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Sacubitril/Valsartan in Patients With  
Heart Failure and Concomitant End- Stage 
Kidney Disease
Chih- Yuan Niu, MD; Shang- Feng Yang , MD, PhD; Shuo- Ming Ou, MD, PhD; Cheng- Hsueh Wu, MD;  
Po- Hsun Huang , MD, PhD; Chung- Lieh Hung , MD, PhD; Chih- Ching Lin, MD, PhD; Szu- Yuan Li , MD, PhD

BACKGROUND: Heart failure with reduced ejection fraction (HFrEF) is a chronic disease with substantial mortality. Management of 
HFrEF has seen significant breakthrough after the launch of neprilysin inhibitor. The PARADIGM- HF (Prospective Comparison 
of ARNI with ACEI to Determine Impacton Global Mortality and Morbidity in Heart Failure) trial showed that sacubitril/valsartan 
significantly reduces HFrEF mortality and the heart failure hospitalization rate. However, in patients with advanced kidney 
disease, who have the highest prevalence of heart failure, the efficacy and safety of sacubitril/valsartan remains uncertain. We 
aim to study the efficiency of sacubitril/valsartan in patients with end- stage kidney disease.

METHODS AND RESULTS: Heart function was screened by echocardiogram among all patients with end- stage kidney disease 
in 2 hospitals. Patients with HFrEF received either sacubitril/valsartan or conventional treatment. Fifteen echocardiographic 
parameters were compared before and after treatment. After 1- year sacubitril/valsartan treatment, parameters of systolic 
(left ventricular ejection fraction 31.3% to 45.1%, P<0.0001; left ventricular end- systolic volume 95.7 to 70.1 mL, P=0.006; left 
ventricular internal diameter at end- systole phase 47.2 to 40.1 mm, P=0.005), and diastolic (E/A ratio 1.3 to 0.8, P=0.009; E/
Med e’ ratio 25.3 to 18.8, P=0.010) function improved in patients with HFrEF and end- stage kidney disease. These parameters 
were unchanged in the conventional treatment group. Serum potassium did not increase in the sacubitril/valsartan group.

CONCLUSIONS: Sacubitril/valsartan improves left ventricular systolic and diastolic function in patients with HFrEF and end- stage 
kidney disease.

Key Words: ARNI ■ end- stage kidney disease (ESKD) ■ heart failure with reduced ejection fraction (HFrEF) ■ sacubitril/valsartan

Congestive heart failure affects 40  million people 
worldwide,1 accounting for 2% of the global adult 
population.2 The diagnosis is usually based on clin-

ical symptoms, including shortness of breath, leg swell-
ing, excessive tiredness, and pulmonary congestion.2– 4 
Reduced cardiac output is generally accompanied by 
structural and functional abnormality of the heart, which 
disrupts its ejection of blood in systolic phase or refilling 
during the diastolic phase.5– 7 Based on whether the abil-
ity of the left ventricle to contract or to relax is affected, 
heart failure is divided into 2 types: heart failure with 
reduced ejection fraction (HFrEF) and heart failure with 
preserved ejection fraction.8 Patients with HFrEF, defined 

as ejection fraction <40%,9 carry a very high morbidity 
and mortality rate.10– 12 Large- scale epidemiology studies 
showed the survival rates of patients with HFrEF are even 
worse than those of common cancers.13– 15

Patients with heart failure are traditionally treated 
with oxygen supply, salt/water restriction, hypertension 
control, and medications including nitrates, diuretics, 
β- blockers, mineralocorticoid receptor antagonists, 
angiotensin- converting enzyme inhibitors (ACEi), and 
angiotensin II receptor blocker (ARB).5– 7,16,17 Novel ther-
apies have emerged from an improved understanding 
of the pathophysiology of heart failure and cardiac 
remodeling. Among these new drugs, angiotensin 
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receptor/neprilysin inhibitor18,19 and sodium- glucose 
cotransporter inhibitors20,21 are now considered the 
“game changers.” The pathophysiology of heart fail-
ure involves a maladaptive response during which the 
renin- angiotensin- aldosterone system is activated. 
The natriuretic peptide system is simultaneously acti-
vated to work antagonistically to the renin- angiotensin- 
aldosterone system. Neprilysin inhibitor prevents 
the breakdown of natriuretic peptides and therefore 
prolongs the favorable effects of these natriuretic 
peptides.22– 26

Patients with chronic kidney disease (CKD) have a 
very high prevalence of heart failure.27,28 These 2 dis-
eases share common risk factors such as hypertension, 

diabetes, smoking, and older age.29– 31 Patients with 
advanced kidney disease also have higher left ven-
tricular (LV) preload caused by fluid retention, arterial 
stiffness because of vessel calcification, and high out-
put shunting through dialysis vascular access. Load- 
independent factors including electrolyte imbalance, 
neurohormonal activation, anemia, ischemia, and 
FGF- 23 activation32– 36 also accelerate the progression 
of heart failure.31 Although the angiotensin receptor 
II blocker- neprilysin inhibitor (ARNI) combination has 
a fundamental role in HFrEF18 treatment, these trials 
excluded patients with advanced CKD. Therefore, the 
efficacy and safety of sacubitril/valsartan in patients 
with advanced CKD remain unknown.25 In the current 
study, we investigated the effects of sacubitril/valsar-
tan on LV function in patients with concomitant HFrEF 
and ESKD.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon request.

Study Design
This is a case– control study. In 2019, heart failure 
was screened among regular stable dialysis patients 
in Taipei Veterans General Hospital and Cheng Hsin 
General Hospital dialysis centers by echocardio-
gram. In those patients with HFrEF, some had taken 
sacubitril/valsartan thereafter, where others received 
conventional treatment. The decision of whether to 
take sacubitril/valsartan was decided after discus-
sion between patient and their nephrologist and/or 
cardiologist. The starting dose of sacubitril/valsar-
tan is 24 mg/26 mg twice daily and up- titration by 
doubling of dose every 2 to 4 weeks until a target 
dose of 97 mg/103 mg twice daily is reached. All pa-
tients with HFrEF were requested to receive follow-
 up echocardiogram 12 months later. For those who 
took sacubitril/valsartan, an echocardiogram was 
performed 12 months after the maximal tolerated 
dosage.

The inclusion criteria were age >18 years, ESKD 
on regular renal replacement therapy for at least 
6 months, and left ventricular ejection fraction (LVEF) 
≤40% at baseline echocardiography. Exclusion criteria 
were recent acute coronary syndrome and inadequate 
dialysis. Because coronary angioplasty and/or bypass 
surgery increase cardiomyocyte perfusion and func-
tion, patients who received percutaneous transluminal 
coronary angioplasty or coronary artery bypass graft in 
the follow- up period were also excluded from analysis. 
The institutional review board reviewed and approved 
the study design (IRB No 2021– 12- 007C). All enrolled 
patients provided written informed consent.

CLINICAL PERSPECTIVE

What Is New?
• Clinical trials showed sacubitril/valsartan has 

benefit effect in heart failure with reduced ejec-
tion fraction, but these trials excluded patients 
with an estimated glomerular filtration rate of 
<30 mL/min. The treatment of heart failure in 
patients with end- stage kidney disease there-
fore is largely unknown.

• The authors used 15 echocardiogram param-
eters to investigate sacubitril/valsartan thera-
peutic effect in patients with end- stage kidney 
disease and heart failure with reduced ejection 
fraction; they found that 1- year of treatment 
with sacubitril/valsartan significantly improves 
systolic and diastolic heart function in these 
patients.

• Sacubitril/valsartan does not increase hyper-
kalemia or hypotension risk in patients with end- 
stage kidney disease.

What Are the Clinical Implications?
• Sacubitril/valsartan improves left ventricular 

systolic and diastolic function in patients with 
end- stage kidney disease.

• This result fulfills the unmet need of heart failure 
treatment in advanced chronic kidney disease 
and opens a window of opportunity for patients 
with end- stage kidney disease who have heart 
failure with reduced ejection fraction.

Nonstandard Abbreviations and Acronyms

ARNI angiotensin receptor II blocker- neprilysin 
inhibitor

HFrEF heart failure with reduced ejection 
fraction
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Data Collection
Demographic data, medical history, and medications 
were obtained from medical records. Cardiac structure 
and function were assessed by 2- dimensional echo-
cardiography (Philips EPIQ CVx) the next day after he-
modialysis treatment in order to avoid potential biases 
caused by fluid overload or postdialysis myocardial 
stunning. Fifteen echo cardiac parameters were re-
corded, including aortic root diameter, left atrial dimen-
sion, left atrial volume index, left ventricular internal 
diameter at end- diastole phase, left ventricular internal 
diameter at end- systole phase, interventricular sep-
tum thickness in diastole phase, left ventricular poste-
rior wall thickness in diastole phase, biplane Simpson 
determined left ventricular end- diastolic volume 
(LVEDV), left ventricular end- systolic volume (LVESV), 
and Doppler- derived E/A ratio across the mitral valve, 
tissue Doppler- derived lateral E/e’ ratio, medial E/e’ 
ratio, and peak tricuspid regurgitation velocity (peak 
TR). All measurements were performed according to 
the updated American Society of Echocardiography 
and the European Association of Cardiovascular 
Imaging criteria. LV mass index was calculated by LV 
mass divided by body surface area, where LV mass 
(g)=0.8[1.04[([left ventricular end-diastolic diameter 
(LVEDD)+interventricular septum thickness in dias-
tole phase+posterior wall thickness in diastole]^3 
–  LVEDD^3)]]+0.6, where RWT=2* posterior wall thick-
ness in diastole/LVEDD.37 The echocardiogram results 
were cross- checked by 2 independent cardiologists 
who were blinded to the patient’s clinical condition and 
grouping. Blood pressures were recorded 3 times a 
week in patients undergoing hemodialysis and monthly 

in patients undergoing peritoneal dialysis. Serum po-
tassium and other blood biochemistry data were 
checked in all individuals monthly.

Statistical Analysis
Statistical analyses were performed using SPSS ver-
sion 25.0 and GraphPad Prism. Descriptive results of 
continuous variables are presented as means±SD,and 
categorical variables are reported as percentages and 
numbers. For quantitative data, independent t test was 
used to compare characteristics of the 2 groups and 
baseline and after 1- year treatment. Paired t test was 
used to compare self- matching data before and after 
treatment in each group. Categorical variables were 
analyzed by χ2 and Fisher exact test. All tests were 
2- tailed, and a P<0.05 was considered statistically sig-
nificant. The Holm- Bonferroni method was used to ad-
just probability (P) values because of the increased risk 
of a type I error when making multiple tests.

RESULTS
Baseline Characteristics and Heart 
Function in Study Subjects
There were 805 regular patients with ESKD who re-
ceived the echocardiogram screening, and 61 (7.5%) 
had an LVEF <40% (Figure 1). Among the 61 enrolled 
patients with HFrEF, 9 did not have the 1- year follow-
 up echocardiograph because of transplant/emigra-
tion, and another 3 patients who received coronary 
angioplasty or coronary artery bypass graft surgery 
were also excluded from analysis. Finally, 49 patients 

Figure 1. Selection of patients with HFrEF and ESKD.
Participants had LVEF <40% and end- stage kidney disease, and those who were enrolled either had 
received at least 6 months of hemodialysis or peritoneal dialysis. Patients who had PTCA or CABG in the 
study period and those without follow- up echocardiogram were excluded from analysis. CABG indicates 
coronary artery bypass graft; ESKD, end stage kidney disease; HD, hemodialysis; HFrEF, heart failure 
with reduced ejection fraction; LVEF, left ventricular ejection fraction; PD, peritoneal dialysis; and PTCA, 
percutaneous transluminal coronary angioplasty.
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with HFrEF with a mean dialysis vintage of 5 years 
were analyzed. Thirty- one patients were on hemo-
dialysis and the other 18 patients were on peritoneal 
dialysis. Among these patients, 26 patients received 
sacubitril/valsartan, starting from 50 mg (sacubitril 24 
mg+valsartan 26 mg) twice daily and titrating every 2 to 
4 weeks to 200 mg (sacubitril 97 mg+valsartan 103 mg) 
twice daily. The other 23 patients received conven-
tional treatment and maintained their regular medi-
cations. All patients in the sacubitril/valsartan group 
maintained ARNI treatment throughout the study pe-
riod, but not all of them reached maximal dose, mainly 
because of hypotension. The final dose of sacubitril/
valsartan in the study group is listed in Table 1. The 2 
groups were comparable in demographics, cause of 
ESKD, and comorbid diseases. Sixty- one percent of 
patients in the conventional treatment group received 
ACEi or ARB. The sacubitril/valsartan group had a 
lower β- blocker utilization rate (61.54% versus 95.65%, 
P=0.055) but still lower blood pressure (136±19 mm Hg 
versus 147±13 mm Hg, P=0.054). Detailed demograph-
ics and laboratory data of the 2 groups are illustrated in 
Table 2. A baseline echocardiogram showed these pa-
tients had a mean LVEF of 33% and LVESV of 89 mL, 
which indicates they had moderate to severe systolic 
heart failure. The mean mitral E/A ratio was 1.35, aver-
age E/e’ ratio was 20.9, and peak tricuspid regurgita-
tion velocity was 286 cm/s, which indicates they had 
an increased LV filling pressure. The baseline cardiac 
parameters are listed in Table 3. Overall, the sacubi-
tril/valsartan group had a lower LVEF (31±5% versus 
36±4%, P=0.015) and a lower blood pressure, sug-
gesting that nephrologists/cardiologists in our hospi-
tals tend to prescribe sacubitril/valsartan for patients 
with more severe systolic dysfunction.

Systolic Function Changes After 1- Year 
Sacubitril/Valsartan Treatment
All patients received regular dialysis treatment and their 
dry weight remained consistent in the study period. 
We repeated echocardiographic examinations in all 
subjects 1 year later. The data showed LVEF was sig-
nificantly improved (31.3±5.5 to 45.1±11.7%, P<0.0001, 
Figure  2A) in the sacubitril/valsartan group. LVESV 
(95.7±33.3 to 70.1±35.7 mL, P=0.006, Figure 2B) and 
left ventricular internal diameter at end- systole phase 
(47.2±6.9 to 40.1±9.8 mm, P=0.005, Figure  2C) also 

Table 1. Final Dose of Sacubitril/Valsartan in the Study 
Group

Final dose Number of patients (%)

50 mg BID 7 (26.9%)

100 mg BID 9 (34.6%)

200 mg BID 10 (38.5%)

Table 2. Demographic Data

Data categories

Sacubitril/
valsartan 
(n=26)

Conventional 
(n=23) P value

Demographics

Age, y 60.96±12.09 65.17±17.11 1.000

Female sex 7 (26.92%) 10 (43.48%) 0.247

Height, cm 166.30±9.21 163.30±8.25 1.000

Body weight, kg 65.23±12.41 63.05±19.60 1.000

BMI, kg/m2 23.51±3.47 23.49±6.24 1.000

Dialysis vintage, y 4.92±4.85 5.13±3.00 1.000

Hemodialysis 16 (61.54%) 17 (73.91%) 0.382

Causes of ESKD

Hypertension 3 (11.54%) 1 (4.35%) 0.612

Diabetic kidney 
disease

13 (50%) 13 (56.52%) 0.776

Chronic 
glomerulonephritis

6 (23.07%) 4 (17.39%) 0.731

SLE 0 (0) 2 (8.7%) 0.215

Polycystic kidney 
disease

2 (7.69%) 1 (4.35%) 1.000

Others 2 (7.69%) 2 (8.7%) 1.000

Medical history

Hypertension 23 (88.46%) 19 (82.61%) 0.692

Diabetes 12 (46.15%) 13 (56.52%) 0.571

Coronary artery 
disease

13 (50%) 14 (60.87%) 0.567

Biochemical data

Albumin, g/dL 3.88±0.35 3.66±0.51 0.432

Hemoglobin, g/dL 10.29±1.74 9.84±2.23 1.000

HbA1c, % 6.08±1.52 6.33±2.11 1.000

Intact PTH, pg/mL 319.13±244.55 338.82±418.86 1.000

Potassium, mmol/L 4.14±0.65 4.59±0.78 0.238

Calcium, mg/dL 9.00±0.79 8.77±0.87 1.000

Phosphate, mg/dL 4.94±1.59 5.34±1.53 1.000

Medication

ARNI 26 (100%) 0 (0%) 0.000

ACEi or ARB 0 (0%) 14 (60.87%) 0.000

β- Blocker 16 (61.54%) 22 (95.65%) 0.055

Calcium channel 
blocker

5 (19.23%) 13 (56.52%) 0.025

MRA 2 (7.69%) 4 (17.39%) 0.400

Ivabradine 6 (23.08%) 1 (4.35%) 0.103

Hydralazine 1 (3.8%) 0 (0%) 1.000

Nitrates 9 (34.6%) 5 (21.7%) 0.36

Digoxin 4 (15.38%) 1 (4.35%) 0.353

Blood pressure

SBP, mm Hg 136.04±18.94 146.87±13.43 0.054

DBP, mm Hg 72.54±13.80 76.17±13.20 0.352

ACEi indicates angiotensin- converting enzyme inhibitor; ARB, angiotensin 
II receptor blocker; ARNI, angiotensin receptor- neprilysin inhibitor; BMI, body 
mass index; DBP, diastolic blood pressure; ESKD, end- stage kidney disease; 
HbA1c, hemoglobin A1c; MRA, mineralocorticoid receptor antagonist; PTH, 
parathyroid hormone; SBP, systolic blood pressure; and SLE, systemic lupus 
erythematosus.
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decreased in the sacubitril/valsartan group. These 
changes were not observed in the conventional treat-
ment group. There were no significant changes in left 
ventricular internal diameter at end- diastole phase and 
LVEDV in both groups (Figure 2D, and 2E). These find-
ings showed that sacubitril/valsartan improves LV sys-
tolic function, which appears to be the result of reduced 
afterload and thus improved stroke volume. Subgroup 
analysis showed that the LVEF improvement effect of 
sacubitril/valsartan existed in both hemodialysis and 
peritoneal dialysis (Figure 2F). In summary, these data 
suggest sacubitril/valsartan treatment improves LV 
systolic function in patients with ESKD.

Diastolic Function Changes After 1- Year 
Sacubitril/Valsartan Treatment

Unlike LVEF for systolic function quantification, there 
is no single criterion standard to diagnose diastolic dys-
function by an echocardiogram. In the current study, we 
used 6 parameters to quantify the LV diastolic function. 
In the sacubitril/valsartan group, the Doppler- derived 

E/A ratio across the mitral valve decreased from 1.3±0.7 
to 0.8±0.3 (P=0.009, Figure 3A). The medial E/e’ ratio 
decreased from 25.3±16.2 to 18.8±8.6 (P=0.010, 
Figure  3B). The tissue Doppler- derived lateral E/e’ 
ratio decreased from 15.9±7.5 to 12.8±6.4 (P=0.011, 
Figure  3C). The peak TR velocity decreased from 
272.9±78.7 to 234.2±65.4 cm/s (P=0.047, Figure  3D). 
The left atrial dimension decreased from 46.9±7.2 to 
43.7±8.1 mm (P=0.047, Figure 3E) and the left atrial vol-
ume index decreased from 53.7±24.1 to 44.4±22.7 mL/
m2 (P=0.048, Figure 3F). These changes were not ob-
served in the conventional treatment group. The E/A ratio 
represents the ratio of peak velocity blood flow from LV 
relaxation in early diastole (the E wave) to peak velocity 
flow in late diastole caused by atrial contraction (the A 
wave). In normal heart, E/A ratio is >1. In the early stage 
of diastolic dysfunction, the E wave velocity reduces 
and results in reversed E/A ratio, with progression of 
LV relaxation impairment and filling pressure elevation, 
which further results in higher E/A ratio (>1.2– 2), again 
as a pseudo- normal pattern. In restrictive filling heart 
with significantly elevated left atrial pressures, the E/A 
ratio elevates above 2. The reduction of tissue Doppler- 
derived lateral E/e’ ratio and medial E/e’ ratio imply LV 
filling pressure reduction. The reduction of peak TR ve-
locity suggests improvement in diastolic heart function 
and secondary pulmonary hypertension.38 In summary, 
the data here indicate that the improved afterload by 
sacubitril/valsartan could also drive the improvement of 
diastolic function in patients with ESKD.

Cardiac Hypertrophy After 1- Year 
Sacubitril/Valsartan Treatment

We used 4 echocardiographic parameters to evalu-
ate the changes of cardiac hypertrophy. In the sacubitril/
valsartan group, there was no significant interval change 
in LV mass index (157.28±43.65 to 144.41±46.86 mg/m2, 
P=0.531, Figure 4A), interventricular septum thickness 
in diastole phase (11.5±2.9 to 11.4±2.6 mm, P=0.898, 
Figure 4B), and left ventricular posterior wall thickness 
in diastole phase (10.9±2.0 to 11.2±2.7 mm, P=0.898, 
Figure  4C). These parameters did not change signifi-
cantly in the conventional group either.

Safety of Sacubitril/Valsartan
The adverse events of both groups are summarized 
in Table 4. There was no difference between the sa-
cubitril/valsartan group and the conventional group 
in new- onset intradialytic hypotension, hyperkalemia, 
abnormal liver biochemistry, and hospitalization rate 
of cardiovascular diseases or other causes. No pa-
tient in the sacubitril/valsartan group reported angi-
oedema or dry cough. Sacubitril/valsartan did not 
change systolic (136.0±19.0 to 132.0±20.9 mm Hg, 
P=0.337) or diastolic blood pressure (72.5±13.8 to 

Table 3. Baseline Cardiac Parameters

Parameters
Sacubitril/valsartan 
(n=26)

Conventional 
(n=23) P value

Parameters of LV systolic function

LVEF, % 31.31±5.53 35.73±4.21 0.015

LVESV, mL 95.75±33.30 80.11±23.04 0.356

LVEDV, mL 140.00±43.62 123.85±36.09 0.603

LVIDs, mm 47.19±6.88 44.93±7.24 0.603

LVIDd, mm 57.27±5.97 56.40±7.66 0.656

Parameters of LV diastolic function

LAD, mm 46.85±7.23 46.20±6.65 1

LAVI, mL/m2 51.27±24.59 53.06±16.85 1

MV E/A 1.40±0.73 1.26±0.53 1

E/Lat E’ 16.52±7.62 17.14±8.46 1

E/Med E’ 26.07±15.59 23.55±9.15 1

Peak TR Vel, 
cm/sec

268.01±80.57 308.12±82.97 0.702

Parameters of LV hypertrophy

IVSd, mm 11.42±2.86 11.47±1.75 0.951

LVPWd, mm 10.73±1.97 11.52±1.54 0.384

LV mass 
index, g/m2

157.28±43.65 167.88±48.86 0.852

Other parameters

Aortic root, 
mm

33.46±5.52 34.03±5.53 0.723

E/Lat E’ indicates Doppler- derived lateral E/e’ ratio; E/Med E’, Doppler- 
derived medial E/e’ ratio; IVSd, interventricular septum thickness in diastole; 
LAD, left atrial dimension; LAV, left atrial volume; LAVI, left atrial volume 
index; LV, left ventricular; LVEDV, left ventricular end- diastolic volume; LVEF, 
left ventricular end- systolic volume; LVESV, left ventricular end- systolic 
volume; LVIDd, left ventricular internal diameter at end- diastole; LVIDs, left 
ventricular internal diameter at end- systole; LVPWd, left ventricular posterior 
wall thickness in diastole; MV E/A, tissue Doppler- derived E/A ratio across 
the mitral valve; and Peak TR Vel, peak tricuspid regurgitation velocity.
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70.8±14.4 mm Hg, P=0.337). The predialysis serum 
potassium level did not increase after sacubitril/
valsartan treatment (4.6±0.8 to 4.5±0.7 mEq/dL, 
P=0.765).

DISCUSSION
Sacubitril/valsartan is the first agent to be ap-
proved in the angiotensin receptor neprilysin inhibitor 
(ARNI) class. The medication is US Food and Drug 

Figure 2. Changes of echocardiographic parameters for systolic function in 2 groups.
One- year changes of (A) LVEF, (B) LEVSV, (C) LVEDV, (D) LVIDs, and (E) LVIDd in sacubitril/valsartan 
(Entresto) and conventional treatment groups. (F) LVEF changes of patients undergoing hemodialysis and 
peritoneal dialysis in the Entresto group. HD indicates hemodialysis; LVEF, left ventricular end- systolic 
volume; LVEDV, left ventricular end- diastolic volume; LVESV, left ventricular end- systolic volume; LVIDs, 
left ventricular internal diameter at end- systole; LVIDd, left ventricular internal diameter at end- diastole; 
and PD, peritoneal dialysis.
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Administration– approved to treat patients with chronic 
heart failure with HFrEF because it reduces the mortal-
ity and heart failure hospitalization rate. Nevertheless, 
patients with advanced kidney disease were ex-
cluded from these trials and its efficacy in patients 
with advanced kidney disease is therefore uncertain. 

The current study is the first case– control study that 
showed sacubitril/valsartan could effectively improve 
LV systolic and diastolic function in patients with HFrEF 
and ESKD. Our data also suggest that the concerns 
about hyperkalemia and hypotension should not be a 
barrier to patients with CKD to receive ARNI treatment.

Figure 3. Changes of echocardiographic parameters for diastolic function in 2 groups.
One- year changes of (A) sacubitril/valsartan mitral valve (MV) E/A ratio, (B) medial E/e’ ratio, (C) lateral 
E/e’ ratio, (D) peak TR velocity, (E) LAD, and (F) LAVI in sacubitril/valsartan (Entresto) and conventional 
treatment groups. E/A ratio indicates the ratio of peak velocity blood flow from left ventricular relaxation 
in early diastole (the E wave) to peak velocity flow in late diastole caused by atrial contraction (the A wave); 
E/e’ ratio, the ratio between early mitral inflow velocity and mitral annular early diastolic velocity; LAD, 
left atrial dimension; LAVI, left atrial volume index; and peak TR Vel, peak tricuspid regurgitation velocity.
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Over the past 10 years, many new treatment strat-
egies against heart failure have been developing. 
PARADIGM- HF (Prospective Comparison of ARNI 
with ACEI to Determine Impact on Global Mortality 
and Morbidity in Heart Failure)18 and PIONEER- HF 
(Comparison of Sacubitril/Valsartan Versus Enalapril 
on Effect on NT- proBNP in Patients Stabilized From 
an Acute Heart Failure Episode)39 are landmark trials 
illustrating that sacubitril/valsartan can reduce mor-
tality and hospitalization rates in patients with HFrEF. 
The VICTORIA (Vericiguat Global Study in Subjects 

with Heart Failure with Reduced Ejection Fraction) trial 
shows vericiguat, an oral guanylate cyclase stimulator, 
can reduce by 10% the cardiovascular mortality rate in 
patients with HFrEF.39 The EMPA-REG (Empagliflozin 
Cardiovascular Outcome Event Trial in Type 2 
Diabetes Mellitus Patients) OUTCOME (Empagliflozin 
Cardiovascular Outcome Event Trial in Type 2 Diabetes 
Mellitus Patients),40 CANVAS (CANagliflozin cardio-
Vascular Assessment Study),41 and DECLARE-TIMI 
(Dapagliflozin on the Incidence of Cardiovascular 
Events) 5842 trials point out the beneficial effect of 
sodium- glucose cotransporter 2 inhibitors on cardio-
vascular mortality and heart failure hospitalization rate. 
However, because of pharmacokinetic concern and 
possible side effects, patients with advanced kidney 
disease (estimated glomerular filtration rate <30 mL/
min) were all excluded from these trials. The treatment 
strategies of HFrEF in patients with advanced kidney 
disease are based on subgroup analysis or observa-
tion studies.31

Echocardiography has an essential role in investiga-
tion of LV structure and function. Hinderliter et al studied 
211 patients with HFrEF and found LVEF and left atrial 
volume index are strong predictors of all- cause mor-
tality, even after adjusting for NT- pro- BNP (N- terminal 
proB- type natriuretic peptide) level and other clinical 
variables.43 The diagnostic accuracy of an echocar-
diogram to detect heart failure is believed to be higher 
than NT- pro- BNP.44 Kidney Disease Outcomes Quality 
Initiative guidelines recommend echocardiograms to be 
performed in all patients at the initiation of dialysis and at 
3- yearly intervals thereafter,45 and ≈87% of patients with 
ESKD have major abnormalities on echocardiography.46 
Compared with sodium- glucose cotransporter 2 inhib-
itors, sacubitril/valsartan has shown not only clinical 

Figure 4. Changes of echocardiographic parameters for cardiac hypertrophy in 2 groups.
One- year changes of (A) LV mass, (B) IVSd, and (C) LVPWd in sacubitril/valsartan (Entresto) and conventional treatment groups. IVSd 
indicates interventricular septum thickness in diastole; LV, left ventricular; and LVPWd, left ventricular posterior wall thickness in 
diastole.

Table 4. Adverse Events of the 2 Groups

Adverse events

Sacubitril/
valsartan 
(n=26)

Conventional 
(n=23) P value

New- onset intradialytic 
hypotension*

2/26 (7.7%) 1/23 (4.3%) 1.000

Hyperkalemia (>5.5 
mEq/L)

3/26 (11.5%) 4/23 (17.4%) 0.692

Cough 0/26 (0%) 0/23 (0%) 1.000

Angio- edema 0/26 (0%) 0/23 (0%) 1.000

Abnormal AST/ALT 
(>40 U/L)

1/26 (3.8%) 0/23 (0%) 1.000

Hospitalization of all 
causes

13/26 (50%) 13/23 (56.5%) 0.776

Hospitalization 
because of 
cardiovascular 
diseases

6/26 (23.1%) 7/23 (30.4%) 0.747

ALT indicates alanine aminotransferase; and AST, aspartate 
aminotransferase.

*Intradialytic hypotension defined as decrease in systolic blood pressure 
≥20 mm Hg or mean blood pressure ≥10 mm Hg during dialysis treatment with 
associated symptoms (cramping, headache, lightheadedness, vomiting, or 
chest pain) or need for intervention (reduction in ultrafiltration, administration 
of fluids or blood pump flow reduction).



J Am Heart Assoc. 2022;11:e026407. DOI: 10.1161/JAHA.122.026407 9

Niu et al Entresto Improves Heart Function in HFrEF and ESKD

benefit but also evidence of reverse cardiac remodel-
ing in HFrEF. In patients with preserved kidney function, 
sacubitril/valsartan treatment improves LVEF, and de-
creases LVEDV, LVESV, left atrial volume index, E/e’ and 
E/A ratio47, 48 In our study, parameters of both systolic 
and diastolic function improved after sacubitril/valsartan 
treatment; nevertheless, parameters of internal diame-
ter/volume at end- diastole phase (left ventricular inter-
nal diameter at end- diastole phase/LVEDV) and cardiac 
hypertrophy were not reduced. NT- pro- BNP is another 
useful biomarker of HF in the general population. The 
PARAMOUNT (Prospective comparison of ARNI with 
ARB on Management Of heart failUre with preserved 
ejectioN fracTion) phase II trial used NT- pro- BNP as the 
primary outcome and showed that a 12- week sacubi-
tril/valsartan treatment reduced NT- proBNP by 23%.49 
Phase III of the PARAMOUNT trial illustrated that this re-
duction of NT- pro- BNP can be translated to clinical ben-
efit.19 Although NT- pro- BNP is still used as a surrogate 
marker of HF in early- stage kidney disease,50,51 patients 
with advanced kidney disease usually have a very high 
NT- pro- BNP level, and there is therefore no evidence of 
NT- pro- BNP in the diagnosis of HF, either to rule it in or 
rule it out. In patients with mild- to- moderate CKD (eGFR 
30 to 60 mL/min), subgroup analysis of PARADIGM- HF 
showed that sacubitril/valsartan reduced cardiovascular 
death and HF hospitalization rate by 21%,52 which is a 
noninferior absolute risk reduction compared with those 
without CKD.18,52 Our data further extend the treatment 
to patients with ESKD. The fact that 1- year treatment 
with sacubitril/valsartan significantly improved LV sys-
tolic (LVEF 31% to 45%) and diastolic function suggests 
that sacubitril/valsartan is a powerful treatment against 
HFrEF regardless of kidney function.

In the current study, the fact that sacubitril/valsar-
tan decreased LVESV but had no effect on LVEDV 
suggests that the main contributor of LV function 
improvement in the ESKD population is afterload re-
duction; nevertheless, we did not observe more intra-
dialytic hypotension events in the sacubitril/valsartan 
group. Although blood pressure is usually used as a 
surrogate of afterload, it is not synonymous with after-
load. Natriuretic peptides can regulate LV pre-  and af-
terload via not only acting on body fluid homeostasis 
but also vascular tone modulation, thereby resulting 
in decreased systemic vascular resistance favoring 
cardiac reverse remodeling.53 Sacubitril/valsartan not 
only inhibits angiotensin II but also simultaneously 
augments the natriuretic peptide system, which may 
favor afterload reduction resulting in attenuated car-
diac remodeling as observed in our present study. In 
fact, a recent study that used strain echocardiography 
demonstrated that 6- month sacubitril/valsartan treat-
ment can improve LV global longitudinal strain, twist, 
and apical and basal rotations; in other words, it can 
relieve myocardial wall tension.54

Hyperkalemia is always a concern regarding renin- 
angiotensin- aldosterone system inhibition, especially in 
patients with kidney disease. However, in patients al-
ready on renin- angiotensin- aldosterone system inhibitor, 
add- on neprilysin seems not to increase hyperkalemia 
risk. A meta- analysis in patients with HFrEF showed 
that the hyperkalemia rate was lower in patients receiv-
ing ARNI treatment relative to those in patients taking 
ACEi’s.55 A randomized clinical trial of sacubitril/valsar-
tan, including patients with eGFR as low as 20 mL/min, 
demonstrated that its safety and efficacy are similar to 
that of irbesartan.56 In the current study, the hyperka-
lemia rate was not increased after initiating sacubitril/
valsartan treatment. Based on this evidence, we believe 
sacubitril/valsartan is well tolerated in patients with CKD.

There are several limitations in our study. First, it is 
not a randomized controlled trial. The sacubitril/val-
sartan group in our study had worse heart function 
at baseline; nevertheless, we compared 15 echocar-
diographic parameters before and after sacubitril/val-
sartan treatment, and our data showed that sacubitril/
valsartan improves systolic and diastolic function in pa-
tients with HFrEF and ESKD. Second, the sample size 
is small. We only followed up 49 patients with HFrEF- 
ESKD and analyzed their longitudinal heart function 
changes. Although the beneficial effect of sacubitril/
valsartan is highly statistically significant in our cohort, 
trials with larger sample size are warranted. Third, the 
ACEi/ARB prescription rate in the conventional treat-
ment group is only 61%. Nevertheless, although ACEi/
ARB are standard treatment for patients with HF with 
normal kidney function, large trials showed that ACEi/
ARB failed to reduce cardiovascular events in patients 
undergoing dialysis,57,58 which reflects the fact that 
high- quality data are lacking for ACEi/ARB in patients 
with ESKD.59 Finally, the patients were followed up for 
only 1 year. Therefore, we do not have long- term clini-
cal outcome data. However, despite these limitations, 
our study shows that sacubitril/valsartan can effec-
tively improve heart function in patients with HFrEF and 
ESKD. Randomized control trials with larger sample 
size are required to validate their clinical effect.

CONCLUSIONS
The current case– control study shows the effective-
ness and safety of sacubitril/valsartan in patients with 
ESKD. Sacubitril/valsartan could improve systolic and 
diastolic function in patients with HFrEF and ESKD. 
Larger- scale prospective studies are warranted to sur-
vey whether this cardiac function improvement trans-
lates to clinical outcomes.
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