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1  Introduction 

Sacubitril/valsartan (SV) is a first in class dual action 
molecule of the neprilysin (NEP) inhibitor prodrug sacubi-
tril (AHU377) and the angiotensin II receptor (Ang-II) type 
I antagonist valsartan.[1] It is the first angiotensin recep-
tor-neprilysin inhibitor (ARNI) whose pharmacodynamic 
effects are consistent with a simultaneous stimulation of the 
natriuretic peptides system (via NEP inhibition) and the 
blockade of the renin-angiotensin-aldosterone system (val-
sartan effect) that finally results in systemic vasodilation, 
increased diuresis and natriuresis, reduction of plasmatic 
volume and diminution of peripheral vascular resistance.[1,2] 

During 2015, SV was approved by the European Medi-
cine Agency for the treatment of symptomatic adults with a 
chronic heart failure and reduced ejection fraction (HFrEF), 
and by the United States Food and Drug Administration to 
reduce the risk of cardiovascular (CV) death and hospitali-
zation for heart failure (HF) in patients with chronic HFrEF 
(NYHA Class II–IV).[3,4] Subsequently, the 2016 ESC guide-
lines for the diagnosis and treatment of acute and chronic 
heart failure included SV with a class IB recommendation 
(patients who remain symptomatic despite optimal treat-
ment),[5] and more emphatically, the latest US guidelines, 
the 2017 ACC/AHA/ HFSA Focused Update on New 
Pharmacological Therapy for Heart Failure: An Update of 
the 2013 ACCF/AHA Guideline for the Management of 
Heart Failure recommended that patients in NYHA class 
II-III who tolerate an angiotensin-converting enzyme in-
hibitor (ACEI) or an angiotensin receptor blocker (ARB) 
should be switched to SV in order to reduce morbidity and 
mortality risks linked to HF.[6] 

2  PARADIGM-HF 

All these achievements are a consequence of the results 
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of the Prospective comparison of angiotensin–neprilysin 
inhibition with ACEI to Determine Impact on Global Mor-
tality and Morbidity in Heart Failure (PARADIGM-HF);  
the largest HF trial ever. This was a randomized, double- 
blind and event-driven trial designed to investigate the ef-
fect of SV compared with enalapril in patients with chronic 
and symptomatic HF. The trial enrolled 8442 ambulatory 
HF patients (NYHA class II–IV) previously treated with an 
ACEI (or ARB), beta-blockers, and/or a mineralocorticoid 
receptor antagonist, left ventricular ejection fraction (LVEF) 
≤ 40% (≤ 35% by amendment) and increased levels of brain 
natriuretic peptide (BNP) or N-terminal pro-B type natri-
uretic peptide (NT-proBNP).[7] 

Sacubitril/valsartan (200 mg, twice daily: equivalent to 
97/103 mg twice daily) was compared (1:1 ratio) with en-
alapril (10 mg, twice daily) showing a clear 20% reduction 
(P < 0.001) in the primary endpoint which was a composite 
of death from CV causes or fist hospitalization for HF. At 
median follow-up of 27 months, SV decreased the risk of 
death from any cause by 16% (P < 0.001), the risk of hospi-
talization from HF by 21% (P < 0.001) and logically, over-
all mortality (17.0% vs.19.8%; P < 0.001). Symptomatic 
hypotension and non- serious angioedema were more com-
mon in the SV group but renal deterioration, cough and hy-
perkalemia occurred more frequently with enalapril; fewer 
patients in the SV arm needed to stop their medication due 
to an adverse event (10.7% vs.12.3%, P = 0.03).[7] 

3  Inpatients administration 

Taking into account that PARADIGM-HF population 
only involved ambulatory stable patients, the feasibility of 
prescribing SV for inpatients after and acute decompensa-
tion resulted necessary, and recently addressed by two trials 
whose results were known during 2018. In the open label 
TRANSITION study (NCT02661217), a comparison be-
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tween SV pre-discharge (≥ 24 hours after hemodynamic 
stabilization) versus its post-discharge initiation (initiated 
within days 1-14 after discharge) was performed and its 
primary endpoint was the proportion of patients achieving 
200 mg SV twice daily (equivalent to 97/103 mg twice daily) 
at 10 weeks post-randomization. Secondary objectives in-
cluded the amount of patients who reached and maintained a 
SV dose of 100 and/or 200 mg twice daily; or any dose for 
at least 2 weeks up to week 10 and the quantification of 
those who permanently discontinue SV during the same 
period (adverse events). A total of 1002 subjects were in-
cluded (pre-discharge: 497/post discharge: 496) and at base-
line, mean age was 67 years old (male 75%/mean LVEF 
29%); 64% and 34% of patients were in NYHA class II and 
III, respectively.[8] The proportion of patients achieving 
primary and secondary outcomes was similar in both arms; 
primary endpoint was met by 45% of patients in the 
pre-discharge arm and 50.4% in the post-discharge arm (P = 
0.092). Patients able to keep either 100 or 200 mg of SV 
twice daily for at least two weeks and those capable to 
maintained any dose of SV were 62.5% vs. 68% (P = 0.071) 
and 86.4% vs. 88.8% (P = 0.262) in the pre-discharge and 
post-discharge arms, respectively. On the other hand, the 
rates of permanent SV discontinuation due to an adverse 
event were low (4.5% pre-discharge arm vs. 3.5% post-dis-
charge arm; P = 0.424). Briefly, TRANSITION showed that 
about a half of patients stabilized after an acute HF decom-
pensation were able to achieve the recommended SV target 
dose of 200 mg twice daily within 10 weeks and this clini-
cally implies that SV initiation in hospitalized patients or 
shortly after discharge is feasible and well tolerated.[8] 

In the PIONEER-HF study (NCT02554890), hospital-
ized HFrEF patients were randomly assigned (after hemo-
dynamic stabilization) to receive SV (target dose 97/103 mg 
twice daily) or enalapril (target dose, 10 mg twice daily). 
The primary efficacy endpoint was the time-averaged pro-
portional change in the NT-proBNP concentration from 
baseline through weeks four and eight, while safety out-
comes included rates of worsening renal function, hyper-
kalemia, symptomatic hypotension and angioedema. Eligi-
ble candidates (LVEF ≤ 40% and NT-proBNP ≥ 1600 
pg/mL or BNP ≥ 400 pg/mL) were randomized no earlier 
than 24 hours and up to 10 days after acute decompensated. 
HF meeting certain “stability criteria” (systolic blood pres-
sure ≥ 100 mm Hg for the preceding 6 hours, no increase in 
the dose of intravenous diuretics and no use of intravenous 
vasodilators in the same lapse and no intravenous inotropes 
utilization during the previous 24 hours).[9] A total of 881 
patients (440 SV/441 enalapril) were enrolled with a median 
of 68 hours (48 to 98 hours) after hospitalization and strik-

ingly, still showing a high prevalence of congestive signs 
despite initial hemodynamic compensation (61.7% periph-
eral edema and 32.9%, pulmonary rales). Mean age was 61 
± 14 years (male: 72.1%) and median hospitalization dura-
tion was 5.2 days (4.09 to 7.2 days). At screening, median 
NT-proBNP concentration was 4812 pg/mL (3050 to 8745 
pg/mL); while at randomization, median systolic blood 
pressure and LVEF (SV arm) were 118 mmHg (110 to 132 
mmHg) and 24% (18%–30%), respectively. Sacubitril-val-
sartan reduced NT-proBNP to a greater degree than enala-
pril in patients hospitalized due to acute decompensated HF, 
and this reduction was noted as early as one week after drug 
initiation. The primary outcome (time-averaged reduction in 
NT-proBNP) for SV vs. enalapril was 46.7% vs. 25.3% 
(HR = 0.71, 95% CI: 0.63–0.81, P < 0.001). Side effects 
(SV vs. enalapril) including worsening renal function 
(13.6% vs. 14.7%, HR = 0.93, 95% CI: 0.67–1.28), hyper-
kalemia (11.6% vs. 9.3%, HR = 1.25, 95% CI: 0.84–1.84) 
and hypotension (15.0% vs. 12.7%, HR = 1.18, 95% CI: 
0.85–1.64) were similar, while angioedema affected more 
patients receiving enalapril (0.2% vs. 1.4%, HR = 0.17, 95% 
CI: 0.02–1.38). There was a greater reduction of troponin T 
in the SV arm (36.6% vs. 25.2%, HR = 0.85, 95% CI: 
0.77–0.94), less death (2.3% vs. 3.4%, HR = 0.66, 95% CI: 
0.30–1.48) and fewer rehospitalizations for HF (8.0% vs. 
13.8%, HR = 0.56; 95% CI: 0.37–0.84).[9] 

In conclusion, initiation of SV in hospitalized patients 
due to an acute decompensated HF episode resulted in a 
significantly greater reduction in the NT-proBNP concen-
tration (vs. enalapril) and in addition, rates of renal dysfunc-
tion, hyperkalemia, and symptomatic hypotension did not 
differ significantly between both groups. Very interestingly, 
in-hospital SV introduction was associated with fewer re-
hospitalizations for HF at eight weeks in comparison with 
enalapril therapy.[9] 

4  Sacubitril-valsartan: hemodynamic effects 
and beyond 

As it was previously described, SV is a dual action mol-
ecule that splits into the NEP inhibitor sacubitril and the 
ARB valsartan. This last one inhibits all the negative effects 
mediated by Ang-II (vasoconstriction, fluid retention, car-
diac hypertrophy, and fibrosis) while sacubitril prevents the 
degradation of endogenous natriuretic peptides and in con-
sequence, augmenting their beneficial actions (vasodilata-
tion, natriuresis, diuresis, fibrosis and hypertrophy inhibi-
tion).[1,2]Apart from all these primary hemodynamic effects, 
there is growing evidence indicating that SV could be bene-
ficial in the HF context for other different reasons. A 
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post-hoc analysis of the PARADIGM-HF trial suggests that 
SV might enhance glycemic control in HF patients.[10] In 
total, 3778 (45%) of the 8399 subjects included in PARA-
DIGM-HF also had diabetes; and between screening and the 
1-year follow-up, glycated hemoglobin decreased by 0.16% 
± 1.4% in the enalapril group and by 0.26% ± 1.25% in the 
SV one (P = 0.013). Additionally, new use of antidiabetic 
drugs and new onset insulin were 23 % and 29% respec-
tively lower in patients treated with SV.[10] This effect of SV 
on glycemic control is considered among other factors, 
probably related to the increase of glucagon-like peptide-1 
(GLP-1) concentration secondary to NEP inhibition.[11] This 
peptide has a strong antihyperglycaemic effect which is for 
example potentiated, by the antidiabetic drugs of the dipep-
tidyl peptidase-4 (DPP-4) inhibitor family.[12] 

The recently published PRIME study (Angiotensin Re-
ceptor Neprilysin Inhibitor for Functional Mitral Regurgita-
tion / NCT02687932) showed that SV was able to reduce 
mitral regurgitation (MR) to a greater extent than valsartan 
alone in patients with HFrEF and chronic functional MR.[13] 

A total of 118 patients (mean age: 63 years, 61% men) were 
included and the primary outcome was change in the effec-
tive regurgitant orifice area (EROA) of functional MR at 12 
months. Changes in regurgitant volume, left ventricular 
end-systolic volume (LVESV), left ventricular end-diastolic 
volume (LVEDV) and incomplete mitral leaflet closure 
were considered secondary endpoints. 

The decrease in EROA was significantly greater in the 
SV group compared to valsartan (0.058 ± 0.095 vs. 0.018 
± 0.105 cm2, P = 0.032), and regurgitant volume was as 
well significantly decreased in the SV group (mean differ-
ence: 7.3 mL, 95% CI: 12.6 to 1.9, P = 0.009). Reduc-
tion of LVEDV index was also greater in the SV group 
(mean difference: 7 mL/m2, 95% CI: 13.8 to 0.2, P = 
0.044) and there were no significant differences regarding 
changes in incomplete mitral leaflet closure area, LVESV 
and blood pressure.[13] Left ventricular reverse remodeling 
response to SV was studied in a single-center, prospective 
echocardiographists-blinded study (median follow-up: 
118 days) in 125 HFrEF patients (66 ± 10 years, NYHA 
class II-IV). Left ventricular EF improved (29.6% ± 6% to 
34.8% ± 6%; P < 0.001) in a dose-dependent manner (P < 
0.001), and a reduction of both LVEDV (206 ± 71 to 197 ± 
72 mL, P = 0.027) and LVESV (147 ± 57  to 129 ± 55 mL; 
P < 0.001) was also documented. Additionally, a declination 
in the degree of MR [1.59 ± 1.0 to 1.11 ± 0.8, P < 0.001, 
(scale from: 0–4)] and in the E/A-wave ratio (1.75 ± 1.13 to 
1.38 ± 0.88; P =0 .002) was observed. Furthermore, dia-
stolic filling time resulted prolonged (48% ± 9% to 52% ± 
1%, P = 0.005) and the percent of patients with a restrictive 

mitral filling pattern felt from 47% to 23% (P = 0.004).[14]  
In this context, the results of the ongoing PROVE-HF 

study (Effects of Sacubitril/Valsartan Therapy on Biomarkers, 
Myocardial Remodeling and Outcomes-NCT02887183) will 
be very enlightening. PROVE-HF is a 52-week, multicenter, 
open-label, single-arm study that will include approximately 
830 patients with HFrEF to be treated with SV. Primary 
efficacy endpoints include the changes in NT-proBNP con-
centrations and cardiac remodeling from baseline to one 
year while secondary endpoints comprise changes in NT- 
proBNP concentrations and remodeling to six months and 
changes in patient-reported outcomes using the Kansas City 
Cardiomyopathy Questionnaire from baseline to one year. 
In addition, some other relevant biomarkers like high-sen-
sitivity troponin, urinary cGMP, ANP, BNP, proBNP adre-
nomedullin and sST2 will be also measured as well as the 
incidence of CV events.[15] 

In PARADIGM-HF, the majority of causes of death were 
of CV origin (80.9% of total) being more numerous in the 
enalapril group than in the SV one (16.5% vs. 13.3%, HR = 
0.80, 95% CI: 0.72–0.89, P < 0.001). In this setting, 44.8% 
were considered sudden death and 26.5% pump failure-re-
lated, and both, were more reduced by SV compared with 
enalapril (HR = 0.80, 95% CI: 0.68–0.94; P = 0.008 and HR 
= 0.79, 95% CI: 0.64–0.98, P = 0.034, respectively).[7] The 
precise mechanism by which SV reduce sudden cardiac 
death in patients with HfrEF is not clear but a possible mul-
tifactorial anti-arrhythmic effect is considered.[16] In a recent 
study, a total of 120 patients with an implantable cardio-
verter-defibrillator (ICD), LVEF ≤ 40% (HYHA ≥ II) and 
remote monitoring were evaluated before and after SV in-
troduction. During nine months, all these patients received 
ACEI (or ARB), beta-blockers and a mineralocorticoid re-
ceptor antagonist; and subsequently, the ACEI (or ARB) 
was changed for SV and followed for another nine months.[17] 
SV (vs. ACEI/ARBs) was associated with a reduced number 
of non-sustained ventricular tachycardia episodes (5.4 ± 0.5 
vs. 15 ± 1.7, P < 0.002), sustained ventricular tachycardia 
and appropriate ICD shocks (0.8% vs. 6.7%, P < 0.02)  and 
less premature ventricular contractions per hour (33 ± 12 vs. 
78 ± 15, P < 0.0003), which was associated with an in-
creased biventricular pacing percentage (from 95% ± 6% to 
98.8% ± 1.3%; P < 0.02).[17] 

Finally, a secondary intention-to-treat analysis of PARA-
DIGH-HF suggests that SV also helps to preserve kidney 
function based on the determination of the change in the 
estimated glomerular filtration rate (eGFR) over a 44-month 
follow-up period in patients with (n = 3784) and without (n 
= 4615) diabetes.[18] Non-diabetic patients on SV showed an 
eGFR decrease of 1.1 mL/min per 1.73 m2 per year (95% 
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CI: 1.0–1.2) compared to –2.0 mL/min per 1.73 m2 per year 
(95% CI: 1.9–2.1) for diabetic patients (P < 0.0001). Com-
pared to patients on enalapril, the rate of kidney function 
declination was slower with SV (–1.3 mL/min per 1.73 
m2 per year vs. –1.8 mL/min / 1.73 m2 per year, P < 0.0001) 
and the impact of this benefit was stronger in diabetic pa-
tients versus non-diabetic patients (difference: 0.6 mL/min 
per 1.73 m2, 95% CI: 0.4–0.8 vs. 0.3 mL/min per 1.73 m2, 
95% CI: 0.2–0.5 per year, Pinteraction = 0.038). [18] 

5  Experimental data: what is promisory? 

On the other hand, some interesting data coming from 
non-clinical studies have shown that SV is capable to at-
tenuate cardiac fibrosis and cardiac hypertrophy after an 
experimental myocardial infarction (MI) in rats in a greater 
degree than a NEP inhibitor or an ARB used alone.[19] In the 
same direction but in a rabbit experimental MI model, SV 
was found to be more effective (vs. valsartan or placebo) in 
reducing infarct size and plasma cardiac troponin release, 
while left ventricular function resulted less affected.[20] In an 
another rabbit model of ischemic HFrEF, SV was superior 
than valsartan given alone or placebo in attenuating left 
ventricular scar size and improving LVEF.[21] In a HF rat 
model created by pressure overload, SV and sacubitril ele-
vated beta-endorphin levels fact that was linked to an im-
provement of exercise tolerance whereas valsartan and pla-
cebo did not.[22]  A recent post hoc secondary analysis of 
PARADIGM-HF revealed that SV significantly improved 
nearly all Kansas City Cardiomyopathy Questionnaire 
physical and social activities compared with enalapril, with 
the biggest responses in sexual activities and household 
chores;[23] may beta-endorphin levels play a role here?[24] 

6  Conclusions 

Sacubitril/valsartan represents an undeniable therapeutic 
advance in the clinical field of HFrEF, and its benefits are 
going beyond its hemodynamic effects which are mainly 
based on an effectively counterbalance of the triggered 
renin-angiotensin-aldosterone system by boosting the natri-
uretic peptides system. 

Recent clinical evidence suggests that SV could be safety 
initiated in hospitalized and decompensated patients reach-
ing target or almost target doses. At the same time, SV 
utilization would provide some other benefits such as reduc-
tion of MR severity, the promotion of inverse remodeling 
while furthermore; it may also present antiarrhythmic, ne-
phroprotective and antidiabetic effects. In addition, promis-
sory preclinical data would extend its benefits towards the 

limitation of infarct scars size (potential clinical implica-
tions), and the improvement of exercise tolerance probably 
connected with the augmentation of beta-endorphin levels. 

 
References 

1  Gu J, Noe A, Chandra P, et al. Pharmacokinetics and phar-
macodynamics of LCZ696, a novel dual-acting angiotensin 
receptor-neprilysin inhibitor (ARNi). J Clin Pharmacol 2010; 
50: 401–414. 

2  Kobalava Z, Averkov O, Meray I, et al. Natriuretic peptide 
inhibition in the presence of angiotensin receptor blockade 
following short term treatment with LCZ696 in heart failure 
patients: effect on ANP, BNP, NTproBNP and cGMP. Eur 
Heart 2011; 32: 784–785. 

3  EMA. Summary of the risk management plan (RMP) for En-
tresto (sacubitril/valsartan), 2019. Web site. http://www.ema. 
europa.eu/documents/rmp-summary/entresto-epar-risk-mana-
gement-plan-summary_en.pdf (accessed Jan 9, 2019). 

4  US Food and Drug Administration. ENTRESTO (sacubitril 
and valsartan). Highlights of prescribing information, 2019.  
Web site. http:// www.accessdata.fda.gov/drugsatfda_docs/ 
label/2015/207620Orig1s000lbl.pdf. (accessed Jan 9, 2019). 

5  Ponikowski P, Voors AA, Anker SD, et al. 2016 ESC Guide-
lines for the diagnosis and treatment of acute and chronic 
heart failure: The Task Force for the diagnosis and treatment 
of acute and chronic heart failure of the European Society of 
Cardiology (ESC)Developed with the special contribution of 
the Heart Failure Association (HFA) of the ESC. Eur Heart J 
2016; 37: 2129–2200. 

6  Yancy CW, Jessup M, Bozkurt B, et al. 2017 ACC/AHA/ 
HFSA Focused update of the 2013 ACCF/AHA guideline for 
the management of heart failure: a report of the American 
College of Cardiology/American Heart Association Task 
Force on Clinical Practice Guidelines and the Heart Failure 
Society of America. J Am Coll Cardiol 2017; 70: 776–803. 

7  McMurray J, Packer M, Desai AS, et al. Angiotensin-ne-
prilysin inhibition versus enalapril in heart failure. N Engl J 
Med 2014; 371: 993–1004. 

8  Wachter R, Senni M, Belohlavek J, et al. Initiation of sacubi-
tril/valsartan in hospitalized patients with heart failure with 
reduced ejection fraction after hemodynamic stabilization: 
primary results of the TRANSITION study. Eur Heart J 2018; 
39: 167–167. 

9  Velazquez EJ, Morrow DA, DeVore AD, et al. Angiotensin– 
neprilysin Inhibition in acute decompensated heart failure. N 
Engl J Med 2019; 380: 539–548. 

10  Seferovic JP, Claggett B, Seidelmann SB, et al. Effect of 
sacubitril/valsartan versus enalapril on glycaemic control in 
patients with heart failure and diabetes: a post-hoc analysis 
from the PARADIGM-HF trial. Lancet Diabetes Endocrinol 
2017; 5: 333–340.  

11  Plamboeck A, Holst JJ, Carr RD, et al. Neutral endopeptidase 



Kaplinsky E, Sacubitril/Valsartan in heart failure 155 

  

http://www.jgc301.com; jgc@mail.sciencep.com | Journal of Geriatric Cardiology  

24.11 and dipeptidyl peptidase IV are both mediators of the 
degradation of glucagon-like peptide 1 in the anaesthetised 
pig. Diabetologia 2005; 48: 1882–1890. 

12  Willard JR, Barrow BM, Zraika S. Improved glycaemia in 
high-fat-fed neprilysin-deficient mice is associated with re-
duced DPP-4 activity and increased active GLP-1 levels. Di-
abetologia 2017; 60: 701–708. 

13  Kang DH, Park SJ, Shin SH, et al. Angiotensin receptor ne-
prilysin inhibitor for functional mitral regurgitation: the 
PRIME Study. Circulation. Published Online First: 2018 Dec 
5. DOI: 10.1161/CIRCULATIONAHA.118.037077. 

14  Martens P, Beliën H, Dupont M, et al. The reverse remodeling 
response to sacubitril/valsartan therapy in heart failure with 
reduced ejection fraction. Cardiovasc Ther 2018; 36: e12435– 
e12435.  

15  Januzzi JL, Butler J, Fombu E, et al. Rationale and methods 
of the prospective study of biomarkers, symptom improve-
ment, and ventricular remodeling during sacubitril/valsartan 
therapy for heart failure (PROVE-HF). Am Heart J 2018; 199: 
130–136. 

16  Sarrias A, Bayes-Genis A. Is sacubitril/valsartan (also) an 
antiarrhythmic drug? Circulation 2018; 138: 551–553. 

17  de Diego C, González-Torres L, Núñez JM, et al. Effects of 
angiotensin-neprilysin inhibition compared to angiotensin in-
hibition on ventricular arrhythmias in reduced ejection frac-
tion patients under continuous remote monitoring of implant-
able defibrillator devices. Heart Rhythm 2018; 15: 395–402. 

18  Packer M, Clagget B, Lefkowitz MP, et al. Effect of ne-
prilysin inhibition on renal function in patients with type 2 

diabetes and chronic heart failure who are receiving target 
doses of inhibitors of the renin-angiotensin system: a secon-
dary analysis of the PARADIGM-HF trial. Lancet Diabetes 
Endocrinol 2018; 6: 547–554. 

19  von Lueder TG, Wang BH, Kompa AR, et al. Angiotensin 
receptor neprilysin inhibitor LCZ696 attenuates cardiac remo-
deling and dysfunction after myocardial infarction by reduc-
ing cardiac fibrosis and hypertrophy. Circ Heart Fail 2015; 8: 
71–78. 

20  Torrado J, Cain Ch, Ramzi A, et al. Reperfusion therapy with 
sacubitril/valsartan attenuates infarct size and preserves left 
ventricular function in a rabbit model of myocardial infarction. 
Circulation 2017; 136: A16515–A16515. 

21  Torrado J, Cain Ch, Mauro A, et al. Sacubitril/Valsartan at-
tenuates fibrosis and improves left Ventricular function in a 
rabbit model of HFrEF. Circulation 2017; 136: A24021– 
A24021. 

22  Maslov MY, Foianini S, Orlov MV, et al. A novel paradigm 
for sacubitril/valsartan: beta-endorphin elevation as a contri-
butor to exercise tolerance improvement in rats with preexist-
ing heart failure induced by pressure overload. J Card 
Fail 2018; 24: 773–782. 

23  Chandra A, Lewis EF, Claggett BL, et al. Effects of sacubi-
tril/salsartan on physical and social activity limitations in pa-
tients with heart failure: a secondary analysis of the PARA-
DIGM-HF trial. JAMA Cardiol 2018; 3: 498–505. 

24  Okutucu S, Sabanoglu C, Oto A. Beta-Endorphin Elevation: 
another mechanism of action of sacubitril/valsartan in heart 
failure? J Card Fail 2019; 25: 142–142. 

 


