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REVIEW ARTICLE

Heart Failure and Chronic Kidney Disease:
Should We Use Spironolactone?
Sahil Agrawal, MD, Nikhil Agrawal, MD, Jalaj Garg, MD, Rajesh Mohandas, MD, MPH,
Tanush Gupta, MD and Mark Segal, MD

Abstract: Half of all deaths in patients with chronic kidney disease
(CKD) arise from cardiovascular causes. Congestive heart failure (CHF)
is speciﬁcally more frequent with CKD. Cardiovascular therapies with
proven beneﬁt are often withheld from patients with renal disease for fear
of adverse events. The renin-angiotensin-aldosterone system (RAAS) has
been implicated as an important maladaptive neurohormonal pathway in
heart failure. Angiotensin-converting enzyme inhibitors and angiotensin
receptor blockers have been shown to suppress it ineffectively. Current
guidelines support the use of spironolactone for more comprehensive
suppression of the RAAS in heart failure patients. Most supporting trials
have however excluded patients with renal dysfunction resulting in
a dearth of data to support use of spironolactone in CKD patients with
CHF. Several small studies that prospectively interrogated the beneﬁts of
augmented RAAS blockade with spironolactone in CKD patients have
shown improvement in predictors of cardiovascular mortality. More
recently, improved mortality outcomes were demonstrated with the use of
spironolactone in hemodialysis patients. Although reduction in glomerular
ﬁltration rate and hyperkalemia are potential adverse effects with its use,
the available evidence suggests that it is uncommon and serious
consequences can be avoided with close monitoring. Studies investigating
the optimal spironolactone dosage in such a setting recommend starting
with a low dose and careful uptitration. This review attempts to provide
a comprehensive insight into the issues associated with the use of
spironolactone in the setting of concomitant CHF and CKD.
Key Indexing Terms: Spironolactone; Aldosterone antagonism;
Renal failure; Chronic Kidney Disease; Heart failure. [Am J Med Sci
2015;350(2):147–151.]

C

BACKGROUND

hronic kidney disease (CKD) patients are at great risk of
cardiovascular mortality. Half of all CKD patients will die
of cardiovascular causes, at rates that are 20 to 40 times that of
the general population.1 Congestive heart failure (CHF) is signiﬁcantly more frequent in CKD patients.2 CKD patients with
left ventricle (LV) hypertrophy, a precursor of CHF had
a median survival of 38 months.3 The mineralocorticoid hormone aldosterone acting through nonepithelial targets (myocardium, vascular muscles and endothelium4) causes increased LV
mass index, myocardial and vascular ﬁbrosis and impaired arterial compliance.5–9 These are important precursors of cardiac
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failure and also of renal failure.10,11 The renin-angiotensinaldosterone system (RAAS) antagonism is therefore an
important target of CHF pharmacotherapy.5,6,12 Angiotensinconverting enzyme inhibitors (ACEi) improve CHF mortality
signiﬁcantly.13 Angiotensin receptor blockers (ARBs) are used
in patients intolerant of ACE inhibitors. Inhibition of RAAS
with ACE inhibitors or ARBs is however transient14,15 and
incomplete.16 A phenomenon of “aldosterone escape” has been
described in 40% to 50% of patients on ACEi/ARBs.17,18 NonRAAS mechanisms19 and local production of aldosterone by
tissue RAAS20 are implicated in this maladaptation. Left ventricle hypertrophy fails to regress and a continued decline in
glomerular ﬁltration rates (GFRs) ensues in these patients.21
Spironolactone, a mineralocorticoid/aldosterone antagonist
(MRA), inhibits downstream effects of RAAS by disrupting
mineralocorticoid receptor signaling. When added to background medical therapy (consisting of ACEi and b-blockers)
in patients with advanced CHF in the Randomized Aldosterone
Evaluation Study (RALES) trial, spironolactone decreased cardiovascular mortality and CHF hospitalizations each by
;30%.22 Similarly, encouraging results were reported in the
Eplerenone Post–Acute Myocardial Infarction Heart Failure
Efﬁcacy and Survival Study (EPHESUS)23 and EMPHASISHF (Eplerenone in Mild Patients Hospitalization and Survival
Study in Heart Failure)24 studies that used eplerenone, a more
selective MRA. MRAs are associated with a risk of hyperkalemia and acute renal failure. CHF patients with impaired renal
function (serum creatinine (SCr) $2.5 mg/dL in RALES and
EPHESUS, GFR ,30 mL$min21$1.73 m22 in EMPHASIS)
were therefore excluded in these trials. Unfortunately, this
underrepresentation of renal disease in cardiovascular trials is
not uncommon.25 Coronary angiography26 and ACEi use in
renally insufﬁcient patients had met with similar skepticism
and paranoia. Use of aldosterone antagonists for CHF therapy
in patients with renal impairment (SCr .2.5 mg/dL in men or
.2.0 mg/dL in women, GFR ,30 mL$min21$1.73 m22) is
discouraged by current heart failure guidelines (class III, level
B).27 This “renalism” may have led us to withhold potentially
life saving therapy. This review attempts to assimilate the current data available on the issue of utilization of spironolactone
in CHF therapy for patients with CKD.
Widespread beneﬁts with minimal side effects from use
of spironolactone in CKD patients have been repeatedly
demonstrated. Predialysis systolic blood pressures were reduced
in an average of 11 mm Hg in hemodialysis (HD) patients
without increased hyperkalemia.28 This effect was independent
of diuresis. Spironolactone improved LV function (systolic and
diastolic) and reduced N-terminal probrain natriuretic peptide
(NT-proBNP) levels in patients with early CKD.29 Regression
of LV hypertrophy favorably affects cardiovascular and allcause mortality in end-stage renal disease.30 Spironolactone
decreased LV mass and LV mass index independent of baseline
LV mass in patients with CKD stages 2 to 3. These patients were
being treated with maximally tolerated doses of ACEi and/or
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ARBs and had been on them for at least 6 months.31 Proteinuria
is an important predictor of adverse renal and cardiovascular
outcomes.32 A reduction in proteinuria by half resulted in an
18% reduction in cardiovascular risk and a 27% reduction in
heart failure risk in patients with diabetic nephropathy.33 Reductions in proteinuria ranging from 15% to 54% were reported in
15 reports that studied the addition of spironolactone to chronic
therapy with ACEi and/or ARBs.34 A serum potassium $5.5
mmol/L was identiﬁed in 5.5% of 436 patients. Reductions in
GFR were observed in only 3 studies and were clinically insigniﬁcant. Proteinuria could therefore be reduced with relatively
few adverse effects. Signiﬁcant increases in aortic distensibility
were seen with the use of spironolactone in early CKD.35 Spironolactone also improved heart rate variability and forearm
blood ﬂow reserve in HD patients.36 These markers of endothelial dysfunction are independent predictors of cardiac mortality
in such patients. Carotid intima-medial thickness is a welldocumented predictor of future cardiovascular events.37 Treatment with spironolactone (50 mg 3 times each week) resulted in
decreases or even reversal of carotid intima-medial thickness
over a 2-year period.36 In an analysis of the RALES trial data,
individuals with reduced baseline GFR (GFR ,60
mL$min21$1.73 m22) exhibited comparable clinical beneﬁt to
those with a higher baseline GFR. Reductions in all-cause mortality and in the combined end point of death or hospital admissions for CHF were similar; the absolute risk reduction was in
fact greater.38 More recently, Matsumoto et al39 have demonstrated a signiﬁcant mortality beneﬁt from spironolactone in
a randomized trial of 309 oligoanuric patients on HD. In their
3-year follow-up, a 25-mg daily dose of spironolactone signiﬁcantly reduced the primary outcome (a composite of death from
cardiovascular and cerebrovascular causes and hospitalizations),
and there was also a signiﬁcant reduction in all-cause mortality
(secondary outcome) in the treatment group. Ninety-eight patients in the treatment arm who had no events of interest did
not experience an increase in average K+ levels. Notably, serious
hyperkalemia necessitating discontinuation of therapy was reported only in 3 treated patients despite no restrictions on dietary
intake of K+ in the treatment arm. This trial is pivotal for being
the 1st moderate-sized randomized trial to investigate and demonstrate mortality beneﬁt from the utilization of spironolactone
in CKD patients on HD.

ALDOSTERONE AND POTASSIUM REGULATION
IN OLIGOANURIC PATIENTS

In healthy subjects, potassium (K+) excretion primarily
depends on renal (about 90%) and to a lesser extent (about
10%) on colonic excretion.40 In patients with chronic renal
failure, low sodium to potassium ratios in the saliva41 and
stool42 and an accompanying enhanced fecal K+ excretion (2–
3-fold higher)43,44 suggest a role for aldosterone-mediated K+
homeostasis in patients with decreased GFR. The role of aldosterone in K+ handling in dialysis patients is however controversial,45 with trials failing to show an unequivocal K+ lowering
effect of ﬂudrocortisone.46,47 Plasma aldosterone levels in
anuric patients were noted to be low despite elevated K+ levels
in studies of anephric subjects.48 At the same time, in HD
patients with K+ ,5 and low aldosterone levels, spironolactone
resulted in rising K+ levels without signiﬁcant changes in aldosterone levels suggesting an aldosterone-mediated excretion
despite the attendant low levels. In HD patients, K+ levels are
regulated by dialysis and spironolactone has not been shown to
reduce dialyzer clearance of K+ at pharmacological doses.49
Data suggest that tolerance to an acute K+ load in healthy
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patients is not dependent on aldosterone.50 However, aldosterone blockade with spironolactone resulted in a higher rate of
rise in plasma K+ after an acute load than in controls who did
not receive it. It was therefore proposed that aldosterone seems
to play an important role in the extrarenal modulation of an
acute K+ load in anephric patients.48 It will not be advisable
to generalize these ﬁndings as the study included only 7 patients
and used spironolactone at a daily dose of 300 mg.

WHAT IS THE RISK OF HYPERKALEMIA IN
CKD PATIENTS?
One in 10 of CKD patients on HD are reported to
develop serious hyperkalemia, and 3% to 5% of mortality in
these patients is related to hyperkalemia.45 MRAs especially
when combined with ACEi could increase this risk several folds
in HD patients. In the RALES22 study, serious hyperkalemia
(K+ .6 mmol/L) was infrequent and was not signiﬁcantly more
common in spironolactone-treated patients despite the accompanying ACEi/ARB therapy. Hyperkalemia warranting spironolactone discontinuation occurred in only 3 patients. Although
the trial excluded patients with SCr .2.5 mg/dL, a number of
patients in the treatment group would have had reduced GFRs
of varying degrees. Thus, spironolactone was inadvertently
given to patients with less serious renal dysfunction albeit in
controlled circumstances. Clinical experience in the “real
world” has been unequivocal. Hyperkalemia-related hospital
admissions and associated mortality were reported to have doubled after publication of the RALES trial.51 A scrutiny revealed
that a large proportion of the population that was prescribed
spironolactone did not meet guidelines for such therapy; and
that some continued to be prescribed K+ supplements. In a 2nd
study that also reported a similar increase in the utilization of
spironolactone, an increase in outpatient rates of hyperkalemia
(K $6 mEq/L) was not found.52 Spironolactone was safely used
without statistically signiﬁcant rises in mean K+ levels in HD
patients in studies designed to speciﬁcally examine this scenario.28,53–57 However, the following deﬁciencies pertaining to
these studies must be taken into account. The sample sizes were
small, and the study durations were short and included patients
with demonstrated compliance with dialysis and historically
stable K+ levels. Furthermore, it is expected that close laboratory monitoring and changes to dialysate compositions (as permissible by the study protocols) were practiced. The frequency
of concurrent ACEi/ARB therapy and prevalence of CHF in
these studies were variable and usually low and discourages
against accepting these results with enthusiasm. Large-scale
randomized trials would be needed to gather promising data.
Consistent data are available from several, albeit small,
studies about factors that predispose to hyperkalemia in the
setting of spironolactone use for CHF. Increasing age22,52,58 and
the attendant decline in renal function22,52,58,59 were independently associated with spironolactone-associated hyperkalemia.
As many as 75% of patients who developed hyperkalemia in
one study were more than 65 years old.52 A creatinine clearance
of ,40 mL/min, which is higher than the historical threshold of
30 mL/min, is a risk factor. The risk of hyperkalemia was more
accurately predicted when the degree of renal dysfunction was
assessed using creatinine clearance (derived using the
Cockcroft-Gault formula) rather than SCr (,221 mmol/L as
used in the RALES). A higher (New York Heart Association)
NYHA symptom class and heart failure exacerbations were
each associated with more hyperkalemic episodes.22 This effect
of worsening heart failure was probably secondary to an accompanying worsening renal function (WRF)—the cardiorenal
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syndrome. Diabetes mellitus was reported as an independent
inciting comorbidity on a consistent basis51,58–60 resulting perhaps from a lack of insulin-driven intracellular transport of an
acute K+ load.49 Higher doses of spironolactone expectedly led
to higher rates of hyperkalemia.50,57 Forty-four percent of patients who experienced hyperkalemia in 1 study were on a high
daily dose (.50 mg/d).52 The risk for hyperkalemia was magniﬁed several times in patients using both ACEi and spironolactone versus ACEi alone.6 The need to monitor serum K+
concentrations closely in any patient with renal insufﬁciency
taking spironolactone cannot be overemphasized. A major
gap between the close follow-up in a well-conducted study
and in clinical practice by busy physicians is a major risk to
the development of hyperkalemia. K+ levels should be checked
periodically when initiating therapy and rechecked during any
acute illness. Clinicians cannot afford to neglect the presence of
predisposing factors such as diabetes and the concomitant use
of medications, such as ACEi/ARBs, b-blockers, nonsteroidal
anti-inﬂammatory drugs and K+ supplements, especially in the
older patient who often has several of these risk factors.

concomitant ACEi/ARB medications and other similar therapy
capable of causing hyperkalemia and/or renal dysfunction have
to be taken into account, and therefore, a strict “one for all”
dosage cannot be proposed. A 12.5 to 25 mg daily dose was
effective in aldosterone blockade and serious hyperkalemia
occurred most frequently with 50 mg daily or more in patients
with no renal dysfuntion.22 Higher dosages of spironolactone
(up to 24% with 75 mg a day) result in a higher risk of hyperkalemia.22 In HD patients, 25 mg of spironolactone dosed every
other day could be considered the renal dosing equivalent of the
average daily dose used in the RALES study.54 A study of
plasma canrenone levels (a major metabolite of spironolactone)
in HD patients receiving this dose has conﬁrmed this equivalence.65 A titration schedule of 25 mg on alternate days for
a month with an increase to daily treatment if potassium remains #5 mmol/L can be used.66 With greater acceptance of its
usage in clinical practice, spironolactone at a “baby” dose of
12.5 mg daily could become the CKD equivalent of aspirin.67

WHAT IS THE RISK OF ACUTE RENAL
DYSFUNCTION IN CKD PATIENTS?

In summary, data from research with surrogate end
points suggest that spironolactone-mediated inhibition of the
RAAS provides beneﬁcial results at structural and physiological
levels in heart failure patients with CKD patients. There is now
data available from a moderate-sized randomized trial to
support a mortality beneﬁt from spironolactone use in CKD
patients. These beneﬁts were obtained with acceptable incidences of adverse events, such as hyperkalemia and acute renal
failure. In most cases, these were not signiﬁcantly higher than in
patients without CKD. However, achieving a favorable riskbeneﬁt ratio demands careful monitoring during initiation of
therapy with spironolactone and particularly during periods of
acute illness. Patient selection is also of paramount importance.
Certain characteristics were consistently associated with
adverse events and knowledge of these may aid patient
selection. With most side effects being dose dependent, a dosing
regimen governed by residual renal function will need to be
devised. Despite encouraging results, the lack of data from large
randomized studies has relegated the use of spironolactone in
CHF patients with concomitant CKD to being mostly experimental in current practice.

A study in which 115 patients with nondiabetic early
stage CKD (GFR 30–89 mL$min21$1.73 m22) received 25 mg
spironolactone daily showed that an early reduction in GFR can
be anticipated with spironolactone akin to the use of ACEi and
ARBs.61 The clinical importance of this observation is uncertain. Subanalysis of the Survival And Ventricular Enlargement
(SAVE)62 and Studies of Left Ventricular Enlargement
(SOLVD)63 trials data that used ACEi treatment in patients with
asymptomatic LV dysfunction and symptomatic CHF respectively showed that WRF (deﬁned as increase in SCr .0.3
mg/dL) was neither signiﬁcantly more common in patients treated with ACEi therapy nor associated with increased mortality
when it occurred in these patients. Vardeny et al38 investigated
the prognostic signiﬁcance of WRF (deﬁned as a 30% reduction
in GFR) in the RALES trial population. Patients in the placebo
arm with WRF experienced higher mortality and more rehospitalizations; however, patients receiving spironolactone did not.
A net beneﬁt still remained in the spironolactone arm after
accounting for hyperkalemia, which was higher in patients with
reduced baseline renal dysfunction and in those with WRF. This
reduction in GFR associated with inhibition of RAAS might not
reﬂect actual kidney injury and maybe secondary to changes in
renal blood ﬂow after reductions in blood pressure. An absence
of progressive renal function decline after an initial worsening
has been demonstrated and supports this notion.61 Spironolactone exerts a powerful natriuretic effect when used in combination with ACEi.56 Excessive diuresis that might account for
renal dysfunction in nonoliguric CKD patients taking spironolactone is less likely in oliguric patients. Age, lower LV ejection
fraction and higher NYHA functional class are predictors of
azotemia with spironolactone use.64 Changes in body weight
should raise concern and dosing of other diuretics may need
adjustment to avoid precipitating renal failure.64 It might be
advisable to monitor renal function with greater frequency in
the 1st month. Later, monitoring is probably not needed any
more frequently than is required for patients on ACEi s/ARBs.

WHAT IS THE RENAL DOSE
OF SPIRONOLACTONE?
Optimal dosing and frequency for spironolactone use in
CKD patients remains to be established. The doses of

CONCLUSIONS
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