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Chronic kidney disease (CKD) is highly prevalent in patients with chronic heart failure (CHF) and increases the risk of overall and
cardiovascular (CV) mortality. Despite evidence supporting the effectiveness of angiotensin-converting enzyme inhibitors (ACE-Is),
angiotensin receptor blockers, and mineralocorticoid receptor antagonists in decreasing mortality in patients with CHF, CKD ham-
pers the optimization of standard pharmacologic therapy for heart failure. Therefore, other treatment options are needed to optimize
treatment outcomes in CHF patients with CKD. The first-in-class angiotensin receptor-neprilysin inhibitor, sacubitril/valsartan, has a
complementary activity that counteracts the potential unwanted long-term effects of over-activation of the renin–angiotensin–
aldosterone system. Sacubitril/valsartan reduced the risk of CV mortality compared to standard therapy with an ACE-I in patients
with heart failure with reduced ejection fraction (HFrEF) in the PARADIGM-HF trial and has been shown to be safe and effective in a
broad range of HFrEF patients. However, data on the efficacy and tolerability of sacubitril/valsartan in patients with more advanced
CKD are limited. This review discusses the evidence for the role of sacubitril/valsartan in providing additional renal benefit in patients
with HFrEF. Data from clinical trials and real-world experience in patients with HFrEF and advanced CKD support the benefits of
dual angiotensin/neprilysin inhibition across the breadth of kidney disease stages, including patients with significant renal impairment
that was not reported in the pivotal PARADIGM-HF trial, and suggests a central role for the cardiac benefits of sacubitril/valsartan in
nephroprotection.
...................................................................................................................................................................................................
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Introduction

Chronic kidney disease (CKD) is highly prevalent in patients with
chronic heart failure (CHF) and imposes a considerable unfavourable
prognostic burden in terms of global and cardiovascular (CV) mortal-
ity.1 Data from key CHF trials show prevalence rates of CKD be-
tween 32% and 50%, and deteriorating renal function has been
observed in approximately 30% of patients with heart failure (HF).2

Furthermore, CKD is a risk factor for both CV sequelae and death.3

CKD hampers the optimization of standard pharmacologic ther-
apy for HF and leads to underuse of renin–angiotensin–aldosterone
system (RAAS) inhibitors and aldosterone antagonists (mineralocor-
ticoid receptor antagonists; MRAs), despite evidence of the effective-
ness of angiotensin-converting enzyme inhibitors (ACE-Is),
angiotensin receptor blockers (ARBs), and MRA in decreasing

mortality in CHF.4,5 Therefore, other treatment options are needed
to optimize treatment outcomes in CHF patients with CKD.

Sacubitril/valsartan is the first-in-class of angiotensin receptor-
neprilysin inhibitors (ARNIs).6 Sacubitril is a prodrug that is metabo-
lized into an active inhibitor of the endopeptidase neprilysin, the key
enzyme responsible for degrading natriuretic and other vasoactive
peptides. However, N-terminal pro-B-type natriuretic peptide (NT-
proBNP), which is a marker of HF events in patients with HF with
reduced ejection fraction (HFrEF),7 is not a substrate for sacubitril.

The PARADIGM-HF trial showed that sacubitril/valsartan reduced
the risk of CV mortality compared to standard therapy with an ACE-I
in patients with HFrEF [hazard ratio, 0.80; 95% confidence interval
(CI), 0.71–0.89; P < 0.001].8 The relative risk reduction in CV events
with sacubitril/valsartan was similar in patients with and without CKD
at baseline [stratified by >_estimated glomerular filtration rate (eGFR)
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60 mL/min/1.73 m2 or <eGFR 60 mL/min/1.73 m2, and excluding
those with eGFR <30 mL/min/1.73 m2], and the renal safety profile
and rate of decline of GFR with sacubitril/valsartan were more fa-
vourable than that of enalapril.3

More recently, the PIONEER-HF trial,7 the TRANSITION study,9

and the TITRATION study3 have shown that sacubitril/valsartan is
safe and effective in a broad range of HFrEF patients, extending to
patients with mid-range, borderline, or mildly reduced ejection frac-
tion.10 However, patients with an eGFR <30 mL/min/1.73 m2 were
excluded from these trials, and thus data on the efficacy and tolerabil-
ity of sacubitril/valsartan in patients with advanced CKD are limited.

Sacubitril/valsartan has subsequently become regarded as an evi-
dence-based and guideline-recommended disease-modifying therapy
for patients with HFrEF5,11,12 with an established role in routine clin-
ical practice.13

Furthermore, evidence from large randomized controlled trials
(RCTs) has shown that sacubitril/valsartan is superior to renin–angio-
tensin system inhibitors in preserving renal function in patients with
HFrEF3,10 and has a beneficial role on eGFR, compared with standard
optimal medical therapy, in the ‘real-world’ setting.14

Several meta-analyses have shown that combined neprilysin-RAAS
inhibition with sacubitril/valsartan or omapatrilat may have beneficial
effects on renal function in HF compared with RAAS inhibition
alone.15,16 However, data on the role of sacubitril/valsartan in the
preservation of renal function in patients with HFrEF are limited.

This narrative review discusses the evidence for the role of
sacubitril/valsartan in providing additional renal benefit in patients
with HFrEF.

Pathophysiology of cardiorenal
interaction in chronic heart failure

CHF and CKD share several etiologic risk factors, including ‘tradition-
al’ CV risk factors such as age, gender, hypertension, dyslipidaemia,
and diabetes.4 As well as aetiological risk factors, there is an
interaction of respective pathophysiologies. In CHF, structural or
functional abnormalities that affect the cardiac cycle impair the ability
of the heart to maintain tissue perfusion adequate to meet metabolic
requirements and to accommodate venous return.4 The deterior-
ation of renal function in CHF is further accelerated by the presence
of type 2 diabetes mellitus.3

In CHF, impaired cardiac function, together with reduced cardiac
output, decreases renal blood flow and the perfusion gradient, exac-
erbating renal haemodynamic changes.17 Several compensatory
mechanisms follow as the failing heart attempts to maintain adequate
function, including increased cardiac output, ventricular remodelling,
and activation of neurohormonal systems to augment mean arterial
pressure.18 While the pathophysiology of HF with preserved ejection
fraction (HFpEF) is more heterogeneous compared to HFrEF,19 the
increases in serum creatinine are largely similar in both HFpEF and
HFrEF, and thus the mechanisms leading to renal impairment may be
similar.17

The neurohormonal adaptive mechanisms that regulate renal per-
fusion in CHF are illustrated in Figure 1.18 In patients with stable HF
(Figure 1A), the decrease in renal perfusion leads to adaptive

mechanisms through activation of the RAAS, which induces a pre-
dominant angiotensin II-mediated vasoconstriction of the efferent ar-
teriole with a secondary increase in post-glomerular resistance and,
consequently, increased intra-glomerular pressure. The increase in
post-glomerular resistance increases the intracapillary hydraulic pres-
sure even though kidney perfusion is decreased secondary to a de-
crease in systemic blood pressure (BP). Accordingly, the proportion
of renal plasma flow that is ultra-filtered through the glomerular bar-
rier increases, enabling the maintenance of GFR despite decreased
kidney perfusion.

RAAS inhibition by ACE-I or ARBs in the presence of the greatly
reduced renal blood flow counteracts renal auto-regulation, decreas-
ing intra-glomerular pressure by preventing angiotensin II-induced
predominant vasoconstriction of the efferent arteriole (Figure 1B),
contributing to a decrease in intracapillary hydraulic pressure and,
consequently, filtration fraction and GFR, which therefore becomes
BP dependent.

Inhibition of neprilysin enhances the bioavailability of natriuretic
peptides; concomitant inhibition of the angiotensin II type-1 receptor
and neprilysin inhibition further reduces systemic BP and kidney per-
fusion pressure, inducing preferential vasorelaxation of the pre-glom-
erular arteriole and relative vasoconstriction of the post-glomerular
arteriole (Figure 1C). The consequent decrease in pre-glomerular re-
sistance and increase in post-glomerular resistance contributes to
increasing intracapillary hydraulic pressure, despite a decrease in the
renal perfusion pressure, increasing the filtration fraction and GFR.
The increased intracapillary hydraulic pressure possibly combined
with a direct effect of ARNIs on the glomerular barrier may contrib-
ute to increased albumin ultrafiltration which, in combination with
possible attenuation of tubular protein reabsorption, may lead to the
clinically modest albuminuria which may be observed after starting
ARNI treatment.3,20

Over the last two decades, several large RCTs have shown that
targeting neurohumoral imbalances of the RAAS, the natriuretic pep-
tide system, and the sympathetic nervous system provides incremen-
tal benefit and is cost-effective in terms of survival and quality of life.
Specifically, ACE-I (which target the angiotensin-converting enzyme),
ARBs (which target the angiotensin receptor), beta-blockers (BB;
beta-adrenergic receptor antagonists), MRA (which target the min-
eralocorticoid receptor), and more recently ARNIs, inhibitors of
both the angiotensin-II receptor and the endopeptidase neprilysin,
have all been shown to be effective in HFrEF and are recommended
unless contraindicated or not tolerated.5,11 Furthermore, current
treatment guidelines for the treatment of HF recommend that ARNI
should replace ACE-I or ARB in patients with New York Heart
Association class II or III HFrEF who tolerate an ACE-I or ARB in
order to further reduce morbidity and mortality.5,11

In PARADIGM-HF, sacubitril/valsartan provided greater renal pro-
tection as compared to enalapril despite slightly lower BP values.
Furthermore, analysis of the relationship between renal effects and
CV and renal outcomes in PARADIGM-HF showed that the modest
increase in urine albumin excretion associated with ARNI treatment
was not associated with a higher risk of renal endpoints,3 suggesting
that the rise in the urinary albumin/creatinine ratio over time is likely
mediated by an increase in glomerular permeability, a mechanism
that does not lead to a progressive reduction of renal function.

R. Pontremoli et al.446



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.This was further demonstrated by the beneficial effect of sacubitril/
valsartan therapy on the risk for HF hospitalization of CV mortality
compared with enalapril.3 Therefore, the J-curve phenomenon has
been somewhat challenged by the distinctive dual-acting mechanism
of action of sacubitril/valsartan (Figure 2) in inhibiting both neprilysin
and angiotensin II.21 This is deemed to be due to specific patho-
physiological changes taking place under sacubitril/valsartan treat-
ment at the glomerular level, which, taken together, may lead to
preservation of renal function despite a substantial reduction in sys-
temic BP.

Dual angiotensin-neprilysin
inhibition in chronic heart failure

Dual angiotensin-neprilysin inhibition by the ARNI sacubitril/valsartan
inhibits degradation of endogenous natriuretic peptides, in addition
to other vasoactive peptides, including atrial natriuretic peptide
(ANP), angiotensin II, bradykinin, adrenomedullin, endothelin, brain
(B-type) natriuretic peptide (BNP), and C-type natriuretic pep-
tide,6,22 increasing the levels of these substances. Activation of

neprilysin increases intracellular cGMP, leading in turn to vasodilata-
tion, natriuresis and diuresis, inhibition of cardiac fibrosis and hyper-
trophy, and inhibition of the RAAS.6,22,23 These effects are mediated
by the natriuretic peptide receptors (NPRs), NPR-A, and NPR-B,
whereas the primary role of NPR-C is to bind and internalize natri-
uretic peptides, clearing them from circulation,23,24 although they
may also mediate anti-fibrotic effects.

The simultaneous blockade of the angiotensin II type 1 receptor by
sacubitril/valsartan also counteracts the potential long-term harmful
effects of RAAS over-activation (i.e. increased BP and sodium and
water retention)23 that may result from neprilysin inhibition. There is
also evidence that increased activity of natriuretic peptides exerts dir-
ect antioxidant, anti-inflammatory, and anti-fibrotic effects in experi-
mental models, and that sacubitril/valsartan may prevent fibrosis and
reduce the oxidative stress, apoptosis, and mitochondrial damage
observed in the kidney and heart tissues of animal models of cardio-
renal syndrome.25,26

Increased renal perfusion because of sacubitril/valsartan-related
improvement of cardiac function may partly explain the effects of
sacubitril/valsartan on kidney function in an HF population. As NPRs
and neprilysin are expressed in the kidney as well as the

Figure 1 Renal adaptive mechanisms to renal hypoperfusion in chronic heart failure. (A) Adaptive mechanisms in stable heart failure. (B) Effects of
renin–angiotensin system inhibition on adaptive mechanisms to renal hypoperfusion. (C) Effects of combined neprilysin and renin–angiotensin system
inhibition on adaptive mechanisms to renal hypoperfusion. GFR, glomerular filtration rate; NPs, natriuretic peptides; PA, arterial pressure; RPF, renal
plasma flow; UAE, urinary albumin excretion. Modified from Di Tano et al.,18 2018. Reproduced with permission from Il Pensiero Scientifico Editore.

Renoprotection with sacubitril/valsartan 447
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..myocardium,27 neprilysin inhibition is postulated to increase the bio-
availability of renal natriuretic peptides and contribute to the preser-
vation of renal function. It has also been shown that drugs that
provide natriuretic peptide system augmentation assist in the preser-
vation of renal function and improve GFR.27 There is further evi-
dence that sacubitril mainly acts by enhancing ANP instead of BNP,28

suggesting that the benefit of neprilysin inhibition may be mediated, at
least in part, by increased ANP concentrations.

Evidence for a renal protective
role in chronic heart failure

The two largest studies of sacubitril/valsartan in patients with HF, the
PARADIGM-HF and PARAGON-HF trials, demonstrated positive
renal outcomes with sacubitril/valsartan, compared with ACE-I (ena-
lapril)3,8 or ARB (valsartan).10,29 In PARADIGM-HF in patients with
HFrEF, 33% of patients had CKD at baseline.3 In addition to improv-
ing CV outcomes,8 sacubitril/valsartan was associated with a slower
rate of decrease in eGFR, compared with enalapril (Table 1). During
follow-up, the decrease in eGFR was -1.61 mL/min/1.73 m2/year with

sacubitril/valsartan (95% CI, -1.77 to -1.44 mL/min/1.73 m2/year) vs.
-2.04 mL/min/1.73 m2/year with enalapril (95% CI, -2.21 to -1.88 mL/
min/1.73 m2/year; P < 0.001), despite a greater increase in urinary al-
bumin/creatinine ratio with sacubitril/valsartan (1.20 mg/mmol vs.
0.90 mg/mmol, P < 0.001).3

Neprilysin inhibition had an incremental benefit on renal function
in diabetic patients with HFrEF in PARADIGM-HF. Patients treated
with sacubitril/valsartan had a slower rate of decline of eGFR com-
pared with enalapril recipients (a difference of 0.6 vs. 0.3 mL/min/1.73
m2 per year in patients with vs. without diabetes; P = 0.038 for the
interaction).3 The effect was independent of treatment effect on the
course of HF or changes in glycated haemoglobin. Furthermore, in
PARADIGM-HF, sacubitril/valsartan caused less hyperkalaemia than
enalapril and reduced the use of loop diuretics,8,31,32 with which
there is a dose-dependent association with impaired survival out-
comes in patients with advanced HF.33

In PARAGON-HF in patients with HFpEF, in which approximately
45–50% of patients had CKD or diabetes at baseline, worsening renal
function occurred in 1.4% of patients in the sacubitril/valsartan group,
compared with 2.7% in the valsartan group (hazard ratio, 0.50; 95%
CI, 0.33–0.77).10 During follow-up, the decrease in eGFR was

Figure 2 Renal mechanisms of sacubitril/valsartan. ANP, atrial natriuretic peptide. Adapted by permission from Springer Nature Customer Service
Centre GmbH: Springer Nature, Current Heart Failure Reports. Tersalvi et al., 2020.21

R. Pontremoli et al.448
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.
-2.0 mL/min/1.73 m2/year with sacubitril/valsartan (95% CI, -2.2 to
-1.9 mL/min/1.73 m2/year) vs. -2.7 mL/min/1.73 m2/year with valsar-
tan (95% CI, -2.8 to -2.5 mL/min/1.73 m2/year; P < 0.001)29 (Table 1).
PARAGON-HF also showed that sacubitril/valsartan was effective in
reducing the primary outcome (hospitalizations for HF and death
from CV causes) in patients with renal impairment or diabetes.10 In
the PIONEER-HF trial,7 which investigated sacubitril/valsartan vs.
enalapril in hospitalized patients with acute decompensated HFrEF, in
which renal perfusion is further compromised, sacubitril/valsartan
also showed a good safety profile in terms of worsening renal func-
tion and decrease in eGFR.

A recent systematic review and meta-analysis of 10 RCTs under-
scores the protective role of sacubitril/valsartan on the kidney in
terms of a lower risk of worsening renal function in HF and other
conditions.34 The meta-analysis included a total of 16 456 patients
across the indications of HFrEF, HFpEF, hypertension, and CKD, al-
though most data were available for patients with HF. The analysis
showed a 30% lower risk of renal events and progressive decline of
eGFR compared to patients treated with RAAS inhibitors (ACE-I and
ARBs) alone (pooled odds ratio 0.70, 95% CI 0.57–0.85; P < 0.001).
Risk reduction was greater in older patients and patients with HFpEF.

Another meta-analysis16 investigated the effects of sacubitril/val-
sartan in 3460 patients with HF and CKD enrolled in three RCTs;
PARADIGM-HF (vs. enalapril in patients with HFrEF),3

PARAMOUNT (vs. valsartan in patients with HFpEF),20 and the
United Kingdom Heart and Renal Protection-III (HARP-III) trial (vs.
irbesartan in patients with HF and CKD).35 Sacubitril/valsartan signifi-
cantly increased eGFR compared with RAAS inhibitors (mean differ-
ence, 1.90; P = 0.02) and was more effective in reducing BP and NT-
proBNP, suggesting CV and renal benefits over RAAS inhibition alone
in patients with HF and CKD. There was no between-group differ-
ence in urinary albumin/creatinine ratio.

Insights into the favourable renal effects of sacubitril/valsartan in
the real-world HFrEF population are available from three recent
studies.13,14,25 In a study in 54 consecutive outpatients followed for
12 months, over half of the patients were aged >_65 years, and 53.7%
had CKD at baseline.14 Compared with historical controls who
received optimal medical therapy, renal function improved during the
12 months of follow-up (P < 0.001 for improvement in eGFR vs. con-
trols). There was no interaction between eGFR trend and systolic BP
or baseline left ventricular ejection fraction (LVEF). Meanwhile, sys-
tolic BP decreased (P = 0.014) and LVEF slightly increased (P < 0.001).
There was a greater benefit in subjects aged <65 years and in patients
with CKD (P = 0.009). A statistically (P = 0.009), but not clinically, sig-
nificant increase in serum potassium was also found, regardless of age
and CKD.

In a real-world study in 108 patients with HFrEF, eGFR values
increased significantly (73.8 vs. 61.2 mL/min/1.73 m2, P < 0.05) in sacu-
bitril/valsartan recipients, compared to the control arm.13 There
were also greater improvements in LVEF with sacubitril/valsartan
(42.4% vs. 34.2%, P < 0.05), while values of NT-proBNP, systolic and
diastolic BP, and uricaemia also decreased to a greater extent in the
sacubitril/valsartan arm (P < 0.05).

Additionally, 932 patients with HFrEF were treated at an HF refer-
ral centre (466 with sacubitril/valsartan and 466 with standard HF
treatment without ARNI).25 Sacubitril/valsartan was more effective

than standard HF treatment in reducing CV deaths or hospitalizations
for HF in patients with significant renal insufficiency at baseline, reduc-
ing these endpoints by 28% in patients with severe renal impairment
(GFR <30 mL/min/1.73 m2).25

Finally, renal outcomes with the SGLT2 inhibitors dapagliflozin and
empagliflozin have been assessed in large CV outcomes trials in which
a proportion of patients were being treated with sacubitril/valsartan.
In the DAPA-HF trial, the dapagliflozin vs. placebo hazard ratio was
0.74 (95% CI: 0.65–0.85; P < 0.0001) for the primary composite end-
point (CV death or a worsening HF event) and had a consistent effect
if background therapy included either an MRA or sacubitril/valsar-
tan.36 In the EMPEROR trial which studied cardiac and renal out-
comes with empagliflozin, the hazard ratio for the primary outcome
(death from CV causes or hospitalization for HF) was 0.64 (95% CI
0.45–0.89) vs. 0.77 (95% CI 0.66 to 0.90) among patients who were
not on therapy with sacubitril/valsartan.37 A small study in 108
patients with type 2 diabetes and HFrEF treated with sacubitril/valsar-
tan and empagliflozin further reported that the combination
appeared to be safe considering renal function.38 Thus, for both
SGLT2 inhibitors, benefits were seen in patients treated with sacubi-
tril–valsartan for HF.

Implications for clinical practice

The complex interconnected functions of the heart and kidneys in
regulating fluid and electrolyte homeostasis are markedly altered in
HF,4 in which CKD is a frequent concomitant condition and an inde-
pendent risk factor for CV disease.2,3 Maintaining the necessary bal-
ance between vasoconstricting, sodium-retaining, systems, and
processes involved in vasodilatation and natriuresis to ensure circula-
tory integrity becomes difficult as HF progresses and enhanced so-
dium and water retention adds to the debilitating symptoms of
cardiac stress and myocardial damage associated with HF.27

Therefore, CHF therapies that allow the kidney to maintain glomeru-
lar and tubular function will help to prevent congestion and contrib-
ute to delaying disease progression and improving HF-related
morbidity and mortality. PARADIGM-HF showed that sacubitril/val-
sartan provides CV protection in HFrEF that is superior to traditional
RAAS inhibition,8 and data from PARADIGM-HF that first suggested
superior renal protection with sacubitril/valsartan in HFrEF3 has since
been confirmed in patients with CKD at baseline and in diabetic
patients.3,10 Furthermore, PARADIGM-HF showed that sacubitril/
valsartan causes less hyperkalaemia than standard therapy with
ACE-I,8,31,32 suggesting that neprilysin inhibition attenuates the risk of
hyperkalaemia and facilitates the prescribing of a concomitant MRA
and the option of reducing the use of loop diuretics in patient
management.

Conclusions

Natriuretic peptides deliver several direct biological effects on the
kidney, affecting both the glomerulus, through improvements in renal
blood flow and GFR while inhibiting renin release, and the tubule, by
decreasing sodium reabsorption. Thus, there is a net benefit in terms
of natriuresis, diuresis, and preservation of renal function. These
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.
mechanisms, taken together, help to explain ARNI-induced preserva-
tion of the residual renal function in patients with HFrEF. Although the
long-term renal effects of dual angiotensin-neprilysin inhibition in
HFrEF remain to be fully elucidated, the available evidence suggests
that sacubitril/valsartan is a valid choice of therapy and might replace
ACE-I and ARBs in HFrEF patients at renal risk, at least in those with
eGFR >30 mL/min/1.73 m2. Full implementation of the current stand-
ard of care has the potential to improve outcomes in HFrEF.
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