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Cardiorenal syndrome (CRS) results from complex interaction between heart and
kidneys, inducing simultaneous acute or chronic dysfunction of these organs.
Although its incidence rate is increasing with higher mortality in patients, effective
clinical treatment drugs are currently not available. The literature suggests that
renin-angiotensin-aldosterone system (RAAS) and diuretic natriuretic peptide (NP)
system run through CRS. Drugs only targeting the RAAS and NPs systems are not
effective. Sacubitril/valsartan contains two agents (sacubitril and valsartan) that
can regulate RAAS and NPs simultaneously. In the 2017 American College of
Cardiology/American Heart Association/American Heart Failure (HF) ssociation
(ACC/AHA/HFSA) guideline, sacubitril/valsartan was recommended as standard
therapy for HF patients. The latest research shows that Combined levosimendan
and Sacubitril/Valsartan markets are protected the heart and kidney against
cardiovascular syndrome in rat. However, fewer studies have reported its
therapeutic efficacy in CRS treatment, and their results are inconclusive.
Therefore, based on RAAS and NPs as CRS biomarkers, this paper summarizes
possible pathophysiological mechanisms and preliminary clinical application
effects of sacubitril/valsartan in the prevention and treatment of CRS. This will
provide a pharmacological justification for expanding sacubitril/valsartan use to
the treatment of CRS.
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1Introduction

In 2008, Claudio Ronco et al. (2008) defined five types of CRS based on pathophysiology,
time frame, and presence or absence of cardiac and renal dysfunction. The interaction
between heart and kidney function during acute and chronic dysfunction will result in a
rapid deterioration in function and an increase in mortality (Ronco and Di Lullo, 2014).
When acute decompensation of cardiac function leads to reduced glomerular filtration, type
1 cardiorenal syndrome occurs. Researchers have previously proposed that the decline of
cardiac output and renal perfusion are the main reasons for the deterioration of renal
function in type 1 and type 2 cardiorenal syndrome. However, recent studies have
hypothesized that elevated central venous pressure is a more critical factor (Thind et al.,
2018). When patients experience fluid overload due to worsening cardiac function, venous
pressure increases and returns to the efferent arterioles; This leads to a net decrease in
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glomerular filtration pressure and renal injury. Other factors
involved in the pathogenesis of type 1 and type 2 cardiorenal
syndrome include elevated intra-abdominal pressure, activation
of the renin-angiotensin-aldosterone system (RAAS), activation
of sympathetic nervous syndrome, and increased renal
inflammatory damage associated with heart failure (HF) (Di
Lullo et al., 2017). Targeting this cycle is the main method for
treating type 1 cardiorenal syndrome. Type 3 and 4 cardiorenal
syndromes are more likely to be caused by volume overload caused
by renal dysfunction, metabolic disorders (such as acidemia) leading
to cardiac dysfunction, and neurohormonal changes associated with
kidney disease. In the case of sepsis, systemic lupus erythematosus
(SLE), diabetes, decompensated cirrhosis or amyloidosis, patients
may develop type 5 cardiorenal syndrome; All of these diseases can
lead to heart and kidney diseases (Kousa et al., 2023). Therefore,
finding effective drugs for management of concomitant heart and
kidney dysfunction is important.

The angiotensin receptor Recombinant Neprilysin (NEP)
inhibitor sacubitril/valsartan consists of the angiotensin receptor
blocker (ARB) valsartan and the NEP inhibitor (NEPI) prodrug
sacubitril in a 1:1 ratio (Vardeny et al., 2013; Sible et al., 2016).
PARADIGM-HF, a landmark clinical trial, found that sacubitril/
valsartan is superior to angiotensin converting enzyme inhibitor
(ACEI) in reducing hospitalizations and cardiovascular deaths in HF
(McMurray et al., 2014; Myhre et al., 2019; Berg et al., 2020;
Docherty et al., 2020). Therefore, Sacubitril/valsartan is
recommended as the first choice for HF treatment with low
ejection fraction (LVEF) (Vardeny et al., 2016; Böhm et al., 2017;
Martens et al., 2019). To reduce the mortality and hospitalization
rate of HF patients treated with ACEI or ARB alone (Di Lullo et al.,
2017; Writing Committee Maddox et al., 2021). According to the
results of latest clinical trials, sacubitril/valsartan is evidently
curative in the treatment of CRS (Yang et al., 2019; Sabbah et al.,
2020), but the specific mechanism is not well known. However, it is
speculated that sacubitril/valsartan may simultaneously block RAAS
and stimulate natriuretic peptide (NP) system to exert
comprehensive effects, such as diuresis, natriuresis, neurohumoral
imbalance regulation, excessive oxidative stress inhibition and
inflammatory response reduction (Li et al., 2021). Therefore,
based on RAAS and NPs, this paper reviews the possible
mechanism and clinical potential of sacubitril/valsartan in CRS
treatment to provide a theoretical evidence base for sacubitril/
valsartan use in the treatment of CRS.

2 Pathophysiology of CRS

CRS is a disease that causes renal dysfunction through multiple
pathophysiological mechanisms (Guazzi et al., 2013; Lin et al.,
2016; Owens et al., 2017). Several hemodynamic factors, such as
body fluid imbalance, inflammation and oxidative stress,
contribute to the progression of CRS in acute or chronic
presentation. Hemodynamics stress induces cardiac and renal
perfusion insufficiency, resulting in cardiac and renal
dysfunction (Gembillo et al., 2021). Patients with HF often
experience a progressive deterioration in renal function due to
poor renal perfusion caused by decreased cardiac output. Likewise,
low positive blood flow not only reduces supraventricular

tachycardia in HF patients, resulting in a sharp decline in
cardiac output, but it also causes CRS by reducing perfusion
pressure (Kumar et al., 2019).

Cardiorenal dysfunction is characterized by fluid imbalance,
particularly volume overload. Fluid homeostasis is largely
regulated by the kidneys for normal heart function (Damman
et al., 2012; Levey et al., 2020). Patients with HF and end-stage
renal disease, especially those not on dialysis, need to limit
sodium intake to prevent deterioration of cardiac and renal
function. The RAAS system is activated when cardiac output
decreases due to HF. The heart, kidney, vascular wall, and other
tissues typically express all components of RAAS (Ames et al.,
2019). Angiotensin and other hormones in RAAS cause
coronary artery vasoconstriction, vascular wall proliferation,
fibrosis, cardiomyocyte hypertrophy, and interstitial fibrosis, as
well as promoting collagen production and activating
myocardial remodeling. When renal perfusion flow decreases,
the activated RAAS induces strong vasoconstriction. In
addition, aldosterone release causes water and sodium
retention, aggravating renal failure (Kumar et al., 2019).
Various diuretics, aldosterone antagonists, and drugs that
block the renin angiotensin system are often prescribed for
improved prognosis in patients with heart and kidney diseases
(Cervenka et al., 2000). Besides RAAS and sympathetic nervous
system (SNS), NPs can also maintain the endocrine system’s
water and salt balance through its effects on heart and kidneys
(Volpe, 2014).

Chronic kidney disease (CKD) and HF involve chronic
inflammatory mechanism, with several pro-inflammatory
biomarkers, including tumor necrosis factor-α (TNF-α), initiating
spreading inflammatory cascades. In addition, TNF-α-related weak
apoptosis inducers (TWEAK), interleukin-1 (IL-1) family members
and interleukin-6 (IL-6) are closely associated with HF and CKD.
Cell death and fibrosis are linked to these biomarkers in cardiac and
renal tissue (Düsing et al., 2021).

Oxidative stress in CRS is triggered by ischemic injury, venous
congestion, and inflammation. This oxidative stress is exacerbated
by over-activated RAAS in patients with HF and CKD (Kumar et al.,
2019). According to Virzì et al., the expression of ROS, RNs, and IL-
6 was significantly increased in patients with CRS type 1 (Virzì et al.,
2015). Similarly, Savira et al. (2020) found that patients with type
1 cardiorenal syndrome showed higher levels of circulating ROS
than patients with acute HF alone as shown in Figure 1.

It is reported that the NPS system also plays an important role in
the occurrence and development of CRS (Virzì et al., 2015). Sacubitril/
valsartan can simultaneously regulate RAAS and NPs systems. Early
combinations of NEP inhibitor and ACEI further increased the level
of bradykinin, which significantly increased edema. Compared with
ACEI, ARB does not alter bradykininmetabolism, which is thought to
cause vasoedema associated with Visceral pleural infiltration (VPI).
Therefore, it makes more sense to combine NEP inhibitors with ARBs
(Yuan et al., 2010; Domenig et al., 2016; Sankhe et al., 2021). While
NEP inhibition can regulate natriuretic and aldosterone, its benefit to
hemodynamics is not entirely understood (Chen and Burnett, 2017).

SVR, systemic vascular resistance; ROS, reactive oxygen species;
DIC, disseminated intravascular coagulation; SNS, sympathetic
nervous system; RAAS, renin-angiotensin-aldosterone system;
NPs, natriuretic peptides.
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3 Analysis ofmechanism ofmulti-target
prevention and treatment of CRS by
sacubitril/valsartan from its
components

“Sacubitril/Valsartan” is a salt complex of sacubitril and
valsartan in a 1:1 ratio. This compound inhibits RAAS and
activates the NPs system. Research has established the role of
RAAS in heart and kidney disease pathophysiology (Ziff et al.,
2016). Recent studies have shown that NPs also play a role in
heart and kidney diseases (Volpe, 2014).

3.1 Sacubitril/valsartan activates NPs system
to improve CRS

Atrial type NPs (ANPs), brain type NPs (BNPs), and C type
NPs (CNPs) are the most common NPs (Potter et al., 2009;
Abuzaanona and Lanfear, 2017). Cardiac hormones ANP and
BNP are synthesized and secreted by atrial and ventricular
myocytes, respectively (Nakagawa et al., 2019). NPs perform
numerous physiological functions, including inhibiting the
RAAS system and endothelin expression and stimulating
vasodilation (Bayes-Genis et al., 2016). Sacubitril is a prodrug,
that is, rapidly metabolized into active NEPI (NEP inhibitor). By
reducing degradation of NPs, sacubitril increases the
concentration of NPs. It also stimulates synthesis of cyclic
guanosine phosphate (CGMP) by connecting receptors to
guanylcyclase. cGMP increases glomerular hemodynamics,
which causes a decrease in sodium reabsorption in the
kidneys, facilitates vasodilation of afferent arterioles and
promotes myocardial relaxation. It also increases renal blood
flow and glomerular filtration rate (D’Elia et al., 2017). This
expands blood vessels, reduces blood pressure, and improves
ventricular remodeling (Oatmen et al., 2018). NEPI has
promising benefits to patients with heart and kidney disease,
and is now an optimal treatment option for CRS.

3.2 Sacubitril/valsartan inhibits RAAS and
improves heart and kidney diseases

RAAS regulates cardiovascular, renal, and adrenal functions,
improving fluid, electrolyte, and arterial pressure homeostasis (Ames
et al., 2019). The classic RAAS consists of the circulatory and endocrine
systems. Angiotensin II (Ang II) is the principal effector hormone
resulting from renin-mediated conversion of angiotensinogen to its
precursor angiotensin I (Ang I) in the first and speed-limiting step of
RAAS (Romero et al., 2015). RAAS activation typically serves as the
initial compensatory response to hypoperfusion (such as early heart
disease and kidney disease), but its continual activation contributes to
the development of HF and kidney disease (Singhania et al., 2020). Ang
I, Ang II, bradykinin (BK), endothelin-1 (ET-1) and other vasoactive
substances can be degraded by NEP (neutral endorphinase). NEP, for
example, can hydrolyze AngⅠ to angiotensin I-VII, activate ET-1, and
catalyze BK (Chinese) to inactive BK1-7 (Sankhe et al., 2021). In
addition to increasing the level of NPs, neutral endorphinase
inhibitor (NEPI) also increased.

The concentration of Ang II in the circulation, offsetting the
positive effects of NPs (Singh et al., 2017). According to studies,
inhibiting NEP alone has a greater vasoconstrictory effect than
vasodilation alone (Oatmen et al., 2018). Therefore, NEPI alone
can activate RAAS and cause kidney disease.

NEPI is only effective when combined with RAAS blockers;
otherwise, activating RAAS will worsen CKD (Vejakama et al.,
2017). NEPI and ACE further increased bradykinin, increasing
the risk of edema (Haynes et al., 2020). Therefore, this effect
gives a pharmacological justification for agents combining NEPI
and ARB. Valsartan is an angiotensin receptor blocker (ARB), which
can significantly lower levels of AngII in vivo. Sacubitril/valsartan
inhibits the binding of Ang II to its receptor by binding NEPI and
ARB. Therefore, the combination is designed provide cardiorenal
protection (Haynes et al., 2020).

Additionally, NEP can catalyze opioid peptides, such as
substance P, involved in inflammation regulation β-amyloid, and
gastrin. Notably, selective inhibition of NEP also produces broader

FIGURE 1
Pathophysiological and clinical features of cardiorenal syndrome.
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effects than expected, hence it merits further investigation in clinical
trials (Chen and Burnett, 2017).

4 Multichannel therapy with sacubitril/
valsartan for cardiorenal diseases

4.1 Sacubitril/valsartan treats heart and
kidney diseases by improving body fluid
imbalance

Based on the regulation of NPs and RAAS, this paper discusses three
possible mechanisms of action of sacubitril/valsartan in the treatment of
CRS: body fluid imbalance, oxidative stress and inflammation. Clinical
symptoms of cardiac and renal dysfunction are caused by fluid imbalance
(Cervenka et al., 2000), which also increases the risk of renal syndrome.
Whether the body fluid imbalance is caused by systemic congestion due
to HF or sodium water retention in renal failure, it can activate NPs by
inhibiting NEP. On the one hand, NPs act on the heart and kidneys and
maintains the balance of water and salt and the internal environment.
Additionally, they can avoid the retention of water and sodium in patients
with CHF, delaying the process of cardiac decompensation (Mueller et al.,
2019). When kidneys inhibit NPs secretion, NPs gradually lose their
natriuretic effect and less sodium is excreted into urine. Debold et al.
confirmed that the atrium can reduce blood pressure by stimulating
sodium excretion and drainage from the kidneys, indicating that in
addition to maintaining water and sodium balance, the heart is an
endocrine organ (de Bold et al., 1981). Therefore, sacubitril/valsartan
can simultaneously regulate humoral metabolism of both the heart and
kidney through NPs. NEPI, which also inhibits Ang I, can improve the
water sodium content and volume balance in CKD patients. RAAS
inhibition by NPs induces natriuretic and diuretic effects of NEPI,
increasing sodium bioavailability and reducing blood pressure,
(Polhemus et al., 2017; Domondon et al., 2019). Through RAAS,
cardiorenal protection can be blocked. ARB in combination with
angiotensin type 1 receptor (AT1) prevents vasoconstriction and
reduces sodium retention and water absorption (Ruiz-Hurtado and
Ruilope, 2015). Martin et al. (2005) found that inhibiting NEP may
have potential therapeutic value in the treatment of comorbid kidney
disease and progressive HF. In the study by Polina et al. (2020),
proteinuria was mildly relieved only in rats treated with sacubitril/
valsartan. Therefore, sacubitril/valsartan can improve humoral
imbalance and treat CRS through RAAS and NPs.

4.2 Sacubitril/valsartan treats heart and
kidney diseases by improving inflammatory
response

Chronic inflammation is present in bothCKDandHF (Brown, 2013;
Chen et al., 2017). Pro-inflammatory biological factors, such as IL-6,
TNF-a, and COX-2, contribute to the development of these diseases by
recruiting various inflammatory factors to the site of injury (Pacurari
et al., 2014; Muñoz-Durango et al., 2016) and aggravating inflammatory
response. Recent studies have shown that inflammation and NPs are
closely associated (Fish-Trotter et al., 2020). NPR (NP receptor)-1 has
been found to participate in immune and inflammatory responses
(Zhang et al., 2015). Experimental results have shown that NRP-1

knockout mice have activated nuclear factor kappa B (NF-κB) in their
kidneys and hearts (Vellaichamy et al., 2005; Das et al., 2012), indicating
that NPs have anti-inflammatory properties. Studies have shown that
sacubitril/valsartan inhibits continuous phosphorylation of JNK,
p38MAPK, and NF-κ and nuclear translocation of B produces anti-
inflammatory effects in the cardiovascular system (Ge et al., 2019).
Additionally, RAAS plays an important role in the regulation of
cardionephritis (Simões E Silva and Teixeira, 2016). In the treatment
of heart and kidney diseases, sacubitril/valsartan can also improve the
inflammatory response by blocking RAAS (Simões E Silva and Teixeira,
2016).

4.3 Sacubitril/valsartan improves oxidative
stress in the treatment of heart and kidney
diseases

Cell damage is caused by oxidative stress, a common pathological
mechanism in the development of chronic disease (Virzì et al., 2015). In
theCRS environment, oxidative stress can be triggered by ischemic injury,
venous congestion (which leads to periendothelial cell membrane stress),
and inflammation. Studies have shown that ANP inhibits ROS
production by reducing NADPH oxidase, which is the principal
source of ROS in the heart (Laskowski et al., 2006). Researchers
found that sacubitril/valsartan upregulated MnSOD and SIRT3
(Suematsu et al., 2018; Peng et al., 2020) and reduced ROS (Ge et al.,
2019), improving the oxidative stress response. In previous studies, it was
demonstrated that the bioavailability of nitric oxide (NO) decreased inHF
with preserved LVEF (HFPEF) animals and patients. This supports the
hypothesis that cGMP PKG signal transduction may be damaged in
HFPEF due to high oxidative stress, leading to low myocardial NO
bioavailability (Franssen et al., 2016). Sacubitril/valsartan may exert a
protective effect on cardiac and vascular functions by increasing the
bioavailability of NO. High levels of NO can alleviate HF symptoms and
signs through angiogenesis and vasodilation, as well as change the
pathological progress of HF by altering oxidative stress and
hypertrophy as shown in Figure 2; (Trivedi et al., 2018).

By promoting the NPs system and inhibiting the RAAS system,
sacubitril/valsartan induces pluripotent biological effects. NPs activate
NPR-A receptors that produce cGMP, which binds to protein kinase
G (PKG), ion channels, and phosphodiesterases (PDEs). AlthoughNP
clearance receptors (NPRCs) lack guanylyl cyclase activity, they can
mediate NP endocytosis. At the same time, together with the inhibited
RAAS system, it reduced inflammation and vasodilation pressure,
improved fibrosis, and promoted diuresis and sodium excretion.

5 Multidimensional clinical evaluation
of the therapeutic effect of sacubitril/
valsartan on cardiorenal syndrome

5.1 Efficacy of sacubitril/valsartan in
treatment of CRS with heart failure and
nephropathy based on glomerular filtration
rate

An estimated glomerular filtration rate (EGFR) is used to
measure renal function and hemodynamic changes. HF and CKD
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share many risk factors. Therefore, CKD is likely to be more
prevalent in HF patients. About half of patients with HF also
have CKD, increasing their risk of death and morbidity
(Vindhyal et al., 2018). Studies have shown that sacubitril/
valsartan improves cardiac and renal function in patients with
HF and renal dysfunction (Voors et al., 2015; Damman et al.,
2018; Packer et al., 2018; Chang et al., 2019; Spannella et al.,
2019; Mc et al., 2020). The PARADIGM-HF trial prospectively
compared angiotensin receptor-neprilysin inhibitor (ARNI) and
ACE inhibition to determine their impact on overall mortality
and incidence rate of HF, consistent with the concept of CRS
described by Ronco et al.

In a study of the effect of sacubitril/valsartan on the decline of
EGFR, 8399 HF patients with decreased LVEF were treated with
sacubitril/valsartan or enalapril. Compared with enalapril,
sacubitril/valsartan treatment showed an improvement in
EGFR levels and heart function (Damman et al., 2018),
suggesting that in HF patients, sacubitril/valsartan reduced
renal dysfunction. Packer et al. (2018), randomized, double-
blind PARADIGM-HF trial compared the efficacy of
sacubitril/valsartan (97 mg/103 mg, twice daily) and enalapril
(10 mg, twice daily) in 8399 patients with mild to moderate
chronic heart disease. The decline rate of renal EGFR was
lower in patients treated with sacubitril/valsartan than in
those treated with enalapril.

Sacubitril/valsartan slows down the decline of EGFR
consistently across time points. Causland et al. found that
sacubitril/valsartan reduced the risk of renal events and
slowed the decline of EGFR in HF patients with HFPEF
(Spannella et al., 2019). In their trial, Voors et al. assigned
301 HFPEF patients randomly to sacubitril/valsartan or
valsartan. In this study, EGFR decrease was lower in the
sacubitril/valsartan group than in the valsartan
group. Regardless of time point, the incidence of worsening
renal function (WRF) in the sacubitril/valsartan group (12%)
was lower than that in the valsartan-only group (18%) (Chang
et al., 2019).

Sacubitril/valsartan slows down the decline of EGFR, with the
most benefitting age being under 65. Spannella et al. observed and
analyzed 54 consecutive HF outpatients with a decrease in LVEF and
clinical indications for sacubitril and valsartan. During the follow-up
period, the systolic blood pressure (BP) decreased, whereas the left
ventricular ejection fraction (LVEF) only increased slightly. In
addition, renal function improved after 12 months compared
with the historical control group, with subjects younger than
65 years old and those with CKD benefitting the most (Mc et al.,
2020).

Sacubitril/valsartan has been included in HF prevention and
treatment guidelines is an effective and safe pharmacological
therapy for use. In Chang et al.‘s study, 466 HF with reduced

FIGURE 2
Mechanism of sacubitril/valsartan in the treatment of cardiorenal syndrome.
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LVEF (HFrEF) patients received sacubitril/valsartan treatment (group
A) and 466 patients received standard HF treatment without ARNI
(group B) in HF referral center. Sacubitril/valsartan appeared to be
effective treatment for HFrEF patients, including those with late renal
function impairment caused by CRS (Voors et al., 2015).

5.2 Treatment of CRS with renal failure and
heart failure with sacubitril/valsartan based
on cardiac markers

Cardiac markers not only indicate cardiac function, but also
renal function. Acute heart failure (AHF) is closely associated
with changes in renal function (usually assessed by changes in
creatinine or EGFR). In about 30%–50% of patients hospitalized
with AHF, renal function declines or improves during their
hospital stay (Mullens et al., 2020). Clinical studies have
shown that sacubitril/valsartan can simultaneously treat renal
insufficiency and HF. In Heyse et al. (2010) study, a 67-year-old
man with ischemic cardiomyopathy and renal insufficiency
received hemodialysis for HF with HFrEF. The NT-proBNP
level decreased significantly and the filling pressure decreased
after the patient started receiving sacubitril/valsartan. In a study
by Haynes et al., sacubitril/valsartan reduced the average systolic
and diastolic blood pressure by 5.4 (95% CI, 3.4-7.4) and 2.1 (95%
CI, 1.0-3.3) mm Hg, respectively. Additionally, troponin I and N
levels of the hormone pro-brain NP terminal (tertiary endpoint)
increased by 16% (95% Ci, 8-23) and 18% (95% Ci, 11-25),

respectively. The effect of sacubitril/valsartan on renal
function and proteinuria was similar to that of irbesartan after
12 months. However, in patients with chronic kidney disease, it
also reduced blood pressure and cardiac biomarkers (Haynes
et al., 2018).

Presently, there is no standard therapeutic drug for CRS due
to its complex pathogenesis. The first angiotensin receptor NEP
inhibitor to be approved is sacubitril/valsartan, which is
composed of two drugs, the ARB valsartan and the NEP
inhibitor prodrug sacubitril. Both NPs and RAAS can be
inhibited by sacubitril/valsartan in the heart and kidneys.
Considering the complex pathogenesis of CRS, sacubitril/
valsartan exerts protective effects in various ways. Animal
experiments and clinical studies have demonstrated that
sacubitril/valsartan can reduce the risk of cardiovascular
disease and delay deterioration in renal function in people
with CRS (Table 1). Related studies have shown that
Combined levosimendan and Sac/Val were superior to merely
one another on protecting the heart and kidney as well as
preserving their functions against double ischemia
-reperfusion (IR) injury. As the drug is increasingly being
applied in clinical practice, its pharmacological mechanisms
need to be explored to improve its safety. In conclusion, NEP
may be an important component of sacubitril/valsartan in the
treatment of heart and kidney disease. However, more clinical
and basic studies involving CRS patients alone are warranted in
the future to determine the potential efficacy and safety of
sacubitril/valsartan in these patients.

TABLE 1 Clinical application of sacubitril/valsartan in the treatment of heart and kidney diseases.

Disease Evaluation
index

Other evaluation
indicators

Patient Conclusion Reference

HEART FAILURE
WITH

NEPHROPATHY

Glomerular
filtration rate
(EGFR)

UACR Sacubitril/valsartan or enalapril were
randomized to 8399 HF patients with
HFrEF

Reduce EGFR and improve cardiac
blood circulation

Vindhyal et al.
(2018)

8399 patients with mild to moderate
chronic HF and systolic dysfunction
were compared

EGFR descent speed is slower Damman et al.
(2018)

Glomerular filtration rate
(EGFR)

HF patients with HFPEF received
sacubitril/valsartan (n = 2419) or
valsartan (n = 2403)

Reduces the risk of renal events in
HF patients with HFPEF and slows
the decline of EGFR

Packer et al.
(2018)

Creatinine, Cystatin C and
urinary albumin to
creatinine ratio (UACR)]

301 HFPEF patients were randomly
assigned into sacubitril/valsartan or
valsartan group

EGFR decreases and UACR
increases in HFPEF patients

Spannella et al.
(2019)

LVEF decrease Systolic blood pressure (BP),
left ventricular LVEF
(LVEF)

54 consecutive outpatients with
decreased LVEF and sacubitril/
valsartan clinical indications

The systolic blood pressure
decreases, the left ventricular
ejection fraction slightly increases,
and the improvement of EGFR is
significant

Chang et al.
(2019)

Baseline 466 HFREF patients were treated with
sacubitril/valsartan, whereas
466 other patients were treated with
standard HF without ARNI

Effectiveness in HFREF patients,
including patients with advanced
renal damage

Mc et al.
(2020)

Renal insufficiency
leads to HF

NT-proBNP Echocardiography Due to ischemic cardiomyopathy and
renal insufficiency

The filling pressure decreases and
NT-proBNP significantly decreases

Mullens et al.
(2020)

Creatinine, UACR and
cardiac biomarkers

Salkubil/valsartan and irbesartan
were given to 207 subjects

Impacts on blood pressure and
cardiac biomarkers

Heyse et al.
(2019)
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