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Introduction
Aldosterone is categorized as a mineralocorticoid hormone based 

on its ability to regulate sodium (Na+) and potassium (K+) transport 
in a variety of epithelial locations, including the distal convoluted/
connecting tubules, salivary glands, and the gastrointestinal tract. 
Aldosterone has demonstrable epithelial and nonepithelial actions, 
and its blockade by an orally administered mineralocorticoid 
receptor antagonist (MRA) can both lower blood pressure (BP) as 
well as favorably influence altered structure/function relationships 
in the heart, kidney, and various vascular beds. Three compounds 
are commonly used MRAs: spironolactone, eplerenone, and 
canrenone. Of these, only spironolactone and eplerenone are 
available in the United States and will be the compounds discussed 
in this manuscript. Although each of these compounds is equally 
effective in a clinical setting, structure/function relationships as 
well as metabolite/half-life considerations distinguish these drugs 
relative to side-effect profiles. Of note, the frequency with which 
particular side effects occur with MRAs depends, to some degree, 
on the condition for which they are being used.1-3

Historical Perspective
When spironolactone was originally developed in the 1950s, 

scientific knowledge of the drug was limited to its effects on 
epithelial ion transport, and even such evaluations were in their 
nascent stages.4 As a result, spironolactone was originally classified 
solely as a diuretic with K+-sparing features. This classification, 
although technically correct, has proven unnecessarily restraining 
given the emerging nonepithelial role(s) for aldosterone in 
cardiovascular (CV) disease. Thus, the pharmacodynamic effects of 
MRAs now are viewed as encompassing epithelial ion transport, 
a spectrum of favorable nonepithelial cellular processes, and BP 

reduction, which may be influenced by both the epithelial and 
nonepithelial actions of MRA.5

Class Considerations
The first compound in a class of medications is generally 

well-defined mechanistically but oftentimes is administered in 
suboptimal doses and/or comes with troublesome side-effects. 
Thus, classes of medications generally evolve along the lines of 
more efficient delivery systems and/or increased mechanistic 
specificity to reduce the rate of side effects. The calcium channel 
blocker (CCB) class of medications illustrates how such progression 
occurs in the development of a drug class. For this particular drug 
class, sustained and/or delayed-release delivery systems have 
notably improved dosing flexibility compared to the immediate-
release compounds that were originally on the market; in fact, more 
evolved CCBs with inherently reduced side-effect rates have become 
available. With the evolution of the MRA drug class, eplerenone has 
emerged as a more-specific receptor antagonist with reduced sexual 
side effects compared with the more burdensome progestogenic and 
antiandrogenic side effects that can occur with spironolactone.6

Natriuretic Response 
Spironolactone and eplerenone are not potent natriuretic 

agents when acutely administered as monotherapy to either 
normotensive or hypertensive subjects. The efficacy of these 
agents is typically greatest when aldosterone levels are excessively 
elevated, as in the case of primary and, even more so, secondary 
hyperaldosteronism. Spironolactone, for example, is more 
efficacious when given to patients with cirrhosis and ascites 
or heart failure (HF), circumstances wherein clearly evident 
secondary hyperaldosteronism often exists. As such, a significant 
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natriuretic response can occur particularly if a loop diuretic is 
coincidentally being given.7,8 Eplerenone has not been studied 
under similar circumstances of diuretic need.

Essential Hypertension
Spironolactone has been used as monotherapy or in 

combination with a thiazide-type diuretic in the treatment of 
essential hypertension since the 1970s.9,10 Early studies found 
that spironolactone in doses of 200 to 400 mg/day did not bring 
about a greater antihypertensive effect than did 100 mg/day; 
thus, this compound demonstrated a relatively flat dose-response 
relationship in patients with essential hypertension beyond 
100 mg/day.9 Other studies comparing single versus divided 
daily doses of 100-mg spironolactone showed that single-dose 
administration was generally as effective as a divided multiple 
daily-dose regimen.11 These data led to the recommendation 
that patients with essential hypertension who are treated with 
spironolactone monotherapy, with or without a thiazide diuretic, 
should receive the optimal dosage of between 50 and 100 mg. 

Eplerenone also reduces BP when administered in the dose 
range of 50 to 200 mg/day, regardless of pretherapy plasma 
renin activity (PRA) values. Eplerenone reduces BP to a similar 
degree as an angiotensin-converting enzyme (ACE) inhibitor or 
a dihydropyridine CCB and has an additive effect when given 
to patients inadequately controlled with an ACE inhibitor or an 
angiotensin receptor blocker (ARB).12 It has also proven superior 
to monotherapy with the ARB losartan in African-American 
patients12; however, cost considerations, insurance coverage, and 
poor dissemination of information on the optimal frequency of 
dosing have limited the more routine use of this medication in the 
general practice of treating hypertension.

The BP-lowering effect of eplerenone is less than that of 
spironolactone on a milligram-for- milligram basis. For example, 
the degree to which BP is reduced with spironolactone 50 mg/
twice daily is similar to that seen with eplerenone 200 mg/twice 
daily or 400 mg/once daily, and it is 1.3- to 2-times greater than 
that seen with eplerenone 50 mg/twice daily or 100 mg once 
daily.13 The efficiency of MRA can be assumed from treatment-
related changes in PRA and plasma aldosterone levels. In one 
study, dose-dependent increases seen for PRA and active renin 
were smaller for doses of eplerenone < 400 mg/day than for 
spironolactone, all of which were significantly greater (P < 0.05) 
than what was observed with placebo.13

Resistant Hypertension
Single-drug treatment of hypertension with spironolactone or 

eplerenone is typically reserved for specific circumstances such as 
the presence of primary aldosteronism. However, spironolactone 
or eplerenone as add-on therapy in the poorly controlled 
hypertensive patient is increasingly viewed as an effective 
treatment option. This has been the case in two areas: end-stage 
renal disease (ESRD)14,15 and resistant hypertension.16-19 In this 
regard, functionally anuric ESRD patients with hypertension are 
increasingly being treated with an MRA (with or without other 
therapies), with the end result being significant BP reduction 
without the development of clinically relevant hyperkalemia.14,15 

Mineralocorticoid receptor antagonist therapy with 
spironolactone has now become an accepted add-on therapy in 
the setting of resistant hypertension.16-19 This adjunctive effect 
with spironolactone occurs within a matter of weeks, persists for 
months, and is independent of ethnicity and the excretion rate of 
urinary aldosterone.16 When spironolactone (12.5 to 50 mg/day) 

was added to a regimen comprised of a diuretic, an ACE inhibitor, 
or an ARB, a mean BP decrease of 21 ± 20/10 ± 14 mm Hg was 
observed at 6 weeks, and the decrease persisted at 6 months of 
therapy (↓ 25 ± 20/12 ± 12 mm Hg).16 The general benefit of MRA 
therapy in patients with resistant hypertension suggests that either 
a relative or absolute aldosterone excess may be a more prominent 
factor in resistant hypertension than was originally believed; 
however, the addition of amiloride to a treatment regimen 
comprised of a diuretic and a CCB also incrementally reduces 
BP (↓ 9.8 ± 1.6/3.4 ± 1.0) for amiloride versus spironolactone 
(↓ 4.6 ± 1.6/1.8 ± 1.0).20 This suggests that amiloride and possibly 
triamterene may be suitable treatment alternatives in patients 
either intolerant of spironolactone or unable to access eplerenone 
because of its cost.

Spironolactone and a Diuretic Effect in Resistant 
Hypertension

It has recently been found that patients with resistant 
hypertension often have occult volume expansion underlying 
their treatment resistance, and BP control was improved primarily 
through forced titration of diuretics or within diuretic class 
switches.21 It has not been routine for combination diuretic therapy 
to be used in the patient with difficult-to-treat hypertension except 
in the instance of concurrent renal insufficiency and/or with 
the use of potent Na+-retaining compounds, such as minoxidil.22 
That being said, there is a lengthy history dating back to 1962 
for the use of two diuretics together in the initial management of 
hypertension.23 Several studies have shown additive benefit for BP 
reduction when hydrochlorothiazide (HCTZ) or a thiazide-type 
diuretic was given together with spironolactone.24,25 These studies, 
among others, served as the experimental basis for the fixed-
dose combination product Aldactone®, comprised of HCTZ and 
spironolactone. A likely explanation for the enhanced effect when 
spironolactone is added to HCTZ is an improved spironolactone 
response consequent to the volume reduction and neurohumoral 
changes produced by HCTZ.26 

Hydrochlorothiazide remains a relatively short-acting 
thiazide diuretic of intermediate potency. Chlorthalidone is a 
more long-acting thiazide-type diuretic whose pharmacokinetic 
characteristics support a more long-acting natriuretic effect, and 
its use typically leads to a substantial net negative balance of 
Na+.27 Chlorthalidone is now more regularly used as the diuretic 
of choice in resistant forms of hypertension. The more frequent 
choice of this compound relates to its longer pharmacologic half-
life and its more favorable cardiovascular outcomes data when 
compared to HCTZ.28 When spironolactone is given together with 
chlorthalidone, there appears to be a greater potential for diuretic 
additivity by sequential nephron blockade, although this concept 
has not been formally studied. The not-infrequent observation 
of rising serum creatinine levels when spironolactone is given 
together with chlorthalidone supports the possibility of sequential 
nephron blockade and a greater summed natriuretic effect.29 This 
additive response is such that clinicians must often consider a dose 
adjustment of the concomitant conventional diuretic therapy.30

End-Organ Protection 
Head-to-head studies comparing end-organ effects and survival 

benefits of eplerenone and spironolactone are not available; 
moreover, no information is available for either compound 
concerning specific dose-ranging relationships with regard to 
cardiac and/or renal end-points. For example, in a study of the 
effect of eplerenone on either regression of left ventricular mass 
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or reduction in urine protein excretion, patients were force dose-
titrated eplerenone to 200 mg/day without any meaningful 
analysis of changes at intermediate dose levels.31,32 Also, in both 
the Randomized Aldactone Evaluation Study (RALES) and the 
Eplerenone Post-Acute Myocardial Infarction Heart Failure Efficacy 
and Survival Study (EPHESUS), the doses of spironolactone and 
eplerenone were basically fixed at 25 and 50 mg, respectively.33,34 
Thus, the threshold and/or optimal effect dose of an MRA is yet to 
be established in HF or proteinuric chronic kidney disease (CKD). 

Left Ventricular Hypertrophy 
Mineralocorticoid receptor antagonism effectively regresses 

left ventricular hypertrophy (LVH) and does so in a manner 
beyond what might be expected with BP reduction alone.31,35 In 
addition, MRA therapy decreases the microalbuminuria that 
can accompany LVH.31 The exact gain from regressing LVH with 
usual antihypertensive therapy remains unclear let alone with 
coadministration of an MRA. Since the risk of side effects with an 
MRA in a patient with LVH and normal renal function is minimal, 
this drug class can be considered if a patient with LVH and 
hypertension requires add-on therapy for additional BP reduction.

Heart Failure
Diuretic combinations can be used in HF patients otherwise 

refractory to loop diuretics alone. Because structural adaptations 
occur in the distal nephron with prolonged loop diuretic therapy, 
the combination of a distal-acting diuretic and a loop diuretic 

is particularly effective in such patients.8 The combination of 
bumetanide and metolazone (a thiazide-type diuretic) produces 
an additive, if not synergistic, diuretic effect.8 During prolonged 
furosemide therapy, the responsiveness to a thiazide is considerably 
augmented. Numerous reports have demonstrated a profound 
diuresis (several liters daily) accompanied by clinical improvement 
when adding metolazone to a loop diuretic (usually furosemide) 
in HF patients previously resistant to loop diuretic therapy alone.7,8 
Metolazone is particularly effective because its duration of action is 
prolonged, it is lipophilic, and it remains effective in states of renal 
impairment.36 Spironolactone also has been used in combination 
with loop diuretics and has been followed by an improvement in 
the overall diuretic response in HF patients.37 Above and beyond 
the known diuretic properties of spironolactone, it has recently 
been demonstrated that, as an MRA, it blocks a wide range of 
damaging tissue-based effects attributable to aldosterone, including 
processes such as enhanced vascular and myocardial fibrosis.38,39 

It has recently been recognized that aldosterone levels are often 
elevated (“aldosterone escape”) in HF patients notwithstanding 
the use of ACE inhibitors.40 This observation at least in part 
provided a basis for the study of MRA therapy in various forms 
of HF; as a result, spironolactone, and more recently eplerenone, 
is being increasingly advocated as adjunctive therapy in HF.41,42 
This therapeutic recommendation is a byproduct of RALES and 
EPHESUS.33,34 In the RALES trial, spironolactone (25 mg/day) 
was shown to reduce the risk of all-cause mortality by roughly 
30% in NYHA Class IV HF patients already being treated with a 

Inappropriate dosing **
 • Spironolactone greater than 25 mg/day
 • Eplerenone greater than 50 mg/day

Pretherapy serum K+ > 4.5 mEq/L

High-potassium diet, potassium supplements, or salt substitutes

Diabetes mellitus

Advanced stages of heart failure with accompanying reductions in renal function (typically Cl creat < 50 mL/min) ***

Volume depletion
 • Loop and/or thiazide diuretic-related
 • Intercurrent illnesses, typically gastrointestinal

Deterioration in renal function with spironolactone or eplerenone
 • Related to blood pressure/volume status in the setting of concomitant RAAS blockade

Older age
 • Related to level of renal function

Caucasian individuals

Drugs commonly used that modify potassium homeostasis
 • Beta blockers
 • SAIDs or cyclooxygenase inhibitors
 • Heparin: regular and low molecular weight
 • Digoxin intoxication
 • Trimethoprim component of Bactrim®
 • Calcineurin inhibitors: cyclosporine, tacrolimus

* Hyperkalemia is typically defined as a serum K+ value > 6 mEq/L.
** The dose of spironolactone and eplerenone designated as inappropriate is one in excess of that used in the pivotal clinical trials. 
Doses higher than those employed in clinical trials can be considered as appropriate if the ARA is being given for reasons other than 
cardioprotection, such as for K+-sparing in a persistently hypokalemic patient.
*** Hyperkalemia with an aldosterone receptor antagonist (ARA) can still occur at Cl creat values > 50 mL/min in those with risk factors 
other than reduced renal function, such as diabetes.

Table 1. Risk factors for hyperkalemia* with mineralocorticoid receptor antagonist therapy.
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standard ACE inhibitor and diuretic during an average follow-up 
of 2 years.33 It has also been shown that the use of spironolactone 
in patients with severe HF does not obviate the need for additional 
treatment that interferes with the adverse cardiac effects of 
sympathetic activation, as is the case with b-blockade.43 In 
EPHESUS, eplerenone (50 mg/day) added to optimal medical 
therapy substantially reduced morbidity and mortality among 
patients with an acute myocardial infarction complicated by left 
ventricular dysfunction and HF, with the observed benefit(s) 
evident within 30 days of randomization.34

To date, the BP-independent benefit(s) in HF patients who are 
given an MRA have been limited to those with a reduced ejection 
fraction. In the instance of HF with a preserved ejection fraction, 
add-on treatment with spironolactone has not been shown to 
significantly reduce major CV end-points44; thus, guidelines 
developed for the treatment of HF patients with an MRA are 
limited to those with reduced fractions.45

Side Effects
Both eplerenone and spironolactone are associated with a 

dose-related increase in serum K+ levels, which is by far the 
most worrisome side-effect with these medications.33,34 There are 
certain patient variables that govern the incidence of MRA-related 
hyperkalemia, with the level of renal function being the single 
most important determinant of risk among several variables that 
influence serum K+ values (Table 1). Thus, patients with CKD and, 
in particular, with CKD and diabetes and/or conditions with a 
high frequency of accompanying renal failure—as is the case with 
HF—are the ones most prone to an increase in serum K+ values 
with MRA therapy.33,34,43 

The pattern of serum K+ change in HF, as was observed in 
RALES, provides a good basis for understanding the risk-to-
benefit ratio for MRA therapy.33 RALES was preceded by a 
short, dose-finding study in which hyperkalemia (serum K+ ³ 5.5 
mEq/L) occurred in 13%, 20%, and 24% of patients treated with 
spironolactone at doses of 25, 50, and 75 mg/day, respectively.46 
These incidence numbers were a strong consideration in the 
selection of the 25.0 mg spironolactone dose used in RALES. 

After 1 year of therapy with 25 mg/day of spironolactone in the 
RALES study, the median K+ concentration rose by 0.3 mmol/L, 
which was statistically significant. There were 10 and 14 cases of 
serious hyperkalemia in the placebo and spironolactone treatment 
groups, respectively. Importantly, this study excluded patients 
with a serum creatinine level > 2.5 mg/dL (221 µmol/L) and/or a 
baseline serum K+ level > 5.0 mmol/L. Spironolactone is now more 
broadly used without attention to the HF class and/or ejection 
fraction and without optimization of background treatment with 
ACE inhibitors and β-blockers; thus, the incidence and prevalence 
of hyperkalemia is likely to be higher and very situationally specific. 
In these cases, there may be occasional small changes in renal 
function when an aldosterone receptor antagonist is given at a dose 
of 0.1 to 0.2 mg/dL. The degree of renal function change has several 
determinants, including baseline level of renal function, extent of 
any ongoing diuresis/volume contraction, concomitant use of an 
ACE inhibitor or an ARB, beta-blocker use, and/or presence of HF.47-

49 The change in serum creatinine values with spironolactone can 
be obscured by increases that fall within a normal range of values, 
therefore the change may not be perceived as “abnormal” per se.50 

Conclusion
Spironolactone and eplerenone are MRAs commonly used 

to manage treatment-resistant forms of hypertension as well as 

HF characterized by a reduced ejection fraction. Spironolactone 
is a commonly used add-on diuretic that provides incremental 
benefit for salt-and-water excretion above and beyond what may 
be seen with a loop diuretic and/or a thiazide-type diuretic. The 
dose-response relationships for natriuresis/CV protection with 
spironolactone have not been completely explored. The adverse 
electrolyte and renal function side effects with MRAs are not 
uncommon in at-risk patients, such as those with CKD or HF; 
therefore, dosing should take into account the propensity for these 
drugs to cause clinically relevant hyperkalemia.
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