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Abstract 

The aim of personalized medicine is to offer a tailored approach to each patient in order to 

provide the most effective therapy, while reducing risks and side effects. The use of 

mineralocorticoid receptor antagonists (MRAs) has demonstrated major benefits in heart failure 

with reduced ejection fraction (HF-REF), results with challenging inconsistencies in heart 

failure with preserved ejection fraction (HF-PEF), and “neutral” preliminary results in acute 

heart failure (AHF). Data derived from landmark trials are generally applied in a “one size fits 

all” manner and the development and implementation of more personalized MRA management 

would offer the potential to improve outcomes and reduce side effects. However, 

personalization of pharmacotherapy regimens remains poorly defined in the cardiovascular field 

(in the light of the current knowledge) and until further trials targeting specific sub-populations, 

MRAs should be provided to the great majority of HF-REF patients in the absence of contra-

indication. Spironolactone should be considered for symptomatic HF-PEF patients with elevated 

natriuretic peptides. In a near future, trials should target HF-REF patients with exclusion criteria 

from the landmark trials (e.g. severe renal impairment), select more homogenous HF-PEF 

populations (e.g. elevated BNP and structural abnormalities on echocardiogram), and determine 

which patients are likely to benefit from MRAs (e.g. prespecified biomarkers). 
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Introduction 

The aim of personalized medicine is to offer a tailored approach to each patient in order 

to provide the most effective therapy, while reducing risks and side effects, and also avoiding 

unnecessary treatments or diagnostic interventions1, 2. 

Treatment of patients with heart failure (HF) with reduced ejection fraction (HF-REF) 

has improved in recent decades due to data from several large, randomized controlled trials 

(RCTs). On the other hand, the progress has been much less pronounced in chronic heart failure 

with preserved ejection fraction (HF-PEF) and in acute heart failure syndromes (AHF), where 

disease-modifying therapies are urgently needed. For instance, the use of mineralocorticoid 

receptor antagonists (MRAs) has demonstrated major benefits in HF-REF, results with 

challenging inconsistencies in heart failure with preserved ejection fraction (HF-PEF) and 

“neutral” preliminary results in acute heart failure (AHF). 

Despite these remarkable advances, data derived from landmark trials are generally 

applied in a “one size fits all” manner. Broad application of a personalized approach to HF 

treatment has not become routine. The development and implementation of more personalized 

management (e.g. the creation of multidisciplinary-care teams for high-risk HF patients) offers 

potential to improve outcomes3, but personalization of pharmacotherapy regimens remains 

poorly defined.  

Post-hoc analyses from the trial datasets provide insights into disease classification, 

prognosis and differential treatment effects of guideline-directed medical therapy, which may 

provide the basis for incremental steps toward personalized HF therapy. However, due to their 

retrospective nature, these data are prone to bias, and, in general, should be considered as 

hypothesis-generating4.  

In this review, we aim to analyze which HF subgroups are likely to experience the 

greatest benefit of MRA therapy, while (ideally) experiencing less side effects and treatment 

withdrawal. These data may be helpful for better treat patients, for patient-population selection 

in future MRA trials and to guide inclusion profiles in future platform trials5.  

 

Methodological Background: Assessing Differential Impacts According to Subgroups 

The differential impact of MRA treatment can be assessed by interaction analysis using 

MRA trial databases. The term “interaction” in the field of biostatistics refers to the impact of a 

given variable on the effect of another variable. In the present context, such interaction analyses 

were those that assessed whether MRA treatment has a differential impact in specific subgroups 

of patients6. In addition, we also assessed the absolute risk reduction (ARR) on the primary 
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outcome of each major MRA trial, in order to present treatment effects on an absolute scale 

rather than a relative one, as the former can provide a more clinically useful information7, 8. 

 

Heart Failure with Reduced Ejection Fraction 

MRA therapy for HF-REF has been evaluated in three large randomized controlled 

trials: 1) the Randomized Aldactone Evaluation Study – RALES9, 2) the Eplerenone in Patients 

with Systolic Heart Failure and Mild Symptoms – EMPHASIS10, and Eplerenone post 

Myocardial Infarction – EPHESUS11 (discussed latter in the present manuscript; see acute HF 

section). These trials showed that MRAs, in addition to standard HF therapy, substantially 

reduced the risk of both morbidity and mortality among patients with severe, mild and post-

myocardial infarction HF-REF. But is this true for all HF-REF patients included in these land-

marking trials? 

Heart Failure with Reduced Ejection Fraction and Severe Symptoms 

In the RALES trial, 1663 patients with HF and severe symptoms and a LVEF d35% 

were randomized to spironolactone or placebo. There was a 30% reduction in mortality rate in 

spironolactone group – hazard ratio (HR) =0.70; 95% confidence interval (95%CI), 0.60 to 

0.82; p <0.001). The main findings of this trial are summarized in Table 1.  

In an absolute scale derived from the Kaplan-Meier curves, the ARR of all-cause death 

at 2 years was H7% which provides a number needed to treat (NNT) of H14 patients at 2 years to 

avoid 1 death – Figure 1. 

Subgroup Efficacy 

The beneficial effect of spironolactone was present across various subpopulations i.e. 

the reduction in the risk of death among patients in the spironolactone group was similar (p for 

interaction non-significant, NS) in analyses of all prespecified subgroups - Table 2. This 

subgroup consistency increases the internal validity and the overall robustness of the results. 

Additional prespecified and exploratory post-hoc analyses were performed in order to 

provide further insight regarding treatment efficacy, safety and underlying mechanisms – Table 

2.  

Renal Function and Serum Potassium 

A post-hoc analysis of the RALES trial provided further insight on the influence of 

baseline and worsening renal function (WRF; defined as e30% reduction in estimated 

glomerular filtration rate from baseline through week 12 of follow up) on the efficacy of 

spironolactone12. Patients with baseline estimated glomerular filtration rate (eGFR) <60 

ml/min/1.73m2 exhibited similar reductions in all-cause death as those with a baseline eGFR 

e60 ml/min/1.73 m2. Moreover, WRF was more frequent in spironolactone group, yet these 
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patients did not have higher all-cause mortality rates, whereas placebo group of patients with 

WRF demonstrated increased mortality compared to those without WRF (HR =1.1; 95%CI, 0.8 

to 1.5 in spironolactone group vs. 1.9; 95%CI, 1.3 to 2.6 in placebo group; p for interaction 

=0.009). An additional analysis showed that patients who experienced mild hyperkalemia (up to 

a potassium of 5.5 mmol/L) derived benefit from spironolactone treatment, whereas patients 

randomized to placebo had increased death rates13. These data suggest that despite lower eGFR 

and/or the occurrence of WRF/hyperkalemia (up to 5.5 mmol/L of potassium), an effort should 

be performed to maintain MRA therapy (with adequate dose adjustment) since it associated with 

improved outcomes in these patients. 

Race 

Another post-hoc analysis of RALES investigated whether race influenced the effect of 

spironolactone14. Patients were divided in African Americans (AAs; n =120) and non-AAs (n 

=1543). After adjustment, there were no significant differences between these subgroups in the 

primary outcome of all-cause death (hazard ratio, HR =0.69; 95% CI, 0.59 to 0.81 in non-AAs 

vs. 0.91; 95% CI, 0.52 to 1.60 in AAs; p for interaction NS). However, spironolactone reduced 

the combined end point of death or hospitalization for HF in non-AAs (HR =0.63; 95%CI, 0.55 

to 0.73) but not in AAs (HR =1.07; 95%CI, 0.67 to 1.71; p for interaction =0.032), which also 

did not experience the expected spironolactone side effects, such as mild hyperkalemia – Table 

2. These data should be interpreted very cautiously. The AAs subgroup is very small and likely 

to have low power and precision to evaluate significant differences between subgroups. 

Moreover, these data represent point estimates and do not account for therapeutic adherence. 

Other potential explanations for these differences have been studied. For example, the 

aldosterone synthase promoter 344-C allele is linked to higher aldosterone levels and is 

associated with poorer event-free survival in HF15. African Americans without this allele (the 

majority) are likely to have lower response to MRAs16. Other genetic factors have also been 

identified and associated with renal function decline, which may have an impact in outcomes, 

MRA indication and response17. 

Subgroup Analysis Resume 

Overall the efficacy of spironolactone was consistent across all the studied subgroups. 

Despite the finding of possible less efficacy in AAs these findings are derived from a 

retrospective point analysis with unbalanced groups and not accounting for therapeutic 

compliance. Hence, the benefits of spironolactone can be generalized to all patients with HF and 

severe symptoms unless formal contraindication. 

Predictors of Efficacy 

This article is protected by copyright. All rights reserved.



6 
 
 

 

A prespecified analysis of the RALES trial assessed samples of 261 patients to 

determine their fibrotic status via the measurements of serum procollagen type I carboxy-

terminal peptide, procollagen type I amino-terminal peptide, and procollagen type III amino-

terminal peptide (PIIINP) levels at baseline and at 6 months18. Elevated baseline levels of 

PIIINP were associated with an increased risk of death. At 6 months, markers decreased in the 

spironolactone group but remained unchanged in the placebo group. The spironolactone effect 

on outcome was significant only in patients with above-median baseline levels of markers. For 

example, the HR (95% CI) values for death among patients receiving spironolactone was =0.44 

(0.26 to 0.75), p =0.002 in the subgroup of patients with PIIINP levels above the median and 

=1.11 (0.66 to 1.88), p =0.70 in the subgroup with PIIINP levels below the median (p for 

interaction <0.05) – Table 2. These results show that serum levels of cardiac collagen synthesis 

were significantly associated with poor outcome, but they could be decreased by spironolactone. 

Moreover, the morbidity and mortality benefit from spironolactone is greater in patients with 

the highest (above the median) levels of these markers. These results suggest that limitation of 

the excessive extracellular matrix turnover may represent one of the various mechanisms 

contributing to the beneficial effect of spironolactone. 

These findings are interesting since they derive from a prespecified randomized analysis 

and clearly show different response patterns. Hence, these data may help to identify a subgroup 

of potential “super-responders” - those with high collagen synthesis markers - where an early 

and well-titrated treatment with spironolactone could provide substantial prognostic benefit. 

However, spironolactone was not likely to be deleterious in patients with lower collagen 

synthesis markers levels, thus, until further prospective randomized evidence, spironolactone 

should still be used in this – lower collagen synthesis – HF-REF subgroup of patients. These 

findings could also suggest potential for biomarker guided therapy, although would require 

prospective validation prior to broad application19. 

Safety 

There were no significant differences between the spironolactone and placebo treatment 

groups in serum sodium concentration, blood pressure, or heart rate during the RALES study. 

However, the median creatinine concentration in the spironolactone group increased by 

approximately 0.05 to 0.10 mg/dL and the median potassium concentration increased by 0.30 

mmol/L during the first year after enrollment, whereas in the placebo group, no changes were 

detected (p <0.001 for between group difference). Of notice, the increase in potassium and 

creatinine in the spironolactone group was not associated with increased mortality (as above 

explained). Overall spironolactone was safe and well tolerated in the context of trial 

measurements of potassium and creatinine. Importantly, recent real world data highlights that 
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these laboratory evaluations are not consistently performed in routine practice, but weather the 

“regular” potassium and creatinine measurements in the context of MRA treatment are 

associated with improved outcomes needs further evaluation20.  

Heart Failure with Reduced Ejection Fraction and Mild Symptoms 

In the EMPHASIS trial 2737 patients with HF, LVEF d35% and mild symptoms were 

randomly assigned to receive eplerenone (up to 50 mg daily) or placebo. The primary outcome 

was a composite of death from cardiovascular causes or hospitalization for heart failure10. There 

was a 37% reduction of the primary outcome in eplerenone group (HR =0.63; 95%CI, 0.54 to 

0.74; p <0.001) – Table 1.  

In an absolute scale derived from the Kaplan-Meier curves the ARR of the primary 

composite outcome at 2 years was H8% which provides a NNT of H13 patients at 2 years to 

avoid 1 event – Figure 1. Considering all-cause death as outcome (the primary outcome used in 

RALES) the ARR was H4% providing a NNT of H25 patients at 2 years to avoid 1 death. 

These results were also impressive and even more if we consider that the great majority 

of patients were also receiving angiotensin receptor enzyme inhibitor/angiotensin receptor 

blocker (ACEi/ARB) and beta-blocker background therapy, which was not the case in RALES 

in which only H10% of the patients were on beta-blockers. 

Subgroup Efficacy 

The beneficial effect of eplerenone was consistent across the various studied 

subpopulations i.e. the reduction in the risk of death among patients in the eplerenone group was 

similar (p for interaction e0.05) in analyses of all prespecified subgroups – Table 2. However, 

the test for interaction is statistically weak and some authorities argue that a larger p-value, e.g. 

d0.1 should be considered as possibly indicative of a true interaction21. In this regard, patients 

with diabetes were likely to experience a greater benefit from eplerenone as compared to 

patients without diabetes (HR =0.6; 95%CI, 0.5 to 0.8 vs. HR =0.8; 95%CI, 0.6 to 0.9; p for 

interaction =0.1) and patients receiving an ACEi plus ARB plus beta-blocker were less likely to 

experience the beneficial eplerenone effects (HR =0.9; 95%CI, 0.3 to 2.2 vs. HR =0.7; 95%CI, 

0.6 to 0.9; p for interaction =0.07) – Table 2. Despite these weak “interactions” the efficacy was 

likely to be maintained (HR reduction) across these subgroups, supporting similar use of MRAs 

in these subpopulations. Additional prespecified and post-hoc analyses were performed in order 

to provide further insight regarding treatment efficacy, safety and underlying mechanisms.  

High-Risk Subgroups 

A prespecified analysis of the EMPHASIS trial sought to investigate the safety and 

efficacy of eplerenone in patients at high risk for hyperkalemia and/or WRF. These prespecified 

high-risk patients had at least one of the following criteria: age e75 years, diabetes, estimated 
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glomerular filtration rate (eGFR) <60 ml/min/1.73 m2, and systolic blood pressure <123 mmHg 

(median). The studied endpoints were: hyperkalemia leading to study drug discontinuation or 

hospitalization, hospitalization for WRF, and the primary outcome of hospitalization for HF or 

cardiovascular death. Patients treated with eplerenone had an effective reduction in the primary 

outcome in all high-risk subgroups22, 23. The beneficial eplerenone effect was also observed 

regardless of the presence of atrial fibrillation at baseline24. Other post-hoc analysis also 

documented a maintained survival benefit of eplerenone in patients with WRF and/or 

hyperkalemia during follow-up25, in patients with abnormal QRS morphology and duration26, 

and in patients taking aspirin27. 

These results are consistent with those of RALES and support the use of MRAs in high-

risk subgroups, which are also the populations who are likely to most benefit from disease 

modifying therapies. 

Waist Circumference 

 Based on experimental data suggesting a better MRA response in the presence of 

abdominal adiposity28, HF-REF patients included in the EMPHASIS trial were divided 

according to their waist circumference (WC) diameter. This post-hoc analysis suggested that 

patients with “increased” WC derived greater benefits from MRA eplerenone (HR =0.48; 

95%CI, 0.37 to 0.63 for WC e102cm in males/88cm in females vs. HR =0.77; 95%CI, 0.61 to 

0.98 for WC <102/88cm; p for interaction =0.01) compared to patients with “normal/near 

normal” WC, with similar safety profile29. This observation was not significant when analyzing 

the benefit derived from eplerenone according to the presence of an obesity defined by body 

mass index, suggesting that abdominal adiposity that plays a pivotal role in modulating MRA 

response28. Notwithstanding, these data are post hoc and should be interpreted very cautiously. 

For example, in patients with “normal/near normal” WC a beneficial eplerenone effect was also 

observed with confidence intervals overlapping those of “increased” WC. Until more replication 

and prospective confirmation MRA therapy cannot be “tailored” according to WC diameter. 

However, these data may raise the hypothesis that patients with abdominal obesity may respond 

better to MRAs. Moreover, future research should try to assess the mechanisms inherent to the 

“obesity-paradox” findings in HF which has been observed with regards to body mass index 

(and not waist circumference, which is much less available in datasets)30, 31. Nonetheless, if is 

there a different pattern of response to renin-angiotensin-aldosterone inhibitors in obese patients 

is a question that is still left to answer. 

Safety 

Despite mild to moderate hyperkalemia occurring more frequently in patients treated 

with eplerenone (serum potassium levels >5.5 mmol/L occurred in 11.8% of patients in the 
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eplerenone group and 7.2% of those in the placebo group, p <0.001), the rates of severe 

hyperkalemia did not differ between treatment and placebo groups (serum potassium levels >6.0 

mmol/L occurred in 2.5% of patients in the eplerenone group and 1.9% in the placebo group, p 

=0.29)10. Serum creatinine changes were also not significantly different between groups. The 

safety profile was maintained across high-risk subgroups, with no differences regarding severe 

hyperkalemia or study drug discontinuation22. 

Overall interpretation of subgroup analysis in Heart Failure with Reduced Ejection 

Fraction 

 Mineralocorticoid receptor antagonists (either spironolactone or eplerenone) are 

effective and safe in HF-REF. Their use should be generalized to this population unless contra-

indicated (according to the current guidelines)32, 33. A prespecified analysis of the RALES trial 

identified patients with higher levels of cardiac collagen synthesis markers as potential “super 

responders” to MRA therapy18. However, the use of this approach is not currently recommended 

to identify HF-REF patients who will respond to therapy (as these data are derived from a small 

subpopulation of the RALES trial), therefore these data require additional prospective and well 

powered validation.  

One suggestion is that future HF-REF trials prespecify collagen-markers measurements 

to all included patients at baseline, then the levels of these biomarkers could be measured 

regularly within the trial (e.g. every 6 to 9 months) and plotted against events (e.g. 

hospitalizations, diuretic increase, worsening renal function, hyperkalemia). The time-points to 

look at the data should also be prespecified (e.g. 50% and 75% of the total enrollment). This can 

allow the evaluation of potential responders (e.g. those with elevated collagen markers that 

decrease over time) vs. non-responders (or with low event risk) who are only experiencing the 

adverse effects of the treatment (e.g. those with persistently low collagen markers). In this case 

an adaptation of the trial may be required and a sample-size re-calculation performed to include 

only patients with elevated collagen markers in order to have a robust conclusion about the 

effect in these patients while limiting the chances of type I error. Early stop of the trial could 

also be decided in the face of an “unequivocal” benefit in one subgroup34. This could clearly 

change the face of cardiovascular trials and provide compelling indication for MRAs above and 

beyond usual care. 

 

Heart Failure with Preserved Ejection Fraction 

 The TOPCAT trial enrolled 3445 patients with symptoms attributable to HF and a 

LVEF e45% to receive either spironolactone (15 to 45 mg daily) or placebo. The primary 

outcome was a composite of cardiovascular mortality, aborted cardiac arrest, or HF 
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hospitalization35. Overall, spironolactone did not reduce the primary outcome as compared to 

placebo (HR =0.89; 95%CI, 0.77 to 1.04; p =0.14) – Table 1. Of the components of the primary 

outcome, only HF hospitalization had a significantly lower incidence in the spironolactone 

group as compared to the placebo group (HR =0.83; 95%CI, 0.69 to 0.99, p =0.04).  

Subgroup Efficacy 

 Given outcome differences by region and HF entry criterion, the data derived from the 

TOPCAT trial are complex and several additional post-hoc analyses have been performed to 

explore these findings – Table 2.  

Geographical Differences   

The TOPCAT trial showed marked geographical differences regarding treatment effect. 

Patients from “the Americas” (North and South America) showed a marked response to 

treatment whereas patients from Eastern Europe (Russia and Georgia) did not36-38. The HR for 

the primary outcome of cardiovascular death or HF hospitalization was =0.82; 95%CI, 0.69 to 

0.98; p =0.026 in “the Americas” vs. HR =1.10; 95%CI, 0.79 to 1.51, p =0.58 in Eastern 

Europe, with a p for interaction by treatment region =0.12. Although the p for interaction by 

treatment region was not <0.05 for the primary outcome we must consider that the test for 

interaction is statistically weak, and some authorities argue that a larger p-value (e.g. d0.1) 

should be considered as potentially indicative of a significant interaction21. Moreover, the HR 

for cardiovascular mortality was =0.74; 95%CI, 0.57 to 0.97 in “the Americas” vs. 1.31; 95%CI, 

0.91 to 1.90 in Eastern Europe; p for interaction =0.01. Although cardiovascular death was a 

component of the primary outcome (but a prespecified analysis) here the p for interaction is 

indisputably significant and unlikely to represent a chance finding39. Subgroup analysis (which 

include geographical differences) should be interpreted cautiously and most often they are a 

consequence of randomness and/or multiple testing40. However, the geographical differences in 

TOPCAT are unlikely to be a product of chance since there is a strong “biological” plausibility 

for the observed treatment differences. In TOPCAT a huge discrepancy in the baseline 

characteristics and event rate between patients randomized from Eastern Europe and those 

enrolled from “the Americas” was observed, with the latter having H4-fold higher event rate. In 

fact, patients from Eastern Europe had similar event rates to “age-matched” individuals from the 

general population36 and spironolactone metabolites were undetectable in these patients, 

suggesting that the great majority were not taking the study drug41. We may assume that 

patients` baseline characteristics, discrepancy in inclusion criteria, and treatment adherence have 

played a major role in the treatment effect difference38. However, the study was not stratified on 

regions, neither had an adaptive design that would have allowed to adjust randomization regions 

along the trial (i.e. “the Americas” would have been a “winner”) and, unfortunately, in 
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international recommendations these data are treated as merely “post-hoc” and no specific 

recommendations regarding spironolactone in HF-PEF are provided in the current guidelines32, 

33. However, based on the aforementioned justifications, it is our opinion that the weight of the 

available evidence favours spironolactone use, and that this treatment is useful and should be 

considered for morbidity and mortality reduction in symptomatic HF-PEF - which diagnosis can 

be assessed with more granularity using natriuretic peptides (as below demonstrated) - Table 2 

and Figure 1.  

Stratification: BNP stratum vs. Hospitalization stratum 

Importantly, the TOPCAT trial had a stratification by the entry criteria for HF. Patients 

were randomized according to BNP strata OR HF hospitalization strata. Those in the BNP strata 

(NT-pro BNP >360 pg/mL for inclusion) had a positive response to spironolactone treatment 

with a major primary outcome event rate reduction, whereas those in the hospitalization stratum 

did not (HR =0.65; 95%CI 0.49 to 0.87 in BNP stratum vs. 1.01; 95%CI, 0.84 to 1.21 in 

hospitalization stratum; p for interaction =0.01). From a methodological perspective, 

interactions between pre-specified randomized strata have a higher value than those derived 

from post hoc subgroups. In stratified trials, such as TOPCAT, randomization is performed 

within each stratum. As a consequence, the results derived within a given stratum are “true” 

randomized evidence. Despite these data may be limited due to concerns related to multiplicity 

of testing and type I error we would like to weigh in the possibility that spironolactone is 

beneficial in HF-PEF patients (and has an acceptable safety profile) with elevated natriuretic 

peptides42 – Table 2. 

Cardiac Structure and Function 

A subanalysis of the TOPCAT trial43 identified echocardiographic variables with 

prognostic relevance. In particular, left ventricular (LV) hypertrophy, elevated LV filling 

pressures, and higher pulmonary artery pressure assessed by the tricuspid regurgitation velocity 

were independently associated with the occurrence of the primary outcome. Additionally, 

impaired LV systolic function assessed by longitudinal strain (LS, absolute LS value <15.8%) 

was identified as the strongest echocardiographic predictor of cardiovascular outcomes in 

TOPCAT. Interestingly, an exploratory analysis in a subset of 131 patients with follow-up LS 

assessed after 12 to 18 months of trial enrollment, demonstrated a significant improvement 

(after adjustment for randomization strata and clinical characteristics) in LS associated with 

spironolactone in patients enrolled in “the Americas” (but not in those from Russia or 

Georgia)44. Despite potential LS improvement in patients randomized to spironolactone, this 

treatment was not associated to significant differences in measures of LV mass or dimensions in 

the 239 patients with echocardiographic follow-up at 12-18 month after randomization45. A 
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meta-analysis of MRA trials on HF-PEF found a potential association with diastolic 

improvement in patients treated with MRAs as assessed by E/e`, deceleration time and E/A 

ratio, additionally cardiac collagen markers were also significantly reduced with MRA 

therapy46, 47. 

The LVEF spectrum in terms of prognosis and treatment effect was also analyzed in 

TOPCAT48. The incidence of the primary endpoint and cardiovascular death was highest in 

patients at the lower end of the “preserved” LVEF spectrum and spironolactone was likely to 

provide more benefit to patients with LVEF of 45 to 60% (p for interaction =0.046). 

Despite the limitations inherent to post-hoc analysis, these data suggest that patients 

with HF-PEF but with lower EF and with contractility impairment are likely to experience more 

benefit out of spironolactone treatment. 

Safety 

Treatment with spironolactone in TOPCAT was overall safe. While it was associated 

with increased serum creatinine levels and a doubling of the rate of mild hyperkalemia, there 

were no significant differences in the incidence of serious hyperkalemia or severe renal 

dysfunction between spironolactone and placebo35. 

Overall interpretation of subgroup analysis from the HF-PEF trials with MRAs 

 Patients with HF-PEF and elevated NPs are likely to benefit from spironolactone 

treatment, since this effect was tested in a truly randomized fashion (within BNP stratum) and is 

well tolerated if adequately monitored. Patients with the characteristics of those enrolled from 

“the Americas” in the TOPCAT trial are also likely to benefit from spironolactone treatment. 

Patients at the lower end of LVEF (45 to 60%) are also more likely to experience more positive 

effects from spironolactone treatment.  

  

Acute Heart Failure 

 Data regarding acute heart failure (AHF) are scarce and largely do not result from 

randomized evidence. With the exception of the EPHESUS trial11 which included a very 

particular subtype of patients with AHF (H90% of the patients presented with signs and 

symptoms of AHF) – those with acute myocardial infarction (AMI) and LVEF <40% – hence 

EPHESUS data cannot be generalized to other populations. In the EPHESUS trial the end point 

of death from cardiovascular causes or hospitalization for cardiovascular events was reduced by 

13% in eplerenone group (HR =0.87; 95%CI, 0.79 to 0.95; p = 0.002) – Table 1. 

In an absolute scale derived from the Kaplan-Meier curves the ARR of the primary 

composite outcome at 2 years was H4% which provides a number NNT of H25 patients at 2 

years to avoid 1 event – Figure 1. 
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Subgroup Efficacy 

 The EPHESUS trial clearly showed that eplerenone is effective in AMI patients with 

AHF and LVEF <40% as compared to placebo (HR =0.87; 95%CI, 0.79 to 0.95; p =0.002 for 

the primary outcome of death from cardiovascular causes or hospitalization for cardiovascular 

events)49 – Table 2. A subanalysis of EPHESUS showed that patients who were randomized to 

eplerenone or placebo earlier after acute MI (3–7 days) vs. those who were randomized later (8–

14 days), experienced a greater benefit from eplerenone treatment (adjusted HR for 

cardiovascular hospitalization and/or cardiovascular mortality =0.78; 95%CI, 0.67 to 0.90; p 

=0.001 in early initiation vs. HR =0.94; 95%CI, 0.93 to 1.06; p =0.32 in late initiation; p for 

interaction =0.03)50. Moreover, data from the EMPHASIS trial also suggest that eplerenone also 

improves survival and prevents re-admission in patient who initiate the drug early after hospital 

discharge (<42 days)51. These data support that the acute setting represents a good opportunity 

to initiate MRAs. 

 In acutely decompensated heart failure (ADHF) a small (~100 patient), single-center, 

open-label, non-randomized study suggested that high-dose spironolactone (~100 mg/day) when 

initiated in the first 24h of hospitalization was associated with a faster diuretic response and 

increased spot urine sodium excretion52-54. 

 The ATHENA-HF trial (Aldosterone Targeted Neurohormonal Combined with 

Natriuresis Therapy – Heart Failure trial)55 was a double-blind, placebo-controlled trial, that 

randomized 360 patients to “usual care” vs. “usual care plus 100 mg/day of spironolactone for 

72h within hospital stay. The hypothesis that treatment with spironolactone would lead to 

greater reductions in the NT-pro BNP levels at 96h was not met and the ATHENA-HF trial was 

“neutral” (change in LogNT-pro BNP from baseline to 96h = -0.49; 95%CI, -0.98 to -0.14 in 

“usual care” group vs. -0.55; 95%CI, -0.92 to -0.18 in “spironolactone” group; p =0.57). Other 

prespecified endpoints of dyspnea relief, clinical congestion, net urine output, weight loss, or 

clinical events also did not differ between groups. Nonetheless, spironolactone treatment was 

safe and not associated with higher rates of hyperkalemia (K+ >5.5 mEq/L) or WRF (results 

presented at the American Heart Association 2016 congress).   However, patients included in 

the ATHENA-HF trial were relatively young (mean age ± 65 years), were clinically stable and 

did not have major renal impairment (mean estimated glomerular filtration rate ± 57 

ml/min/1.73m2). Even more striking was the low mortality rate at 30 days, with 3.9% (n=7) 

deaths in the placebo group vs. 2.7% (n=5) in the spironolactone group; p =0.50, supporting the 

“low risk” of this ADHF population. It is, therefore, unlikely that these patients had risk for 

“diuretic resistance” or offered challenges for effective decongestion or for initiation of life 

saving therapies. In addition, more than 25% of patients in the placebo group already had 
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baseline spironolactone treatment and continued it during hospital stay. In this context, 

ATHENA results are expected. Moreover, spironolactone has an extensive metabolism and slow 

onset of action (that may take more than 24h), therefore it is not the appropriate drug for the 

acute setting56. A more interesting approach would be the evaluation of intravenous potassium 

canrenoate in patients with (or prone to) diuretic resistance57.    

Spironolactone shows promising results in AHF after an acute MI, however it did not 

pointed towards a beneficial effect in patients with ADHF without myocardial infarction, 

however, as above pointed, there were several limitations in the ATHENA-HF trial and the 

efficacy and safety of aldosterone antagonists in ADHF should be furtherly explored. 

Safety 

In AHF MRAs were overall well tolerated. In the EPHESUS trial a non-clinically 

relevant increase in creatinine levels was observed in eplerenone group (0.06 mg/dL vs. 0.02 

mg/dL, p <0.001). Serious hyperkalemia (serum potassium concentration e6.0 mmol/L) 

occurred in 5.5% of patients in the eplerenone group vs. 3.9% in placebo group (p =0.002), and 

there was 1 death attributed to hyperkalemia that occurred in the placebo group. The incidence 

of hyperkalemia was higher in patients with renal dysfunction at baseline (eGFR <50 

ml/min/1.73m2)11. 

Overall interpretation of subgroup analysis from AHF trials with MRAs 

In patients presenting with acute MI plus AHF and systolic dysfunction, eplerenone is 

effective and safe. Its use should be generalized to the population that meets the EPHESUS 

criteria. In ADHF the results did not suggest benefit, however other “higher-risk” populations 

and other aldosterone antagonist formulations (with intravenous administration possibilities) 

should be tested. 

 

Clinical implications 

Heart Failure with Reduced Ejection Fraction 

In HF-REF there is currently no sufficient evidence to change guidelines towards a 

more personalized approach32, 33. This is a high-risk population in whom all measures that 

increase survival, reduce hospitalizations and improve quality of life should be applied. Given 

the safety and great efficacy of MRAs in this setting there is little place (in the light of the 

current knowledge) to sub-select HF-REF patients. By the contrary, more patients can benefit 

from MRA treatment, since many patients are still undertreated58.  

The advent of potassium binding therapies may potentially reassure clinicians to 

prescribe MRAs to subgroups with high-risk of hyperkalemia59-62. However, without adequate 

prospective evaluation that these potassium binders may actually help to titrate MRA therapy, 
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reduce side-effects and improve outcomes, the use of these agents cannot be routinely 

advocated. Without this evaluation they can have the opposite effect of increasing the fear of 

hyperkalemia by using MRAs. 

Additionally, prospective high-quality evidence should focus on subgroup selection 

based on patterns of response and side-effects – Table 3. 

Heart Failure with Preserved Ejection Fraction  

In the immediate clinical setting, we have data suggesting that spironolactone could be 

provided to symptomatic HF-PEF patients (were no therapy is currently available) in 

symptomatic HF-PEF patients with elevated NPs36, 42 - Table 3.  

Acute Heart Failure 

 All patients with AHF and systolic dysfunction in the context of AMI should be 

provided MRAs unless contra-indicated. Given their consistent efficacy and safety in this 

setting there is no place for treatment selection based on sub-groups.  

In patients with ADHF, MRA use did not pointed towards a beneficial effect, however 

other drug formulations (e.g. intravenous canrenoate) and higher risk populations should be 

targeted – Table 3.  

 

Research Implications 

Implications for future research are of uttermost importance to provide high-quality 

evidence in RCTs.  

Heart Failure with Reduced Ejection Fraction (including post-Myocardial Infarction) 

HF-REF is a high-risk condition with elevated event rates (high event incidence) and 

prone to competing risks such as ageing63. MRAs effectively reduce those events without 

increasing life-threatening adverse effects. The NNT to benefit on an absolute scale is very low 

(NNT <15 at 2 years), hence MRA treatment in HF-REF should be more inclusive rather than 

exclusive64. In this purpose, treatment effect and safety in high-risk subgroups (e.g. patients with 

severe renal dysfunction) can be improved in order to increase the pool of patients to be treated 

(e.g. with use novel agents such as finerenone and/or use of potassium binders) – Table 3 and 

Figure 2.  

Given the demonstrated event rate reduction, results reproducibility, internal and 

external validity it is unethical to perform another MRA trial versus placebo in HF-REF. Hence, 

a novel trial in this setting needs to compare the new MRA versus spironolactone OR 

eplerenone, in order to demonstrate superiority of the new treatment or, at least, non-inferiority 

with an improved safety profile. However, the advent of an adaptive MRA trial can help to 
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determine which patients can thrive more benefit from the novel treatment and the above 

findings can help to select this patient-population while the trial is ongoing34, 65.   

Heart Failure with Preserved Ejection Fraction 

Patients with symptomatic HF-PEF and elevated NPs have similar risk to their HF-REF 

counterparts. Therefore, future trials should target a more homogeneous population38. For 

example, symptomatic patients with elevated NPs plus structural abnormalities in 

echocardiogram (LVEF 45 to 60% and/or systolic dysfunction as assessed by LS). As this 

population is more prone to benefit from MRA therapy – Table 3 and Figure 2. In other words, 

the target population should have the disease that the study drug aims to treat (in this case HF-

PEF) and the patients should have a medium –high risk profile in order to observe a potential 

treatment effect in an absolute scale (i.e. absolute risk reduction). If the population has a very 

low risk or does not have the disease (as the case of Eastern Europe patients in TOPCAT), the 

treatment effect will not be apparent as there is little risk to be reduced23.  Moreover, future HF-

PEF trials should have a series of prespecified “rules” (e.g. echocardiographic parameters, 

cardiac collagen markers, natriuretic peptides, drug compliance, potassium levels and renal 

function, and events monitorization) to help in enrolling patients who have the disease, that 

adhere to treatment, and that have more chances to respond to therapy (and less harmful 

effects), as the trial may be adapted in order to select the patients who are likely to benefit more 

from treatment. However, this possibility must be prespecified before the trial initiation, 

otherwise we will likely lose more opportunities for “personalized treatments”. 

Populations “at-risk” 

Populations “at-risk” for HF but without overt HF have a lower baseline risk of major 

cardiovascular events when compared to HF populations66. Hence, the risk reduction in an 

absolute scale will necessarily be lower (as TOPCAT clearly demonstrated on enrolling low-

risk Eastern Europe populations with event rates overlapping the age-matched general 

population)36 and, in this case, we need to carefully select which patients will benefit (“number 

needed to treat for benefit” vs. “number needed to treat for harm”) from MRA therapy40. For 

this purpose, attention should be provided to pre-specified “response predictors” (as above 

stated). This approach will possibly avoid overtreatment in lower-risk populations and select 

patients more prone to respond – Table 3 and Figure 2. 

Acutely Decompensated Heart Failure 

 Preliminary data suggest that MRAs are safe in ADHF but did not point toward 

potential efficacy. However, improvement in the patient-population selection and study drug 

formulation should be tested before concluding “futility” – Table 3. 
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Ongoing Trials on at risk of developing HF patients 

HOMAGE 

The HOMAGE (Heart OMics in AGEing) project aims to validate specific biomarkers 

of ageing, fibrosis, cardio-myocyte damage and inflammation allowing HF patients’ 

stratification in order to propose a tailored therapy accordingly to their altered signaling 

pathways i.e. patients biomarker profiles. Thus the project will use an innovative ‘omic-based’ 

approach which investigating simultaneously a huge amount of transcripts, proteins and 

metabolites to set the ground of new ways of preventing HF67. This might also allow a 

repositioning of MRAs as preventive treatment of at risk patients with comorbidities where 

above-cited signalings are known to be altered (e.g. obesity, and chronic kidney disease). In this 

purpose, a substudy of HOMAGE will randomize patients at risk for HF to spironolactone or 

“usual care” to identify patients who are likely to respond based on prespecified cardiac 

collagen marker levels (NCT02556450). 

ALCHEMIST 

The ALCHEMIST trial is designed to establish the effects of spironolactone vs. placebo 

on major cardiovascular events on chronic hemodialysis patients (NCT01848639). 

 

Conclusion 

In the absence of formal contra-indication and until further RCTs targeting specific sub-

populations, MRAs should be provided to the great majority of HF-REF patients in the absence 

of contra-indication. Spironolactone should be considered for symptomatic HF-PEF patients 

with elevated natriuretic peptides. Further trials should target HF-REF patients with exclusion 

criteria from the landmark trials (e.g. severe renal impairment), select more homogenous HF-

PEF populations (e.g. elevated BNP and structural abnormalities on echocardiogram), and 

determine which patients are more likely to benefit from MRAs (e.g. prespecified biomarkers). 

 

Acknowledgments 

The authors would like to acknowledge the CardioVascular Clinical Trialists (CVCT) 

forum 2015 in Washington, DC for the opportunity to discuss and develop the contents of the 

present manuscript.  

 

Disclosures 

Dr Ferreira has received Board Membership fees from Novartis; Dr Pitt is consultant for Bayer, 

Merck, Astra Zeneca, Takeda, Relypsa*, SCPharmaceuticals*, PharMain*, Kbp 

pharmaceuticals*, Tricida*, Stealth Peptides, DaVinci Thereputics*, Sarfez Pharmaceuticals , 

This article is protected by copyright. All rights reserved.



18 
 
 

 

Aurasense *; (* =stock options); Dr Zannad has received fees for serving on the board of 

Boston Scientific; consulting fees from Novartis, Takeda, AstraZeneca, Boehringer Ingelheim, 

GE Healthcare, Relypsa, Servier, Boston Scientific, Bayer, Johnson & Johnson, and Resmed; 

and speakers’ fees from Pfizer and AstraZeneca. He is CardioRenal co-founder (along with Dr 

Rossignol); Dr Mentz and Pizard declare not to have relevant conflicts of interest to disclose 

regarding the present manuscript.  

 

 

  

This article is protected by copyright. All rights reserved.



19 
 
 

 

References 

1. Kirchhof, P.; Sipido, K. R.; Cowie, M. R.; Eschenhagen, T.; Fox, K. A.; Katus, H.; 
Schroeder, S.; Schunkert, H.; Priori, S., The continuum of personalized cardiovascular 
medicine: a position paper of the European Society of Cardiology. Eur Heart J 2014, 35 (46), 
3250-7. 
2. Zannad, F.; Koenig, W., Risk-guided therapy: a first step to personalized medicine. Eur 
J Prev Cardiol 2012, 19 (2 Suppl), 5-6. 
3. Kasper, E. K.; Gerstenblith, G.; Hefter, G.; Van Anden, E.; Brinker, J. A.; Thiemann, D. 
R.; Terrin, M.; Forman, S.; Gottlieb, S. H., A randomized trial of the efficacy of 
multidisciplinary care in heart failure outpatients at high risk of hospital readmission. J Am Coll 
Cardiol 2002, 39 (3), 471-80. 
4. Curran-Everett, D.; Milgrom, H., Post-hoc data analysis: benefits and limitations. Curr 
Opin Allergy Clin Immunol 2013, 13 (3), 223-4. 
5. Saville, B. R.; Berry, S. M., Efficiencies of platform clinical trials: A vision of the 
future. Clin Trials 2016. 
6. Girerd, N.; Zannad, F.; Rossignol, P., Review of heart failure treatment in type 2 
diabetes patients: It's at least as effective as in non-diabetic patients! Diabetes Metab 2015, 41 
(6), 446-55. 
7. Ferreira, J. P.; Coiro, S.; Girerd, N., A Systematic Assessment of Absolute Treatment 
Effect. Am J Cardiol 2015, 116 (5), 829-31. 
8. Coiro, S.; Pedro Ferreira, J.; Ambrosio, G.; Zannad, F.; Girerd, N., To the Editor- 
Diabetes and sudden death: Let's assess the absolute risk increase rather than the proportional 
risk from sudden cardiac death! Heart Rhythm 2015, 12 (11), e138. 
9. Pitt, B.; Zannad, F.; Remme, W. J.; Cody, R.; Castaigne, A.; Perez, A.; Palensky, J.; 
Wittes, J., The effect of spironolactone on morbidity and mortality in patients with severe heart 
failure. Randomized Aldactone Evaluation Study Investigators. N Engl J Med 1999, 341 (10), 
709-17. 
10. Zannad, F.; McMurray, J. J.; Krum, H.; van Veldhuisen, D. J.; Swedberg, K.; Shi, H.; 
Vincent, J.; Pocock, S. J.; Pitt, B., Eplerenone in patients with systolic heart failure and mild 
symptoms. N Engl J Med 2011, 364 (1), 11-21. 
11. Pitt, B.; Williams, G.; Remme, W.; Martinez, F.; Lopez-Sendon, J.; Zannad, F.; Neaton, 
J.; Roniker, B.; Hurley, S.; Burns, D.; Bittman, R.; Kleiman, J., The EPHESUS trial: eplerenone 
in patients with heart failure due to systolic dysfunction complicating acute myocardial 
infarction. Eplerenone Post-AMI Heart Failure Efficacy and Survival Study. Cardiovasc Drugs 
Ther 2001, 15 (1), 79-87. 
12. Vardeny, O.; Wu, D. H.; Desai, A.; Rossignol, P.; Zannad, F.; Pitt, B.; Solomon, S. D., 
Influence of baseline and worsening renal function on efficacy of spironolactone in patients 
With severe heart failure: insights from RALES (Randomized Aldactone Evaluation Study). J 
Am Coll Cardiol 2012, 60 (20), 2082-9. 
13. Vardeny, O.; Claggett, B.; Anand, I.; Rossignol, P.; Desai, A. S.; Zannad, F.; Pitt, B.; 
Solomon, S. D., Incidence, predictors, and outcomes related to hypo- and hyperkalemia in 
patients with severe heart failure treated with a mineralocorticoid receptor antagonist. Circ 
Heart Fail 2014, 7 (4), 573-9. 
14. Vardeny, O.; Cavallari, L. H.; Claggett, B.; Desai, A. S.; Anand, I.; Rossignol, P.; 
Zannad, F.; Pitt, B.; Solomon, S. D., Race influences the safety and efficacy of spironolactone 
in severe heart failure. Circ Heart Fail 2013, 6 (5), 970-6. 
15. McNamara, D. M.; Tam, S. W.; Sabolinski, M. L.; Tobelmann, P.; Janosko, K.; Taylor, 
A. L.; Cohn, J. N.; Feldman, A. M.; Worcel, M., Aldosterone synthase promoter polymorphism 
predicts outcome in African Americans with heart failure: results from the A-HeFT Trial. J Am 
Coll Cardiol 2006, 48 (6), 1277-82. 
16. Biolo, A.; Chao, T.; Duhaney, T. A.; Kotlyar, E.; Allensworth-Davies, D.; Loscalzo, J.; 
Sam, F., Usefulness of the aldosterone synthase gene polymorphism C-344-T to predict cardiac 

This article is protected by copyright. All rights reserved.



20 
 
 

 

remodeling in African-Americans versus non-African-Americans with chronic systolic heart 
failure. Am J Cardiol 2007, 100 (2), 285-90. 
17. Parsa, A.; Kanetsky, P. A.; Xiao, R.; Gupta, J.; Mitra, N.; Limou, S.; Xie, D.; Xu, H.; 
Anderson, A. H.; Ojo, A.; Kusek, J. W.; Lora, C. M.; Hamm, L. L.; He, J.; Sandholm, N.; Jeff, 
J.; Raj, D. E.; Boger, C. A.; Bottinger, E.; Salimi, S.; Parekh, R. S.; Adler, S. G.; Langefeld, C. 
D.; Bowden, D. W.; Groop, P. H.; Forsblom, C.; Freedman, B. I.; Lipkowitz, M.; Fox, C. S.; 
Winkler, C. A.; Feldman, H. I., Genome-Wide Association of CKD Progression: The Chronic 
Renal Insufficiency Cohort Study. J Am Soc Nephrol 2016. 
18. 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 (22), 2700-6. 
19. Zannad, F.; Radauceanu, A., Effect of MR blockade on collagen formation and 
cardiovascular disease with a specific emphasis on heart failure. Heart Fail Rev 2005, 10 (1), 
71-8. 
20. Cooper, L. B.; Hammill, B. G.; Peterson, E. D.; Pitt, B.; Maciejewski, M. L.; Curtis, L. 
H.; Hernandez, A. F., Consistency of Laboratory Monitoring During Initiation of 
Mineralocorticoid Receptor Antagonist Therapy in Patients With Heart Failure. Jama 2015, 314 
(18), 1973-5. 
21. Paget, M. A.; Chuang-Stein, C.; Fletcher, C.; Reid, C., Subgroup analyses of clinical 
effectiveness to support health technology assessments. Pharm Stat 2011, 10 (6), 532-8. 
22. Eschalier, R.; McMurray, J. J.; Swedberg, K.; van Veldhuisen, D. J.; Krum, H.; Pocock, 
S. J.; Shi, H.; Vincent, J.; Rossignol, P.; Zannad, F.; Pitt, B., Safety and efficacy of eplerenone 
in patients at high risk for hyperkalemia and/or worsening renal function: analyses of the 
EMPHASIS-HF study subgroups (Eplerenone in Mild Patients Hospitalization And SurvIval 
Study in Heart Failure). J Am Coll Cardiol 2013, 62 (17), 1585-93. 
23. Collier, T. J.; Pocock, S. J.; McMurray, J. J.; Zannad, F.; Krum, H.; van Veldhuisen, D. 
J.; Swedberg, K.; Shi, H.; Vincent, J.; Pitt, B., The impact of eplerenone at different levels of 
risk in patients with systolic heart failure and mild symptoms: insight from a novel risk score for 
prognosis derived from the EMPHASIS-HF trial. Eur Heart J 2013, 34 (36), 2823-9. 
24. Swedberg, K.; Zannad, F.; McMurray, J. J.; Krum, H.; van Veldhuisen, D. J.; Shi, H.; 
Vincent, J.; Pitt, B., Eplerenone and atrial fibrillation in mild systolic heart failure: results from 
the EMPHASIS-HF (Eplerenone in Mild Patients Hospitalization And SurvIval Study in Heart 
Failure) study. J Am Coll Cardiol 2012, 59 (18), 1598-603. 
25. Rossignol, P.; Dobre, D.; McMurray, J. J.; Swedberg, K.; Krum, H.; van Veldhuisen, D. 
J.; Shi, H.; Messig, M.; Vincent, J.; Girerd, N.; Bakris, G.; Pitt, B.; Zannad, F., Incidence, 
determinants, and prognostic significance of hyperkalemia and worsening renal function in 
patients with heart failure receiving the mineralocorticoid receptor antagonist eplerenone or 
placebo in addition to optimal medical therapy: results from the Eplerenone in Mild Patients 
Hospitalization and Survival Study in Heart Failure (EMPHASIS-HF). Circ Heart Fail 2014, 7 
(1), 51-8. 
26. Cannon, J. A.; Collier, T. J.; Shen, L.; Swedberg, K.; Krum, H.; Van Veldhuisen, D. J.; 
Vincent, J.; Pocock, S. J.; Pitt, B.; Zannad, F.; McMurray, J. J., Clinical outcomes according to 
QRS duration and morphology in the Eplerenone in Mild Patients: Hospitalization and SurvIval 
Study in Heart Failure (EMPHASIS-HF). Eur J Heart Fail 2015, 17 (7), 707-16. 
27. Chin, K. L.; Collier, T. J.; Pitt, B.; McMurray, J. J.; Swedberg, K.; van Veldhuisen, D. 
J.; Pocock, S. J.; Vincent, J.; Turgonyi, E.; Zannad, F.; Krum, H., Aspirin does not reduce the 
clinical benefits of the mineralocorticoid receptor antagonist eplerenone in patients with systolic 
heart failure and mild symptoms: an analysis of the EMPHASIS-HF study. Eur J Heart Fail 
2016, 18 (9), 1175-81. 
28. Youcef, G.; Olivier, A.; Nicot, N.; Muller, A.; Deng, C.; Labat, C.; Fay, R.; Rodriguez-
Gueant, R. M.; Leroy, C.; Jaisser, F.; Zannad, F.; Lacolley, P.; Vallar, L.; Pizard, A., Preventive 

This article is protected by copyright. All rights reserved.



21 
 
 

 

and chronic mineralocorticoid receptor antagonism is highly beneficial in obese SHHF rats. Br J 
Pharmacol 2016, 173 (11), 1805-19. 
29. Olivier, A.; Pizard, A., Effect of eplerenone in patients with heart failure and reduced 
ejection fraction: Potential effect modification by abdominal obesity. Insight from EMPHASIS-
HF trial. European Journal of Heart Failure 2017. 
30. Gupta, P. P.; Fonarow, G. C.; Horwich, T. B., Obesity and the obesity paradox in heart 
failure. Can J Cardiol 2015, 31 (2), 195-202. 
31. Oreopoulos, A.; Padwal, R.; Kalantar-Zadeh, K.; Fonarow, G. C.; Norris, C. M.; 
McAlister, F. A., Body mass index and mortality in heart failure: a meta-analysis. In Am Heart 
J, United States, 2008; Vol. 156, pp 13-22. 
32. Ponikowski, P.; Voors, A. A.; Anker, S. D.; Bueno, H.; Cleland, J. G.; Coats, A. J.; 
Falk, V.; Gonzalez-Juanatey, J. R.; Harjola, V. P.; Jankowska, E. A.; Jessup, M.; Linde, C.; 
Nihoyannopoulos, P.; Parissis, J. T.; Pieske, B.; Riley, J. P.; Rosano, G. M.; Ruilope, L. M.; 
Ruschitzka, F.; Rutten, F. H.; van der Meer, P., 2016 ESC Guidelines for the diagnosis and 
treatment of acute and chronic heart failure: The Task Force for the diagnosis and treatment of 
acute and chronic heart failure of the European Society of Cardiology (ESC). Developed with 
the special contribution of the Heart Failure Association (HFA) of the ESC. Eur J Heart Fail 
2016. 
33. Yancy, C. W.; Jessup, M.; Bozkurt, B.; Butler, J.; Casey, D. E., Jr.; Colvin, M. M.; 
Drazner, M. H.; Filippatos, G.; Fonarow, G. C.; Givertz, M. M.; Hollenberg, S. M.; Lindenfeld, 
J.; Masoudi, F. A.; McBride, P. E.; Peterson, P. N.; Stevenson, L. W.; Westlake, C., 2016 
ACC/AHA/HFSA Focused Update on New Pharmacological Therapy for Heart Failure: An 
Update of the 2013 ACCF/AHA Guideline for the Management of Heart Failure: A Report of 
the American College of Cardiology/American Heart Association Task Force on Clinical 
Practice Guidelines and the Heart Failure Society of America. J Am Coll Cardiol 2016. 
34. Bhatt, D. L.; Mehta, C., Adaptive Designs for Clinical Trials. N Engl J Med 2016, 375 
(1), 65-74. 
35. Pitt, B.; Pfeffer, M. A.; Assmann, S. F.; Boineau, R.; Anand, I. S.; Claggett, B.; 
Clausell, N.; Desai, A. S.; Diaz, R.; Fleg, J. L.; Gordeev, I.; Harty, B.; Heitner, J. F.; Kenwood, 
C. T.; Lewis, E. F.; O'Meara, E.; Probstfield, J. L.; Shaburishvili, T.; Shah, S. J.; Solomon, S. 
D.; Sweitzer, N. K.; Yang, S.; McKinlay, S. M., Spironolactone for heart failure with preserved 
ejection fraction. N Engl J Med 2014, 370 (15), 1383-92. 
36. Pfeffer, M. A.; Claggett, B.; Assmann, S. F.; Boineau, R.; Anand, I. S.; Clausell, N.; 
Desai, A. S.; Diaz, R.; Fleg, J. L.; Gordeev, I.; Heitner, J. F.; Lewis, E. F.; O'Meara, E.; 
Rouleau, J. L.; Probstfield, J. L.; Shaburishvili, T.; Shah, S. J.; Solomon, S. D.; Sweitzer, N. K.; 
McKinlay, S. M.; Pitt, B., Regional Variation in Patients and Outcomes in the Treatment of 
Preserved Cardiac Function Heart Failure With an Aldosterone Antagonist (TOPCAT) Trial. 
Circulation 2015, 131 (1), 34-42. 
37. Rossignol, P.; Zannad, F., Regional differences in heart failure with preserved ejection 
fraction trials: when nephrology meets cardiology but East does not meet west. In Circulation, 
United States, 2015; Vol. 131, pp 7-10. 
38. Ferreira, J. P.; Girerd, N.; Rossignol, P.; Zannad, F., Geographic differences in heart 
failure trials. Eur J Heart Fail 2015. 
39. Pocock, S.; Calvo, G.; Marrugat, J.; Prasad, K.; Tavazzi, L.; Wallentin, L.; Zannad, F.; 
Alonso Garcia, A., International differences in treatment effect: do they really exist and why? 
Eur Heart J 2013, 34 (24), 1846-52. 
40. Pocock, S. J.; McMurray, J. J.; Collier, T. J., Statistical Controversies in Reporting of 
Clinical Trials: Part 2 of a 4-Part Series on Statistics for Clinical Trials. J Am Coll Cardiol 
2015, 66 (23), 2648-62. 
41. Bristow, M. R.; Enciso, J. S.; Gersh, B. J.; Grady, C.; Rice, M. M.; Singh, S.; Sopko, 
G.; Boineau, R.; Rosenberg, Y.; Greenberg, B. H., Detection and Management of Geographic 

This article is protected by copyright. All rights reserved.



22 
 
 

 

Disparities in the TOPCAT Trial: Lessons Learned and Derivative Recommendations. JACC 
Basic Transl Sci 2016, 1 (3), 180-189. 
42. Girerd, N.; Ferreira, J. P.; Rossignol, P.; Zannad, F., A tentative interpretation of the 
TOPCAT trial based on randomized evidence from the brain natriuretic peptide stratum 
analysis. Eur J Heart Fail 2016. 
43. Shah, A. M.; Claggett, B.; Sweitzer, N. K.; Shah, S. J.; Anand, I. S.; O'Meara, E.; Desai, 
A. S.; Heitner, J. F.; Li, G.; Fang, J.; Rouleau, J.; Zile, M. R.; Markov, V.; Ryabov, V.; Reis, G.; 
Assmann, S. F.; McKinlay, S. M.; Pitt, B.; Pfeffer, M. A.; Solomon, S. D., Cardiac structure and 
function and prognosis in heart failure with preserved ejection fraction: findings from the 
echocardiographic study of the Treatment of Preserved Cardiac Function Heart Failure with an 
Aldosterone Antagonist (TOPCAT) Trial. Circ Heart Fail 2014, 7 (5), 740-51. 
44. Shah, A. M.; Claggett, B.; Sweitzer, N. K.; Shah, S. J.; Anand, I. S.; Liu, L.; Pitt, B.; 
Pfeffer, M. A.; Solomon, S. D., Prognostic Importance of Impaired Systolic Function in Heart 
Failure With Preserved Ejection Fraction and the Impact of Spironolactone. Circulation 2015, 
132 (5), 402-14. 
45. Shah, A. M.; Claggett, B.; Sweitzer, N. K.; Shah, S. J.; Deswal, A.; Anand, I. S.; Fleg, J. 
L.; Pitt, B.; Pfeffer, M. A.; Solomon, S. D., Prognostic Importance of Changes in Cardiac 
Structure and Function in Heart Failure With Preserved Ejection Fraction and the Impact of 
Spironolactone. Circ Heart Fail 2015, 8 (6), 1052-8. 
46. Pandey, A.; Garg, S.; Matulevicius, S. A.; Shah, A. M.; Garg, J.; Drazner, M. H.; Amin, 
A.; Berry, J. D.; Marwick, T. H.; Marso, S. P.; de Lemos, J. A.; Kumbhani, D. J., Effect of 
Mineralocorticoid Receptor Antagonists on Cardiac Structure and Function in Patients With 
Diastolic Dysfunction and Heart Failure With Preserved Ejection Fraction: A Meta-Analysis 
and Systematic Review. J Am Heart Assoc 2015, 4 (10), e002137. 
47. Chen, Y.; Wang, H.; Lu, Y.; Huang, X.; Liao, Y.; Bin, J., Effects of mineralocorticoid 
receptor antagonists in patients with preserved ejection fraction: a meta-analysis of randomized 
clinical trials. BMC Med 2015, 13, 10. 
48. Solomon, S. D.; Claggett, B.; Lewis, E. F.; Desai, A.; Anand, I.; Sweitzer, N. K.; 
O'Meara, E.; Shah, S. J.; McKinlay, S.; Fleg, J. L.; Sopko, G.; Pitt, B.; Pfeffer, M. A., Influence 
of ejection fraction on outcomes and efficacy of spironolactone in patients with heart failure 
with preserved ejection fraction. Eur Heart J 2015. 
49. Carillo, S.; Zhang, Y.; Fay, R.; Angioi, M.; Vincent, J.; Sutradhor, S. C.; Ahmed, A.; 
Pitt, B.; Zannad, F., Heart failure with systolic dysfunction complicating acute myocardial 
infarction - differential outcomes but similar eplerenone efficacy by ST-segment or non-ST-
segment elevation: A post hoc substudy of the EPHESUS trial. Arch Cardiovasc Dis 2014, 107 
(3), 149-57. 
50. Adamopoulos, C.; Ahmed, A.; Fay, R.; Angioi, M.; Filippatos, G.; Vincent, J.; Pitt, B.; 
Zannad, F., Timing of eplerenone initiation and outcomes in patients with heart failure after 
acute myocardial infarction complicated by left ventricular systolic dysfunction: insights from 
the EPHESUS trial. Eur J Heart Fail 2009, 11 (11), 1099-105. 
51. Girerd, N.; Collier, T.; Pocock, S.; Krum, H.; McMurray, J. J.; Swedberg, K.; Van 
Veldhuisen, D. J.; Vincent, J.; Pitt, B.; Zannad, F., Clinical benefits of eplerenone in patients 
with systolic heart failure and mild symptoms when initiated shortly after hospital discharge: 
analysis from the EMPHASIS-HF trial. Eur Heart J 2015. 
52. Ferreira, J. P.; Santos, M.; Almeida, S.; Marques, I.; Bettencourt, P.; Carvalho, H., 
Mineralocorticoid receptor antagonism in acutely decompensated chronic heart failure. Eur J 
Intern Med 2013. 
53. Ferreira, J. P.; Santos, M.; Almeida, S.; Marques, I.; Bettencourt, P.; Carvalho, H., 
Tailoring diuretic therapy in acute heart failure: insight into early diuretic response predictors. 
Clin Res Cardiol 2013. 
54. Ferreira, J. P.; Girerd, N.; Medeiros, P. B.; Santos, M.; Carvalho, H. C.; Bettencourt, P.; 
Kenizou, D.; Butler, J.; Zannad, F.; Rossignol, P., Spot urine sodium excretion as prognostic 

This article is protected by copyright. All rights reserved.



23 
 
 

 

marker in acutely decompensated heart failure: the spironolactone effect. Clin Res Cardiol 
2015. 
55. Butler, J.; Hernandez, A. F.; Anstrom, K. J.; Kalogeropoulos, A.; Redfield, M. M.; 
Konstam, M. A.; Tang, W. H.; Felker, G. M.; Shah, M. R.; Braunwald, E., Rationale and Design 
of the ATHENA-HF Trial: Aldosterone Targeted Neurohormonal Combined With Natriuresis 
Therapy in Heart Failure. JACC Heart Fail 2016, 4 (9), 726-35. 
56. Delyani, J. A., Mineralocorticoid receptor antagonists: the evolution of utility and 
pharmacology. Kidney Int 2000, 57 (4), 1408-11. 
57. Ceremuzynski, L.; Budaj, A.; Michorowski, B., Single-dose i.v. Aldactone for 
congestive heart failure: a preliminary observation. Int J Clin Pharmacol Ther Toxicol 1983, 21 
(8), 417-21. 
58. Maron, B. A.; Leopold, J. A., Aldosterone receptor antagonists: effective but often 
forgotten. Circulation 2010, 121 (7), 934-9. 
59. Pitt, B.; Bakris, G. L.; Bushinsky, D. A.; Garza, D.; Mayo, M. R.; Stasiv, Y.; Christ-
Schmidt, H.; Berman, L.; Weir, M. R., Effect of patiromer on reducing serum potassium and 
preventing recurrent hyperkalaemia in patients with heart failure and chronic kidney disease on 
RAAS inhibitors. Eur J Heart Fail 2015, 17 (10), 1057-65. 
60. Anker, S. D.; Kosiborod, M.; Zannad, F.; Pina, I. L.; McCullough, P. A.; Filippatos, G.; 
van der Meer, P.; Ponikowski, P.; Rasmussen, H. S.; Lavin, P. T.; Singh, B.; Yang, A.; 
Deedwania, P., Maintenance of serum potassium with sodium zirconium cyclosilicate (ZS-9) in 
heart failure patients: results from a phase 3 randomized, double-blind, placebo-controlled trial. 
Eur J Heart Fail 2015, 17 (10), 1050-6. 
61. Weir, M. R.; Bakris, G. L.; Bushinsky, D. A.; Mayo, M. R.; Garza, D.; Stasiv, Y.; 
Wittes, J.; Christ-Schmidt, H.; Berman, L.; Pitt, B., Patiromer in patients with kidney disease 
and hyperkalemia receiving RAAS inhibitors. N Engl J Med 2015, 372 (3), 211-21. 
62. Kosiborod, M.; Rasmussen, H. S.; Lavin, P.; Qunibi, W. Y.; Spinowitz, B.; Packham, 
D.; Roger, S. D.; Yang, A.; Lerma, E.; Singh, B., Effect of sodium zirconium cyclosilicate on 
potassium lowering for 28 days among outpatients with hyperkalemia: the HARMONIZE 
randomized clinical trial. Jama 2014, 312 (21), 2223-33. 
63. Girerd, N.; Magne, J.; Rabilloud, M.; Charbonneau, E.; Mohamadi, S.; Pibarot, P.; 
Voisine, P.; Baillot, R.; Doyle, D.; Dumont, E.; Dagenais, F.; Mathieu, P., The impact of 
complete revascularization on long-term survival is strongly dependent on age. Ann Thorac 
Surg 2012, 94 (4), 1166-72. 
64. Girerd, N.; Rabilloud, M.; Duarte, K.; Roy, P., Number needed to treat from absolute 
risk and incidence rate: how to make apples and oranges comparable? J Clin Epidemiol 2014, 
67 (2), 236-8. 
65. Berry, S. M.; Connor, J. T.; Lewis, R. J., The platform trial: an efficient strategy for 
evaluating multiple treatments. Jama 2015, 313 (16), 1619-20. 
66. Ledwidge, M.; Gallagher, J.; Conlon, C.; Tallon, E.; O'Connell, E.; Dawkins, I.; 
Watson, C.; O'Hanlon, R.; Bermingham, M.; Patle, A.; Badabhagni, M. R.; Murtagh, G.; Voon, 
V.; Tilson, L.; Barry, M.; McDonald, L.; Maurer, B.; McDonald, K., Natriuretic peptide-based 
screening and collaborative care for heart failure: the STOP-HF randomized trial. Jama 2013, 
310 (1), 66-74. 
67. Jacobs, L.; Thijs, L.; Jin, Y.; Zannad, F.; Mebazaa, A.; Rouet, P.; Pinet, F.; Bauters, C.; 
Pieske, B.; Tomaschitz, A.; Mamas, M.; Diez, J.; McDonald, K.; Cleland, J. G.; Rocca, H. P.; 
Heymans, S.; Latini, R.; Masson, S.; Sever, P.; Delles, C.; Pocock, S.; Collier, T.; Kuznetsova, 
T.; Staessen, J. A., Heart 'omics' in AGEing (HOMAGE): design, research objectives and 
characteristics of the common database. J Biomed Res 2014, 28 (5), 349-59. 

 

This article is protected by copyright. All rights reserved.



Permission note: 

“The authors do hereby declare that all illustrations and figures in the manuscript are entirely 
original and do not require reprint permission.” 

This article is protected by copyright. All rights reserved.


