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Abstract:  Objectives. The goal of our study was to determine the effects of combined renin-angiotensin-aldosterone system (RAAS) blocking 
therapy, including a selective aldosterone inhibitor eplerenone, on neurohumoral profile in patients with left ventricular (LV) systolic 
dysfunction following an acute myocardial infarction (MI). We also assessed the effect of multiple neuroendocrine inhibitors therapy 
on renal function and explored the interaction between changes in renal function and heart failure markers.
Methods. Our study incorporated 74 patients aged between 39 and 86 (mean 64.5 +/- 11.4) with established acute MI and reduced 
left ventricular ejection fraction (EF ≤ 40%). The additive effect of eplerenone (25-50 mg/d) on top of the standard heart failure regimen 
on plasma concentrations of N-terminal pro-brain natriuretic peptide (NT-proBNP), renin and aldosterone were assessed at study entry 
and at six months. Renal function was determined by creatinine and estimated glomerular filtration rate (eGFR), calculated using the 
Cockcroft-Gault formula. The changes in LV volumes and systolic function were assessed by a transthoracic echocardiography at 
baseline and at the end of follow-up.
Results. Following 6 months of combined RAAS blocking therapy, incorporating aldosterone inhibitor eplerenone, plasma levels of 
NT-proBNP (-77.7%, p= 0.001) and renin (-52.2%, p= 0.083) decreased. As expected, an increase in aldosterone levels was 
observed (+36.8%, p= 0.758). A mild decline in eGFR (-2,0 ml/min, p= 0.028) was observed, with potassium levels increasing 
slightly, but remaining within the normal range (4.28 vs. 4.48 mmol/L, p= 0.028). We found that baseline creatinine correlated with 
measures characterising myocardial function (NT-proBNP, LVEF). The highest correlation was with NT-proBNP at baseline (r = 0.537, 
p <0.001). Logistic regression models for prediction of significant left ventricular ejection fraction improvement (LVEF after 6 months- 
LVEF at baseline ≥5%) did not demonstrate that renal function measurements are suitable for this purpose.  
Conclusions. A combined heart failure regimen, including aldosterone inhibitor eplerenone, in patients with left ventricular systolic 
dysfunction following acute MI decreases circulating levels of natriuretic peptides and renin and increases levels of aldosterone. The 
reduction in NT-proBNP is related to improvement of left ventricular systolic function and possibly to improved LV compliance and 
reduction of LV-filling pressures, whereas the increase in aldosterone levels could reflect activated feedback mechanisms of RAAS. 
A mild reduction in eGFR can be expected in the course of HF therapy in post-MI patients with normal baseline renal function. A severe 
hyperkalemia can be prevented by close monitoring of renal function and potassium levels. Our findings suggest, that there is a direct 
linear relationship between renal function and markers of myocardial function early post-MI, which is no longer present after six 
months. Cardio-renal correlation is best reflected by raw values of creatinine.
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1. Introduction
Heart failure (HF) is accompanied by the progressive 
activation of several neurohormonal systems and the 
release of biologic effectors into the bloodstream. In-
creased levels of norepinephrine, natriuretic peptides, 
such as atrial natriuretic peptide and brain natriuretic 
peptide (BNP), as well as activation of the renin-an-
giotensin-aldosterone system, have been described 
and associated with poor prognosis [1]. Angiotensin 
converting enzyme (ACE) inhibitors and beta block-
ers are recognized as the standard of care in patients 
with systolic left ventricular dysfunction associated with 
either chronic heart failure due to an ischemic or non-
ischemic etiology as well as for the therapy of systolic 
LV dysfunction in patients post-acute myocardial infarc-
tion. Despite treatment with ACE-Is, patients with HF 
may demonstrate elevated aldosterone levels [2]. Evi-
dence supporting the additional use of the aldosterone 
receptor blockers, spironolactone and eplerenone in 
heart failure has been growing. The RALES (Random-
ized Aldactone Evaluation Study) trial demonstrated that 
addition of spironolactone in patients with systolic HF 
and severe symptoms (NYHA classes III–IV) reduced 
all-cause mortality, cardiovascular mortality, as well as 
morbidity related readmissions [3]. The mechanism of 
action and neurohormonal impact of this therapy was 
further clarified by Rousseau et al. [4] in a neurohormon-
al substudy of RALES, where Spironolactone adminis-
tration in patients with congestive HF reduced circulat-
ing levels of natriuretic peptides and increased levels of 
aldosterone . Both spironolactone and eplerenone are 
effective aldosterone blocking agents, but because of 
its greater selectivity, eplerenone has a lesser incidence 
of side effects [5]. The beneficial effects of eplerenone 
on top of standard medical therapy in patients with acute 
MI and left ventricular systolic dysfunction was showed 
in EPHESUS trial (Eplerenone Post–Acute Myocardial 
Infarction Heart Failure Efficacy and Survival Study [6], 
demonstrating improved survival and reductions in car-
diovascular death, sudden death, and hospitalization for 
HF in eplerenone group. The most recent, EMPHASIS-
HF (Eplerenone in Mild Patients Hospitalization and 
Survival Study in Heart Failure) [7] trial extended the 
benefits of eplerenone to patients in chronic systolic HF 
and mild symptoms (NYHA class II), expanding indica-
tions for mineralocorticoid receptor antagonists in cur-
rent HF treatment guidelines [8]. However neurohor-
monal analysis in this patient group was not carried out.
 The present study was conducted to evaluate the ef-
fects of eplerenone 6 months administration in addition 
to standard HF therapy in post-acute MI patients on neu-
rohumoral markers of heart failure severity — namely, 

NT-pro BNP, renin and aldosterone. We hypothesized, 
that with coronary revascularization and a full standard 
HF therapy, left ventricular contractility should improve, 
followed by a positive shift in the neurohormonal profile. 
 Association between renal dysfunction and heart 
failure is well established. In recent studies, up to 30% 
of patients with heart failure had abnormal renal func-
tion which was associated with longer hospital stay, 
higher hospital costs, higher in-hospital mortality rates 
and more readmissions [9]. Renal dysfunction is a ma-
jor independent risk factor for mortality in patients with 
post-MI left ventricular dysfunction and HF, as shown in 
the SAVE and Valsartan in Acute Myocardial Infarction 
(VALIANT) trials [10,11]. Most pharmacological treat-
ments that improve the prognosis of patients with HF 
cause a decline in renal function. A nearly 20% increase 
in serum creatinine is expected with the use of ACE 
inhibitors, angiotensin receptor blockers (ARBs), and 
aldosterone antagonists. A reduction in eGFR was ob-
served in moderate to severe heart failure patients with 
addition of angiotensin receptor blocker to ACE inhibitor 
in the Valsartan in Heart Failure Trial (Val-HeFT) [12]. 
Thus in our study we aimed to assess the effect of mul-
tiple neuroendocrine inhibitors therapy on renal function 
in patients with mild to moderate HF and normal base-
line renal function as well as to explore the relationship 
between renal function and heart failure markers.
 

2. Materials and methods
2.1 Study population
From all patients hospitalized with acute MI to our insti-
tution between September 2007 and August 2008 we 
randomly selected a group of 90 patients with LV sys-
tolic dysfunction (LVEF ≤ 40%) and mild to moderate 
heart failure symptoms (NYHA class II-III).
 In order to minimize the risk of hyperkalemia, patients 
with severe renal dysfunction (creatinine ≥ 150 µmol/L) 
or potassium levels higher than ≥ 5.2 mmol/L were not 
eligible for enrollment. All patients underwent coronary 
angiography within 24 hours from hospital admission 
and majority of them, 71 (78.9%) underwent percutane-
ous coronary intervention (PCI). Among the remaining 
19 patients, 11 were planned for surgical revasculariza-
tion, in 6 coronary lesions were judged to be unsuitable 
for intervention, 1 patient was successfully thrombolized 
and 1 patient was found to have normal coronary an-
giogram. Eplerenone 25 mg/d was commenced within 3 
days after hospitalization and was uptitrated to 50 mg/d 
three weeks later in the absence of hyperkalemia. Treat-
ment with eplerenone was given in addition to standard 
medical therapy, which could include ACE inhibitors, 
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angiotensin receptor blocker (ARB), if ACE-Is were not 
tolerated, beta-blockers, diuretics, digoxin, antiplatelets 
and statins. The mean follow-up period was 6 months. 
Out of 90 patients selected initially, 11 were excluded 
from the follow-up as they underwent coronary artery by-
pass grafting, one excluded due to sudden cardiac death 
and 4 patients were lost to follow-up. Thus, data on 74 
patients was available for final analysis. Study popula-
tion baseline characteristics are presented in Table 1. 

2.2 Measurements of neurohormonal markers
For the establishment of the baseline neurohormonal 
profile blood analysis was performed within the first 
week following acute MI. Plasma renin, aldosterone and 

NT-proBNP levels were determined. The second labo-
ratory measurements were taken after 6 months of HF 
treatment during ambulatory follow-up. 

2.3 Measurements of renal function
Renal function tests - creatinine, potassium and sodium 
levels were measured at baseline, and were monitored 
closely throughout the study at regular follow-up visits. 
Glomerular filtration rate, as the standard indicator of re-
nal function, was estimated for each patient using the 
Cockroft Gault equation. This formula has been validat-
ed in several studies of HF and renal dysfunction. 

2.4 Echocardiographic measurements
All patients underwent 2D transthoracic examination us-
ing a GE scanner (Vivid-7 Dimension). First echocar-
diographic examination performed within the first week 
after the myocardial infarction and second study done at 
the end of ambulatory follow-up 6 months later. LV end-
diastolic and end-systolic volumes (LVEDV, LVESV) 
were obtained using a modified biplane Simpson’s 
method from apical four and two-chamber views and 
the LV ejection fraction was calculated by the following 
formula: ([LVEDV – LVESV] / LVEDV) x 100 (%). The 
LV mass was calculated using Devereux’s formula: ([in-
terventricular septal thickness+LVend-diastolic diameter 
+posterior wall thickness]3-LVend-diastolic diameter3) x 
1.05 g/cm3- and LV mass index expressed in g/m2 was 
calculated.

3. Statistical analysis
Descriptives are presented as mean +/- standard devia-
tion. Comparing measures at baseline with measures 
after six months, paired samples t-test or Wilcoxon test 
was applied. In order to investigate linear relationships 
between measures of renal function and myocardial 
function parameters, Pearson of Spearman correlations 
were calculated. Finally, ability of prediction of improve-
ment of LV ejection fraction was explored using logistic 
regression. Level of significance was set to 0.05.

4. Results
In total, 74 patients, 57 (77.0%) men and 17 (23.0%) 
women, aged from 39 to 86 (mean 64.5 +/- 11.4) were 
analysed. The mean LV ejection fraction at baseline was 
36.28 ± 7.38% with majority of patients (72%) being in 
NYHA functional class II. 89% of patients underwent PCI 
and majority received a standard heart failure therapy 
regimen with beta blockers (97%), ACEI/ARB (91%) and 

Total population (n= 74)

Age, yrs 64.5 ± 11.4
Male gender, n (%) 57 (77)

Hypertension, n (%) 58 (78) 

Diabetes mellitus, n (%) 10 (14)

History of MI, n (%) 9 (12)

Heart rate, bpm 87.65 ± 20.20

Blood pressure, mmHg

Systolic 132.07 ± 27.63

Diastolic 81.19 ± 16.76

NYHA functional class, n (%)

II 53 (72) 

III 21 (28)

IV 0 

LV ejection fraction,% 36.28 ± 7.38

Angiography findings, n (%)

Normal coronary arteries 1 (1.35) 

Single vessel disease 17 (23)

Double- vessel disease 20 (27)

Triple-vessel disease 36 (49)

PCI , n (%) 66 (89) 

Heart failure therapy, n (%)

Beta-blockers 72 (97)

ACEI/ARB 67 (91)

Loop diuretics 54 (73)

Digitalis 5 (7) 

Renal function

Creatinine, µmol/L 100.42 ± 41.73

Potassium, mmol/L 4.28 ± 0.57

Sodium, mmol/L 141.55 ± 3.89

CG-GFR, ml/min 82.40 ± 29.24

Neurohormones

N-terminal pro-BNP, pg/ml 3333.14 ± 4281.70

Renin mU/ml 3.54 ± 9.17

Aldosterone pg/ml 191.89 ± 187.73

MI: myocardial infarction; LV: left ventrical; NYHA: New York Heart
Association; PCI: percutaneous coronary intervention;
ACEI: ngiotensin-converting enzyme inhibitor; ARB: angiotensin 
receptor blocker; GFR: glomerular filtration rate; N-terminal portion 
brain natriuretic peptide

Table 1. Baseline characteristics of study population.
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loop diuretics (73%). A significant reduction in heart rate 
at 6 months was observed (87 vs. 69 bpm, p=0.001), 
attributed to blockade of sympathetic nervous system 
with beta-blockers used in vast majority of our patients. 
Patients systolic blood pressure at six months increased 
slightly (132 vs. 145 mmHg, p=0.052), with no significant 
changes in diastolic blood pressure (81 vs. 87 mmHg, 
p=0.287). Serum creatinine levels remained within nor-
mal range, whilst mild, but statistically significant reduc-
tion in eGFR was observed (82 vs. 80 ml/min, p= 0.028). 
The decrease in eGFR did not have an adverse effect 
on serum potassium levels, which increased slightly, but 
remained within normal range (4.28 vs. 4.48 mmol/L, 
p=0.028). Dynamics of patients characteristics as well 
as renal parameters are presented in Table 2.

4.1 Neurohormonal measurements
Changes in serum neurohormonal levels from baseline 
to 6 months are showed in Table 3.

The severity of left ventricular systolic dysfunction is 
demonstrated by high baseline NT-proBNP levels. As 
expected, we observed a significant reduction in mean 

NT-proBNP concentration at six month (3333 vs. 742, 
p= 0.001), which corresponds to significant increase in 
LV ejection fraction. As shown in Figure 1, mean NT-
proBNP plasma concentration decreased by 77.7%. 

For further analysis we subdivided our study population 
into two groups based on their baseline left ventricular 
ejection fraction, group 1 incorporating patients with 
LVEF ≤ 35%, and group 2 with LVEF between 36-40%. 
Higher degree of LV systolic dysfunction in group 1 cor-
responded to higher baseline NT-proBNP levels, com-
pared to group 2 (3927.54 vs. 2241.14, p=0.039). As 
shown in Figure 2, following coronary revascularization 
and in the course of HF therapy, NT-proBNP decreased 
significantly in both groups (3928 vs. 874, p=0.011 and 
2241 vs. 644, p=0.018, respectively at baseline and 6 
months), without a significant difference between the 
groups at six months. 

Baseline 6 months P value

Cardiovascular parameters

Heart rate, bpm 87.65 ± 20.20 69.64 ± 13.47 0.001

Arterial blood pressure, mmHg

Systolic 132.07 ± 27.63 145.77 ± 22.83 0.052

Diastolic 81.19 ± 16.76 87.83 ± 16.88 0.287

Renal function parameters

Serum creatinine, µmol/L 100.42 ± 41.73 100.58 ± 19.25 0.139

Serum potassium, mmol/L 4.28 ± 0.57 4.48 ± 0.50 0.002

Serum sodium, mmol/L 141.55 ± 3.89 140.38 ± 2.69 0.348

eGFR, ml/min 82.40 ± 29.24 80.492 ± 4.44 0.028

Table 2. Patients characteristics and measures of renal function at 
baseline and at 6 months.

Baseline 6 months P value

NT-proBNP, pg/m
Mean

group-1
group-2

3333.14 ± 4,281.70
3927,54 ± 4202,593
2241,14 ± 3145,555

742.70 ± 782.07
873,61 ± 883,130
644,00 ± 725,574

0.001
0,011
0,018

Renin, mU/ml
Mean

group-1
group-2

3.54 ± 9.17
3,93 ± 11,737
2,81 ± 7,405

1,69 ± 2.13
1,92 ± 2,532
1,50 ± 1,761

0.083
0,465
0,414

Aldosterone, pg/ml
Mean

group-1
group-2

191.89 ± 187.73
191,04 ± 184,388
231,06 ± 225,237

303.91 ± 741.17
156,31± 84,810

779,86 ± 1447,791

0.758
0,799
0,398

Table 3. Changes in serum neurohormonal levels from baseline to 6 
months. Additionally to mean values, neurohormonal levels 
in two groups with different degree of left ventricular systolic 
dysfunction severity are presented (group-1 incorporating 
patients with LVEF ≤ 35%, group-2 - patients with LVEF 36-
40%).

Figure 2. Changes in serum NT-proBNP levels from baseline to 
6 months compared between two groups with different 
severity of LV systolic dysfunction : group1 with LVEF 
≤ 35% and group 2 with LVEF 36-40%. Significant NT-
proBNP reduction observed in both groups.

 

Figure 1. Dynamics of NT-pro-BNP levels.
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 Elevated plasma renin concentration observed at 
baseline reflects activation of RAAS cascade in patients 
with heart failure. In the course of RAAS blocking thera-
py, we observed a 52.3% reduction in renin concentra-
tion (3.54 vs. 1.69, p=0.083) (Figure 3). Although the dif-
ference in renin concentration between the groups with 
different degree of LV dysfunction severity is statistically 
insignificant, the group with lower LV ejection fraction 
had higher renin levels (3.93 vs. 2.81, p=0.746). 

 Although changes are not statistically significant, we 
observed an increase in plasma aldosterone levels at 
six months (191 vs. 303, p= 0.758) (Figure 4). No sig-

nificant difference in aldosterone levels was observed 
between the two groups. 

4.2 Echocardiographic measurements
Echocardiographic measurements at baseline and at 
six months are presented in Table 4. The severity of LV 
systolic dysfunction is demonstrated by low baseline LV 
ejection fraction, which improved significantly following 
revascularization and 6 months of combined HF therapy 
(36% vs. 40%, p= 0.001). Although echocardiographic 
measurements of LV volumes are statistically insignifi-
cant, one can notice a modest improvement in parame-
ters characterizing LV contractility, namely a reduction of 
LV end-systolic volume, an increase in LV stroke volume 
and improved cardiac output.

4.3 Relationship between measures of renal 
and myocardial function 
To explore the relationship between measures of renal 
and myocardial function we calculated correlation coef-
ficients and compared baseline values with values at 6 
months. Results of this analysis are presented in Table 5. 
One can observe, that raw creatinine at baseline signifi-
cantly correlated with different parameters of myocardial 
function measured at baseline: NT-proBNP (p< 0.001), 
LV ejection fraction (p= 0.003) and LV myocardial mass 
index (p= 0.005). However, this correlation is no longer 
present after 6 months. In addition to the analysis car-
ried out, we have built several logistic regression mod-
els. These were intended to answer the question wheth-

Baseline 6 months P value

LV EF,% 36.28 ± 7.38 40.76 ± 8.07 0.001

LVEDV, ml 145.63 ± 46.39 148.11 ± 53.38 0.864

LVESV, ml 93.92 ± 36.35 89.89 ± 38.66 0.415
LV stroke 
volume, ml 51.91 ± 15.70 58.21 ± 20.44 0.326

Cardiac output, 
l/min 3.59 ± 1.07 3.78 ± 1.24 0.851

Myocardial mass 
index g/m2 125.48 ± 36.07 120.71 ± 26.02 0.955

LV EF- left ventricular ejection fraction, LVEDV- left ventricular
end-diastolic volume, LVESV- left ventricular end-systolic volume

Table 4. Dynamics of echocardiographic and hemodynamic pa-
rameters.

Figure 4. Dynamics of aldosterone levels.

 

Figure 3. Dynamics of renin levels.

 

  NT-proBNP(B) LVEF (B) LVMMI (B) NT-proBNP (6) LVEF (6) LVMMI (6)

creatinine(B) 0.537 (<0.001) 0.350 (0.003) 0.376 (0.005) -0.092 (0.604) -0.351 (0.045) 0.108 (0.548)

eGFR(B) -0.358 (0.011) -0.101 (0.422) -0.189 (0.168) -0.317 (0.088) 0.067 (0.724) 0.033 (0.864)

creatinine(6) -0.107 (0.618) 0.333 (0.044) 0.177 (0.366) -0.095 (0.603) -0.162 (0.367) 0.063 (0.726)

eGFR(6) -0.203 (0.364) -0.228 (0.203) 0.277 (0.154) -0.349 (0.069) -0.061 (0.747) 0.035 (0.845)

* correlation coefficient and p value are reported: r(p); letter B stands for baseline measurement, number 6 – for measurement after 6 months

Table 5. Correlation between measures of renal function and measures of myocardial function*.
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er one can predict significant improvement of LV ejection 
fraction (improvement ≥ 5%) using measures of renal 
function. In this analysis we have also included levels of 
aldosterone, renin and NT-proBNP. The pattern applied 
was as follows. First of all, we have built 6 univariate 
models. In each of the models, a binary variable indi-
cating LVEF improvement acted as a dependent vari-
able, whereas one of six previously mentioned baseline 
measurements (creatinine, eGFR, aldosterone, renin, 
NT-proBNP) acted as an independent one. Since none 
of the variables appeared to be significant in univariate 
models, a final multivariate model was not built. Results 
of this analysis are presented in Table 6. One can ob-
serve that although creatinine was not a significant inde-
pendent variable, it seems to be the most prominent for 
prediction of left ventricular EF improvement.

5. Discussion
5.1 Neurohumoral activation in heart failure
We evaluated the effect of combined RAAS inhibition, 
including aldosterone receptor blocker eplerenone, in 
patients with HF following acute myocardial infarction. 
Heart failure results in the activation of the sympathetic 
nervous and the renin-angiotensin-aldosterone sys-
tems by arterial underfilling, and by hemodynamic and 
hormonally mediated effects on the kidney [13]. Direct 
adrenergic and hemodynamic effects on kidneys result 
in augmented plasma renin activity and the subse-
quent production of angiotensin-II (AII). Being a potent 
vasoconstrictor, AII reduces renal perfusion, stimulates 
release of arginine vasopressin, pro-inflammatory cy-
tokines, and aldosterone [14]. While protective during 
an acute stress response, chronic stimulation of RAAS 
has detrimental effects including vasoconstriction, vas-
cular smooth muscle proliferation, endothelial dysfunc-
tion, inflammation, fibrosis, and thrombosis [15]. RAAS 
blockers (along with beta-blockers) have become the 
cornerstone of pharmacological therapy for systolic 
heart failure. The three main classes of RAAS inhibi-
tors currently used in clinical practice are ACE-Is, an-
giotensin receptor blockers (ARBs) and mineralocorti-
coid receptor antagonists with a fourth class of agents 

– the direct renin inhibitors (DRIs) – under active in-
vestigation.
 Our study demonstrated, that following revascular-
ization and in the course of HF therapy, incorporating 
an aldosterone receptor antagonist, significant reduc-
tion of plasma levels of NT-proBNP and, to a lesser 
extent renin concentration was observed, whereas an 
increase in aldosterone levels was noted. As expected, 
patients with more pronounced LV systolic dysfunc-
tion (LVEF≤ 35%) had higher baseline NT-proBNP 
levels, compared to those with LVEF 36-40%. It is es-
tablished, that circulating plasma levels of cardiac na-
triuretic peptides are inversely related to the severity 
of left ventricular dysfunction and have been found to 
be a prognostic predictors [16,17]. More specifically, 
the plasma NT-proBNP level is directly correlated to 
change in ventricular wall stress. Natriuretic peptides 
have several biologic functions, including vasodilata-
tion, increased compliance in large vessels, enhanced 
baroreceptor sensitivity, and renal effects, particularly 
sodium excretion [18]. Our results are consistent with 
the data of Tsutamato et al. [19], who after four months 
of spironolactone therapy showed a significant de-
crease in BNP and pro-atrial natriuretic factor levels in 
a group of patients with mild to moderate non-ischemic 
cardiomyopathy. The observed reduction in NT-proB-
NP levels could be related not only to an improvement 
in left ventricular contractility, but also to an improve-
ment in left ventricular diastolic properties and reduced 
LV-filling pressures. It is known, that aldosterone has 
several deleterious effects on the failing heart, primar-
ily sodium and fluid retention, but also endothelial dys-
function, left ventricular hypertrophy, and myocardial 
fibrosis, resulting in increased myocardial stiffness and 
increased left ventricular mass [20,21]. Anti-aldoste-
rone therapy can influence the progression of left ven-
tricular remodeling by a reduction in interstitial fibro-
sis and reorganization of the collagen matrix [22,23]. 
Although the myocardial mass reduction observed in 
our study was statistically insignificant, it could have 
played a beneficial role in LV diastolic performance. 
 An increase in aldosterone levels observed during 
6 months of HF therapy probably reflects an activated 
feedback mechanism of RAAS, a phenomenon known 
as “aldosterone escape”. For many years, it was be-
lieved that ACE-Is suppressed aldosterone levels 
sufficiently. Nevertheless elevated aldosterone levels 
have been noted in up to 38% of patients on chronic 
ACE inhibitor therapy [24,25]. It is established, that fol-
lowing an acute fall of aldosterone in response to ad-
ministration of ACE inhibitor, the level rises again and 
returns to baseline in some patients. Interestingly, pa-
tients progress toward aldosterone escape regardless 

  Regression coef. (SE) P value OR (95% CI)

eGFR 0,005 (0,018) 0,788 1,005 (0,970;1,040)

Creatinine -0,047 (0,026) 0,072 0,954 (0,907;1,004)

NT-proBNP 0,000 (0,000) 0,582 1,000 (1,000;1,000)

Renin 0,041 (0,055) 0,455 1,042 (0,936;1,160)

Aldosterone -0,002 (0,003) 0,509 0,998 (0,993;1,004)

Table 6. Logistic regression models for prediction of LV ejection 
fraction improvement.
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of whether the ACE inhibitor dose is low or high [26]. 
Pitt et al. [3] in the Randomized ALdactone Evaluation 
Study (RALES) tested the hypothesis, that addition of 
aldosterone inhibitor to HF therapy, will overcome this 
phenomenon and allow a complete blockade of RAAS, 
however neurohormonal impact of this therapy re-
mained unclear. The mechanism of action and neuro-
hormonal impact of antialdosterone therapy was clari-
fied by Rousseau et al [4] in a neurohormonal substudy 
of RALES, where in a subgroup of 107 patients (NYHA 
functional class III to IV) spironolactone administra-
tion in patients with congestive HF reduced circulat-
ing levels of natriuretic peptides and increased levels 
of aldosterone. Elevated aldosterone levels correlate 
with the risk of cardiovascular events, as shown in the 
neurohormonal substudy of the SAVE trial [27], where 
patients with lower aldosterone levels had a better 
prognosis and remained free of cardiovascular events 
for 2 years. The extent to which aldosterone escape 
occurs is highly variable. The underlying mechanisms 
for the described variety in individual responses to 
medical HF therapy remains uncertain, but they have 
been related to differences in race, ethnicity, comorbid 
conditions, concomitant use of other medications, and 
certain genetic predispositions [28,29]. 
 Activation of RAAS in our study population is dem-
onstrated by raised baseline renin levels. Elevated plas-
ma renin activity has been found to be a marker of poor 
prognosis in heart failure patients. It is also a marker 
for subsequent adverse events in HF. The physiologi-
cal pathways regulating renin release can be influenced 
by a number of pharmacologic agents currently used to 
treat HF. While beta-adrenergic receptor blockers direct-
ly inhibit secretion of renin, ACE inhibitors raise renin 
levels and downstream components of the RAAS cas-
cade. Loop diuretics, commonly used to relieve conges-
tion in HF patients are also known to activate neurohu-
moral axis. Bayliss et al. [30] demonstrated that addition 
of loop diuretic in heart failure patients resulted in signifi-
cant increase in plasma renin activity and aldosterone 
levels. The main mechanism for renin release is thought 
to be diuretic-induced volume contraction. The higher 
renin levels observed in a group with worse LV systolic 
function could be attributed not only to the more pro-
nounced RAAS activation, but also to higher doses of 
loop diuretics used. Atrial natriuretic peptides inhibit re-
nin release, resulting in reciprocal relationship in healthy 
subjects with normal ventricular function, although this 
regulation may be disturbed by LV dysfunction. This ex-
plains the inverse relationship between BNP and renin 
levels observed in our study. There are, however, very 
little data on the relationship between BNP and plasma 
renin activity in chronic HF.

5.2 The effects of HF therapy on renal function
Impaired renal function is a major adverse prognos-
tic factor in acute and chronic heart failure. Data from 
the Second Prospective Randomized Study of Ibopa-
mine on Mortality and Efficacy (PRIME-II) showed that 
GFR decline was a stronger predictor of mortality than 
ejection fraction in patients with advanced and severe 
chronic HF [31]. Contrary to the general view, renal im-
pairment in heart failure may be evident in any stage 
of the disease. Although worsening renal function in 
patients with decompensated HF is more common, pa-
tients with mild heart failure and even those with asymp-
tomatic left ventricular systolic dysfunction exhibit such 
abnormalities, which confer to an adverse prognosis. 
We observed a mild decline in eGFR (-2,0 ml/min) in 
our patients. Whether such a small observed decline 
in eGFR may be clinically relevant is questionable. Our 
findings correlate with the results of Rossinol et al. [32], 
who analysed effects of eplerenone on renal function in 
EPHESUS study population. In a group of patients with 
heart failure and left ventricular systolic dysfunction after 
an acute myocardial infarction, investigators observed 
a gradual decline in eGFR (-4.6 ± 0.9 ml/min/1.73m2) 
with an adjusted mean difference of -1.4 ± 0.3 ml/min 
in eplerenone group compared with placebo. The dif-
ference in eGFR appeared as early as the first month 
and persisted throughout the study. The important mes-
sage of this post hoc analysis was that the effects of 
eplerenone on kidney function did not reduce the sur-
vival benefits of eplerenone. It was suggested, that 
eplerenone should not be stopped if a modest decline 
in eGFR occurs. The decline in eGFR in our study 
was of smaller magnitude compared to that observed 
in EPHESUS study population. One of the possible 
explanations could be the difference in baseline renal 
function. The mean baseline eGFR in EPHESUS study 
population was lower (70 ± 21 ml/min/1.73m2), with 
one third of patients having baseline renal dysfunction 
(eGFR <60 ml/min/1.73m2). The second possible expla-
nation could be the difference in the extent of the follow-
up, 24 vs. 6 months, as it is known that HF patients tend 
to have a declining renal function in the long term. The 
reduction in eGFR observed in our patients could be at-
tributed not only to the use of eplerenone. ACE inhibitors 
and ARBs have also been associated with a decline in 
eGFR, primarily mediated through the reduced effects 
of angiotensin II. A majority of our patients were also 
treated with loop diuretics and their long-term use per 
se may activate the RAA and sympathetic nervous sys-
tems, as well as induce a decrease in eGFR [33].
 The issue of multiple RAAS inhibitors safety has been 
widely debated. When multiple neuroendocrine inhibitors 
are combined, they have increased propensity to raise 
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serum potassium levels. In RALES and EPHESUS [3,6], 
the average increase in serum potassium levels in the 
treatment groups was 0.3 mmol/L and the increased in-
cidence of serious hyperkalemia (>6.0 mmol/L) with the 
aldosterone blocker, although not statistically significant 
in RALES, was significant in the EPHESUS study. In 
our study population with normal baseline renal function 
we observed a smaller, 0.2 mmol/L increase in serum 
potassium levels, with none of the patients developing 
severe hyperkalemia. The safety of eplerenone was also 
addressed in an EMPHASIS-HF trial [7], investigating ef-
fects of eplerenone vs. placebo in post-MI patients with 
mild heart failure. There was an increased incidence of 
hyperkalemia (potassium levels exceeding 5.5 mmol) in 
eplerenone group compared to those in placebo group, 
11.8% vs. 7.2%. Patients with a baseline serum potassi-
um level above 5.0 mmol/L and a baseline eGFR below 
30 ml/min/1.73 m2 were excluded from the study, thus 
aldosterone antagonists should be avoided in these pa-
tients. Nevertheless it was suggested, that eplerenone is 
safe and beneficial when given to patients without renal 
dysfunction. Taken together, it can be concluded, that 
in a selected group of patients, with a careful dosage 
titration and close monitoring of renal function, multiple 
RAAS blocking therapy, including aldosterone inhibitor, 
can be safe. In contrast, in congested HF patients requir-
ing a large doses of loop diuretics, eplerenone adminis-
tration reduces the risk of hypokalemia. This is impor-
tant, because a serum potassium level below 4.0 mmol 
per liter has been associated with an increased risk of 
death from any cause among patients with systolic heart 
failure [34].

5.3 Relationship between cardiac dysfunction 
and renal function
Interactions between the heart and kidney in the set-
ting of heart failure are complex and have a substantial 
impact on patient care and outcomes. The interdepen-
dence of cardiocirculatory aberrations and renal dys-
function is known as cardiorenal syndrome. Clearly, the 
cardiac and renal systems are significantly intertwined 
and disease in one organ often results in the other. The 
pathways leading to these impairments involve not only 
hemodynamic deterioration, but also neurohormonal, in-
flammatory and intrinsic renal mechanisms that produce 
this syndrome [34]. Although worsening renal function in 
patients with decompensated heart failure is more com-
mon, patients with mild heart failure and even those with 
asymptomatic left ventricular dysfunction exhibit such 
abnormalities, which confer an adverse prognosis. With 
respect to the kidneys, activation of RAAS is not only a 
response to preserve systemic circulatory volume, but it 

is also a primary response to preserve glomerular filtra-
tion, which decreases with decreased renal blood flow 
and decline in perfusion pressures. The significance of 
neurohormonal pathways in development of renal dys-
function in patients with heart failure is showed by Wein-
feld at al [35]. In a study of 48 heart failure patients, au-
thors find no correlation between renal dysfunction and 
cardiac output, filling pressures, or systemic vascular 
resistance. Investigators concluded, that renal perfu-
sion is effected by endogenous vascular factors, includ-
ing endothelin, nitric oxide, prostaglandin, natriuretic 
peptides, independent of central hemodynamics. In our 
study population we observed a significant correlation 
of renal function tests with markers of cardiac function, 
namely NT-proBNP and LV ejection fraction, at baseline. 
Interestingly, this correlation is no longer present after 
6 months. The correlation at baseline could possibly be 
explained by a strong influence of acutely failing heart on 
hemodynamics and renal perfusion pressures early after 
coronary event, when LV systolic function is at its worst, 
as well as influence of marked RAAS activation. How-
ever with interventional and pharmacological treatment 
strategies and subsequent improvement in LV systolic 
function, as well as suppression of RAAS activation, this 
cardiac-renal relation at 6 months is no longer present. 

6. Conclusions
Combined RAAS blocking therapy, incorporating aldo-
sterone receptor inhibitor eplerenone, in patients with 
left ventricular systolic dysfunction following acute MI, 
decreases circulating levels of natriuretic peptides and 
renin and increases levels of aldosterone. The marked 
reduction in NT-pro BNP levels is related to significant 
improvement in LV systolic function and possibly im-
provement in LV compliance and reduction of LV-filling 
pressures. Whereas the increase in aldosterone levels 
could reflect activated feedback mechanisms of RAAS. 
A mild reduction in eGFR in the course of HF therapy 
can be expected in post-MI patients with normal base-
line renal function. A severe hyperkalemia can be pre-
vented by close monitoring of renal function and potas-
sium levels. Our findings suggest that there is a direct 
linear relationship between renal function and markers 
of myocardial function early post-MI, which is no longer 
present after 6 months. Cardio-renal correlation is best 
reflected by raw values of creatinine.
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