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Abstract

Heart failure is common and results in substantial morbidity and mortality. Current guideline-

based therapies for heart failure with reduced ejection fraction, including beta-blockers, 

angiotensin converting enzyme (ACE) inhibitors, and aldosterone antagonists aim to interrupt 

deleterious neurohormonal pathways and have shown significant success in reducing morbidity 

and mortality associated with heart failure. Continued efforts to further improve outcomes in 

patients with heart failure with reduced ejection fraction have led to the first new-in-class 

medications approved for heart failure since 2005, ivabradine and sacubitril/valsartan. Ivabradine 

targets the If channels in the sinoatrial node of the heart, decreasing heart rate. Sacubitril/valsartan 

combines a neprilysin inhibitor that increases levels of beneficial vasodilatory peptides with an 

angiotensin receptor antagonist. On a background of previously approved, guideline-directed 

medical therapies for heart failure, these medications have shown improved clinical outcomes 

ranging from decreased hospitalizations in a select group of patients to a reduction in all-cause 

mortality across all pre-specified subgroups. In this review, we will discuss the previously 

established guideline-directed medical therapies for heart failure with reduced ejection fraction, 

the translational research that led to the development of these new therapies, and the results from 

the major clinical trials of ivabradine and sacubitril/valsartan.

 Introduction

Heart failure is a source of significant morbidity and mortality in the United States1 and is 

responsible for billions of dollars spent in direct medical expenditures and lost revenue due 

to reduced productivity2. In the past three decades, dramatic advances have been made in the 

understanding of the pathophysiology of heart failure and the development of pharmacologic 

therapies that improve functional status and reduce hospitalizations and mortality for 

patients with heart failure with reduced ejection fraction3–7. These advances have led to 

guideline recommendations for the use of certain beta-blockers, angiotensin converting 
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enzyme (ACE) inhibitors or angiotensin receptor blockers, and aldosterone antagonists in 

patients with symptomatic heart failure with reduced ejection fraction. However, despite 

these guideline-directed medical treatments, aimed at blockade of the neurohormonal 

mechanisms of heart failure, heart failure remains the cause of one in nine deaths in the 

United States1 and is the number one cause of hospitalization. Recognizing this, effort has 

continued to identify new pathways in heart failure for modification in patients already 

receiving the benefit of these proven medications. Secondary analysis of major beta-blocker 

trials and data from large heart failure registries revealed that heart failure patients with 

lower heart rates have improved outcomes. This led to the prospective trials that have shown 

the sinoatrial “funny” current (If) inhibitor, ivabradine, improves outcomes in selected 

patients with heart failure8. Additionally, while blockade of the renin-angiotensin-

aldosterone (RAA) system has been a cornerstone of heart failure therapy, more recent 

research has noted the important effects of the body’s own mechanisms to counter the 

volume expansion and vasoconstriction seen in heart failure. Efforts to augment these 

natural systems resulted in the approval of sacubitril, a neprilysin-inhibitor, given in 

combination with the angiotensin receptor blocker (ARB) valsartan in the treatment of heart 

failure with reduced ejection fraction9. In this review, we will summarize the current 

knowledge of the pharmacologic treatment of chronic heart failure and then explore the first 

new-in-class medications to be approved by the FDA for the treatment of heart failure since 

2005, ivabradine and sacubitril/valsartan (LCZ696).

 Guideline-Directed Medical Therapy

Heart failure is the inability of the heart to maintain enough cardiac output to distal organs to 

meet metabolic demand and is heralded by symptoms that include dyspnea, edema, and 

fatigue. The decreased perfusion and arterial pressure activate regulatory systems in the 

body’s neural and hormonal pathways designed to compensate for the weakened heart. The 

most important of these is the RAA system, in which decreased perfusion to the 

juxtaglomerular cells in the kidney result in an increase in renin levels. Renin is responsible 

for the conversion of angiotensinogen to angiotensin I (AT I) which is, in turn, converted to 

angiotensin II (AT II). AT II has a host of effects, including vasoconstriction, promotion of 

anti-diuretic hormone (ADH) and aldosterone secretion, and an increase in sympathetic 

tone10. Baroreceptor feedback in the neural axis further increases the adrenergic drive 

through direct nerve innervation on the heart and adrenal glands, increasing circulating 

catecholamines that increase heart rate and cardiac contractility11. The physiologic end goal 

of the neurohormonal cascade is a compensatory attempt to restore organ perfusion through 

increased systemic vascular resistance, plasma volume, and cardiac output.

While these mechanisms may help in an acute setting, over time the chronic, continuous 

feedback becomes deleterious, leading to pathologic ventricular remodeling, worsening 

heart failure, and perpetuating a downward spiral. Extended beta-receptor activation 

increases myocardial metabolic demands, contributes to adverse ventricular remodeling, 

predisposes to dangerous arrhythmias, and speeds myocyte death11. The continuous 

activation of the RAA system leads to remodeling of the ventricle, volume overload, and 

increased ventricular fibrosis10. In light of this, current guideline therapy in chronic heart 

failure aims to interrupt this process. The Studies of Left Ventricular Dysfunction (SOLVD) 
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and Vasodilator-Heart Failure Trial II (V-HeFT II) trials showed that ACE inhibitors reduced 

the risk of death by 17% and death or hospitalization by up to 30% compared to placebo, 

and they were superior to the nonspecific vasodilators hydralazine and isosorbide 

dinitrate6,12. Other trials showed that angiotensin receptor antagonists could improve 

outcomes in patients intolerant of ACE inhibitors but did not reduce mortality when added 

on to an ACE inhibitor. Studies testing beta-blockade in heart failure with reduced ejection 

fraction, including the Metoprolol CR/XL Randomised Intervention Trial in Congestive 

Heart Failure (MERIT-HF) and Carvedilol Prospective Randomized Cumulative Survival 

(COPERNICUS) trials, showed an additional mortality decrease of up to 35% when added 

to background ACE inhibitor therapy3,4. The Randomized Aldactone Evaluation Study 

(RALES) trial showed a remarkable, additional 30% all-cause mortality reduction with the 

aldosterone antagonist spironolactone when added to ACE inhibitor and beta-blocker 

therapy7, and subsequent trials showed benefit in mild heart failure with reduced ejection 

fraction. Taken together, pharmacologic therapy aimed at interrupting the neurohormonal 

feedback system can decrease two year mortality by 50% and the risk of hospitalization by 

64% in patients with heart failure with reduced ejection fraction13. It is on this background 

of guideline-directed medical therapies that new classes of heart failure therapies were 

evaluated.

 Ivabradine

Resting heart rate has long been shown to have prognostic significance. Follow-up from the 

Framingham Heart Study demonstrated in an adult population without previous myocardial 

infarction or heart failure that a higher resting heart rate was associated with increased risk 

of cardiovascular and all-cause mortality. Each standard deviation of increase in baseline 

heart rate was associated with a 17% increase in the risk of all-cause mortality over a median 

follow-up of 19 years, even when adjusted for co-morbidities and activity level14. Multiple 

studies have demonstrated heart rate to be a predictive and modifiable marker in patients 

with heart failure in sinus rhythm. Although there has been some question as to whether 

there is a mechanistic relationship between elevated heart rate and worse cardiac function15 

or whether heart rate is secondary in importance to dose of beta-blockers16, most analyses 

suggest that heart rate reduction is associated with lower risk.

Given the relationship between heart rate and mortality in heart failure it may be expected 

that beta-blockers with higher chronotropic suppression would have a larger benefit in heart 

failure patients. The was essentially only one large, randomized, and double-blind study, the 

Carvedilol or Metoprolol European Trial (COMET)17, in which there were similar long-term 

heart rate reductions. Outside of head-to-head trials, there are limitations in comparing 

differences in heart rate reduction and mortality reduction relative to placebo among 

different trials of various beta-blockers under varying conditions. However, it appears that 

the beta-blocker trials that showed the largest heart rate reduction, even with similar agents, 

had the largest impact on mortality. In a meta-analysis of 23 beta-blocker trials, there were 

greater mortality reductions as a function of the magnitude of heart rate reduction achieved 

within the trial18. For every heart rate reduction of 5 bpm with beta-blocker treatment, a 

commensurate 18% reduction (confidence interval [CI], 6% to 29%) in the risk for death 
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occurred. If heart rate reduction is independent of the other protective effects of beta-

blockers, then non-beta-blocker medications that lower the heart rate may be of benefit.

While the intrinsic control of heart rate is a complex balance of various cellular processes, 

the “funny” (If) current is felt to play a significant role in the continuous, rhythmic 

depolarization of the heart and in modulation of the heart rate. The time between firing 

events of the sinoatrial node (SAN), and thus the heart rate, is determined by the slope of 

phase 4 in the SAN action potential, which is determined by the If
19. Antagonism of beta 1-

receptors in the SAN reduces levels of intracellular cyclic adenosine monophosphate 

(cAMP), which in turn slows the If and decreases firing of the SAN, and this is the 

mechanism by which beta-blockers reduce heart rate. However, beta-receptors are found 

throughout the heart and antagonism provides other beneficial effects, including preventing 

catecholamine-driven myocyte death and reducing ventricular arrhythmias20. Ivabradine is a 

drug that blocks the hyperpolarization-activated, cyclic nucleotide-gated (HCN) channels 

that are responsible for the If, resulting in a shallower phase 4 slope of the SAN action 

potential21 (Figure 1). In this manner, ivabradine slows heart rate without the other 

cardiovascular effects, both positive and negative, of beta-blockers.

The Morbidity-mortality Evaluation of the If Inhibitor Ivabradine in Patients with Coronary 

Disease and Left Ventricular Dysfunction (BEAUTIFUL) trial was a multinational, 

randomized, placebo-controlled trial involving 10,917 patients with proven coronary artery 

disease, an ejection fraction of 40% or lower, and a resting heart rate greater than 60 bpm22. 

Ivabradine, either 5mg or 7.5mg twice daily, was titrated to a target of 50 to 60 bpm without 

symptoms related to bradycardia. At entry, 84% of patients were on beta-blocker therapy, 

83% had New York Heart Association (NYHA) class II or III heart failure symptoms, and 

the average ejection fraction was 32.4%. At the end of the trial, with a median follow-up of 

19 months and a mean difference in heart rate of 6.4 bpm at one year, there was no 

difference in all-cause mortality (10.4% v. 10.1%), hospital admission for heart failure (7.8% 

v. 7.9%), or admission to the hospital for myocardial infarction or unstable angina (5.8% v. 

5.5%). Serious adverse events were similar in both groups, but there was a higher rate of 

study drug discontinuation with ivabradine (28% v. 16%), owing mainly to bradycardia. Per 

the reported analysis, there was no significant interaction in the outcome based on the use of 

beta-blockers at study entry, although the types and dosages were not specified.

Based on prior evidence suggesting that heart rates greater than 70–75bpm were associated 

with worse outcomes, the authors had a pre-specified subgroup in which the entry resting 

heart rates were greater than 70bpm. In final analysis, there was a statistically significant 

treatment effect for this subgroup, and ivabradine was associated with decrease in hospital 

admissions for unstable angina or myocardial infarction (3.1% v. 4.9%) and coronary 

revascularizations (2.8% v. 4.0%). Heart failure admissions, all-cause mortality, and 

cardiovascular mortality were still not significantly different.

Based on these findings, another trial of ivabradine focusing solely on patients with heart 

failure with reduced ejection fraction was conducted, the Systolic Heart Failure Treatment 

with the If Inhibitor Ivabradine Trial (SHIFT). Trial designs were somewhat similar, 

although in SHIFT, patients needed to have NYHA class II-IV heart failure with an ejection 
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fraction of 35% of lower and a resting heart rate greater than 70 bpm to be enrolled8. While 

the target heart rate range was the same, investigators allowed doses of ivabradine as low as 

2.5mg twice daily in addition to 5mg or 7.5mg twice daily. During the trial, there was a 

better separation in heart rates, with a mean difference of 9.1 bpm at one year. After a 

median follow-up of 22.9 months, ivabradine was associated with an 18% relative reduction 

in the primary end-point of cardiovascular death or hospital admission for heart failure (24% 

v. 29%), although this was driven primarily by the reduction in hospital admissions (16% v. 

21%, p<0.0001). All-cause and cardiovascular mortality were not significantly different 

between ivabradine and placebo, however heart failure mortality was reduced with 

ivabradine. In terms of adverse events, the ivabradine arm had higher rates of symptomatic 

(5% v. 1%) bradycardia, rings or spots of lights in vision named phosphenes (3% v. 1%), and 

atrial fibrillation (9% v. 8%). Only symptomatic and asymptomatic bradycardias were more 

likely to lead to study drug discontinuation with ivabradine.

At study entry, 89% of patients in SHIFT reported being on beta-blocker therapy. However, 

14% of these patients were on beta-blockers that are not part of the American College of 

Cardiology/American Heart Association (ACC/AHA) guidelines for the management of 

chronic systolic heart failure8,23. Of those on therapy, only 56% of patients were on at least 

half the recommended dose with just over half of those patients at target recommended dose. 

A comprehensive secondary analysis was performed examining the reasons for below-target 

therapies and the effects of varying beta-blocker doses and baseline heart rates on 

outcomes24. A history of COPD or asthma, lower blood pressure, increasing age, and 

concurrent treatment with amiodarone or digoxin were all associated with a lack of beta-

blocker therapy or sub-target dosing. While there was a trend towards a decreased effect of 

ivabradine on the primary outcome with increased beta-blocker doses, after controlling for 

the impact of baseline heart rate, there was no significant difference—beta-blocker therapy 

did not significantly alter the effect of ivabradine in isolation. Analysis also showed a 

significant interaction of the treatment effect of ivabradine with baseline heart rate, with a 

greater treatment effect of ivabradine when the baseline heart rate was higher and the 

subsequent heart rate reduction was greater25. The increased magnitude of heart rate 

reduction with a higher starting heart rate is consistent with the use-dependent molecular 

model of ivabradine.21

Pre-specified subgroup analysis showed a near significant (p=0.059) interaction between the 

treatment group and etiology of cardiomyopathy, suggesting a more pronounced benefit of 

ivabradine in patients with non-ischemic cardiomyopathies as compared to those with an 

ischemic etiology. This result is interesting in the context of other trials of ivabradine. The 

previously described BEAUTIFUL trial was negative in its primary end-point, and although 

these patients had higher ejection fractions and lower heart rates than in the SHIFT trial, 

they all had an ischemic cardiomyopathy. A large, randomized trial, the Study Assessing the 

Morbidity Mortality Benefits of the If Inhibitor Ivabradine in Patients with Coronary Artery 

Disease (SIGNIFY) trial, found no benefit of ivabradine in addition to guideline-directed 

medical therapy, including beta-blockers, for stable coronary artery disease in patients 

without heart failure. Pre-specified sub-group analysis of the SIGNIIFY trial revealed that 

patients with limiting angina, compared to non-limiting angina, actually had higher rates of 

the primary endpoint, death from cardiovascular causes or nonfatal myocardial infarction, 
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when on ivabradine compared to placebo40. While not conclusive, these results suggest that 

further study may potentially be warranted to delineate a patient population that more clearly 

benefits from ivabradine.

In the SHIFT trial, Ivabradine therapy was also associated with improved quality of life 

(QOL) and echocardiographic indices. In a substudy of just under 10% of the total study 

population, patients treated with ivabradine had greater reductions in left ventricular end 

systolic volume index (−7 mL/m2 v. −0.9 mL/m2) and left ventricular end diastolic volume 

index (−7.9 mL/m2 v. −1.8 mL/m2), and a greater increase in ejection fraction (+2.4% v. 

−0.1%)26. This reversal of ventricular remodeling was seen across all subgroups including 

varying beta-blocker dose, etiology of heart failure, and baseline ejection fraction. Patients 

on ivabradine also experienced greater increases in their Kansas City Cardiomyopathy 

Questionnaires (KCCQ), a previously validated tool to assess the various limitations of heart 

failure. Patients taking ivabradine had a larger increase (6.7 v. 4.3) in their overall summary 

score (OSS), in which a higher number represents less limitation in the physical, social, and 

psychological areas27.

On a background of guideline-directed medical therapy for chronic heart failure with 

reduced ejection fraction including ACE inhibitors, beta-blockers, and aldosterone 

antagonists, ivabradine may provide an additional reduction in hospitalizations in a carefully 

selected population in sinus rhythm and resting heart failure of 70 bpm8,22 with the most 

benefit likely in those with persistently elevated heart rates (>77 bpm).22,24,25 While 

ivabradine did reduce hospitalizations, it did not reduce all-cause or cardiovascular mortality, 

a proven benefit of beta-blockers and other guideline-based therapies and it remains critical 

to achieve target doses of these medications in patients prior to consideration of additional 

therapies.

 Neprilysin Inhibition

In addition to beta-blocker therapy, interruption of the RAA system activation via ACE 

inhibitors or angiotensin receptor antagonists and aldosterone antagonists has been a 

cornerstone in therapy for heart failure with reduced ejection fraction10. However, while 

maladaptive RAA system activation leads to increased levels of angiotensin II, ADH, and 

aldosterone that are harmful, heart failure is associated with a rise in counter regulatory 

hormones and molecules as well (Figure 2). Adrenomedullin is a peptide that has been noted 

to be elevated in patients with heart failure and which can cause significant vasodilation and 

increased glomerular filtration28. Natriuretic peptides, including atrial natriuretic peptide 

(ANP) and brain natriuretic peptide (BNP), are produced in response to volume overload, 

cardiac dysfunction, and atrial stretch, and exert effects including vasodilation, diuresis, 

natriuresis, and prevention of cardiac hypertrophy29. Similar beneficial effects are seen from 

bradykinin, a product of the kallikrein-kinins system (KKS) that becomes up regulated in 

heart failure in parallel to the RAA system activation30, although it is also associated with 

angioedema in high levels.

Attempts have been made to potentiate the levels of these counter regulatory molecules 

through inhibition of the neutral endopeptidases (NEP), which include neprilysin, that are 
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responsible for the degradation of the counter regulatory molecules into inactive 

components. The Omapatrilat Versus Enalapril Randomized Trial of Utility in Reducing 

Events (OVERTURE) trial was a comparison of omapatrilat, a combined NEP and ACE 

inhibitor, against enalapril, an ACE inhibitor, in 5,770 patients with NYHA class II-IV heart 

failure and an ejection fraction less than or equal to 30%31. After a mean duration of 14.5 

months, omapatrilat was found to be non-inferior, but not superior to enalapril in the primary 

endpoint of hospitalization for heart failure treated with intravenous diuretics. A modified 

primary endpoint—to try and more closely model that used in the SOLVD trial6—did 

suggest omapatrilat may be superior in reducing admission for all heart failure 

hospitalizations, including those treated only with oral medications, with an 11% reduction 

in such admissions. Omapatrilat was more potent at lowering blood pressure at peak effect, 

but was less effective at trough levels, causing the enalapril group to have lower recorded 

blood pressures at each check while those taking omapatrilat more often reported 

hypotension and dizziness. In the OVERTURE trial, there was a slight increase in the 

number of cases of angioedema (0.8% v. 0.5%), but in the Omapatrilat Cardiovascular 

Treatment vs. Enalapril (OCTAVE) trial, in which omapatrilat was compared with enalapril 

for hypertension management, the difference in angioedema was more concerning (2.17% 

for omapatrilat versus 0.68% for enalapril) including several life-threatening events32. The 

increase in angioedema is felt to be due to greater elevations in bradykinin levels, as 

bradykinin is degraded both by ACE and NEP30 and this concern was the barrier to approval 

of omapatrilat for use in clinical practice.

With the goal of maximizing the potential benefits of these counter regulatory hormones and 

minimizing the deleterious effects seen with combined NEP and ACE inhibition, LCZ696 

(sacubitril/valsartan), a dual angiotensin receptor-neprilysin inhibitor (ARNi) was 

developed33. The Prospective Comparison of ARNI with ACEI to Determine Impact on 

Global Mortality and Morbidity in Heart Failure (PARADIGM-HF) trial studied the effects 

of sacubitril/valsartan versus enalapril in patients with NYHA class II-IV heart failure, an 

ejection fraction less than 35–40%, and a heightened risk of heart failure events as evidenced 

by history of recent hospitalization or elevated biomarkers9. Although sacubitril/valsartan 

has an angiotensin receptor blocker (ARB) moiety, the comparison was made to enalapril 

given the more consistent data of the benefits of ACE inhibitors in heart failure as compared 

to ARBs34. Patients were randomized to receive either a target dose of 200mg of LCZ696 

twice daily, which has an ARB equivalency to 320mg daily of valsartan, or enalapril 10mg 

twice daily, which were based on the target doses of the Valsartan Heart Failure Trial35 and 

SOLVD trial6.

The trial employed a run-in period in which patients received, in a single-blind fashion, 

enalapril for two weeks and then sacubitril/valsartan for four to six weeks while being 

assessed for adverse effects and compliance issues. Of all patients that began the run-in, 

12% withdrew for an adverse event, with a higher rate in the enalapril arm, when adjusted 

for the differing length of run-in periods. While this run-in period, an often utilized 

technique for maximizing the efficiency of a trial, is unlikely to alter the validity of the 

outcomes from the trial, it does somewhat reduce the generalizability of the safety and 

tolerability findings36.
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During the study, 8,399 patients were randomized and included in the analysis. After 

completion of enrollment and a median follow-up of 27 months, the study was halted early 

based on the finding of overwhelming benefit during the third interim analysis. The primary 

end-point, death from cardiovascular cause or first hospitalization for worsening heart 

failure, was reduced by 20% in the sacubitril/valsartan group, with similar reductions seen in 

the individual components of the composite end-point. The secondary end-points were also 

favorable for sacubitril/valsartan, with a 16% reduction in overall mortality and a slower 

decline in QOL as assessed by the KCCQ. Sacubitril/valsartan was also superior to enalapril 

in terms of various clinical outcomes. Patients in the sacubitril/valsartan arm required new 

medications, intravenous therapy, or intensified diuretic doses less often than the enalapril 

arm (12.4% v. 14.3%) and had a 34% reduction in emergency room visits that did not lead to 

hospitalization. For patients that were hospitalized, those receiving, sacubitril/valsartan 

needed inotropes less often (3.9% v. 5.4%) and there was a 13% reduction in the number of 

patients needing intensive care37. The benefits of sacubitril/valsartan were observed across 

all pre-specified clinically relevant subgroups with similar benefits across age, sex, race-

ethnicity, comorbidities, severity of heart failure, and background therapies included in the 

trial.

The PARADIGM-HF trial also demonstrated that sacubitril/valsartan had significant benefits 

for reducing heart failure progression. In comparison with enalapril-treated patients, fewer 

sacubitril/valsartan-treated patients required intensification of medical treatment for heart 

failure (hazard ratio [HR], 0.84; 95% CI, 0.74–0.94; p=0.003) or an emergency department 

visit for worsening heart failure (HR, 0.66; 95% CI, 0.52–0.85; p=0.001). The patients in the 

sacubitril/valsartan arm also experienced 23% fewer hospitalizations for worsening heart 

failure and were less likely to need implantation of a heart failure device or cardiac 

transplantation. The benefits with sacubitril/valsartan compared to ACE inhibitor therapy 

were observed early, with the reduction in heart failure hospitalization evident within the 

first 30 days after randomization. Based on actuarial estimates from the PARADIGM-HF 

trial and assuming consistent benefits with long-term use, it has been estimated that 

treatment with sacubitril/valsartan would result in benefits of 1 to 2 years of increased life 

expectancy and survival free from heart failure.

Analysis of serum biomarkers of heart failure revealed that NT-proBNP and troponin T 

levels were lower at 4 weeks and 8 months of therapy with sacubitril/valsartan compared to 

enalapril, whereas BNP was higher, which is expected given that NEP inhibition inherently 

increases BNP37. Therefore, BNP, while usually portending worse heart failure outcomes at 

higher levels38, cannot be used as such in patients on sacubitril/valsartan and may actually 

have reverse implications. However, the PARADIGM-HF investigators have not yet 

published any outcomes stratified by changes in BNP from baseline to see whether such a 

change could predict the subsequent clinical outcomes. While a rise in BNP would be an 

interesting way to demonstrate that the drug is exerting its effect, longitudinal changes may 

be difficult to interpret as improvements in heart failure and reduced ventricular stress may 

reduce proBNP, and therefore BNP, production. Therefore an eventual fall in BNP values 

could represent decreased production as opposed to loss of neprilysin inhibition.
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Sacubitril/valsartan was generally well tolerated with fewer increases in serum creatinine > 

2.5 mg/dl (3.3% v. 4.5%) or serum potassium > 6.0 mmol/liter (4.3% v. 5.6%) and fewer 

episodes of cough (11.3% v. 14.3%). Sacubitril/valsartan was more often associated with 

symptomatic hypotension (14.0% v. 9.2%) although there were fewer study medication 

discontinuations (17.8% v. 19.8%) in the sacubitril/valsartan arm. Given the previous 

concerns of angioedema seen in the OVERTURE and OCTAVE trials, PARADIGM-HF 

included it as blinded, adjudicated outcome. While there were more episodes of angioedema 

with sacubitril/valsartan compared with enalapril (19 v. 10), it was not statistically 

significant and there were no episodes of airway compromise in either group. There are 

theoretical reasons that neprilysin inhibition could interrupt a pathway involved with the 

breakdown of beta-amyloid. However, there were no increases in neurocognitive or ocular 

adverse effects detected in PARADIGM-HF.

There is the potential for dual angiotensin and NEP inhibition in patients with heart failure 

with preserved ejection fraction. The Prospective Comparison of ARNI with ARB on 

Management of Heart Failure with Preserved Ejection Fraction (PARAMOUNT) trial was a 

phase II, double-blind study that examined the effect of sacubitril/valsartan in these patients. 

Three hundred and one patients with NYHA class II-IV heart failure, an ejection fraction 

45% or higher and an elevated NT-proBNP were randomized to a goal of LCZ696 200mg 

twice daily or valsartan 160mg twice daily. After 12 weeks of therapy, the primary endpoint 

of NT-proBNP level showed a 23% greater reduction with sacubitril/valsartan as opposed to 

valsartan, although by 36 weeks, while the difference still favored sacubitril/valsartan it was 

no longer statistically significant39. Subgroup analysis suggested a greater benefit with 

sacubitril/valsartan in patients with diabetes or systolic blood pressures greater than 

140mmHg. While this phase II trial used an intermediary end-point of NT-proBNP, a large, 

phase III trial with clinical endpoints is currently planned, and if positive would represent 

the first direct pharmacologic therapy for heart failure with preserved ejection fraction.

Dual angiotensin and NEP blockade with sacubitril/valsartan appears to well tolerated and 

provides significant benefit in terms of mortality, hospitalizations, and multiple symptomatic 

and quality of life indicators in comparison to ACE inhibitor alone9,37. On the basis of this 

compelling evidence, sacubitril/valsartan could replace ACE inhibitors or angiotensin 

receptor blocker as the cornerstone of therapy for heart failure with reduced ejection 

fraction.

 Conclusions

In the past three decades, extensive research has led to the neurohormonal model of heart 

failure and four classes of medications, beta-blockers3,4, angiotensin receptor blockers35, 

ACE inhibitors5,6, and aldosterone antagonists7, that have been the core of guideline-

directed medical therapy for heart failure with reduced ejection fraction and have 

dramatically lowered the morbidity and mortality associated with this disease. This has led 

to a decrease in hospitalizations and improvement in survival after diagnosis despite a 

relatively constant incidence of heart failure with reduce ejection fraction1. Ivabradine and 

sacubitril/valsartan represent the first new-in-class medications in the efforts to further 

improve the outcomes for patients with heart failure with reduced ejection fraction. 
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Sacubitril/valsartan showed a clear benefit over the current standard of care of an ACE 

inhibitor and thus may replace the ACE inhibitor or angiotensin receptor blockers in eligible 

patients with heart failure with reduced ejection fraction. In select patients, ivabradine can 

further decrease hospitalizations for heart failure in patients in sinus rhythm with a resting 

heart rate greater than 70bpm on maximally tolerated beta-blockers. These new drugs for 

heart failure with reduced ejection fraction represent important therapeutic advances. 

Nevertheless, additional therapies to further improve outcomes in heart failure with reduced 

ejection fraction are needed. In addition, there is a critical need to identify medical therapies 

that can improve outcomes in patients with heart failure with preserved ejection fraction.
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Figure 1. 
Diagram of SAN Action Potential and Effect of Ivabradine

Legend: Phase 0 – depolarization, phase 3 – repolarization, phase 4 – spontaneous 

depolarization, solid line – normal SAN action potential, dashed line – SAN action potential 

under the effect of ivabradine. Adapted from DiFrancesco D21.
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Figure 2. 
Neurohormonal Pathways in Heart Failure and Targets for Medical Therapy

Legend: ANP = atrial natriuretic peptide, BNP = brain natriuretic peptide, ANS = autonomic 

nervous system, NE = norepinephrine, Epi = epinephrine, ARB = angiotensin receptor 

blocker, ACE = angiotensin converting enzyme, ACE-I = ACE inhibitor, ATN = 

angiotensinogen, AT = angiotensin. Graphic credit: Margaux Reynolds.
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