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Objectives: The aim of the study was to evaluate the cost-effectiveness (CE) of treatment 

with eplerenone versus standard care in adult patients with New York Heart Association class 

II chronic heart failure and reduced left ventricular ejection fraction from the perspective of 

the Greek national health care payer.

Methods: A discrete-event model simulating the clinical course and respective outcomes of 

eplerenone as an add-on to standard therapy versus standard therapy alone based on the pivotal 

Eplerenone in Mild Patients Hospitalization and SurvIval Study in Heart Failure (EMPHASIS-

HF) trial was locally adapted for the Greek setting. Data on medications followed the resource 

use from eplerenone in mild patients hospitalization and survival study in heart failure and were 

estimated on a lifetime basis (or until discontinuation). Cost calculations were based on year 

2014, event costs (cardiovascular hospitalizations, adverse events, and devices) were sourced 

from published diagnosis-related groups. A 3% discount rate was applied. In order to test 

the robustness of the model projections, a range of deterministic and probabilistic sensitivity 

analyses were carried out.

Results: Over a patient’s lifetime, the addition of eplerenone to standard care compared to 

standard care alone led to an incremental gain of 1.33 quality-adjusted life-years (QALYs) 

(6.53 vs 5.20 QALYs, respectively) as well as an increase in the cost of treatment by €2,160; 

these outcomes produced an incremental CE ratio of €1,624/QALY for the Greek setting. On 

the basis of probabilistic sensitivity analysis, there was a 100% likelihood of eplerenone being 

cost-effective versus standard care at a threshold of €3,500/QALY.

Conclusion: This analysis indicates that eplerenone may be a cost-effective option versus 

standard care accompanied by additional clinical benefits and an added incremental cost at an 

acceptable, if not low, CE ratio. The results are consistent with the previously published stud-

ies on the CE of eplerenone as an add-on therapy to standard care, such as those regarding the 

health care settings of Spain, the UK, and Australia.
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Introduction
Heart failure (HF) represents a major public health issue with a complex pathology 

and disease management pattern as well as high prevalence.1,2 About 1%–2% of the 

adult population in developed countries suffer from HF, with this percentage rising to 

over 10% when it comes to individuals aged 65 years or older.3–6 Although mortality 

rates have declined in the recent years,7–9 HF-related hospitalizations have substan-

tially increased in the last decade, representing 1%–2% of all hospital admissions 

and becoming the leading reason for admission in individuals aged 65 years or older.6 
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Moreover, readmission rates are quite high, ranging between 

25% and 30% at 3 months and about 50% at 6 months post-

discharge.10,11 Consequently, HF significantly impacts health 

care budgets internationally, with hospitalization admissions 

accounting for the most substantial part of this burden.12–14 

Apart from the in-hospital part of patient management, the 

complexity of HF as a clinical problem and the associated 

comorbidities contributing to the progression of the disease 

and thus higher hospitalization rates and polypharmacy, lead 

to a subsequent and continuous increase in expenditures 

attributed to HF.15–17

A key objective in HF management is, therefore, to 

alleviate symptoms, reduce the occurrence and need for 

hospitalizations, and, subsequently, increase survival and 

improve the patients’ quality of life.5,18,19 Treatment options 

such as angiotensin-converting enzyme inhibitors and beta 

blockers, although effective in some aspects of the treatment, 

have not yet shown the desired outcomes in terms of clinical 

efficacy.5,18,19 In this light, newer and emerging treatments 

could play a role in the future of patient management and 

improved clinical results. Among those, eplerenone, a selec-

tive mineralocorticoid-receptor antagonist, also known as an 

aldosterone antagonist, has been indicated for patients with 

New York Heart Association (NYHA) class II chronic heart 

failure (CHF) with reduced left ventricular ejection frac-

tion (LVEF), in addition to standard therapy, on the basis of 

improved clinical outcomes, that is, reduced cardiovascular 

(CV) mortality and morbidity, in adult patients with NYHA 

class II CHF and left ventricular systolic dysfunction (LVEF 

≤30%).20,21

The implementation of adequate and sustainable health 

policies, particularly when considering conditions with sig-

nificant prevalence and large expenditure such as CHF, seems 

imperative at a time when health resources are becoming 

even scarcer and health care systems have to allocate them 

in the most efficient way. In order to achieve these objectives, 

economic evaluation methods are indispensable tools in the 

decision-making process.

The aim of this study was to evaluate the cost-effective-

ness (CE) of treatment with eplerenone in adult patients with 

NYHA class II CHF and reduced LVEF in Greece, from the 

perspective of a health care system at a time under severe 

financial constraints and austerity.

Methods
Health economic model
A discrete-event simulation economic model constructed 

on the basis of the reported outcomes of a pivotal study of 

eplerenone, the Eplerenone in Mild Patients Hospitalization 

and SurvIval Study in Heart Failure (EMPHASIS-HF) trial,21 

and previously published22 was locally adapted for the Greek 

health care setting.

The purpose of the model was to simulate the clinical 

course and respective outcomes over a patient’s lifetime of 

two treatment alternatives: eplerenone as per trial protocol, 

starting dose of 25 mg once daily increased at 4 weeks to 

50 mg once daily as an add-on to standard therapy versus 

standard therapy alone (Figure 1).

Patient population in the model follows the demographic 

and clinical characteristics of patients in the EMPHASIS-HF 

trial,21 that is, all patients were NYHA class II, had a mean age 

of 69 years, had a mean LVEF of 26%, and 78% of patients 

were male. Concomitant medication usage was reported at 

trial enrollment and as per trial protocol, subjects were to 

remain on the same dosing throughout the trial duration;21 it 

was therefore assumed that subjects remained on the same 

pharmacotherapy for their lifetime (85% treated with diuret-

ics, 78% with angiotensin-converting enzyme inhibitors, 

19% with angiotensin receptors blockers, 87% with beta 

blockers, 88% with antithrombotics including antiplatelet or 

oral anticoagulants, and 63% with lipid-lowering agents).21

Figure 1 illustrates the outline of the model and patient 

flows/projections.22 In brief, individual times to events are 

assigned to each simulated patient for each model event. 

One identical patient is “cloned” and follows each treatment 

arm. Probabilities of future events are estimated based on 

risk equations for each event derived from patient-level 

data from EMPHASIS-HF (time-dependent distributions).21 

Thus, treatment efficacy is a factor that influences the occur-

rence and time of occurrence of a series of events such as 

HF hospitalization, other CV hospitalization, new-onset 

atrial fibrillation, implantation of cardiac resynchroniza-

tion therapy (CRT) or implantable cardioverter defibrillator 

(ICD) devices, adverse events, discontinuation of eplere-

none, CV mortality, and other causes of mortality, all of 

which were recorded in the EMPHASIS-HF trial. Patients 

remain in the model until death occurs, or are given an ICD 

or CRT device. The model accurately projects the within-

trial outcomes;22 for the time beyond the trial follow-up 

period, the model also provides a reasonable approxima-

tion of current survival estimates for chronic systolic HF 

patients, with a mean survival of approximately 8 years in 

the standard care arm.

The model calculates the resource use associated with 

treatment: drug costs of active treatment and concomitant 

medications, disease monitoring and disease-related events. 
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Figure 1 Model structure.
Note: Reproduced from Heart, Lee D, Wilson K, Akehurst R, et al, Cost-effectiveness of eplerenone in patients with systolic heart failure and mild symptoms, 100(21), 
1681–1687, ©2014 with permission from BMJ Publishing Group Ltd.22

Abbreviations: CV, cardiovascular; HF, heart failure; QALYs, quality-adjusted life-years.
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Moreover, based on the clinical outcomes of treatment, 

health-related quality of life estimations in the form of 

utilities were also employed as described previously22 and 

also shown in Table 1.

Treatment discontinuations were taken from the EMPHA-

SIS-HF trial, using the proportions of patients discontinu-

ing after each type of event.22 Time to event was based on 

probabilistic distributions and outcomes were accumulated 

for 25,000 patients for each arm.

Model inputs
The analysis adopts the perspective of a third-party 

payer, the largest social security fund in Greece and, thus, 

calculates only direct resource use and costs (inpatient 

and outpatient). With regards to cost inputs, prices and 

diagnosis-related group tariffs were sourced from publicly 

available sources,23,24 or published literature25 (Table  1). 

Data on medications follow the resource use from the 

EMPHASIS-HF, and are estimated on a lifetime basis (or 

until discontinuation).21 Event costs (sourced from published 

diagnosis-related groups) represent the acute phase (in case 

of hospitalization) and do not contain follow-up costs. Model 

structure and inputs on resource use were verified by two 

clinical experts from the Greek health care setting. The costs 

for events (CV hospitalizations, adverse events, and devices) 

were based upon the proportion of patients experiencing each 

of those events in the EMPHASIS-HF trial. Cost of devices 

refers to the cost of medical procedure for the application 

of the device as well as the cost of the device itself. Due to 

nonavailability of a reliable estimate, the cost of death was 

not included in the model as a conservative assumption. 

Cost calculations were based on year 2014,23,24 and a 3% 

discount rate was applied.

Utility values were taken from published literature and, 

specifically, calculated using the utility formula from Göhler  

et al26 using the baseline characteristics of the patients within 

the EMPHASIS-HF trial. The occurrence of events was 

accompanied by a decrement, proportional to the severity of 

the event.27–29 The utility values used within the model are 

summarized in Table 1.

The remaining life span and quality of life for patients 

receiving ICD or CRT devices were calculated using the 

hazard ratios (compared to standard care treatment as within 

the placebo arm of the trial) provided previously.30
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Sensitivity analysis
Where possible, information on uncertainty was obtained 

from the publication used for model inputs or directly 

from clinical trial data.21,22 Costs were modeled using a 

gamma distribution, utilities, and proportions using a beta 

distribution. Uniform distributions were used where maxi-

mum and minimum values were given within the literature 

and the applicability of a mean value within the range was 

uncertain. Upper and lower bound limits of inputs as well 

as type of distribution used in the sensitivity analysis are 

shown in Table 1. In order to test the robustness of the model 

projections, a range of deterministic sensitivity analyses 

was carried out by varying a number of scenario parameters 

within their likely range (95% confidence intervals) 

(Figure 2).

In addition to the above, a probabilistic sensitivity analysis 

(PSA) was also performed. In the PSA, inputs for times to 

events, costs, and utility values were assigned a probability 

distribution and were stochastically varied. Outcomes were pro-

duced via a Monte Carlo simulation method with 100 iterations.

Results
Table 2 presents the discounted results of the analysis. Over a 

patient’s lifetime, the addition of eplerenone to standard care 

versus standard care alone led to an incremental gain of 1.33 

quality-adjusted life-years (QALYs) (6.53 vs 5.20 QALYs, 

respectively) as well as an increase in the cost of treatment 

by €2,160. These outcomes produced an incremental cost-

effectiveness ratio (ICER) of €1,624/QALY for the Greek 

setting.

Table 1 Inputs for medication, event costs, and utilities used within the model (input values for the base case and sensitivity analysis 
are shown)

Parameter Input value Distribution, upper and lower bound used in sensitivity analysis Source

Annual intervention costs (average per patient) 
Eplerenone €260.92 Fixed – 24
Concomitant medications €283.38 Costs varied using uniform distribution using min/

max of available drug brands or ±30% where only 
one brand is available

€163.17–€924.61 24

Disease managementa €40.00 Gamma distribution assuming SD 10% of mean €32.00–€48.00 39
Event-based costs
Heart failure hospitalization €3,198.00 Gamma distribution SD €3,260 €149–€9,712 25
Other CV hospitalizations €1,281.36 Gamma distribution assuming SD 10% of mean €768.65–€2,076.51 23
Adverse events – eplerenoneb €104.53 €87.95–€122.30
Adverse events – placebob €156.70 €131.84–€183.33
Cost of progression (weighted average of 
CRT and ICD devices)

€12,753.60 €10,730.79–€14,921.35

Average device life 5.8 years Uniform distribution using min and max of  
sources

3.1 years–8.6 years 30

Quality-of life-utilities
Baseline utility 0.84 Beta distribution using the SD from the source 0.77 to 0.90 26
Utility decrement for patients who 
experience one hospitalization

–0.024 −0.013 to −0.036

Utility decrement for patients who 
experience two hospitalizations

–0.031 −0.017 to  −0.047

Utility decrement for patients who 
experience three hospitalizations

–0.055 −0.048 to  −0.057

Utility decrement for new-onset atrial 
fibrillation

–0.084 Uniform distribution ±30% −0.059 to  −0.109 27

Lifetime utility decrement for adverse  
events – eplerenone

–0.0003 −0.00021 to  −0.00039 29

Lifetime utility decrement for adverse  
events – placebo

–0.0001 −0.00007 to  −0.00013

Short-term utility decrement for adverse 
events – eplerenonec

–0.0012 −0.00084 to  −0.00156 28,29

Short-term utility decrement for adverse 
events – placeboc

–0.0008 −0.00056 to  −0.00104

Notes: aBased on an average of four cardiology visits per year based on expert opinion, bOnly costs for renal failure were included in the adverse events category, since all 
other adverse events were assumed to have zero cost based upon the Greek tariffs. Costs are higher in the placebo arm as more patients experienced renal failure, which 
is costly, cApplied for 21 days based upon clinician advice as per Lee et al.22

Abbreviations: CRT, cardiac resynchronization therapy; CV, cardiovascular; ICD, implantable cardioverter defibrillator.
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Table 3 shows a breakdown of the costs for each treatment 

arm for the Greek setting based on the model adaptation. The 

main differences in costs between treatment strategies are 

seen in the costs associated with HF hospitalizations, which 

are lower in the case of eplerenone; the costs of devices; 

and the cost of pharmacotherapy; this may be partly due to 

the extended life expectancy of those receiving eplerenone 

versus standard therapy (8.18 vs 6.52 life years, discounted).

The results of the deterministic sensitivity analyses are 

presented in Figure 2. It can be seen from the Tornado plots 

that the most sensitive model parameters are, in particular, the 

cost of HF-related hospitalization, as well as the distributional 

parameters for CV mortality when no previous hospitaliza-

tions have been experienced, and the cost of antithrombotic 

drug used (antiplatelet or oral anticoagulant). Nevertheless, 

the model seemed robust in its predictions and the results 

remained favorable for eplerenone in the analysis undertaken. 

Similarly, probabilistic analyses conducted imply robust-

ness of the model (Figure 3). The probabilistic iterations of 

the model demonstrate that, in all cases, eplerenone provides 

a QALY benefit over standard care (overall mean ICER 

of €1,896). The ICERs are well below an acceptability 

threshold range of £20,000–£30,000/QALY gained (based 

on the upper and lower acceptability thresholds used in the 

National Institute for Health and Care Excellence guidance 

for economic evaluations31), although no explicit criterion of 

willingness to pay exists for Greece and much debate exists 

globally around CE threshold policy.32,33

As shown in Figure 4, eplerenone was a cost-effective 

treatment choice compared to standard care in 100% of the 

iterations for any threshold over €3,500/QALY gained.

Discussion
This analysis aimed at evaluating the clinicoeconomic 

value of adding eplerenone to the standard therapy of adult 

Figure 2 Tornado diagram of deterministic sensitivity analysis.
Abbreviations: CV, cardiovascular; HF, heart failure; QALY, quality-adjusted life-year.
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Table 2 Base case results from the discrete event simulation 
model (discounted)

Treatment Costs QALYs Life 
years

ICER Cost/LY

Eplerenone €14,628 6.53 8.18 €1,624/ 
QALY

€1,301

Standard of  
care

€12,468 5.20 6.52

Abbreviations: ICER, incremental cost-effectiveness ratio; LY, life year; QALYs, 
quality-adjusted life-year.

Table 3 Cost results from the discrete event simulation model 
(€, discounted)

Costs (€) Eplerenone Standard care Incremental

CV hospitalizations 1,413 1,409 4
HF hospitalizations 3,675 4,572 –898
Eplerenone treatment 1,678 0 1,678
Concomitant  
treatment

2,317 1,847 471

Devices 5,156 4,318 839
Disease management 327 261 66
Adverse events 62 61 1 
Total cost 14,628 12,468 2,160 

Note: Numbers may not add up due to rounding.
Abbreviations: CV, cardiovascular; HF, heart failure.
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patients with NYHA class II HF and reduced LVEF in a set-

ting characterized by severe constraints and deep austerity 

and contractionary measures. The results of the evaluation 

indicate that under the present analysis, eplerenone repre-

sents a cost-effective option vs standard care accompanied 

by additional clinical benefit and an added incremental cost 

at an acceptable, if not low, cost-effectiveness ratio. The 

core results proved to be rather robust to a series of one-way 

sensitivity analyses. On the basis of a PSA approach, there 

was a 100% likelihood of eplerenone being cost-effective 

versus standard care at a threshold of €3,500/QALY.

The present results are consistent with the previously pub-

lished studies on the CE of eplerenone as an add-on therapy to 

standard care, such as those regarding the health care settings 

of Spain,22 the UK,22 and Australia,34 on the basis of clinical 

efficacy data from the EMPHASIS-HF trial and, also, for the 

US,35 France,36 Switzerland,37 and the Netherlands38 based on 

clinical efficacy data from the Eplerenone Post-Acute Myo-

cardial Infarction Heart Failure Efficacy and Survival Study 

(EPHESUS) trial39 referring to a different study population 

than the one used in this analysis – namely patients with HF 

after recent myocardial infarction.

As with any study of this kind, the present one is subject 

to some limitations that should be acknowledged. First of all, 

a limitation arises from the fact that the study population, 

for reasons of consistency and ability to compare the results 

at an international level, follows the characteristics of the 

population of the EMPHASIS-HF trial. This could suggest 

that a discrepancy of the characteristics of the study popula-

tion and the actual population of Greek HF patients could 

Figure 3 Scatter plot of incremental quality-adjusted life expectancy and lifetime costs for eplerenone vs placebo (the red line represents the threshold of WTP at €30,000).
Abbreviations: QALYs, quality-adjusted life-year; WTP, willingness-to-pay.
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exist. However, the multicenter nature of the trial with Greek 

patients also enrolled and the fact that the characteristics of 

the patients enrolled in EMPHASIS-HF are not dissimilar to 

typical well-treated patients seen in hospital practice (inpa-

tient or outpatient) across Europe1,40 could suggest that those 

discrepancies are not to a notable extent. Moreover, the results 

of the extensive sensitivity analysis suggest that even if there 

were notable differences, they would produce a rather negli-

gible effect on the main tendency of outcomes (favorable CE).

Another limitation of the analysis stems from the fact 

that it is performed using a third-party payer perspective, that 

is, the perspective of social insurance. A third-party payer 

perspective does not include costs to society, mainly the 

productivity losses as a result of the disease and the costs of 

informal care. The latter could constitute an important cost 

variable, especially for patients whose daily activities are 

severely impaired by the CV events associated with HF. Inclu-

sion of such costs typically favors the treatment that averts 

most clinical events, compared to alternatives, whereas exclu-

sion of societal costs constitutes a conservative approach for 

the most efficacious alternative (in this case, eplerenone).

Finally, as the EMPHASIS-HF trial was stopped early, 

due to the evidence of early benefit in the eplerenone-treated 

arm compared to the standard of care population, there could 

be some uncertainty regarding the long-term outcomes of 

eplerenone in the available clinical data. This uncertainty 

in the clinical data has, however, been included within the 

modeling approach used and examined within both probabi-

listic and deterministic sensitivity analyses and has also been 

discussed and addressed in other economic evaluations of 

eplerenone that source their efficacy data from EMPHASIS-

HF (indicatively, Lee et al22).

In an era of scarce resources and ever-increasing health 

care needs, rational allocation of resources is an absolute 

necessity. In this decision-making process, CE analysis can 

be a useful tool in an attempt to quantify both the clinical 

benefits as well as the costs associated with each treatment 

option. Based on this line of thought, the present analysis 

aimed to evaluate the costs and effects of the addition of 

a newer treatment option for patients with NYHA class II 

chronic HF to the current standard of care and concluded 

that this intervention is a cost-effective option within the 

Greek context.
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