
patients mainly involves alleviating the symptoms and
improving overall well-being.[41] A small randomized
trial in hypertensive patients with HFpEF, spironolactone
proved to improve LV relaxation and filling patterns
compared to placebo.[50] Additionally, the Aldosterone
Receptor Blockade in Diastolic Heart Failure (AldoDHF) trial showed improved diastolic function in
patients with HFpEF.[51]
4.2.1 TOPCAT (Treatment of preserved cardiac
function with an aldosterone antagonist)
The TOPCAT is a large (n=3445) randomized, blinded,
controlled trial powered to detect morbidity and
mortality evaluated the effect spironolactone (up to 30
mg) vs placebo in HFpEF patients over 3.3 years. The
primary outcome of the study (composite of death from
cardiovascular causes, aborted cardiac arrest, or
hospitalization for the management of heart failure)
occurred in 18.6 % ( 320 of 1722) of patients treated
with spironolactone vs 20.4% ( 351 of 1723) patients on
placebo ( p= 0.14). Also, the rate of death and
hospitalization due to non-cardiovascular causes was
similar in both groups, except, hospitalization for heart
failure was significantly lower in the spironolactone
group than in the placebo group (12% vs 14%, P=0.04).
Additionally, increase in the serum creatinine levels and
a doubling of the rate of hyperkalemia (18.7% in
spironolactone group vs. 9.1% in placebo group) was
observed in the spironolactone group.[52] The results of
the study demonstrated potential of MRAs in the
treatment of HFpEF due to the lower rate of
hospitalization and mortality after MRAs. However,
further research is necessitated to support the use of
MRAs in the treatment of HFpEF.
Several secondary analyses of the TOPCAT study, to
identify markers of prognosis in HFpEF and to identify
subgroups of HFpEF patients who may benefit by MRAs
have been conducted. Results of such secondary analyses
have highlighted the association of hypo or
hyperkalemia, increase in LAV, frailty, baseline heart
rate, changes in heart rate, physical activity, diastolic
blood pressure, serum chloride homeostasis, with clinical
outcomes.[53,59]
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5. Future Indications for MRAs
5. 1 Post- ST-segment elevation myocardial infarction
Hyashi et al. evaluated MRAs (intravenous canrenone
followed by oral spironolactone for 6 month) in first
anterior ST-segment elevation myocardial infarction
(STEMI) patients without early HF.[60] MRAs were
found safe and have reduced ventricular remodeling,
myocardial fibrosis, and inflammatory cytokine
activation when given post-MI. The MRAs not only
blocks aldosterone and cortisol mediated MR activation,
but also improves nitric oxide availability, reduces
ventricular arrhythmias, and lowers risk of sudden
cardiac death.
5.2 Diabetic kidney disease
Studies demonstrated the positive clinical outcomes of
MRAs when given in combination with standard regimen
in patients with type 2 diabetes with nephropathy but it is
limited by hyperkalemia. Finerenone have shown
promising data in the phase 2 testing in patients with
type 2 diabetes mellitus and/or chronic kidney disease
with/without HF. It is now under phase 3 testing for
patients with type 2 diabetes mellitus and DKD.[61]
5.3 Pediatric heart failure
Although there is scarcity of evidence base treatment for
pediatric HF, spironolactone is used in pediatric HF at a
dose between 1 mg/kg/day and 2 mg/kg/day due to
unavailability of experience of eplerenone in pediatric
patients.[62]
6. Future research
Future research in this area is mainly focused on novel
MRAs and synthesis inhibition of aldosterone. The novel
non-steroidal MRAs being developed are expected to
offer higher efficacy and safety than spironolactone or
eplerenone. BAY94-8662 found to have more selectivity
and specificity than eplerenone. It was found safe and
tolerable in patients with chronic heart failure and mild
chronic kidney disease and similarly efficacious as
spironolactone in a phase 2 study.[63]
The MRAs inhibits MRs effectively, however, the higher
serum aldosterone and renin levels in patients may have
deleterious effect irrespective of MR antagonism. Hence,
aldosterone synthase inhibitors may effective over
MRAs by preventing both genomic and non-genomic
pathways.[64,65] FAD286 found a dose-dependent effect
on the reduction of urine and plasma aldosterone in
spontaneously hypertensive rats. However, it found to
have an additive effect with spironolactone by increasing
hyperkalemia and hydration, underlies the potential
adverse effect of combination therapy. The lack of
selectivity of FAD286 has several limitations for its
therapeutic use.[66,67]
Another, aldosterone synthase inhibitor, LC1699,
inhibits aldosterone synthase by selectively inhibiting
CY11B2 and lower effect on cortisol synthesis. It is an
aldosterone synthase inhibitor tested clinically. The
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phase 1 study showed dose-dependent safety and
tolerability below 3 mg once daily dose. However, above
3 mg once daily dose lose its specificity.[68] In phase 2
studies, it showed safety and tolerability below 1 mg
once daily dose, reduced aldosterone synthesis
effectively, and corrects hypokalemia in primary
hyperaldosteronism patients.
The ATHENA trial sponsored by National Heart, Lung,
and Blood Institute (NHLBI) will evaluate clinical
outcomes of 100 mg/day spironolactone in patients with
acute decompensated HF.[69] The ALCHEMIST trial is
designed to evaluate cardiovascular events after
spironolactone vs. placebo in HF patients with
chronic haemodialysis.[70] Additionally, the FIDELIO
trial is being conducted in patients with diabetic
nephropathy and the FIGARO trial in patients with renal
disease at increased risk for cardiovascular events
evaluating effect of finerenone in these patient
population. Another novel approach is use of new
potassium lowering drugs such as patiromer or sodium
zirconium cyclosilicate (ZS9). They are especially
effective in the treatment of patients with compromised
renal function and at risk of developing hyperkalemia. In
such patients patiromer or sodium zirconium
cyclosilicate (ZS9 have been shown to be effective in
lowering serum potassium to normokalaemic levels.[71,72]
CONCLUSION
The MRAs are potential in reducing morbidity and
mortality in chronic HFrEF patients with moderate to
high severity and in selective patients with chronic
HFpEF. The guidelines on HFrEF have also
recommended the use of MRAs (despite treatment with
an ACEI and a beta-blocker) in symptomatic patients
with ejection fraction ≤35%, to reduce mortality and HFrelated hospitalization. However, the use of MRAs is
suboptimal due to fear of hyperkalemia, such cases
steroidal MRAs can be replaced non-steroidal MRAs or
can be used in conjunction with novel potassium
lowering agents (such as patiromer and ZS9). The novel
approaches will enable the use of MRAs in HF patients
complicated with diabetes mellitus or renal impairments.
However, to broaden the patient segments likely
benefitted from MRAs, researches targeting the
exclusion criteria of previous clinical trials in HFrEF
patients, homogenous HFpEF patients and patient
segments are needed.
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