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Summary

Mineralocorticoid receptor antagonists (MRA’s) have been
shown to be effective in patients with HFREF while their
role in patients with HFPEF remains controversial.
Despite a class one indication in both the ESC and AHA/
ACC heart failure guidelines in patients with HFREF
MRA’s remain underused, in large part due to the fear of
hyperkalaemia and renal dysfunction. While
hyperkalaemia is a potential risk of MRA’s, their use when
potassium and renal function monitoring is properly
carried out is minimal compared with their benefits in
appropriate patients. New nonsteriodal MRA’s and new
potassium binding polymers currently under development
hold the promise of further reducing the risks of
hyperkalaemia while allowing higher doses of MRA’s.
They have been shown to overcome diuretic resistance
and to potentially extend their benefits to patients with
acute decompensated heart failure and those with chronic
renal disease. While we await the results of studies with
these new agents; application of current guidelines
recommended therapies, including MRA’s hold the best
promise to further reduce cardiovascular mortality,
hospitalisations for heart failure, and therefore, health care
costs in patients with heart failure.
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Introduction

Over the past two decades, evidence from randomized tri-
als of angiotensin converting enzyme inhibitors (ACE-Is)
or angiotensin blocking agents (ARBs), beta-adrenergic
blocking agents (BBs), mineralocorticoid antagonists
(MRAs), cardiac resynchronization therapy (CRT), auto-
matic implantable cardiac defibrillators (AICD), cardiac
transplantation, and left ventricular assist devices (LVADs)
in patients with chronic heart failure (HF) and a reduced

left ventricular ejection fraction (REF) has suggested a sig-
nificant decrease in mortality and hospitalizations for heart
failure [1]. However, although evidence for these thera-
peutic approaches is convincing, their application in vari-
ous parts of the world is suboptimal. Limitations in eco-
nomic resources understandably affect the usage of device
therapy such as CRT, AICDs, LVADs and cardiac trans-
plantation. Drug therapy, owing to its lower costs, is more
widely available, but there remains a significant underuse,
particularly of MRAs [2, 3]. The gap between the “real
world” use of MRAs and the number of patients in whom
they are thought to be appropriate in current guidelines [4,
5] represents one of the best opportunities to further re-
duce cardiovascular death, hospitalizations for heart fail-
ure, and therefore healthcare costs over the near term. The
reasons for this underuse in large part reflect the fear of
inducing serious hyperkalemia (HK) as well as a relative
lack of understanding of the benefits of MRAs and the
reasons underlying their benefits. This article will therefore
briefly review the evidence supporting the role of MRAs
in patients with chronic HFREF; as well as those with HF
and a preserved left ventricular ejection fraction (HFPEF);
the potential mechanisms accounting for these benefits; the
dosage and choice of MRAs; their risks; and strategies
to potentially reduce these risks in an attempt to reduce
the gap in their usage and thereby further reduce cardiac
mortality, hospitalizations for HF, and therefore potentially
healthcare costs.

The use of MRAs in patients with
chronic HFREF

In the 1980s and 1990s there was relatively little interest in
the role of MRAs in patients with HF despite the fact that
aldosterone was known to promote sodium retention, was
thought important in the pathophysiology of HF, and the
MRA spironolactone had been available for several dec-
ades. In large part the lack of interest in the use of spirono-
lactone in patients with HF can be attributed to the fact that
spironolactone was generic in many parts of the world and
interest was focused on newer branded ACE-Is, ARBs, and
BBs. The results of the RALES trial [6] in 1999 provided
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the first convincing evidence that spironolactone in a dose
of 12.5–50 mg/day in addition to standard therapy includ-
ing an ACE-I could reduce total mortality as well as hos-
pitalizations for HF in patients with chronic severe HFREF.
Patients with a serum potassium (K+) >5.0 meq/l and/or a
serum creatinine >2.5 mg/dl were excluded. The RALES
trial was stopped prematurely owing to a 30% significant
benefit on total mortality, but many clinicians remained
skeptical and did not apply this therapy, in part because
when the RALES trial was initiated there was no evid-
ence for the use of BBs in patients with chronic severe
HFREF and only 10% of patients in RALES were on a
BB at baseline. More importantly, several investigators, in
particular Jurlink et al. [7] in Canada, pointed out a relat-
ively high incidence of hospitalizations for HK, renal fail-
ure, and deaths due to HK after the results of RALES were
reported and spironolactone began to be used more fre-
quently in patients with HF. A critical review of the study
by Jurlink et al. suggests however that in many instances
physicians in Canada used higher doses of spironolactone
than in RALES [6]; included older patients with concom-
itant chronic renal disease, the severity of which was not
adequately reflected by determination of serum creatinine
alone; and did not serially monitor serum K+ and or adjust
the dose of spironolactone accordingly.
The RALES study [6] was followed by the EPHESUS trial
[8], in which patients with HFREF early (3–14 days) post
myocardial infarction (MI) were randomized to the newer
more selective MRA eplerenone 25–50 mg/day in addition
to standard therapy. Patients in EPHESUS randomized to
eplerenone had a significant reduction in the combined en-
dpoint of cardiovascular mortality and hospitalizations for
HF, as well as total mortality. Of particular interest was the
finding that within 30 days of randomization to eplerenone
(mean time of randomization post MI was 7 days) there
was a significant reduction in total mortality, mainly due to
a reduction in sudden cardiac death [9]. This is of especial
importance since in the first month post MI there is a rel-
atively high incidence of sudden cardiac death, which has
not been reduced by the use of AICDs. In contrast to the
RALES study [6], 85% of patients in EPHESUS [8] were
on a BB and an analysis of the patients on “optimum” med-
ical therapy including those who received an aspirin, reper-
fusion, a statin, an ACE-I or ARB, a BB, and a diuretic
showed a reduction the co-primary endpoint of time to car-
diovascular mortality or hospitalization for HF. These res-
ults in large part allayed the skepticism surrounding the res-
ults of RALES [6] due to the relatively low usage of BBs
but did not reduce the fear in clinicians’ minds of inducing
HK with a MRA, despite the fact that the incidence of HK
(serum K+ >5.5 meq/l) in EPHESUS [8] was only 3%, and
the fact that in both RALES [6] and EPHESUS [8] there
was not a single death attributable to HK in patients ran-
domized to a MRA.
The effectiveness of MRAs in patients with chronic
HFREF is further substantiated by the results of
EMPHASIS-HF [10], in which patients with HFREF and
mild symptoms (New York Heart Association class II) who
had a history of a cardiovascular hospitalization within the
6 months prior to randomization or an elevated brain natri-
uretic peptide (BNP) or N-terminal of BNP prohormone

(NT-proBNP) randomized to eplerenone 25–50 mg/day in
addition to standard therapy were found to have a signi-
ficant reduction in time to cardiovascular mortality or hos-
pitalizations for HF. Most importantly, patients randomized
to eplerenone had a significant reduction in total mortality
as well as total hospitalizations. Of particular interest was
the safety of eplerenone. Although there was a 3% increase
in the incidence of HK (serum K+ >5.5 meq/l) there was
no significant increase in the incidence of serious HK (ser-
um K+ ≥6.0 meq/l), discontinuation of eplerenone due to
HK, hospitalizations for HK, or hospitalizations due to ren-
al failure. In contrast, there was a significant reduction in
the incidence of hypokalemia (serum K+ <3.5 meq/l). Of
interest in view of the previous study by Jurlink et al. [7]
pointing out the risk of spironolactone for HK was the find-
ing in high-risk subsets of patients in EMPHASIS-HF [11],
including the very old (≥75 years of age), those with dia-
betes mellitus and or with chronic kidney disease (CKD;
estimated glomerular filtration rate [eGFR] <60 ml/min/
1.73 m2), that the overall effect on the primary endpoint
(time to cardiovascular mortality or hospitalization for HF)
was maintained without a significant difference in these
subsets in the safety of eplerenone, in particular the incid-
ence of hospitalization HK and or renal failure.

The role of MRAs in patients with
HFPEF

Patients with HFPEF have a number of important differ-
ences in comparison with those with HFREF. In particular,
they have a higher incidence of comorbidities, especially:
hypertension, obesity, the metabolic syndrome, diabetes
mellitus, sleep disorder breathing, atrial fibrillation, and
CKD. They are generally older than those patients with
HFREF and mainly female. Many of the important comor-
bidities associated with patients with HFPEF have been
shown to be associated with an increase in serum aldos-
terone and or an increase in mineralocorticoid receptor
(MR) expression. For example, patients with resistant hy-
pertension have been found to have elevated levels of al-
dosterone and cortisol [12]. This is of importance since
cortisol as well as aldosterone can occupy and activate
the MR, especially under conditions associated with an in-
crease in inflammatory cytokines and reactive oxygen spe-
cies (ROS) [13, 14]. In patients with obesity and or the
metabolic syndrome, aldosterone levels are elevated [15],
in part as a result of factors released from the adipocyte that
stimulate the adrenal production and release of aldosterone
[16]. In preclinical models fed a high-fat diet, MR expres-
sion is increased [17]. Similarly, in HFPEF or diastolic HF
MR expression is increased [18]. Furthermore, an increase
in extracellular matrix formation, myocardial fibrosis, left
ventricular hypertrophy, left atrial enlargement and diastol-
ic dysfunction has been associated with the transition from
hypertensive heart disease to HFPEF. MRAs have been
shown to be effective in reducing left ventricular hyper-
trophy, left atrial enlargement, and diastolic dysfunction in
patients with HFPEF [19–21]. However, although an in-
crease in extracellular matrix formation and myocardial
fibrosis appear to be an important component of the patho-
physiology of HFPEF, recent studies have suggested that
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an increase in myocardial stiffness due to an alteration in
phosphorylation of the myocardial protein titin may play
an important role in HFPEF, independent of an increase in
extracellular matrix formation [22]. The increase in serum
aldosterone and cortisol levels associated with HFPEF and
several of its associated comorbidities as well as the in-
crease in MR expression provides the background for the
hypotheses that MRAs are effective in reducing cardiovas-
cular events in patients with HFPEF. The recent NHLBI
TOPCAT trial [23] evaluated the MRA spironolactone at
a dose of 15–45 mg/day in patients with HFPEF treated
with standard therapy including an ACE-I or ARB, BB,
and a diuretic. A total of 3,345 patients from the Americas
(Canada, USA, Brazil, and Argentina) and from Eastern
Europe (Russia and the Republic of Georgia) were random-
ized into the study on the basis of symptoms of HF and
either a history of hospitalization within the year prior to
randomization, a major component of which was HF, or
on the basis of an elevated BNP or NT-proBNP [24–26].
Patients randomized into the study had a mean age of 69
years (52% were female), had a mean left ventricular ejec-
tion fraction of 56%, and had their blood pressure relatively
well controlled (mean BP 130/80 mm Hg) at baseline prior
to randomization. As expected, they had a relatively high
incidence of comorbidities including a history of hyperten-
sion in 92%, diabetes mellitus in a third, coronary artery
disease in over half and atrial fibrillation in 35%, with a
mean body mass index of 31 kg/m2. At baseline 84% were
on either an ACE-I or ARB, 78% on a BB, and 81% on a
diuretic. After a mean follow-up of 3.3 years the primary
endpoint – the combination of time to cardiovascular death,
resuscitated cardiac arrest, and hospitalization for HF – was
reduced insignificantly by 11%, although one of its com-
ponents, time to hospitalization for HF, was reduced signi-
ficantly, as was total hospitalizations for HF. Although the
overall results were not significant, it was found that those
entering the trial on the basis of an elevated BNP or NT-
proBNP did have a significant reduction in the primary en-
dpoint of 35% (interaction p = 0.013). However, it should
be emphasized that this was only one of 22 subgroups that
were prespecified and therefore the significance could be
due to chance. Of particular interest was the retrospective
finding that patients entering the trial from Russia and the
Republic of Georgia had a placebo cardiovascular mortal-
ity rate of approximately 2%/year and a heart failure hos-
pitalization rate of <1% a year, which is not compatible
with prior epidemiologic studies or randomized studies of
patients with HFPEF. Although there was no apparent be-
nefit of spironolactone in these relatively low-risk patients
from Russia and the Republic of Georgia, there was a sig-
nificant reduction in the primary endpoint in those enter-
ing the trial from the Americas (Canada, USA, Brazil, and
Argentina), who comprised approximately half of the pa-
tients. The p-value for treatment interaction was not signi-
ficant between those patients entering from Russia and the
Republic of Georgia and those from the Americas, but this
was likely due to the relatively wide confidence intervals
in the effectiveness of spironolactone in the low-risk pa-
tients entering from Russia and the Republic of Georgia.
Although the reasons for the marked geographic hetero-
geneity in placebo event rates remains as yet unexplained,

these results suggest the hypotheses that in patients who
have a cardiovascular risk compatible with prior studies of
patients with HFPEF spironolactone is safe and effective.

The choice of MRAs in patients with
HF

Both spironolactone and eplerenone are effective MRAs
and have been shown to reduce total mortality in patients
with HFREF [6, 8, 10]. There are, however, several differ-
ences [27] that may suggest one or the other in certain in-
dications and or in individual circumstances. Spironolac-
tone is more tightly bound to the MR than eplerenone and
therefore more effective on a mg/mg basis. Approximately
25 mg of spironolactone is equivalent to 50 mg of epler-
enone. Spironolactone has a longer half-life than Epler-
enone owing to its metabolite canreoanate. This has po-
tential advantages and disadvantages. The longer plasma
half-life of spironolactone would be an advantage in pa-
tients who are noncompliant and tend to miss doses of
their medication. On the other hand it could be a disad-
vantage if a patient developed hyperkalemia, in which case
the longer plasma half-life of spironolactone could increase
the risk of hyperkalemia and its consequences. Spirono-
lactone, however, is not as specific for the MR as epler-
enone and affects androgen and prostagen receptors. This
accounts for the relatively increased incidence of side ef-
fects such as breast pain, gynechomastia, and impotence
in males, as well as menstrual abnormalities and hirsut-
ism in premenstrual females, associated with spironolac-
tone but not eplerenone. A small direct comparative trial
of spironolactone and eplerenone in patients with diabetes
mellitus and HF [28] has shown that spironolactone but
not eplerenone increases glycated hemoglobin (HbA1c) and
cortisol levels while reducing adiponectin levels. Spirono-
lactone has also been shown to worsen endothelial func-
tion in patients with diabetes mellitus associated with an
increase in HbA1c levels [29], whereas in patients with HF
without diabetes mellitus it improves endothelial function
[30]. The difference between spironolactone and epleren-
one in patients with diabetes mellitus has been attributed
to the relative lack of specificity for the MR of spirono-
lactone. It should, however, be emphasized that there have
been no large-scale outcome studies comparing spironolac-
tone with eplerenone and both have been shown to reduce
mortality in patients with HFREF and diabetes (spironolac-
tone in RALES [6] and Eplerenone in EPHESUS [8] and
EMPHASIS-HF [10]. It should also be emphasized that, al-
though both spironolactone and eplerenone are generic in
the USA (although not as yet in some other parts of the
world), spironolactone is considerably less expensive than
eplerenone owing to the greater complexity in the produc-
tion of eplerenone. Many clinicians have extrapolated the
benefits of eplerenone 25–50 mg/day in EPHESUS [8] in
patients with HFREF post MI and EMPHASIS-HF [10] in
patients with chronic mild HFREF to spironolactone and
have used the dosing strategy of spironolactone that was
shown to be effective in RALES [6] of 12.5–50 mg day
in situations such as HFREF and mild symptoms, in which
eplerenone has been shown to be effective in reducing
total mortality and well tolerated. However, as mentioned
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above, spironolactone is more tightly bound to the MR and
has a longer plasma half-life than Eplerenone. Substituting
25–50 mg of spironolactone for 25–50 mg of eplerenone
in patients with HFREF post MI or chronic mild HFREF
may therefore have a different safety profile than noted
in EPHESUS [8] and EMPHASIS-HF [10], and could be
associated with a higher incidence of hyperkalemia than
noted in these trials. The excellent safety profile of epler-
enone has recently been confirmed in the REMINDER
trial [24], in which patients with an acute ST-elevation MI
(STEMI) were randomized to eplerenone starting at a dose
of 25 mg/day on day 1 or placebo post MI with subse-
quent up-titration of study drug to 50 mg/day at 1 month if
the serum K+ remained <5.0 meq/l. Given the importance
of healthcare costs, the lower cost of spironolactone is,
however, clearly an advantage. However, the failure to use
an MRA in patients in whom they are appropriate accord-
ing to current guidelines due to the fear of hyperkalemia
and in particular eplerenone in patients who do not toler-
ate spironolactone may in the long run be far more costly
than the cost differential between eplerenone and spirono-
lactone. One might consider the use eplerenone 25–50 mg/
day in patients with diabetes mellitus and or CKD, as well
as in young male patients for the reasons outlined above.
If, however, cost is an important factor spironolactone at a
dose of 12.5–25 mg should be used initially and epleren-
one substituted in those patients in whom spironolactone is
not tolerated. It should, however, be emphasized that the
dosing strategy for spironolactone in RALES [6] has not
been adequately tested in patients with HFREF and mild
symptoms, and its effectiveness and particularly its safety
are therefore uncertain. Without further direct large scale
comparative trials clinicians of necessity are forced to use
their individual judgment based upon their assessment of
the available data.

Risk of HK in patients with HFREF and
HFPEF

The increased incidence of HK in patients with HFREF in
the large-scale randomized studies RALES [6], EPHESUS
[8], and EMPHASIS-HF [10], although of concern, has
been associated with a reduction of total mortality. In
TOPCAT [24], in patients with HFPEF there was a 9.6%
increase in hyperkalemia (serum K+ >5.5 mmol/l), but, as
in patients with HFREF, there were not any deaths attrib-
utable to HK. It should, however, be emphasized that pa-
tients in these large-scale randomized trials were carefully
selected and patients with a baseline serum K+ >5.0 mmol/
l, a serum creatinine >2.5 mg/dl, and/or an eGFR <30 ml/
min/1.73 m2 were excluded, serum K+ was serially mon-
itored and the dose of the MR adjusted accordingly. In gen-
eral, in patients with normal renal function the risk of HK
is relatively low and serum K+ can be monitored after the
first month during routine follow-up visits. However, if the
patient begins to take an agent that interferes with the ren-
al excretion of K+ such as a nonsteroidal anti-inflammatory
drug or if they have an episode of diarrhea or vomiting, ser-
um K+ should be immediately rechecked and closely mon-
itored until the situation stabilizes. In patients with chron-
ic renal disease and/or diabetes mellitus, especially those

with an eGFR <45 ml/min/1.73 m2, serum K+ should be
more closely monitored, for example, at baseline, at 3 days,
1 week, 2 weeks, 4 weeks, and 1 to 3 monthly thereafter.
In patients with HF, and especially those with CKD, one
should be hesitant to prescribe a MRA if the patient is un-
willing or unable to undergo serial K+ monitoring despite
their proven benefits on mortality. Although there is clearly
a risk of HK and its consequences, including renal fail-
ure and death, when using a MRA, the recent experien-
ce with eplerenone 25–50 mg /day in EMPHASIS-HF, in
which there was a significant reduction in total mortality
and total hospitalizations, is reassuring. Despite a signific-
ant increase in the incidence of HK there was no increase in
the incidence of serious HK, discontinuation from epleren-
one due to HK, increase in hospitalization for HK, increase
in hospitalization for renal failure, and not a single death
attributable to HK. Thus if patients are carefully selected
as outlined in the major randomized trials and K+ serially
monitored, even in patients with CKD and or DM there is
a significant reduction in mortality with only minimal risk.
The increased risk of HK and its serious consequences re-
ported from observational studies can in part be attributed
to the failure of clinicians to monitor serum K+ and to ad-
just the dose of the MRA accordingly. However, as men-
tioned above, despite careful selection of patients and seri-
al monitoring of serum K+ there are individuals who will
develop HK. The recent introduction of an orally effect-
ive K+ polymer patiromer (RLY 5016), which removes K+

from the blood and binds it in the colon, holds promise for
the use of renin-angiotensin-aldosteroine system (RAAS)
inhibitors especially MRAs in patients who develop HK
while on therapy. In the Pearl-HF study [31] in patients
with chronic HF who either had discontinued a RAAS in-
hibitor or BB because of HK or who had CKD (eGFR <60
ml/min/1.73 m2) and were given spironolactone 50 mg day
in addition to their standard HF therapy which could in-
clude an ACE-I or ARB and a BB, there was a signific-
ant reduction in the incidence of HK in patients random-
ized to patiromer. The incidence of side effects, mainly
gastrointestinal, associated with the use of patiromer was
relatively low. Recent studies in patients with hyperkalemia
have shown its effectiveness and tolerability over a year
[32, 33]. It should be emphasized that Patiromer has not as
yet been approved for use by US Food and Drug Adminis-
tration or European Medicines Agency.

Mechanisms associated with the
beneficial effects of MRAs in patients
with HF

Our understanding of the mechanisms associated with the
beneficial effects of MRAs in patients with HF continues
to evolve. In brief, angiotensin II (ATII), through the AT1
receptor, is an important stimulus for the adrenal release of
aldosterone. Other stimuli such as adrenocorticotropic hor-
mone (ACTH), sodium and potassium are also of import-
ance as evidenced by the finding in the angiotensinogen
knock-out mouse, in which ATII is not present, that the re-
lease of aldosterone from the adrenal gland can be stimu-
lated by modulation of serum sodium [34]. It should also
be emphasized that, although ATII is an important stimu-
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lus for the production of aldosterone, once it is released
from the adrenal gland aldosterone activates the MR res-
ulting in an up-regulation of tissue ACE and the AT1 re-
ceptor [35], thereby creating a vicious cycle. ACE-Is and
or AT1 receptor antagonists reduce aldosterone levels over
time, but there is an increase in aldosterone levels over time
(“aldosterone escape”) often above baseline levels prior to
ACE inhibition [36]. Therefore, to block the RAAS op-
timally it is necessary to prevent activation of the AT1 re-
ceptor and the MR. An increase in aldosterone and activ-
ation of the MR in the renal tubular epithelial cells results
in sodium retention and potassium loss, with a resultant in-
crease in plasma volume and predisposition to heart fail-
ure 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 ex-
pression (eNAc) [37] such that there is a predisposition to
further sodium retention and plasma volume expansion. An
increase in aldosterone levels has also been associated with
an increase in salt taste [38, 39], thus potentially explaining
the observation that patients with acute decompensated HF
treated with high-dose loop diuretics, which while reducing
plasma volume stimulate the release of aldosterone, are of-
ten readmitted with HF soon after hospital discharge as a
result of dietary indiscretion involving an increased intake
of salty foods.
MRs have also been found in the myocardium, vascular
wall, brain, monocyte, colon, retinae, and the skin. In the
renal tubule, aldosterone is the major activator of the MR.
Cortisol, however, has a greater affinity for the MR than al-
dosterone, but, due the abundance of the enzyme 11-beta-
hydroxysteroid dehydrogenase 2 in the renal epithelial
cells, cortisol is metabolized to corticosterone, which can-
not activate the MR. In patients with heart failure this en-
zyme is down-regulated such that cortisol rather than al-
dosterone may activate the MR [40]. In patients with heart
failure an increase in both aldosterone and cortisol levels
has been shown to be associated with an increase in cardi-
ovascular death and hospitalizations for heart failure [41,
42]. In nonepithelial tissues such as the myocyte this en-
zyme is absent or minimally expressed. Under normal cir-
cumstances cortisol, as a result of its greater affinity, may
occupy the MR but activates it only during conditions as-
sociated with an increase in oxidative stress. Activation
of these nonepithelial MRs has a number of important
effects that contribute to the adverse effects of MR ac-
tivation in the renal tubule and vascular wall, including
a decrease in antioxidant reserves, activation of inflam-
matory cytokines, activation of the nuclear factor kappa-
light-chain-enhancer of activated B cells (NF-kappaB) and
activator protein-1 (AP-1) signaling pathways, apoptosis,
myocardial and vascular hypertrophy and fibrosis [37, 43,
44–48]. Importantly, heart failure is associated with an up-
regulation of MRs on the macrophage and infiltration of
these cells into the myocardium. The importance of the
macrophage MR can be seen from experiments in which
the macrophage MR is knocked out, in which case the ad-
verse effects of aldosterone on the myocardium are neg-
ated independent of macrophage traffic into the myocardi-
um [49]. Similarly, knock out of galectin-3 protects against
aldosterone-induced myocardial, renal, and hepatic fibrosis

[50]. Activation of the MR is also associated with en-
dothelial dysfunction, an increase in norepinephrine release
from sympathetic nerve terminals, and ventricular and atri-
al arrhythmias. The increase in ventricular arrhythmias and
sudden cardiac death associated with MR activation is in
part due to an increase in calcium channel expression and
tissue depletion of potassium and magnesium [51]. Aldos-
terone has been associated with an increase in insulin res-
istance and aldosterone levels have been shown to be el-
evated in patients with visceral obesity and the metabolic
syndrome [15]. Aldosterone increases brown fat but blocks
thermogenesis of this tissue, resulting in deregulation of
brown fat as well as causing an increase in inflammatory
cytokines and macrophage invasion into white fat tissue,
thus resulting in adipocyte dysfunction [52]. These effects
on the adipocyte may be particularly important in causing
target-organ damage in patients with HFPEF, in whom vis-
ceral obesity and the metabolic syndrome are increasingly
frequent.

Potential future use of MRAs in
patients with HF

Acute decompensated heart failure
MRAs have been shown to be effective in reducing total
mortality along with standard therapy including an ACE-I
or ARB, BB, and diuretics in patients with chronic HFREF
and in patient s with HFREF early post MI, but they have
not been systematically studied in patients with acute de-
compensated HF (ADHF). The mortality and incidence of
recurrent hospitalizations for HF in patients with ADHF re-
mains unacceptably high. Whereas high-dose spironolac-
tone 100–200 mg/day has been shown to overcome diuret-
ic resistance in a small pilot study in patients with ADHF
[53–55] and 400 mg is often used to treat ascites in patients
with hepatic cirrhosis, the safety of these doses in patients
with ADHF, many of whom have transient and or chronic
renal dysfunction, remains uncertain.

Potential new MRAs
Although both spironolactone and eplerenone have been
proven to be effective in reducing total mortality in patients
with chronic HFREF, their use remains suboptimal, in large
part owing to the fear of inducing hyperkalemia and/or ren-
al failure. New nonsteriodal MRAs are currently under de-
velopment that hold the promise for effectively antagoniz-
ing the MR with a lower incidence of hyperkalemia than
spironolactone and eplerenone. For example, the nonster-
oidal MRA finerenone (BAY 94–8662) has been shown
to have an affinity for the MR similar to spironolactone
and specificity for the MR similar to eplerenone [56]. Im-
portantly, the biodistribution of spironolactone and epler-
enone is such that their level in the kidney is approximately
10-fold that in the myocardium, whereas the biodistribution
of finerenone is approximately equal between the kidney
and the heart, thus potentially providing relatively greater
cardiac specificity with a consequent lower incidence of
hyperkalemia. A recent study (ARTS) [57] in patients with
HFREF and CKD comparing several doses of finerenone
with placebo and spironolactone found that finerenone was
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as effective as spironolactone in reducing BNP or NT-
proBNP and albuminuria, but was associated with a lower
increase in serum K+ and incidence of hyperkalemia. Finer-
enone was, however, less effective in reducing systemic
blood pressure, possibly because of its failure to cross the
blood-brain barrier in comparison with spironolactone.
Further studies of finerenone are currently underway com-
paring it to Eplerenone in patients with HFREF + CKD
as well as in patients with diabetic nephropathy [58, 59].
It should, however, be emphasized that the nonsteroidal
MRAs are still in a relatively early stage of development
and have not as yet been proven to be safe and effective in
patients with HF and/or CKD.

Conclusion

Newer strategies such as gene and stem cell therapy, newer
drugs targeting specific signaling pathways, greater use
of LVADs as destination therapy, and techniques such as
sympathetic renal denervation hold promise for patients
with chronic HFREF/HFPEF over the long term. While we
await the results of further advances and large-scale studies
with these new and exciting advances a better understand-
ing and application of current medical therapy including
ACE-Is or ARBs, BBs, and especially MRAs as outlined
in current guidelines holds the best promise to further re-
duce cardiovascular mortality, hospitalizations for HF, and
therefore healthcare costs over the near term in patients
with chronic HF.

Funding / potential competing interests: Consultant –Pfizer
(Eplerenone), Bayer (finerenone) Relypsa (RLY 5016–
Patrinomer). Stock options – Relypsa

Correspondence: Professor Bertram Pitt, MD, University of

Michigan School of Medicine, 1500 E. Medical Ctr. Dr., Ann

Arbor, MI 48109 USA, bpitt[at]umich.edu

References

1 McMurray JJ. Consensus to emphasis: The overwhelming evidence
which makes blockade of the renin-angiotensin-aldosterone system the
cornerstone of therapy for systolic heart failure. Eur J Heart Fail.
2011;13:929–36.

2 Albert NM, Yancy CW, Liang L, Zhao X, Hernandez AF, Peterson
ED, et al. Use of aldosterone antagonists in heart failure. JAMA.
2009;302:1658–65.

3 Rassi AN, M.A. C, Fonarow GC ea. Temporal trends and predictors in
the use of aldosterone antagonists post-acute myocardial infarction. J
Am Coll Cardiol. 2013;61:35–40.

4 McMurray JJ, Adamopoulos S, Anker SD, Auricchio A, Bohm M,
Dickstein K, et al. ESC guidelines for the diagnosis and treatment of
acute and chronic heart failure 2012: The task force for the diagnosis
and treatment of acute and chronic heart failure 2012 of the european
society of cardiology. Developed in collaboration with the heart failure
association (HFA) of the ESC. Eur J Heart Fail. 2012;14:803–69.

5 Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE, Drazner MH,
et al. 2013 ACCF/AHA guideline for the management of heart failure:
A report of the American College of Cardiology Foundation/American
Heart Association task force on practice guidelines. Circulation. 2013.

6 Pitt B, Zannad F, Remme WJ, Cody R, Castaigne A, Perez A, et al.
The effect of spironolactone on morbidity and mortality in patients with
severe heart failure. Randomized aldactone evaluation study investigat-
ors. N Engl J Med. 1999;341:709–17.

7 Juurlink DN, Mamdani MM, Lee DS, Kopp A, Austin PC, Laupacis A,
et al. Rates of hyperkalemia after publication of the randomized aldac-
tone evaluation study. N Engl J Med. 2004;351:543–51.

8 Pitt B, Remme W, Zannad F, Neaton J, Martinez F, Roniker B, et
al. Eplerenone, a selective aldosterone blocker, in patients with left
ventricular dysfunction after myocardial infarction. N Engl J Med.
2003;348:1309–21.

9 Pitt B, White H, Nicolau J, Martinez F, Gheorghiade M, Aschermann
M, et al. Eplerenone reduces mortality 30 days after randomization
following acute myocardial infarction in patients with left ventricular
systolic dysfunction and heart failure. J Am Coll Cardiol.
2005;46:425–31.

10 Zannad F, McMurray JJ, Krum H, van Veldhuisen DJ, Swedberg K,
Shi H, et al. Eplerenone in patients with systolic heart failure and mild
symptoms. N Engl J Med. 2011;364:11–21.

11 Eschalier R, McMurray JJ, Swedberg K, van Veldhuisen DJ, Krum
H, Pocock SJ, et al. Safety and efficacy of eplerenone in patients
at high-risk for hyperkalemia and/or worsening renal function: Ana-
lyses of EMPHASIS-HF study subgroups. J Am Coll Cardiol.
2013;62(17):1585-93.

12 Gaddam KK, Nishizaka MK, Pratt-Ubunama MN, Pimenta E, Aban I,
Oparil S, et al. Characterization of resistant hypertension: Association
between resistant hypertension, aldosterone, and persistent intravascu-
lar volume expansion. Arch Intern Med. 2008;168:1159–64.

13 Funder J. New biology of aldosterone, and experimental studies on
the selective aldosterone blocker eplerenone. Am Heart J.
2002;144:S8–S11.

14 Funder JW. Rales, ephesus and redox. J Steroid Biochem Mol Biol.
2005;93:121–5.

15 Stas S, Whaley-Connell AT, Sowers JR. Aldosterone and hypertension
in the cardiometabolic syndrome. J Clin Hypertens (Greenwich).
2008;10:94–6.

16 Shibata S, Nagase M, Yoshida S, Kawarazaki W, Kurihara H, Tanaka
H, et al. Modification of mineralocorticoid receptor function by rac1
gtpase: Implication in proteinuric kidney disease. Nat Med.
2008;14:1370–6.

17 Tokuyama H, Wakino S, Hara Y, Washida N, Fujimura K, Hosoya
K, et al. Role of mineralocorticoid receptor/rho/rho-kinase pathway in
obesity-related renal injury. Int J Obes (Lond). 2012;36:1062–71.

18 Ohtani T, Ohta M, Yamamoto K, Mano T, Sakata Y, Nishio M, et
al. Elevated cardiac tissue level of aldosterone and mineralocorticoid
receptor in diastolic heart failure: Beneficial effects of mineralocor-
ticoid receptor blocker. Am J Physiol Regul Integr Comp Physiol.
2007;292:R946–954.

19 Pitt B, Reichek N, Willenbrock R, Zannad F, Phillips RA, Roniker B,
et al. Effects of eplerenone, enalapril, and eplerenone/enalapril in pa-
tients with essential hypertension and left ventricular hypertrophy: The
4e-left ventricular hypertrophy study. Circulation. 2003;108:1831–8.

20 Meyer B, Huelsmann M, Strecker K, al e. Flow mediated vasodilation
predicts outcome in patients with chronic heart failure. J Am Coll Car-
diol. 2004;43:198°.

21 Testani JM, Cappola TP, Brensinger CM, Shannon RP, Kimmel SE.
Interaction between loop diuretic-associated mortality and blood urea
nitrogen concentration in chronic heart failure. J Am Coll Cardiol.
2011;58:375–82.

22 Hamdani N, Franssen C, Lourenco A, Falcao-Pires I, Fontoura D, Leite
S, et al. Myocardial titin hypophosphorylation importantly contributes
to heart failure with preserved ejection fraction in a rat metabolic risk
model. Circ Heart Fail. 2013;6:1239–49.

23 Pitt B, Pfeffer MA, Assmann SF, et al. E. Spironolactone for heart fail-
ure with preserved ejection fraction. NEJM. Forthcoming 2014.

24 US National Library of Medicine. ClinicalTrials.gov [online] hcgcsN.
2012

25 Desai AS, Lewis EF, Li R, Solomon SD, Assmann SF, Boineau R, et
al. Rationale and design of the treatment of preserved cardiac func-
tion heart failure with an aldosterone antagonist trial: A randomized,
controlled study of spironolactone in patients with symptomatic heart
failure and preserved ejection fraction. Am Heart J. 2011;162:966–972
e910.

Review article: Medical intelligence Swiss Med Wkly. 2014;144:w13959

Swiss Medical Weekly · PDF of the online version · www.smw.ch Page 6 of 7

mailto:bpitt@umich.edu


26 Shah SJ, Heitner JF, Sweitzer NK, Anand IS, Kim HY, Harty B, et al.
Baseline characteristics of patients in the treatment of preserved cardi-
ac function heart failure with an aldosterone antagonist trial. Circ Heart
Fail. 2013;6:184–92.

27 Struthers A, Krum H, Williams GH. A comparison of the aldosterone-
blocking agents eplerenone and spironolactone. Clin Cardiol.
2008;31:153–8.

28 Yamaji M, Tsutamoto T, Kawahara C, Nishiyama K, Yamamoto T, Fujii
M, Horie M. Effect of eplerenone versus spironolactone on cortisol and
hemoglobin a(c) levels in patients with chronic heart failure. Am Heart
J. 2010;160:915–21.

29 Davies JI, Band M, Morris A, Struthers AD. Spironolactone impairs en-
dothelial function and heart rate variability in patients with type 2 dia-
betes. Diabetologia. 2004;47:1687–94.

30 Farquharson CA, Struthers AD. Spironolactone increases nitric oxide
bioactivity, improves endothelial vasodilator dysfunction, and sup-
presses vascular angiotensin i/angiotensin ii conversion in patients with
chronic heart failure. Circulation. 2000;101:594–7.

31 Pitt B, Anker SD, Bushinsky DA, Kitzman DW, Zannad F, Huang
IZ. Evaluation of the efficacy and safety of rly5016, a polymeric po-
tassium binder, in a double-blind, placebo-controlled study in patients
with chronic heart failure (the PEARL-HF) trial. Eur Heart J.
2011;32:820–8.

32 Weir MR, Bakris G, Mayo M, Stasiv Y, Christ-Schmidt H, Wittes J,
Berman L. A two-part trial of patriomer for the treatment of hyper-
kalemia in chronic kidney disease subjects on renin angiotensin aldos-
terone system inhibition. Presented at the American Society of Nephro-
logy. 2013

33 Bakris G, Pitt B, Cope J, Stasiv Y, Feeney PA, Toledano AY, Berman L.
Safety and predictability of a new potassium binding resin (patiromer)
on serum potassium reduction in diabetics with chronic kidney disease
results of the amethyst-dn study. Presented at the American Society of
Nephrology. 2013

34 Okubo S, Niimura F, Nishimura H, Takemoto F, Fogo A, Matsusaka T,
Ichikawa I. Angiotensin-independent mechanism for aldosterone syn-
thesis during chronic extracellular fluid volume depletion. J Clin Invest.
1997;99:855–60.

35 Schiffrin EL. Effects of aldosterone on the vasculature. Hypertension.
2006;47:312–8.

36 Struthers AD. Aldosterone escape during angiotensin-converting en-
zyme inhibitor therapy in chronic heart failure. J Card Fail.
1996;2:47–54.

37 Young MJ, Rickard AJ. Mechanisms of mineralocorticoid salt-induced
hypertension and cardiac fibrosis. Mol Cell Endocrinol.
2012;350:248–55.

38 Geerling JC, Engeland WC, Kawata M, Loewy AD. Aldosterone target
neurons in the nucleus tractus solitarius drive sodium appetite. J Neur-
osci. 2006;26:411–7.

39 Pimenta E, Gordon R, Ahmed A, Cowley D, Robson D, Kogovsek C, et
al. E. A-001 aldosterone excess stimulates salt appetite in patients with
aldosterone producing adenoma. J Hypertens.29:E1.

40 Odermatt A, Kratschmar DV. Tissue-specific modulation of mineralo-
corticoid receptor function by 11beta-hydroxysteroid dehydrogenases:
An overview. Mol Cell Endocrinol. 2012;350:168–86.

41 Beygui F, Collet JP, Benoliel JJ, Vignolles N, Dumaine R, Barthelemy
O, Montalescot G. High plasma aldosterone levels on admission are
associated with death in patients presenting with acute st-elevation
myocardial infarction. Circulation. 2006;114:2604–10.

42 Guder G, Bauersachs J, Frantz S, Weismann D, Allolio B, Ertl G,
et al. Complementary and incremental mortality risk prediction by
cortisol and aldosterone in chronic heart failure. Circulation.
2007;115:1754–61.

43 Brilla CG, Weber KT. Reactive and reparative myocardial fibrosis in ar-
terial hypertension in the rat. Cardiovasc Res. 1992;26:671–7.

44 MacFadyen RJ, Barr CS, Struthers AD. Aldosterone blockade reduces
vascular collagen turnover, improves heart rate variability and reduces
early morning rise in heart rate in heart failure patients. Cardiovasc Res.
1997;35:30–4.

45 Zannad F, Alla F, Dousset B, Perez A, Pitt B. Limitation of excessive
extracellular matrix turnover may contribute to survival benefit of
spironolactone therapy in patients with congestive heart failure:
Insights from the randomized aldactone evaluation study (rales). Rales
investigators. Circulation. 2000;102:2700–6.

46 Rocha R, Williams GH. Rationale for the use of aldosterone antagonists
in congestive heart failure. Drugs. 2002;62:723–31.

47 Rajagopalan S, Pitt B. Aldosterone as a target in congestive heart fail-
ure. Med Clin North Am. 2003;87:441–57.

48 McCurley A, Jaffe IZ. Mineralocorticoid receptors in vascular function
and disease. Mol Cell Endocrinol. 2012;350:256–65.

49 Rickard AJ, Morgan J, Tesch G, Funder JW, Fuller PJ, Young MJ. Dele-
tion of mineralocorticoid receptors from macrophages protects against
deoxycorticosterone/salt-induced cardiac fibrosis and increased blood
pressure. Hypertension. 2009;54:537–43.

50 Calvier L, Miana M, Reboul P, Cachofeiro V, Martinez-Martinez E,
de Boer RA, et al. Galectin-3 mediates aldosterone-induced vascular
fibrosis. Arterioscler Thromb Vasc Biol. 2013;33:67–75.

51 Perrier R, Richard S, Sainte-Marie Y, Rossier BC, Jaisser F, Hummler
E, et al. A direct relationship between plasma aldosterone and cardiac
l-type ca2+ current in mice. J Physiol. 2005;569:153–62.

52 Marzolla V, Armani A, Zennaro MC, Cinti F, Mammi C, Fabbri A, et
al. The role of the mineralocorticoid receptor in adipocyte biology and
fat metabolism. Mol Cell Endocrinol. 2012;350:281–8.

53 van Vliet A, Donker A, Nauta J, et al. Spironolactone in congestive
heart failure refractory to high-dose loop diuretic and low-dose
angiotensin-converting enzyme inhibitor. Am J Cardiol.
1993;71:21A–28A.

54 Hensen J, Abraham WT, Durr JA, Schrier RW. Aldosterone in congest-
ive heart failure: Analysis of determinants and role in sodium retention.
Am J Nephrol. 1991;11:441–6.

55 Albaghdadi M, Gheorghiade M, Pitt B. Mineralocorticoid receptor ant-
agonism: Therapeutic potential in acute heart failure syndromes. Eur
Heart J. 2011.

56 Kolkhof P, Flamme I, Figueroa-Perez L, Baerfacker L, Hartmann E,
Rinke M, Schafer S. Cardiac and renal protection by a new mineralo-
corticoid receptor antagonist in salt-sensitive arterial hypertension. Eur
Heart J. 2006;27:110.

57 Pitt B, Kober L, Ponikowski P, Gheorghiade M, Filippatos G, Krum
H, et al. Safety and tolerability of the novel non-steroidal mineralocor-
ticoid receptor antagonist bay 94–8862 in patients with chronic heart
failure and mild or moderate chronic kidney disease: A randomized,
double-blind trial. Eur Heart J. 2013.

58 ClinicalTrials.gov-NCT01807221. A randomized, double-blind,
double-dummy, multi-center study to assess safety and efficacy of dif-
ferent oral does of bay94–8862 in subjects with emergency presentation
at the hospital because of worsening chronic heart failure with left
ventricular systolic dysfunction and either type 2 diabetes mellitus with
or without chronic kidney disease or chronic kidney disease alone
versus eplerenone. 2013.

59 ClinicalTrials.gov-NCT01874431. A randomized, double-blind,
placebo-controlled, multi-center study to assess the safety and efficacy
of different oral doses of bay94–8862 in subjects with type 2 diabetes
mellitus and the clinical diagnosis of diabetic nephropathy. 2013.

Review article: Medical intelligence Swiss Med Wkly. 2014;144:w13959

Swiss Medical Weekly · PDF of the online version · www.smw.ch Page 7 of 7


	Heart failure: the role for mineralocorticoid receptor antagonists
	Summary
	Introduction
	The use of MRAs in patients with chronic HFREF
	The role of MRAs in patients with HFPEF
	The choice of MRAs in patients with HF
	Risk of HK in patients with HFREF and HFPEF
	Mechanisms associated with the beneficial effects of MRAs in patients with HF
	Potential future use of MRAs in patients with HF
	Conclusion
	References


