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Introduction 

Heart failure (HF) and chronic kidney disease (CKD) are 

expected to continue to increase worldwide as the number 

of elderly people increases [1,2]. The heart and kidneys are 

closely related and interdependent, which is expressed by 

the term cardiorenal syndrome [3]. The presence of con-

comitant HF and CKD accelerates the presentation and 

progression of the disease. Patients with both HF and CKD 
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are at an increased risk of hospitalization, need for inten-

sive care or renal replacement, and death [4]. A large me-

ta-analysis of patients with HF found that up to 55% of HF 

patients had a reduced estimated glomerular filtration rate 

(eGFR) of <60 mL/min/1.73 m2, and there was a stepwise 

increase in mortality risk with an increase in CKD stages [5]. 

There are two major risks for patients with CKD; cardio-

vascular morbidity or mortality and an increased risk of 

progression to end-stage renal disease (ESRD) requiring 
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dialysis or kidney transplantation [6,7]. Therefore, the com-

prehensive goal for the management of CKD patients is to 

prevent cardiovascular disease and attenuate progression 

to ESRD. As CKD progresses, the clinical manifestation of 

cardiovascular disease changes from atherosclerotic dis-

ease to nonatherosclerotic disease [8,9] and the incidence 

of HF and sudden cardiac death increases. Unfortunately, 

the treatment of patients with concomitant HF and CKD is 

challenging as CKD progresses. Patients with HF and CKD 

may frequently fail to respond to conventional HF thera-

pies and experience an increased risk of toxicity to guide-

line-directed medical therapy (GDMT) of HF [10].  

Previous studies have shown that inhibition of the re-

nin-angiotensin-aldosterone system (RAAS) decreases the 

risk of cardiovascular events and slows the progression 

of CKD with proteinuria [11], suggesting both the cardio-

vascular and renal benefits of RAAS inhibition in CKD 

patients. Recently, dual inhibition of neprilysin and RAAS 

has shown superior cardiovascular and renal benefits com-

pared to conventional RAAS inhibitors, including angio-

tensin-converting enzyme inhibitors (ACEIs) and angio-

tensin receptor blockers (ARBs) in patients with HF [12,13]. 

The first-in-class angiotensin receptor-neprilysin inhibitor 

(ARNI), sacubitril/valsartan, is rapidly replacing RAAS 

inhibitors as a frontline medical therapy in patients with 

heart failure with reduced ejection fraction (HFrEF) [14]. 

This review explores the background of ARNI in HF and 

offers guidance on how to use ARNI in clinical practice, es-

pecially in patients with concomitant HFrEF and CKD. 

Classification of heart failure and guideline-
directed medical therapy 

HF was categorized according to left ventricular ejection 

fraction (LVEF) in the 2016 European Society of Cardiology 

Guidelines for HF as follows: HF with preserved ejection 

fraction (HFpEF), LVEF ≥ 50%; HFrEF, LVEF < 40%; and HF 

with mid-range ejection fraction, LVEF 40% to 49% [15]. 

More recently, a new revised 2021 universal classification 

of HF has been proposed, including HFrEF, LVEF ≤ 40%; 

HF with mildly reduced ejection fraction, LVEF 41% to 

49%; HFpEF, LVEF ≥ 50%; and HF with improved ejection 

fraction: a baseline LVEF ≤ 40%, a ≥10% increase from base-

line LVEF, and a second measurement of LVEF > 40% [16]. 

There is no robust evidence that any treatment can modify 

the natural history of patients with HFpEF, probably due 

to the heterogeneity of its etiologies [17]. In contrast, there 

is plenty of evidence for medical therapy for HFrEF, which 

has shown survival improvement in large randomized con-

trolled clinical trials, including ACEIs, ARBs, beta-blockers, 

mineralocorticoid antagonists (MRAs), and an ARNI [18]. 

RAAS inhibition has been the mainstay of treatment 

strategies for patients with HFrEF [19,20]. Randomized con-

trolled trials have proven that the RAAS plays an important 

role in the pathophysiology of HFrEF. The blocking points 

in RAAS for each ARNI, ACEI, ARB, and MRA are systemi-

cally demonstrated in Fig. 1. The updated guidelines for HF 

treatment recommend the use of an ARNI, ACEI, or ARB 

to reduce morbidity and mortality in patients with chronic 

HFrEF and advise that patients who can tolerate an ACEI or 

ARB should change to an ARNI to further reduce adverse 

cardiovascular outcomes [21,22]. Furthermore, the 2021 

American College of Cardiology Expert Consensus has 

suggested that an ARNI is the preferred method for RAAS 

inhibition over ACEIs or ARBs if there are no compelling 

contraindications, suggesting a superior role of ARNI in the 

management of HFrEF in other RAAS inhibitors [14]. 

Dual angiotensin receptor-neprilysin inhibition 

In patients with HFrEF, RAAS is upregulated, which leads to 

excessive production of natriuretic peptides. Consequent-

ly, natriuretic peptides modulate the response to RAAS by 

aiding natriuresis and vasodilation [23]. Neprilysin is re-

sponsible for the breakdown of vasoactive peptides. Nepri-

lysin inhibition increases endogenous levels of vasoactive 

peptides, resulting in increased vasodilation, natriuresis, 

and diuresis, as well as a reduction in cardiac fibrosis and 

hypertrophy. However, neprilysin inhibition also impairs 

the degradation of angiotensin II, which induces com-

pensatory upregulation of RAAS and sympathetic nervous 

activity [24]. Therefore, the best strategy to suppress RAAS 

would be to inhibit the breakdown of natriuretic peptides 

and block the RAAS simultaneously [25], which led to the 

development of ARNI. Neprilysin inhibitors are not com-

bined with ACEI, since a previous study has shown a high-

er risk of angioedema with the combination of neprilysin 

inhibitor and ACEI [26]. The first-in-class ARNI, sacubitril/

valsartan, are the only ARNIs approved for clinical use and 

have shown many benefits in patients with HFrEF. The 
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indications, contraindications, and cautions for sacubitril/

valsartan use are summarized in Table 1.  

Cardiovascular effects of angiotensin receptor-
neprilysin inhibitor 

The long-term benefits of sacubitril/valsartan on cardio-

vascular morbidity and mortality over other RAAS inhibi-

tors in patients with chronic HFrEF was first described in 

the Prospective Comparison of ARNI with ACEI to Deter-

mine Impact on Global Mortality and Morbidity in Heart 

Failure (PARADIGM-HF) trial, which showed that sacubi-

tril/valsartan was superior to enalapril in reducing the risk 

of HF hospitalization and cardiovascular death by 20% [12]. 

According to the result of PARADIGM-HF, guidelines have 

recommended sacubitril/valsartan as a replacement for 

ACEIs or ARBs [15,18]. Claggett et al. [27] suggested that the 

life expectancy of patients receiving ARNI might increase 

by 1 to 2 years compared with patients receiving ACEI, sup-

porting a strong recommendation to use sacubitril/valsar-

tan for patients with HFrEF. Furthermore, the Prospective 

Study of Biomarkers, Symptom Improvement, and Ventric-

ular Remodeling During Entresto Therapy for Heart Failure 

(PROVE-HF) trial [28], Comparison of Sacubitril-Valsartan 

versus Enalapril on Effect on NT-proBNP in Patients Stabi-

lized from an Acute Heart Failure Episode (PIONEER-HF) 

trial [29], and the Comparison of Pre- and Post-discharge 

Initiation of LCZ696 Therapy in HFrEF Patients After an 

Acute Decompensation Event (TRANSITION) study [30] 

have shown that sacubitril/valsartan was effective and safe 

in a wide range of HFrEF, including those with acute de-

compensated HF, newly diagnosed HF, and HF without pri-

or ACEI or ARB use, all of which supports the expansion of 

ARNI application in a broad range of patients with HFrEF. 

In contrast to the promising results from patients with 

HFrEF, the Prospective Comparison of ARNI with ARB 

Global Outcomes in HF with Preserved Ejection Fraction 

(PARAGON-HF) trial in patients with HFpEF showed that 

sacubitril/valsartan did not result in a significantly lower 

rate of total HF hospitalizations and cardiovascular deaths 

among patients with HFpEF (LVEF > 45%), even though 

there was a suggestion of possible benefit with sacubitril/

valsartan and in women and in patients with lower LVEF 

(ejection fraction < 57%) [31]. The Angiotensin Receptor 

Neprilysin Inhibition Versus Individualized RAAS blockade 

(PARALLAX) trial which randomized 2,572 patients with an 

HFpEF (LVEF > 40%) showed mixed results, in which only 

one of two co-primary endpoints showed significant im-

provement in the sacubitril/valsartan group compared to 

the comparator (enalapril, valsartan, or placebo), and the 

Figure 1. Blocking points for renin-angiotensin-aldosterone system inhibitors and a neprilysin inhibitor.
ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor-neprilysin inhibitor; AT1R, 
angiotensin II receptor type 1; AT2R, angiotensin II receptor type 2; MRA, mineralocorticoid antagonist.
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reduction in N-terminal prohormone of brain natriuretic 

peptide (NT-proBNP) was 16% greater in the sacubitril/ 

valsartan group (adjusted geometric mean ratio, 0.84; 95% 

confidence interval [CI], 0.80–0.88), while there was no 

significant difference between groups in the 6-minute walk 

distance [32]. However, severe adverse events were lower 

in the sacubitril/valsartan group than in the individual-

ized medical therapy group; first hospitalization due to HF 

(hazard ratio [HR], 0.49; 95% CI, 0.30–0.81; p = 0.005) and 

composite of death due to HF or HF hospitalization (HR, 

0.64; 95% CI, 0.42–0.97; p = 0.034) were lower, although 

they were not the primary endpoints of the PARALLAX trial 

[32]. The U.S. Food and Drug Administration has recently 

approved the indication of sacubitril/valsartan in patients 

with HFpEF with LVEF below normal to reduce worsen-

ing HF (total HF hospitalizations and urgent HF visits), 

although further clarification is still needed for HFpEF sub-

groups who can benefit mostly. Randomized clinical trials 

assessing the clinical outcomes of sacubitril/valsartan are 

summarized in Table 2. 

Renal effects of angiotensin receptor-neprilysin 
inhibitor 

Inhibition of RAAS reduces urinary albumin excretion and 

delays the progression of CKD to ESRD. However, treat-

ment with RAAS inhibitors is limited in patients with CKD, 

as the risk of serum creatinine increase or hyperkalemia is 

greater in CKD patients than in those without this medical 

condition [11]. RAAS inhibition by ACEIs or ARBs decreas-

es intra-glomerular pressure by preventing angiotensin 

II-induced predominant vasoconstriction of the efferent 

arteriole, contributing to a decrease in albuminuria and 

eGFR [33]. 

Three natriuretic peptides are present in humans; atrial 

natriuretic peptide (ANP), brain natriuretic peptide (BNP), 

and C-type natriuretic peptide [23]. ANP and BNP are syn-

thesized in cardiac myocytes, whereas C-type natriuretic 

peptide is mainly expressed in endothelial cells [23]. ANP 

increases renal perfusion through systemic vasodilation, 

and there is evidence that sacubitril mainly acts by en-

hancing ANP instead of BNP [34]. Concomitant inhibition 

of angiotensin II and neprilysin induces selective vasore-

laxation of preglomerular afferent arterioles and relative 

vasoconstriction of the postglomerular efferent arteriole, 

contributing to increased intracapillary hydraulic pressure 

and eGFR [35]. Sacubitril/ valsartan may also affect renal 

tubular reabsorption. By increasing ANP, it inhibits sodi-

um reabsorption in the renal proximal tubule, which may 

account for the benefits of ARNI therapy in patients with 

HF [35]. Sacubitril/valsartan has been shown to prevent 

fibrosis, mitochondrial damage, oxidative stress, and apop-

tosis in kidney and heart tissues of cardiorenal syndrome 

rat models [36]. The urine albumin creatinine ratio (ACR) 

modestly increases after ARNI initiation [37–39], increasing 

concerns regarding deterioration of kidney function after 

ARNI use. However, in contrast to worse renal outcome 

related to the increase in albuminuria with enalapril ther-

apy, an increase in the ACR was not related to worse renal 

Table 1. Indications, contraindications, and cautions for the ad-
ministration of sacubitril/valsartan
Indications

 · HFrEF (EF ≤ 40%)

 · NYHA class II–IV

 · Administered in conjunction with other heart failure therapies, 
in place of an ACEI or other ARB

Contraindications

 · Within 36 hours of an ACEI use

 · A history of angioedema related to previous ACEI or ARB therapy

 · Concomitant use of ACEI

 · Concomitant use of aliskiren in patients with diabetes

 · Hypersensitivity to any component

 · Severe hepatic impairment (Child-Pugh C)

 · Pregnancy

 · Lactation

Cautions

 · Renal impairment

  - Moderate (eGFR, 30–59 mL/min/1.73 m2): no starting dose 
adjustment

  - Severe (eGRF, <30 mL/min/1.73 m2): half the usually  
recommended starting dose

 · Hepatic impairment

  - Mild (Child-Pugh A): no starting dose adjustment

  - Moderate (Child-Pugh B): half the usually recommended  
starting dose

 · Renal artery stenosis

 · Systolic blood pressure < 100 mmHg

 · Volume depletion

The indications, contraindications, and cautions for sacubitril/valsartan 
follow the U.S. Food and Drug Administration-approved labeling indications.
ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor 
blocker; eGFR, estimated glomerular filtration rate; HFrEF, heart failure with 
reduced ejection fraction; NYHA, New York Heart Association.
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outcome with ARNI therapy, suggesting the increase in the 

ACR is mediated by a mechanism that does not result in 

low renal filtration [37]. Despite a similar increase in ACR, 

the Prospective Comparison of ARNI with ARB on Man-

agement of Heart Failure with Preserved Ejection Fraction 

(PARAMOUNT) trial reported a slower deterioration of 

eGFR in patients with HFpEF after scubitril/valsartan use. 

A plausible explanation for this specific dissociation phe-

nomenon between albuminuria and renal function dete-

rioration is the selective vasorelaxation of preglomerular 

afferent arterioles with ARNI use, leading to an increase in 

intracapillary hydraulic pressure, which may contribute to 

increased albumin ultrafiltration and a modest increase in 

albuminuria without renal function deterioration [35]. 

The renal safety of sacubitril/valsartan has been re-

ported consistently in patients with HFrEF [12,37] and 

HFpEF, which included a significant number of patients 

with stage 2 and 3 CKD (eGFR, 30–59 mL/min/1.73 m2). 

PARADIGM-HF post-hoc analysis [37] and PARAGON-HF 

[38] showed that sacubitril/valsartan led to a slower rate of 

decrease in eGFR and improved renal outcomes in patients 

with HFrEF and HFpEF. In a study of patients with acute 

decompensated HF, sacubitril/valsartan showed similar 

renal event rates to those of enalapril [29]. In a meta-anal-

ysis, Kang et al. [40] reported that compared to other RAAS 

inhibitors, sacubitril/valsartan significantly increased the 

eGFR and decreased blood pressure, suggesting that it may 

have renal and cardiovascular benefits in patients with 

HF and CKD. The efficacy and safety of sacubitril/valsar-

tan have also been studied in patients with other cardio-

vascular or renal diseases, although many recent studies 

have investigated patients with HF. Sacubitril/valsartan 

demonstrated a low prevalence of renal side effects includ-

ing hyperkalemia, hypokalemia, and creatinine elevation 

in patients with hypertension despite its superior blood 

pressure-lowering effect compared to olmesartan [41,42]. 

The United Kingdom Heart and Renal Protection-III (UK 

HARP-III) trial investigating 414 patients with CKD (eGFR, 

20–60 mL/min/1.73 m2) without HF showed that sacubi-

tril/valsartan had similar effects on kidney function and 

albuminuria to irbesartan, but it has the additional effect 

of lowering blood pressure and cardiac biomarkers [43]. 

Randomized clinical trials assessing the renal outcomes of 

sacubitril/valsartan are summarized in Table 3. 

Hyperkalemia is a potentially serious complication in 
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CKD patients receiving RAAS inhibitors, which can impact 

clinical outcomes directly and can limit the use of GDMT 

[44]. The benefits of MRA in patients with HFrEF are well 

established [45,46]. However, physicians are reluctant 

to initiate MRA in patients with CKD due to concerns of 

hyperkalemia, even though it is recommended to initiate 

MRA in conjunction with ACEIs, ARBs, or an ARNI to re-

duce morbidity and mortality in patients with New York 

Heart Association classes II–IV symptoms [18]. In the PAR-

ADIGM-HF trial, potassium levels of >6.0 mmol/L occurred 

in 4% of the patients treated with sacubitril/valsartan and 

in 6% of the patients with enalapril, and the difference was 

statistically significant [12]. Moreover, sacubitril/valsartan 

has been reported to attenuate the risk of hyperkalemia 

when MRAs are combined with other inhibitors of the 

RAAS system, suggesting the safer use of MRAs when com-

bined with ARNI [47]. 

Efficacy and safety of angiotensin receptor-
neprilysin inhibitor in advanced chronic kidney 
disease 

After oral administration, sacubitril/valsartan was divided 

into valsartan and prodrug sacubitril. Valsartan is primarily 

excreted via the biliary route, and renal impairment does 

not affect its pharmacokinetics [48]. Sacubitril is rapidly 

converted to the active neprilysin inhibitor sacubitrilat [49]. 

Kidney function has an insignificant impact on the dispo-

sition of sacubitril, which is excreted through the urine and 

feces in less than 2% of the total administered dose [49], 

whereas sacubitrilat is eliminated primarily via the kidney, 

suggesting that its exposure is increased with renal func-

tion decline [50]. 

The optimal treatment of HF in patients with stage 4 or 5 

CKD (eGFR, <30 mL/min/1.73 m2) is unclear as there is lit-

tle evidence regarding this. The area under the concentra-

tion-time curve increased by 2.7-fold in patients with eGFR 

of <30 mL/min/1.73 m2, which raises concerns about the 

safety and toxicity of sacubitril/valsartan in patients with 

stage 4 or 5 CKD [50]. Unfortunately, most of the previous 

randomized clinical trials that guided the management of 

HFrEF with an ARNI defined CKD as baseline eGFR of <60 

mL/min/1.73 m2 and excluded patients with severe CKD 

(eGFR, <30 mL/min/1.73 m2) [12,30,39,51–53]. 

There have been a few studies published on the use of 
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sacubitril/valsartan in patients with stage 4 or 5 CKD, or 

ESRD. In a real-world study, Chang et al. [54] showed that 

patients with stage 4 or 5 CKD treated with sacubitril/val-

sartan had 28% fewer cardiovascular deaths or HF hospi-

talizations than those treated with standard HF treatment, 

including 102 patients with eGFR of <30 mL/min/1.73 m2 

among the whole study population of 932 patients with 

HFrEF [54]. Quiroga et al. [55] investigated 66 patients 

with stage 1 to 4 CKD and HFrEF (17% of stage 4 CKD) 

and found that sacubitril/valsartan was safe in patients 

with CKD, suggesting stability in CKD progression after 6 

months. 

There is a paucity of data on the evidence of ARNI in pa-

tients with ESRD on maintenance dialysis. Heyse et al. [56] 

presented a case report of a 67-year-old man with HFrEF 

due to ischemic cardiomyopathy and renal insufficiency 

undergoing hemodialysis, who tolerated a moderate dose 

of 49/51 mg twice daily, and finally showed symptomatic 

improvement with a reduction in HF biomarkers and left 

ventricular filling pressure. Only one study evaluated the 

use of sacubitril/valsartan in patients with HFrEF and 

ESRD, which showed that sacubitril/valsartan reduced 

cardiac biomarkers and improved LVEF; the most common 

adverse event was hypotension, which was corrected with 

down-titration of the drug dosage [57]. 

Clinical application of angiotensin receptor-
neprilysin inhibitor 

Patients with CKD tend to receive GDMT inappropriate-

ly, probably due to concerns about hypotension, renal 

function deterioration, and hyperkalemia [58]. Patients 

with CKD were at a higher risk for noncompliance during 

the run-in period of the PARADIGM-HF trial, supporting 

the need for closer monitoring during the up-titration of 

sacubitril/valsartan or conversion to sacubitril/valsartan in 

CKD patients [59]. In patients with moderate CKD (eGFR, 

30–59 mL/min/1.73 m2), no dose adjustment is required 

at the start of sacubitril/valsartan. However, the starting 

dose of sacubitril/valsartan should be reduced in patients 

with severe CKD (eGFR, <30 mL/min/1.73 m2). The PAR-

ADIGM-HF study showed a reduction in diuretic need in 

the ARNI group, suggesting that treatment with ARNI may 

reduce the requirement for loop diuretics doses compared 

to other RAAS inhibitors [60]. Failure to down-titrate the 

diuretic doses in patients taking sacubitril/valsartan in 

response to reduced clinical need, which may result in 

over-diuresis that can contribute to hypotension or renal 

function deterioration [60]. This possibility highlights the 

significance of assessment and adjustment of diuretic dos-

es prior to and following the initiation of an ARNI. Renal 

function and potassium levels are recommended to be 

evaluated within 1 to 2 weeks after ARNI initiation or dose 

escalation, and the schedule for subsequent monitoring 

should be determined by the patient’s kidney function and 

volume status [14]. The recommended following intervals 

for renal function monitoring are monthly for the first 3 

months and every 3 months thereafter [14]. 

Gaps in the evidence and future directions 

The burden of HF in patients with CKD is considerable. 

However, many clinical trials in HF patients have excluded 

patients with severe CKD or ESRD, which results in uncer-

tain efficacy and safety of the treatments in the advanced 

CKD population. ARNI seems to be a promising treatment 

option that could reduce the risk of cardiovascular mor-

bidity and mortality in patients with CKD, but randomized 

clinical trials with ARNI have also excluded patients with 

advanced CKD. Future trials of HF interventions should 

focus on pre-specified subgroups with eGFR of <30 mL/

min/1.73 m2.  

Newer treatments for HF, such as sodium-glucose 

cotransporter 2 (SGLT2) inhibitors, are being tested in 

large clinical trials in both HF and CKD populations [61–64]. 

Among patients with CKD, the risk of a composite end-

point of a decline in the eGFR of more than 50%, ESRD, or 

renal or cardiovascular deaths were reduced by 39% with 

dapagliflozin than with placebo [61]. However, the benefits 

of SGLT2 inhibitors for HFrEF management in patients 

with severe CKD remain unclear. Currently, the use of da-

pagliflozin and empagliflozin is recommended in patients 

with eGFR of ≥30 mL/min/1.73 m2 and ≥20 mL/min/1.73 

m2, respectively, since the glucosuric effects of SGLT2 

inhibitors may be reduced in those with a lower eGFR. 

There are little data assessing the combination of an ARNI 

and an SGLT2 inhibitor, even though the benefit of SGLT2 

inhibition was consistent in patients already treated with 

an ARNI in both Dapagliflozin And Prevention Of Adverse 

Outcomes In Heart Failure (DAPA-HF) and Empagliflozin 

Cho and Kang. Neprilysin inhibition in HF with CKD
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Outcome Trial in Patients With Chronic Heart Failure with 

Reduced Ejection Fraction (EMPEROR-Reduced) [65,66]. 

Further evidence to guide the concomitant use of ARNI 

and SGLT2 inhibitors is needed. Sotagliflozin, a dual sodi-

um-glucose cotransporter 1 (SGLT1) and SGLT2 inhibitor, 

resulted in significantly lower cardiovascular death and 

hospitalizations and urgent visits for HF than placebo in 

patients with diabetes and recent worsening HF [67]. How-

ever, further studies are needed on the concomitant use of 

SGLT1/SGLT2 inhibitors and ARNIs. 

Conclusions 

The heart and kidneys were highly interdependent. CKD 

is associated with two major risks: fatal or nonfatal cardio-

vascular diseases and an increased risk of progression to 

ESRD requiring treatment with renal replacement therapy. 

ARNI therapy could benefit patients with HF and CKD by 

reducing cardiovascular morbidity and mortality and pos-

sibly retarding the progression of CKD, although more clin-

ical evidence is required in patients with severe CKD and 

ESRD. 
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