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Abstract
Heart failure (HF) is a clinical syndrome that results from a structural or 
functional cardiac disorder that reduces the ability of the ventricle of the heart to 
fill with, or eject, blood. It is a multifaceted clinical condition that affects up to 2% 
of the population in the developed world, and is linked to significant morbidity 
and mortality; it is therefore considered a major concern for public health. 
Regarding the mechanism of HF, three neurohumoral factors - the renin-
angiotensin-aldosterone system, the sympathetic nervous system, and natriuretic 
peptides — are related to the pathology of chronic HF (CHF), and the targets of 
treatment. Angiotensin receptor blocker and neprilysin inhibitor (angiotensin-
receptor neprilysin inhibitor), namely sacubitril/valsartan (SAC/VAL), has been 
introduced as a treatment for CHF. SAC/VAL is an efficacious, safe, and cost-
effective therapy that improves quality of life and longevity in patients with HF 
with reduced ejection fraction (HFrEF), and reduces hospital admissions. An in-
hospital initiation strategy offers a potential new avenue to improve the clinical 
uptake of SAC/VAL. In the last five years, SAC/VAL has been established as a 
cornerstone component of comprehensive disease-modifying medical therapy in 
the management of chronic HFrEF. On the other hand, further work, with 
carefully designed and controlled preclinical studies, is necessary for un-
derstanding the molecular mechanisms, effects, and confirmation of issues such as 
long-term safety in both human and animal models.
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Core Tip: Heart failure (HF) is a multi-faceted clinical condition that affects up to 2% 
of the population in the developed world, and is linked to significant morbidity and 
mortality; it is therefore considered a major concern for public health. In 2014, a newly 
developed angiotensin receptor blocker and neprilysin inhibitor (angiotensin-receptor 
neprilysin inhibitor), namely sacubitril/valsartan (SAC/VAL), was introduced as a 
treatment for chronic HF (CHF), and it proved to have the efficacy, safety, and cost-
effectiveness to improve quality of life and longevity in patients with heart failure with 
reduced ejection fraction and reduces hospital admission. In this review, we first 
summarize the current knowledge regarding HF, then provide an overview of the 
current knowledge on SAC/VAL for CHF, together with relevant clinical trials and 
future perspectives.
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INTRODUCTION
Heart failure (HF) is a clinical syndrome resulting from a structural or functional 
cardiac disorder, diminishing the ability of the cardiac ventricle to fill with, or eject, 
blood[1-3]. It is a multi-faceted clinical condition that affects up to 2% of the 
population in the developed world, and it is linked to both significant morbidity and 
mortality; it is therefore considered a major concern for public health[4].

According to several researches in Japan, HF results from myocardial injury due to 
a variety of causes, including age > 80 years old, male, underlying heart disease; 
ischemic, hypertensive, cardiomyopathy, vulver heart disease, medical history; prior 
hospitalization for HF, hypertension, dyslipidemia, diabetes mellitus (DM), smoking, 
atrial flutter/fibrillation, chronic respiratory disease, stroke/transient ischemic attack, 
continuous positive airway pressure, pacemaker, implantable cardioverter defi-
brillator, cardiac resynchronization therapy, and hemodialysis[1,5,6]. The etiology and 
frequency of HF is shown in Table 1.

Regarding the mechanism of HF, vasoconstriction and fluid retention are caused by 
the renin-angiotensin-aldosterone system (RAAS) and the sympathetic nervous system 
(SNS), and the natriuretic peptides (NPs) secreted by the myocardium, which is itself 
both volume- and pressure-overloaded, promote vasodilation and diuresis[7,8]. The 
three neurohumoral factors related to the pathology of chronic heart failure, and the 
target of conventional remedies, are shown in Figure 1.

In this review, we first summarize the current knowledge of HF, then provide an 
overview of the current knowledge on angiotensin receptor blocker and neprilysin 
inhibitor [angiotensin-receptor neprilysin inhibitor (ARNI)], namely sacubi-
tril/valsartan (SAC/VAL) for chronic HF (CHF), together with the structure, 
expression, regulatory roles, effects on CHF and other diseases, relevant clinical trials, 
and future prospects.

HF
Classification
HF is associated with a number of symptoms, including shortness of breath, breathing 
difficulties, nausea, diminished appetite, fatigue, intolerance to exercise, retention of 
fluid, coughing, weight gain from pulmonary congestion, and peripheral edema and 
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Table 1 The etiology of heart failure

Arrhythmia

Cardiomyopathy 

Cardiotoxic drug 

CKD 

Congenital heart disease 

DM 

Hypertensive heart disease 

Hypertension 

Infection 

Ischemic heart disease 

Myocardial disease 

Pericardial disease 

Pulmonary hypertension 

Systemic toxins 

Valvular disease 

CKD: Chronic kidney disease; DM: Diabetes mellitus.

Figure 1 Three neurohumoral factors related to the pathology of chronic heart failure, and the targets of conventional remedies. ACEI: 
Angiotensin-converting enzyme inhibitors; ARB: Angiotensin receptor blockers; BB: β-blocker; BP: Blood pressure; HF: Heart failure; HR: Heart rate; MRA: 
Mineralocorticoid receptor antagonist; RAAS: Renin-angiotensin-aldosterone-system.

ascites due to impaired venous return[1,3]. HF severity can be classified under the 
New York Heart Association (NYHA) classification system as follows: Class I, no 
symptoms; Class II, symptoms with ordinary activity; Class III, symptoms with less 
than ordinary activity; and Class IV, symptoms at rest or with any minimal activity[3].

HF can be further categorized based on ejection fraction (EF)[3]. In 2013, The 
American Heart Association (AHA) and American College of Cardiology (ACC) 
assigned an EF range to HFrEF and HFpEF[3,9]. This classification created a “gray 
area” of patients who have EF of 41–49%; this has ultimately come to be known as “HF 
with mid-range” (HFmrEF)[3,9]. “HF with preserved EF” (HFpEF) is defined as left 
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ventricular (LV) EF (LVEF) of 50% or greater; HFmEF is defined as LVEF of 41%–49%, 
and HF with reduced EF (HFrEF) is defined as LVEF of up to 40%[3,9]. Of these, 
HFmrEF patients represent a group with heterogeneous clinical characteristics, 
sometimes resembling HFrEF, sometimes resembling HFpEF, and sometimes even 
resembling a unique phenotype entirely[9]. There are no randomized controlled trials 
(RCTs) for patients with HFmrEF, though HFrEF and HFpEF studies that include 
overlap suggest some potential benefits from β-blockers (BBs), angiotensin receptor 
blockers (ARBs), mineralocorticoid receptor antagonists (MRAs), and ARNI[9]. HFrEF 
occurs at LVEF of 40% or below, and is accompanied by progressive LV dilatation and 
adverse cardiac remodeling[2]. HF assessment begins with obtaining the patient’s 
medical history and performing a physical examination[2]. Other key factors for 
diagnosis are NPs that are elevated above age- and context-specific thresholds, and 
identifying LV systolic dysfunction with LVEF of 40% or less using echocardiography
[2]. Worldwide, HF now affects an estimated 23 million people, approximately 50% of 
whom are HFrEF cases[2].

Management
Management of HF depends on each individual’s NYHA classification and EF, but 
generally, treatment involves pharmacotherapies[3]. HF treatment strategies include 
the use of diuretics for symptom relief, and the application of an expanding 
armamentarium of disease-modifying drug and device therapies[2].

The foundation of HFrEF treatment is a number of pharmacotherapies that have 
been shown in large multinational RCTs to reduce morbidity and mortality[10]. With 
the exception of cases with specific contraindications, patients with HFrEF should be 
treated with BB, and one of ARNI, an angiotensin-converting enzyme (ACE) inhibitor 
(ACEI), or ARB, as foundational therapy, as well as diuretics, and additionally MRA 
which is recommended to reduce mortality and hospitalization in all the patients with 
HFrEF and EF ≤ 35%; until recently, however, it was unclear how to augment the 
beneficial effects of NPs in HF patients[2,7,10]. Of these, this review article covers 
ARNI in more detail below. In some cases, digoxin, ivabradine, ivabradine and 
hydralazine with isosorbide dinitrate, and hydralazine/isosorbide dinitrate also play 
roles in the care of some HFrEF patients[2]. More recently, sodium-glucose cotrans-
porter 2 (SGLT2) inhibitors have led to further improvements in disease outcomes, 
bringing about significant reductions in cardiovascular and all-cause mortality, 
regardless of patient diabetes status; additionally, the soluble guanylate cyclase 
stimulator vericiguat has reduced hospitalization for HF in high-risk HFrEF patients
[2]. Pharmacotherapy efficacy does not vary by age; therefore, each of these therapies 
should be considered for every patient, no matter their age[10]. Other factors, 
including co-morbidities such as renal dysfunction, may limit use of some of these 
drugs for elderly patients[10]. Building on this foundation, other, more advanced 
treatments, including implantable cardioverter defibrillators and cardiac resynchron-
ization therapy, are recommended by HFrEF treatment guidelines; for a select few, 
mechanical circulatory support and cardiac transplantation also remain options[2,10]. 
Conversely, there are only limited options for HFpEF[10]. In the absence of robust 
outcome data from large randomized trials, MRA is a reasonable therapy for the 
reduction of hospitalization risk for HF in patients with HFpEF[10].

New therapeutic strategies that aim to tackle the rising socio-economic burden of 
HF have become a significant priority, and timely, efficient drug treatments play key 
roles in improving quality of life (QOL) and prognosis for HF patients[11,12]. 
Enhancing NP bioavailability through exogenous NP administration, and inhibiting 
neutral endopeptidase, are valuable therapeutic strategies for HF; current therapeutic 
concepts combine inhibition of the RAAS with blockage of the sympathetic system[8,
12]. New therapeutic approaches, including selective heart rate reduction, attenuation 
of NP degradation through neutral endopeptidase inhibition, and treatment of 
comorbidities (such as iron deficiency, DM, or hyperkalemia) have led to further 
improvements to affected patient survival, time out of hospital, and QOL[8,12]. In 
addition, this approach has been proven to demonstrate beneficial effects, and reduce 
adverse events, in HF patients[8].

Prognosis
Typically, the natural course of HF is associated with repeated hospitalizations and the 
subsequent deterioration of patient prognosis[13,14]. In the past twenty years, the 
prognosis for HFrEF has steadily improved due to drug treatment advances and 
consistent implementation of evidence-based drug therapy as recommended by 
guidelines[12]. Therefore, a history of multiple previous admissions for HF was found 
to be a strong independent risk factor for adverse events following index admission, 
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and number of hospitalizations could serve as a simple yet valuable surrogate 
indicating subsequent adverse events in HF patients[13]. Furthermore, another study 
conducted in Japan reported a 23.6%–26.2% HF readmission rate within one year after 
discharge for HF[15]. Overall, despite the underlying pathophysiological mechanisms 
of HF being well understood, the disease still has significant morbidity, with three-
year mortality of 30% and five-year mortality of 50%[1,3,16].

As a classification of HF, HFrEF is a major public health concern that has substantial 
morbidity and mortality; however, recent developments such as SGLT2 inhibitors, 
vericiguat, and transcatheter mitral valve repair all incrementally improve prognosis 
beyond what was possible through foundational neurohormonal therapies[2]. On the 
other hand, one of the most common reasons for prolonged hospital admission is poor 
management of HF symptoms from decompensated HFpEF[17]. The high morbidity 
and mortality rates associated with HFpEF are compounded by poor understanding of 
the underpinning pathophysiology[17].

CHF
Though CHF is a common condition, if untreated, it will markedly impair QOL; it is 
associated with a high risk of recurrent hospitalization and death[18]. Availability of 
evidence-based treatment options is limited to congestive HF with low EF; the 
medication has been approved in the United Stated by the Food and Drug Adminis-
tration (FDA) for the treatment of chronic HFrEF patients of NYHA class II, III, or IV
[18,19]. Alongside the past decade’s marked progress in device therapy, more recent 
advances in CHF management have led to exciting new pharmacological options[20]. 
Pharmacotherapy is based on neurohumoral inhibition of the RAAS and the 
adrenergic system[18]. Previously, it has been reported that higher serum levels of 
both cortisol and aldosterone were independent predictors of increased mortality risk 
in CHF patients, and that these confer complementary and incremental prognostic 
value[21]. On the other hand, a recent article reported further prognostic 
improvements for patients with this condition by introducing ARNI[18]. Modern 
implantable devices serve as another component of treatment[18]. The use of 
implantable defibrillators and special pacemakers for cardiac resynchronization is well 
established; there is still a need for further studies to investigate the utility of 
alternative devices (such as baroreflex modulation or cardiac contractility modulation)
[18]. The treatment of chronic systolic HF as recommended in relevant guidelines, 
using drugs and implanted devices as indicated, can greatly improve clinical outcomes
[18].

INTRODUCTION OF ARNI
In the early 1980s, the NP system was extensively characterized, with investigations 
into its potential influence on the development and progression of HF; in recent years, 
the NP system has drawn increasing attention[22]. Indeed, this new class of drugs for 
HF management is supported by recent results and a vast clinical development 
program, and may prompt a paradigm shift in HF treatment, moving from inhibition 
of RAAS and SNS, to more integrated targeting of rebalanced neurohormonal dysreg-
ulation in HF[22]. The study of NPs has become highly relevant, as they mediate 
beneficial effects at the cardiovascular level, such as diuresis, natriuresis, and 
decreased cardiac remodeling; their metabolism is mediated by neprilysin, a metallo-
proteinase that is widely expressed in humans, and which is capable of catalyzing 
various substrates[23]. One of these, neprilysin, is an endopeptidase that breaks down 
endogenous vasoactive peptides, including NP, bradykinin, and adrenomedullin[3]. 
Neprilysin inhibition increases the levels of vasoactive substances, helping to counter 
the neurohormonal overactivation that contributes to vasoconstriction, sodium 
retention, and other maladaptive processes of HF[3]. The modulation of these 
functions has been studied for decades, giving rise to the use of sacubitril, the first 
neprilysin inhibitor; in conjunction with ARB, it has demonstrated high efficacy and 
tolerability among HF patients[23].

The association of an angiotensin II receptor antagonist and a neprilysin inhibitor is 
a new actor in HF management; recently, a newer pharmacotherapy, SAC/VAL, has 
become available for this purpose[3,24]. The stimulation of counter-regulatory 
systems, in addition to neurohormonal blockade, constitutes a new paradigm, known 
as “neurohormonal modulation,” and SAC/VAL is the first example of this new 
approach[3,8,16,19]. This new pharmacological class of ARNI has prompted a 
substantial conceptual change in HF treatment, with a transition from only inhibition 
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of the RAAS and SNS, to a strategy built around concomitant pharmacological enhan-
cement of endogenous NPs[11].

STRUCTURE, EXPRESSION, AND REGULATORY ROLES OF ARNI
The ARNI, namely SAC/VAL, is a single molecule that is synthesized through the co-
crystallization of valsartan and the neprilysin inhibitor prodrug sacubitril (1:1 molar 
ratio)[25]. The substrates for neprilysin are multifarious, and include biologically 
active NPs, adrenomedullin, substance P, endothelin, and angiotensin II, among 
others; it is unclear which of those substrates, or combination(s) of substrates, might be 
responsible for the benefit observed[26]. In addition, it can exert an additive action, 
because it may increase the levels of compounds that can protect against lung and 
heart injury (NPs, adrenomedullin, substance P, bradykinin, and apelin)[27].

In humans, this peptidase is widely distributed throughout the body, expressed 
with broad substrate specificity that preferentially hydrolyses oligopeptide substrate
[28,29]. It is also an endogenously induced peptidase, for modulation of the pro-
duction and degradation of various peptides; it present in the most abundance in the 
kidneys, and regulates the intrinsic renal homeostatic mechanism[30]. However, 
despite intensive research into neprilysin structure in different organisms, it is still not 
fully understood when it comes to changes in its expression and regulation during 
brain development and aging, especially for age-related pathologies, as well as the 
exact mechanisms underlying therapeutic benefit[26,28].

However, despite intensive research into neprilysin functions in various organisms, 
and into changes in how it is expressed and regulated during brain development and 
ageing, especially in age-related pathologies, concrete resolution is still not fully 
understood[28]. Currently, it is known that neprilysin regulates the cardiovascular, 
nervous, and immune systems[28,29]. SAC/VAL modulates the neurohormonal axis 
through inhibition of both angiotensin receptors and neprilysin, which additionally 
improves neurohormonal balance more than blocking the RAAS alone would[31]. Of 
these, unfavorable outcomes are attributed primarily to NP degradation[30]. NPs are 
involved in the RAAS inhibition and sympathetic system activation contributing to 
tubular and glomerular injury, and ARNI possesses the ability to counteract the effects 
of angiotensin II, as well as to increase NP activity[30,32]. Neprilysin exerts a beneficial 
effect by converting angiotensin-1 to angiotensin-(1-7), which activates the MAS-
related G-protein coupled receptor[30]. Mas-related genes antagonize the angiotensin 
type 1 receptor (AT1R), reducing reactive oxygen species and inflammation, which 
ameliorates renal injury[30]. Neprilysin expression is increased by cytokines on the 
surface of the lung fibroblasts[27]. The current understanding of the mechanism of 
SAC/VAL, progressing to HF, is shown in Figure 2. According to the latest know-
ledge, neprilysin activity is elevated in acute respiratory distress syndrome; it is 
conceivable that it is also high in severe acute respiratory syndrome coronavirus 2 — 
namely, infections of coronavirus disease-2019 (COVID-19) — and neprilysin/AT1R 
inhibitor SAC/VAL may increase the levels of these molecules, blocking AT1Rs 
required for ACE2 endocytosis in COVID-19 infections[27]. In addition, green tea and 
various other natural compounds that are capable of upregulating neprilysin 
expression have been proposed as preventive medicine for both prostate cancer and 
Alzheimer's disease[28].

EFFECTS OF ARNI ON CHF
The approval of SAC/VAL, a first-in-class ARNI, marked the first novel pharmaco-
logical class in over a decade for HFrEF treatment[28,30,33]. Neprilysin plays a role as 
its mechanism, degrading the gross excess of circulating NPs in HF patients[7]. 
Compared to enalapril, SAC/VAL leads to reductions in symptoms of HF, 
cardiovascular death or HF hospitalization, sudden cardiac death, and disease 
progression, and improved QOL, in patients undergoing evidence-based contem-
porary medical therapy for HFrEF, and the NP assays for B-type NP (BNP) and N-
terminal-proBNP (NT-proBNP) assays have been shown to have similar diagnostic 
accuracy for the differentiation of HF from other etiologies of shortness of breath[11,
17,32,34-36]. In real-world settings, SAC/VAL was found to be associated with 
improved survival and reduced HF-related hospitalization compared to enalapril in 
Asian HF patients, with consistent effectiveness even in older populations[37]. 
SAC/VAL use has been shown to result in a modest, chronic elevation of BNP while 
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Figure 2 Mechanism of sacubitril/valsartan on heart failure progression. AT1: Angiotensin II type 1; HF: Heart failure; NP: Natriuretic peptide; RAAS: 
Renin-angiotensin-aldosterone-system; SAC/VAL: Sacubitril/valsartan.

reducing levels of NT-prBNP[35].
The European Society of Cardiology, the Canadian Cardiovascular Society, and the 

ACC HF guidelines all currently recommend the use of ACEI or ARB and BB in HFrEF 
treatment[38]. In addition, HFrEF patients should first be treated with a BB and an 
ACEI or ARB (or ARNI), followed by add-on therapy with MRA and a diuretic, based 
on volume status[19,38-40]. Due to the different mechanisms of action in SAC/VAL, 
this combination may be regarded as a potential treatment option for patients who 
remain symptomatic despite optimized therapy with other alternatives[3]. While 
SAC/VAL is indicated for HF NYHA class II or III severity, it is unclear whether there 
is sufficient evidence from clinical trials or observational studies to support their use in 
combination, from the perspectives of both effectiveness and safety[3]. On the other 
hand, although it remains unclear what the optimal timing is for initiation of 
SAC/VAL, early use seems likely to positively impact patient outcomes[3,33]. We 
present the therapeutic options and treatment lines of CHF, especially HFrEF, based 
on the European Society of Cardiology, the Canadian Cardiovascular Society, and the 
ACC HF guidelines, in Figure 3.

Other point of discussion regarding ARNI for HF include evaluating the prevalence 
and significance of hyperkalemia in HF patients, which is essential for optimized use 
of potassium sparing agents, such as RAAS inhibitors or ARNI and MRA, which 
represent a well-established cornerstone of life-saving therapy[41]. SAC/VAL has 
already proven highly effective for HFrEF, and there is convincing data available 
regarding the cardioprotective effects of dapagliflozin, an SGLT2 inhibitor[20,38]. 
These two treatments have earned class I and class II recommendations, respectively, 
in the European Society of Cardiology guidelines for the diagnosis and treatment of 
HF[20]. However, more research is necessary on the mechanisms of action of disease 
modification[38]. Another point of discussion, raised in 2017, is that it was 
recommended that “patients who are eligible for treatment with ivabradine may also 
be eligible for treatment with SAC/VAL”, but there was no evidence evaluating the 
combination of SAC/VAL and ivabradine, or assessing the comparative safety and 
efficacy of the two treatments[3]. An additional novel point of discussion is that 
SAC/VAL also has a positive impact on acute HF, as observed very frequently in 
deceased COVID-19 patients[27].

On the other hand, there seems to be no evidence of a difference between SAC/VAL 
and valsartan in patients with HFpEF[17,39]. Therefore, there are, at present, no 
universal treatment strategies recommended for HFpEF; instead, management should 
take an individualized approach, with consideration given to each patient’s 
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Figure 3 The therapeutic options and treatment lines of patients with symptoms of heart failure with reduced ejection fraction. ACEI: 
Angiotensin-converting enzyme inhibitor; AF: Atrial fibrillation; ARB: Angiotensin receptor blocker; ARNI: Angiotensin receptor neprilysin inhibitor; BB: β-blocker; bpm: 
Beats per minute; CRT: Cardiac resynchronization therapy; HR: Heart rate; ICD: Implantable cardioverter defibrillator; LVEF: Left ventricular ejection fraction; MRA: 
Mineralocorticoid receptor antagonist; NYHA: New York Heart Association; SR: Sinus rhythm.

comorbidities[17]. Additionally, modern guidelines should emphasize this lack of 
evidence for the combined use of ARB and BB for HFrEF, with the exception of 
candesartan[42]. Even as practice moves towards widespread adoption of ARNI 
(which contain the ARB valsartan) for HF, this distinction has significant implications 
for the ongoing role of combination therapy with BB, which has, to date, only been 
assumed, but not proven[42].

OTHER EFFECTS OF ARNI
ARNI plays an important role in proteolytic processes in the kidney, as well as in 
cardiovascular regulation, immune response, cell proliferation, fetal development, and 
more[28]. First, in an exploratory study of patients with HFrEF who were treated with 
SAC/VAL using echocardiography, it was demonstrated to significantly decrease the 
ratio of early transmitral doppler velocity to early diastolic annular velocity (E/e′) 
ratio, a simple, straightforward parameter of heart diastolic function[43]. Further, 
SAC/VAL may improve cardiac volume and function markers at twelve months[43]. 
Secondly, SAC/VAL is effective in treatment of hypertension, and short-term RCTs 
have found that the highest doses of SAC/VAL (200 and 400 mg q.d.) are more 
effective at lowering both office and ambulatory blood pressure than either ACEI or 
ARB alone; it should particularly be used as a first-line therapy for hypertensive 
patients with HFrEF[25,44]. They seem promising as antihypertensive agents for 
HFpEF, but investigation is ongoing[44]. Thirdly, although no effect was found on 
kidney function (compared to the irbesartan control), allocation to SAC/VAL did 
cause more reduction in cardiac biomarkers than irbesartan did, which suggests that 
this treatment could improve cardiovascular outcomes for this population[5]. 
Fourthly, there is growing evidence of neprilysin’s role in glucose homeostasis: 
Because its activity in type 2 DM (T2DM) and obesity may potentially negatively 
impact metabolic processes in various tissues, it therefore plays a preventive role in 
the development of obesity and T2DM[28,29]. Thus, by raising the levels of various 
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peptides that exert beneficial effects on glucose metabolism, such as glucagon-like 
peptide-1 (GLP-1), NPs, and bradykinin, the inhibition of neprilysin in nutrient excess 
conditions could prove to be a powerful strategy for improving glucose homeostasis
[29]. However, because of the action of other enzymes (such as DPP-4) on neprilysin 
substrates, which results in reduced inhibitor efficacy, as well as the concomitant 
elevation of neprilysin substrates that can impair sensitivity to insulin and function of 
beta cells, the use of a combination of drugs is preferable to the use of a neprilysin 
inhibitor alone for the treatment of T2DM[29]. Moreover, the increased angiotensin II 
levels that are associated with neprilysin inhibition limit its utility as a monotherapy 
for T2DM patients; a neprilysin inhibitor should always be prescribed along with an 
ARB, which is preferred over ACEI in order to avoid angioedema[29]. Fifthly, in some 
cases, administering SAC/VAL at appropriate doses has allowed for recovery of the 
sinus rhythm; consequently, upstream therapy of atrial fibrillation may demonstrate 
good results[45]. Sixthly, it may play a preventive role in cancer development[28]. 
Seventhly, viral dependence on ACE-2, as entry receptors, has been a recent focus, 
driving research into the impact of RAAS on COVID-19 pathogenesis[46]. Several 
pieces of evidence have pointed to neprilysin as a pulmonary RAAS components[46]. 
Considering neprilysin’s protective effects against pulmonary inflammatory reactions 
and fibrosis, this suggests that future efforts should be directed towards its potential 
role in the pathophysiology of COVID-19[28,46].

On the other hand, the most frequently reported adverse events are hypotension 
and hyperkalemia[47]. Other adverse effects include teratogenicity from the ARB 
component; this medication should therefore be avoided during pregnancy[48]. In 
addition, though it was reported in 2018 that SAC/VAL could increase the risk for 
dementia, the risk was lower than the proportions reported for other medications[48].

EVIDENCE FROM TRIALS
To date, there have been a number of global clinical trials regarding SAC/VAL: 
PARAMOUNT, PARADIGM-HF, TRANSITION, PIONEER-HF, PARAGON-HF, and 
PARALLEL-HF. The detail is shown in Supplement material.

PARAMOUNT trial
PARAMOUNT was a phase-2, randomized, parallel-group, double-blind multicenter 
trial in patients of NYHA class II-III HF, LVEF 45% or higher, and NT-proBNP greater 
than 400 pg/mL. Participants were randomly assigned (1:1), by a central interactive 
voice response system, to either ARNI LCZ696 titrated to 200 mg twice daily, or 
valsartan titrated to 160 mg twice daily, and treated for 36 wk[49]. The primary 
endpoint was changes in NT-proBNP, a marker of LV wall stress, from baseline to 
twelve weeks; the analysis included all patients randomly assigned to treatment 
groups who had a baseline and at least one postbaseline assessment[49]. The trial 
concluded that, in patients with HFpEF, SAC/VAL reduced NT-proBNP to a greater 
extent at twelve weeks than valsartan, and that it was well tolerated[49]. In this trial, 
the most common adverse event reported with SAC/VAL was symptomatic 
hypotension, with 19% frequency[48].

PARADIGM-HF trial
In the 2014 PARADIGM-HF (Prospective comparison of ARNI with ACEI to 
Determine Impact on Global Mortality and Morbidity in Heart Failure) trial of 8399 
outpatient subjects with HFrEF, SAC/VAL was found to be more effective than 
enalapril for slowing disease progression by decreasing the risk of worsening HF 
leading to the need for hospitalization or emergency admission and the need for 
intensified therapy; it also reduced the rates of 30-day HF readmission, as well as all-
cause readmission after HF hospitalization, HF devices, or cardiac transplantation[24,
31,37]. In addition, treatment with SAC/VAL was associated with statistically 
important reductions in cardiovascular death, a 16% reduction in all-cause mortality, 
and a 20% reduction in the composite of cardiovascular-related death or HF-related 
hospitalization (composite primary endpoint) compared to treatment with enalapril
[16,26,33,37,47,48,50-52].

Accordingly, in 2016, the European and American cardiology societies (ACC/ 
AHA/Heart Failure Society of America) simultaneously issued a class I recom-
mendation to replace ACEI with SAC/VAL for management of patients with HFrEF 
NYHA II-IV[4,16,26,33,48,50,52]. The results indicate that SAC/VAL should be started 
from the earliest symptomatic stages of the disease[31,37]. However, more, longer-
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term trials may be necessary in order to conclusively compare the efficacy of the two 
drugs, as well as their safety; though this is beyond the scope of this review, it is 
nevertheless in crucial need of evaluation[4]. Moreover, the results of the above trials 
should be taken with caution, as several limitations have been identified that may 
affect the generalizability and applicability of these results in real-life clinical practice
[4].

Biomarker-based mechanistic studies have also provided further insight into 
potential pathways that may prove relevant to the benefits that have been observed 
with ARNI[26]. In this trial, treatment with SAC/VAL was associated with greater 
increases in BNP and urinary levels of cyclic guanosine monophosphate compared to 
treatment with enalapril; the latter reflects the increased intracellular second-
messenger levels that result from NP action, as well as the other direct and indirect 
effects of mediators increased by inhibition of neprilysin[26]. However, most of the 
patients treated showed only a modest increase in BNP levels after initiation of 
SAC/VAL[26]. In contrast, neprilysin has a greater affinity for A-type NP (ANP) than 
for BNP, and after SAC/VAL initiation, ANP increased more consistently and robustly
[26]. It is conceivable that ANP or perhaps other neprilysin substrates (such as C-type 
NP, urodilatin, adrenomedullin, substance P, apelin, bradykinin, vasoactive intestinal 
peptide, calcitonin gene-related peptide, or GLP-1) may play a predominant role in the 
mechanism of action of SAC/VAL; indeed, further mechanistic studies are currently 
ongoing, in order to elucidate the processes that underlie the clinical benefits that were 
observed in this study[26]. In addition, treatment with SAC/VAL led to significantly 
reduced levels of aldosterone, soluble ST2, matrix metalloproteinase-9, and its specific 
inhibitor (tissue inhibitor of metalloproteinases-1), reflecting reduced profibrotic 
signaling[26]. The levels of procollagen amino-terminal propeptide types I and III also 
were lower than with enalapril, reflecting reduced synthesis of collagen[26].

This study also compared safety outcomes: the SAC/VAL group had a higher risk 
of hypotension compared to conventional therapy (OR, 3.14; 95%CI, 0.94–10.55), with 
18% frequency[48,53]. Thus, in order to prevent serious adverse advents, clinicians 
must monitor for hypotension, dizziness, cough, angioedema, hyperkalemia, and renal 
dysfunction[53]. The risk of other adverse effects of ARNI use, such as hyperkalemia, 
cough, and diminished renal function, have been demonstrated to be lower than when 
using ACEI on its own[48,53].

TRANSITION trial
The TRANSITION trial was a randomized, multi-center, open-label study comparing 
two treatment initiation modalities of SAC/VAL, to assess tolerability and optimal 
time point for initiation of SAC/VAL in patients stabilized after acute HF: Either at 
least twelve hours pre-discharge, or days 1–14 post-discharge[54]. In summary, 
approximately half of the HFrEF patients who had stabilized after an acute HF 
decompensation event were able to achieve the recommended target dose of 
SAC/VAL within ten weeks, and at least 86% were able to maintain any dose of 
SAC/VAL for more than two weeks, following the label recommendations for 
initiation and up-titration[54]. There were few adverse events or permanent treatment 
discontinuations, particularly given the extreme vulnerability of the post-acute 
decompensated HF population[54]. The findings from this study complement those 
from the PIONEER-HF study, showing that early initiation of SAC/VAL in a wide 
range of HFrEF patients who have recently been admitted for acute decompensated 
HF is feasible, either as hospital patients or shortly after discharge[54].

PIONEER-HF trial
The PIONEER-HF trial (Comparison of SAC/VAL Versus Enalapril on Effect on NT-
proBNP in Patients Stabilized From an Acute HF Episode) was a multicenter, 
randomized, double-blind trial of in-hospital initiation of SAC/VAL (n = 440) 
compared to enalapril (n = 441), in patients who were stabilized during hospitalization 
for acute decompensated HF[55]. In this trial, a heterogeneity in the effect of 
SAC/VAL on these efficacy and safety outcomes were evaluated in the following 
selected subgroups of clinical concern: Patients with baseline systolic blood pressure ≤ 
118 mmHg, baseline NT-pro BNP > 2701 pg/mL, estimated glomerular filtration rate < 
60 mL/min per 1.73 m2, ≥ 1 additional hospitalization for HF within the prior year, 
admission to the ICU during the index hospitalization, inotrope use during the index 
hospitalization, and severe congestion[55]. As a result, the trial found that treatment 
with SAC/VAL after initial stabilization led to a consistent reduction in cardiovascular 
death or rehospitalization for HF in high-risk subpopulations admitted for acute 
decompensated HF, and that SAC/VAL was well tolerated[55].
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PARAGON-HF trial
The recently completed PARAGON-HF trial found that SAC/VAL modestly reduced 
total HF hospitalization and cardiovascular death risks, compared to valsartan, in 
patients with HFpEF, although this finding fell just short of being statistically 
significant[7,26,56]. Clinical benefits were observed in secondary endpoints, including 
QOL and kidney endpoints; more specifically women and patients who are at the 
lower end of the LVEF spectrum appeared to preferentially benefit[26]. In addition, the 
safety profile of SAC/VAL was found to be largely consistent with prior trials[26]. In 
this trial, 15.4% of the SAC/VAL group discontinued use of the trial drug due to an 
adverse event, and 58.9% patients had at least one serious adverse event; the most 
common serious adverse events (n ≥ 2% in the group) during the double-blind period, 
regardless of study drug relationship, by preferred term and SAC/VAL group, were 
cardiac failure (14.6%), atrial fibrillation (6.7%), pneumonia (6.7%), acute kidney injury 
(6.7%), congestive cardiac failure (3.6%), acute cardiac failure (3.5%), anemia (2.8%), 
acute myocardial infarction (2.5%), urinary tract infection (2.2%), hypotension (2.2%), 
and unstable angina (2.1%)[56]. By the time of the final visit, among the patients 
continuing therapy, the target dose was being taken by 82.0% of the SAC/VAL group
[56].

SAC/VAL group patients had a greater likeliness of having hypotension, but were 
less likely to demonstrate creatinine and potassium level increases than valsartan 
group patients, and the mean systolic blood pressure at eight months was 4.5 mmHg 
(95%CI, 3.6–5.4), or lower in the SAC/VAL group than in the valsartan group; 
however, this difference did not correlate with the potential treatment effect[56].

PARALLEL-HF trial
The objective of the PARALLEL-HF trial was to describe the baseline characteristics 
and treatment of Japanese HFrEF patients[57]. The trial concluded that the patients 
studied were largely representative of contemporary ambulatory HFrEF patients who 
were well treated using evidence-based therapies[57]. In addition, PARALLEL-HF will 
assist in determining whether SAC/VAL provides clinical outcome improvements in 
Japanese HFrEF patients similar to those that were observed in the PARADIGM-HF 
study[57].

FUTURE PROSPECTS
Though guidelines have changed worldwide to include SAC/VAL for HFrEF patients, 
even now, some seven years after PARADIGM-HF trial, there remains some 
uncertainty regarding when to start SAC/VAL, and in whom[7]. A treatment’s 
estimated long-term effects can serve as a helpful adjunct to clinical trial results, in 
order to provide patients with easily understood information regarding one 
treatment’s potential benefits compared to those of another[26]. Furthermore, both 
HFpEF diagnosis and treatment remain challenging, as do the management of 
advanced and acute HF[7,34]. Though progress remains slow with respect to HFpEF, 
both ARNI and SGLT2 inhibitors also hold great promise for this condition, and there 
are currently large clinical trials underway (PARALLAX)[20,26,32]. In addition, the 
recent development of new diagnostic algorithms, to improve HFpEF diagnostic 
accuracy, will assist in future clinical trials’ efforts to find effective therapies[20].

There are currently several other ongoing trials that aim to clarify and explore the 
benefits of SAC/VAL for HF management, as well[48]. It is unclear whether inhibition 
of neprilysin has a direct effect on extracellular matrix homeostasis, or if these 
profibrotic benefits reflect hemodynamic improvement; the completed PROVE-HF 
trial (prospective study of biomarkers, symptom improvement, and ventricular 
remodeling during SAC/VAL therapy for HF) will continue to examine a wide variety 
of biomarkers, including collagen homeostasis markers, in 795 HFrEF patients being 
treated with open-label SAC/VAL[26]. The currently ongoing PARADISE-MI trial 
(prospective ARNI vs ACEI trial to determine superiority in reducing HF events after 
myocardial infarction (MI)) aims to evaluate the effects of inpatient SAC/VAL 
compared to ramipril, for reducing cardiovascular death and HF hospitalization in 
post-acute MI patients who have evidence of LV systolic dysfunction (EF < 40%) 
and/or pulmonary congestion, and who have no known prior history of CHF[26,48]. 
Another dedicated, randomized, cardiac-magnetic-resonance-based trial, comparing 
SAC/VAL to valsartan in patients who have asymptomatic LV systolic dysfunction 
and a history of MI, RECOVER-LV (effects of SAC/VAL compared to valsartan on LV 
remodeling in asymptomatic LV systolic dysfunction after MI), is also expected to 
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provide further insight into ARNI’s potential remodeling effects[26].
The effects of SAC/VAL on hypertensive organ damage have only been sparsely 

investigated; to date, no studies have established SAC/VAL’s impact on cardio-
vascular event rates[25]. Therefore, future studies should focus on comparing 
SAC/VAL to combination therapies already in use, such as ARB and calcium channel 
blockers[25]. Additionally, COVID-19 is an ongoing viral pandemic disease that 
induces severe pneumonia in human patients[46]. A report has aimed to elucidate the 
potential beneficial effects of neprilysin pathways, as a novel target for COVID-19 
therapy, through a summary of its possible molecular mechanisms[46]. Additional 
experimental and clinical studies that further explain the relationships between 
neprilysin and COVID-19 will be of great benefit when designing future treatment 
approaches[46].

Finally, the barriers that prevent SAC/VAL from being prescribed for eligible 
patients may include practitioners' unfamiliarity with ARNI, safety concerns, and 
payer reimbursement issues[53].

CONCLUSION
SAC/VAL is an efficacious, safe, and cost-effective therapy that improves QOL and 
longevity in patients with chronic HFrEF, and reduces hospital admission. An in-
hospital initiation strategy offers a potentially new avenue to improve clinical uptake 
of SAC/VAL. In the last five years, SAC/VAL has been established as a cornerstone 
component of comprehensive disease-modifying medical therapy in the management 
of chronic HFrEF. In the next five years, we should see SAC/VAL being brought into 
wider implementation in practice, with potential expansion of its therapeutic 
indications. Further work is necessary, with carefully designed and controlled 
preclinical studies, in order to better understand its molecular mechanisms and effects, 
and to confirm issues such as long-term safety in both human and animal models.
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