
Evidence-Based Medical Therapy in Patients With Heart Failure 
With Reduced Ejection Fraction and Chronic Kidney Disease

Iris E. Beldhuis, MD1, Carolyn S. P. Lam, MD, PhD1,2, Jeffrey M. Testani, MD, MTR3, Adriaan 
A. Voors, MD, PhD1, Harriette G.C. Van Spall, MD, MPH4,5,6, Jozine M. ter Maaten, MD, PhD1, 
Kevin Damman, MD, PhD1

1)University of Groningen, Department of Cardiology, University Medical Center Groningen, 
Groningen, The Netherlands

2)National Heart Centre Singapore and Duke-National University of Singapore

3)Department of Internal Medicine, Section of Cardiology, Yale University School of Medicine, New 
Haven, CT, USA

4)Department of Medicine, McMaster University, Hamilton, Ontario

5)Department of Health Research Methods, Evidence, and Impact, McMaster University, 
Hamilton, Ontario

6)Population Health Research Institute, Hamilton, Ontario

Abstract

Chronic kidney disease (CKD) as identified by a reduced glomerular filtration rate (eGFR) is 

a common comorbidity in patients with heart failure with reduced ejection fraction (HFrEF). 

The presence of CKD is associated with more severe HF, and CKD itself a strong independent 

risk factor of poor cardiovascular outcome. Furthermore, the presence of CKD often influences 

the decision to start, uptitrate or discontinue possible life saving HFrEF therapies. Since pivotal 

HFrEF randomized clinical trials have historically excluded patients with stage 4 and 5 CKD 

(eGFR < 30 mL/min/1.73m2), information on the efficacy and tolerability of HFrEF therapies 

in these patients is limited. However, more recent HFrEF trials with novel classes of drugs, 

included patients with more severe CKD. In this review on medical therapy in patients with 

HFrEF and CKD, we show that for both all-cause mortality and/or the combined endpoint 

of cardiovascular (CV) death or HF hospitalization, most drug classes are safe and effective 

up to CKD stage 3B (eGFR minimum 30 mL/min/1.73m2). For more severe CKD (stage 4), 

there is evidence of safety and efficacy of sodium glucose co-transporter 2 inhibitors (SGLT2i), 

and to a lesser extent angiotensin converting enzyme inhibitors (ACEi), vericiguat, digoxin 

and omecamtiv mecarbil, although this evidence is restricted to improvement of CV death/HF 

Hospitalization. Data are lacking on the safety and efficacy for any HFrEF therapies in CKD 
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stage 5 (eGFR < 15 mL/min/1.73m2 or dialysis) for either endpoint. Finally, although an initial 

decline in eGFR is observed upon initiation of several HFrEF drug classes (ACEi/angiotensin 

receptor blocker(ARB)/mineralocorticoid receptor antagonist (MRA)/angiotensin receptor blocker 

neprilysin inhibitor(ARNI)/SGLT2i), renal function often stabilizes over time and the drugs 

maintain their clinical efficacy. A decline in eGFR in the context of a stable or improving clinical 

condition should therefore not be cause for concern and should not lead to discontinuation of 

lifesaving HFrEF therapies.
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Introduction

The management of patients with heart failure with reduced ejection fraction (HFrEF) is 

increasingly complex. In the current era, patients with HFrEF live longer with heart failure 

because of an increasing number of evidence based treatments. These patients are also older, 

frail and suffer from a high number of comorbidities.1 Chronic kidney disease (CKD) has 

consistently been identified as one of the most prevalent comorbidities, and when present, 

carries the highest population attributable risk for all-cause mortality and HF hospitalization 

among all comorbidities in HFrEF.1–3 Furthermore, prevalent CKD (decreased estimated 

glomerular filtration rate (eGFR)), was one of the key determinants of suboptimal guideline-

directed medical therapy (GDMT) utilization in Change the Management of Patients with 

Heart Failure (CHAMP-HF) registry, as well the most common reason not to uptitrate 

evidence based therapy in A systems BIOlogy Study to Tailored Treatment in Chronic 

Heart Failure (BIOSTAT-CHF).4–6 Analysis from TRANSLATE-HF recently showed that 

with more severe CKD, the use of guideline-directed medical therapies was progressively 

infrequent. There was only 15 and 5% uptake of three classes of evidence based treatments 

in patients with eGFR 30–44 or < 30 mL/min/1.73m2, respectively.7

Thus, patients with HFrEF and CKD are at double jeopardy of having worse prognosis 

yet receiving less evidence based HFrEF treatments, compared with patients without CKD. 

Adding to the complexity, many evidence-based treatments may influence renal function 

acutely and chronically, which makes the decision to initiate, titrate, or discontinue therapies 

a challenge. Renal function can be dynamic and a decline in renal function should not 

always be cause for concern.8 Earlier reviews already highlighted the increased risk 

associated with prevalent CKD and the sparse literature of GDMT in patients with severe 

CKD.9–11 In this review, we will discuss the existing (or lack of) evidence of GDMT in 

HFrEF in different stages of CKD, with inclusion of most recent (sub)studies, and provide 

clinical context and guidance on how to optimally monitor and treat HFrEF patients with 

CKD.
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Renal function in HFrEF and modulation by evidence based medical 

treatments

Heart failure and CKD share common risk factors and comorbidities that have detrimental 

effects on kidney function. These include factors such as hypertension, atherosclerosis, 

diabetes mellitus, aging and the use of cardiovascular medication. Both HF and CKD are 

also risk factors for each other, feeding a vicious circle of perpetual decrease in heart and 

kidney function.

Therefore even before overt heart or renal failure has developed the kidney has already been 

exposed to triggers that lead to a worsening in kidney function. In addition to decreasing 

ability of the kidney to filter blood (i.e., GFR), both CKD and HF can perturb factors such 

as glomerular barrier function (albuminuria), tubular function (sodium avidity and secretory 

and absorptive defects) and renal endocrine function (reduced erythropoietin and anemia). 

Specifically, when important macroalbuminuria or severe anemia is present that is deemed 

disproportionate to the eGFR, specialist advise should be sought. Overall, these risk factors 

give the clinician some inference toward the renal reserve of the individual patient, and when 

present increase the overall risk of adverse events. Renal reserve is the ability of the kidneys 

to augment function following a challenge or therapeutic maneuver. A kidney with minimal 

renal reserve will already be maximally compensating and thus unable to augment function.

GFR is heavily influenced by renal hemodynamics, and is the product of the filtration 

gradient across the glomerular membrane and the glomerular surface area (largely 

determined by nephron number).12,13 Renal blood flow (RBF) is a primary renal 

hemodynamic parameter, which is dependent of autoregulation in the kidney by afferent 

and efferent vasoconstriction and dilation. This renal autoregulation is mediated/influenced 

by many factors, including the renin-angiotensin system (angiotensin II), adenosine (via 

the tubuloglomerular feedback (TGF) mechanism), direct and indirect effects of the 

sympathetic nervous system, inflammation and endothelial dysfunction. These effects are 

on top of the earlier mentioned clinical risk factors such as diabetes, hypertension and 

atherosclerosis.14–16 Furthermore, renal venous congestion has direct effects on renal 

autoregulation which is also influenced by renin angiotensin aldosterone system (RAAS) 

and sympathetic nervous system (SNS) activation.17 A reduction in arterial pressure (e.g., 

from reduced cardiac output) and/or increase in renal venous pressure will reduce renal 

perfusion pressure. Small perturbations in renal perfusion pressure will not influence 

RBF due to renal autoregulatory mechanisms. However, with more severe perturbations 

in perfusion pressure, the initial response of the kidney is to maintain GFR through 

efferent vasoconstriction, resulting increases in the filtration fraction (FF = GFR/renal 

plasma flow) at the expense of an overall increase in renal vascular resistance and often 

decreased RBF.18,19 While this classic physiology is well described acutely, it is unclear in 

contemporary HF populations if this is a relevant chronic physiology. Although albuminuria 

is a common finding in patients with HFrEF, in many cases this is related to glomerular 

damage, podocyte dysfunction, and tubular dysfunction rather than glomerular hypertension. 

However, it should be noted that acute “functional” proteinuria appears to be common with 

decompensated HF and albuminuria should not be considered evidence of intrinsic CKD 
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until measured in a compensated state. Many of the evidence based medical therapies in 

HFrEF exert their actions on the basis of this renal pathophysiology in HFrEF. Figure 1 

gives an overview of the interaction between HFrEF and CKD, as well as the impact of 

evidence based treatment on renal function, which will be discussed in detail below.

Study characteristics of landmark clinical trials – baseline eGFR, treatment 

effect and renal exclusion criteria

We reviewed the original reports and (retrospective) analysis of landmark randomized 

controlled trials (RCTs) on GDMT in HFrEF and specifically searched for published 

differential treatment effects based on baseline CKD stages and extracted key efficacy 

and safety information from these publications (Supplementary File). The paucity of data 

from landmark clinical trials on patients with HFrEF and severe CKD is evident when trial 

eligibility criteria pertaining to eGFR and renal function are summarized (Supplementary 

Figure 1). While most clinical trials excluded patients with more severe stages of CKD (4 

and 5), recent studies included patients up to a baseline eGFR of 15–20 mL/min/1.73m2. 

Furthermore, although some trials set a very low eGFR threshold for inclusion, the mean 

eGFR of patients included in the study was much higher, suggesting that only a minority 

of included patients had severe CKD. Crude event rates stratified for baseline eGFR or 

CKD stages were also scarcely reported. Supplementary figure 2 and 3 show the association 

between baseline eGFR (either overall population or in CKD stages) and the absolute risk 

reduction (ARR) at the end of the study. Overall, there was no apparent association between 

baseline eGFR and ARR indicating that a consistent benefit to these medications appears to 

occur across the spectrum of renal function seen in these trials.

Established Evidence Based HFrEF treatment – ACEi/ARB, MRA and Beta-

Blockers

Efficacy of ACEi/ARB in HFrEF patients with CKD

Pivotal trials with ACEi (and or angiotensin receptor blocker (ARB)) in patients with HFrEF 

typically excluded patients with high serum creatinine at baseline (Supplementary Table 1). 

ACEis significantly reduce the risk of all-cause mortality and the combined endpoint of 

CV death or HF hospitalization in HFrEF, while ARBs were more effective in reducing the 

latter.20–24 In the studies that published interaction and/or subgroups analyses, there was no 

evidence of effect modification by baseline renal function. However the number of patients 

in CKD stage 4 was very small and patients in CKD stage 5 were excluded.25–28

In patients with CKD stage 1 to 2 there was clear benefit compared with placebo for ACEi 

and ARB for both component endpoints.25,28 For CKD stage 3, the evidence for ACEi 

in reducing CV events was more convincing as compared with ARB treatment, where the 

confidence intervals were large. (Supplementary Figure 4 A/B). Although the number of 

patients included in CKD stage 4 for ACEi was small in the SOLVD studies (4–9% of the 

total population) there was no evidence of harm. However there was also no clear beneficial 

effect in these patients.21,27,29 Data regarding ARBs in patients with CKD stage 4 are 

limited as well, however although confidence intervals were large data might suggest a trend 
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towards benefit in reducing CV death and/or HF hospitalization.30 No information on ARB 

therapy is available in patients with CKD stage 5.

Safety of ACEi/ARB in HFrEF patients with CKD

The safety and adverse events of ACEi/ARB therapy in the subgroup of patients with CKD 

were often not reported in the (post-hoc analyses of) randomized clinical trials. In SOLVD, 

the drop in blood pressure (−7 mmHg), increase in serum potassium (+0.2 mEq/L) and 

increase in serum creatinine (+0.04 mg/dL)(as compared with placebo) were similar in the 

CKD versus the no CKD group.2529 In the HEAAL study, a higher dose of losartan was 

associated with more frequent worsening of renal function (WRF) and hyperkalemia in 

patients with higher serum creatinine at baseline. However, WRF during initiation was not 

associated with worse outcomes in the overall study population.31

Renal effects of ACEi/ARB in HFrEF and interaction with outcome

ACEi and ARBs have a heterogenous number of CV effects in HFrEF, including a reduction 

in blood pressure resulting in afterload reduction, reverse remodeling, but also a decrease in 

GFR.26,32,33

Early experiments with renin angiotensin system inhibitors (RAASi) have shown that in 

patients with HFrEF, the inhibition of angiotensin II counteracts the efferent autoregulation, 

resulting in an increase in RBF, but a drop in FF and as a consequence lower GFR.34 

This is the reason ACEi and ARB (can) cause a drop in GFR after initiation, with a 

mean drop in eGFR of about 6.4 mL/min/1.73m2 in the uptitration phase (Figure 2A and 

2B).20,21,25–27,34–43 A modest drop in eGFR (Figure 2A and 2B) should not be worrisome 

if the clinical status of the patient does not deteriorate, a phenomenon often called pseudo-

WRF.8,44

Subgroup and interaction analyses from the large randomized clinical trials have shown 

that although there is some increased risk associated with this WRF (even with ACEi/ARB 

therapy), the beneficial effect of these agents is maintained or is even greater than patients 

who experience no drop in eGFR.39,43

Practical Consideration on the use of ACEi/ARB in HFrEF patients with CKD

Figures 2A and B provide an overview of data on ACEi and ARB, their effect on renal 

function and associated outcome, as well as a guide on the use of these drugs in patients 

with CKD or WRF. Monitoring of serum creatinine and serum potassium is warranted in the 

initiation phase of treatment. If the increase in serum creatinine or potassium is excessive 

or more than anticipated (Figure 2A/B), this requires further investigation. After possible 

(temporary) downtitration or even discontinuation, a rechallenge should be considered when 

renal function (and/or potassium) has recovered after 2 to 4 weeks.

Efficacy of Mineralocorticoid Receptor Antagonist in HFrEF patients with CKD

In the two large RCTs with mineralocorticoid receptor antagonist (MRA) in HFrEF (and one 

in post myocardial left ventricular dysfunction), patients with severe CKD (serum creatinine 

> 2.5 mg/dL or eGFR < 30 mL/min/1.73m2) were excluded.45–47 Overall, MRAs reduce the 
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risk of all-cause mortality and the combined endpoint of CV death and/or HF hospitalization 

(Supplementary Figure 4A/B). This effect was found to be irrespective of baseline renal 

function within the studies, with no evidence of treatment/eGFR interaction.45,47 Although 

there is very limited data in patients with CKD stage 4, there is no clear evidence of 

harm in this subgroup of patients.48 However, in patients with severely reduced eGFR at 

baseline or during follow up, the risk of significant hyperkalemia increases substantially. 

Despite this, in the Eplerenone in Mild Patients Hospitalization and Survival Study in Heart 

Failure (EMPHASIS-HF) trial, the beneficial effects of eplerenone were maintained even in 

the setting of incident hyperkalemia.49 Guidelines recommend the use of MRAs in HFrEF 

patients with eGFR > 30 mL/min/1.73m2 to avoid the risk of significant hyperkalemia.

Safety of MRA in HFrEF patients with CKD

The safety of MRA in different subgroups, including CKD, was evaluated in an analysis 

from EMPHASIS-HF.49 Patients with CKD at baseline had increased incidence of 

hyperkalemia (>5.5 mmol/l) with eplerenone when compared with placebo (70 (16.6) vs 

43 (9.3), P=0.002). In the Randomized Aldactone Evaluation Study (RALES), hyperkalemia 

occurred more frequently in CKD patients, and particularly more frequently in patients with 

CKD receiving spironolactone when compared with placebo (25.6 vs 8.5%, P<0.001).50. 

However, the total number of adverse events leading to treatment discontinuation in patients 

with CKD was significantly lower with MRA treatment compared with placebo. Other 

adverse events were not reported stratified for CKD presence.

Renal effects of MRA in HFrEF and interaction with outcome

On average, MRA therapy induces a small but significant decline in eGFR during initiation 

(2.3 to 6.7 mL/min/1.73m2), although the long term decrease in eGFR is similar to 

placebo.48,51 Even in the setting of a more substantial decrease in eGFR or increase in serum 

creatinine (WRF), the beneficial effect of MRA therapy remained in both the RALES and 

EMPHASIS-HF, despite an increasing risk of hyperkalemia.48,50 The mechanism underlying 

the drop in eGFR with MRA therapy is not entirely clear, but it likely represents acute 

intra-renal hemodynamic changes much like with ACE-inhibitor initiation.

MRA – Recent insights from CKD populations and future directions

Although there is some data on patients with moderate to severe CKD without heart failure, 

the overall information is limited. A meta-analysis of MRA therapy in patients on dialysis 

revealed an association with improved CV outcomes, but a small randomized controlled trial 

in dialysis patients did not show any benefit.52,53 More recently, finerenone was found to be 

superior to placebo in The Finerenone in Reducing Kidney Failure and Disease Progression 

in Diabetic Kidney Disease (FIDELIO-DKD) trial in patients with CKD and type 2 

Diabetes, reducing a combined renal endpoint by 18%.54 However, patients with eGFR less 

than 25 mL/min/1.73m2 (Class 4 and 5 CKD) were excluded from FIDELIO-DKD, and only 

7% of patients had a history of HF at baseline. Just recently, the results from FIGARO-DKD 

were announced, where finerenone improved CV endpoints in CKD patients with type 

2 diabetes. There is an ongoing trial with finerenone in HF (Finerenone in HF Patients, 

FINEARTS-HF). In addition, therapies to counteract the increase in serum potassium that 

is observed with MRA therapy in many patients (and limits uptitration) are currently being 

Beldhuis et al. Page 6

Circulation. Author manuscript; available in PMC 2023 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



investigated in HFrEF (Patiromer in the DIAMOND study, Sodium Zirconium Cyclosilicate 

in the OPRA-HF (NCT 04789239) and REALIZE-K (NCT04676646) studies.)

Practical Consideration on the use of MRA in HFrEF patients with CKD

Figure 2C summarizes clinical evidence and clinical guidance on the use of MRA in HFrEF 

patients in different CKD subgroups. MRA treatment should be considered in any HFrEF 

patient with CKD stages 1–3B. Beyond CKD stage 3B, the scientific evidence is scarce. 

Initiation and/or uptitration of MRA therapy, if undertaken in patients with slightly lower 

GFR should include close monitoring of renal function and potassium levels. The focus of 

monitoring during initiation/uptitration of MRA therapy should be on change in potassium 

levels (Figure 2C). It is important to realize that the incidence of WRF and hyperkalemia 

may not evolve simultaneously. WRF can occur without hyperkalemia, while also vice versa 

is possible. Solitary (severe) hyperkalemia should prompt further endocrine evaluation and 

thorough review of concomitant medical therapies and diet.

Efficacy of Beta-Blockers in HFrEF patients with CKD

Beta-blocker therapy has consistently shown to be an effective therapy in reducing the risk 

of all-cause mortality and combined endpoints of all-cause/CV Death or HF hospitalization 

in HFrEF patients. Exclusion criteria for renal function in the pivotal trials were typically 

less stringent compared with the RAASi studies (Supplementary Figure 1, Figure 2D).55–66 

Data on renal subgroup analyses come from individual substudies or subgroup analyses 

from the pivotal trials. More robust evidence is published by an individual patient data 

meta-analysis that included all these trials and evaluated the effect of β-blocker therapy in 

CKD subgroups.62–64 In that analysis beta-blocker reduced the risk of all-cause mortality up 

to CKD stage 3B. In contrast in CKD stage 4, there was also no clear benefit of beta-blocker 

therapy (Supplementary Figure 5A), but also no evidence of harm. There was evidence of 

a significant interaction between beta-blocker treatment and baseline eGFR on the effect on 

all-cause mortality. This finding illustrates the uncertainty surrounding beta-blocker therapy 

as life saving drug in these patients as the current evidence suggest no benefit for all-cause 

mortality in CKD stage 4 patients with beta-blocker therapy. There may be other important 

indications to prescribe beta-blockers in these patients, such as rate control in patients with 

atrial fibrillation and management of ventricular tachycardias.

For the combined end point of cardiovascular death and HF hospitalization, there are only 

data from the individual studies, showing consistent beneficial effects of β-blocker therapy 

up to CKD stage 3B, but no evidence in CKD stage 4 (Figure S5B).63–66 No data currently 

exist for Beta-blocker therapy in HFrEF patients with CKD stage 5 for either endpoint.

Safety of Beta-Blockers in HFrEF patients with CKD

In the individual patient data meta-analysis on beta-blocker therapy in HFrEF, 

discontinuation rates because of adverse events were higher in patients with more severe 

CKD, but there was no difference between beta-blocker or placebo.62 Discontinuation rates 

for renal impairment were similar for placebo and beta-blocker therapy across the entire 

spectrum of CKD classes.
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Renal effects of Beta-Blockers in HFrEF and interaction with outcome

There are no published renal hemodynamic studies on beta-blocker therapy in HFrEF, 

but it could be hypothesized that by either improving cardiac function, direct renal or 

neurohormonal effects, beta-blockers may have a beneficial effect on renal function over 

time. In the individual patient data meta-analysis there was no difference in the change in 

eGFR over time with Beta-blocker versus placebo.62 However, beta-blockers do lower blood 

pressure, which can lead to a small decrease in eGFR. If during uptitration of beta-blocker 

therapy WRF develops without a significant drop in blood pressure, this should always be 

cause for concern, as this is unexpected and should be interpreted as true WRF until an 

alternative reason has been found. If WRF developed during uptitration, this was associated 

with a substantial increase in mortality.62

Practical Consideration on the use of Beta-Blockers in HFrEF patients with CKD

Figure 2D provides an overview of the effect of beta-blocker on clinical and renal endpoints 

in the context of CKD. Although the improvement in clinical outcome at more severe 

CKD stages is uncertain, beta-blockers are safe in patients with low eGFR. They can be 

continued up to severe CKD stages for management of other potential adverse events such as 

arrythmias.

Other conventional HFrEF therapies – Digoxin, Ivabradine, Hydralazine-Isosorbide Dintrate

In the Systolic Heart failure treatment with the If inhibitor ivabradine Trial (SHIFT) study, 

ivabradine treatment was associated with a lower risk of the combined endpoint of CV death 

and/or HF hospitalization, especially in patients with baseline heart rate ≥ 70 bpm.67 No 

effect on all-cause mortality was observed (Supplementary Figure 5A). There was no formal 

renal function cut-off as exclusion criteria besides “severe renal disease”. The beneficial 

effect of ivabradine on the combined endpoint was similar in patients with eGFR above and 

below 60 mL/min/1.73m2 (Supplementary Figure 5B). As expected from the mechanism of 

action, ivabradine had no effect on eGFR or serum creatinine over time.68

In the Digitalis Investigation Group (DIG) study with digoxin, patients were included up to 

a serum creatinine level of 3.0 mg/dL, which roughly corresponds to an eGFR of around 

20 mL/min/1.73m2.69 There were 218 patients with CKD stage 4 included in the study, 

and the effect of digoxin on HF related death and/or HF rehospitalization was similar in 

all CKD stages (Supplementary Figure 5B).70 There was no effect on all-cause mortality in 

the overall study, although there was some evidence of benefit of digoxin in patients with 

serum creatinine at baseline > 2.0 mg/dL (30% relative risk reduction, P for interaction 

digoxin x baseline serum creatinine = 0.06) (Supplementary Figure 5A).70 The risk of 

digoxin toxicity increases with higher CKD stages, which should be a reason to closely 

monitor digoxin levels and renal function in these patients. Assessment of digoxin levels 

should be considered early after initiation when at stable doses, after each dose change, and 

as part of routine follow up in patients with CKD stage 3–4. Digoxin levels should be drawn 

at sufficient time after initiation/change to allow steady state (8–10 days). The effect of 

digoxin on renal function is still unclear. With its positive effects on myocardial contractility, 

it could be hypothesized that digoxin may improve renal perfusion and function, which 

was retrospectively confirmed in an analysis from DIG.71 Only one small, short term 
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study on intravenous digoxin evaluated (invasive) renal function and found no significant 

alterations.72

Hydralazine-Isosorbide dinitrate (H-ISDN) was first studied in the Vasodilator-Heart Failure 

Trials (V-HeFT I and II) but unfortunately the information regarding renal function 

from these early investigations is scarce.73 Although H-ISDN also carries a class I 

recommendation, this is specific to the subgroup of African-American patients with 

HFrEF. For other patients, H-ISDN may be used when RAASis are not tolerated (class 

II recommendation). In the African-American Heart Failure Trial (A-HeFT) patients with 

severe renal disease were excluded and H-ISDN was effective in reducing all-cause 

mortality and/or HF rehospitalization as well as quality of life.74 This effect was regardless 

of baseline CKD (defined as eGFR above/below 60 mL/min/1.73m2). The effects of H-

ISDN on renal function have not been reported.

Other Conventional HFrEF therapies – Future directions

There are new, ongoing studies in modern HFrEF populations with either digoxin 

(Digoxin Evaluation in Chronic Heart Failure: Investigational Study In Outpatients in the 

Netherlands, DECISION, NCT NCT03783429) or hydralazine (the DANish randomized, 

double-blind, placebo controlled trial in patients with chronic HEART failure, DANHEART, 

NCT03514108), but these studies will exclude CKD class 4 and 5 HF patients. Another 

study with digitoxin (DIGitoxin to Improve ouTcomes in patients with advanced chronic 

Heart Failure, DIGIT-HF EudraCT [European Union Drug Regulating Clinical Trials 

Database] 2013-005326-38)75 will only exclude patients with ‘severe renal disease” since 

digitoxin does not accumulate in patients with renal impairment. This study will therefore 

provide additional data on the safety and efficacy on glycosides in patients with HFrEF, 

including those with marked CKD.

Loop Diuretics

There is no randomized, placebo controlled clinical trial on loop diuretic therapy in patients 

with HFrEF. Loop diuretics are however one of the most used drug classes in chronic 

HFrEF, but their effect on clinical outcome is unknown. The consensus is that loop diuretics 

should be used to alleviate congestion in symptomatic patients, and the dose should be 

downtitrated to the lowest dose that will keep the patient in a euvolemic state. In general, 

higher stages of CKD will require modestly higher doses of loop diuretics to achieve similar 

decongestion or euvolemia because tubular delivery of diuretic decreases as GFR falls.76 

There is large debate on whether loop diuretics may cause WRF, but in the context of 

an improvement in clinical status, any deterioration in serum creatinine should be seen 

as pseudo-WRF. If anything, loop diuretics can cause hypokalemia if decongestion is 

successful. However, if diuretic response is poor and true WRF does develop, hyperkalemia 

is possible. For practical reasons, patients with (short term) alterations in loop diuretic 

dose, including initiation should be monitored closely with respect to renal function and 

electrolytes.
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Novel HFrEF treatment – Angiotensin Receptor Blocker Neprilysin Inhibitor, 

Sodium Glucose Co-Transporter 2 inhibitors, vericiguat, omecamtiv 

mecarbil

Efficacy of ARNI in HFrEF patients with CKD

Although the pivotal Prospective Comparison of ARNI with ACE inhibition to Determine 

Impact on Global Mortality and Morbidity in Heart Failure (PARADIGM-HF) trial was 

published in 2014, the uptake of ARNI as replacement for ACEi/ARB or as first line 

therapy in HFrEF has been slow.77 One reason is that HF guidelines have been conservative 

recommending ARNI as first line therapy (instead of ACEi). With the most recent update of 

the ACC/AHA Expert Consensus Decision Pathway for optimized HF treatment as well as 

other international HF society guidelines, this class has the same level of recommendation 

as compared with ACEi as first line therapy.78,79 Since there is only one large (endpoint 

driven) randomized clinical trial in HFrEF, the only available evidence in CKD comes from 

PARADIGM-HF alone. In a subgroup analysis, sacubitril/valsartan reduced the primary 

endpoint of CV death and/or HF hospitalization as well as all-cause mortality compared 

with enalapril up to CKD stage 3B (Supplementary Figure 6A/B).80 As patients with both 

CKD stage 4 and 5 were excluded, no information exists on the effectiveness of sacubitril/

valsartan compared with enalapril in these patients.

Safety of ARNI in HFrEF patients with CKD

In the predefined renal analysis from PARADIGM-HF the renal composite endpoint 

was numerically but not significantly reduced with sacubitril-valsartan as compared with 

enalapril in patients with CKD.80 In the same analysis, discontinuation of study drug for 

renal reasons was significantly less frequent in patients with CKD randomized to sacubitril-

valsartan as compared with enalapril. In the comParIson Of sacubitril/valsartan versus 

Enalapril on Effect on nt-pRo-bnp in patients stabilized from an acute Heart Failure episode 

(PIONEER-HF) trial in hospitalized HF patients, development of WRF was consistent with 

sacubitril/valsartan vs enalapril in patients with CKD at baseline. Efficacy was consistent 

across all high-risk subgroups, including CKD vs no CKD.81 These findings underline the 

renal safety of the use of ARNI in HFrEF patients with CKD as compared with ACEi 

therapy.

Renal effects of ARNI in HFrEF and interaction with outcome

Compared with enalapril, sacubitril/valsartan slows the decline in eGFR over time, although 

the magnitude of the difference is modest. Like other RAAS inhibitors, ARNIs cause a 

small decline in eGFR during initiation which is reversible after cessation. The cause for 

this (pseudo) WRF with ARNI is not entirely understood, but may be related to the ARB 

associated effects of valsartan in the combination drug, as well as additional effects from 

neprilysin inhibition.80 The latter is also responsible for podocyte alterations that may be 

the reason for a small increase in urinary albumin excretion that is observed with sacubitril-

valsartan. When WRF develops during initiation of ARNI, therapy should be continued 

(and uptitrated) unless the increase in serum creatinine (and potassium) is large (Figure 
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2E).77,80,81 Even then, short temporary discontinuation should be sufficient, and if possible, 

a rechallenge should be considered.

Practical Consideration on the use of ARNI in HFrEF patients with CKD

Figure 2E provides an overview of the effect of ARNI on clinical and renal endpoints in the 

context of CKD. The suggested response to changes in serum creatinine and potassium for 

ARNI is similar to that for ACEi/ARB.

Efficacy of SGLT2i in HFrEF patients with CKD

SGLT2 inhibitors are a new class of drugs in HFrEF that, among many things, reduce 

renal tubular glucose reabsorption and subsequently increase glucosuria and natriuresis (at 

least initially). They have been shown to be a safe and effective treatment option that 

improved clinical outcomes in three large randomized clinical trials in patients with HFrEF 

(The Dapagliflozin and Prevention of Adverse Outcomes in Heart Failure, DAPA-HF; the 

Empagliflozin Outcome Trial in Patients with Chronic Heart Failure and Reduced Ejection 

Fraction, EMPEROR-Reduced and The effect of Sotagliflozin on Cardiovascular Events 

in Patients with Type 2 Diabetes Post Worsening Heart Failure, SOLOIST-WHF).82–84 

The latter study was conducted with a SGLT1/2 inhibitor primarily among patients 

recently hospitalized for HF and included patients with preserved ejection fraction. In 

EMPEROR-Reduced, the lower limit of eGFR for trial inclusion was 20 mL/min/1.73m2, 

while this was 30 mL/min/1.73m2, for the other studies. Across all trials, there was a 

clear benefit of SGLT2i up to CKD stage 3B, without evidence of a CKD x treatment 

interaction (Supplementary Figure 6A/B).83–86 For CKD stage 4, the only published data 

on the combined endpoint of CV death and/or HF hospitalization comes from EMPEROR-

Reduced, where empagliflozin significantly reduced the risk of this endpoint compared with 

placebo (Supplementary Figure 6B).85 There are no data on SGLT2i therapy in HFrEF 

patients with CKD stage 5.

Safety of SGLT2i in HFrEF patients with CKD

Detailed information on the safety of SGLT2i in the subgroup of HFrEF patients with CKD 

have been published.85,86 SGLT2i reduce the risk of study specific combined renal endpoints 

in patients with or without CKD at baseline. In DAPA-HF, serious renal events were reduced 

with SGLT2i compared with placebo, while serious adverse events were less frequent 

with dapagliflozin compared with placebo in patients with CKD.86 Similar findings were 

published from EMPEROR-HF, showing the (renal) safety of SGLT2i in HFrEF patients 

with CKD.85

Renal effects of SGLT2i in HFrEF and interaction with outcome

First, it has to be acknowledged that SGLT2i were investigated on top of conventional 

HFrEF therapies, including ACEi/ARB, MRA and ARNIs. The renal hemodynamics would 

have already been influenced by these compounds as described above in the section, Renal 

Effects of ACEi/ARB. Following initiation, SGLT2i caused an early significant drop in 

eGFR, which on average was 4 mL/min/1.73m2; however over a longer period of time, 

the decline in eGFR with SGLT2i was slower compared with placebo.83,85,86 Importantly, 
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in EMPEROR-Reduced, the slope of eGFR was included as a predefined, key secondary 

endpoint in the hierarchical testing strategy and this was significantly improved with 

empagliflozin compared with placebo.83 Large increases in serum creatinine (and drop in 

eGFR) are rare. Smaller (mechanistic) studies have demonstrated a decrease in measured 

GFR (not estimated) after initiation of SGLT2i.87 However, no data exist on the effect on 

renal hemodynamics (e.g. RBF) in HFrEF patients. It is hypothesized, at least acutely, that 

SGLT2i cause afferent arteriolar vasoconstriction due to activated TGF caused by more 

distal sodium/chloride delivery to macula densa. However, in a mechanistic study in patients 

with diabetes type 2 (without HF), efferent vasodilation rather than afferent vasoconstriction 

seemed responsible for a drop in GFR.88 Data in patients with HF are lacking. It is important 

to realize that the drop in GFR with SGLT2i is reversible and should be interpreted in the 

context of the clinical course of the patient. We are awaiting analyses from EMPEROR-HF 

and DAPA-HF on the importance of the initial drop in eGFR after initiation of SGLT2i. 

In most instances, the drop probably represents pseudo-WRF and the SGLT2i should be 

continued given their beneficial effects on clinical outcomes and preservation of renal 

function in the long term. However, given the lack of evidence to date, some caution with the 

continuation (or [temporary] stopping) of SGLT2is when WRF occurs is warranted (Figure 

2F).82–86

SGLT2i – Recent insights from CKD populations and future directions

The pivotal SGLT2i studies in populations outside of (primary) HF mostly excluded 

patients with class 4 and 5 CKD, although the SCORED trial (Effect of Sotagliflozin on 

Cardiovascular and Renal Events in Patients with Type 2 Diabetes and Moderate Renal 

Impairment Who Are at Cardiovascular Risk) with sotagliflozin was less restrictive. Even 

then, only 9% of patients had class 4 CKD at baseline. 89–92 Additional data come from 

dedicated CKD studies with SGLT2i, including the Dapagliflozin and Prevention of Adverse 

Outcomes in Chronic Kidney Disease (DAPA-CKD) trial and the Canagliflozin and Renal 

Events in Diabetes with Established Nephropathy Clinical Evaluation (CREDENCE) trial 

although even in these studies patients with eGFR < 25 (DAPA-CKD) or 30 (CREDENCE) 

mL/min/1.73m2 were excluded.93,94 In these trials including patients with and without 

diabetes, 10% to 15% of patients had HF at baseline, and SGLT2i by dapagliflozin or 

canagliflozin decreased the risk of renal events (and renal death) and significantly reduced 

cardiovascular events. Data from these trials in dedicated CKD populations underscore the 

renal safety and efficacy of these drugs in patients with reduced eGFR. Of note, these trials 

did not specifically recruit patients with HF.

Practical Consideration on the use of SGLT2i in HFrEF patients with CKD

Figure 2F provides an overview of the effect of SGLT2i on clinical and renal endpoints 

in the context of CKD. SGLT2i inhibitors are the only class of HFrEF drugs that were 

systemically investigated in more severe CKD classes and were shown to slow the decline 

in eGFR over time. Therefore these drugs can be used safely (appropriate laboratory 

monitoring) in patients with class 4 CKD. As no uptitration is necessary given the fixed 

dose and SGLT2is do not increase serum potassium, hyperkalemia is less of a concern with 

SGLT2i.
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Efficacy of Vericiguat in HFrEF patients with CKD

The only phase 3 trial to evaluate the clinical benefit of Vericiguat in the HFrEF population 

was the VerICguaT Global Study in Subjects with HFrEF (VICTORIA) trial.95 In this study 

the lower limit of eGFR allowed by protocol was 15 mL/min/1.73m2 and it was intended 

that 15% of patients should have an eGFR between 15 and 30 mL/min/1.73m2. For the 

endpoint of all-cause mortality, no eGFR subgroup or treatment interaction analysis was 

published (Supplementary Figure 6A). Vericiguat did not reduce CV death in the overall 

trial population and in the subgroup of patients with CKD stage 3 and 4. For the combined 

endpoint of CV death and/or HF hospitalization (the primary outcome of VICTORIA), there 

was no evidence of treatment x eGFR interaction, and there was also no evidence of harm 

(Supplementary Figure 6B). Patients with CKD stage 5 were not included.

Safety of Vericiguat in HFrEF patients with CKD

In patients with CKD stage 4 included in VICTORIA, vericiguat showed no excess of 

adverse events as compared with placebo.96 Across all CKD stage, a higher proportion of 

patients discontinued vericiguat versus placebo due to WRF after initiation of therapy, but 

this difference was not significant.

Renal effects of Vericiguat in HFrEF and interaction with outcome

From a physiological perspective, by reducing oxidative stress, increasing cyclic GMP and 

by improving clinical heart failure status, it could be argued that vericiguat should improve 

or preserve GFR in HF patients. However, in the VICTORIA study, the decrease in eGFR 

in the first 16 weeks after the start of vericiguat treatment was larger than placebo, but this 

difference was not significant after 48 weeks of treatment.

Practical Consideration on the use of Vericiguat in HFrEF patients with CKD

Vericiguat, when adopted in international guidelines, can be used in HFrEF patients with 

severe CKD stage 4, as VICTORIA included patients eGFR 15 ml/min/1.73m2or greater. 

As with any evidence based treatment in heart failure, regular monitoring of vitals, serum 

creatinine and potassium is warranted, but significant WRF should not be expected with 

vericiguat.

Efficacy of Omecamtiv Mecarbil in HFrEF patients with CKD

The Global Approach to Lowering Adverse Cardiac Outcomes through Improving 

Contractility in Heart Failure (GALACTIC-HF) trial is the only large randomized controlled 

trial to assess the effectiveness of omecamtiv mecarbil on clinical endpoints in HFrEF.97 

With regard to baseline renal function patients with eGFR < 20 mL/min/1.73m2 were 

excluded. No information was provided on the basis of baseline eGFR for the end point 

of all-cause mortality, and omecamtiv mecarbil treatment did not reduce the risk of death 

in the entire study, also suggesting no benefit in subgroups of CKD stages (Figure S6A). 

There was a small reduction in the primary outcome of CV death and/or HF hospitalization 

with treatment, and no significant interaction between eGFR and treatment effect on the 

primary outcome. The effect in patients with CKD stage 3A/3B even smaller and the 
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confidence intervals crossed 1 (Supplementary Figure 6B). Patients with CKD stage 5 were 

not included.

Safety of omecamtiv mecarbil in HFrEF patients with CKD

There are no data on the renal safety of omecamtiv mecarbil specifically in patients with 

CKD.

Renal effects of omecamtiv mecarbil in HFrEF and interaction with outcome

There are very limited data on the effect of omecamtiv mecarbil on renal function in HFrEF 

patients. In GALACTIC-HF the change in serum creatinine after 24 and 48 weeks of 

treatment was similar with omecamtiv mecarbil and placebo. In the Acute Treatment with 

Omecamtiv Mercabil to Increase Contractility in Acute Heart Failure (ATOMIC-AHF) study 

on intravenous omecamtiv mecarbil, the renal safety was similar to placebo as well as the 

rate of WRF development.98

Practical Consideration on the use of omecamtiv mecarbil in HFrEF patients with CKD

Omecamtiv mecarbil, upon approval for the treatment of HFrEF and adoption in 

international guidelines, can be used in HFrEF patients with severe CKD stage 4, as 

GALACTIC-HF included patients with eGFR 20 ml/min/1.73m2or greater. Omecamtiv 

mecarbil administration does require drug level monitoring to achieve therapeutic plasma 

drug concentration and monitoring of vitals and serum electrolytes as standard care in 

HFrEF patients should be considered. However, there was no effect on serum creatinine 

(or potassium) with omecamtiv mecarbil, there should be no concern for WRF and 

hyperkalemia.

Interpretation of results from randomized clinical trials in HFrEF patients with CKD

The implementation of guideline-directed medical treatments and translation of findings 

from clinical trials to clinical practice are two of the most challenging aspects of 

improving HFrEF care. There are many reasons physicians are hesitant to either start or 

continue lifesaving therapies in HFrEF patients, but one of the most important reasons is 

progressive renal impairment, concomitant hyperkalemia and/or symptomatic hypotension. 

If the eligibility criteria of pivotal randomized clinical trials are strictly followed, many 

high-risk patients, including those with severe CKD, would not be eligible for lifesaving 

therapies. Furthermore, the renal safety of these drug classes was monitored closely in the 

landmark trials (supplementary table 1), which also employed rigorous downtitration or 

discontinuation rules when certain thresholds of renal function (eGFR/serum creatinine) or 

hyperkalemia were crossed. As such, the extrapolation of the findings from large clinical 

trials into clinical practice is challenging. It is however important to employ a rigorous 

follow up of laboratory assessment when starting or changing GDMT, especially those that 

impact GFR and potassium. As a rule of thumb, evaluating serum creatinine and electrolytes 

should be considered at the start, after each up/downtitration step, after maximum dose 

has been reached, and with each change in dose thereafter or with clinical deterioration. 

Standard follow up in patients with CKD should be considered every 4–6 months, depending 
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on clinical stability. Supplementary Table 2 provides an overview of suggested clinical 

actions when (pseudo)WRF occurs with class I HFrEF therapies.

Because the HF clinician is increasingly faced with an aging, frail and multimorbid HFrEF 

population with more comorbidities and more severe CKD, trials must aim to be less 

restrictive in eligibility criteria so that trial results are easier to generalize to clinical 

setting. The impetus for this change will likely need to be driven by regulators rather than 

pharmaceutical companies.

Although data are limited, there is consistent evidence of efficacy and safety of most 

evidence based medical treatments for HFrEF up to at least CKD stage 3 (eGFR 30 

mL/min/1.73m2) provided adequate monitoring is present. Furthermore, there is especially 

robust evidence in CKD among the new classes of drugs (SGLT2i, ARNI) where renal 

protection may even be possible. The treatment efficacy and safety varies among these 

pharmacotherapies (Figure 3).

It is important to note that several therapies transiently reduce eGFR after initiation, yet 

remain effective in the prevention of HF events and are associated with stabilization of renal 

function in the long term. Figures 2A–F give guidance to the clinical use of these drugs 

if renal function deteriorates and how to interpret changes, resembling the advice given 

by international HF guidelines and consensus documents.8,78,99 In all situations, it should 

not be the height or change in serum creatinine that determines changes in prescription of 

evidence-based treatments, but the change in clinical status of the patient.

Conclusions

CKD plays a crucial role in the pathophysiology and prognosis of HFrEF and is often a 

perceived limitation in the optimization of evidence based HFrEF therapies. Yet available 

evidence suggest that most guideline directed medical therapies are effective up to CKD 

stage 3B, while some drug classes have even shown efficacy in CKD stage 4. Many 

therapies influence renal function direct or indirectly, as well as associated conditions such 

as hyperkalemia, warranting close monitoring during initiation. A decrease in eGFR is 

expected with initiation of RAASi (including ARNI) and SGLT2i, and should not be a 

reason to discontinue these life saving drugs. Knowledge, correct interpretation, and possible 

treatment of changes in renal function in relation to evidence-based HFrEF treatments are 

therefore essential assets for the HF caregiver.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations list

ACEi angiotensin-converting-enzyme inhibitors

ARB angiotensin II receptor blockers

ARNI angiotensin receptor blocker neprilysin inhibitors

BBL betablockers

CKD chronic kidney disease

eGFR estimated glomerular filtration rate

GDMT guideline-directed medical therapy

GFR glomerular filtration rate

H-ISDN hydralazine-isosorbide dinitrate

HF heart failure

HFrEF heart failure with reduced ejection fraction

MRA mineralocorticoid receptor antagonists

RAASi renin angiotensin aldosterone system inhibitor

RBF renal blood flow

SGLT2i sodium glucose co-transporter 2 inhibitors

WRF worsening renal function
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Figure 1. Overview of the potential mechanisms through which evidence based treatments 
influence renal function in HFrEF
This schematic gives an overview of the potential mechanisms via which evidence based 

treatments impact renal function in HFrEF. Renin angiotensin system inhibitors (and 

probably SGLT2i) cause efferent vasodilation, leading to higher RBF, lower GFR and lower 

FF. It is postulated that SGLT2i have effects on afferent arteriolar tone, causing lower RBF, 

lower GFR and stable FF. ARNIs may vasodilate the afferent arteriole causing slightly 

increased RBF and possibly more preserved GFR (as compared with ACEi/ARB alone). 

ARNIs also influence podocyte function which may be a factor in the modest albuminuria 

associated with these drugs. It is unclear how MRA influence GFR. Finally, many therapies 

influence blood pressure, improve contractility and have direct cardiac effects, all of which 

influence mean arterial pressure and cardiac output/congestion, thereby influencing renal 

hemodynamics.

Abbreviations: ACEi: Angiotensin Converting Enzyme Inhibitor, ARB: Angiotensin II 

Receptor Blocker, ARNI: Angiotensin Blocker Neprilysin Inhibitor, BBL: Beta Blocker, 

CVP, central venous pressure; FF, filtration fraction; GFR, glomerular filtration rate; H-

ISDN: Hydralazine-Isosorbidedinitrate, HFrEF, heart failure with reduced ejection fraction; 

MAP, mean arterial pressure; MRA: Mineralocorticoid Receptor Antagonist, RBF, renal 

blood flow; SGLT2i: Sodium-glucose co-transporter-2 inhibitor; TGF, tubuloglomerular 

feedback.
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Figure 2. Clinical Summary Figures of class I guideline recommended medical therapies
A) ACEi

B) ARB

C) MRA

D) Beta-Blocker

E) ARNI

F) SGLT2i

Each figure panel provides evidence of the pivotal scientific background of the drug class 

overall, for different endpoints and stratified for CKD stages. It summarizes the known (and 

unknown) effect of each drug class on renal function and how to approach a patient with 

either worsening renal function and/or hyperkalemia.
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Abbreviations: ACM: All Cause Mortality, CI: Confidence Interval, CKD: Chronic Kidney 

Disease, CrCl: Creatinine Clearance, CV: Cardiovascular, eGFR: estimated Glomerular 

Filtration Rate, HF: Heart Failure, HR: Hazard Ratio, RRR: Relative Risk Reduction, WRF: 

Worsening Renal Function. For study acronyms see Supplementary Table 1.
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Figure 3. Conceptual overview of evidence based treatments in HFrEF according to baseline 
CKD status
With more severe CKD stages, prognosis worsens, and scientific evidence becomes scarce. 

There is more evidence for CKD stage 1–4 for preventing CV Death/HF Hospitalization 

with evidence based treatments as compared with preventing all-cause mortality. Among 

treatments there is some evidence for efficacy of SGLT2i, omecamtiv-mecarbil, ACEi, 

digoxin and vericiguat in CKD stage 4. Overall the renal safety profile in all classes of CKD 

with essentially all treatments is good, if the clinical status is taken into account and renal 

function and potassium are checked regularly. Loop Diuretics are not depicted in the absence 

of large randomized placebo controlled trials.

Abbreviations: ACEi: Angiotensin Converting Enzyme Inhibitor, ARB: Angiotensin 

II Receptor Blocker, ARNI: Angiotensin Receptor blocker neprilysin Inhibitor, Beta-

blocker: Beta-Blocker, CV: Cardiovascular, eGFR: Estimated Glomerular Filtration Rate, 

H-ISDN: Hydralazine IsosorbideDinitrate, HR: Hazard Ratio, HF: Heart Failure, MRA: 

Mineralocorticoid Receptor Antagonist, SGLT2i: Sodium glucose co-transporter 2 inhibitor.
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