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Serum sodium and eplerenone use in patients with a myocardial infarction and left ventricular dysfunction or heart failure: insights from the EPHESUS trial
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Background: Sodium changes are common in myocardial infarction (MI) complicated with left ventricular systolic dysfunction (LVSD) and/or heart failure (HF). Sodium handling is fine-tuned in the distal nephron, were eplerenone exhibits some of its pleotropic effects. Little is known about the effect of eplerenone on serum sodium and the prognostic relevance of sodium alterations in patients with MI complicated with LVSD and/or HF.

Methods:

The EPHESUS trial randomized 6632 patients to either eplerenone or placebo.

Hyponatremia and hypernatremia were defined as sodium <135 mmol/L or >145 mmol/l respectively.

Linear mixed models and time-updated Cox regression analysis were used to determine the effect of eplerenone on sodium changes and the prognostic importance of sodium changes, respectively. The primary outcomes were all-cause mortality and a composite of cardiovascular (CV) mortality and CVhospitalization.

Results: A total of 6221 patients had a post-baseline sodium measurement, 797 patients developed hyponatremia (mean of 0.2 events/per patient) and 1476 developed hypernatremia (mean of 0.4 events/per patient). Patients assigned to eplerenone had a lower mean serum sodium over the followup (140 vs 141mmol/L; p<0.0001) and more often developed hyponatremia episodes (15% vs 11%; p=0.0001) and less often hypernatremia episodes (22% vs. 26% p=0.0003). Hyponatremia, but not hypernatremia was associated with adverse outcome for all outcome endpoints in the placebo group but not in the eplerenone group (Interaction p-value<0.05 for all). Baseline sodium values did not influence the treatment effect of eplerenone in reducing the various endpoints (interaction p-value >0.05 for all). Development of new-onset hyponatremia following eplerenone initiation did not diminish the beneficial eplerenone treatment effect.

Conclusion:

Eplerenone induces minor reductions in serum sodium. The beneficial effect of eplerenone was maintained regardless of the baseline serum sodium or the development of hyponatremia. Sodium alterations should not refrain clinicians from prescribing eplerenone to patients who had an MI complicated with LVSD and/or HF.

Introduction

Sodium changes are frequently encountered in patients with cardiovascular disease, especially in patients with an acute myocardial infarction and/or heart failure. [START_REF] Shah | Prognostic Significance of Hyponatremia in ST-elevation Myocardial Infarction/Heart Failure Patients[END_REF][START_REF] Plakht | Sodium levels during hospitalization with acute myocardial infarction are markers of in-hospital mortality: Soroka acute myocardial infarction II (SAMI-II) project[END_REF][START_REF] Choi | Prognostic impact of hyponatremia occurring at various time points during hospitalization on mortality in patients with acute myocardial infarction[END_REF][START_REF] Burkhardt | Hyponatraemia on admission to hospital is associated with increased long-term risk of mortality in survivors of myocardial infarction[END_REF][START_REF] Balling | Efficacy and safety of angiotensin-converting enzyme inhibitors in patients with left ventricular systolic dysfunction and hyponatremia[END_REF][START_REF] Lazzeri | Usefulness of hyponatremia in the acute phase of ST-elevation myocardial infarction as a marker of severity[END_REF][START_REF] Madan | Impact of change in serum sodium concentration on mortality in patients hospitalized with heart failure and hyponatremia[END_REF][START_REF] Klein | Lower serum sodium is associated with increased short-term mortality in hospitalized patients with worsening heart failure: results from the Outcomes of a Prospective Trial of Intravenous Milrinone for Exacerbations of Chronic Heart Failure (OPTIME-CHF) study[END_REF][START_REF] Shea | Medical costs of abnormal serum sodium levels[END_REF][START_REF] Schou | Plasma sodium and mortality risk in patients with myocardial infarction and a low LVEF[END_REF][START_REF] Balling | Prevalence and prognostic significance of hyponatraemia in outpatients with chronic heart failure[END_REF][START_REF] Verbrugge | Transient Hyponatremia During Hospitalization for Acute Heart Failure[END_REF][START_REF] Hirth | What does a serum sodium cost?[END_REF] Both in the setting of a myocardial infarction or heart failure, hyponatremia is associated with increased mortality and morbidity. However it is uncertain whether hyponatremia is just a risk marker of more advanced disease or also directly contributes to adverse outcome. [START_REF] Lazzeri | Usefulness of hyponatremia in the acute phase of ST-elevation myocardial infarction as a marker of severity[END_REF] Serum sodium concentrations are mainly regulated at the level of distal nephron, where tubular flow, distal sodium reabsorption and the relative permeability to free water of the collecting ducts determine ultimate urine tonicity and serum sodium concentration. [START_REF] Verbrugge | Hyponatremia in acute decompensated heart failure: depletion versus dilution[END_REF] Mineralocorticoid receptor antagonists (MRA), by inhibiting the aldosterone-sensitive sodium channels, result in less reabsorption of sodium in the distal nephron. As a result, MRAs hamper the ability of the distal nephron to generate maximal dilute urine, which could worsen hyponatremia.

Guidelines give a strong recommendation (class IA) for the use of MRAs in selected patients with a recent myocardial infarction and systolic dysfunction or heart failure. [START_REF] Ponikowski | 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[END_REF][START_REF] Collet | ESC Guidelines for the management of acute coronary syndromes in patients presenting without persistent ST-segment elevation[END_REF] However, little information is available about the impact of MRA use on serum sodium levels and the potential prognostic meaning of treatment induced sodium changes. The current post-hoc analysis of the EPHESUS (Eplerenone, a Selective Aldosterone Blocker, in Patients with Left Ventricular Dysfunction after Myocardial Infarction) [START_REF] Pitt | Eplerenone, a selective aldosterone blocker, in patients with left ventricular dysfunction after myocardial infarction[END_REF] trial aims to determine; [START_REF] Shah | Prognostic Significance of Hyponatremia in ST-elevation Myocardial Infarction/Heart Failure Patients[END_REF] the effect of eplerenone on serum sodium levels, (2) the prognostic relevance of sodium changes and, [START_REF] Choi | Prognostic impact of hyponatremia occurring at various time points during hospitalization on mortality in patients with acute myocardial infarction[END_REF] the interaction between sodium and the treatment effect of eplerenone in patients with an acute myocardial infarction complicated with left ventricular systolic dysfunction and/or HF.

Methods

Study design and population

The methodology and the results of the EPHESUS study (NCT00232180) have been previously described. [START_REF] Pitt | Eplerenone, a selective aldosterone blocker, in patients with left ventricular dysfunction after myocardial infarction[END_REF] Briefly, Patients enrolled in EPHESUS had an acute myocardial infarction complicated by systolic dysfunction (left ventricular ejection fraction ≤40%), heart failure (documented by at least one of the following: presence of pulmonary rales, chest radiography showing pulmonary venous congestion, or the presence of a third heart sound) or diabetes. Patients were enrolled in the trial 3-14 days after the myocardial infarction and were randomly assigned to treatment with eplerenone or placebo in a 1:1 fashion in addition to receiving standard medical therapy, which could include angiotensin converting enzyme inhibitors (ACEi) or angiotensin receptor blockers (ARBs), β-blockers, diuretics, aspirin, statins as well as coronary reperfusion therapy. EPHESUS was an event-driven study with a mean follow-up duration of 16 months. The study was performed according to the principles outlined in the Declaration of Helsinki. Written informed consent was obtained from all patients.

Definition of sodium alterations at follow-up

Patients were followed up after randomization at one week, four weeks, three months and every three months there-after. Sodium analysis were performed by protocol at baseline, at 3 months, 6 months, 12 months, 18 months and 24 months of follow-up. To determine the development of sodium alterations after randomization, new onset hyponatremia was defined as any post-baseline sodium <135 mmol/L for patients with a baseline sodium value of ≥135mmol/L. New onset hypernatremia was defined as any post-baseline sodium value >145 mmol/L together with a baseline sodium value ≤145mmol/L. For patients with a post-baseline sodium measurement falling into the category of both new onset hyponatremia and new onset hypernatremia, the last available sodium measurement was used for categorization.

Outcome endpoints

In line with the original report of the EPHESUS trial, the two primary endpoints were; (1) all-cause mortality and (2) a composite of cardiovascular mortality or cardiovascular hospitalization The secondary endpoints were; (1) cardiovascular mortality and (2) a composite of all-cause mortality or all-cause hospitalization. For the manuscript an exploratory endpoint was designed consisting of: (1) a composite of cardiovascular mortality or heart failure hospitalization (HFH) and (2) HFH alone. All endpoints in the EPHESUS trial were adjudicated by an independent and blinded endpoint committee.

Statistical analysis

Continuous variables are presented as mean ± standard deviation and categorical variables as frequencies (percentages). Between groups assessment of categorical variables were compared using Pearson's Chi-2 test or Fisher's exact, while continuous variables were compared using student t test.

Linear mixed effects models with repeated measures over time were performed to assess changes in serum sodium levels over time according to treatment group allocation (eplerenone vs. placebo). The baseline sodium and the interaction of the treatment by time were specified as fixed effects and the patient level as a random effect (to model the intrinsic patient related covariance between visits within one patient). Multivariable logistic regression models were used to determine if eplerenone treatment assignment is an independent predictor for developing hyponatremia and hypernatremia. Cox regression models with time updated covariate structures of serum sodium were used to assess the relation between sodium changes and the primary, secondary and tertiary endpoints. Hazard ratios (HR) are presented with their 95% confidence interval (CI). Time updated serum sodium values, visualized as B-splines, were tested in outcome analysis after covariate adjustment. Covariates were chosen based on clinical relevance, prognostic importance and use in previous post-hoc analysis in the EPHESUS-trial. [START_REF] Ferreira | Reduced Diuretic Dose in Patients Treated With Eplerenone: Data From the EPHESUS Trial[END_REF] Covariates for adjustment included: age, sex, Killip class, left ventricular ejection fraction, reperfusion therapy, hemoglobin, potassium (time updated), systolic blood pressure, heart rate, estimated glomerular filtration rate calculated by CKD-Epi formula (time updated), body mass index, history of diabetes, history of hypertension, history atrial fibrillation, history of chronic obstructive pulmonary disease, previous myocardial infarction, previous HFH, peripheral arterial disease, use of diuretics, ACEi/ARB, Beta-blocker, digoxin and eplerenone assignment. In addition to modeling sodium as a continuous variable (B-spline), sodium was also modeled categorically as new-onset hypo-and hypernatremia. To determine the impact of sodium levels on the treatment effect of eplerenone, treatment interaction was assessed (sodium*treatment interaction) for the different endpoints, using both baseline sodium and the categories of post baseline sodium alterations with reporting of p-values for interaction. The treatment effect of eplerenone was visually depicted over the entire serum sodium range. All analyses were performed using SAS version 9.4.

Results

Characteristics of the study population

Of the 6632 patients included in the EPHESUS trial, 6221 patients had a post-baseline sodium measurement and were included in the current analysis. Baseline features of patients with versus without a post-baseline sodium are shown in supplemental table 1. At baseline, before treatment assignment, 625 patients (10%) had hyponatremia and 402 patients (6%) had hypernatremia.

During a median follow-up of 16 [START_REF] Verbrugge | Transient Hyponatremia During Hospitalization for Acute Heart Failure[END_REF][START_REF] Hirth | What does a serum sodium cost?[END_REF][START_REF] Verbrugge | Hyponatremia in acute decompensated heart failure: depletion versus dilution[END_REF][START_REF] Ponikowski | 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[END_REF][START_REF] Collet | ESC Guidelines for the management of acute coronary syndromes in patients presenting without persistent ST-segment elevation[END_REF][START_REF] Pitt | Eplerenone, a selective aldosterone blocker, in patients with left ventricular dysfunction after myocardial infarction[END_REF][START_REF] Ferreira | Reduced Diuretic Dose in Patients Treated With Eplerenone: Data From the EPHESUS Trial[END_REF][START_REF] Gheorghiade | Relationship between admission serum sodium concentration and clinical outcomes in patients hospitalized for heart failure: an analysis from the OPTIMIZE-HF registry[END_REF][START_REF] Levy | The Seattle Heart Failure Model: prediction of survival in heart failure[END_REF][START_REF] Packer | Correction of dilutional hyponatremia in severe chronic heart failure by converting-enzyme inhibition[END_REF] months a total of 733 patients developed new onset hyponatremia (mean of 0.2 hyponatremia events per patient, range 0-6 events) and 1399 developed new onset hypernatremia (mean of 0.4 hypernatremia events per patient, range 0-8 events). Baseline characteristics of patients developing new onset hyponatremia or new onset hypernatremia according to treatment assignment are shown in Table 1. Patients that developed hyponatremia more often had diabetes, chronic obstructive pulmonary disease, higher heart rate, lower baseline sodium and lower left ventricular ejection fraction in both the eplerenone group and placebo group. Patients that developed hypernatremia less often had diabetes, more often hypertension, had a lower heart rate, less symptomatic disease, more often higher baseline sodium and potassium levels, higher left ventricular ejection fraction and were less often treated with ACEi/ARBs in both the eplerenone and placebo group.

The proportion of patients developing new onset hyponatremia and hypernatremia is reflected in figure 1. In the eplerenone group, 11.3% of patients had one episode of new-onset hyponatremia and 3.4% of patients had ≥2 episodes (range 0-6 episodes). While 9.2% of the patients in the placebo group had one episode of new-onset hyponatremia and 2.3% of patients had ≥2 episodes (range 0-4 episodes). This illustrates that a larger proportion of patients receiving eplerenone developed new onset hyponatremia (p=0.0001), and a smaller proportion of patients receiving eplerenone developed new onset hypernatremia in comparison to placebo (p=0.0003). The proportion of patients with extreme sodium values (sodium < 130 mmol/l and sodium > 150 mmol/l) was low and did not differ according to the treatment assignment (see supplemental figure 1). Supplementary table 2 lists the independent predictors for the development of new onset hypo-or hypernatremia, illustrating that eplerenone assignment is associated with higher odds for new onset hyponatremia (OR=1.22; CI=1.03-1.44) and lower odds for new onset hypernatremia (OR=0.81; CI=0.72-0.92). Hospitalization) demonstrate that hyponatremia in subjects receiving eplerenone is not associated with an increased risk for the specific endpoint, while hyponatremia in patients treated with placebo is associated with an increased risk. For the remaining endpoints (panel B, E and F), hyponatremia remained associated with an increased risk for both the patients treated with placebo or eplerenone.

Sodium changes over time and predictors of sodium alterations

Sodium alterations and clinical outcome

Hyponatremia conveyed the largest risk for the endpoint HFH as illustrated by the largest hazard ratio.

Hypernatremia was not associated with an increased risk for adverse outcome if patients were treated with eplerenone, while this was associated with an increased risk for all endpoints if patients were treated with placebo.

Sodium and the eplerenone treatment effect

Over the entire range of baseline sodium values, eplerenone was equally effective and baseline sodium did not modify the treatment effect of eplerenone (P for interaction >0.05 for all endpoints) (table 2). Figure 4 represents the relation between the time updated serum sodium values (according to treatment assignment) and the risk of all different outcome endpoints after covariate adjustments. The risk is expressed as hazard ratio with corresponding confidence interval, and visualized using Bsplines. Figure 4 illustrates that the development of new onset hyponatremia was not associated with a reduction of the treatment effect of eplerenone, as indicated by all HR being below 1 (and sodium being expressed on a continuous scale). Table 2 illustrates the hazard ratio for sodium expressed categorically (hyponatremia, normal sodium range and hypernatremia) similarly showing that development of post baseline hyponatremia was not associated with a reduction in the treatment effect of eplerenone as suggested by the directionality of the hazard ratios (all below 1). Hyponatremia frequently occurs in around 10-20% of patients with a myocardial infarction or heart failure (as we observed in the present study) and has long been recognized to confer an increased risk for adverse outcome. (1-6, 19, 20). Indeed this is also illustrated in supplemental table 1 showing that patient with baseline hyponatremia had more advanced disease, however our manuscript focusses on new onset hyponatremia and the relationship with MRA prescription. From a pathophysiologic perspective, the hemodynamic and neurohormonal alterations that occur in the setting of a myocardial infarction or in the setting of heart failure predispose this patient population to develop hyponatremia. [START_REF] Packer | Correction of dilutional hyponatremia in severe chronic heart failure by converting-enzyme inhibition[END_REF][START_REF] Dzau | Prostaglandins in severe congestive heart failure. Relation to activation of the renin--angiotensin system and hyponatremia[END_REF] Both hemodynamic and neurohormonal alterations result in diminished distal nephron tubular flow.( 23) While, neurohormones (renin and angiotensin II) result in non-osmotic release of arginine vasopressin (AVP).( 24) Both low tubular flow and high levels of AVP predispose the distal nephron to the development of hyponatremia (see figure 5). Indeed serum sodium levels are fine-tuned in the distal nephron as direct micro-puncture studies have illustrated that tubular ultrafiltrate has a similar osmolality at the level of the macula densa in states of diuresis or antidiuresis. [START_REF] Gottschalk Cw | Micropuncture study of the mammalian urinary concentrating mechanism: evidence for the countercurrent hypothesis[END_REF] Distal nephron sodium uptake by eNAC mitigates hyponatremia because free water is being reabsorbed in conjunction with sodium.( 14) Not surprisingly, blocking this eNAC sodium uptake via MRAs results in heightened vulnerability to develop hyponatremia because free water is reabsorbed while sodium is being excreted.(26-28) Indeed, clinical practice guidelines on the use of diuretics in heart failure acknowledge that in the setting of acute heart failure that MRA use can worsen hyponatremia.(29) Yet , both in the setting of an acute myocardial infarction with a LVEF<40% as in the setting of HFrEF with symptoms despite optimal treatment with ACE-I/ARB and beta-blocker, MRAs carry a IA-guideline recommendation. [START_REF] Ponikowski | 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[END_REF][START_REF] Collet | ESC Guidelines for the management of acute coronary syndromes in patients presenting without persistent ST-segment elevation[END_REF] To the best of our knowledge, no study has evaluated the prognostic impact of potential serum sodium changes in relation to MRA in the setting of myocardial infarction complicated with systolic dysfunction. We show that the use of eplerenone is independently associated with the development of hyponatremia and patients treated with eplerenone have a small but statistically significant lower sodium throughout the study follow-up. Furthermore, we show in our cohort of patients with a myocardial infarction and systolic dysfunction that the presence of hyponatremia but not hypernatremia is associated with a high risk of adverse outcome for the primary, secondary and tertiary endpoints, with perhaps the strongest association between hyponatremia and the endpoint of HFH. It has indeed been well recognized that there is an inverse relation between neurohormonal activation and serum sodium, with a hyperreninemic state being associated with hyponatremia, [START_REF] Goldsmith | Increased plasma arginine vasopressin levels in patients with congestive heart failure[END_REF][START_REF] Lee | Prognostic importance of serum sodium concentration and its modification by converting-enzyme inhibition in patients with severe chronic heart failure[END_REF] which might explain why patients with hyponatremia are so vulnerable for developing heart failure necessitating hospital admissions. Our data however is very reassuring from a clinical perspective. Indeed, despite the fact that eplerenone can reduce serum sodium levels, eplerenone works equally well in patients with a low baseline sodium. Therefore, Physicians should not refrain from prescribing eplerenone to eligible patients because of a low baseline sodium. In concordance with our data, a previous sub-analysis of the TRACE-trial (Trandolapril Cardiac Evaluation Study), baseline sodium did also not influence the treatment benefit of trandolapril in patients with an acute myocardial infarction complicated with systolic dysfunction.( 5) Nevertheless, treatment with trandolapril did not result in a higher risk for developing hyponatremia during study follow-up, which was the case for eplerenone in our study.

Discussion

We also assessed if patients who develop new onset hyponatremia following initiation of eplerenone could have had a lower treatment benefit. Reassuringly, the data indicates that patients who develop new onset hyponatremia have at least a similar treatment benefit of eplerenone. Although the p-values for interaction for the endpoints all-cause mortality, CV-mortality, and the composite of allcause hospitalization and all-cause mortality suggest that patients with hyponatremia might have a bigger treatment benefit, this analysis should be interpreted with caution. This is because interaction tests between a treatment and a covariate measured after randomization can give a biased assessment of the treatment effect (because the measured covariate is also influenced by the treatment effect).

Nevertheless, the directionality of the hazard ratios does indicate that new onset hyponatremia in the setting of eplerenone use is not associated with a reduction of the treatment effect. This is in analogy with several other observations in cardiology, such as a slight increase in potassium after initiation of spironolactone or an increase in creatinine after initiation of an ACE-I does not result in a loss of benefit from these drugs. [START_REF] Ljungman | Renal function in severe congestive heart failure during treatment with enalapril (the Cooperative North Scandinavian Enalapril Survival Study [CONSENSUS] Trial)[END_REF][START_REF] Mullens | Evaluation of kidney function throughout the heart failure trajectory -a position statement from the Heart Failure Association of the European Society of Cardiology[END_REF][START_REF] Vardeny | Incidence, predictors, and outcomes related to hypo-and hyperkalemia in patients with severe heart failure treated with a mineralocorticoid receptor antagonist[END_REF][START_REF] Yusuf | Effect of enalapril on mortality and the development of heart failure in asymptomatic patients with reduced left ventricular ejection fractions[END_REF] Interestingly, it is increasingly recognized that high sodium levels can also activate the mineralocorticoid receptor in a none aldosterone dependent way. This observation perhaps also explains why lower serum sodium levels in combination with eplerenone use conveyed the biggest treatment benefit. [START_REF] Bauersachs | Mineralocorticoid receptor activation and mineralocorticoid receptor antagonist treatment in cardiac and renal diseases[END_REF] Collectively this underscores the importance of eplerenone drug continuation even in the setting of baseline or development of hyponatremia. Furthermore, our data also illustrates that perhaps in contrast to general belief hypernatremia is relatively common in heart failure occurring in 22% of patients using eplerenone and in 26% of patients on placebo. However in comparison to available literature, the prevalence of hypernatremia is not much different. [START_REF] Plakht | Sodium levels during hospitalization with acute myocardial infarction are markers of in-hospital mortality: Soroka acute myocardial infarction II (SAMI-II) project[END_REF][START_REF] Kovesdy | Hyponatremia, hypernatremia, and mortality in patients with chronic kidney disease with and without congestive heart failure[END_REF] Furthermore, our data illustrates that hypernatremia in comparison to hyponatremia is not associated with adverse clinical outcome.

Limitations

Several limitations should be noted in the present analysis. This is a post-hoc analysis of a randomized controlled trial, therefore these findings should be regarded as hypothesis generating. Second, on the absolute sodium values the effect of eplerenone is relatively small, but the change is very consistent in the overall population. Third, analysis between post randomization covariates and treatment can result in a biased assessment of a treatment effect. Fourth, in clinical practice, community physicians may respond to hyponatremia either by sodium supplementation of fluid restriction. However, there was no information on this practice in the current dataset and our analyses cannot address the impact of such practices on responsiveness to eplerenone.

Conclusion

In patients with left ventricular systolic dysfunction after myocardial infarction, treatment with eplerenone resulted in a lower serum sodium over time and a higher proportion of patients developing new onset hyponatremia. Overall hyponatremia but not hypernatremia is associated with adverse outcome. However, over the entire baseline serum sodium spectrum, treatment with eplerenone improves clinical outcome. New-onset hyponatremia after eplerenone initiation is not associated with a diminution of the eplerenone treatment effect. Low tubular flow in the distal nephron and the permeability of the distal nephron to free water are the main determinants of free water uptake and thus plasma sodium levels. *= indicates that medullar interstial oncotic gradient drives free water uptake and is higher due to low renal blood flow (less washout by vasa-recta) and due to medullar urea retention driven by AVP. Panel B illustrates that eplerenone is an independent predictor for hyponatremia. However the treatment effect of eplerenone is the biggest in patients in the hyponatremic range as illustrated in panel C. abbreviations: AVP= arginine vasopressin, AQP2= aquaporine channel 2, eNaC= aldosterone sensitive epithelial Nachannel.

Supplemental table 2: Multivariable logistic models for independent predictors of hypo-and hypernatremia

Parameter

Hyponatremia Hypernatremia results of multivariable logistic model with categories hyponatremia and hypernatremia being compared to the reference of normal sodium (135-145 mmol/l). Categorization into hyponatremia and hypernatremia category is based on post-baseline sodium values as defined in the methods section. Patients with hyponatremia at baseline that remained in hyponatremia post-baseline were included in the reference category as they did not develop new onset hyponatremia. Superscripts denote a: per mmol/l sodium increase, b:per % increase in LVEF, c:per mmol/l K increase, d:per beat per minute increase, e: per mmHg increase, f: per g/dl increase, g: per year increase, h: per kg/m² increase, i: per mg/dl/1,73m² increase.

Odds

Abbreviations: AF= atrial fibrillation, BP= blood pressure, BMI= body mass index, CABG= coronary artery bypass grafting, COPD= chronic obstructive pulmonary disease, eGFR= estimated glomerular filtration rate, F= female, HFH= heart failure hospitalization, LVEF= left ventricular ejection fraction, M= male, MI= myocardial infarction, PCI= percutaneous coronary intervention, PAD= peripheral artery disease.
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  Our analysis of the EPHESUS trial offers novel and important information regarding the relation between MRA use and serum sodium in patients with an acute myocardial infarction complicated with systolic dysfunction. The main findings are reflected in figure 5 and can be summarized as follows; (1) the use of eplerenone results in a lower serum sodium in comparison to placebo, which results in a higher proportion of patients developing hyponatremia and a lower proportion of patients developing hypernatremia during study follow-up. (2) Overall hyponatremia but not hypernatremia is associated with adverse outcome, (3) Eplerenone is effective in reducing mortality and morbidity irrespective of the baseline sodium. (4) Development of new-onset hyponatremia under eplerenone therapy does not diminish the beneficial treatment effect of eplerenone.
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 1 Figure 1: Hypo-and hypernatremia at any postbaseline visit according to treatment assignment.
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 2 Figure 2: Sodium values over time according to treatment assignment
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 3 Figure 3: Adjusted risk for different endpoints according to sodium level vs median sodium
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 4 Figure 4: Eplerenone treatment effect according to serum sodium after randomization.
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 5 Figure 5: Impact of eplerenone on sodium concentration and prognostic relevance

  

  

  

Table 1 :

 1 Characteristics of patients with hyponatremia or hypernatremia at post-baseline visit according to treatment assignment ACEi= angiotensin converting enzyme inhibitors, ARB= angiotensin receptor blokkers, Bpm= beats per minute, COPD= chronic obstructive pulmonary disease, DBP= diastolic blood pressure, eGFR= estimated glomerular filtration rate, PAD= peripheral artery disease, MI= myocardial infarction, SBP= systolic blood pressure.

	Eplerenone (N= 2797)
	Parameter

Table 2 :

 2 Treatment interaction of eplerenone effect in hyponatremia versus normal sodium range.

		Baseline sodium		Follow-up sodium
	Endpoint			
		HR (95% CI)	p-value for	HR (95% CI)	p-value for
		interaction	interaction
	CV-mortality	HypoNa: 0.96 (0.72 -1.30)		
	and CV-			
	hospitalizatio			
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Supplemental table 1: Baseline characteristics of patients with versus without post-baseline sodium values.

Abbreviations: ACEi= angiotensin converting enzyme inhibitors, ARB= angiotensin receptor blokkers, Bpm= beats per minute, COPD= chronic obstructive pulmonary disease, DBP= diastolic blood pressure, eGFR= estimated glomerular filtration rate, PAD= peripheral artery disease, MI= myocardial infarction, SBP= systolic blood pressure. 

Parameters