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Abstract 

Despite significant therapeutic advances, patients with chronic heart failure (HF) remain at high risk of morbidity and mortality. Sacubi-

tril valsartan (previously known as LCZ696) is a new oral agent approved for the treatment of symptomatic chronic heart failure in adults 

with reduced ejection fraction. It is described as the first in class angiotensin receptor neprilysin inhibitor (ARNI) since it incorporates the 

neprilysin inhibitor, sacubitril and the angiotensin II receptor antagonist, valsartan. Neprilysin is an endopeptidase that breaks down several 

vasoactive peptides including natriuretic peptides (NPs), bradykinin, endothelin and angiotensin II (Ang-II). Therefore, a natural conse-

quence of its inhibition is an increase of plasmatic levels of both, NPs and Ang-II (with opposite biological actions). So, a combined inhibi-

tion of these both systems (Sacubitril / valsartan) may enhance the benefits of NPs effects in HF (natriuresis, diuresis, etc) while Ang-II re-

ceptor is inhibited (reducing vasoconstriction and aldosterone release). In a large clinical trial (PARADIGM-HF with 8442 patients), this new 

agent was found to significantly reduce cardiovascular and all cause mortality as well as hospitalizations due to HF (compared to enalapril). 

This manuscript reviews clinical evidence for sacubitril valsartan, dosing and cautions, future directions and its considered place in the ther-

apy of HF with reduced ejection fraction. 
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1  Introduction 

Neurohumoral stimulation is the basis of the pathophysi-
ology of heart failure (HF) so in consequence, a combined 
targeting of renin-angiotensin-aldosterone system (RAAS) 
and the sympathetic nervous system (SNS) is indispensable 
to modify the evolution of HF with reduced ejection fraction 
(HF-rEF).[1] In this context, different landmark studies have 
shown an improvement of morbidity and mortality using 
angiotensin-converting enzyme inhibitors (ACEi), angio-
tensin-receptor blockers (ARBs), beta blockers and miner-
alocorticoid receptor antagonists (MRAs).[2] However and 
even with this regular “gold standard” therapy, HF is still 
the most common cause of hospitalization in elderly pa-
tients (≥ 65 years) and its mortality rates remain approxi-
mately 50% within five years of diagnosis.[3]  

Therefore, factors like this among other have driven the 
search and the necessity for new therapies in order to 
achieve a better outcome.  
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2  Natriuretic peptides  

Natriuretic peptides (NPs) counter regulates the harmful 
effects of the up-regulation of RAAS and SNS which are 
capital in HF-rEF pathophysiology.[4] RAAS stimulation 
promotes vasoconstriction (via angiotensin II) and salt and 
water retention (via aldosterone) while SNS activation re-
sults in an increased heart rate, myocardial contractility and 
vasoconstriction. In addition, RAAS and SNS are strong 
inductors of myocardial hypertrophy and fibrosis, endothe-
lial dysfunction and vascular remodeling. 

NPs are composed by a family of peptides that work 
maintaining water and salt homeostasis and thereby, com-
pensating the deleterious effect of fluid overload present in 
HF patients. Three distinct NPs have been identified; atrial 
natriuretic peptide (ANP) which is produced by cardiac 
atrial cells (28 amino acids), brain natriuretic peptide (BNP) 
which is mostly from a myocardial cell origin (32 amino 
acids) and C-type natriuretic peptide (CNP) that principally 
has an endothelial origin (22 amino acids).[4] HF is the 
pathological condition in which the activation of these pep-
tides is superlative and in this scenario, the increased car-
diac wall stress (volume and/or pressure overload) is re-
sponsible of ANP and BNP synthesis and release. Their  
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major biological actions (all beneficial in HF) include direct 
vasodilatation, natriuresis and diuresis, brought about by the 
intracellular augment of cyclic guanosine monophosphate 
(cGMP) that acts as second messenger.[5] CNP has a not 
completely understood autocrine and paracrine function 
(ossification process, vascular smooth, muscle proliferation, 
endothelial cell migration, etc).[4] 

In consequence and once the fact that NPS work to pre-
serve homeostasis in HF, a novel pathway to target in HF 
management was natural to be considered.[5] 

3  Neprilysin inhibition 

The clearance of NPs takes place by two different proc-
esses such as a receptor-mediated-degradation and an en-
zymatic breakdown mainly executed by a zinc-dependent 
metallopeptidase called, Neprilysin (NEP).[5] Therefore, 
suppressing the activity of this enzyme could be an attrac-
tive option to increase NPs levels.[6] 

NEP is widely expressed in mammals (kidneys, lungs, 
cardiac myocytes, vascular wall, etc) but it is not only re-
sponsible of NPs degradation because it also cleaves other 
several peptides with vasoconstrictor effects like angio-
tensin II (Ang-II) and endothelin-1, among others.[7,8] In 
consequence, inhibition of NEP would increase circulating 
levels of NPs which in turn stimulate the synthesis of cGMP 
promoting natriuresis, diuresis and vasodilation (beneficial 
in HF),[5] but apart from this, it may increase levels of 
Ang-II whose over-activation contributes to vasoconstric-
tion and sodium retention (harmful un HF).[1] Therefore, the 
benefits of increasing the NPs system may be lost by in-
creasing Ang-II, so a simultaneous suppression of the 
RAAS is necessary. In consequence this fact gave a clear 
pharmacological justification for agents that block both, 
NEP and Ang-II.[6]  

In this setting, different NEP inhibitors were clinically 
checked; candoxatril the first pure NEP inhibitor result a 
failure since it concomitantly promoted natriuresis (via ANP) 
and systemic and pulmonary vascular resistances increase 
(via Ang-II).[9] Ecadotril, a second agent but with similar 
mechanism of action was another failure because it showed 
no clinical benefits with a non-acceptable safety profile.[10] 
Further on, a combined inhibition (ACE and NEP) was con-
sidered but it resulted in another negative experience. In the 
OVERTURE trial (omapatrilat versus enalapril randomized 
trial of utility in reducing events) a target dose of enalapril 
(10 mg twice daily) was compared with omapatrilat, an 
ACE-NEP inhibitor (40 mg once daily) which was found 
not superior to enalapril regarding the primary composite 
endpoint (death from any cause or HF hospitalization). In 

addition, it was associated to a significant increase in an-
gioedema favored by the augmented levels of bra-
dykinin.[11,12] 

4  Angiotensin receptor blocker neprilysin  
inhibitors 

Next step in order to solve the failure of omapatrilat was 
the combination of an ARB and a NEP inhibitor. Sacubi-
tril/valsartan (previously LCZ696) is a fused molecule that 
contains 1:1 molar ratio of sacubitril (prodrug), a NEP in-
hibitor and valsartan, an ARB. 

It is a first-in-class medicine (ARNI) specifically de-
signed to inhibit NEP (increasing NPs concentration) and 
simultaneously blocking the adverse effects of RAAS and 
reducing bradykinin enhancement (Figure 1).[13] 

During 2015, Sacubitril/valsartan was approved by the 
US Food and Drug Administration (FDA) to reduce the risk 
of cardiovascular (CV) death and HF hospitalization in pa-
tients with chronic HF (NYHA Class II-IV) and reduced 
ejection fraction (EF),[14] and a few months later, by the 
European Medicine Agency (EMA) with a similar indica-
tion; treatment of symptomatic chronic HF with reduced EF 
in adult patients.[15] 

5  Pharmacokinetics 

After oral administration, the compound dissociates into  

 

Figure 1.  Sacubitril/valsartan: mode of action. *: dual con-
comitant inhibition (NEP and AT-1 receptor); #: enhance the bene-
fits of NPs effects. The benefits of increasing the NPs system (NEP 
inhibition) may be lost by increasing angiotensin II, so a simulta-
neous suppression of the RAAS is necessary a simultaneous NEP 
inhibition (LBQ657) and AT1 receptor blockade (valsartan) is 
needed in order to maintain all the favourable biological action of 
NPs while the harmful effects of angiotensin II are avoided. +: 
enhance the benefits of NPs effects; AT1: subtype 1 angiotensin 
receptor; NEP: Neprilysin; NPs: natriuretic peptides; RAAS: renin- 
angiotensin-aldosterone system. 
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sacubitril and valsartan. Sacubitril is a prodrug which is 
subsequently metabolized (by esterases) to LBQ657 which 
is the active form and since this metabolite does no inhibit 
aminopeptidase P, the risk of angioedema is minimized in 
comparison with omapatrilat. Peak plasma concentrations 
are reached between 1.5–2.2 h for valsartan, 0.5–1.1 h for 
sacubitril and 1.9–3.5 h in the case of LBQ657. Steady state 
levels are achieved in three days and concomitant admini-
stration with food does not alter Sacubitril / valsartan phar-
macokinetics.[13] 

More consistent findings after oral its intake are in-
creased plasma and urine cGMP and a decrease of N-ter-
minal pro-B-type natriuretic peptide (NT-proBNP) levels 
(due to NEP inhibition) while blockade of AT1 receptor 
increases plasma renin activity, renin and Ang-II concentra-
tions.[16] 

Sacubitril/valsartan was also design to be prescribed 
twice daily in order to guarantee 24-h action and it is offered 
in tablets containing 24 mg of sacubitril and 26 mg of val-
sartan, 49 mg of sacubitril and 51 mg of valsartan and 97 
mg of sacubitril and 103 mg of valsartan. Bioavailability of 
valsartan in this formulation is higher than valsartan given 
alone so 26 mg, 51 mg and 103 mg of valsartan in Sacubitril 
/ valsartan are equivalent to 40 mg, 80 mg and 160 mg of 
valsartan in ordinary tablets. Sacubitril is principally elimi-
nated in urine (52%–68%) while valsartan is mainly via 
feces (86%).[13] 

6  Sacubitril/valsartan in HFrEF 

The Prospective Comparison of ARNI with ACEi to de-
termine Impact on Global Mortality and Morbidity in Hart 
failure Trial (PARADIGM-HF) was a double-blind, ran-
domized and controlled trial. Its main intention was to 
compare head-to-head the effects of Sacubitril/valsartan 
with enalapril in adult patients with HFrEF. The trial ran-
domized 8442 patients (mean age 64 years and 22% female) 
to receive 10 mg twice daily of enalapril (n = 4212) or 200 
mg twice daily of Sacubitril / valsartan (n = 4187) (Table 1).  

Inclusion criteria were NYHA functional class II-IV, 
previously treated with an ACEi or ARB (equivalent to at 
least 10 mg of enalapril), left ventricular ejection fraction 
(LVEF) ≤ 40% (≤ 35% by amendment) and raised NPs lev-
els. Patients were required to have a plasma BNP level ≥ 
150 pg/mL (or NT-proBNP ≥ 600 pg/mL) or, if they had 
been hospitalized for HF (within the previous 12 months), a 
BNP level ≥ 100 pg/mL (or NT-proBNP ≥ 400 pg/mL) . 
Main exclusions included systolic blood pressure < 100 
mmHg (screening), hyperkalemia or an estimated glomeru-
lar filtration rate (eGFR) < 30 mL/min per 1.73 m2.  

Table 1.  PARADIGM-HF:characteristics of the patients at 
baseline.[17] 

Characteristic 
Sacubitril/valsartan  

(n = 4187) 

Enalapril  

(n = 4212) 

Age, yrs / Female sex 63.8 ± 11.5 / 879 (21%) 
63.8 ± 11.3 / 953 

(22.6%) 

SBP, mmHg / HR,  
beats/min 

122 ± 15 / 72 ± 12 121 ± 15 / 73 ± 12 

NYHA functional  

class, % 

I ,II, III,IV  

(4.3 / 71.6 / 23.1 / 0.8) 

I ,II, III,IV  

(5.0 / 69.3 / 24.9 / 0.6)

Cr - mg/dL / LVEF, % 1.13 ± 0.3 / 29.6 ± 6.1 1.12 ± 0.3 / 29.4 ± 6.3

Median BNP, pg/mL 255 (155–474) 251 (153–465) 

Median NT-proBNP,  
pg/mL 

1631 (8815–3154) 1594 (886–3305) 

Ischemic cardiomyopathy 2506 (59.9%) 2530 (60.1%) 

Atrial fibrillation 1517 (36.2%) 1574 (37.4%) 

Hypertension / diabetes 
2969 (70.9%) / 1451 

(34.7%) 

2971 (70.5%) /  

1456 (34.6%) 

Hospitalization for HF 2607 (62.3%) 2667 (63.3%) 

Pre-trial use ACEi or  

ARB, % 
78%/22.2% 77.5%/22.9% 

Beta blocker / MRA 93.1 / 54.2 92.9 / 57 

Data are presented as n (%), mean ± SD, or mean (IQR). In both groups 

white and black races were 66% and 5.1%, respectively. Body-mass in-

dexes were 28.1 ± 5.5 Kg/m2 (Sacubitril/valsartan) and 28.2 ± 5.5 Kg/m2 

(enalapril). Pre-use of implantable cardioverter-defibrillators or resynchro-

nization devices were as follow (%): 14.9/7 (Sacubitril/valsartan), 14.7/6.7 

(enalapril). ACEi: ngiotensin-converting enzyme inhibitors; ARB: angio-

tensin-receptor blockers; BNP: brain natriuretic peptide; Cr: serum creati-

nine; HF: heart failure; IQR: interquartile range; LVEF: left ventricular 

ejection fraction; MRAs: mineralocorticoid receptor antagonists; 

NT-proBNP: N-terminal pro–B-type natriuretic peptide; NYHA: New York 

Heart Association; SBP: systolic blood pressure. 

 
The trial consisted of a screening period; a single-blind 

run-in period (all patients received enalapril 10 mg twice 
daily); it was followed by an additional single-blind run in 
period during which all patients who tolerated enalapril re-
ceived Sacubitril/valsartan (100 mg twice daily and then 
200 mg twice daily); and finally, a double-blind treatment 
period in two study groups. The single dose of 200 mg de-
livers the equivalent of 160 mg of valsartan and mean ± SD 
administered doses of Sacubitril/valsartan and enalapril 
were 375 ± 71 mg and 18.9 ± 3.4 mg, respectively. 

Primary endpoint was a composite of death from CV 
causes or first hospitalization for heart failure (HFH) while 
secondary outcomes were time to death from any cause, 
change from baseline at 8 months in the Kansas City Car-
diomyopathy Questionnaire (KCCQ), time to new onset of 
atrial fibrillation and time to first declination of renal func-
tion. The study was interrupted early (March 2014) due to 
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an overwhelming performance in the Sacubitril / valsartan 
arm after a median follow-up of 27 months.  

At the time of trial stopping, 21.8% of the Sacubi-
tril/valsartan group and 26.5% of the enalapril one had 
reached the primary endpoint (HR: 0.80; 95% CI: 0.73–0.87; 
P < 0.001). Compared with patients randomized to enalapril, 
the use of Sacubitril/valsartan reduced the risk of death from 
any cause by 16% (P < 0.001) and the risk of hospitalization 
from HF by 21% (P < 0.001). Overall mortality was also 
lower in the Sacubitril/valsartan arm (17.0% vs. 19.8%, HR: 
0.84, 95% CI: 0.76–0.93, P < 0.001). Regarding the KCCQ, 
its mean change from baseline to month 8 was a reduction 
of 2.99 points and 4.63 points in the Sacubitril/valsartan and 
enalapril arms, respectively (P = 0.001). New onset atrial 
fibrillation was detected in 84 patients in the Sacubi-
tril/valsartan group and in 83 patients taking enalapril (P = 
0.84) while protocol defined worsening renal function, af-
fected 94 patients of the Sacubitril/valsartan group and 108 
of the enalapril one (P = 0.28) (Table 2). 

During the run-in period, 2079 patients (12%) discontin-
ued the study due to side effects (657 subjects in enalapril 

Table 2.  PARADIGM-HF: primary and secondary out-
comes.[17]   

Sacubitril/ 

valsartan 
Enalapril 

Hazard 

Ratio Outcomes 

(n = 4187) (n = 4212) (95% CI)

P value

Primary composite outcome    

Death from CV cause / 

first HFH 
914 (21.8%) 1117 (26.5%) 

0.80 

(0.73–0.87)
< 0,001

Death from CV cause 558 (13.3%) 693 (16.5 %) 
0,80 

(0.71–0.89)
< 0,001

First HFH 537 (12.8%) 658 (15.6 %) 
0.79 

(0.71–0.89)
< 0,001

     

Secondary outcomes     

Death from any cause 711 (17%) 835 (19,8%) 
0,84 

(0,76–0,93)
<0.001

Change in KCCQ 2.99 ± 0.36 4.63 ± 0.36 
1,64 

(0.63–2.65)
0.001

New-onset atrial  

fibrillation 
84 (3.1%) 83 (3.1%) 

0,97 

(0.72–1.31)
0.83

Renal function  

deterioration 
94 (2.2%) 108 (2.6%) 

0.86 

(065–1.13)
0.28

Data are presented as n (%) or mean ± SD. KCCQ at 8 months: range from 

0–100 (higher scores showing fewer limitations). Renal function declination 

was defines as end stage renal disease or a decrease ≥ 50% in the estimated 

glomerular filtration rate form the randomization value or a decrease > 30 

mL/min per 1.73 m2, to less than 60 mL/min per 1.73 m2. CV: cardiovascu-

lar; HFH: heart failure hospitalization; KCCQ: Kansas City Cardiomyopa-

thy Questionnaire. 

and 605 in Sacubitril/valsartan). Hypotension, cough, hy-
perkalemia and renal dysfunction were the more commons 
with a higher rate in the enalapril group. This 12% dropout 
is important to take into account because it implies a limit of 
PARADIGM-HF results generalization since only patients 
that tolerated the run-in period were randomized. During 
trial, the most common adverse event was symptomatic 
hypotension which was more present in the Sacubitril 
/valsartan group (14% vs. 9.2%, P < 0.001). Patients in the 
enalapril arm were more likely to have hyperkalemia (serum 
potassium ≥ 6.0 mmol/L; 5.6 vs. 4.3%, P = 0.007), renal 
deterioration (creatinine level ≥ 2.5 mg/dL; 4.5% vs. 3.3%, 
P = 0.007) and cough (14.3% vs. 11.3%, P < 0.001). A 
non-significative incidence of non-serous angioedema af-
fected more patients taking Sacubitril/valsartan (P = 0.13).  

Basically, PARADIGM-HF showed that over a median 
of 27 months, Sacubitril/valsartan led to a highly statically 
significant 20% reduction in the combined primary endpoint 
(CV death and HFH) and a 16% reduction in the risk of 
death for any cause.[17] 

7  Analyses after PARADIGM-HF  

7.1  Age  

Older patients in PARADIGM-HF were more often fe-
male, white (enrolled in Western Europe and North Amer-
ica) with higher systolic blood pressure and NPs levels. In 
addition, they were more likely to be in NYHA functional 
class III/IV than I/II with a worse renal function or to have 
ischemic heart disease or atrial fibrillation. Efficacy and 
safety outcomes according to age were examined in the fol-
lowing categories (years): < 55 (n = 1624), 55–64 (n = 
2655), 65–74 (n = 2655), and  75 (n = 1563) and even the 
above mentioned differences, the effect of Sacubi-
tril/valsartan was similar across all the spectrums. Overall 
hazard ratio (HR) was 0.80 (95% CI: 0.73–0.87; P < 0.001) 
and adverse events increased with age, being hypotension 
more frequent in patients taking Sacubitril/valsartan while 
renal impairment and hyperkalemia affected more the 
enalapril arm.[18] 

7.2  Geographical variation 

In PARADIGM-HF, 622 patients (8%) were recruited in 
North America (NA), 1680 (20%) in Western Europe (WE), 
2762 (33%) in Central-Eastern Europe & Russia (CEER), 
1413 (17%) in Latin America (LA) and 1487 (18%) in 
Asia-Pacific (AP). There were as expected, many regional 
differences and more notable were: WE patients were about 
10 years older than those from AP (68 vs. 58 years) and 
women were more present in LA cohort than in the NA one 
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(27% vs. 17%). Coronary artery disease affected more NA 
patients (62%) than patients recruited in LA (43%). 

Patients from CEER, showed more hypertension (87%) 
and atrial fibrillation (52%) than those from AP (48% and 
17%, respectively) but a eGFR < 60 mL/min per 1.73 m2 
was more frequent in NA patients (51%) than in those from 
AP ( 27%). 

 In this wide and heterogeneous context, rates of the 
primary composite outcome (per 100 patient-years) varied 
among regions (from lowest to highest): WE 9.6 (95% CI: 
8.6–10.6), LA 11.2 (10.0–12.5), 12.5 (11.3–13.8), CEER 
12.3 (11.4–13.2) and NA 13.5 (11.7–15.6). After adjustment 
values (using NA as reference region), WE exhibited the 
lowest risk (HR 0.84, 95% CI: 0.70–1.01) vs. AP with the 
highest one (HR 1.36, 95% CI: 1.05–1.76). Risk of CV 
death was higher in LA and AP with a lowest risk for HFH 
in WE; hospitalization duration was shortest in NA and WE 
and longest in CEER. In any case and despite all these re-
gional differences, the clinical benefit of Sacubitril / valsar-
tan was not affected.[19] 

7.3  LVEF 

For analysis, LVEF was divided into the following cate-
gories: < 17.5% (n = 339), ≥ 17.5% to < 22.5% (n = 930), ≥ 
22.5% to < 27.5% (n = 1500), ≥ 27.5% to < 32.5% (n = 
2486) and ≥ 32.5% (n = 3143). Patients with lower EF were 
younger and more likely to be male and to be in NYHA 
functional class III/IV (than I/II) with a higher serum 
creatinine In addition, they were less likely to have history 
of hypertension, myocardial infarction, or atrial fibrillation. 
LVEF was documented as a significant and independent 
predictor of all outcome (risk increased with the decrease of 
LVEF); each 5-point in its reduction was associated with a 
9% increased risk of the combined primary endpoint (HR: 
1.09; 95% CI: 1.05–1.13; P < 0.001), a 9% increased for 
CV death (HR:1.09; 95% CI: 1.04–1.14), a 9% increased 
risk in HFH (HR: 1.09; 95% CI: 1.04–1.14), and a 7% in-

creased risk in all-cause mortality (HR: 1.07; 95% CI: 
1.03–1.12). Sacubitril/valsartan was effective across the 
whole spectrum without any heterogeneity for the primary 
endpoint (Pinteraction = 0.87), CV death (Pinteraction = 0.55), 
HFH (Pinteraction = 0.78) and all cause mortality (Pinteraction = 
0.93),[20] (Table 3). 

7.4  HF severity  

This analysis was done in order to examine the spectrum 
of risk in PARADIGM-HF and the effect of Sacubi-
tril/valsartan across that spectrum. Baseline risk for each 
patient in PARADIGM-HF was calculated using the 
MAGGIC risk score (Meta-Analysis Global Group in 
Chronic Heart Failure) whose median value was 20 (IQR: 
16 to 24). Each 1-point increase in score was associated 
with a 6% higher risk for the primary composite endpoint (P 
< 0.001) and a 7% increased risk for CV death (P < 0.001). 
The benefit of Sacubitril/valsartan was similar across the 
spectrum of risk (P = 0.159) although the absolute benefit 
was greater for patients at the highest risk. Treating 100 
patients for two years with Sacubitril / valsartan as an alter-
native of enalapril led to seven fewer patients in the highest 
quintile of risk facing primary outcomes (compared with 
three in the lowest quintile).[21] 

7.5  Disease progression  

Sacubitril/valsartan was more effective than enalapril 
preventing clinical deterioration. Less patients in the Sacu-
bitril/valsartan arm (vs. enalapril) required to intensify their 
HF treatment including, the need of intravenous positive 
inotropic support or the necessity to visit an emergency de-
partment due to worsening HF. In addition, patients treated 
with Sacubitril/valsartan were less likely to be hospitalized 
for HF (once or multiple times) and this diminution was 
already patent within the first 30 days after randomization 
(Table 4). Regarding biomarkers, patients treated with Sa-
cubitril/valsartan had significantly lower levels of 

Table 3.  PARADIGM-HF: outcomes incidence rates by LVEF (100 patient/year).[20] 

Outcomes < 17.5% 17.5% 22.5% 22.5%–27.5% ≥ 27.5%–32.5% ≤ 32.5% 
 (n = 339) (n = 930) (n = 1500) (n = 2486) (n = 3143) 

CV death/HFH 18.7 (15.6–24.5) 15.2 (13.5–17.1) 13.2 (12.0–14.6) 11.9 (10.9–12.9) 9.7 (9.0–10.4) 
CV death 10.9 (8.6–13.6) 9.1 (7.8–10.5) 7.3 (6.4–8.3) 6.8 (6.1–7.5) 5.5 (5.0–6.1) 

HFH 11.9 (9.4–14.9) 8.7 (7.5–10.2) 7.6 (6.7–8.7) 7.3 (6.6–8.1) 5.5 (5.0–6.1) 
All–cause death 12.5 (10.1–15.4) 11.1 (9.7–12.6) 8.6 (7.6–9.7) 8.3 (7.6–9.1) 7.2 (6.6–7.8) 

LVEF ranged from 5% to 42% (mean: 29.5% ± 6.2%) and echocardiography was the predominant method for assessment (96%). Median time between LVEF 

determination and screening was 27 days (range: 2–73). Incidence of all outcomes was greatest at the lower end of LVEF spectrum and patients in this situation 

were preferably younger (mostly men) and more likely to be in NYHA functional class III/IV (than I/II) showing lower systolic blood pressure and higher 

values of serum creatinine. CV: cardiovascular; HFH: heart failure hospitalization; LVEF: left ventricular ejection fraction; NYHA: New York Heart Associa-

tion. 
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Table 4.  PARADIGM-HF: clinical progression of surviving patients.[22]  

Nonfatal clinical deterioration:  

prespecified measures 

Enalapril 

(n = 4212) 

Sacubitril/valsartan  

(n = 4187) 

HR (95% CI)/ 

P Value 

Outpatient therapy intensification  604 (14.3%)  520 (12.4%) 0.84 (0.74–0.94) / 0.003 

ED visit for HF 150 (3.6%) 102 (2.4%) 0.66 (0.52–0.85) / 0.001 

Patients hospitalized for HF  658 (15.6%)  537 (12.8%) 0.79 (0.71–0.89) / < 0.001 

HFH 1079 851 0.77 (0.67–0.89)*/ < 0.001 

Patients receiving IV inotropic drugs 229 (5.4%) 161 (3.9%) 0.69 (0.57–0.85)/ < 0.001 

Patients requiring CRT, VAD or HT 119 (2.8%)  94 (2.3%) 0.78 (0.60–1.02) / 0.07 

Data are presented as n (%) or n. *: rate ratio estimated from a negative binomial model; ratios without an asterisk are hazard ratios derived by using the Cox 

proportional hazards model. Sacubitril/valsartan prevented more efficiently clinical progression of surviving patients with heart failure than enalapril. In addition, it 

led an early and sustained reduction in biomarkers of both, myocardial wall stress and injury. CI: confidence interval; CRT: cardiac resynchronization therapy; 

ED: emergency department; HFH: heart failure hospitalization; HR: hazard ratio; HT: heart transplantation; IV: intravenous; VAD: ventricular assist device.  
 

plasma NT-proBNP and troponin (as an expression myo-
cardial wall stress and injury reduction) while levels of uri-
nary cGMP and plasma BNP are increased (reflecting NEP 
inhibition).[22] 

7.6  Mode of death 

During the trial, 1546 patients died (all cause mortality) 
including 711 (17%) in the Sacubitril/valsartan arm and 833 
patients (19.8 %) in the enalapril one (HR 0.84, 95% CI: 
0.76–0.93). Majority of death (80.9%) were linked to CV 
causes with 558 cases in patients taking Sacubitril / valsar-
tan (13.3%) and 693 (16.5%) in the enalapril group (HR 
0.80; 95% CI: 0.72–0.89; P < 0.001). Sudden death ac-
counted for 44.8% of CV death while pump failure was 
considered in 26.5% and both, were reduced by Sacubi-
tril/valsartan (vs. enalapril). Non-CV death and other causes 
of CV death like myocardial infarction or stroke did not 
differ between both groups (Figure 2).[23] 

The significant quantity of SD in PARADIGM-HF was 
relatively similar to other trials in which the majority of 

included patients had mild to moderate symptoms (V-HEFT 
II, MERIT HF, etc),[24,25] while other trials that enrolled 
more severe patients, exhibited a larger proportion of death 
due to progressive HF (CONSENSUS, RALES).[26,27]  

7.7  Lower vs. target doses  

In this intent to treat analysis, patients (n = 4850) who 
received the maximal dose (200 mg Sacubitril/valsartan or 
10 mg enalapril twice daily) along the trial were compared 
with those (n = 35,649) who required any dose reduction to 
lower doses (100/50/0 mg of Sacubitril/valsartan and 
5/2.5/0 mg of enalapril twice daily. A total of 43% in the 
enalapril arm and 42% in the Sacubitril/valsartan one re-
duced their dose at any time after randomization (median 
time to dose reduction were 255 days for enalapril and 249 
days for Sacubitril/valsartan; P = 0.54). Subjects in both 
groups who needed a dose reduction were older, had worse 
NYHA functional class, higher serum creatinine levels and 
NT-proBNP values at baseline. In this context, any dose 
reduction regardless of treatment assignment was associated 

 

Figure 2.  Causes and rates of death according to treatment in PARADIGM-HF. *Percentage of deaths. In PARADIGM-HF, the ma-
jority of cardiovascular deaths were categorized as sudden (44.8%) or heart failure related (26.5%) and in both cases, the hazard ratio was 
significantly reduced by Sacubitril/valsartan vs. enalapril. Deaths linked to other cardiovascular causes (myocardial infarction and stroke), 
were infrequent and distributed uniformly between both groups, as were non-cardiovascular deaths. HF: heart failure. 
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with a higher subsequent risk of the primary event (HR 2.5, 
95% CI: 2.2–2.7). However, the treatment benefit of Sacu-
bitril/valsartan over enalapril following a dose reduction 
was similar (HR 0.80, 95% CI: 0.70–0.93; P < 0.001) to that 
observed in patients who had not experienced any dose of 
reduction (HR 0.79, 95% CI: 0.71–0.88; P < 0.001). This 
analysis suggest that those patients who were unable to tol-
erate target doses of Sacubitril/valsartan or enalapril still 
benefited from lower doses of Sacubitril/valsartan in com-
parison with lower doses of enalapril.[28] 

8  Place in therapy 

Less than a year after regulatory approvals, Sacubitril / 
valsartan got a strong class I recommendation in both, US 
and European HF guidelines (May, 2016). In the EU guide-
lines,[29] Sacubitril/valsartan obtained a recommendation IB 
which denotes class I (is recommended) and level of evi-
dence B (data derived from one single trial). It implies that 
Sacubitril/valsartan is recommended as an ACEi replace-
ment to further reduce the risk of HFH and death in ambu-
latory patients with HF and reduced EF who remains symp-
tomatic (NYHA class II to IV) despite optimal treatment 
with an ACEI, a beta-blocker and an MRA. For European 
authors a reduced LVEF is ≤ 35% and values of BNP ≥ 150 
pg/mL or NT-proBNP ≥ 600 pg/mL or BNP ≥ 100 pg/mL 
and NT-proBNP ≥ 400 pg/mL with a HFH in the previous 
year 12 months are helpful to make the decision.  

In the case of US guidelines,[30] Sacubitril/valsartan got a 
recommendation I-BR that signifies a class of recommenda-
tion I “strong” and level of evidence BR “moderate quality” 
(evidence based in only one study). In consequence, an 
ARNI should be recommended to further reduce morbidity 
and mortality in patients with chronic symptomatic HF, 
reduced EF, NYHA class II or III and who tolerate an ACEi 
or ARB (replacement). Therefore, Sacubitril/valsartan is 
integrated into the standard therapy for HF with reduced EF 
as an alternative to an ACEi or an ARB, given together with 
a beta blocker and an MRA. For US authors, there is not 
any specific cutting level of EF needed to indicate Sacubi-
tril/valsartan (only reduced EF) and/or the necessity of a 
prior MRA utilization.  

In conclusion, key indications for Sacubitril/valsartan in-
troduction seems to be patients with chronic NYHA class II 
to IV and reduced EF (≤ 35%) currently being treated with a 
beta blocker (at recommended target doses) and an ACEi 
(dose equivalent to 10 mg twice daily) or an ARB. A pref-
erential treatment with an MRA can also be considered but 
taking into account that more than 40% of patients recruited 
in PARADIGM did not receive any MRA. An episode of 

HFH in the previous year and/or elevated values of BNP or 
NT-proBNP could be helpful.  

9  Sacubitril/valsartan: dosing and cautions 

The recommended starting dose for HF treatment is 
Sacubitril/valsartan 49/51 mg twice a day (with or without 
food). This dose has to be doubled after a period of 2–4 
weeks to Sacubitril/valsartan 97/103 mg twice daily (target 
maintenance dose). The starting dose should be reduced to 
Sacubitril/valsartan 24/26 mg twice daily for patients not 
currently taking an ACEi or an ARB or who were taking a 
low dose of these agents, for patients with severe renal im-
pairment (GFR < 30 mL/min per 1.73m2) and for patients 
with moderate hepatic insufficiency. Dose adjustment as 
required and tolerated by the patients has to be done in 2–4 
weeks.[31] 

Renal function and serum potassium should be checked 
as for any other RAAS inhibitor or blocker. Sacubi-
tril/valsartan is not recommended to be started in patients 
with a systolic blood pressure < 100 mmHg or serum potas-
sium levels > 5.4 mmol/L. The necessity of adjusting the 
dosing of other agents (diuretics, antihypertensive drugs, etc) 
should be considered facing the development of hypoten-
sion, renal impairment or hyperkalemia. Sacubitril/valsartan 
utilization should be quickly stopped in case of angioedema 
appearance and it is very important to remark the total ne-
cessity of stopping any previous ACEi treatment for 36 h 
before initiating Sacubitril / valsartan.[31] 

Sacubitril/valsartan can cause fetal damage (as any drug 
acting on the RAAS system) so it is contraindicated in 
pregnancy and during lactation. Concurrent use with a po-
tassium-sparring diuretic may increase serum potassium 
levels so if this association is needed, serum potassium lev-
els should be checked regularly. Simultaneous utilization of 
Sacubitril/valsartan with non-steroidal anti-inflammatory 
drugs and lithium may increase the risk of renal failure de-
velopment and lithium toxicity, respectively.[31] 

Finally, it is important to clarify that BNP is not an ap-
propriate biomarker of HF severity in patients taking Sacu-
bitril/valsartan since it is a NEP substrate; NT-proBNP is 
more useful since its levels are in this case, a real reflex of 
wall stress reduction.[32] 

10  NEP inhibition: unaddressed issues 

There is a risk of angioedema with Sacubitril / valsartan 
and prior to its initiation; patients should discontinue ther-
apy with an ACEi al least 36 hours before.[31] Black Ameri-
cans have a natural increased risk of angioedema (ACEi 
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associated)[33] and their presence in PARADIGM-HF popu-
lation, were very low (5%).[17] 

There were 54 confirmed angioedema cases during 
PARADIGM-HF duration (run-in period 25 and dou-
ble-blind period 29) with 25 events in the enalapril arm and 
29 in the Sacubitril/valsartan one. The majority of events 
were of mild severity (no treatment or antihistamines) with 
only five patients (two enalapril, three Sacubitril/valsartan) 
requiring hospitalization (no mechanical airway support was 
needed). Regarding black patients, there were four cases 
(two Sacubitril/valsartan) within the 25 run-in confirmed 
angioedema ones and six cases (five Sacubitril/valsartan) in 
the 29 events during the randomization phase.[34] 

Therefore, it seems that black patients were at higher risk 
of angioedema events with both treatments so in order to 
assess if Sacubitril/valsartan is really safe in this population, 
an observational US study will be held in this kind of popu-
lation.[35] In addition, this issue as well others (hypotension, 
hyperkalemia, renal impairment, hepatotoxicity, etc) will be 
addressed in a post-authorization European study focused in 
HF patients newly starting treatment with Sacubitril / val-
sartan.[35] 

Amyloid-β (Aβ) is generated in the brain through se-
quential cleavage of amyloid precursor protein (β and γ se-
cretases),[36] and it is removed by multiple processes, in-
cluding transport into cerebrospinal fluid, the bloodstream, 
and enzymatic degradation.[37] NEP is one of multiple en-
zymes degrading Aβ[38] so its inhibition by Sacubitril / val-
sartan may increase its levels with the consecutive brain 
accumulation. Senile plaques composed by Aβ aggregation 
are found in the brain of patients with Alzheimer’s dis-
ease.[39] So in consequence, a theoretical risk may exist be-
tween Sacubitril/valsartan administration and Alzheimer's 
disease development. 

Although, no signals of an increase in dementia or cog-
nitive impairment were seen in the PARADIGM-HF 
trial,[17] the effects of Sacubitril/valsartan on cognitive func-
tion will be assessed in the ongoing PARAGON-HF trial 
(NCT01920711)[35] In addition, a multicenter, randomized, 
double-blind, active-controlled study is planned in order to 
specifically evaluate cognitive impairment and brain amy-
loid plaque deposition (PET imaging) comparing Sacubi-
tril/valsartan vs. valsartan.[35] 

11  Sacubitril/valsartan in HF: looking ahead  

In the next years, clinical impact of Sacubitril/valsartan 
will be investigated in different HF scenarios like, preserved 
EF (NCT00887588), real life setting (NCT02690974), bio-
markers (NCT02554890), pediatrics (NCT02678312), 

Japanese population (NCT02468232), ischemic functional 
mitral regurgitation (NCT02687932), post acute decom-
pensation (NCT02661217) or asymptomatic patients with 
elevated natriuretic peptide and left atrial volume index 
(NCT02682719).  

In this context, the previously mentioned PARAGON- 
HF (Prospective Comparison of ARNI with ARB Global 
Outcomes in Heart Failure with Preserved Ejection Fraction) 
has a transcendental importance since our current lack of 
proven clinical benefits in patients with HF and preserved 
EF. This trial is designed to compare the effects of Sacubitril/ 
valsartan and valsartan alone in reducing CV death or total 
HFH in patients with the following entry criteria: LVEF ≥ 
45%, NYHA class II-IV, histories of HFH within 9 months 
or elevated NPs, and evidence of structural heart disease 
(left ventricular hypertrophy or left atrial enlargement) 

Therefore and considering PARADIGM results (largest 
HF trial ever) it seems that Sacubitril / valsartan has come to 
change the present and future cornerstone of HF treatment 
in all these different scenarios.  

12  Conclusions 

ACEi have been the cornerstone of HFrEF for more than 
25 years since enalapril was found to improve survival.[26,40] 
Sacubitril/valsartan represents a striking innovation in this 
field as an effective and safe alternative to ACEi because of 
its significant improvements in survival and reduced rates of 
HFH in comparison with enalapril. Hence and taking into 
account PARADIGM results, Sacubitril/valsartan can be 
considered over an ACEi or an ARB for the first-line man-
agement of patients with HFrEF. Very valuable information 
on different settings (real life, pediatrics, elderly, HF with 
preserved EF, acute decompensated HF, etc.) will be pro-
vided by planned and ongoing studies in the next years.  

In consequence, it is almost sure that our future daily 
clinical practice treating HF patients will be modified by a 
complete displacement of ACEi and ARBs in favor of 
Sacubitril/valsartan. Therefore, the hot question expressed 
in this same journal in 2015 “PARADIGM-HF trial: 
will LCZ696 change the current treatment of systolic heart 
failure?”[41] has now a clear answer: “yes”. 
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