RENAL FAILURE
2023, VOL. 45, NO. 1, 2222841

https://doi.org/10.1080/0886022X.2023.2222841

Taylor & Francis
Taylor & Francis Group

CLINICAL STUDY

B OPEN ACCESS ) Gheckorpastes

Effects of sacubitril-valsartan in patients undergoing maintenance dialysis

Ying Ding’, Li Wan", Zhou-cang Zhang", Qing-hua Yang, Jia-xiang Ding, Zhen Qu and Feng Yu

Department of Nephrology, Peking University International Hospital, Beijing, PR. China

ABSTRACT:

Objectives: Data on angiotensin receptor-neprilysin inhibitor (ARNI) sacubitril-valsartan (SV) in
patients undergoing maintenance dialysis is scarce. Our study aimed to investigate the effect of
SV on patients undergoing dialysis.

Methods: We retrospectively reviewed the data of end-stage kidney disease (ESRD) patients
undergoing either peritoneal dialysis (PD) or hemodialysis (HD) in our center. A total of 51 patients
receiving SV treatment were enrolled in the SV group. Another 51 age and sex-matched patients
on dialysis without SV treatment were selected as the control group. All the patients were regularly
followed up in the dialysis clinic. Their clinical, biochemical, and echocardiographic parameters
were all recorded at baseline and during follow-up. The effect and safety of SV were further
analyzed.

Results: A total of 102 ESRD patients on dialysis (51 patients in the SV group and 51 patients in
the control group) were finally enrolled. The median follow-up time was 349days (interquartile
range [IQR]: 217-535days). The level of B-type natriuretic peptide (BNP) (median [IQR] before and
after SV treatment: 596.35pg/ml [190.6-1714.85] vs. 188.7pg/ml [83.34-600.35], p<0.001) or
N-terminal pro-B-type natriuretic peptide (NT-proBNP) (median [IQR]: 6316.00pg/ml [4552.00-
28598.00] vs. 5074.00pg/ml [2229.00-9851.00], p=0.022) were significantly decreased after
treatment with SV. The variant rate of left ventricular ejection fraction (LVEF) was significantly
higher in the SV group compared to the control group, especially in the PD subgroup. No
significant difference was found in other echocardiographic parameters between SV and control
group. Subgroup analysis of the PD group showed an increase in daily PD ultrafiltration (median
[IQR]: 400ml/d [200-500] vs. 500ml/d [200-850], p=0.114) after SV treatment. Variant rate of
overhydration (OH) measured by the body composition monitor (BCM) of the SV group were
significantly different from the control group (median [IQR]: —13.13% [-42.85%-27.84%)] vs. 0%
[-17.95%-53.85%], p=0.049). The rate of hyperkalemia was slightly higher but without significant
difference before and after the introduction of SV (19.6% vs. 27.5%, p=0.350). No event of
hypotension and angioedema were observed.

Conclusions: SV might have a cardio-protective role in ESRD patients undergoing dialysis,
especially in PD patients. Serum potassium should be monitored during the treatment.
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Introduction

Cardiovascular disease is the leading cause of death in
patients with advanced chronic kidney disease (CKD). The
incidence of cardiovascular events like heart failure, coro-
nary artery diseases, arrhythmias, and sudden cardiac death
increases with the deterioration of kidney function [1]. Up
to 58% of patients on CKD grade 5 or renal replacement
treatment died of cardiovascular diseases, among which
heart failure and coronary artery disease represented the
two major ones [2,3]. The presence of heart failure is

associated independently with poor prognosis in patients
undergoing either peritoneal dialysis (PD) or hemodialysis
(HD) [4]. Thus, exploring effective measures to prevent or
improve heart failure is of great importance in patients on
dialysis.

Sacubitril-valsartan (SV) is a crystal complex of a nepri-
lysin inhibitor and an angiotensin receptor blocker (ARB),
where the two components could act in synergy to enhance
the diuresis, dilate blood vessels and prevent the maladap-

tive remodeling [56]. A prospective comparison of
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angiotensin receptor-neprilysin inhibitor with angiotensin
converting enzyme inhibitor to determine the impact on
global mortality and morbidity in heart failure (PARADIGM-HF)
clinical trial demonstrated that SV was more effective in
reducing the risks of death and hospitalization in patients
with heart failure and reduced ejection fraction than
angiotensin-converting enzyme inhibitor (ACEl) [7]. The
PARAGON-HF clinical trial (efficacy and safety of LCZ696
compared with valsartan, on morbidity and mortality in
heart failure patients with preserved ejection fraction) also
showed a decreasing trend of incidence of death from car-
diovascular causes and total hospitalizations for heart failure,
although failed to result in significance [8]. Interestingly,
the subgroup analysis of the PARADIGM-HF trial showed
that SV led to improved cardiovascular outcomes, even in
CKD patients [9]. The UK HARP-III trial also confirmed the
additional cardio-protective effect of SV in patients with
moderate to severe CKD compared to irbesartan [10].
However, patients undergoing dialysis, a high-risk popula-
tion at cardiovascular risk with an unmet need, were enrolled
in none of the aforementioned trials. Moreover, SV was
proven to have a good anti-hypertensive effect and be more
effective than ARB alone [11,12]. Hypertension is the most
common complication in CKD patients and is often refrac-
tory to common medical treatment [13]. Better control of
blood pressure was able to reduce cardiovascular mortality
[14]. And again, patients in dialysis were not included in
these studies.

In recent years, several preliminary studies have investi-
gated the application of SV in patients with end-stage of renal
disease (ESRD) and heart failure. Lee S et al. found that SV
could safely reduce the high-sensitive troponin T levels and
improve LVEF in patients with ESRD on HD [15]. Another study
conducted on 21 PD patients with heart failure with preserved
ejection fraction (HFpEF) also demonstrated the effectiveness
and safety of SV [16]. However, Hsiao FC et al. found that in
patients on dialysis, the ARNI users had a higher risk of HF
hospitalization [17].

The results of previous studies were not quite consistent.
Moreover, whether it existed differential effect of SV in HD
and PD patients remained to be elucidated. Herein, we
undertook this study to investigate the effects of SV in
patients undergoing dialysis and analyze its use in patients
undergoing different dialysis modalities.

Methods
Study design and patients

We retrospectively reviewed the data of ESRD patients under-
going HD or PD for at least 3months in the Department of
Nephrology, Peking University International Hospital from
January 2015 to April 2022. All patients were regularly followed
in the dialysis clinics. Patients with anuria were also included in
the study. Those who received SV treatment for more than two
weeks were enrolled in the SV group. Age and sex-matched
patients who did not receive SV were selected from the rest as
the control group (flow-chart presented as Figure 1). PD
patients were treated with continuous ambulatory PD (CAPD)
or automated PD (APD). HD patients were treated with thrice
weekly intermittent HD (IHD). Patients prior prescribed ACEI or
ARB were stopped 36h before switching to SV treatment. SV
was initiated by a small dose (50-100mg daily) and gradually
titrated to the maximum tolerated dose. Other treatments did
not change. The research complied with the Declaration of
Helsinki, and the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) checklist. The study was
approved by the China Ethics Committee of Registering Clinical
Trials (Ethics number: ChiECRCT20200463) and all participants
provided written informed consent.

Data collection

Baseline demographic and clinical data were collected within
two weeks before or after the initiation of SV including age,
sex, body mass index, primary renal disease, and past medical

ESRD patients undergoing dialysis
in our center (including 133 PD and 149 HD patients)
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taking sacubitril-valsartan (SV)
were enrolled as the SV group.

Another 51 age and sex-matched
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selected as the control group.
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Clinical, biochemical, echocardiographic parameters and follow-up data
were recorded at baseline and during follow-up.

Figure 1. Flow-chart of the recruitment of the patients.



histories like hypertension, diabetes, hyperlipidemia, and car-
diovascular disease, were recorded. Clinical and laboratory
parameters including weekly fractional clearance index for urea
(Kt/V), ultrafiltration (UF), urine volume, blood pressure, serum
albumin, serum potassium, serum calcium, and serum phos-
phorus were collected within two weeks before or after the use
of SV and within two weeks at the end of follow-up. The bio-
impedance machine Body Composition Monitor (BCM) was
used to measure the overhydration (OH) and relative OH to
evaluate patients’ fluid status [18]. A two-dimensional echocar-
diography was performed by an experienced ultrasonographer
and regularly reviewed by a senior physician within two weeks
before or after the use of SV and within two weeks at the end
of the follow-up to evaluate cardiac structure and function. The
measurement techniques for echocardiographic parameters
were as follows: patients were placed in the left lateral position,
connected to the ECG, and the measured parameters were col-
lected after 3 consecutive cardiac cycles for sinus rhythm or 5
consecutive cardiac cycles for arrhythmias and were averaged.
The anteroposterior diameter of the left atrium (LAd), the
end-diastolic internal diameter of the left ventricle (LVEDd), and
the interventricular septum diastolic thickness (IVSd) were mea-
sured in a parasternal left ventricular long-axis view. Apical
four-chamber cardiac views were taken to measure right heart
internal diameter parameters including right atrium diameter
(RAd), and right ventricular diastolic diameter (RVDd). The left
ventricular ejection fraction (LVEF) was measured by Simpson’s
method. Cardiac biomarkers B-type natriuretic peptide (BNP) or
N-terminal pro-B-type natriuretic peptide (NT-proBNP) were
noted before and after the use of SV.

Adverse effects of SV were defined as one of the follow-
ing: hypotension (systolic blood pressure < 90mmHg), hyper-
kalemia (serum potassium > 5.0mmol/L) [19], and
angioedema. The composite endpoints were defined by
death and major adverse cardiovascular events (MACE),
which were defined as a composite of cardiovascular death,
nonfatal myocardial infarction, and stroke [20].

Statistical analysis

Statistical software SPSS 21.0 (SPSS, Chicago, IL, USA) and
GraphPad Prism 9.0 (GraphPad, San Diego, CA, USA) were
used for statistical analysis. Quantitative data were expressed
as mean=SD or as median with range (minimum and maxi-
mum)/interquartile range (IQR). Categorical data were
expressed as percentages and numbers. The variant rate was
calculated as: (parameters at follow-up - parameters at initia-
tion)/parameters at initiation*100% (e.g.: Variant rate of LVEF
in the SV group= [LVEF after SV application- LVEF before SV
application]/LVEF before SV application *100%). Paired sam-
ple t-test or Wilcoxon paired signed rank test were used to
compare the self-matching data for parametric and
non-parametric data respectively. The chi-square test was
applicated for the analysis of qualitative data. Differences in
semiquantitative data were tested with the Kruskal-Wallis
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test and the Mann-Whitney U-test. Kaplan-Meier curves
were used to analyze patients’ prognoses. Cox proportional
hazards regression model was performed to identify prog-
nostic risk factors related to the composite outcomes. Results
were expressed as hazard ratios with 95% confidence inter-
vals. Statistical significance was considered at p<0.05.

Results
Baseline data of the patients

A total of 51 patients on maintenance dialysis who received
SV were enrolled from the ESRD patients in our dialysis cen-
ter as the SV group. Another 51 age and sex-matched
patients on maintenance dialysis who did not take SV with
comparable dialysis duration were selected as the control
group (Figure 1). In the SV group, the average dose of SV
used was 133.0+70.97 mg per day. Among them, 32 patients
were on PD and 19 patients were on HD. Baseline data of
the HD and PD patients in the SV group were presented in
Supplementary Table 1. The baseline data of the patients
recruited in the SV group and control group were listed in
Table 1. Diabetes-related kidney disease was the leading
cause of ESRD in both SV and control groups, followed by
glomerulonephritis, hypertensive nephropathy, polycystic kid-
ney disease, and others. Demographic, clinical, and labora-
tory data were comparable between the two groups. ACEI/
ARB was used in 90.2% of the patients in the control group.
The median (IQR) follow-up time was 349 (217-535) days.

Comparison of cardiac parameters before and after the
initiation of SV

Cardiac biomarkers BNP or NT-proBNP were available in 32
patients and 19 patients respectively before and after the ini-
tiation of SV. Compared with the baseline levels, both BNP
(median [IQR]: 596.35pg/ml [190.6-1714.85] vs. 188.7 pg/ml
[83.34-600.35], p<0.001) and NT-proBNP (median [IQR]:
6316.00 pg/ml [4552.00-28598.00] vs. 5074.00 pg/ml [2229.00-
9851.00], p=0.022) had markedly decreased after the SV treat-
ment. Subgroup analysis showed a more significant decline in
the parameters in PD patients than in HD patients (Figure 2).

In the before-and-after self-comparison of the SV group,
parameters of echocardiography including LVEF, LVEDd, LAd,
RVDd, RAd, and IVSd were not found to be of significant dif-
ference before and after the application of SV (all p>0.05).
When compared to the control group, the improvement rate
of LVEF in the SV group was significantly higher (2.2% vs.
—3.01%, p=0.033). While the other parameters did not show
significant differences between groups (Table 2). In the sub-
group analysis of PD patients, LVEF improved significantly
after SV application (62.5% vs. 61.0%, p=0.007). The variant
rate of LVEF in the SV group increased significantly compared
to the control group (4.4% vs. —4.8%, p=0.004) (Table 3). The
rate of patients with pericardial effusion decreased
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Table 1. Baseline data of the sacubitril-valsartan (SV) group and control group patients.

SV Control P
Number of patients 51 51
Gender (Female/Male) 16/35 16/35 1.0
Age (years) (median, IQR) 59 (51-69) 59 (51-68) 0.944
BMI (Kg/m?) (median, IQR) 25.3 (22.6-27.7) 23.7 (22.2-26.4) 0.085
Dialysis modality (PD/HD) 32/19 32/19 1.0
Duration of dialysis 24.8 (15.0-48.5) 35.1 (16.3-57.3) 0.345
(months) (median, IQR)
Hypertension, n (%) 51 (100%) 51 (100%) 1.0
Diabetes mellitus, n (%) 32 (62.7%) 25 (49%) 0.163
History of coronary disease, n (%) 31 (60.8%) 22 (43.1%) 0.074
History of heart infarctus, n (%) 17 (33.3%) 12 (23.5%) 0.272
Urine output (ml) (median, IQR) 500 (100-1000) 300 (0-800) 0.165
Causes of ESRD
Diabetes related kidney disease, n (%) 26 (51.0%) 26 (51.0%) 0.543
Glomerulonephritis, n (%) 11 (21.6%) 15 (29.4%)
Hypertensive nephropathy, n (%) 4 (7.8%) 4 (7.8%)
Polycystic kidney disease, n (%) 2 (3.9%) 3 (5.9%)
Others 8 (15.7%) 3 (5.9%)
Laboratory indices
Cholesterol, mmol/L (median, IQR) 3.59 (3.06-4.23) 3.83 (3.09-4.31) 0.497
LDL-C, mmol/L (median, IQR) 1.73 (1.41-2.48) 1.98 (1.54-2.29) 0.886
HDL-C, mmol/L (median, IQR) 0.95 (0.73-1.16) 0.88 (0.78-1.11) 0.870
Calcium, mmol/L (median, IQR) 2.25 (2.13-2.36) 2.23 (2.1-2.35) 0.933
Phosphorus, mmol/L (median, IQR) 1.48 (1.24-1.90) 1.62 (1.31-1.99) 0.124
PTH, pg/ml (median, IQR) 173.9 (88.1-280.0) 197.7 (125.5-384.6) 0.119
HbA1c, % (median, IQR) 6.3 (5.4-7.3) 6.3 (5.5-7.2) 0.542
Other medications
ACEI/ARB 44 (86.3%)* 46 (90.2%) 0.539
CCB 43 (84.3%) 30 (58.8%) 0.004
B-blocker 1 (60.8%) 27 (52.9%) 0.424
a-blocker 18 (35.3%) 1 (21.6%) 0.124
Diuretics 40 (78.4%) 32 (62.7%) 0.082

Note: *ACEI/ARB treatment before the initiation of SV. SV: sacubitril-valsartan; BMI: body mass index; PD: peritoneal dialysis; HD: hemodialysis; ESRD:
end-stage renal disease; ACEIl: angiotensin converting enzyme inhibitor; ARB: angiotensin receptor blocker; CCB: calcium channel blocker; IQR: interquartile

range.

pronouncedly after the treatment by SV (25.00% vs 6.25%,
p=0.039) in the PD patients. The rate of improvement of
LVEF was significantly higher in the PD group compared to
the HD group (4.4% VS —4.6%, p=0.02). No significant differ-
ence in echocardiography parameters was noted in the HD
subgroup analysis (all p>0.05) (Supplementary Table 2).

The relevance of the echocardiographic parameters and
values of atrial peptides were further compared. The level of
BNP was negatively correlated with LVEF (r=-0.580, p=0.001)
and positively correlated with LVEDd (r=0.445, p=0.011), LAd
(r=0.556, p=0.001) and RAd (r=0.659, p=0.010) at baseline
and similar results were found in the follow-up. NT-proBNP
values were positively correlated with LAd at baseline and
with 1IVSd at follow-up (Supplementary Table 3).

The effect of SV on fluid status, blood pressure, and
peritoneal ultrafiltration

Overhydration (OH) and relative OH measured by the bio-
impedance method were used to evaluate the fluid status.
The variant rate of OH in the SV group was significantly
higher than the control group [median variant rate, IQR:
-13.13% (-42.85%-27.84%) vs. 0% (-17.95%-53.85%),
p=0.049]. Variant rate of relative OH in the SV group was
significantly different from that of the control group (p=0.021)
(Table 4). In the subgroup of PD, the median (IQR) OH

significantly decreased from 6.8L (3.7-7.5) to 4.3L (2.8-6.2L)
after SV treatment (p=0.024). Similar results were found for
relative OH (32.00% [20.50-36.60%] before SV and 23.30%
[15.10-32.20%)] after SV treatment, p=0.014). In the HD
group, neither OH and relative OH decreased significantly
after SV introduction (p=0.306 for OH, p=0.523 for rela-
tive OH).

The median of systolic blood pressure (SBP) decreased from
150mmHg to 139mmHg (p=0.017), and the median of diastolic
blood pressure (DBP) decreased from 80mmHg to 76 mmHg
(p=0.459). In the control group, the median of SBP or DBP has
not much changed during the follow-up period (Figure 3).

For PD patients, an increasing trend of the daily perito-
neal ultrafiltration (UF) was observed after SV treatment
[median, IQR: 400 (200-500) vs. 500 (200-850), p=0.114]
compared to the control group [median, IQR: 450 (128-762)
vs. 475 (300-800), p=0.477]. Residual urine volume declined
in both the SV and control group during the follow-up
period, but no significant difference in the decline rate was
noted between the groups (Table 4).

Safety of SV

No angioedema or hypotensive events were detected in the
follow-up period in both groups. Hyperkalemia tended to
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Figure 2. Levels of BNP or NT-proBNP before and after sacubitril-valsartan (SV) introduction in SV group. BNP, B-type natriuretic peptide; NT-proBNP, pro-B-
type natriuretic peptide; PD, peritoneal dialysis; HD, hemodialysis.

Table 2. Comparison of echocardiography parameters between SV and control group.

SV group SV group Control group Control group  Variant rate of
baseline follow-up Variant rate of baseline follow-up control group
(51 patients) (51patients) SVgroup (%) P* (51 patients) (51 patients) (%) px* prex
LVEF, % 61.5 62.0 22 0.136 65.0 62.5 -3.01 0.139 0.033
(58.0-66.3) (58.8-68.3) (—4.6—8.7) (58.8-68.0) (60.0-68.0) (=7.7-5.1)
LVEDd, mm 51.0 50.0 0 0.641 49.5 485 -2.0 0.340 0.204
(46.8-56.3) (47.0-54.5) (-7.8-6.3) (46.0-53.0) (44.8-52.3) (-8.5-2.5)
LAd, mm 440 43.0 -24 0.296 39.5 40.5 -23 0.084 0.704
(40.0-48.3) (39.0-48.0) (—8.6—5.7) (37.5-46.0) (37.0-43.0) (=10.9-7.6)
RVDd, mm 37.0 34.0 0 0.818 34.0 320 -3.2 0.305 0.628
(31.0-38.0) (30.0-40.0) (—8.8-7.9) (31.0-38.0) (30.0-37.0) (=7.7-5.6)
RAd, mm 38.0 36.0 -1.1 0.656 345 355 -7.6 0.353 0.312
(32.0-42.0) (32.8-40.5) (=7.1-9.2) (32.0-39.8) (31.0-37.8) (=12.4-11.8)
IVSd, mm 11.0 11.0 0 0.677 11.0 11.0 0 0.803 0.625
(10.0-13.1) (10.0-13.0) (-4.3-74) (9.0-12.0) (10.0-12.0) (-8.3-9.3)

Note: Baseline and follow-up data of LVEF, LVEDd, LAd and IVSd were available in 50 patients of the SV group and 50 patients of the control group.
Baseline and follow-up data of RVDd and RAd were available in 30 patients of the SV group and 28 patients of the control group. SV: sacubitril-valsartan;
LVEF: left ventricular ejection fraction; LVEDd: left ventricular end-diastolic diameter; LAd: left atrium diameter; RVDd: right ventricular diastolic diameter;
RAd: right atrium diameter; IVSd: interventricular septum diastolic thickness. Data were expressed as median (interquartile range). P* represented com-
parison between baseline and follow-up data in the SV group. P** represented comparison between baseline and follow-up data in the control group.
P*** represented comparison between variant rate of SV group and of control group.
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Table 3. Comparison of echocardiography parameters between PD patients and the control group.

PD group PD group Control group ~ Control group ~ Variant rate of
baseline follow-up Variant rate of baseline follow-up control group
(32 patients) (32 patients) PD group (%) P* (32 patients) (32 patients) (%) px* prxx
LVEF, % 61.0 62.5 44 0.007 65.0 61.0 —4.8 0.141 0.004
(58.3-66.8) (59.3-69.8) (—2.8-9.4) (59.0-69.0) (60.0-67.0) (=10.0-5.8)
LVEDd, 51.0 50.0 —0.9 0.110 50.0 49.0 -2.0 0.390 0.630
mm (47.5-56.8) (47.0-55.5) (-8.1-4.0) (45.0-53.0) (44.0-52.0) (-11.1-2.0)
LAd, mm 45.0 44.0 —-4.1 0.095 41.0 41.0 —44 0.089 0.837
(43.3-49.8) (40.0-48.00) (-9.0-4.4) (38.0-46.0) (37.0-44.0) (=12.2-7.7)
RVDd, mm 375 34.0 -24 0.321 35.0 33.0 -5.6 0.433 0.975
(31.8-39.3) (30.8-40.3) (-8.2-5.4) (31.8-38.3) (30.0-38.0) (=10.0-9.0)
RAd, mm 385 355 -25 0.242 36.0 36.0 -7.5 0.455 0.693
(32.8-44.0) (32.8-42.0) (=7.1-4.6) (32.0-40.0) (31.0-38.0) (=12.5-12.5)
IVSd, mm 1.9 1.4 0 0.716 11.0 11.0 -3.0 0.114 0.258
(10.1-13.9) (10.9-13.0) (=5.3-5.0) (10.0-12.0) (10.0-12.0) (-9.1-9.1)

Note: Baseline and follow-up data of LVEF, LVEDd, LAd and IVSd were available in 32 patients of the SV group and 31 patients of the control group.
Baseline and follow-up data of RVDd and RAd were available in 18 patients of the SV group and 18 patients of the control group. SV:sacubitril-valsartan;
LVEF: left ventricular ejection fraction; LVEDd: left ventricular end-diastolic diameter; LAd: left atrium diameter; RVDd: right ventricular diastolic diameter;
Rad: right atrium diameter; 1VSd: interventricular septum diastolic thickness. Data were expressed as median (interquartile range). P* represented com-
parison between baseline and follow-up data in the PD group. P** represented comparison between baseline and follow-up data in the control group.
P*** represented comparison between variant rate of PD group and of control group.

Table 4. Fluid statue and urine of SV and control group.

variant variant
SV group SV group rate Control Control rate
baseline follow-up (%) P* baseline folllow-up (%) px* prxx
Ke/v 1.61 1.67 137 0.731 1.60 1.63 2.40 0.429 0.831
(1.42-1.99) (1.42-1.96)  (-11.99-16.84) (1.44-1.79) (1.40-1.91) (—8.94-12.93)
OH, L 3.90 3.55 -13.13 0.157 250 3.00 0.00 0.660 0.049
(2.33-7.15) (2.13-5.93)  (—42.85-27.84) (1.6-3.9) (2.00--.80) (-17.95-53.85)
Relative OH 21.65 19.25 -11.07 0.092 13.80 17.00 2.02 0.515 0.021
(%) (13.85-33.98) (11.63-28.85) (—39.03-13.13) (9.90-22.50) (11.90-22.40) (-12.29-47.11)
Urine, ml 500 150 —21.43 0.003 300 160 0 <0.001 0.652
(100-1000) (0-700) (-60.0-0) (0-800) (0-500) (=37.5-0)

Note: SV: sacubitril-valsartan; OH: overhydration parameter. Data were expressed as median (interquartile range). P* represented comparison between
baseline follow-up data in the SV group. P** represented comparison between baseline and follow-up data in the control group. P*** represented com-
parison between variant rate of SV group and of control group.
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Figure 3. Baseline and follow-up data of blood pressure and heart rate in the SV group and control group. SBP, systolic blood pressure; DBP, diastolic blood
pressure; HR, heart rate.

increase in the SV group, however, the rate of hyperkalemia Clinical outcomes
did not show a significant difference before and after the

introduction of SV (19.6% vs. 27.5%, p=0.350). During the follow-up period, the number of hospitalizations

due to cardiovascular events was 10/51 (19.6%) in the SV
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Figure 4. Kaplan-Meier curve of the composite endpoints events in the SV group and the control group.

group and 12/51 (23.5%) in the control group (p=0.630).
The composite endpoints events (MACE or all-cause death)
occurred in 5/51 (9.8%) in the SV group and 4/51(7.8%) in
the control group. Five patients had MACE events in the SV
group and 2 patients had all-cause death and 2 had MACE
in the control group. No difference was detected in the sur-
vival rate between the two groups (p=0.743) (Figure 4).
Univariate Cox regression survival analysis (unadjusted risk)
failed to show a significant difference between SV and con-
trol group [hazard ratio (HR), 95% confidence interval (Cl):
1.246, 0.335-4.640, p=0.743]. Multivariate Cox proportional
hazards regression showed similar results (model®: adjusted
for age, sex and diuretic use, HR 0.683, 95% Cl: 0.157-2.964,
p=0.611, model®: adjusted for age, sex, and ultrafiltration,
HR 0.675, 95% Cl: 0.156-2.915, p=0.675) (Supplementary
Table 4).

Discussion

In this study, we investigated the effects of SV in patients on
dialysis and initially compared the role of SV in PD and HD
patients. We revealed a potential cardio-protective role of SV
in patients undergoing dialysis, especially in patients on PD,
evidenced by a decrease in cardio-markers like BNP or
NT-proBNP level and amelioration in echocardiographic param-
eters like LVEF. Besides, both systolic and diastolic blood pres-
sure ameliorated after the initiation of SV treatment.

SV has been recommended in clinical practice guidelines
to reduce morbidity and mortality in patients with heart fail-
ure [21] and proved to be superior to ACEls or ARBs [7,10].
Heart failure is a major comorbidity in patients on dialysis
[3], while few studies have explored the application of SV in
this part of patients. LEE S et al. found that SV was able to
reduce the level of cardiac markers and improve LVEF in a
total of 23 patients with ESRD on HD [15]. Another study
conducted on 21 PD patients showed that SV could alleviate

signs and symptoms of heart failure and reduce NT-proBNP
levels, but echocardiography parameters did not change sig-
nificantly [16]. Our results in cardio-makers were consistent
with the above studies. Although echocardiographic parame-
ters did not improve much after SV initiation in its own
before-and-after comparison, the improving rate of LVEF was
higher in the SV group when compared to the control group.

We further carried out a subgroup analysis. Interestingly,
SV-PD (SV group-PD subgroup) group had a more pro-
nounced decrease in cardio-markers compared to HD
patients. A significant improvement in LVEF was found in PD
when compared to its corresponding control group, which
was not observed in the SV-HD (SV group-HD subgroup)
group. As this phenomenon was not reported by previous
studies, the possible mechanism remained to be elucidated.
It was inferred that changes in body fluid might make a con-
tribution. Fluid overload is one of the major determinants of
mortality in advanced CKD patients which would act on the
cardiovascular system, leading to hypertension, left ventricu-
lar hypertrophy, and finally heart failure [22,23]. Peritoneal
ultrafiltration and residual renal function are the two main
ways of removing excess water from PD patients. A loss of
urine output was noted in both SV and the control groups,
which indicated that SV was not able to retain the residual
renal function. So, the alleviation of the fluid should attribute
to the increasing peritoneal ultrafiltration after SV initiation.
Numerous factors can influence PD ultrafiltration [24, 25]
which rendered the ultrafiltration more difficult to control
compared to HD patients. Zhang F et al. conducted a
short-term observation of the effect of SV on peritoneal
ultrafiltration and found that SV increased ultrafiltration by
66.4mL/24h in PD patients within 7days after its use [26].
Our study had similar results, and moreover, we had a much
longer follow-up time which proved that the effect of SV on
increasing peritoneal ultrafiltration was sustainable.

SV consists of sacubitril and valsartan, the former is a
neprilysin inhibitor [7]. Neprilysin is a zinc-dependent
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metallopeptidase with a wide spectrum of peptide substrates
and promiscuous physiological functions such as vasocon-
striction, and sodium retention. It is distributed ubiquitously
in the tissue including epithelia, fibroblasts, and kidney and it
could also be in the soluble form in the plasma [27, 28]. Since
the peritoneum is covered by epithelium and rich in the vas-
culature, the inhibition of neprilysin in PD patients might
result in the dilation of blood vessels, which might help
increase the peritoneal ultrafiltration [26]. But the exact mech-
anism involved requires further exploration.

Moreover, SV plays an outstanding role in anti-hypertension
and was superior to RASS inhibitors [7,29]. Hypertension is
the most modifiable factor in the development of heart fail-
ure [30] and long-term pressure overload would lead to car-
diac remodeling [31]. Forty-four patients in our study
converted from ACEl or ARB to SV treatment, and a decrease
in both the systolic and diastolic blood pressure was
observed. Blood pressure control and reduction in volume
load might contribute to improving cardiac function.

The side effects were also monitored during the follow-up.
No serious adverse side effect was observed just as in the
previous reports [17, 32]. However, we observed a slight
hyperkalemia tendency in SV group compared to the control
group which should be monitored during the follow-up.

Our study was retrospective research composing
patients with both PD and HD, which has not been done
before. However, existed several limitations in our study.
First, it is a small study and the ratio of patients on HD is
low, so the results here might only provide some insight
and future research direction. Second, since the data on
NT-proBNP was not available in more than half of the
patients of the SV group, so cardio-makers were not in uni-
form for all the patients. Third, fluid overload could not be
completely excluded in the patients which might also con-
tribute to the development of heart failure. Last, this was
a retrospective study, there might be many confounding
factors involved. Further research with larger sample sizes
and more comprehensive study designs would be neces-
sary to confirm the results and draw stronger conclusions.

Conclusion

SV might play a cardio-protective role in ESRD patients
undergoing dialysis, especially for PD patients. Serum potas-
sium should be monitored during the treatment.
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