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Abstract
Heart failure is a clinical syndrome responsible for at least one-third of hospitalisations amongst cardiac patients, with escalating
mortality and healthcare costs on both public and private health care. Both prevalence and incidence of heart failure increase
steeply with advancing age, making it a growing public health problem. Pathophysiologically, heart failure clinically presents in two
common forms: heart failure with preserved ejection fraction and heart failure with reduced ejection fraction The cornerstone of
heart failure management includes the use of angiotensin-converting enzyme inhibitors A recently developed pharmacotherapy
that inhibits both the angiotensin receptor and the enzyme neprilysin has shown promise in the management of heart failure with
reduced ejection fraction This article will highlight the impact of this new therapy and its potential use in heart failure with reduced
ejection fraction.
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Introduction

The RAAS system is responsible for a cascade of hormones
which produce effects on the heart, kidneys and systemic
vasculature.2 This is all done in an attempt to reverse the
adverse reactions of HF.2 It is important to note that continuous
and vigorous stimulation of this pathway will be deleterious
and often permanently changes the patient’s cardiovascular
physiology.2 These hormones produce a cellular proliferative
effect on cardiac myocytes, as well as increasing cell apoptosis
and fibroblast activity.5,6 This could result in the replacement of
healthy myocardial tissue with non-contractile fibrotic tissue,
and progress to ventricular remodelling.5,6 Angiotensin II and
aldosterone both increase sodium and water retention which
then increase intravascular volume leading to an increase in
blood pressure and worsening of systemic (cardiopulmonary)
congestion.7,8 In addition to this, the combination of angiotensin
II and sympathetic hyperactivity usually results in enhanced
peripheral vascular resistance and further contributes to
increased blood pressure. The net effect results in an increased
strain on the heart and sets up a cycle of steadily diminishing left
ventricular function.⁹

Heart failure (HF) is defined as a clinical syndrome where the heart
fails to maintain cardiac output to meet physiological demands
and accommodate venous return. HF represents a public health
problem, with large inflation in both disease prevalence and
treatment cost.1 With the current advances in acute coronary care
as well as increasing efficacy in the treatment of coronary artery
disease, more patients now survive acute coronary events.1,2
This has resulted in a steady increase in the number of patients
with chronic HF.1,2 The disease progressively worsens and results
in significant morbidity and premature cardiac death.2 The
common pathophysiological types of HF include heart failure
with preserved ejection fraction (HFpEF) and heart failure
with reduced ejection fraction (HFrEF).2 This article will briefly
highlight the impact of using neprilysin inhibitors in HFrEF.

Heart failure with reduced ejection fraction
The most common causes of HFrEF are resistant hypertension
(blood pressure that remains above goal in spite of the concurrent
use of three antihypertensive agents of different classes), and

The heart does, however, have a compensatory mechanism
to counteract the effects of RAAS, which come in the form of
natriuretic peptides (NPs).10 NPs present as four different types
and their effects include maintaining cardio-renal homeostasis
through induction of diuresis and natriuresis, as well as
vasodilation and inhibition of the sympathetic nervous system.11
NPs are metabolised by an enzyme called neprilysin through an

ischaemic heart disease (IHD).3,4 Less common causes include
cardiomyopathy, valvular disorders, myocarditis and the use of
cardiotoxic therapies.1,3 While the pathophysiology of this form
of HF has long been understood, one of the main neurohormonal
compensatory mechanisms is the rennin angiotensin aldosterone
system (RAAS).2
www.tandfonline.com/oemd
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enzymatic cleavage process.12 Whlist NPs exhibit limited counterregulatory effects on the RAAS, they are, however, no match for
RAAS which has more potent effects.2

effects of all three enzymes that are responsible for bradykinin
breakdown, namely ACE, neprilysin and aminopeptidase P.26
In order to minimise such a serious adverse effect, a specific
neprilysin inhibitor agent, sacubitril, was used, to be combined

Angiotensin-converting enzyme inhibitors and
angiotensin receptor blockers in heart failure

with the ARB valsartan.15 This combination does not inhibit ACE
or aminopeptidase P.15

Taking into account the effects of the RAAS on patients with HF,
especially those with HFrEF, it stands to reason that the blockade
of the RAAS system would be a key component towards
successful therapy.13

Angiotensin-neprilysin inhibitors (sacubitrilvalsartan)
Sacubitril-valsartan is an angiotensin receptor–neprilysin
inhibitor, combining the angiotensin II receptor blocker

The angiotensin-converting enzyme inhibitors (ACE-inhibitors),
like enalapril, block the RAAS system by preventing the
conversion of angiotensin I to angiotensin II. The ACE-inhibitors
have been the cornerstone of the pharmacotherapy of HF with
reduced ejection fraction for more than two and a half decades
(CONSENSUS 1987),14 ever since they were shown to reduce risk
of death in these patients.15 Chronic use of enalapril also reduces
the relative risk of death by 16% in patients with mild to moderate
symptoms of HF.15 The common adverse effects associated with
the ACE-inhibitors treatment include the bradykinin-induced
cough, angioedema and hyperkalaemia.16

(valsartan) and the neprilysin inhibitor (sacubitril).15 The
combination of valsartan and sacubitril (a neprilysin inhibitor)
was investigated in comparison to enalapril in patients with
HFrEF (PARADIGM-HF trial).15 This was a randomised doubleblind trial, with the primary outcome being a composite of
death from cardiovascular causes or hospitalisation for HF, and
was designed to detect a difference in the rates of death from
cardiovascular causes.15 In this randomised controlled trial, 8399
patients (who completed the trial) with a left ventricular ejection
fraction (LVEF) of ≤ 40% and a New York Heart Association
(NYHA) functional classification of II, III or IV were randomised

Angiotensin receptor blockers (ARBs) block the binding of
angiotensin II to the angiotensin II Type 1 (AT1) receptor.2 Whilst it
was previously thought that ARBs would be superior to the ACEinhibitors in the management of HF, the results of trials have been
inconsistent.15 Thus the ACE-inhibitors are the preferred first-line
therapy for the management of HFrEF when compared to the
ARBs. Moreover, ARBs are only preferred to ACE-inhibitors in
patients who develop intolerance to the ACE-inhibitors therapy
in the form of the bradykinin-induced cough.15 However, ARBs
are not recommended for patients who develop hyperkalaemia
or renal insufficiency as a result of ACE-inhibitor therapy.17
Such situations carry the same risk regardless of whether an
ACE-inhibitor or an ARB is used.16 In the previous clinical trials
investigating the role of ARBs in HF, the two drugs that have
been studied the most were valsartan and candesartan.18,19

to one of two groups. One group received the combination of
sacubitril-valsartan (LCZ696) twice daily and the other enalapril
twice daily.15 The trial had to be stopped early, after a median
time period of 24 months because the preset boundary for early
termination for benefit had been crossed.15 Table I summarises
the findings of the trial.
Table l: Findings of the PARADIGM-HF trial15
The PARADIGM-HF trial found that:
1. Sacubitril-valsartan reduced the primary outcome of death from
cardiovascular disease or hospitalisation for HF (21.8% vs. 26.5%;
hazard ratio [HR] 0.80; 95% CI 0.73–0.87).
2. Sacubitril-valsartan reduced the risk of death compared to enalapril
(17% vs. 19.8%; HR 0.84; 95% CI 0.76–0.93).
3. Sacubitril-valsartan also reduced the risk of death from
cardiovascular causes (13.3% vs. 16.5% HR 0.80; 95% CI 0.71–0.80).

Neprilysin inhibitors in heart failure

4. Sacubitril-valsartan reduced the risk of hospitalisation for HF (12.8%
vs. 15.6%; HR 0.79; 95% CI 0.71–0.89).

The enzyme neprilysin is responsible for the degradation and
inactivation of the NPs.12 Neprilysin also inactivates other
endogenous vasoactive peptides like bradykinin, substance P,
oxytocin and adrenomedullin. Inhibition of neprilysin increases
NPs, bradykinin and adrenomedullin and counters the effects of
the RAAS system, reducing vasoconstriction, sodium retention
and maladaptive remodelling of the heart.20,21

5. There were higher rates of hypotension and non-serious
angioedema in the sacubitril-valsartan group compared to the
enalapril group.
6. There were lower rates of renal impairment, hyperkalaemia, and
cough in the sacubitril-valsartan group compared to the enalapril
group.

It would thus seem like an excellent idea to structure
pharmacotherapy using a combination of an agent that blocks
the RAAS system with another agent that inhibits neprilysin.
The combination of ACE-inhibitors and neprilysin inhibitors
was shown to be superior when compared to their individual
effects in experimental studies, however, clinical trials using
a combination of these two agents were associated with
serious adverse events like angioedema.22-25 The angioedema,
as an outcome of the combination of omapatrilat (neprilysin
inhibitor) and the ACE-inhibitors, was attributed to the inhibitory
www.tandfonline.com/oemd
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The results from this trial confirmed the superiority of
the sacubitril-valsartan combination over enalapril, such
combination was not accompanied by important safety concerns
in patients with chronic HF.
This drug regimen as yet is still not registered in South Africa,
but the FDA has recommended that it be used in patients with
chronic NYHA functional class II–IV with HFrEF.27 The important
clinical pharmacology information is listed in Table II.
61
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Table Il: Important clinical pharmacology data of the combination of sacubitril-valsartan
Indication

Dosing

Contraindications

Adverse effects

Special prescriber points

Sacubitril-valsartan is for
use in patients with NYHA
functional class II to IV
HFrEF.27

The sacubitril-valsartan
combination tablet comes
in doses of 26 mg, 51 mg,
and 103 mg of valsartan
in the combination tablet
which is equivalent to
40 mg, 80 mg, and 160
mg of valsartan in other
formulations.27

• Known hypersensitivity.
• Patient with a history of
angioedema to ACEs or
ARBs.
• Pregnant patients.
• Concomitant use with
ACE-inhibitors (due
to increased risk of
angioedema).

• Hypotension was a
common adverse
effect reported in the
PARADIGM-HF trial.15
• Another common
adverse effect was
hyperkalaemia.15
• Cough was less common
when compared to
enalapril.15

Measures to reduce the
risk of hypotension include
correcting volume depletion
prior to starting, and starting
at a lower dose.
In patients receiving any
regimen including one or
more inhibitors of the RAAS,
precautions should be taken
to avoid hyperkalaemia.
Screen patients for baseline
renal dysfunction or
hyperkalaemia, and close
periodic monitoring of
renal function and serum
potassium concentration is
required.

Note:
The drug is administered
in conjunction with other
HF therapies but in place
of an ACE-inhibitor or an
ARB.

Note:
Do not administer within
36 hours of switching to or
from an ACE-inhibitor.

Beyond heart failure

valsartan-sacubitril has shown promise in the PARADIGM-HF trial
in reducing the primary outcome of death from cardiovascular
disease, or hospitalisation for HF when compared to enalapril,
and was not associated with any serious adverse events.14 Whilst
sacubitril-valsartan has shown such promising results, enalapril
should still be the preferred first-line treatment choice in
patients with HFrEF as more studies are still required on this drug
combination. Moreover, the sacubitril-valsartan combination
has also shown promise in the future pharmacotherapy of
hypertension and ischaemic heart disease. These, however,
require further investigation in well-established randomised
clinical trials.

Sacubitril-valsartan was also investigated as a treatment
modality in patients with hypertension.2 A trial was conducted
with 1300 patients with mild to moderate hypertension, who
were randomised and either given the combination therapy of
sacubitril-valsartan, or sacubitril alone, or a placebo, or equivalent
doses of valsartan to the sacubitril-valsartan combination.28
The secondary outcomes of the study included systolic blood
pressure reduction, pulse pressure, ambulatory blood pressure,
safety parameters and measurement of markers of other
cardiovascular diseases. There was significant reduction in blood
pressure in patients taking the sacubitril-valsartan at doses of
200 and 400 mg (-5/-3 mmHg and -6/-3 mmHg respectively)
when compared to equivalent doses of valsartan alone.28 This
effect was also seen in the patient ambulatory blood pressure
readings. The blood pressure reduction conferred by sacubitrilvalsartan 400 mg when compared with the bioequivalent doses
of its components (200 mg sacubitril or 320 mg of valsartan)
was fully additive in diastolic blood pressure reduction and even
more additive in systolic blood pressure reduction. This confirms
the complementary effects of inhibiting RAAS and neprilysin
simultaneously.28
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