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ABSTRACT
With an estimated prevalence of 5.8 million in the United States and over 23 million people globally,
heart failure (HF) is gradually becoming an epidemic. Despite the use of conventional medical
therapies such as angiotensin-converting enzyme inhibitors, beta-adrenergic blockers, angiotensin
receptor blockers, and mineralocorticoid receptor antagonists for management of heart failure
patients for almost two decades, HF remains a leading cause of morbidity, mortality, and healthcare
expenditures. The Prospective Comparison of Angiotensin Receptor-Neprilysin Inhibitor with
Angiotensin-Converting Enzyme Inhibitor to Determine Impact on Global Mortality and Morbidity in
Heart Failure (PARADIGM-HF) trial provided compelling evidence for the cardiovascular and mortality
benefit of sacubitril/valsartan when compared to enalapril in patients with heart failure and reduced
ejection fraction (HFrEF). Following the trial, the US Food and Drug Administration (U.S. FDA)
approved this drug for the treatment of HF. There have been several other trials proving other
important benefits of sacubitril/valsartan along with other ongoing trials. In this review, we will discuss
about the characteristics of sacubitril/valsartan, its role in the management of heart failure, the various
ongoing and already performed trials and their results to understand the current role and future uses
of this combination drug. A systematic literature search was conducted using key words from relevant
articles, and MeSh terms on google scholar and PubMed. Data were abstracted according to their
relevance to subheadings of the review and synthesis of concepts done through multiple reviews by
at least two reviewers for any subsection.
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INTRODUCTION_____________________
Heart Failure (HF) is one of the leading causes of mortality
worldwide. Overall, patients with HF have an estimated 5year mortality of 50%.1-3 The number of HF patients due to
hypertension in India is extrapolated to be 3.5-7 million with
an estimated number around 4-5 million while burden of HF
due to myocardial infarction is extrapolated to be 2.1-8.4
million with an estimated number again in the range of 4-5
million and an annual mortality rate of 0.1-0.16 million.4-6
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Sacubitril/Valsartan is proving to be a game changer in
treating patients of chronic heart failure with reduced ejection
fraction (HFrEF).
The keywords used in literature search were ‘sacubitril’,
‘valsartan’, ‘sacubitril/valsartan’, ‘heart failure’ and ‘HFrEF’.
While searching using PubMed search engine, Medical
Subject Headings (MeSH terms), subheadings and “All
Fields” were combined with key Boolean operators “AND”,
“OR” and “NOT” to get the relevant studies and exclude the
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studies which did not match our requirements. Data was
synthesized from the articles and reviewed for inclusion in
different subsections of the review.

Current status of heart failure treatment
Although there are resources such as cardiac
resynchronization therapy and the option for heart transplant,
pharmacotherapy still remains the mainstay of management
option for HF patients. The results obtained from the SPRINT
trail signify that lowering of blood pressure to a target of <120
mmHg is superior to the classical treatment with a target of
<140 mmHg in high risk patients of hypertension without
diabetes, including the elderly patients. This intensive
strategy proved to be better in terms of reducing the
incidence of fatal and non-fatal major cardiovascular events
and death from any cause but it was associated with more
adverse events. 7, 8
Angiotensin converting enzyme inhibitors (ACEIs) and
Angiotensin receptor blockers (ARBs) have been the
mainstay for the management of HF patients with reduced
ejection fraction (HFrEF).9 Sacubitril/Valsartan, an
angiotensin receptor-neprilysin inhibitor, proved to be
superior to enalapril in the PARADIGM-HF trail in reducing
the rate of cardiovascular death or hospitalization due to HF
(relative risk reduction of 20%) in patients of chronic and
stable HFrEF.10, 11 It consists of ‘valsartan’ which is an ARB
along with the neprilysin inhibitor ‘sacubitril’ in a 1:1 by
molecule count mixture.12
Presently, this combination has been approved in around 57
countries worldwide including India. The United States Food
and Drug Administration (FDA) approved it in July 2015 for
the management of patients with New York Heart
Association (NYHA) class II to class IV symptoms of HF with
a reduced ejection fraction (HFrEF).10, 11 The 2016 ESC and
ACC/AHA/HFSA guidelines have included it in class IB
recommendation.13, 14

Mechanism of action
Neprilysin is known by various other names, such as
membrane
metallo-endopeptidase
(MME),
neutral
endopeptidase (NEP), cluster of differentiation 10 (CD 10)
and common acute lymphoblastic leukemia antigen
(CALLA). The MME gene in humans is responsible for its
production. Although it is present at multiple sites, it is
particularly found on the brush border of proximal tubules
and glomerular epithelium in kidney. It causes degradation of
many vasoactive peptides (VAP) including angiotensin,
natriuretic peptides, endothelin 1 and amyloid-β peptide. It
cleaves and inactivates various peptide hormones including
oxytocin, bradykinin, substance P and glucagon. 15, 16
Sacubitril (AHU-377), a neprilysin inhibitor, is activated to its
active metabolite sacubitrilat (LBQ657) by esterase via deethylation. It increases the levels of vasoactive peptides and
promotes natriuresis, vasodilation and decrease in the
extracellular fluid (ECF) volume due to natriuresis. All of
these lead to reduction of preload and ventricular
remodeling. 17, 20
Valsartan selectively blocks Angiotensin receptor type-1
(AT1) and thus inhibits the effects of Angiotensin II,
consequently inhibiting the Angiotensin II dependent
aldosterone release. It reduces vasoconstriction, retention of
sodium and water and myocardial hypertrophy. In pre-clinical
studies, the sacubitril/valsartan combination has shown
properties of attenuating angiotensin-II-mediated cardioInternational Archives of BioMedical And Clinical Research
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renal fibrosis and cardiac remodeling superior to either
standalone neprilysin inhibitor and ARB. 18, 19
The summary of the action of sacubitril/valsartan has been
shown in Figure 1.

Fig 1: Mechanism of action of Sacubitril/Valsartan (LCZ696)
"RAAS - Renin–angiotensin–aldosterone system, NP - Neuropeptides, NEP - Neprilysin, AT1 Angiotensin I"

Physical and chemical properties
Sacubitril/valsartan contains anionic forms of sacubitril and
valsartan, sodium ions and water molecules in the molar ratio
of 1:1:3:2.5. A single molecular complex of this combination
has 6 valsartan anions, 6 sacubitril anions, 18 sodium
cations, and 15 molecules of water. The resultant molecular
formula of the molecule is C288H330N36Na18O48.15H2O with a
molecular mass of 5748.03 g/mol. 12, 20
The substance appears as a white powder having thin
hexagonal plates. It is stable both in solid and aqueous forms
with a pH ranging from 5 to 7 and with a melting point of about
137oC (280oF).12, 20

Pharmacokinetics
Absorption
After oral consumption, the sacubitril/valsartan molecule
dissociates into the individual components with sacubitril,
sacubitrilat, and valsartan achieving peak plasma
concentration in 0.5, 2, and 1.5 hours respectively. The oral
bioavailability is estimated to be ≥60%. In case of twice daily
dosing, steady state of plasma concentration is achieved in
3 days. Administration of food has no clinical significance on
the effect of the drug. 12, 20
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Distribution
Sacubitril, sacubitrilat and valsartan are highly bound to
plasma proteins (94%–97%). Still, they have relatively high
average apparent volumes of distribution. The average
apparent volumes of distribution of valsartan and sacubitril
are around 75 L and 103 L, respectively. 12, 20
Metabolism
Sacubitril is readily esterified to sacubitrilat which is not
metabolized further to a significant extent. Valsartan is
minimally metabolized; only about 20% is converted into
metabolites.12
Elimination
After oral consumption, 52% to 68% of sacubitril (primarily as
sacubitrilat) and 13% of valsartan and its metabolites are
excreted in urine. About 37% to 48% of sacubitril (primarily
as sacubitrilat), and 86% of valsartan and its metabolites are
excreted in feces. The mean elimination half-life (T1/2) of
sacubitril, sacubitrilat, and valsartan are approximately 1.4 h,
11.5 h and 9.9 h, respectively. Because of high plasma
protein binding property, the combination is highly unlikely to
be removed from the systemic circulation via hemodialysis.
12, 20

Pharmacodynamics
In a week long valsartan-controlled study in patients of
HFrEF, it was observed that the administration of
sacubitril/valsartan caused increased natriuresis, increased
urinary cGMP level and decreased concentration of plasma
MR-proANP and NT-proBNP as compared to valsartan.20
In a 21-day study of sacubitril/valsartan in patients of HFrEF,
significant increase in the levels of urine ANP and cGMP and
plasma cGMP with decreased levels of plasma NT-proBNP,
aldosterone and endothelin-1 were observed. Increased
plasma renin activity and plasma renin concentrations
indicated that it also blocks AT1-receptor.20, 21
In the PARADIGM-HF study, it was seen that the
combination decreased the plasma NTproBNP (not a
neprilysin substrate) and increased plasma BNP (a neprilysin
substrate) along with urinary cGMP as compared to the effect
shown by enalapril.22 Administration of sacubitril/valsartan to
healthy subjects for 2 weeks led to increase of CSF Aβ1-38
with no substantial changes in the concentrations of CSF
Aβ1-40 or CSF Aβ1-42.22 Addition of 50 mg sildenafil to
sacubitril/valsartan at a steady state (94 mg sacubitril/206 mg
valsartan once daily for 5 days) in patients of hypertension
was associated with an additional decrease in blood
pressure
compared
to
the
administration
of
sacubitril/valsartan alone.

Clinical trials
1.

The PARADIGM-HF trial
The PARADIGM-HF trial (Prospective comparison of ARNI
with ACEI to Determine Impact on Global Mortality and
morbidity in HF) was the largest ever clinical trial conducted
in HF. It was a multinational (47 countries), randomized,
double-blinded trial in which sacubtril/valsartan was
compared with enalapril. A total of 8442 adult patients with
symptomatic chronic HF (NYHA class II–IV) along with
systolic dysfunction (left ventricular ejection fraction 40% or
less) were enrolled for this trial. Randomization was
performed and based on that the patients received either
sacubitril/valsartan (n = 4209) or enalapril (n = 4233). In both
the groups, patients continued to receive other medications
based on evidences including beta-blockers (94%), diuretics
International Archives of BioMedical And Clinical Research
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(82%), and mineralocorticoid receptor antagonists (58%).11,
23-25

Prior to being enrolled for the study, the patients were
required to have the following levels: a plasma B-type
natriuretic peptide (BNP) 150 pg/mL or N-terminal pro-BNP
(NT-proBNP) 600 pg/mL, or, if they had been hospitalized
for heart failure in the last 12 months, a BNP 100pg/mL or a
NT-proBNP 400 pg/mL. They were also required to have
been on ACEI or ARB at a dose equivalent to at least 10 mg
of enalapril daily for a minimum period of 4 weeks prior to
screening and on maximally tolerated dose of β-blockers.11,
23-25

Symptomatic patients of hypotension or having a systolic
blood pressure of <100 mmHg were excluded from the study.
Patients with severe hepatic impairment, eGFR<30
mL/min/1.73 m2 or serum potassium 5.2 mmol/L at baseline,
or those with any history of angioedema were also excluded.
The primary endpoint comprised of composite of
cardiovascular (CV) death or hospitalization for HF.11, 23-25
As far as the population demographics are concerned, 66%
were Caucasian,18% were Asian, and 5% were Black; the
mean age was 64 years (19% of patients were 75 years or
older); and 78% were male. 70% of patients were NYHA
Class II, 24% were NYHA Class III, and 0.7% were NYHA
Class IV at the time of randomization. The mean left
ventricular ejection fraction was 29%.11, 23-25
Results
The PARADIGM-HF trial showed that sacubitril/valsartan
combination was superior to enalapril in reducing the risk of
CV death or HF hospitalizations by 20% (hazard ratio
(HR):0.80, 95% CI [0.73; 0.87], 1-sided p < 0.0001). The
absolute risk reduction was 4.69%. A statistically significant
reduction for CV death and first HF hospitalization was
observed (CV death, RRR 20%, HR 0.80; 95% CI [0.71,
0.89]; and hospitalization for HF RRR 21%; HR 0.79; 95% CI
[0.71, 0.89]). 11, 23-25
Sudden death accounted for 45% of CV deaths and was
reduced by 20% in sacubitril/valsartan treated patients as
compared to patients treated with enalapril (HR 0.80). Heart
failure accounted for 26% of CV deaths and was reduced by
21% in sacubitril/valsartan treated patients as compared to
enalapril treated patients (HR 0.79). 11, 23-25
This risk reduction was consistent across subgroups
including age, gender, race, geography, NYHA class,
ejection fraction, renal function, history of diabetes or
hypertension, prior heart failure therapy, and atrial fibrillation.
Sacubitril/valsartan also significantly reduced all-cause
mortality by 16% compared with enalapril (RRR 16%, HR
0.84; 95% CI [0.76 to 0.93], 1-sided p = 0.0005). The
absolute risk reduction was 2.84%. 11, 23-25
Overall, there were fewer all cause hospital admissions
inpatients treated with sacubitril/valsartan as compared to
enalapril, including a 12% relative risk reduction for the first
hospitalization (HR 0.88 [95% CI: 0.82, 0.94], p < 0.001), and
a 16% relative rate reduction for total number of
hospitalizations (RR 0.84 [95% CI:0.78, 0.91], p < 0.001)].11,
23-25

The overall results of the PARADIGM-HF trial have been
shown in Figure 2.
Conclusion
In conclusion, sacubitril/valsartan was more effective in
reducing the risk of CV death by 20%, HF hospitalization by
Vol 5 | Issue 4 | October – December 2019
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21%, all-cause mortality by 16% and reducing overall 3.
symptoms with much better tolerability than enalapril. 11, 2325

Figure 2: Effect of sacubitril/valsartan on the rate of primary end
point and component and all-cause mortality in patients randomized
in the PARADIGM-HF trial according to age group. p for interaction
for cardiovascular (CV) death or heart failure (HF) hospitalization =
.94; for CV death p for interaction = .92, for HF hospitalization p for
interaction = .81, and all-cause death p for interaction = .99
2.

The PARAMOUNT trial
The PARAMOUNT trial (Prospective comparison of ARNI
with ARB on Management Of HF with preserved ejectioN
fraction Trial) was a randomized, multinational (13 countries)
double-blinded, parallel group, active control trial which
tested the safety and efficacy of sacubitril/valsartan in 301
heart failure patients with preserved ejection fraction
(HFpEF). The inclusion criteria consisted of NYHA Class II–
III HF with left ventricular ejection fraction (LVEF) of 45%, N- 4.
terminal pro-B-type natriuretic peptide (NT-proBNP)>400
pg/mL at screening, should be on diuretic therapy, and have
a systolic blood pressure <140 or 160 mmHg, or less if on
three blood pressure drugs at the time of randomization,
having an eGFR of at least 30 mL/min/1.73 m2 at screening,
and a potassium concentration of ≤5.2 mmol/L. The primary
endpoint was change in NT-proBNP, a marker of left
ventricular wall stress, from baseline to 12 weeks. 26-28
Results
The results of the trial showed a significant reduction in NTproBNP at 12 weeks and significant improvement in left atrial
size and NYHA class inpatients randomized to
sacubitril/valsartan compared to valsartan alone at 36 weeks.
Sacubitril/valsartan reduced the levels of NTproBNP by 23%
compared with valsartan (p = 0.005). 26-28
Conclusions
Sacubitril/valsartan reduced NTproBNP to a greater extent
than valsartan after 12 weeks of therapy, in association with
reduction in left atrial size and improvement in NYHA
class.[26-28]
Overall, sacubitril/valsartan was well tolerated with fewer
serious and overall adverse events than valsartan. Findings
were encouraging and suggestive that sacubitril/valsartan
may have beneficial effects in patients with HFpEF and that
further studies should be planned on this group of patients.
26-28
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The PARAGON-HF trial
The PARAGON-HF trial (Prospective comparison of ARNI
with ARB Global Outcomes in HF with preserved ejectioN
fraction) to assessed the effect of sacubitril/valsartan on
outcomes (CV death and HF hospitalizations) in patients with
HFpEF.29
The primary objective of this trial was to compare
sacubitril/valsartan to valsartan in terms of reduction of the
rate of the composite endpoint of CV death and total (first
and recurrent) HF hospitalizations, in HFpEF patients (NYHA
Class II–IV) (left ventricular ejection fraction [LVEF] ≥45%).29
The secondary objectives of the study include:
(i) To compare sacubitril/valsartan with valsartan in
reducing the rate of the composite endpoint which
includes
Cardiovascular
deaths,
total
hospitalizations due to HF, total non-fatal strokes,
and total non-fatal myocardial infarctions. Total here
is defined as the first incident along with subsequent
recurrent events.
(ii) To compare sacubitril/valsartan to valsartan in
improving NYHA functional classification at 8
months.
(iii) To compare sacubitril/valsartan to valsartan in
delaying the time to new onset AF in patients with
no history of AF and without AF on
electrocardiogram (ECG) at baseline.
(iv) To compare sacubitril/valsartan to valsartan in
delaying the time to all-cause mortality.29
Sacubitril–valsartan did not result in a significantly lower rate
of total hospitalizations for heart failure (8.5 % vs 8.9%, HR
0.95. 95% CI, 0.79 to 1.16) and death from cardiovascular
causes (rate ratio, 0.85; 95% CI, 0.72 to 1.00) among
patients with heart failure and an ejection fraction of 45% or
higher.
The PARAMETER trial
The PARAMETER study (Prospective comparison of
Angiotensin Receptor neprilysin inhibitor with Angiotensin
receptor blocker MEasuring arterial sTiffness in the EldERly)
was a multicenter, double-blinded, randomized controlled
trial conducted to determine the effects of sacubitril/valsartan
versus olmesartan on central aortic pressure, in elderly
patients (aged 60 years) with systolic hypertension and pulse
pressure >60 mmHg, as an indication of arterial stiffness.
The total number of patients enrolled for this trial was n= 454
with mean age = 67.7 years, mean seated systolic blood
pressure = 158.6 mmHg and mean seated pulse pressure =
69.7 mmHg. The study increased the treatment regimen from
12 to 52 weeks. Amlodipine (2.5–5 mg) and subsequently
hydrochlorothiazide (6.25–25 mg) were added-on for
patients not achieving the target blood pressure of <140/90.30
Results
It was seen that at week 12, sacubitril/valsartan reduced
central aortic systolic pressure (primary assessment) greater
than olmesartan by 3.7 mmHg (p = 0.010), further
corroborated by secondary assessments at week 52 (central
aortic pulse pressure, 2.4 mmHg, P < 0.012; mean 24-h
ambulatory brachial systolic blood pressure and central
aortic systolic pressure, 4.1 mmHg and 3.6 mmHg,
respectively, both p < 0.001). Differences in 24-h ambulatory
pressures were pronounced during sleep. After 52 weeks,
blood pressure parameters were similar between treatments
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(p < 0.002); however, more patients required add-on
antihypertensive therapy with olmesartan (47%) versus
sacubitril/valsartan (32%; p < 0.002). Both treatments were
equally well-tolerated.30
Conclusion
THE PARAMETER trial demonstrated superiority of
sacubitril/valsartan versus olmesartan in reducing clinic and
ambulatory central aortic and brachial pressures in elderly
patients with systolic hypertension and arterial stiffness.30
5.

TRANSITION trial
The TRANSITION trial was a randomized, phase IV,
multicenter, open-label, parallel-group study which assessed
the safety and tolerability of sacubitril/valsartan in 1,002
HFrEF patients, from 156 hospitals worldwide, after
stabilization following hospitalization for acute heart failure,
when treatment was started in hospital (pre-discharge) or
shortly after leaving hospital (post-discharge). Patients were
grouped based on their pre-admission treatment status:
those who were receiving an ACEI or an ARB, or those with
no prior experience with an ACEI/ARB. Following screening
and randomization, the study comprised a 10-week
treatment period followed by a 16-week follow-up phase. The
primary and secondary endpoints were the number of
patients achieving the target dose of sacubitril/valsartan of
200 mg twice daily (bid) at week 10 (regardless of previous
dose interruption or down-titration), and number of patients
maintaining 100 mg or 200 mg bid for at least two weeks
leading to week 10 after randomization, respectively. The
study protocol took into account the needs of the practicing
cardiologists, and enabled investigators to select the
appropriate starting dose of sacubitril/valsartan and dose
adjustments due to clinical circumstances, allowing for
differences between international hospitals and healthcare
settings. 31, 32
Results
At 10 weeks, more than 86% of patients were receiving
sacubitril/valsartan for 2 weeks or longer without interruption
and about half of patients in the study achieved the primary
endpoint which was a target dose of 200 mg of
sacubitril/valsartan twice daily within 10 weeks in both
groups. The number of patients who met the primary and
secondary endpoints was similar across both treatment
arms. The incidence of adverse events and discontinuations
of sacubitril/valsartan due to adverse events were also
similar in both the in-hospital and the out-patient setting.32
Conclusion
Hence this study showed that sacubitril/valsartan can be
initiated early and safely in patients shortly after an acute
heart failure episode, providing physicians with added
confidence to optimize their care with innovative medicines
in heart failure treatment.32

6.

PIONEER-HF trial
PIONEER-HF was a multicenter, double-blind, randomized,
7.
controlled trial performed to estimate the safety, tolerability,
and
efficacy
of
in-hospital
administration
of
sacubitril/valsartan as compared with enalapril in stable
patients of HFrEF who had been admitted in the hospital for
acute decompensation. 34, 35
The study included patients above the age of 18 years, with
an ejection fraction (EF) <=40% and with an increased level
International Archives of BioMedical And Clinical Research
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of amino terminal-pro b-type natriuretic peptide (NT-proBNP)
>=1600 pg/mL or b-type natriuretic peptide (BNP) >=400
pg/mL, irrespective of both duration of diagnosis of HF or
treatment with ACEI and/or ARB.34, 35
A total of 881 patients, with an average age of 61 years, were
randomly
assigned
to
in-hospital
initiation
of
sacubitril/valsartan or enalapril twice daily, following
stabilization. Patients were eligible for screening not before
24 hours and up to 10 days from initial presentation while still
being hospitalized. 34,35 Approximately 72% of the patients
were male and about half of patients had a BMI>30 kg/m2.
About one-third of patients (36%) were African American in
origin. Approximately 34% of patients were newly diagnosed
ones without any prior history of heart failure and slightly
more than half of the patients were not receiving ACEI/ARB
therapy at the time of admission.
The primary endpoint was the time-averaged proportional
change in NT-proBNP from baseline through weeks 4 and 8.
34. 35

Results
Patients treated with sacubitril/valsartan achieved a 47%
reduction from baseline in time-averaged NT-proBNP,
compared to a 25% reduction with enalapril, translating into
a statistically significant 29% greater reduction with
sacubitril/valsartan over the ACE inhibitor (95% CI: 0.63,
0.81; P<0.0001).34 Significant reductions in NT-proBNP were
observed in sacubitril/valsartan patients as early as one
week after treatment initiation. Rates of serious adverse
events occurring with a frequency of >=0.5% were similar
between the sacubitril/valsartan and enalapril groups.34 In a
pre-specified exploratory analysis, the composite endpoint of
death, re-hospitalization for HF, implantation of left
ventricular assist device (LVAD) or cardiac transplant
occurred in 41 (9.3%) patients in the sacubitril/valsartan
group and in 74 (16.8%) patients in the enalapril group
(hazard ratio [HR] 0.54, 95% CI 0.37-0.79; p=.001). The
benefit was driven by reductions in death and rehospitalization
among
patients
treated
with
sacubitril/valsartan. The number needed to treat to prevent
one such clinical event during 8 weeks of follow up was 13.34
Conclusion
The PIONEER-HF trial results showed that once acute heart
failure is diagnosed, patients are hemodynamically
stabilized, and a low ejection fraction is confirmed;
sacubitril/valsartan should be started promptly to reduce
neurohormonal activation and reduce the risk of postdischarge heart failure hospitalization.34
Another trial planned by Novartis International AG with
regards to sacubitril/valsartan is PARADISE-MI (Prospective
ARNI vs ACE Inhibitor Trial to DetermIne Superiority in
Reducing Heart Failure Events After MI) trial for testing the
hypothesis that sacubitril/valsartan can reduce CV death, HF
hospitalizations and new onset heart failure in patients at
high risk for HF after a myocardial infarction. The study is
expected to be completed by April 27, 2020.36
Omapatrilat vs sacubitril/valsartan
Though Omapatrilat, an investigational vasopeptidase
inhibitor (VPi), too have shown sustained, favorable,
hemodynamic and neurohumoral actions in past, it failed to
beat enalapril 10 mg twice daily dosing in a head-to-head
comparison in patients with chronic HFrEF in the
OVERTURE (Omapatrilat Versus Enalapril Randomized
Trial of Utility in Reducing Events) trial.[37, 38] The results
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weren’t encouraging for the other two trials namely OPERA
(Omapatrilat in Persons With Enhanced Risk of
Atherosclerotic Events)39 and OCTAVE (Omapatrilat
Cardiovascular Treatment Assessment Versus Enalapril).40
Omapatrilat angioedema was attributed to its dual
mechanism of action i.e., inhibition of both angiotensin
converting enzyme and neprilysin. Both these enzymes are
responsible for the metabolism of bradykinin which causes
vasodilation, angioedema, and airway obstruction. The
USFDA did not give approval to Omapatrilat due to
angioedema safety concerns. The final vote from the
Committee was 5-1 against approval. 41, 42

•

•
•
•

ARNIs have been recently approved for patients of
symptomatic HFrEF and it is intended to be substituted for
ACEIs or ARBs when stable patients with mild-to-moderate
HF on these agents have an adequate blood pressure and
are otherwise tolerating standard therapies. 13, 14, 20
Starting dose of 24/26 mg twice daily is recommended for
patients not currently taking an ACEI or an ARB, patients
previously taking low doses of these agents, patients with
severe renal impairment (eGFR <30 mL/min/1.73 m2) and
patients with moderate hepatic impairment (Child-Pugh
classification Class B, 7–9 points score). Dose can be
doubled every 2–4 weeks to the target maintenance dose of
97/103 mg BID, as tolerated by the patient.13, 14, 20 No starting
dose adjustment is needed for mild or moderate renal
impairment and mild hepatic impairment (Child-Pugh A
classification) though use in patients with severe hepatic
impairment (Child-Pugh classification Class C, 10–15 points 2.
score) is not recommended.13, 14, 20

Drug interactions and adverse reactions
Because CYP450 enzyme-mediated metabolism of sacubitril
and valsartan is minimal, co-administration with drugs that
impact CYP450 enzymes is not expected to affect the
pharmacokinetics of sacubitril/valsartan. Dedicated drug
interaction studies demonstrated that co-administration of
furosemide, warfarin, digoxin, carvedilol, a combination of
levonorgestrel/ethinyl estradiol, amlodipine, omeprazole,
hydrochlorothiazide, metformin, atorvastatin, and sildenafil,
did not alter the systemic exposure to sacubitril, sacubitrilat
or valsartan. 13, 14, 20
Use with an ACEI is contraindicated due to increased risk of
angioedema. Concomitant use of potassium-sparing 3.
diuretics (e.g., spironolactone, triamterene, amiloride),
potassium supplements, or salt substitutes containing
potassium may lead to increase in serum potassium
concentrations. In patients who are elderly, volume-depleted
(including those on diuretic therapy), or with compromised
renal function, concomitant use of NSAIDs, including COX-2
inhibitors, may result in worsening of renal function, including
possible acute renal failure. These effects are usually
reversible though periodic monitoring of renal function should
be performed.13,14,20 Clinically significant adverse drug
reactions (ADRs) include hypotension (18%), hyperkalemia
(12%), cough (9%), dizziness (6%), orthostasis (2.1%),
angioedema (<1%), impaired renal function (reversible),
dementia risk (theoretical).13, 14, 20

•
•

Sacubitril/valsartan is contraindicated: 13, 14, 20
in pregnancy & lactation
in patients with hypersensitivity to any component
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in patients with severe renal (eGFR<30 mL/min/1.73 m2) or
hepatic impairment (Child-Pugh classification Class B and C,
>7 points score)
in patients with a history of angioedema associated with any
previous ACEI or ARB therapy
with concomitant use of ACEI. It should not be administered
within 36 h of switching from or to an ACEI
in patients of diabetes for whom aliskiren have been
prescribed.

Other benefits of sacubitril/valsartan
1.

Dosage and administration

Contraindications
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Hypertension
The antihypertensive benefits of sacubitril/valsartan were
observed in the PARAMETER trial. In another study, 266
patients (mean age 55.4 years; 24 h SBP/ DBP 139.0/86.1
mmHg at baseline) not responding to 4-week treatment with
amlodipine 5 mg/day were randomized. It was seen that at
week 8, sacubitril/valsartan in combination with amlodipine
provided greater reductions in 24 hours systolic blood
pressure as compared with amlodipine monotherapy from
baseline (13.9 vs 0.8 mmHg, p < 0.001). In addition to this,
all the secondary efficacy assessments were significantly (p
< 0.001) in favor of sacubitril/valsartan plus amlodipine.
Overall, the incidence of adverse events was 20.0% with
LCZ696/amlodipine while it was 21.3% with amlodipine. The
study concluded that sacubitril/valsartan + amlodipine
combination could be an effective treatment for patients with
uncontrolled systolic hypertension not responding to
amlodipine monotherapy. 43, 44
Renal impairment
A multicenter clinical trial assessing the safety and efficacy
of sacubitril/valsartan in patients with hypertension and renal
dysfunction by giving sacubitril/valsartan (100 mg) with an
optional titration to 200 and 400 mg demonstrated no
clinically significant changes in creatinine, potassium, blood
urea nitrogen and eGFR levels of the patients. Besides, the
geometric mean reduction in the urinary albumin-tocreatinine ratio (UACR) was 15.1% and the decrease was
greater in patients with microalbuminuria than in those with
normo-albuminuria. Moreover, re-analysis of the data from
the PARAMOUNT study revealed better eGFR progression,
a greater decrease in BP and serum creatinine levels in
patients on sacubitril-valsartan when compared to valsartan.
26, 45

Diabetes Mellitus
In a post hoc analysis of the PARADIGM-HF trial which
included 3778 patients of HFrEF and known diabetes or
HbA1c 6.5% at screening and who were randomly assigned
to treatment with sacubitril/valsartan or enalapril, it was found
that during the first year of follow-up, HbA1c concentrations
decreased by 0.16% (SD 1.40) in the enalapril group and
0.26% (SD 1.25) in the sacubitril/valsartan group. The HbA1c
concentrations were found to be persistently lower in the
sacubitril/valsartan group than in the enalapril group over the
3 years of follow-up. Those on sacubitril/valsartan were also
less likely to start taking insulin or other meds for glycemic
control and showed better improvements in HDL cholesterol.
The significant improvement in HbA1c levels (p = 0.0055)
over 3 years in the sacubitril/valsartan group as compared to
the enalapril group implies that heart failure patients with
diabetes who take sacubitril/valsartan might benefit from and
even require lower doses of any antidiabetic agents they may
be taking. 46, 47
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4. Other effects
Dementia and cognition-related adverse effects were not
increased by sacubitril/valsartan in PARADIGM-HF, and the
beneficial cardiovascular actions of angiotensin receptorneprilysin inhibition might prevent cognitive decline in other
ways. There have been concerns that neprilysin inhibition
might lead to accumulation of amyloid-beta peptides in the
brain since this enzyme is one of the clearance mechanisms
for neurotoxins which are implicated in the development of
Alzheimer’s disease. It should be noted that as multiple other
enzymatic pathways and transport proteins are involved in
the clearance of amyloid-beta peptides in the brain, it is not
known whether long term neprilysin inhibition might have a
significant effect on accumulation of these peptides.48
A secondary analysis of the PARADIGM-HF trial showed that
among patients who started taking mineralocorticoid receptor
antagonists (MRA) newly during the PARADIGM-HF trial,
severe hyperkalemia remained more common in the
enalapril group than in the sacubitril/valsartan group (3.3 vs
2.3 per 100 patient-years; HR, 1.43[95%CI, 1.13–1.81]; p =
0.003). These data suggest that sacubitril/valsartan reduces
the risk of hyperkalemia when MRAs are given along with
other inhibitors of the renin-angiotensin aldosterone system
in patients of HF. 49

Conclusion
Effective reduction of blood pressure to accepted targets is
the key to reduce the risk of cardiovascular events and
stroke. Sacubitril/valsartan is a first-in-class ARNI consisting
of sacubitril, a neprilysin inhibitor, and valsartan, an ARB. It
demonstrated a significant improvement in the mortality rates
in patients of HFrEF in the PARADIGM-HF trial. Similar
encouraging results were observed in the subsequent clinical
trials as well.
Sacubitril/valsartan is unique since it simultaneously blocks
the renin angiotensin system and augments body’s intrinsic
natriuretic peptide system through neprilysin inhibition. This
can be used as a therapeutic option for a range of CV
diseases such as hypertension and HF, in which
vasoconstriction, volume overload and neurohormonal
activation are major parts of the pathophysiological pathway.
The recent ESC and AHA/ACC guidelines have
recommended ARNI as an important class of drug for the
management of heart failure and prevention of sudden
cardiac deaths.[9] Although an ACEI and a beta-blocker,
along with a diuretic therapy for symptom relief, are
considered as the first line of therapy for HFrEF patients,
sacubitril/valsartan
has
demonstrated
significant
improvement in patient outcomes and must be considered in
the current practices for HF management and prevention of
sudden cardiac death.
The pharmacodynamics of sacubitril/valsartan suggest that it
might have an impact on the pathophysiology of HFpEF as
well. It is believed that in HFpEF, excessive fibrosis and
myocyte hypertrophy lead to abnormal left ventricular
relaxation and filling, impaired diastolic distensibility and/or
increased vascular stiffness, with consequent elevated
cardiac filling pressures. Pleiotropic effects shown as an antihypertensive, in post-myocardial infarction, renal impairment
and diabetes are also highly promising.
With over 40 (active or planned) clinical studies planned by
Novartis under its FortiHFy (Fortifying Heart Failure clinical
evidence and patient quality of life) umbrella clinical program
in the next 5 years, there are lot more to be explored about
sacubitril/valsartan. Undoubtedly, sacubitril/valsartan opens
International Archives of BioMedical And Clinical Research
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a wide horizon for research and development in the direction
of ARNI, an altogether different approach in combating
hypertension, cardiovascular disorders and heart failure.
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